


now helps light Milan and power Italy's industrial boom 

Westinghouse has supplied the world's 
biggest atomic reactor of its kind to 
Societa Elettronucleare ltaliana (SELNI). 

Located at Trino, near Milan, this plant 
makes Italy the third largest nuclear pro
ducer of electricity in the world and the 

biggest in continental Europe. 
The whole countryside around Milan is 

in the midst of an industrial boom. The 
grain-rich Po river valley is now pour
ing out autos, machine tools, steel and 
pharmaceuticals. This enormous growth 

is a strain on the power resources of the 
country, because Italy has an almost total 
lack of domestic fuel. Atomic power ... 
which uses nuclear fuel ... promises an 
economic solution for Italy and other 
power-short areas of the world. 

You can be sure if it's Westinghouse 

For information on a career at Westinghouse, an equal opportunity employer, 
write L. H. Noggle, Westinghouse Educational Department, Pittsbur~Jh, Pa.15221. 



the universe is your oyster at AC 
Today's challenge at AC-the universe! As a 
member of the AC team, you'll be in the van
guard of men working to advance the state of 
the art of guidance and navigation. You'll work 
in research, design and development on such 
advanced projects as an avionics system for 
supersonic aircraft, a guidance system for 
the Titan Ill space launch vehicle, guidance; 
navigation systems for Apollo and advanced 
fire control systems. 
Step up to the challenge, and move up with 
AC. Your opportunities for growth and ad
vancement depend on your ability and 
initiative. AC offers "in-plant" courses cov
ering both technical and management prepa
ration. A Tuition Plan pays your tuition costs 
when you complete college-level courses. In 
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addition, you enjoy full General Motors 
benefits. 
If you are completing your advanced degree 
in EE, ME, Math or Physics, we invite you to 
inquire about opportunities at any of our 
three locations: AC in MILWAUKEE-our 
Main Research, Development and Manufac
turing Facility; AC in BOSTON - our 
Research and Development Laboratory spe
cializing in Advanced Inertial Components 
and Avionics Navigation/Guidance Systems; 
AC in LOS ANGELES-our Research and 
Development Laboratory specializing in Ad
vanced Airborne Computers, and Ballistic 
Missile and Space Booster Guidance/Navi
gation Systems. 
PhD's, please note: Positions are available in 

all three AC locations for PhD's, depending 
upon concentration of study and area of 
interest. 
For further information, see your college 
placement office regarding a General Motors/ 
AC on-campus interview, or write directly to 
Mr. R. W. Schroeder, Director of Scientific 
and Professional Employment, Dept. 5753, 
General Motors Corporation, Milwaukee, 
Wisconsin 53201 

AC ELECTRONICS 
Division of General Motors, Milwaukee, Wisconsin 53201 
An Equal Opportunity Employer 
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Not yet. But we're getting closer. 

Behind this movement is a simple statistic with startling im
plications for all of us- If you count all the scientists and 
engineers since the beginning of recorded history, ninety 
percent are alive today! 

We are now in the midst of the result- an incredible explo· 
sion of information from every corner of the globe. And 
somewhere within this explosion will be the ultimate answers 
to mankind's oldest, and newest problems. 

The challenges are many. First, to understand the nature 
of this giant intellectual force. Then, to find the best way to 

The Xerox 914 Copier revolu· 
tionized the office copying in· 
dustry when it was introduced 
in 1959 ... and really started us 
on our way. 

less than 3 years later, the 813 
further extended low·cost, qual
ity office copying. One-seventh 
the volume of the 914, it does 
just about everything the 914 
does except copy solid, 3-dimen
sional objects. 

XEROX, 914, 813, 2400 AND LDX ARE TRADEMARKS OF XEROX CORPORATION 

collect it, classify it, store it ... and distribute it appropriately 
and instantly to the people who need it. 

In this light, you might consider today's Xerox products early 
and primitive steps along a difficult but fascinating path. 
You'd be right. Yet, has anyone taken these steps before us? 

Your degree in Engineering, Science, Business Administration 
or Liberal Arts can qualify you for some intriguing openings 
at Xerox, in fundamental and applied research, engineering, 
manufacturing, marketing/sales, finance and administration. 
See your Placement Director or write directly to Mr. Stephen G. 
Crawford, Xerox Corporation, P.O. Box 1540, Rochester, New 
York 14603. An Equal Opportunity Employer. 

Another revolution. An electro· 
mechanical-chemical-optical de
vice called the 2400 because it 
produces 2.400 copies per hour 
directly from an original docu
ment. No stencil or "master" 
of any kind. You press a button. 

TOP PHOTO: lDX (Long Dis
tance Xerography) scans, trans· 
mits and reproduces images 
over distances limited only by 
the transmission medium. 
Something like it may print the 
morning paper at your break· 
fast table some day, or help you 
manage a global business. 

October. 1965 
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Co;er: M~n's recent concern with space exploration has shown itself in a number o·f pic
tonal con1ectures of hypothesized environments and situ·ations in which man will become 
involved in the immediate future. In keeping with this idea, may we present: the man on the 
moon. More on the moon on pages 14 and 20. Painting courtesy of Army Information 
Digest. 
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11Where would I fit best ... lab, plant, field, sales, administra
tion ... ? What kind of projects ... ? These were questions 
I couldn't answer. So I looked for a company that would give 
me room for lateral, as well as upward, growth. One that was 
big enough and still personal enough that I could make adjust
ments as I went along, and not get pigeon-holed. 

I found what I wanted at Phillips. 

Of course, Phillips is big ... 19th largest among industrials. 
But as I got talking to them, I realized this was, surprisingly, 
a people-type company. Pleasant, direct, informal. Personal. 
I found out a lot more, too. I'd thought of Phillips only in terms 
of oil, refining, gasoline. I hadn't known they were so deep in 
LP-gas ... Rubber ... Plastics ... Carbon Black .... Rocket 
Propellant Binders ... Fertilizers ..• Packaging ... Textile 
Chemicals! And that's a highly abbreviated list. 

I've been here 3 years now. I've had ample chance to define 
my career and make changes. It's worked out very well. 
Phillips is a growth company, and I feel I'm growing with it." 

That is not just one person speaking, but a composite of 
the kind of comments we get ... a group picture. If it sounds 
like the kind of picture you should be in, contact: 

James P. Jones 
PHILLIPS PETROLEUM COMPANY, 
BARTLESVILLE, OKLAHOMA 74004 
AN EQUAL OPPORTUNITY EMPLOYER 

A PHILLIPS REPRESENTATIVE WILL BE ON THE CAMPUS OF UNIVERSITY OF MINNESOTA ON OCT. 18-19 

October, 1965 
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We Are Illegal 

You are reading an illegal student publication. No, the jokes aren't dirtier than usual, nor is 
there any libelous material between these covers (we hope), and we haven't been banned by the 
Administration as a result. You probably never knew about it, but we've been "illegal" since 
March of 1964. You see, we aren't under the control of the Board of Publications. 

How does it feelto be a member of the Student's Publishing Association? If you're a student 
at the "U", you're a member. In March, 1964, your association adopted a constitution; maybe you 
should read it sometime. How about right now? ". . . the Board shall have exclusive power to 
establish, disestablish and supervise student publications of a University-wide nature, as defined 
... below." What does it say below? "One or more of the following criteria may justify juris
diction by the Board." Let's take those that apply to the Technolog: "Distribution is ... in such 
proximity as to associate the publication with the university." "Financial support is through any 
or all of the following means: ... sales of advertising on per-copy sale." 

Jurisdiction gives the Board of Publications power to supervise our editorial policy (including 
our infamous jokes and pin-ups), our business management, the appointment and pay of our staff 
members, and power to "exercise all other powers necessary and proper to carry into execution 
and [sic] foregoing powers." That's a lot of power-and consider: According to "reliable sources" 
(the Minnesota Daily), there are no I.T. students on the Board of Publications! 

The Board of Publications constitution aside, you are reading a legal student publication. We 
are committed to a policy of responsibility in editorial content and finances. Responsibility to 
you! You see, we are published by the Minnesota Technolog Board. 

How does it feel to be a member of the Minnesota Technolog Association? All undergrad
uate students of I.T. are members. In April, 1953, your association adopted a constitution; 
maybe you should read it sometime. It set up a governing body, the Minnesota Technolog Board, 
composed of 9 student and 3 non-student members, "to see that the Minnesota Technolog keeps 
financially solvent and that its editorial policy conforms to the best traditions of the· Institute of 
Technology and the University." 

If you are interested enough in this magazine to read this editorial, it's time you found out 
more about your Technolog Board. You, the Technolog Board, and I.T. will gain from the 
contact. 

And let this conflict between the Board of Publications-Technolog Board constitutions be a 
case in point: I.T. can't afford to isolate itself from the University as a whole. Without a voice 
in campus-wide student affairs, you can lose a lot; and if I.T. doesn't work for a voice, it will get 
none. 

KWF 
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Opportunities at Hughes for EE's-Physicists-Scientists: 

fro the ocean fl r to the 
Hughes sphere of activity exte~ds from the far reaches of outer space to the bottom 
of the sea .• ~ includes advanced studies, research, design, development and produc
tion on projects such as: <D SURVEYOR- unmanned, soft-landing lunar spacecraft 
for chemical and visual analy~is of the moon's surface; ® SYNCOM (Synchronous
orbit Communications Satellite)- provides world-wide communications with only three 
satellites; ® F-111 B PHOENIX Missile System-an advanced weapon system designed 
to radically extend the defensive strike capability of supersonic aircraft; 0 Anti
ICBM Defense Systems- designed to locate, intercept and destroy attacking enemy 
ballistic missiles in flight; ®Air Defense Control Systems- border-to- border con
trol of air defenses from a single command center- combines 30 radar, real-time 
computer technology and display systems within a flexible communications network; 
® 3D Radar-ground and ship-based systems give simultaneous height, range and 
bearing data- now in service on the nuclear-powered U.S.S. Enterprise; 0) POLARIS 
Guidance System- guidance components for the long-range POLARIS missile; 
® Hydrospace- advanced sonar and other anti-submarine warfare systems. 

Other responsible assignments include: A TS (advanced technological satellites), TOW (wire-guided, 
anti-tank missile system), VATE (automatic checkout equipment), advanced infrared systems, electronic 
signal processing, space communications, parametric amplifiers, airborne radar systems, reconnaissance 
systems, aerospace vehicle development, missile/ spacecraft power & propulsion systems ... and others. 

eyond 
B.S., M.S. and Ph. D. Candidates 

CAMPUS INTERVIEWS 
November 3 and 4, 1965 
Learn more about opportunities at Hughes, 
our educational programs, and the extra 
benefits Southern California living offers. 
For additional information and literature, 
consult your College Placement Director. 
Or write: 

Mr. A. J. Simone 
Hughes Field Service & Support 
P.O. Box 90515 
Los Angeles, Calif. 90009 

Creating a new world with electronics 
r------------------, 
I I 
I E I 
I I 
I I 

L------~-----------J 
HUGHES AIRCRAFT COMPANY 

U. S. CITIZENSHIP REQUIRED 
An equal opportunity employer. 
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CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
Ill Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 

MINNESOTA TECHNOLOG 

Ill Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! Ill Repeat and re
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa
per. Introduce your students to it today. 111 Write now 
for Clearprint samples, sizes, and prices. 
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edited by DANIEL KEHRBERG, MetE '68 

Editor's Note: This is a new feature, hopefully appear
ing monthly, which we feel will fm a needed gap in 
our mental outlook. As the creation of one of our in
ventive staff members, it is designed to allow us to 
respond to comments about us and about I.T. through 
a channel other than our editorial page, which should 
be reserved for a monthly sermon. Our response is 
necessary because we are the only other periodical on 
campus, besides the Daily, of significant circulation, 
and besides, who else would stick up for the I.T. 
student? If, after reading this, you feel that even the 
Log is against you, either console yourself with the fact 
that we're always on your side, or transfer to CLA and 
become "perfect." 

This month we are proud to salute the Math Dept., 
and in particular Prof. Cyrus Bickerdyke who will long 
be remembered for his fascinating thesis topic. Dr. 
Bickerdyke, if you remember back to 1963, proudly 
began research on the Post Office's amazing 71 billion, 
999 million, 999 thousand, 999 annual pieces of de
livered mail, but, as he sadly recalls to this day: "I 
began by writing to my congressman for more detailed 
information on this phenomenon, and suddenly my 
whole theory went out the window." Dr. Bickerdyke did, 
however, achieve success and national acclaim for his 
astounding mathematical essay on: "Why Plavboy, the 
Technolog, and other such magazines publish their 
pin-up measurements in round figures." He did not, 
however, stop with one rousing success, but much to 
our glee, is embarking on a new endeavor. He is cal
culating the profits that could be secured by the retail 
stores of America if they raised all of their $6.99, 
$8.95, etc., etc., prices to the even dollar. He foretells 
an instant boom in the art of money making by fore
seeing the creation of dollar bills in endless new arrays 
of numerical denominations. Between these and other 
such intellectual hangovers, Professor B. teaches fresh
man calculus (ITM 2i) in which he introduces his stu
dents to such new and varied mathematical concepts 
as: "If you can differentiate all of the people some of 
the time. and you can antidifferentiate some of the 
peoole all of the time, then (for Newton's sake!), why 
can't you integrate some of the people none of the 
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time?" For those of you unfortunate freshman who do 
not have Dr. Bickerdyke as your lecturer, the Log 
assures you that all the math professors of this univer
sity are of this ... ah ... intellectual bracket and ... 
choke ... possess like devotion to duty and ... gasp 
... hold to the same principles of simplicity and under
standing in mathematics. With instruction like this, we 
find ourselves astonished to be asking, along with the 
math department, that proverbial question: "Why can't 
you freshmen pass calculus?" 

Our mutual friend in CLA was telling us of seeing 
some grass plowed under near the Aeronautical Engi
neering during the summer months. Since he likes to 
worry, he eagerly embraced this as a subject of 
pessimistic contemplation. 

"You've, noticed it, haven't you?" he said. "All the 
time they're picking up the grass, replacing it with sod 
and carting the old grass off-Plant Services knows 
where." 

"Come now," we said, "surely you have some idea of 
where all of this turf is going!" 

"I'm not sure, but I've got my suspicions. First of 
all, They ... " 

"Who're 'They'?" 
"The Grass Trust, of course. Anyway, maybe it's 

like this: They ship all the old grass to a small room 
underneath the basement of the Chemistry Building, 
where it's chopped up, orocessed into synthetic hash
ish, made into bales and sent to the starving peoples of 
the Orient, where it knocks the bottom out of the na
tural hashish market. The profits go into speculation in 
grass futures, with a percentage paying for new sod. 
The Grass Trust makes a orofit, the U gets a grant from 
the Grass Foundation, and the students get to walk orf 
the new sod, which is ready for processing in a year's 
time." 

"Actually, mutual friend, you see the role of our 
mighty and loco parentis in too critical a light," we 
replied. "Ourselves, we would rather think of the Uni
versity fulfilling the role of Judge. rightly dividing 
the old sod, (the bad sod on the left hand, the good 
sod on the right) unto righteousness. The bad sod 
would end up as new 'temporary' (sod) buildings (there-
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by being sentenced to eternal punishment) and the 
good sod would ascend unto Morril Hall, where it 
would grace the upper floors as carpeting (providing a 
homey touch for visiting state senators who are used 
to great expanses of grass)." 

We suspect that the new sod is recruited from the 
rustic meadows of our state or those city lawns which 
are about to fall to the multiversity and the green 
slavery people in its wake. We can see the new grass, 
sliced and transplanted, awaiting with fear the first 
day of classes." 

"Hah!" sneered our mutual friend, "more likely the 
sod is eagerly volunteered; if it doesn't volunteer itself! 
And I can see our benevolent U, benevolently torturing 
the old sod before turning it into newsprint and using 
it forth ... " 

"Stop it!" we screamed. 
"Besides, it's probably a disease, anyway. Look how 

it's spreading to the sidewalks. Every year they tear 
up some sidewalks, take them away, and lay new ones 
in their place. The only difference between the old and 
the new is color." 

"We know the answer to that/' we said. "Rotation of 
crops! A patch of sidewalk goes the full circle of the 
U every four years so that none of the students are 
the wiser." 

"Yeah! I can see it! The rotation keeps the side
walks lush and healthy, so they can support the weight 

of the University trucks. The trucks use the side-
walks ... " 

" ... and the students walk on the sod! Blessed be 
the University, whose ways surpasseth human under
standing!" we chanted softly. "This worrying is fun! 
What else worries you?" 

"Well," our mutual friend said, "I think it's spread 
to the students ... " 

This summer the Log board of thinkers came up with 
the fabulous idea of adding culture to the wealth of 
knowledge possessed by the engineer. It is our goal to 
well-round the otherwise channeled mind of the I.T. 
student to aid him in making intelligent conversation 
at various strenuous social functions, i.e., dates, par
ties, and the local bar. For instance, try this relativeJy 
unknown little tid-bit of history in your next non-techni
cal conversation: "Did you know that August the Strong 
of Poland, who ruled during the early 1700's, was named 
'the Strong' by his beloved, ooverty-stricken subjects 
not only because he could literally bend, Superman-

MINNESOTA TECHNOLOG 

style, a steel rod, but also because he had 365 
children." At this point, we suggest you drop a small 
portion of your own wit into the pot to stimulate the 
inevitable discussion, such as: "Personally, I feel he 
should have left this to his wife and gone around 
bending more steel rods." We feel this will instanta
neously get you accepted into any liberally-minded 
group as an equal." 

Now for a little philosophy, and what's a better point 
for us to start you out than with the philosophy of 
Hegel. His philosophy is summed up in what he calls 
the "Absolute Idea" which everyone should feel com
pelled to memorize. The Absolute Idea: "The idea, as 
unity of the subjective and objective Idea, is the notion 
of the Idea-a notion whose objective is Idea-an Ob
ject which embraces all characteristics in its unity." 
Simple, huh? ... gasp ... choke ... ??? ... oh, well 
. .. sigh ... there goes a whole year's planning. 

Ten minutes after every quarter begins here at I.T., 
the halls are filled with future engineers who are more 
than slightly depressed, and are more than likely 
headed, sooner or later, for the local bar. It is for this 
reason that the Technolog proudly inaugurates a 
monthly listing of important events which offer excuses 
for rationalization in drinking. This, we feel, will re
solve any conflicts in the I.T. student's personality 
structure. 

October 15-31 
20-Annual Riot of the Left-Wing 
23-Read a Daily Day's Eve 
24-Read a Daily Day 
27-Get Ready for Tomorrow Day 
30-Do Something Real Dumb Day 
31-Regret It Day · 

November 1-15 
1-Anniversary of the Articles of Anarchy 
5-Take a Fossil to Geology Day 
8-Take an I.T. Girl to Lunch Day (This month's 

Red Letter Day) 
10-The annual Martian Canal Free Swim 
13-November Fools' Day 
15-Sun Bathing Season Ends 

JJ. 
Before we will feel obliged to conclude our ram

blings, we wish to call your undivided attention to the 
contents of this issue. In addition to a ravishing pin-up, 
and the usual collection of sicker than sick jokes, we 
wish to point out that there is also a rather lengthy 
article on space. Not only will you find it interesting, 
absorbing, astounding, and captivating, but, upon con
cluding it, you will feel it would have been a better 
article on space if it had been left in the magazine as 
space. 

Conclusion: For those of you who by this time are 
more than worried about our mental health, we would 
like to point out that it is not so critical that we are 
conceited, that our imaginations are distorted, or even 
that we lie a lot, but the real danger lies in that we 
believe ourselves. 
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Stephen Jaeger 
B.B.A., Univ. of Pittsburgh 

A key dimension of any job is the responsibility 
involved. Graduates who join Ford Motor Com
pany find the opportunity to accept responsibility 
early in their careers. The earlier the better. How
ever, we know the transition from the academic 
world to the business world requires training. 
Scholastic achievements must be complemented by 
a solid understanding of the practical, day-to-day 
aspects of the business. That is the most direct 
route to accomplishment. 
Stephen Jaeger, of the Ford Division's Milwaukee 
District Sales Office, is a good example of how it 
works. His first assignment, in January, 1963, 

was in the Administrative Department where he had the opportunity to 
become familiar with procedures and communications between dealerships 
and the District Office. In four months he moved ahead to the Sales Plan
ning and Analysis Department as an analyst. He studied dealerships in 
terms of sales history, market penetration and potentials, and model mix. 
This information was then incorporated into master plans for the District. 
In March, 1964, he was promoted to Zone Manager-working directly with 
19 dealers as a consultant on all phases of their complex operations. This 
involves such areas as sales, finance, advertising, customer relations and 
business management. Responsible job? You bet it is-especially for a man 
not yet 25 years old. Over one million dollars in retail sales, annually, are 
involved in just one dealership Steve contacts. 
As a growth company in a growth industry, Ford Motor Company offers 
an exceptionally wide spectrum of job opportunities. The chances are good 
that openings exist in your field of interest. See our representative when 
he visits your campus. We are looking for men who want responsibility
and will be ready for it when it comes. 

THERE'S A FUTURE FOR YOU WITH ••• 

The American Road, Dearborn, Michigan 

An equal opportunity employer 
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Special agent plots overthrow of hidden enemy. 

The hidden enemy is vapor in automobile fuel lines. 
Causes vapor-lock that stalls cars on warm days. 

Our special agent is Dr. John 0. Becker, University of 
Illinois, '64. Here he plots a temperature-pressure-fuel 
relationship as he specializes in fuel volatility at our 
Whiting, Ind., Research & Development lab. One of his 
theories has already been proven. The next step-a 
practical application useful in re-blending gasoline. To 
make it less prone to vapor-lock. 

In his spare time, Dr. Becker is boning-up on car 

engines of the future. Maybe someday he'll help us 
formulate a new kind of fuel for a yet-unknown engine. 

How about you? Looking for a challenge-and a 
chance to contribute to the exciting new technologies 
shaping tomorrow's world? Your opportunity may be 
here at American Oil. Whether you're a mechanical 
engineer, as Dr. Becker is, or a chemist, metallurgist, 
mathematician or physicist. 

For more information, write J. H. Strange, American 
Oil Company, P.O. Box 431, Whiting, Indi;:ma. 

~ 
~r~ 

STANDARD OIL DIVISION STANDARD AMERICAN OIL COMPANY 
~~~~~@ 
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Ask about the Rover-B.R.M. A radical car with a rear
mounted gas turbine engine. One of the 51 cars that started at 
Le Mans this year. One of only 14 with the stamina to finish. 

Ask Rover about the engine's unique heat exchanger that 
doubled miles per gallon of fuel. They'll tell you it was made of 
a Corning-developed glass-ceramic trademarked CERCOR®. 

Noel Penny, the engine's designer, states: "The low coeffi
cient of expansion, low thermal conductivity, high specific heat 
and economic feasibility of CERCOR glass-ceramic made it the 
logical choice for the Rover, with a much better prospect for 
future gas turbine engines than any metal counterpart." 

Today glass can do jobs that metals can't-and more. Much 
more. It can withstand the awesome pressures at the ocean's 
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floor, maintain constant electrical properties at missile speeds, 
save weight without sacrificing strength, bring the stars close 
to an astronomer's eye, bend, not bend, break, not break. It's 
the most versatile basic material in the world today. 

For solutions to their materials problems, industry and gov
ernment are coming to Corning. Because Corning is the glass
master. It's a broad, international company, with one of the 
most daring, expert and imaginative research and engineering 
staffs in the world. Plus, a marketing principle that commits 
them to developing products only in areas where a need exists 
and no product does. 

If you know a company with a technological problem, or a 
bright engineer looking for a future, mention Corning. 

I 
CORNING GLASS WORKS 
CORNING, NEW YORK 
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A erica's ne est hard are 
ken® bearings 

MOVEABlE WINGS. The Air 
Force-Navy F-111 supersonic 
tactical fighter, being developed 
by General Dynamics/Fort Worth, 
borrows another principle from 
the birds. Wings fold back for high 
speeds, extend perpendicular 
to the fuselage for slow speeds, 
maximum lift. The nose wheel 
and main landing wheels hit the 
runway on Timken® bearings. 

rolls on Ti 

THE SHERIDAN. This new XM-551 
developmental U.S. Army assault ve
hicle can fire conventional rounds or 
a Shillelagh through its 152 mm com
bination launcher. Timken tapered 
roller bearings keep the vehicle's 
track wheels gung-ho. 

MINNESOTA TECHNOLOG 

TAPERED DESIGN. In 1899, 
Henry Timken patented the 
tapered roller bearing. 
Though improved many 
times, its basic design is little 
changed. Reason: it's the one 
bearing design that can take 
crushing radial and thrust 
loads in any combination. In 
giant military machines that 
tumble over rough terrain, 
this fact is all important. 

THE MARINES ARE COMING! This new lVW landing 
carrier clips along at 35 mph on land or sea. It has 
four retractable wheels and a 1,500-horsepower gas 
turbine engine. It weighs 14 tons, rolls trouble-free on 
34 Timken tapered roller bearings. 

The Timken Roller Bearing Company, Canton, Ohio. 
Also makers of Fine Alloy Steel and Rock Bits. 
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by DIANNE CHRISTENSEN and STEVE LINDFORS 

Editor's note: the following is the first of a series of 
articles-all on advanced space exploration. The source 
material comes chiefly from the papers presented at the 
Symposium on Post Apollo Space Exploration, held in 
Chicago on Aiay 4-6, 1965. Material that has become 
obsolete since then has been up-dated. lvl uch mare 
could have been written on this symposium, so this is 
only a concise summary. Much of the credit for this 
series goes to the Illinois Institute of Technology Re
search Institute (IITRI), which sent itS mo're than 40 
different articles from the Symposium, without charge. 

According to the statement of the late President Ken
nedy on May 25, 1961, the goal of this nation should 

APOLLO SPACECRAFT 

ADAPTER 

/ 
COMM~ND / 
MODUL/ 

SERVICE MODUl/ 

LUNAR EXCURSION MODULE 

Figure 

Above is the Apollo vehicle, which will look the same-exter
nally-for most advanced lunar exploration programs. The cargo 
of the adapter (see cutaway} will be the main change among the 
various programs. 

be to commit itself to achieving the goal, before the 
decade is out, of landing a man on the moon and return
ing him safely to earth. President Johnson has extended 
this, and said that we are going to explore the moon, 
not just visit it. 
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Why should we explore the Moon? William Schneider, 
Deputy Director for Gemini, NASA, gave some answers. 
The real reason behind lunar, indeed all, space travel 
is that a country so employed thereby establishes a na
tional capacity for endeavors which previously had not 
even crossed men's minds. Space travel necessitates a 
more highly educated society, which leads to a more 
highly developed society. Man's appetite for knowledge 
cannot be appeased; as he learns more he becomes more 
aware of what he doesn't know and continues studying 
and experimenting. As man becomes more aware of the 
little he knows about space, he works continually to 
learn more. Space travel becomes, then, a necessary part 
of man's education. 

The contribution to man's understanding of himself 
and his environment is the :final measure of man's · 
achievements in exploration. To obtain this understand
ing, man is necessary. Routine measurements can satis
factorily be obtained with telemetry equipment, but a 
human being, unlike a machine, can draw inferences 
from data which may suggest to him to collect other, 
previously unsuspected types of data. Specifically, there 
are at least three reasons requiring man's presence in 
space. First, man serves as a functional subsystem maxi
mizing his senses and powers of judgment. Second, he 
serves as a scienti:S.c observer. Third, he serves as a 
scientific subject, which, according to Julien Christensen 
of Wright-Patterson, AFB, could prove crucial to the 
survival of mankind (see reference 5). 

The two basic assumptions inherent in the argument 
for manned space. exploration are: First, that the observer 
sent is trained, intelligent, and has a flexible mind, with 
the ability to realize that a number of his preconceived 
ideas may be fallacious, and be ready to readjust his 
thinking. Second, the observer should be equipped with 
a carefully planned set of instruments and skills, spare 
parts, and auxiliary gear with which he could readily 
improvise variations, as suggested by his judgment. 

After exploration of the moon, man must exploit the 
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resources if the expedition is to be profitable. The ex
ploration itself is certainly a glamorous endeavor, but 
economics soon takes the spotlight. Lunar exploration is 
merely a logical extension of the endeavors begun by 
our remote ancestors, and, as such, should be at least 
as worthwhile. 

Since, in this article, it is assumed that the initial 

Table 
Base 

Type of DUiration Mission Objectives 
Mission Crew (Months) 
Apollo 2 I day Preliminary exploration and pho-

tographing of terrain 
AES 2 14 days Lunar surface mapping, extensive 

sample and data collecting 
ALSS 2 14 days Similar to AES, except more ex-

tensive-uses MOLAB 
LESA 3 3 mon. Surface reconnaissance 

Environment survey 
LESA 2 6 6 men. Geoloqical and geophysical re-

connaissance 
Environment research 
Geophysical research analysis 

LESA 3 12 12 mon. Geological and geophysical surveys 
Astrophysical research 
Geophysical research analysis 

LESA 4 18 24 mon. Geological and geophysical surveys 
Astrophysica I observatory 
Geophysical observatory 
Fuel synthesis pilot plant 

Apollo flights have already occurred, they will not be 
discussed. The main projects coming after Apollo are 
these: AES, ALSS, and LESA, in order of complexity. 
However, the federal government, with its usual inde
cision, has adopted none of them. As Mr. Thomas Evans 
relates, this could be a tragic mistake. 

The most logical extension of the Apollo flights is just 
that, the Apollo Extension System ( AES). This involves 
using two Saturn V vehicles, one to deliver the men, 
and the other to carry the supplies for a mission of up 
to 14 days. AES has three ground rules which say, es
sentially, that the rockets cannot be modified, but the 
Apollo modules can be. The AES system will, in most 
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cases, improve the original Apollo capabilities by an 
order of magnitude. 

Besides exploration on the moon, AES includes lunar 
orbital and earth orbital missions. These would utilize 
both the Saturn IB and Saturn V. It would also utilize 
the Lunar Excursion Module of the Apollo flights, as 
mentioned above, although somewhat modified. The 
unmanned LEM would contain 3500 lbs. of life support 
equipment and 2500 lbs. of scientific payload. This will 
most likely be a wheeled vehicle, possibly also a flying 
vehicle, a drill for collecting sub-surface samples, and 
experiments in geology, gravity, seismic measurements, 
heat-flow measurements, and a transmitting scientific 
package to be left on the moon. Mapping of up to 200 
square km. would be included in the geology experi
ments. Only 0.2 sq. km. is explored in the Apollo flights. 
The accuracy in AES mapping would be 1 part in 5000 
(See figure 2). 

Figure 2 

The first two Saturn IB flight boosters-one amvmg and one 
being prepared for shipment-are shown as they crossed paths 
at the National Aeronautics and Space Administration's Michoud 
Assembly Facility. Covered in the foreground is the tail section 
of the second Saturn IB first stage (S-IB-2), which was returned 
to Michaud following static firing tests at NASA's Marshall 
Space Fight Center, Huntsville, Ala. In the background is the 
first Saturn IB booster (S-IB-I), being prepared for shipment. 
The Saturn I B is to be used in the AES program. 

The other versions of AES, lunar and earth orbital 
missions, would include mapping of the entire lunar 
surface, in the former mission, since it would be easier 
than mapping by surface vehicle, and, in the latter, ad
vanced experiments for gathering data from the earth's 
surface (See table 1). 

ALSS-An Extension of AES 

After AES in complexity comes ALSS-Apollo Logistic 
Support System. According to Mr. Thomas C. Evans, 
former head of Advanced Lunar Missions Study Program 
for NASA, "ALSS surface missions would be far more 
efficient and productive [than similar AES missions]." 
This is because the LEM descent stage would be modi
fied to carry an 8,000 lb. payload ( 8,000 earth lbs.). This 
would consist mainly of a large surface vehicle for carry-
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ing two astronauts on long surface missions. Other than 
that, ALSS is quite similar to AES. 

The third type of project, of very large scale, is the 
Lunar Exploration System for Apollo, or LESA. In this 
system, the payload stage of the Saturn V is modified 
to allow 28,000 lbs. capacity (assuming no crew). There 
seems to be a slight discrepancy, but apparently there 
are four versions of LESA, numbered, logically, one 
through four. Some authors discuss only LESA's 1 and 
3. Assuming Mr. Henderson knows what he is talking 
about (most other authors disagree with him), the main 
characteristics of all LESAs (and other projects) are 
listed in Figure 4. All LESAs consist of semi-permanent 
scientific bases manned by as many as 18 men. Versions 
3 and 4, you will notice, consist of actual colonies on 
the moon. The efficiency per Saturn vehicle mounts with 
these more extensive systems. This is a fairly good eco
nomic criterion, since Saturn vehicles are naturally quite 
expensive. 

Little has been stated, specifically, about LESA's 2 
and 4. However, 1 and 3 can be described. LESA 1 
would be primarily a reconnaissance mission, ranging 
over large areas (See figure 3). LESA 3, as implied, can 

LIE SA 

90-DAY MISSION PAYLOAD- DEPlOYED CONFIGURATION 

LADDER 

FRONT ELEVATION 

Figure 3 

RELOCATED BATTERY 
CHARGING SOLAR PAKfl 

This is the main lunar headquarters of the program LESA I. 
This project will have a crew of three, 'and will have a lunar 
stay time of three months. It will consist mainly of data col
lection relative to the surface and environment. 

support continuous operations, of various types, on the 
lunar surface. 

The major objectives of these extensive lunar explo
ration programs fall into four general categories: 

( 1) Those concerned with the moon itself; its nature, 
history, origin, and environment. 

( 2) Those involving a lunar surface site as a base for 
extensive observation and study of space itself, the sun, 
meteors, planets, stars, galaxies. . . . 

( 3) Those utilizing a lunar base for studies of the 
earth, the earth-moon system, and space near the moon. 

( 4) Those involving the lunar site and environment 
for fundamental experimentation, thus far impossible on 
earth or satellites. 

The specific scientific measurements and experiments 
to be conducted are listed in Table 2. 

The cost of the various lunar exploration programs 
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varies, as might be expected, according to complexity. 
AES would cost $0.5 billion over and above Apollo, 
ALSS-$1.0 billion, LESA 1-$2.0 billion, and LESA 3-
$0.8 billion, over and above the amount paid for LESA 1. 
(Recall that little has been stated on LESAs 2 and 4.) 

larger Proiects Cheaper 
According to Mr. Thomas C. Evans, the combination 

of LESAs 1 and 3 would be most economical in the long 
run. Of course, if one merely looks at the simple proj
ects, they would seem to be cheaper. But, if an exten
sive program is carried out, they would prove to be the 
most costly. In fact, the combination of AES with (even
tually) LESA 3 would cost an extra $12 billion over 
the program using only LESA systems. Mr. Evans also 
makes a very interesting analogy. Using only the Apollo 
system and not any extended exploration systems is 
comparable to launching the first U. S. intra-continental 
railroad with only an engine and a caboose and contin
uing to run it back and forth across the country to show 
off our accomplishment to the world. It would seem 
more logical to lay more tracks and add more cars to 
the trains, to make a useful transportation system. 

All of the above-mentioned extensive exploration sys
tems will include at least one surface vehicle. Many 
proposals have been made along this- line. One is to 

Table 2 
MEASUREMENTS AND EXPERIMENTS OF MAJOR 

SCIENTIFIC IMPORTANCE 
Drilling with collection, description, and photographs of cores 

and/or cuttings plus geophysical logging of the drill hole 
Survey control for aerial photographs 
Morphological mapping 
Plane-table type mapping or pace and compass type mapping 

with aerial photographs 
Specimen examination and description 
Specimen collectio·n 
Measurement of geologic sections 
Surface photography 

Black and white 
Color 

Seismic refraction surveying 
Near-surface (<30-m depth) 
Shallow (30-to 300-m depth) 
Intermediate (300-m to 10-km depth) 
Deep {>I 0-km depth) 

Seismic reflectio·n surveying 
Gravity surveying-relative acceleration measurements 
Magnetic field surveying-total, vertical, or horizontal intensity 

measurements 
Seismic activity (passive) measurement 
Heat flow measurement 
Meteorite flux measurement 
Extralunar radiation flux 
Temperature surveying-time and space variations 

make the Lunar Excursion Module itself mobile. Of 
course, the descent stage would be left at the initial 
landing site. The concept is pictured in Figure 4. Other 
proposals include: a small unmanned surface vehicle of 
150 lbs.-comparable in function to the vehicle to be 
used in the Lunar Surveyor program. Next is a lunar 
"jeep" of 500-1500 lbs. (earth weight) which would be 
capable of transporting one man; also a larger version 
of the vehicle for two men. It could also carry one 
astronaut and 600 lbs. of scientific equipment. Last is 
the heaviest envisioned vehicle-one capable of provid
ing a «shirtsleeve environment" for one man. Such a 
system can significantly lengthen the extent of the sorties, 
since life support (by back pack) is one of the main 
limiting factors. The above manned vehicles would be 
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capable of sorties of over 130 miles. 
Besides the above, there is one final type of vehicle. 

This is the MOLAB (Mobile Lunar Laboratory)-a ve
hicle of six wheels made up of two inter-connected chas
sis. The frame connecting them allows for pitch and roll 
between the two units. The MOLAB system, delivered 
by a Saturn V, would allow for extensive exploration and 
mobility and, naturally, life support. It could accom
modate a flying vehicle and a drill for depths of 100 feet. 
The scientific activity of MOLAB would be confined 
mainly to geology. The MOLAB system itself applies 
mainly to the more advanced missions, such as ALSS. 

Also common to many of the exploration systems are 
the several versions of LEM-the Lunar Excursion 
Module. The versions are: LEM itself (used in Apollo), 
the LEM Truck, and the LEM Shelter. The LEM Truck 
consists of a "LEM descent stage modified to perform 
an . . . unmanned landing from lunar orbit, which can 
land large payloads of varying nature such as shelter 
and manned roving vehicles," according to Grumman 
Aircraft, the contractors. With little change in the orig
inal structure of the LEM, the payload capacity can be 
increased to 7,000 lbs. This is not as great as the pay
loads for the LESA systems, since the LEM Truck will 
be delivered to orbit by a Manned Command Module 
and Service Module. The CSM will then dock to the 
LEM Truck and eventually insert it into lunar orbit. 
The crew will then check out the "Truck's" equipment, 
and it will automatically descend to the surface. 

LEM Truck can provide 55 cu. ft. of space for scien-

Element 
0 
Si 
AI 
Fe 
Mg 
Ca 
Na 
K 
H 
c 
s 
Ni 

Element 
-0-

Si 
AI 
Fe 
Mg 
Ca 
Na 
K 
H 
c 
s 
Ni 

Table 3 

ELEMENTAL COMPOSITIONS (PER CENT) 
Maria according to Urey 

43-46 
21-24 
4-9 
8-11 
3-15 
5-8 

0.5-3 
0.2-2 
0.1-0.3 

1-3 
<0.5 
<0.5 

Terrae (highlands) according to Kuiper 
47-51 
31-35 

6-10 
1.5-4 
0.1-1 

1-3 
2-4 
2-4 
0-0.2 
<I 
<I 

Basalt 
45.45 
21.73 

8.61 
8.29 
5.13 
6.47 
2.77 

0.07 

Granite 
49.58 
33.46 

8.24 
. 1.43 

0.37 
0.50 
2.30 
4.07 
0.05 

tific equipment. Navigation equipment includes in order 
of reliability, besides the Apollo pre-programmed system, 
a beacon transponder (this assumes a beacon pre-landed 
on the moon's surface), an automatic obstacle sensor, 
and a remote control system. If coherent light were used 
to prevent the beam's flaring out, the beacon transponder 
would appear to be the best system. 

The remaining type of payload is the LEM Shelter. 
This is a cylinder 12 ft. in diameter by 7 ft. high, cov
ered by a shallow elliptical dome. It has a horizontal 
air lock of 44 cu. ft. volume. Radiation protection is 
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achieved by dumping lunar soil into the hollow walls 
and on the elliptical ceiling, to a depth of one foot .. Also, . 
a slightly larger shelter ( 2.5 times the volume) has been · 
proposed (See figure 4). 

Now that we have discussed the main systems, we 
will deal with the means of exploration, and of exploi
tation, of the lunar resources. 

Lunar Resources 
Probably the initial resource that astronauts would 

need is water and/or oxygen. The three main sources 
of water will be: · 

( 1) Concentrations of hydrous minerals, 
( 2) Accumulations of gases in rocks, resulting from 

volcanic and similar sub-surface action, 
( 3) Hydrates deposited from the solar wind. 

Figure 4 

This is the mobile LEM, or MOLEM. Used in AES, this vehicle 
consists of the LEM pressure shell, modified to support two men 
for fourteen days, and a "mobility unit" like that of MOLAB {see 
next paragraph). With this vehicle astronauts will be able to 
make sorties of 48 miles. The main difference between this and 
LEM is that it has cryogenic supplies and a fuel cell system, 
whereas LEM does not. To give some idea of the size, the wheel 
diameter is 80 inches. 

The latter source results from protons of the "wind" 
combining with the gases entrapped in the rocks, or with 
the actual minerals. Lest you think there will not be a 
sufficient flux of protons, it has been calculated at 108 

protons/cm2-sec, which can be significant over the sev
eral billion years of the moon's existence ( see article by 
Weber, Roy, and Greer). 

The characteristics of all these water sources and loca
tions are affected both by physical damage (from the 
solar wind) to the structures of the minerals, and by 
changes in optical properties of the surface rocks. The 
wind can, assuming that it will indirectly produce water, 
give rise to ice deposits on shaded areas of the lunar 
surface. 

Two minerals have been studied with respect to the 
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solar wind-kaolinite (Al4 Si40 10 (0H) 8 ) and rutile 
(Ti02), or titanium dioxide. It was found that the for
mer lost weight under bombardment of protons. The 
weight lost was found to be water. Titanium dioxide 
was found to increase in conductance. This indicates 
that electrons were moved around by reduction of the 
mineral. 

Of course, one must always assume that these minerals 
exist on the lunar surface. However, the research on 
solar wind involved only two minerals, and it is likely 
that many others could be utilized in their place. 

To release oxygen from the lunar crust, it is possible 
to utilize a fairly straightforward chemical process gov
erned by the following three equations: 

MgSiOa + 2CH4 ~2CO + 4H., + Si + MgO ( 1 
2CO + 6H2 ~2CH4 + 2H20 ( 2 

2H20~2H2 +02 (3 
Notice that no water-related minerals are required and 
that the methane is regenerated. Since many scientists 
have theorized that the moon is merely a "piece" torn 
out of the Pacific Ocean, it is likely that the required 
minerals exist on the moon. In fact, it is thought that 
metal silicates are the main constituent of the lunar sur
face. Thus, the only other requirement is energy for 
promoting reaction (1), a temperature of 1625° C. is 
required. Reactions ( 2) and ( 3) require only 250° C. 
and 75° C., respectively. Minerals available for utiliza
tion are listed in Figure 6. When the above reactions 
are added, the result is: 

MgSiOa ~02 + MgO + Si ( 4) 
Experiments have been undertaken to determine if the 

chemical processes could be handled in a lunar labora
tory. The process proved feasible, and a scaled-up sys
tem is now under construction. 

Volcanic Energy 

So far, we have water and oxygen. The next desirable 
resource would seem to be energy itself. To obtain it, 
volcanic-type deposits of gas, steam, and brine would 
be exploited. It is not for certain, however, whether the 
moon is volcanically active. But fact and speculation 
would seem to suggest that research into that type of 
energy source might be profitable. If it is, there is also 
a possibility that water can be obtained as a by-product 
(e.g., geysers). 

One can at least assume that the moon is somewhat 
like the earth (vide "Pacific scar" theory) . If so, the 
moon should be internally hot as the earth seems to be, 
and there is evidence for the moon being so-in its 
features. In fact, it is theorized that, at a depth of 1700 
km., the lunar temperature is 2500°C. At much lower 
temperatures, magmatic rocks can extract water from the 
surroundings. This water has been shown to collect at 
the top of a region of magmatic rocks. It can be re
trieved, still hot, from surface fractures. Besides water, 
HCl, HF, CO, C02 , S02 , and H 2S may possibly be 
obtained. 

The means of obtaining the heat energy from water 
and gases are fairly simple. A pipe is rammed down the 
surface fracture, and eventually connected to a turbine. 
This can drive an electric generator. Also, from the 
output of the turbine, the astronaut might be able to 
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obtain a water-bearing gas which can be collected in 
plastic bags. 

Now that the astronaut has some usable energy, he 
can drill a hole of perhaps 100 feet in depth. Casings 
would be inserted and cemented. He would now have 
a more efficient power system. This process of building 
on the previous energy source can be continued to the 
point of building an actual power plant. 

Navigation in Space 

If necessary, much of the navigation required for post
Apollo lunar flights can be performed by the astronauts 
themselves. This can be done by an involved system 
called hodographs-graphical representations of velocity 
and acceleration vectors. It can be used to find orbits 
and trajectories, and to predict errors. If extremely ac
curate values are needed, this graphical system can pro
vide the boundary values for computations. 

In the event of the breakdown of navigation aids, astro
nauts could resort to old terrestrial methods of navigat
ing. Distance could be determined from the angular 
size of the earth, and stars could be used to determine 
the exact position in space. In short, astronauts might 
be able ,~o get by with a "watch, sextant and space 
almanac. 

Due to the apparent lack of concrete objectives beyond 
Apollo, it is likely that we will have to settle for a modest 
extension of the Apollo system-probably AES. But, soon 
after that, when Saturn vehicles are "mass-produced" 
and flown at the rate of two a year, we will be able to 
establish a permanent base on the lunar surface. This, 
like Apollo, will continue to grow. It will utilize the 
surrounding resources to provide, first, water-then 
oxygen, and later, power to run the base. Such exploita
tion will inevitably be accompanied by failures. Only 
by such failures can man learn to understand himself 
and his environment. [] 
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By solving problems in astronautics, U.S. Air Force 
. scientists expand man's knowledge of the universe. Lt. Howard McKinley, M.A., 

tells about research careers on the Aerospace Team. 

(Lt. McKinley holds degrees in elec
tronics and electrical engineering from 
the Georgia Institute of Technology and 
the Armed Forces Institute of Tech
nology. He received the 1963 Air Force 
Research & Development A ward for his 
work with inertial guidance compo
nents. Here he answers some frequently
asked questions about the place of 
college-trained men and women in the 
U.S. Air Force.) 

Is Air Force research really 
advanced, compared to what 
others are doing? 

It certainly is. As a matter of fact, much 
of the work being done right now in uni
versities and industry had its beginnings 
in Air Force research and development 
projects. After all, when you're involved 
in the development of guidance systems 
for space vehicles-a current Air Force 
project in America's space program -
you're working on the frontiers of 
knowledge. 

What areas do Air Force scientists 
get involved in? 

Practically any you can name. Of course 
the principal aim of Air Force research 
is to expand our aerospace capability. 
But in carrying out this general purpose, 
individual projects explore an extremely 
wide range of topics. "Side effects" of 
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Air Force research are often as impor
tant, scientifically, as the main thrust. 

How important is the work a recent 
graduate can expect to do? 

It's just as important and exciting as his 
own knowledge and skill can make it. 
From my own experience, I can say 
that right from the start I was doing 
vital, absorbing research. That's one of 
the things that's so good about an Air 
Force career-it gives young people the 
chance to do meaningful work in the 
areas that really interest them. 

What non-scientific jobs does the 
Air Force ofier? 

Of course the Air Force has a continu
ing need for rated officers-pilots and 
navigators. There are also many varied 
and challenging administrative-manage
rial positions. Remember, the Air Force 
is a vast and complex organization. It 
takes a great many different kinds of 
people to keep it running. But there are 
two uniform criteria: you've got to be 
intelligent, and you've got to be willing 
to work hard. 

What sort of future do I have 
in the Air Force? 

Just as big as you want to make it. In 
the Air Force, talent has a way of com
ing to the top. It has to be that way, if 
we're going to have the best people in 

the right places, keeping America strong 
and free. 

What's the best way to start 
an Air Force career? 

An excellent way-the way I started-is 
through Air Force Officer Training 
School. OTS is a three-month course, 
given at Lackland Air Force Base, near 
San Antonio, Texas, that's open to both 
men and women. You can apply when 
you're within 210 days of graduation, or 
after you've received your degree. 

How long will I be committed 
to serve? 

Four years from the time you graduate 
from OTS and receive your commis
sion. If you go on to pilot or navigator 
training, the four years starts when 
you're awarded your wings. 

Are there other ways to become 
an Air Force officer? 

There's Air Force ROTC, active at 
many colleges and universities, and the 
Air Force Academy, where admission 
is by examination and Congressional 
appointment. If you'd like more infor
mation on any Air Force program, you 
can get it from the Professor of Aero
space Studies (if there's one on your 
campus) or from an Air Force recruiter. 

United States Air Force 
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At the end of this decade, when man finally sets foot on the moon 
and contemplates his achievement ( see photo below), he will have 
realized the dreams of thousands of years of civilization. But, lest he 
become vain, let us consider how much farther he will have to go if he 
wants to explore his environment to its ultimate known limit. The dis
tance to the moon is 240,000 miles, or 4 X 10-s light years. The de
tectable limit of the physical universe is about 2 X 1010 light years-as 
determined by radio astronomy. This makes a factor of 5 X 1017

, which 
just happens to be about the same number of orders of magnitude down 
to which man must go to explore the inner workings of the atom. 

Returning to pure science, the paintings on these pages represent some 
of the actual situations that will be encountered when man conducts the 
advanced lunar exploration programs, as discussed on page 14. These 
paintings are supplied courtesy of the U. S. Army Exhibit Unit, via the 
Army Information Digest. 



Astronauts will find themselves in a 
strange environment because they will 
have "lost" many o·f their natural senses, 
such as smell and hearing. Thus, they 
will be able to see, but not "hear" ava
lanches, or similar events. This will ob
viously make for quite dangerous living. 
Perhaps some sort of motion detector will 
be necessary to prevent avalanche fata!G 
Hies. 

The Army has adapted their one-man 
flying belt for lunar use. This will pro
vide transportation for the space trav
elers for short sorties. It will also solve 
many problems that wou>ld be encoun
tered if only wheeled vehicles are used on 
lunar expeditions. Several lunar explor
ation programs will have "aerial" trans
portation. 

Sub-surface shelters being pi an ned for 
the moon will be much like those already 
constructed (by the Army) under the 
Greenland ice cap. They are needed 
to protect the travelers against the 
hazards of living in space; micrometeors, 
temperature changes, radioactive bom
bardment, and the lack of a breatheable 
atmosphere. Shelters of this type will 
be used in the large-scale LESA programs. 



Everyone in your class couldn't 
make it at Honeywell. But if 
you are one of those individ
uals who is our kind of man, 
you probably wouldn't be happy 
working any place else. 

Why not see how you measure 
up to Honeywell. 

Can you work with little or no super
vision? Honeywell has no long, drawn
out formal training program. you're 
assigned to a specific job where you , 
can start contributing to your future 
as you learn. You'll have plenty of 
chance to show what you can do on 
your own. 
Do you stick to your guns when you 
are right? Honeywell hires men who 
think things out 'for themselves and 
aren't afraid to disagree with the ma>
jority. "Yes men" don't get very far 
at Honeywell. You have to contribute. 
Can you admit it gracefully when 
you are wrong? You will be working 
with a group of real pros at Honey
well, men who recognize good work 
and respect you for it. But they will 
also let you know when and why you 
are wrong. It takes a real man to 
work this way~ 

Will you let your future rise and fall 
on your own accomplishments? 
Honeywell pays and promotes to rec
ognize individual progress and per
formance. We'll push you along as 
fast as you can handle the work, but 
you can't sit back and ride with the 
group. A real man likes to set his own 
pace and we like it that way, too. 
Do you take pride in your life's 
work? The job is the boss at Honey
well. Our men work nights when the 
job calls for it. They want to. You 
will find the competition very keen at 
Honeywell. 
Can you take the setbacks in stride? 
Honeywell works in some very chal
lenging fields where the answers don't 
corhe easy.· Our men don't like things 
all laid out for them in a neat, orderly 
manner. Adversity doesn't frustrate 
them, they thrive on it. 

If you are one of these men, 
Honeywell is after you. 
You'll find real professionals like it at 
Honeywell. We have one of the lowest 
turnover rates in the industry-less 
than half of the national average. 

They find a genuine opportunity at 
Honeywell. We employ over 50,000 
people world-wide. 

Briefly, our main business is elec
tronic systems- all kinds. We're a 
leading manufacturer of computers 

for business, industrial and scientific 
work. We make automatic systems 
for homes and commercial buildings; 
weapons systems; systems for air
craft, spacecraft, missiles; pro~~ss 
and industrial control and medical . 
use; precision switches and semicon
ductors. 

It's tough to find a market we don't 
serve. Notice the concentration in the 
growth industries. Honeywell is grow
ing and you can grow with us. We 
support programs for advanced de
grees for Honeywell men. We need 
your progress. 
There's more to the Honeywell man 
Ask your placement director for the 
Honeywell brochure. 

Talk to one of our recruiters next 
time he visits your campus. Watch 
for dates or, if you prefer, write to 
Mr. H. P. Eckstrom, Corporate Man
ager of College Relations, Honeywell, 
Minneapolis, Minnesota 55408. 

Hon II 
An equal opportunity employer 



Eareer an Your ind? 

Think Future. Think Celanese. If you're ambitious, flexible, 
and imaginative-and if you're well trained in chemistry, 
chemical and mechanical engineering, physics, marketing 
or accounting-you're our man. 

Why Celanese? You'll be working for a company that's grow
ing fast-and "plans" to keep growing. 1964 sales rose 
more than 25% to over $700 million. Our future "planned" 
growth depends on our ability to attract top-notch people 
who have the drive and desire to aim for that second billion. 

What makes you tick? Responsibility. 
Authority. Professional Recognition. 

Financial Reward. We know of no other company better 
able, or more disposed, to satisfy these needs. Working with 
Celanese, you'll have the chance to grow and broaden 
quickly. 

Sound good? If you feel you can perform in our demanding 
environment, it should. Discuss us with your faculty and 
Placement Office now, then plan to see our representative 
when he is on your campus. Or write to: Matthew Park, Jr., 
Supervisor of University Recruitment, Celanese Corporation 

of America, 522 Fifth Avenue, New York, 
New York, 10036. 

AN EQUAL. OPPORTUNITY EMPLOYER 
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by BOB LEHMAN and JERRY BRAUN 

Dr. Mahmoud Riaz, Associate Professor of Electrical 
Engineering, began his pre-college schooling in France, 
where he was born in 1925 of Egyptian parents; he fin
ished his education in Cairo. In 1944 he received a law 
degree from a French University and his B.S. in electrical 
engineering from the University of Cairo in 1946. The 
last part of 1946 found him in the U.S. on an Egyptian 
Government Fellowship to study at Rensselaer Poly
technic where he received his MEE in 1947. Dr. Riaz 
completed his graduate work, receiving his Ph.D. and 
Sc.D. at MIT where he stayed for ten years as an in
structor. In 1959 Dr. Riaz left MIT and came to the 
University of Minnesota as an Associate Professor of 
Electrical Engineering. 

He described his technical life as a progression to the 
more exotic. This progression started with 60-cycle 
heavy power to his present interest in pure DC for space
craft power. During the years before he came to our 
UniveTsity he had worked summers at the Grand Coulee 
Dam as an assistant engineer; then he worked for Gen
eral Electric and later Boeing Aircraft. His teaching 
assignments for this year include control for the last 
group of five-year engineering students, besides the fields 
of electro-mechanics and field theory. 

Dr. Riaz is a senior member of IEEE in the U.S.; lEE, 
the English counterpart of IEEE; Sigma Xi; and one of 
the first members of the Tensors Society of Great Britain. 

DR. HOBBIE 
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DR. RIAZ 

Did you ever meet a man whose pride and joy are 
three children and a $200,000 computer? Meet Dr. R. K. 
Hobbie. Although he occupies a rather obscure office in 
the new physics addition, he is a very prominent figure 
at the University's new four million dollar Van deGraa:ff 
generator. His responsibility is a new "on line" digital 
computer which coordinates and evaluates information 
from the 20 million volt deutron beam. 

Dr. Hobbie has always been interested in the inner 
structure of the atom. After his undergraduate work at 
the Massachusetts Institute of Technology, he entered 
Harvard where he made a study of neutron-proton forces 
for his doctorate thesis. He intends to stay at the Univer
sity where he hopes the Van de Graa:ff generator and the 
new computer will help find more information on the 
structure of the nucleus. 

He was born in Albany, New York, in 1934, and grew 
up in the East. After receiving his Ph.D. in 1960, he 
immediately joined the Physics Department at the Uni
versity of Minnesota. He started teaching I.T. physics 
courses, but now his teaching requirements include sev
eral physics courses in the arts college. Dr. Hobbie is 
very active at the graduate level where he now has five 
students. Our distinguished professor is a member of the 
American Association of Physics Teachers, and Sigma Xi 
just to mention a few. 
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rDI yourself W"it 
These booklets helped influence some 863 new technical gradu
ates of all degree levels to join us in 1964. 

For example, if you want to start your career in a certain 
section of the country, you'll find that DuPont-with facilities 
in 28 states-will try to accommodate you. 

If you're interested in growth for what it can mean to you 
personally, you'll be interested to know that our sales have 
increased more than 750% since 1937. You've probably heard 
that R&D expenditures are a good indicator of a company's 
future success. We spend $90 million a year on it, $60 million 
of which goes straight into "pioneering research"-the discovery 
of new scientific truths and new materials. 

Our booklets will answer most of your preliminary questions. 
Later-or even now if you wish-we can talk specifics by letter, 
or face to face. Why not write us or send our coupon? We'd 
like to know about you. 

BETTER THINGS FOR BETTER UVHNG 
••• THROUGH CHEMISTRY 

An equal opportunity employer 
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facts a out u ont 
Technical men we'll especially need from the Class of '66 

Chemists 
Chemical Engineers 

Mechanical Engineers 
Industrial Engineers 

r--------------------------------------1 

I 

E. I. du Pont de Nemours & Co. (Inc.) 
2531 Nemours Building, 
Wilmington, Delaware 19898 

Please send me the facts about DuPont. 

Name _________________________________ ___ 

Class ___ Major _______ Degree expected ____ _ 

l College __________________________________ _ 

I 
I 
: My address ____________________________ _ 

I l City Zone ___ State ________ _ 

I 
I 

L---------------------------------------
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Spotlight on 

Local Industry 

Control 

Data 

by DIANNE CHRISTENSEN, Physics Ed. '66 

The Control Data Corporation was incorporated in 
Minnesota on July 8, 1957. Since then the business of 
the company has snowballed; the scope of its operations 
has now expanded through both the development of 
new products and market areas and through the acqui
sition of a number of other businesses. The company's 
principal executive offices are located at 8100 34th Ave
nue South, Minneapolis (see photo below). 

The company and its subsidiaries are engaged primar
ily in the development, design, manufacture and market
ing of advanced high-speed digital computing systems 
and related components and peripheral equipment. 
Other product lines include industrial and supervisory 
control systems, communications equipment, lasers and 
electro-mechanical devices. In 1964 the company also 
instituted an education program. The Control Data In
stitute, a technical school open to all qualified appli
cants, is designed to fill the needs within Control Data 
and other companies in the computer industry for com
puter technicians. It operates on a tuition-paying basis, 

Corporation 

and at the time it was initiated was the only school of 
its kind in the country. Enrollment has now expanded 
to maximum capacity for the fall program and will in-: 
volve students from all over the world. 

Consider some of the applications of computers and 
related areas-

Industrial and business: 
The earliest application of computers consisted in solv

ing mathematical problems, and processing routine cleri
cal, inventory, and accounting information. More recent
ly the scope has broadened to involve the solution of 
more complex problems in such areas as production, 
profit optimization, and industrial process control. As 
more is learned about the application of computers, and 
as computers of larger capacity and greater versatility 
become available, the company foresees that these appli
cations will become more integrated with respect to the 
user's total business, as contrasted with the mere re
cording and reducing of information related to only a 
small part of the business. Consequently the company 

CONTROL DATA'S MAIN OFFICE AT 8100 34TH AVENUE SOUTH 
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and its subsidiaries are concentrating on the development 
and manufacture of products and related programming 
systems that may be assembled in a wide variety of con
figurations to provide broader capability besides provid
ing products and systems that operate independently on 
specific problems. 

Among industrial and business installations, the com
pany's computers are being used in computer-automated 
steel rolling mills, chemical plants, steam electric gen
erating plants, and other real-time closed-loop control 
applications. Several nationwide industrial computer 
message and data switching systems have already been 
installed. 

Space and defense: 
A major portion of the company's business has been 

derived from large computer and communications sys
tems for defense applications. A large Command and 
Control Center Data Processing System has been in
stalled for the United States Navy which includes four 
Control Data 1604A computers, five 160A computers and 
a wide range of peripheral equipment, including high
speed magnetic tape units, disc files for mass storage, 
high-speed printers, card readers and punches, remote 
paper tape inquiry stations, and inter-computer communi
cations units. This system is capable of performing a 
broad variety of computational and data processing tasks 
simultaneously. 

The company also participates as one of a number of 
suppliers of computing systems and equipment for other 
United States Government space and defense programs. 
In one case, a dual Control Data 3600 real-time com
puter system was installed for missile impact prediction 
and tracking on the Eastern Test Range at Cape Ken
nedy, Florida. For the Navy's Polaris program, the com
pany has supplied 36 digital geo-ballistic fire-control 
computers to control the firing of Polaris submarine mis
siles. The company is also actively engaged in the 
Apollo man-in-space programs. 

Science and education: 
Control Data has supplied computing systems to over 

100 scientific, research and education institutions through
out the world. One example of such installations is the 
Control Data 6600 computer installed at Geneva, Switz
erland, for CERN. The 6600 computer has also been 
installed at New York University's Courant Institute of 
Mathematical Sciences; and at the United States Atomic 
Energy Commission's Laboratory at the University of 
California at Livermore, among other places. 

Consider also the products and services themselves

Central computer processors: 
The company's large and medium-size computers are 

used as central processors in large systems, as well as in 
specific business and scientific applications, the complex
ity of which requires great versatility and extremely high 
computing speeds. Computers in this class are all high
speed, solid-state machines with large magnetic core 
storages, optimal mass random access storages, and a 
wide range of input/output processors. 

The largest of the computing systems is the 6000 series. 
Employing advanced circuit design and techniques and 
components, this series of computers provides execution 
speeds of over one million instructions per second for 
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the 6400 to over three million instructions per second for 
the 6600 and over 12 million per second for the 6800. 
The 6600 is probably the most powerful computer pres
ently in use today. The first 6400 computer system is 
scheduled for delivery during the last half of this year, 
the 6800 is to be delivered in 1967. 

The operating speeds of the 6000 series of computers, 
together with their multi-processing and time-sharing 
features, make them particularly well suited for extreme
ly large management information systems, and complex 
scientific and defense applications. The interchange
ability of equipment and computer programs within the 
series enables customers to expand the capacity of their 
computing systems with increasing needs. 

The 3000 series, just below the 6000 series in comput
ing capacity, provides a wide range of capabilities. Again 
this series has a great amount of interchangeability of 
systems sections and peripheral equipment which per
mits expansion of system capabilities. All of the com
puters in this series have been delivered except the 
3800, first deliveries of which are scheduled for late 
1965, and the 3300, first deliveries scheduled for 1966. 

The 1604 computer line was the first major product. 
Certain of the design techniques of the 1604 were also 
used in the 924, 160A, and the 8090 computers. The Nu-

This is the control Data 6600 computer system, capable of 
execu+ing 3,000,000 instructions per second. The 6600 is the 
fastest and most powerful computer installed in the world today. 

merical Analysis Center, here on campus, is using a 
1604, a 160 and an 8090 computer, and, as has been 
rumored, will get a 6400 computer in March, and a 6800 
sometime in 1967. 

Satellite computer processors-Data preparation: 
Control Data produces a series of small-to-medium 

size computers which, besides serving as central proces
sors in small systems, may be used as "Satellite Com
puter Systems" for the preparation and refinement of in
formation to be further processed in a larger central 
computing system. Virtually all of the computers in this 
class are versatile, high-speed, solid-state computers with 
various and alterable core storage capacities. Common 
functions of computers of this size in a large system are 
to refine information at individual facilities before trans
mission to a centralized processing system and to control 
complex data switching and transmission systems. These 
computers are currently being utilized in many scientific 
and commercial applications such as weather research, 
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missile firing test control, electric power and gas dis
patching, and in banking and the retail trade. 

Data Acquisition (Input): 
Data acquisition systems manufactured by the com

pany and its subsidiaries are made up of data collection 
or data entry devices generally located at the point of 
information origin, such as a manufacturing department, 
operating as an independent unit or connected briefly to 
a computer. These devices record information in a form 
suitable for processing by a digital computer and include 
units which optically read printed material. The func
tions of such systems is to provide for fast, reliable and 
automatic processing of information such as payrolls, in
ventories, equipment loading and factory scheduling. 

Output devices-end product: 
The company and its subsidiaries produce a variety of 

devices for the output of information from the computer 
systems. Some of these present information in human
intelligible form (such as printed reports, graphic and 
pictorial displays) and others present information in com
puter-intelligible form (such as magnetic tape, punched 
paper tapes and punched cards). These devices are used 
with Control Data's computers as well as with computers 
developed by other manufacturers. 

Data transmissions and communication: 
The efficient transmission of messages between infor

mation sources and centralized computing systems and 
between organization facilities is vital to the manage
ment of a decentralized business. In light of this fact 
the company produces a number of devices for transmit
ting and switching information over private and com-

1 

mon-carrier communications facilities. The company's 
computer message and data-switching systems replace 
conventional electro-mechanical telegraph systems. In 
these computing systems incoming information is trans
mitted directly into one of the company's computers 
which automatically switches the messages to their des
tination (either people or other computers). A variety of 
communications systems are provided for use with the 
company's standard line of computers and with other 
manufacturers' computers. These systems facilitate com
puter-to-computer communications over either common
carrier or private facilities at rates from 10 to over 
500,000 characters per second. Other transmission ter
minals facilitate the transmission of data from magnetic 
tape, punched card or paper tape terminals, to other 
remotely located terminals or directly to a computer 
system. All these communications systems provide for 
error detection, automatic retransmission, transmission 
control, and code conversion as required. 

Computer programs (Software): 
Control Data has developed an extensive library of 

standard software systems including FORTRAN (formula 
translation), COBOL (common business oriented lan
guage) and ALGOL (algorithmic procedural language) 
compilers for its computers, and maintains a continuing 
softw·are development program to provide its customers 
with these tools for the application of computers to the 
solution of problems. About one-half of the company's 
internal research and development expenditures are 
directed toward these activities. The capabilities of the 
company in this area have been significantly expanded 

(Continued on Page 54) 

S~GN UP FOR A COMMITTEE NOW 

DANCES PEN H USE PUBLICITY 

BUTTONS & TICKETS QUEENS & PARADE 
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FILL OUT AND BRING TO THE E-DA Y OFFICE, ROOM 135 E. 

NAME ____________________________________________ PHONE __________ __ 

ADDRESS ________________ MAJOR ___ _ YEAR __ _ 

COMMITTEE ______________________ CHAIRMANSHIP; YES D NOD 

EXPERIENCE (IF ANY) ______________________ _ 
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nother of ur future's many facets at 
With a company growing as fast as Monsanto (annual sales quadrupled to a hefty 
$1.2 billion in little more than a decade), design of new plants, equipment and 
systems has never been so important. Engineers are needed to apply their skills 
and knowledge •.• in known and unknown areas .•• to help us manufacture the 
new and improved products that move Monsanto ahead-500 new products in the 
last 10 years. 

We can show you what this means in terms of increased professional opportunity 
.... how Monsanto's continuing expansion affords more and interesting growing 
room for you. 

See your Placement Director to arrange for an interview when we visit your campus 
soon. Or write today for our brochure, "Your Future and Monsanto," to Manager, 
Professional Recruiting, Dept. 961, Monsanto, St. louis, Missouri 63166. 

An Equal Opportunity Employer 
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Who is Olin? Olin is a world-wide company with 39,000 
employees developing, producing and marketing products from eight 

divisions: Squibb, Winchester-Western, Chemicals, Metals, 
Agricultural, Ecusta, Film, and Forest Products. With corporate 

offices in New York City, the firm operates 60 plants in 30 states 
with plants and affiliates in 37 foreign countries. 

What are the types of work at Olin? Olin's great diversity 
provides a broad range of opportunities in the technical science and 

engineering fields. Emphasis is placed on the B.S. and M.S. chemical, 
industrial, mechanical and metallurgical engineering student 

for assignments in plant operations, process control, product 
development, quality control, production and marketing. Advanced 

degree M.S. and Ph.D. chemists and metallurgists work in 
central research and development improving existing products 

and developing new ones. Men with liberal arts and business 
backgrounds find rewarding career opportunities in the administrative 

functions, marketing, and some areas of manufacturing. 
What are the opportunities at Olin? Olin recognizes people as 

its greatest asset. Your future growth and career is as important to 
the company as it is to you. You will be given thorough 

on-the-job training in your first job to prepare you to accomplish your 
career objective. You will learn and progress, according to your 
ability, working with skilled and experienced men in various 

assignments. For additional information about Olin, please contact 
your Placement Office or write Mr. Monte H. Jacoby, 

College Relations Officer, Olin, 460 Park Avenue, New York, N.Y. 10022. 
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Squibb Division: Malcolm H. Von Salza (Ph.D., U. of Wis
consin) is a Senior Research Scientist at the Squibb 
Institute forM edical Research. 

Winchester-Western Division:James P. Silver (B.S.M .E., 
Washington U.), a Senior Machine Designer at the East 
Alton, Ill., plant, is designing ammunition manufacturing 
equipment. 

Metals Division: Larry Dix (Met. E., U. of Missouri) is a 
Senior Laboratory Metallurgist at the Brass Operations 
plant in East Alton, Ill. 

Chemicals Division: George D. Vickers (Hampton Insti
tute), research analyst at the Research Laboratories in 
New Haven, Conn. is studying the structure of organic 
compounds by nuclear magnetic resonance. 

Corporate: Errold D. Collymore, Jr. (Michigan State) is a 
personnel staff assistant. He selects, screens, tests, eval
uates and interviews professional job candidates. 

Ecusta Paper Division: Richard Seiler (Chemical Engi
neering, Louisiana Poly.) is a Senior Chemical Engineer 
at the Research and Development laboratory in Pisgah 
Forest, N.C. 

Olin 
"An Equal Opportunity Employer.•• 
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Right now you're steeped in the latest 
technologies. But I 0 years from now 
half of this knowledge will be obsolete. 
And half of what you will need to know 
isn't even available today. 

To keep up, you'll have to spend 
an increasing amount of your time in 
professional study. 

That's another good reason for joining 
IBM. We offer you a broad choice of 
educational programs-from on-job 
training to graduate study programs 
supported by the company. 

We want to help you grow because 
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years 
at DDOW 

olete? 

we've found it's the best way for 
IBMtogrow. 

Today IBM is a leader in science 
and technology. A dynamic company 
whose people and systems are at 
work on almost everything new in the 
world today. The discovery of new 
knowledge. The design of new 
products. The development of new 
solutions to a host of problems. IBM 
is an exciting company that enables 
you to stay technologically "hot" 
throughout your career-and provides 
you with real opportunity for 
advancement. 

Your first opportunity with IBM starts 
with your placement officer. And with 
the IBM interviewers when they come 
to your campus. See them-and learn 
why you won't stand still at IBM. 

For more information, or if 
you missed our interviewers, write to: 

Manager of College Relations 
IBM Corporate Headquarters 
Armonk, New York 10504 

IBM is an Equal Opportunity Employer. 

I ® 
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by JONATHAN F. ORMES. Graci. 

In the time it takes you to read this artide about 
100,000 high velocity charged particles will enter your 
body as a direct result of cosmic rays. When these fast
moving particles were first observed in the atmosphere, 
it was believed they came from somewhere in the earth. 
This induction was based on the fact that the intensity 
of these particles slowly decreased with increasing dis
tance from the earth. It was later discovered that after 
a few thousand feet the intensity began to increase 
rapidly and that it continued to increase almost all the 
way to the top of the atmosphere. The puzzle presented 
by this behavior was solved when it was found that the 
high velocity charged particles were mostly secondary 
particles produced when something defined as cosmic 
rays struck the top of the atmosphere. The slight excess 
observed near the ground was caused by radioactivity 
in the earth's crust. 

Nature of the Rays 
The cosmic rays, which were observed to strike the 

atmosphere equally from all directions in space, have 
subsequently been found to be composed of fully ionized 
nuclei including all of the elements from hydrogen up 
to at least iron. They include particles with energy up 

32 

G 

T 

October, 1965 



to 1020 electron volts ( ev )-that is, single particles hav
ing sufficient energy to raise the temperature of a cubic 
centimeter of water about 4 degrees Centigrade. Most 
of the cosmic rays have energies on the order of 109 ev 
or 1 Gev. 

Possible Sources 
Radio astronomical observations lead us to believe that 

cosmic rays fill a sphere with a radius of some 1022 em 
which completely encloses our galaxy. Throughout this 
volume there are 2,400 particles passing through each 
square meter each second, and this volume contains 
1048-1049 ergs of energy in cosmic rays. They are held 
in this region by magnetic fields which various estimates 
put at 10-6 or 10-7 gauss because charged particles tend 
to move along lines of magnetic force. They slowly leak 
out of this region into intergalactic space and are lost 
by nuclear collisions with interstellar hydrogen. 

Any possible source of cosmic rays must be capable 
of replenishing these losses. One of the most likely can
didates for these sources are supernova explosions, per
haps the most violent event which takes place inside of 
our galaxy on a stellar scale. Supernovae release suffi
cient energy to provide for the cosmic rays, and while 
the acceleration mechanism is not known, magnetic fields 
and turbulent gas clouds, both of which are present in 
cosmic explosions, seem to be associated with the process 
by which the energy released in the explosion is given 
to cosmic rays. 

Cosmic rays can be studied, by astrophysicists to learn 
about the conditions at their source and along their 
galactic paths in coming to us. However, there is one 
major difficulty: that is the sun and its environment. 
Since the sun emits a cloud of plasma, tangled magnetic 
fields and gas clouds, it affects the spectra of cosmic 
rays as they approach the earth. This modulation varies 
with the cyclic activity of the sun (the period is 11 
years). Since one of the basic problems is to determine 
the energy spectra and charge composition of the cosmic 
radiation outside of the solar environment, intensive 
studies have been undertaken over the past two years 
while the solar activity has been at a minimum. 

From studies of the energy spectra of cosmic rays, one 
may be able to learn things about the processes by which 
they are accelerated in the source regions, about their 
possible acceleration or deceleration while they "live" 
or are stored in the galaxy, and about their loss from this 
storage region. From studies of the charge composition 
it is hoped to learn things about the production and 
destruction of elements in the source regions of cosmic 
rays and about their lifetimes in the galactic environ
ment. 

It is the purpose of this discussion to describe experi
ments presently in progress under the direction of Dr. 
W. R. Webber of the Physics department with these 
aims in mind. 

Scintillation Detection 
The two principal physical processes used in the detec

tion of these charged particles are the production of 
scintillation and Cherenkov light in certain kinds of 
media. 

First let us consider scintillation. When a high velocity 
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(say, greater than .2 times velocity of light= .2c) par
ticle passes through matter, it may collide with electrons 
which are in orbit around atomic nuclei. If it does so, 
it will give up some of its energy to the electron, and 
if this energy is sufficient to knock the electron out of 
the atom, the atom becomes ionized. In tranversing 
matter the particle undergoes a large number of these 
ionizing collisions and loses some of its energy. This is 
called ionization loss, and by this process a particle· 
deposits some fraction of its energy in the matter through 
which it passes. The energy lost is inversely propor
tional to the square of the velocity of the particle up to 
about 400 Mev and becomes approximately constant 
above 2 Gev. It is also proportional to the square of 
charge of the. particle. 

Certain kinds of materials, called scintillators, have 
the ability to convert the deposited energy into quanta 
of visible light which are emitted by the material. For 
instance, if one takes a clear plastic scintillator, light 
will be emitted from the crystal, and the amount of light 
emitted will be proportional to the energy lost by the 
particle. This provides a measurement of the amount 

Pho·~ograph of a balloon launching in Northern Australia, near 
the geomagnetic equator. Since the min'imum energy of particles 
reaching the earth is directly dependent on' the intensity o·f the 
earth's magnetic field-the higher the intensity, the higher the 
minimum energy'-by selecting the appropriate geographic loca
tion, particles with energies below the corresponding minimum 
will not be present. Flights have been flown in several places 
around the globe, the latest at Ft. Churchill, Canada. 

of energy lost by the particle in transversing a given 
crystal thickness, and is known as an energy loss detector. 

One of the difficulties with this type of detector is 
that it is not unique. For instance, a low energy proton 
can lose as much energy as a high energy alpha particle. 
(All highly relativistic helium nuclei, which have a 
velocity approximately equal to that of light, lose the 
same amount of energy as 90 Mev protons, v=0.4c.) 
Because of this ambiguity, any detector which wishes to 
measure both the charge and energy of cosmic rays must 
also measure some other parameter. 

This other parameter is the Cherenkov light emitted 
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by relativistic particles. This is the direct result of a 
particle traveling through a medium faster than light 
can travel in that same medium. (Not faster than the 
speed of light in vacuum.) The velocity of light is in
versely proportional to the index of refraction of the 
medium ( n). The process for the production of a conical 
wave front of light with the particle at the apex is sim
ilar to the wake produced by a boat traveling through 
water. The boat moves faster than the speed of waves 
in water. The waves produced by the boat at each point 
along its path constructively interfere, forming a wake. 
The angle between the direction of motion of the boat 
and the direction of motion of the wake or wave front 
depends upon the speed of the boat. Cherenkov light is 
produced in a very similar way, as the rapidly moving 
electric field of the particle accelerates the atoms of the 
medium through which it is passing. Since these accel
erated atoms radiate light, the subsequent constructive 

Balloon ascending with detectors. The ballon's flight alti
tudes range from 120,000 to 150,000 feet; fully inflated, the 
volume can range from 300,000 to I 0,000,000 cubic feet. After 
the data has been recorded at the preplanAed altitude, a squib 
is fired, releasing the equipment, which returns to each by para
chute. In one experiment, a hole was blown in the balloon itself 
and as it descended, data continued to be collected, to record 
electron concentration at different depths in the atmosphere. It 
is planned to put an experiment up by satellite, which would 
orbit outside the earth's atmosphere for a year or more. 

interference of these waves produces a wave front of 
light of sufficient intensity to be detected. 

The amount of light emitted is proportional to one 
minus the square of the velocity of light in the medium 
( c/n) over the square of the velocity of the particle 
(v), i.e., Cherenkov light is proportional to (1-c2/v2n2

). 

From this we can see that when the particle velocity 
v = cjn, then the light output is zero, and that as the 
velocity increases, the amount of light increases. The 
Cherenkov light out is also proportional to the square of 
the charge of the particle. 

And so by measuring both the scintillation light and 
the Cherenkov light from a particle simultaneously, one 
can determine both a particle's charge and its velocity, 
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and from the velocity one can obtain its energy. This 
is true up to the energy of 1 Gev, above which the loss 
is nearly constant. 

Above this energy the magnetic field of the earth is 
used as an analyzer. This is possible because the inten
sity of the earth's field varies as a function of latitude, 
and the more intense the field, the higher the minimum 
energy of particles reaching the earth. This means that 
by selecting the appropriate location for an experiment, 
all particles below a predetermined energy will not be 
present. (At very high latitudes no such cutoff exists.) 
This technique works up to proton energies of about 13 
Gev, but above this energy counter techniques are no 
longer very useful in studying cosmic rays. (Above this 
energy, studies of the particle showers in air are used 
to determine a cosmic ray's energy. Also, at these higher 
energies, cosmic rays are not significantly changed over 
the solar cycle, and so can be studied independently.) 

Any device which has good optical transmission prop
erties will work as a Cherenkov detector. The particle 
velocity at which it begins to become operative is 
v=cjn as we saw above, and so the threshold for detec
tion of particles depends upon the index of refraction. 
Plexiglass with n = 1.5 is particularly convenient for low 
thresholds and provides sufficient light when used in 
conveniently thin sizes. If high energy thresholds are 
desired, various gases can be used which have high 
energy thresholds. 

Photomultipliers Used 
For the purpose of measuring the amount of light 

produced by particles in these crystals, photomultiplier 
tubes are used. Photomultiplier tubes produce current 
pulses which are proportional to the light seen at the 
photocathode. The process is as follows: Light which 
has been emitted from the crystals may be thought of as 
a bundle of energy. This bundle of energy is permitted 
to enter the face of the photomultiplier tube where it 
strikes the photocathode, which is made up of a material 
which can easily be ionized by this photon. If this hap
pens (typically the probability is 10-20% for an indi
vidual photon) an electron is emitted from the surface 
of the cathode. This is known as the photoelectric effect. 
This electron is then accelerated by means of an electric 
field from the cathode to a plate, called a dynode, which 
it strikes with sufficient energy to knock out several more 
electrons. By repeating this process 10 or 12 times, a 
large current can be developed at the last stage, the 
anode, for use in electronic measuring circuits. 

The telescope which has been used over the last two 
years consists of a scintillator as the upper element (the 
first one through which the particle goes) and of a com
bined scintillator and Cherenkov detector as the lower 
element. Both detectors are viewed by photomultiplier 
tubes which produce currents at their anodes propor
tional to the light outputs from the crystals. Electronic 
circuits which require a coincident pulse from the two 
detectors give the system a telescopic property. The two 
signals from the phototubes are measured and trans
mitted to ground as digital numbers. 

Any experiment which attempts to measure events 
which are distributed randomly in time has an inherent 
error caused by the statistical fluctuations in the number 

(Continued on Page 55) 
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0 ho anted challenging ork 

e foun it at 
T. R. Thomsen, B.S.M.E., University of Nebraska, '58, 
came to Western Electric for several reasons. Impor
tant to him was the fact that our young engineers play 
vital roles right from the start, working on exciting 
engineering projects in communications including: 
electronic switching, thin film circuitry, microwave 
systems and optical masers. 

Western Electric's wide variety of challenging 
assignments appealed to Tom, as did the idea of 
advanced study through full-time graduate engineer
ing training, numerous management courses and a 
company-paid Tuition Refund Plan. 

Tom knows, too, that we'll need thousands of ex
perienced engineers for supervisory positions within 
the next few years. And he's getting the solid experi-

estern lectric 
ence necessary to qualify. Right now, Tom is develop
ing new and improved inspection and process control 
techniques to reduce manufacturing costs of telephone 
switching equipment. Tom is sure that Western Elec
tric is the right place for him. What about you? 

If you set the highest standards for yourself, enjoy 
a challenge, and have the qualifications we're looking 
for- we want to talk to you! Opportunities for fast
moving careers exist now for electrical, mechanical 
and industrial engineers, and also for physical science, 
liberal arts and business majors. For more detailed 
information, get your copy of the Western Electric 
Career Opportunities booklet from your Placement Of
ficer. And be sure to arrange for an interview when the 
Bell System recruiting team visits your campus. 

Western Electric MANUFACTURING AND suPPL.Y UNIT oF THE BELL sYsTEM 

AN EQUAL OPPORTUNITY EMPLOYER 

Principal manufacturing locations in 13 cities D Operating centers in many of these same cities plus 36 others throughout the U.S. 0 
Engineering Research Center, Princeton, N. J. D Teletype Corp., Skokie, Ill., Little Rock, Ark. D General Headquarters, New York City 
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.nAT BRUCE PUBLISHING COMPANY! 
This is the "home of good printing" in Minneapolis 

and St. Paul! From this ultra-modern plant, convenient
ly located in the Twin Cities' midway, come more than 
fifty outstanding national and regional publications. Also, 
quality job printing! 

Bruce Publishing Company has been a leader in the 
graphic arts for over fifty years. The main reason is that 
this office and plant house one of the finest editorial and 
production staffs in the Upper Midwest . . . employing 
only the latest techniques and equipment. 

• PUBLISHERS 

• JOB PRINTING 

The name, BRUCE PUBLISHING COMPANY, on 
a magazine or other printing means QUALITY AND 
SATISFACTION to discriminating buyers. Check with 
any Bruce customer. You'll see what we mean. 

BRUCE PUBLISHING COMPANY is especially well 
equipped to handle the complete production of your 
publication, brochure, or general printing job. BRUCE 
offers full-service printing, from idea, through layout, 
to delivery. 

Suggest you call BRUCE PUBLISHING COMPANY 
for help with your next project. 

e OFFSET 

e LETTERPRESS 

BRUCE PUBLI HI G CO p y 
2642 UNIVERSITY AVENUE 
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Who makes 
the bucket seat 
for the world's 
youn est 
drivers? 
The same Union Carbide that 
makes electronic components 
for computers. 

Here's an entirely new kind of 
baby car seat. 

It's designed to keep children 
safe and just as comfortable as 
grown ups. There's soft vinyl 
foam padding all around. And 
special legs make it a real con
vertible seat for use inside the 
home as well as outside. 

We're making many new things 
at Union Carbide. For the elec
tronics industry, our plants are 
now producing components for 
computers and electronic equip
ment used in satellites and other 
space equipment. We've just built 
a new plant to make transistors 

and we're expanding another fa
cility for producing capacitors, in
cluding a new type that's one-fifth 
the usual size. It uses a unique 
new Union Carbideplasticfilmjust 
five millionths of an inch thick. 

To keep bringing you these and 
many other new and improved 
products, we'll be spending half a 
billion dollars on new plant con
struction during the next two 
years. 

Union Carbide Corporation, 270 Park Avenue, New York, N.Y. 10017 • Divisions: Carbon Products, Chemicals, Consumer Products, Fibers & Fabrics, 
Food Products, International, Linde, Mining & Metals, Nuclear, Olefins, Plastics, Silicones, Stellite. In Canada: Union Carbide Canada Limited, Toronto 
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~I 
I 

A bum asked for twenty cents for 
a cup of coffee. The man he accost
ed said, "I thought coffee was only 
a dime?" 

"Yeah, but I've got a date," said the 
bum. 

II II II 

Judge: "But how on earth did you 
come ,:o get so completely intoxi
cated. 

EE: "Well, you see, it's like this, your 
Honor. I got into bad company. 
There were four of us. I had a bot
tle of whiskey and the other three 
don't touch the stuff." 

II II II 

A doctor may bury his mistakes; a 
lawyer can hang his; but an engineer 
has lasting monuments for his mis
takes. 

II II II 

Under the spreading mistletoe 
The homely co-ed stands, 
And stands, and stands, 
And stands, and stands. 

r t 
by DAVID E. ENGEN, Pol Sci '67 

death: Patrick Henry's second choice. 
8 8 II 

fern: A plant that you're supposed to 
water once a day, and when you 
don't it dies, but if you do it dies 
anyway, only not so soon. 

8 II II 
flashlight: A case in which to carry 

dead batteries. 
II 8 II 

gold-digger: A girl who breaks dates 
by going out with them. 

8 II II 
Lt. Commander: Wife of a lieuten-

ant. 
II II II 

raisin: worried grape. 
II II II 

bad girl: A good girl found out. 
II 8 II 

shoulder strap: A device for keeping 
an attraction from becoming a sen
sation. 

II 8 II 

wedding ring: The smallest hand-cuff 
in the world. 

11-\ \\~ GO E-&:"1 l ER W rn; 
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I 
\_ 

"Do you know what they call a 
man who doesn't believe in birth con
trol?" 

"No, what?" 
"Daddy." 

II II II 

Poli Sci Prof: Where is the capital of 
the United States? 

EE: All over Europe. 
0 II 8 

Women have reached middle age 
when their girdles pinch them and 
men don't. 

0 II 0 

Will Rogers never met a man he 
didn't like. I once met a girl who was 
the same way. 

e e II 
I once knew a guy who owned a 

Nash for three years before he found 
out it made into a seat. 

• li • 

EE to psychiatrist: ''I'm getting mar-
ried and would like to have my 
head examined." 

0 II II 

Golfer (to foursome ahead) : "Par
don, but would you mind if I played 
through? I've just heard my wife is 
seriously ill." 

0 0 II 

A pretty girl is like a melody
after you marry her you have to face 
the music. 

• • • 
city life: Millions of people being 

lonesome together. 
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A young psychoanalyst was telling 
an older colleague about his troubles 
in getting intelligent responses from 
his patients. "Suppose you ask me 
some of your questions," the older 
analyst suggested. 

"Well, my first question is, what is 
it that wears a skirt and from whose 
lips comes pleasure?" 

"A Scot blowing a bagpipe," the 
veteran answered. 

"Right," said the younger one, "Now 
what is it that has smooth curves and 
at unexpected moments becomes un
controllable?" 

"Bob Feller's pitching." 
"Right! What do you think of when 

two arms slip around your shoulder?" 
"Why, a football tackle," replied the 

veteran. 
"Right," said the young doctor. "All 

your answers were amazingly correct. 
But you'd be surprised at the silly 
answers I keep getting." 

~ «ill G 
"Are you a Physics major?" 
"~?' a horse just stepped on my 

face. «ill o o 
Chivalry is man's inclination to de

fend a woman's honor against every 
man but himself. 

C.E.: "Who's that?" 
M.E.: "Girl I used to sleep with." 
C.E.: "Shocking! Where?" 
M.E.: "Chemistry lecture." 

It was their first quarrel, and the sordid subject was 
money. 

"Before we were married," she cried bitterly, "you 
told me you were well off." 

"I was," he snarled. "But I didn't know it." 

You never can tell about women, and if you can, you 
shouldn't. 

Q: What is castor oil known as in Holland? 
A: Old Dutch cleanser. 

Q: What is the definition of a virgin? 
A: An ugly 3-year-old. 

An optimist is a guy who opens a fifth in a crowd and 
saves the cork. 

I serve one purpose in this school 
On which no man can frown. 
I quietly sit in every class, 
And keep the average down. 

( ore Splinters ... page 46) 

MINNESOTA TECHNOLOG 

Compressive test on concrete core at PCA's research laboratories 

When you need the facts 
on concrete just call on PCA 

Your local PCA field office is one of thirty-eight 
located throughout the United States and Canada 
-staffed by professionally qualified engineers, 
architects and farm specialists, backed by more 
experts at PCA national headquarters in Chicago. 

Informative literature and up-to-the-minute 
advice on every phase of concrete construction 
are yours for the asking. For an authoritative, 
friendly source of information -call on PCA. 

PORTLAND CEMENT ASSOCIATION 
MINNESOTA-DAKOTAS DISTRICT 

1490 Northwestern Bank Bldg., Minneapolis, Minn. 55402 
An organization to improve and extend the uses 

of portland cement and concrete 
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' • 
At Douglas you can make it reach 
to the moon and beyond in outer 
space programs. Or make it a bul
wark against aggressors in some of 
the most vital defense projects of 
our time. Or let it fall on magnificent 
jet aircraft programs that are shrink
ing the world. You'll be doing 
important work, requiring both 
energy and creativity. But the re
wards in rapid professional growth 
are great. Many young graduates 
have become supervisors at Douglas 
in only a few years. So if you'd like 
to make your mark on tomorrow, 
get in touch with us. We're an equal 
opportunity employer. 

o glas 
Send your resume to L. M. Kilgore 

Box 697-L, Corporate Offices 
Douglas Aircraft Co., Inc. 
Santa Monica, California 
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probl m 

To build a rectangular color TV tube with more of a picture than the 
earlier round tube type, and then squeeze it into a dimensionally 
attractive cabinet- you face almost insurmountable challenges. 

Just to build a conventional color tube, you must ... 

1.-with absolute precision, lay more than a million red, blue, 
and green phosphor dots in a perfect triad pattern over the entire 
surface of the picture screen. Why so tough?- because the light 
source for the dots is a single ray coming through a pinhole. And it 
must be bent by a correction lens with precise mathematical cal
culation (different for each dot) to pass through over a third-of
a-million pinholes and fall exactly at a given spot on the screen. 

2.- Once you've figured out the phosphor dots, you must then 
bend the electron beam broadcast by the TV station so that it 
too passes through the third-of-a-million pinholes. 

These are just some of the feats you must perform. But after 
going through all this, you wind up with a tube with a neck so 
long it requires a cabinet nearly a yard deep to hold it. To shorten 
the neck requires mathematical calculations and engineering 
techniques so demanding they fall beyond any brief description. 

The complexity of the 23-inch rectangular color tube develop
ment is considered by some of our consumer products engineers 
even more of a technological challenge than designing some of 
the sophisticated command systems required for space flights. 

Motorola military engineers tend to disagree. 

But now that we've brought it up, Motorola has accomplished both. 

TRUST THIS EMSIGNIA WHEREVER YOU FIND IT 

MINNESOTA TECHNOLOG 41 



l 

by FRANK W. LANE, EE '64 

Since amplification by stimulated emission of radiation 
was just suggested by Gordon, Feiger, and Tounes in 
1954,1 research teams have sought to apply laser emission 
to a number of fields. Potential applications include 
ranging, cutting of tissues for medical purposes, ignition 
of gases in engines, spot welding, and communications. 
Several unique properties of laser emission have made 
its application to communications very promising. Its 
very large bandwith enables it to carry a great deal 
of information on a single beam. In addition, the high 
directionality of the beam suggests uses for it in lon3-
distance communication, such as in outer space. Finally, 
it has little inherent noise. 

A laser works through the extension of the well-known 
principle of fluorescence. In fluorescence, an atom of a 
gas, liquid, or solid absorbs electromagnetic energy from 
some source, and is thereby raised to a higher energy 
level. The atom is unstable at this level, and it emits 
energy in the form of light, while dropping to a lower 
energy state. This emission occurs spontaneously, in a 
random manner. The light emitted by the fluorescing 
material, therefore, has no order and covers a broad 
frequency range. However, if the material is excited to 
such a high degree that population inversion takes place, 
that is, more atoms are in the higher energy state than 
the lower, the emission of the atoms will cause identical 
emissions of other atoms. This absorption and re-emis-

42 

' 

sion process propagates through the fluorescing material 
with growing amplitude. The resulting emission is co
herent light. 

The input source can be either light or electric current. 

Attempts to perfect the light pump were begun in 1954. 
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Both types of sources will be discussed in following 
sections. 

For a material to be capable of laser action, it must 
meet the following requirements: 

( 1) It must fluoresce when properly excited. 
( 2) The time for decay from high energy to 

low energy must be long to allow popu
lation inversion. 

( 3) It must be capable of absorbing a large 
fraction of the energy "pumped" into it. 

( 4) The optical quality of the material must 
be good to minimize light losses in the 
material. 2 

The procedure used by many research teams is to 
choose an ion of an atom which satisfies the first three 
requirements and introduce it into the structure of a 
host material which possesses the fourth requirement. 
On page 64 of the September, 1963, issue of Electro
Technology all ions that have produced laser emission 
and their hosts are tabulated. 3 The temperature at which 
they are operated, the output power, and the output 
wavelength are given. For any system in which tem
perature, output power, and wavelength are parameters, 
the proper ion and host can be chosen from the table. 

Methods of Pumping 

The popular source of laser excitation is high intensity 
light. Unfortunately, the efficiency of a light-pumped 
laser is rarely greater than one per cent. Although the 
light source is radiating energy with a broad frequency 
band, the laser material is capable of absorbing energy 
from only a small part of that frequency band. In addi
tion, all of the light from the source may not be incident 
on the material. Schematic diagrams for two methods 
of maximizing the fraction of light incident on the mate
rial are shown in figure 1 and figure 2. 

One of the mathematical properties of an ellipse is 

.· 

Side pumping of laser rod using linear lamp in elliptical 
cylinder reflector.4 

that a line drawn from one focus will either intersect 
the other focus directly, or will intersect it after reflect
ing off of the ellipse. In figure 1, a light source is shown 
at one focus of a cylinder with elliptical cross section. 
The laser rod is placed at the other focus. All light 
emitted by the source will be incident on the rod except 
that which is lost through the ends of the cylinder. 

The system used to excite the laser bar from one end 
is shown in figure 2. It is clear that only the light which 
passes through the lens will be incident on the end of 
the bar~ Therefore, this system is less efficient than the 
previous one. 

Whereas the light pumping method can be used with 
any laser material, electrical pumping is restricted to p-n 
junction diodes. In this device, light emission is caused 
by passing current through the p-n junction. Electrons, 

MINNESOTA TECHNOLOG 

when passing through the junction, combine with "holes" 
in the p side and give off energy in the form of light. 
At low currents, this light is incoherent. But when the 
current is increased above a threshold value, the light 

.::::::-_ 
............... -

....... ..... 

CARBON 
ARC 

LENS LASER 

End pumping laser rod using trumpet geometry.5 

becomes coherent. 
IBM scientists report in the IBM Journal of Research 

and Development that, at room temperature, it is neces
sary to operate the laser with short current pulses or 
overheating will develop. If the laser is to be operated 
continuously, it must be immersed in a liquid helium 
bath, which reduces the temperature to 2°K. They were 
able to run the laser as long as the helium lasted. Al
though current pulses of at least ten thousand amperes 
per square centimeter are required for laser action at 
room temperature, they were able to reduce this figure 
by ten at 2°K.6 

The diode they used was Tellurium-doped Gallium 
Arsenide. IBM recently announced a new injection laser 
made from zinc-doped Indium Phosphide. This diode 
has a threshold current significantly lower than the Gal
lium Arsenide diode. 7 

The advantage of injection lasers is their simplicity 
and efficiency. They eliminate the need for flash tubes 
and other equipment. Efficiencies of injection lasers have 
been reported as high as fifty per cent. 

Modulation 

For the laser em1sswn to be useful in transmitting 
information, a system must be developed to impress the 
information on it. RCA and IBM report significant 
progress in developing modulation techniques. Both have 
developed an electrical pulse frequency modulation sys
tem, and RCA is working on an optical technique as well. 

An explanation of the nature of light will be useful 
in understanding the Optical Modulation System. Light 

POLARIZER 

uGHT[J 
Electro-optic modulator using a transwave electric field. 

is basically electromagnetic radiation. As such, it differs 
from ordinary radio waves only in frequency. Electro
magnetic radiation is known to be composed of electric 
and magnetic fields whose vectors are perpendicular to 
each other and to the direction of propagation of the 
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wave. Polarized light is defined as light in which every 
component beam in the light has its elech·ic and mag
netic vectors pointing in specified directions. There are 
lenses which pass only light whose electric and magnetic 
vectors are in specified directions, while rejecting all 
others. Such a lens is the first stage of a laser modula
tion system developed by RCA. The rest of the system, 
shown in figure 3, consists of a crystal whose index of 
refraction is proportional to an externally applied voltage 
source, and another polarizing lens, called the analyzer. 

As D. J. Blattner and Dr. F. Sterzer explain, the pola
rizing lenses are positioned so that the light allowed to 
pass by the first lens will not be passed by the analyzer. 
A voltage now applied to the crystal causes it to rotate 
the plane of polarization of the light and align it with 
that of the analyzer. Light will then pass through the 
system. Modulation is accomplished by making the ap-

The question, of course, arises as to why laser light is 
required for this system. Wouldn't incoherent light work 
as well? The answer is that noise is proportional to 
frequency bandwidth. Ordinary light is composed of a 
large band of frequencies and there is so much noise 
generated that it is impossible to find the information in 
the noise. Laser light has a bandwidth large enough to 
contain a large amount of information, but small enough 
for a low noise level. 

Modulating the light after it leaves the laser invariably 
leads to losses. As D. J. Blattner and Dr. F. Sterzer 
report, " ... the power required for bandwidths of thou
sands of megacycles is still prohibitive."9 IBM scientists 
believe that power and frequency limitations are mini
mized in modulating, electrically, the p-n junction diode. 
No optical lenses or crystals are required. Modulation is 
accomplished through the electric current which causes 

RCA model A-1283 microwave phototube. 

plied voltage a function of the signal to be transmitted.8 

In the crystal shown in figure 3, the applied electric 
field is transverse to the direction of the light beam. 
The cuprous chloride crystal exhibits the electro-optic 
effect when the applied field is transverse. Dihydrogen 
Phosphate crystals have also been used by RCA. RCA 
has found the cuprous chloride crystal to be more useful 
for the following reasons: 
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( 1) Less power dissipated by CuCL 
(2) CuCl transmits longer wavelengths 

( CuCl is transparent from .4 microns to 
20.5 microns; Dihydrogen Phosphate is 
transparent only to 1.7 microns.) 

( 3) Dihydrogen Phosphate requires the lon
gitudinal mode and, therefore, transpar
ent electrodes, which are difficult to 
operate at high frequences. 

the laser emission. 
On May 21, 1963, they demonstrated a complete laser 

communications system to the press. Their press release 
reports that the modulation circuit consists basically of 
a delay line whose charge time can be controlled.10 The 
circuit is shown in figure 5. The voltage on the line 
builds until it reaches the breakdown voltage of the 
4-layer diode which then allows current to flow. The 
delay line discharges, through the laser, a .2-microsecond, 
5-ampere pulse. The rate at which the delay line charges 
to the breakdown voltage is controlled by the variable 
resistance element. If this resistance is varied according 
to the information signal, the frequency of the pulse 
train is proportional to the amplitude of the signal. 

In the intial experiment, they transmitted audio signals 
from 300 cps to 3,000 cps. They see no problem in 
modulating with pulses as short as a nanosecond. 
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The drawback of this system is that, whereas no power 
is lost through modulation, the output power of the diode 
itself is limited. Increases in the area of the junction 

RESISTANCE ELEMENT 4 LAYER DIODE 

ENERGYP-~~~-A~b-~~Ub~~~--~ 

SOURCE 

Electrical modulation circuit. 

will remove this limitation. Dr. J. I. Pankove of RCA 
believes this increase will cause "no fundamental fabri-
cation problem and no serious cooling problems. "12 

Demodulation 
The frequency response of conventional photomulti

plier tubes is restricted to several hundred megacycles. 
The advent of lasers has necessitated the development 
of a phototube with frequency response in the gigacycle 
range. Dr. J. E. Reudy and H. C. Johnson report the 
development of a phototube which can be used as the 
demodulator in a laser communication system. It is 
shown schematically in figure 4. 

The light passes through the optical window and hits 
the photocathode disc. The disc, in response, emits 
electrons which pass through the helix and excite a trav-

MINNESOTA TECHNOLOG 

eling wave in the helix winding. The demodulated signal 
is taken out through the output coupler. The author 
observes that the system can be used to demodulate a 
signal with a frequency up to twice the maximum fre
quency of response of the tube. If a local oscillation of 
frequency, f1o, is applied at the input of the helix, the 
output will be of frequencies, f1o, and f1o +-fs, where fs 
is the frequency to be demodulated. flo-fs will be within 
the frequency response of the system and fs can be 
recovered by simply passing the output into a crystal 
mixer. (] 
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Prepare now for your future in highway engineering 
by sending for The Asphalt Institute's free library 
of Asphalt construction and technology. 
Each year, more and more states are turning to modern Deep
Strength* Asphalt pavement for their new heavy-duty high
ways, county and local roads. Your contribution-and reward 
-in future roadbuilding programs will depend in large part on 
your knowledge of Asphalt construction and technology. 

The latest information in this field, including The Asphalt 
Institute's new computer-derived Thickness Design Method, is 
contained in an extensive portfolio now offered by The Asphalt 
Institute. To obtain this valuable free library, fill in and mail 
the coupon below today. 

*Asphalt surface on Asphalt base 

THE ASPHALT INSTITUTE 
College Park, Maryland 

Free Offer to Civil Engineering Students and Professors! 
eeeoeeeeoeeoeeeeoooeoeoooooeeeeeeeeeooeee 

: THE ASPHALT INSTITUTE, College Park, Maryland 
• Gentlemen: Please send me your free library on Asphalt Con- • 
• struction and Technology. 

" NAME. __________ ___:CLASS OR RANK ___ _ 

SCHOOL __________________ ___ 

ADDRESS __________________ _ 

o CITY ___________ STATE _______ _ 
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I 
The maid answered the telephone 

several times within the last few min
utes. Each time, after a brief remark, 
she hung up. 

Becoming quite curious, the lady 
of the house asked, "Who was that on 
the phone?" 

"Same lady every time," replied the 
maid. "She keeps saying, 'It's a long 
distance from New York!' and I keep 
telling her, 'Yes ma'm, it sure is'." 

G ~ G 

Math Prof: "If there are fifty states 
in the Union, and super-heated steam 
equals the distance from Bombay to 
Paris, what is my age?" 

Frosh: "Forty-four, sir." 
Math Prof: "That's correct. How 

did you prove it?" 
Frosh: "I have a brother who is 

twenty-two and he's only half nuts." 
~ G G 

An old man was marrying a young 
beauty the following day, so he went 
to the doctor to see if he was in good 
working order for all the excitement, 
and to learn how often the doctor 
thought he should fulfill his marital 
role. Later he met a friend and asked, 
"I don't understand these fancy words 
-how often a week is semi-annual?" 

e e e 
An ocean liner captain was h·ying 

to find a coat to keep two young 
ladies warm. He shouted down to the 
crew's quarters, "Is there a mackin
tosh down there big enough to keep 
two young ladies warm?" 

"No," came the reply from below, 
"but there's a McPherson who is will
ing to try." 

E!ll G G 

They don't come any smarter than 
the guy who was able to talk his wife 
into being sorry for the girl who lost 
her hairpins in the back seat of his 
car. 

~ E!ll G 

"You'll be poor and unhappy until 
you are forty," said the fortune teller 
to the engineer. 

"And then what?" asked the en
gineer hopefully. 

"You'll get used to it", answered the 
fortune teller. 

~ ~ e 
"Who was the lady I saw you out

wit last night?" 
e e e 

When you call at the office of the 
Technolog, come in without knocking, 
and leave the same way. 
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"Your new dress looks lovely on 
you." 

The newlyweds blissfully entered 
the hotel dining room and selected 
an intimate corner where the lights 
were low. 

"Well natch! I was just made for 
this dress." 

"Why didn't you hold out for a 
mink coat?" 

• • • 
The husband gave a huge order to 

the waiter, which was quickly coun
termanded by his wife. 

Forestry student: "I have a splinter 
in my finger." 

Engineer: "Been scratching your 
head?" 

e • e "Just bring him a big dish of car
rots and lettuce," was the crisp order 
from the bride. "I want to see if he 
can eat like a rabbit!" 

Have you heard the story about the 
fellow who took his girl out in the 
night and mist? 

HOMER, THE 79,000 SHAREHOLDERS 
WHO OWN NSP WOULD FILL 

MINNESOTA'S MEMORIAL STADIUM 
AND WILLIAMS ARENA! 

tJ 

HOW ABOUT THE 
TENNIS COURTS, ROY! 

Thousands of Gopher football, basketball and other sports 
fans are among the 79,000 shareholders who own Northern 
States Power C6mpany. There are many indirect owners, 
too. People who have insurance, savings accounts, invest
ment or trust fund shares with companies that have 
invested in NSP. It's your company in every way ... owned 
by 79,000 people like you and your neighbors. 

NSP NORTHERN STATES 
POWER COMPANY 

Owned by over 79,000 shareholders and serving more than 600 
communities in Minnesota, North Dakota, South Dakota and Wisconsin 
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Designing this processing unit-one of the 
largest of its kind in the world-was just 
one of many recent challenges met and 
overcome by Shell. And there are many 
more waiting to be tackled. Your own 
future at Shell can involve some of the 
most challenging engineering, scientific 
and business problems in the world
along with many of the broadest career 
opportunities. 

The diversity of Shell's interests is high
lighted by several recent achievements of 
Shell people in providing new products, 
processes and techniques in the petroleum 
and chemical industries. These include: a 
method of drilling and completing wells in 
water more than 1,000 feet deep; a medi
cine for the rapidly expanding animal 

MINNESOTA TECHNOLOG 

I 

health field; a synthetic rubber having both 
the resilient qualities of rubber and the 
manufacturing versatility of plastic; a 
retail marketing installation, the Shell 
Motorlab, for the precise diagnosis of auto
mobile ailments; and a catalyst for rocket 
fuels. 

Shell is experiencing such dynamic 
growth that it has become the fourteenth 
largest industrial corporation in the United 
States in terms of sales. Growth is bringing 

a host of new challenges-and opportuni
ties-for those who set for themselves the 
highest standards of performance. At 
Shell, they include graduates in many 
disciplines, particularly engineering, chem
istry, geophysics, physics, geology, mathe
matics and business administration. 

Shell representatives will be glad to 
answer your questions about the Shell 
Companies when they visit your campus. 
You also will receive full consideration if 
you send a resume to Manager, Recruit
ment Division, The Shell Companies, Dept. 
E , 50 West 50th Street, New York, N.Y. 

10020. An Equal Opportunity Employer 
THE SHELL COMPANIES " Shell Oil Com
pany • Shell Chemical Company " Shell Devel
opment Company • Shell Pipe Line Corporation. 
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edited by STEVE LINDFORS, Physics '67 

Glass Becomes Photographer 
Glass that "takes pictures" forms unusual devices called 

fluid amplifiers. In new kinds of control systems that 
run on air or liquids, fluid amplifiers are used to recog
nize instruction signals and for counting or switching. 
At a brewery, they regulate Hushing of vats. The New 

York Central System has them in a locomotive and be
lieves they will be widely used to control trains. On a 
nut tapping machine, a single device tripled production 
and cut costs 60 per cent. To make devices, Corning 
Glass Works develops a pattern in photosensitive glass, 
then partly etches away the paths to form fluid chan
nels. The four glass plates in the photo, when stacked 
and sealed, make up 10 identical four-layered binary 
counters. Coming will show fluid systems at work at 
the annual Instrument Society of America conference 
this month. 

Hush, Hush Sweet Molecule 
What do sweet tasting things have in common? 
A researcher of International Business Machines Cor

poration has uncovered some facts which may someday 
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help answer this long-standing scientific question. Dr. 
Y. Okaya, an IBM crystallographer, has determined 
exactly how atoms are arranged in saccharin, the arti
ficial sweetener. 

Sweet-tasting substances have ba:ffied scientists for 
years. Unlike salty and sour compounds, they belong to 
no single chemical family and scientists have not been 
able to find a characteristic which is common to all. 

Because slight changes in structure or chemical com
position of the saccharin molecule have a profound 
effect on its taste, Dr. Okaya believes the answer could 
very well come from a detailed comparison of the 
saccharin molecule with its derivatives. For example, 
simply by changing the structure of the molecule, with
out any change in composition, a bitter or a soap-like 
taste can be produced. Close analysis of these molecular 
differences may reveal what produces the pleasing but 
unexplainable taste of sweetness. 

Dr. Okaya determined the shape of the saccharin 
molecule by x-ray analysis-the traditional scientific 
technique which is used to "see" inside a molecule. The 
only difference in his approach was that a computer ran 
the experiment and took all the data, reducing the over-

0 

115.1 N 

all time of the task from about four months to one 
month. Dr. Okaya said it was the speed of the computer 
system which made it possible to fit the analysis into his 
schedule and which may make a study of saccharin 
derivatives a practical project. 

X-ray analysis is normally a time-consuming process 
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involving thousands of measurements and complicated 
mathematical computations, taking months to complete. 
Since the start of the field early in this century, a total 
of only a few thousand substances have been analyzed 
by x-ray techniques. 

Although the general shape of the saccharin molecule 
is well known, Dr. Okaya's analysis turned up some 
unexpected and unusual facts about its structure. Until 
further analyses are made, it is not possible to tell if 
these properties can account for the sweet taste of the 
molecule. 

The basic structure of the molecule consists of two 
joined rings, one containing six atoms, and the other 
containing five. Dr. Okaya found the five-sided ring in 
the saccharin molecule was flat-not puckered, which is 
normally the case for a five-sided ring of atoms. 

Puckering is caused by the tendency of atoms to form 
large angles with neighboring atoms, twisting the plane 
of the figure. Dr. Okaya said the plane of the saccharin 
ring was flat because of the presence of a sulphur atom: 
it forms a sharp angle, relieving the strain on the ring. 

Diagram shows bond angles in the saccharin molecule. 
Unmarked locations are occupied by carbon atoms. All 
atoms lie in the same plane, except for the oxygen atoms 
in the so2 groups, which lie in an almost perpendicular 
plane. 

"Slippery" Road-Without Ice 
Among the special facilities developed by the General 

Motors Proving Ground to evaluate the performance of 
specific components is the glass road, which is used in 
studies of wheel dyanmics. 

The glass road, which is 20 ft. long, is located in the 
center of a straight, level road. It is constructed of two 
2-ft. by 10-ft. laminated tempered plates, 1% in. thick. 

Each plate is made of two 1f2 in. thick tempered plates 
covered with a %-in. tempered plate that acts as a top 
surface to protect the structural glass from being acci
dentally scratched and shattered during a test run. The 
plates are strong enough to support medium-heavy 
trucks. The coefficient of friction of the glass approxi
mates that of dry pavement. 

The glass is laid flush with the road over a pit 18 in. 

MINNESOTA TECHNOLOG 

deep. A glass mirror covers the bottom of the pit. The 
image of the contact patch of the tire can be observed 
from above ground as a car drives over. A high speed 
camera mounted on the side of the car, just outboard of 
the wheel being photographed, is aimed at the image of 
the contact patch as seen in the mirror. The 20-ft. length 
of glass road allows two wheel revolutions to be photo
graphed per pass. 

The studies conducted with the aid of the glass road 
provide information useful in analyzing wheel dynamic 
characteristics, such as tire excited shimmy. The glass 
road also is potentially useful in other tire-to-road con
tact studies, such as severe braking, acceleration and 
cornering. 

Talk on a Falling Star 
A data processing and transmission system which 

hitches a ride from falling stars has been successfully 
demonstrated by the Boeing Company from the location 
of an underwater mountain in the Pacific Ocean. 

Termed meteor-burst communication, the system trans
mits data by bouncing radio signals off trails left by 
meteors entering the earth's atmosphere. The system 
was designed by the Boeing antisubmarine warfare sys
tems organization as a communications link for an ocean
ographic research program conducted by the University 
of Washington. 

In tests from Cobb Seamount, located 315 miles (275 

nautical miles) west of Grays Harbor, Washington, and 
440 miles (385 nautical miles) from Seattle, meteor-burst 
signals were received at Inglewood Research Site, near 
Issaquah, Washington, a total line-of-sight distance of 
450 miles. Range of the system, based on other company 
conducted tests, is approximately 1,000 miles, according 
to Paul Pflueger, Boeing Aero-Space Division ASW sys
tems manager. 

A signal bounced off a meteor trail continues along a 
more direct path than a signal reflected from the iono
sphere. Most meteor trails exist only for fractions of a 
second over an extremely small area and this trail does 
not offer a multiplicity of reflected pathways as does the 
ionosphere. Another major advantage is that the equip
ment operates at low power and on VHF (very high 
frequency), thus avoiding the crowded wave bands of 
HF (high frequency) transmission. 
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Local Industry . .. 
(Continued f1'om Page 28) 

through acquisition of subsidiaries. One of these sub
sidiaries specializes in the development of software and 
applications in the fields of civil and industrial engineer
ing, as related to highway, bridge, ship and major struc
tural designs. Another also produces custom software 
systems and provides consulting services tailored to the 
needs of a vast range of computer users in industry, 
science and government. 

Data Centers: 
Control Data offers the services of its data centers for 

many customers who cannot fully utilize or do not wish 
to make capital investments in their own computer sys
tems. These centers offer equipment usage services on 
an hourly basis, and provide programming and training 
in computer usage. These centers are located in Minne
apolis, Los Angeles, Palo Alto, Santa Barbara, New York 
City, Washington, D. C., and Houston, with satellite 
centers in Chicago and Cincinnati, all of which are tied 
together by commercial data links in order that their 
capabilities can be maximized and shared. Another data 
center is in Frankfurt, Germany. 

The company has many subsidiaries, both domestic 
and foreign. Among them are: Control Corporation, 
Meiscon Corporation, Computer Laboratories, Inc., 
Adcomp Corporation, Holley Computer Products Com
pany, TRG;Inc., Macro Micro Corporation, Nugat Realty 
Corporation, Rangot Corporation, Data Display, Inc., 

Pickett Slide Rules 
MODELS FOR EVERYONE 

• Lifetime Guaranteed 
8 All-Metal Accuracy 
• All-American Made 

incorporated INC. 

and Datatrol Corporation. 
To facilitate the expansion of its world-wide opera

tions, the company also has subsidiaries in Switzerland, 
Canada, Germany, Sweden, Australia, The Netherlands, 
France, England, South Africa, India, and Norway. 

Research and development are major areas of impor
tance for the Control Data Corporation. These areas 
are divided into five principal categories: research and 
development associated with standard products; devel
opment of products to meet specific requirements; devel
opment of programs (software) to apply computers to 
the solution of problems; research and development paid 
for with government funds, and company-financed re
search and development projects which are not directly 
associated with existing products. 

A substantial part of the company's sales have been 
made under contracts for products or services for ulti
mate use by the military services and other departments 
and agencies of the U.S. government. Of the backlog 
of the company and its subsidiaries at March 31, 1965, 
and March 31, 1964, approximately 42% and 50%, respec
tively, was under government prime and sub-contracts, 
of which, at both dates, approximately 10% was in cost
type contracts and 90% was in fixed-price contracts. All 
of these contracts contained provisions to the effect that 
they may be terminated at the convenience of the gov
ernment. They further provide that in the event of such 
termination the company is entitled to receive payment 
based on costs incurred prior to termination and the 
anticipated profit rate on the work completed prior to 
termination. (] 

STADIUM 
REXALL DRUG 

The Complete 

Drug Store

For the Busy 
Shopper. 

o 3000 paperback 
hooks in stock 

o freshest· tobaccos 
and cigars 

• largest selection 
of cosmetics for 
men and women 

• Barton chocolates 

315 14th Ave. S.E. Corner 
Washington and Oak St. 

Downstairs Perines Bookstore· FEderal 9-0397 
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NUCLEAR MESSENGERS ••• 
(Continued from Page 34) 

of events. Statistics tell us that for n events the error 
is + yn and the probability that the true value lies 
within the range n + y n is 68%. Thus the percentage 
error in the number of counts is y(n}/n = 1/yn = n-112 , 

and so the larger the number of counts, the lower the 
percentage statistical error. This means that in order to 
measure a flux of particles with 10% accuracy one needs 
to collect only 100 counts, but to make the same measure
ment with 1% accuracy one must observe 10,000 events. 

In order to reduce the staistical error to a minimum, 
experiments are designed to be as large as possible while 
still remaining compatible with such things as the ability 
of the electronics to handle the counts, the ability of the 
telemetry to transmit the information to the ground, and 
the ability of the experimenters to handle the experiment 
physically. 

Detectors on Satellites 
Our group has three detectors of the Cherenkov-scin

tillator type which have been flown on balloons, and a 
fourth which is to be launched in a POGO (Polar Orbit
ing Geophysical Observatory) satellite in the near future. 

The earliest of these, consisting of a 7%" diameter by 
1'4" thick scintillator and a 4" diameter Cherenkov scin
tillator, made of a %" piece of plexiglass and a very thin 
scintillator, separated by 8", is designed to look at the 
energy spectra of all of the nuclei in the cosmic radiation. 
Typically this experiment will record 250,000 counts, 
about 140,000 due to protons, about 82,000 due to elec
trons and other background, about 21,000 due to helium 
nuclei, and perhaps 2,000 due to heavier nuclei, when a 
flight is made at high latitude where cutoff by the earth's 
magnetic field is not encountered. To date, 10 successful 
flights have been made with this experiment at latitudes 
ranging from northern Argentina near the geomagnetic 
equator to Fort Churchill next to Hudson's Bay in 
northern Manitoba, near the geomagnetic pole. The 
experiment has been carried on polyethylene balloons 
ranging in size from 300,000 cubic feet to 10,000,000 
cubic feet. (These balloons have a diameter about equal 
to the length of a football field when they are fully ex
tended.) The altitudes reached have been between 120,-
000 and 150,000 feet. The balloons are filled with enough 
helium to cause them to rise at about 1000 ft/min. They 
reach altitude where they float until a squib is fired, 
releasing the equipment from the balloon and bringing 
it back to the ground by parachute. 

Proton or Electron? 
Since this experiment cannot distinguish between 

highly relativistic protons and electrons, a second de
tector has been designed and recently flown at Fort 
Churchill to measure the electron spectrum in the at
mosphere. The detector used makes use of a gas Cher
enkov detector as a second element which triggers at a 
very much higher energy for protons than it does for 
electrons. This is because the proton has a mass 1836 
times the mass of the electron so that at the same velocity 
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the proton has 1836 times the energy an electron has. 
(A scintillator identical to that described above is the 
first element.) This fact, in conjunction with the fact 
that electrons, while going through matter, generate 
showers of secondary particles much more readily than 
protons, allows one to differentiate between electrons 
and protons. This is done by placing as the third tele
scope element a large piece of lead glass. Lead is used 
because it is dense enough to cause the electrons to 
generate showers of particles, and glass is used so that 
the Cherenkov light caused by the particles will travel 
to a phototube. 

Electron Concentration 
Because electrons are much less abundant than pro

tons in the atmosphere, and because it is extremely 
important to know how their concentration varies with 
depth in the atmosphere, after the balloon had floated 
at ceiling for about three hours, a hole was blown in the 
balloon allowing the equipment to descend slowly while 
data continued to be recorded. This turned out to be 
fortunate because the cutdown squib failed later, mean
ing that if a hole had not been blown in the balloon it 
might still be at ceiling. 

The third balloon detector which has been flown is 
designed to improve the poor statistics of the first de
tector described. It is exactly like the first detector 
except that it is much bigger-the scintillator and the 
Cherenkov scintillator are both 2 feet in diameter. It 
is designed to look only at the nuclei heavier than 
helium and to detect the possible existence of nuclei 
heavier than iron in the cosmic radiation. This experi
ment was also flown from Fort Churchill this summer, 
but unfortunately no results are available from it yet. 

In the satellite soon to be launched in the Orbiting 
Geophysical Observatories ( OGO) series, the experi
ment from this group will be a scaled-down version of 
the first experiment described. Because it will hopefully 
be in orbit outside the earth's atmosphere for a year or 
more, sufficient statistics will be obtained to improve 
greatly the accuracy of the work that has already been 
done from balloons. The experiment has the additional 
advantage of not having to make corrections for sec
ondary particles which are produced in the atmosphere 
above balloon-borne detectors. 

Cosmic Ray Propagation 
It is hoped that, from this extensive monitoring of the 

cosmic radiation, the microscopic environment of the 
solar system may be more fully understood and that 
these studies will lead to some answers concerning the 
acceleration and propagation of cosmic ray particles in 
the galaxy. 

In closing I should like to acknowledge the able guid
ance of Dr. W. R. Webber in directing this experimental 
program. Without the work of Mr. Charles Chotkowski 
on the electron experiment and Mr. Tycho von Rosen
vinge on the heavy nuclei experiment (known as The 
Monster), this article would not have been possible. Dr. 
Graham Bingham and Mr. Donald Sawyer are respon
sible for having brought the satellite experiment into 
readiness for launching. [] 
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by RICHARD HOUSTON, Arch. '69 

1. Divide the area of the figure below into four tri
angles by using two lines. 

2. The combined ages of the Hill brothers, George 
and William, has always equalled the sum of the ages of 
Emily Smith and her daughter, Cynthia. When Cynthia 
was twenty, George was twice her age, William was 2J3 
the age of Emily, and Cynthia's age plus her mother's 
age equalled the age of Cynthia's aunt. How old is 
Cynthia's aunt now that Cynthia is forty? How old are 
George and William Hill? 

eue 
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3. Assume that there is a bug at each corner of the 
square below. 

D 
At A and C there are female bugs. At B and D there 
are male bugs. Now, simultaneously, the bug at A starts 
to walk toward the bug at B, the bug at B toward the 
bug at C, etc. Where will the bug that started at A 
catch the bug that started at B? Assuming the bugs are 
very small, what moral conclusion can you derive from 
this situation? 

4. Determine the digits represented by the dashes 
(some are indeterminate). 

-2--
--2)------

0 

e too!) 
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HO DULL 

ILL LASER RESEARCH BE 

IN 1976 

We have become quite important in the laser art. We 
take much pleasure in the recognition accorded us for 
contributions in materials and technology to super
power infrared lasers for surgery. Our laser work will 
be absorbing some of the physicists, electrical engineers, 
and perhaps even mechanical engineers among those 
who will be joining us from the campus in a few more 
months. Others of these Class of 1966 engineers we 
shall soon have working in technologies that they have 
never even heard of before signing on. 

Great! But before he does sign, the kind of chap who 
particularly interests us is sharp enough to give a 
thought to 1976. So do we. We fear technological ob
solescence too, and his 1976 is our 1976. 

? 
I!! 

In due time he will be surprised to learn about some 
of the businesses we expect to be in then. As a thought
ful person, he will be pleased to see how they relate to 
the genuine needs (not just the frivolities) of the living 
human beings in a peace-based society. In due time he 
will be phased in when the fundamental research now 
in progress is ready for the engineering that will make 
it practical. 

Don't expect to read all the details in an ad. Get in 
touch with us. By a wise early choice of employer it is 
still possible to enjoy the immediacy and the amenities 
of a career in industry without a heavy price in personal 
technological obsolescence. 

EASTMAN KODAK COMPANY 
Business and Technical Personnel Department I Rochester, N.Y. 14650 

An equal-opportunity employer offering a choice of three communities: Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 



DRIVE POWER by General Electric: one section of Bethlehem Steel Corporation's new mill at Burns Harbor, Indiana. 

INDUSTRY CONTROl engineer Bob Vaughn, Vir
ginia Polytechnic lnst., worked on drives, 
control and the new SCR armature regulator, 
from design through installation. 

PRINTED CIRCUIT PROCESS heart of automatic 
control, was checked by Glenn Keller, Lehigh 
U., on the Manufacturing Program at Specialty 
Control Department. 

CUSTOMER REQUIREMENTS for d-e motors 
were met by Jim Johnson, U. of Cincinnati, on 
a Technical Marketing Program assignment at 
Large Generator & Motor Department. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC: 

utornatin a om lete tee I ill 

The automation of Bethlehem Steel Corporation's new Burns 

Harbor, Indiana, cold rolled and plate mills is another giant 

step toward meeting the demands for stepped-up steel 

production. General Electric is uniquely equipped to supply 

all the bits and pieces of automation, and to call on and 

integrate the skills of more than 120 business departments 

-skills that run the gamut of specialized and systems engi

neering, manufacturing and technical marketing. Whatever 

the projects at General Electric, and they are legion, a small

company atmosphere is maintained, so that individual con-

tributions are quickly recognized. And, these become starting 

points to new discoveries and opportunities. Write us now

or talk with your placement officer-to define your career 

interest with General Electric. Section 699-14, Schenectady, 

N. Y. (An Equal Opportunity Employer) 

ress Is Our 

GENERAL ELECTRIC 





Computer-controlled cars-every two minutes, day and night 

1n Pittsburgh the new Westinghouse 
transit expressway shows how com
muting can be made comfortable, con
venient, fast and fun. 

A two-mile pilot line has been built 
to demonstrate the feasibility of this 
new system. Lightweight, computer-

controlled cars can run every two 
minutes, day and night. They operate 
singly when passenger load is light, 
form trains to handle heavy traffic. 

Cars are fast and safe. They run si
lently and smoothly on rubber tires 
along their own expressway, free of 

interfering traffic. 
The Westinghouse transit express

way costs less to install and operate 
than a conventional subway or elevated. 

If your city had one, you would 
probably never find it necessary to 
drive to work again. 

You can be sure if it's Westinghouse 

For information on a career at Westinghouse, an equal opportunity employer, 
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa.15221. 



CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
Ill Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 

MINNESOTA TECHNOLOG 

Ill Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! Ill Repeat and re
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa
per. Introduce your students to it today. 111 Write now 
for Clearprint samples, sizes, and prices. 
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Dale Anderson 
B.A., Wittenberg University 

At many companies the opportunity to work on 
challenging projects comes after many years of 
apprenticeship and a few grey hairs. Not so at 
Ford Motor Cqmpany where your twenties can 
be a stimulating period. There are opportunities 
to prove your worth early in your career. Dale 
Anderson's experience is a case in point. 
After receiving his B.A. in Physics in June, 1962, 
Dale joined our College Graduate Program and 
was assigned to our Research Laboratories. 
Recently he was given the responsibility for cor
recting cab vibration occurring on a particular 
type of truck. His studies showed that tire eccen

tricity was the cause of the trouble. Since little change could be effected 
in tire compliance, his solution lay in redesigning the suspension system. 
Tests of this experimental system show the problem to be reduced to an 
insignificant level. 
That's typical of the kind of meaningful assignments given to employes 
while still in the College Graduate Program-regardless of their career 
interest. No "make work" superficial jobs. And, besides offering the oppor
tunity to work on important problems demanding fresh solutions, we offer 
good salaries, a highly professional atmosphere and the proximity to 
leading universities. 
Discover the rewarding opportunity Ford Motor Company may have for 
you. How? Simply schedule an interview with our representative when he 
visits your campus. Let your twenties be a challenging and rewarding time. 

THERE'S A FUTURE FOR YOU WITH. •. 

The American Road, Dearborn, Michigan 

An equal opportunity employer 

November. 1965 



Official Student Publication of the Institute of Technology, University of Minnesota 

VOL. 46 NO.2 

Staff 

Editor I Steve Lindfors 

Business Manager j Jerry Johnson 

Associate Editor I Dianne Christensen 

Sally Ahola 

Pete Blomberg 

Jerry Braun 

Dave Engen 

Ken Fletcher 

Tom Gaedy 

Morrie Hoch 

Dick Houston 

Bob Johnson 

Dan Kehrberg 

Mary Melchert 

Sue Merrick 

Fred Merry 

Bob Lehman 

Bill Ludwil 

Marlin Rekow 

Karon Schulte 

Mike Thoreson 

Dennis Turnquist 

Bob Vockrodt 

Dan Willette 

and the Pom-Pon Girls 

Advisors 

Faculty Paul A. Cartwright 

English Clifford I. Haga 

SAB Donald R. Zander 

MINNESOTA TECHNOLOG 

Cover: An oscilloscope display of titanium K alpha radiation produced by scanning with 
the electron microprobe. The portion scanned is an ilmenite grain in a rock sample in the 
Duluth Gabbro. Each division of the grid is fifty microns. More about the microprobe on 
page I 2. Photo by Paul Weiblen. 

EDITORIAL 5 

THE LOG'S LOG 8 
by Dan Kehrberg 

ANALYSIS BY ELECTRON MICROPROBE 12 
by Paul Weiblen 

AFTER APOLLO, WHAT? 18 
by Dianne Christensen and Steve Lindfors 

WHAT'S NEW IN ENGINEERING 26 
by Jerry Braun 

SPLINTERS FROM THE LOG 30 
by Dave Engen 

STUDY SKILLS FOR I.T. STUDENTS 34 
by Don Norton 

UP FRONT 38 
by Bob Lehman 

SPOTLIGHT ON LOCAL INDUSTRY 40 
by Dianne Christensen 

LES POM-PON GIRLS 42 
by Bill Ludwil 

BRAIN TEASERS 48 
by Dick Houston 

Published monthly, October through May. Second-class postage paid at Minneapolis, Minnesota. 
Office: Room 2, Mechanical Engineering Building, University of Minnesota, Minneapolis, Min
nesota 55455. Telephone: 373-3298. Printer: Bruce Publishing Co., 2642 University Avenue, 
Saint Paul, Minnesota 55114. Publisher's Representative: Littell-Murray-Barnhill, Inc., 369 
Lexington Avenue, New York, New York, 10017 and 737 North Michigan Avenue, Chicago, 
Illinois 60611. Member of the Engineering College .Magazines Associated, Chairman, J. R. 
Bissett, University of Arkansas, Fayetteville, Arkansas. Subscription rate: $3.00 per year, single 
copies 50 cents. Advertising rates upon request. 

3 



4 

Another of your future's many facets at 
As a billion-dollar manu.dacturer of hundreds of products-in 40 U. S. plants, 15 
overseas-Monsanto considers the manufacturing engineer of prime importance. 
His talents are needed to find new ways (and improve old ways) of increasing yields, 
improving control, lowering costs- bringing plants up to optimum performance. 

You will have the satisfaction of applying your engineering skills and knowledge, 
and seeing the results ••• from inception to final operation ••• and have the full 
responsibility for your decisions. There are production challenges now awaiting 
good men ••• plus substantial rewards for meeting them. 

let us show you what they can mean to you ••• professionally, personally, financially. 
Write today-we'll send you our brochure, "Your Future and Monsanto." Address: 
Manager, Professional Recruiting, Dept. 962, Monsanto, St .. louis, 
Missouri 63166.. An Equal Opportunity Employer 

nsanto 
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Less Liberal Arts? 

Much has been stated recently about the engineer's lack of a well-rounded education. Cer
tainly, these statements have some merit. But, let us consider the total picture. First of all, the 
engineer (or scientist) has only four years to gain the technical knowledge that is usually min
imal for the job he gets upon graduation. What liberal arts courses he does take must fall where 
they may. Of course, this brings in the idea of LT. being a "trade school." But we will not dis
cuss what would happen to society if it were not for the "trade schoolers." 

However, the· above points are secondary in relation to another fact that must be considered. 
It is that knowledge in the natural (especially physical) sciences will, for some time to come, be 
acquired at a faster [exponential] rate than knowledge in the behavioral sciences. In the latter 
categmy we can also include, at least for this discussion, the rest of liberal arts. Think of the 
engineer (or scientist) just 20 or 30 years from now. With this greatly increased knowledge in 
the physical sciences, he will be forced to become less a liberal arts person. The liberal arts 
person will have to do likewise or sit home-jobless-reading the humanities all his life. (This is 
already happening, to some extent.) He will be the one, isolated, and in his ivory tower. 

Why do the physical sciences progress faster than the behavioral sciences? One answer lies 
in the commodity being examined in each case. In the first it is nature. Nature is empirically 
observable. She will sit for observation as long as we want. In the behavioral sciences, the 
commodity is man (or, sometimes, animals). He is, of course, observable, but an empirical an
alysis is more difficult. This is because of the possible conflict of definitions (e.g., what is nor
mal, or abnormal?). Also, man may not like to be observed in certain situations, especially those 
more interesting from the standpoint of theory. 

A second answer is that the physical sciences are much more glamorous than the behavioral 
sciences. People are "lured" into the former by the very stuff it produces: lasers, computers, 
man-carrying rockets, etc. Unfortunately (or fortunately for the people working on hard science 
research), the behavioral sciences have no such concrete products to show for their efforts. 
Their accomplishments are more purely intellectual; however, some, such as psychological tests, 
are certainly useful offshoots. 

What will all this lead to? A rather undesirable result, as might be expected. Already, phys
ical science is getting out of control (vide the H-bomb, the unemployment aspect of automation, 
etc.). Until behavioral science develops to such an extent that man can control his society, and 
thus his Pandora's box, he will be in mortal danger from his own inventions. 

What can be done about it? At the current state of things, very little. But then, the problem 
has not yet come to a head. The solution lies only in more wisdom, or at least more knowledge. 
Which leads us back to the usual solution-more education. But then we would have a problem 
with the time involved-we need to increase the rate of learning. Perhaps the geneticists can 
help us. 

SL 
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'' 
"Where would I fit best .•. lab, plant, field, sales, administra
tion .•. ? What kind of projects ..• ? These were questions 
I couldn't answer. So I looked for a company that would give 
me room for lateral, as well as upward, growth. One that was 
big enough and still personal enough that I could make adjust
ments as I went along, and not get pigeon-holed •. 

I found what I wanted at Phillips. 

Of course, Phillips is big ... 19th largest among industrials. 
But as I got talking to them, I realized this was, surprisingly, 
a people-type company. Pleasant, direct, informal. Personal. 
I found out a lot more, too. I'd thought of Phillips only in terms 
of oil, refining, gasoline. I hadn't known they were so deep in 
LP-gas ... Rubber .•. Plastics ... Carbon Black •.. Rocket 
Propellant Binders ••. Fertilizers .•. Packaging ... Textile 
Chemicals! And that's a highly abbreviated list. 

I've been here 3 years now. I've had ample chance to define 
my career and make changes. It's worked out very well. 
Phillips is a growth company, and I feel I'm growing with it." 

That is not just one person speaking, but a composite of 
the kind of comments we get ... a group picture. If it sounds 
like the kind of picture you should be in, contact: 

James P. Jones 
PH I LLI PS PETROLEUM COMPANY, 
BARTLESVILLE, OKLAHOMA 74004 
AN EQUAL OPPORTUNITY EMPLOYER 

A PHILLIPS REPRESENTATIVE WILL BE ON THE CAMPUS Of UNIVERSITY Of MINNESOTA ON FEB. 11 
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o,- to join ont closest to t _e top 
Join us right out of school. Few men start higher at DuPont 
-or with more promise-than graduating engineers. That's 
because we fill virtually ~ important positions from within. 

It's a policy that's helped us grow 750% since 1937. Since 
1950 our sales have more than doubled from $1 billion to $2.4 
billion. We spend $90 million a year on research, $60 million 
of which goes into the discovery of new scientific truths and 
new materials. 

And because new products continually emerge from our re
search labs, responsible new career opportunities constantly 
spring up for our technical men. In fact, there's room for you 
to actually "change jobs" within DuPont-to seek out the spot 
best suited to you without loss of your accrued benefits. 

Consider us if you're ready to make your career decision. 
You may be closer to the top than you think! Write us a letter, 
or mark and mai I our coupon today! 

~ 
REG.U.S.PAT.OH. 

BETTER THINGS FOR BEHER UVING ••• THROUGH CHEMISTRY 

An equal opportunity employer 
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Technical men we'll especially need from the Class of '66 
Chemists 
Chemical Engineers 

Mechanical Engineers 
Industrial Engineers 

r--------------------------------------1 
E. I. du Pont de Nemours & Co. (Inc.) 
2531-B Nemours Building 
Wilmington, Delaware 19898 

I 
I 
I 
I 
I 
I 

When I'm graduated, I'll be a------,---,--.....,---- I 
(List profession) : 

Please send me more information about how I might fit 1 

in at Du Pont. : 

Name __________________ -,--_____ __ 

Class ____ ll(lajor _____ Degree expected ___ _ 

College ______________ __,_ ___ _ 

My address, ________________ _ 

City State Zip Code __ 

I 
I 
I 
I 
I 

L--------------------------------------~ 
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edited by DANIEL KEHRBERG. MetE '68 

Introduction: No one actually knows why the introduc
tion is always written last, at least not anyone around 
here. But, being as that is the case, we can probably 
say that we did it so we would know what we were 
about to introduce. Being as we have nothing written 
worthy of an introduction we may as well tell you that 
our motivation in writing this column is to express our 
feelings more profusely on how proud we are to be 
students and members of this great institution. Come 
to think of it now, maybe that's why nothing here is 
worth an introduction. 

"Freedom of the press exists in its purest form on 
the U of M campus as guaranteed by such trustworthy 
institutions as SAB and the state legislature, and prac
ticed by other honorable organizations as the Min
nesota Daily." 

This startling revelation was passed on to us by a 
former Log staff member who was writing this lovely, 
freshman English type sentence 10,000 times on the 
blackboard after class in his "Basic Freedoms" re
habilitation course at Stillwater prison. We are not at 
liberty to say how he got there (strange), but we are at 
liberty-judging from what we have learned from his 
course-to print the following startling account (by 
certain anonymous fellow students) of the physics de
partment: 

"We were viewing the lecture being given in Ph 150. 
It was a very boring, utterly simple and typical me
chanics lecture and, as part of his demonstrations, the 
professor was giving examples of Newton's laws. First 
he had a ball rolling down an inclined plane-at least, 
that's what it was supposed to do. Next, he attempted 
sliding a little frictionless cart along a frictionless rail, 
but it came to a screeching halt. He began showing 
signs of frustration and embarrassment before his 
class of snickering students. His last demonstration 
consisted of a miniature cannon mounted on a turn
table set revolving. At different speeds the cannon-ball 
should hit different points on the revolving target-at 
least theoretically. The first four shots piled up on the 
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same spot although the speed of the turntable varied 
drastically, but the fifth shot, fired by a somewhat 
understandably harried lecturer, missed the target 
completely and penetrated the forehead of one of our 
now dear departed friends." 

"Next, we moved to an astronomy lecture in Ph 166. 
All was well and good there except that a pendulum 
set oscillating began revolving the wrong way in rela
tion to its natural theoretical direction based on the 
earth's rotation, and soon had not only bashed up the 
blackboard, but also leveled the whole first row of 
students.'' 

"Finally, we concluded our gathering of empirical 
data by stopping in at Ph 170 for a brief demonstration 
of excited electrons running through a tube charged 
with a high voltage. You can imagine the disastrous 
results. The tube was empty but there sure were a 
lot of electrons running in and out of the T.A. Now, 
we present this data to you, from which you may draw 
your own conclusions." 

Well, we found this under our door and naturally, 
after much thoughtful deliberation we concluded the 
following: The physics building of the University of 
Minnesota just could not be the only place in the world 
where the Universal Laws of Nature did not apply and 
therefore there must be something wrong owing to 
professor-error. 

Incidentally, upon hearing our story, won't you 
please stop by the Log office some time during your 
free hours and help us! We're writing "U of M profes
sors never make mistakes" 1,000,000 times. It's part 
of our homework. 

E!I.N~~:,.,..I 

We promised Fletcher, our cartoonist, a cartoon 
page this month or we would forfeit our fee statements. 

"Fletcher, baby," we drawled, uwe'll give you a car
toon page this month or our fee statements will be 
forfeited!" 

"Yeah, you said that already," said Fletcher. llWhat 
I want to know is, is that a promise?" 

"Yeah, Fletch, it's a promise." 
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"Here. Swear on this comic book." 
The trouble is we didn't have an extra page this 

issue. Since we never break a War Comics oath (be
sides, we need our fee statements) we're going to give 
you the cartoon page anyway, in a slightly condensed 
version. If you have problems reading it in the pre
sented form, turn your head 90° from the customary 
reading position, and move it down a foot and-a-half. 

If cartoon page appears upside down, rotate your head 
another 180°. Consider this problem in terms of vec
tors and write out your work. You have 5 minutes. 
Good luck! 

Whereas, it is intuitively clear that the engineer has 
been short-changed in the diversified wealth of knowl
edge which every CLA student possesses in abund
ance, and whereas the engineer's time is extremely 
valuable and must be conserved for beer busts, Sat
urday labs, slide rule sliding, dates, and television view
ing, and whereas "A Little Knowledge is a Dangerous 
Thing" but a little more wouldn't hurt anything, the 
Log's Log, therefore, offers a recommended reading 
list of "The Shortest Books in the World": 

The Mistakes I Have Made 
by LBJ 

Planned Parenthood 
by Bobby & Ethyl Kennedy 

Swinging To Hit 
by Bob Allison 

The Reward of Virtue 
by Christine Keeler 

Mathematics Made Easy 
U. of M. Math Dept. 

Sincere Broadcasting 
by Mel Jass 

My Experiences at State Funerals 
by HHH 

French Military Tactics 
The Irish Who's Who 
The Polish Encyclopedia of Knowledge 
Brotherhood 

by Robert Shelton 
Developing Good Study Habits 

by Terry Kunze 
I Have Not Yet Begun To Fight 

by Sonny Liston 
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Minimizing Red Tape 
by Admissions and Records 

The Ivory Tower's Literary Merits 
How I Won World War II 

by Charles de Gaulle 
What To Do With Farm Surpluses 

by N. S. Khrushchev 
My Life as a Starving Journalist 

by lan Flemming 
Children's Prayers 

by Madalyn Murray 

Although Halloween is past, the engineer's teeth are 
thoroughly rotted from all the candy he ate, and his 
mask is quietly discarded, the up-coming month 
possesses many a more festive occasion than those 
previously past-or at least that's how we look at it. 
Beer prices have remained steady throughout October 
and no increase is foreseen, the Twins have lost the 
series but hope remains for next year, and eight 
lucious pin-ups roam freely about our campus. How
ever, if you prefer quiet contemplation to riotous liv
ing remember that the crisis of the month is: LBJ Gets 
a Hang Nail! Incidentally, the festival of the dirty old 
men, as listed below, is not to be confused with the 
meeting of the state senate. 

November 16-30 

16-Festival of the Dirty Old Men (Begins) 
18-Downa Quart of Dandy-Lion Wine Day 
20---0ur Editor's Birthday 
23-Mary's and My Birthday (This Month's Red Letter 

Day) 
24-Kwame NKrumah Day 
27-National Piker Day 
30-Kwame Who? Day 

December 1-15 

1-Take a Bath Today Day 
5-Find an Advisor Who Cares Day 
8-Annual Segregated Washroom Sit-In Day 

12-Write Your Legislator Day 
13-Peek Through a Key-Hole Day 
14-Annual Try to Think Clean Day 
15-Festival of the Dirty Old Men (Ends) 

Conclusion: There is something sad, even ironical 
about 9 men in baseball uniforms with "Dodgers" 
across the front, jumping and screaming to and fro 
while 50,500 fans plus 9 other players look silently on. 
Such was the scene of the seventh game of the World 
Series and recalling the numbers previously quoted, 
one may wonder where democracy has gone-with 
majority rule and all that. Well, alas, 'tis all in the way 
the ball bounces (past third), but not wishing to leave 
you on such a sad note we will instead recall the his
torical words of Twin's manager, Sam Mele, who said, 
as he realized that the World Series would be no picnic: 
"Gee, guys, I sure feel stupid standing here with all 
these paper plates." If that doesn't help, stop and 
recall the words you should have heard last hour in 
chemistry lecture: "Carbon atoms of the world unite, 
you have nothing to gain but your chains!" 
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HOWARD HUGHES DOCTORAL FELLOWSHBPSs Applica
tions for the Howard Hughes Doctoral Fellowships in engineering, 
physics, or mathematics are now available for the academic year 
beginning in 1966. 
The program offers the qualified candidate the opportunity for 
study and research at an outstanding university plus practical 
and rewarding industrial summer experience at a Hughes facility. 
Each Doctoral Fellowship includes tuition, books and thesis prep
aration expenses, plus a stipend ranging from $2,200 to $3,100, 
depending upon the number of the candidate's dependents. Full 
salary is paid the Fellow during his summer work at Hughes. 
Fellowships are awarded to outstanding students of promise. 
A master's degree, or equivalent graduate work is required be
fore beginning the Doctoral Fellowship Program. 
HUGHES MASTERS FELLOWSHIPS. The Hughes Masters 
fellowship Program offers rewarding opportunities leading to the 
master's degree. More than 100 new awards are available for 
1966-67 to qualified applicants who possess a baccalaureate 
degree in engineering, physics or mathematics. Tuition, books 
and other academic expenses are paid by the Company. A sig
nificant advantage offered by the Work-Study Program is the 
opportunity to acquire professional experience while pursuing 
the degree. Selected Fellows are allowed to work in several 
different job assignments during the fellowship period. This 
experience often helps the Fellow to decide on his field of con· 
centration and type of work. Fellows who associate with a 
Company facility in the los Angeles area usually attend the 
University of Southern California, or the University of California, 
los Angeles. 
A major economic. advantage is that fellows earn full salary 
during the summers and work 24 hours per week during the 
academic year. The resulting salary, added to the annual stipend 
of $500 to $850 enables the typical Fellow to enjoy an income 
in excess of $6,000 per year. Fellows' earnings increase com
mensurate with their professional growth. In addition to these 
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benefits, the Program enables the Fellow to affiliate with a rec· 
ognized leader in electronics and aerospace engineering. fel
lows are eligible for regular Company benefits. 
Work assignments at Hughes are matched closely to the Fellow's 
interests. The primary emphasis at Hughes is research and de
velopment in the field of electronics. Company projects include 
space technology, including stability and trajectory analysis, 
energy conversion, and structural design and analysis- com
puter and reliability technology, circuit and information theory, 
plasma electronics, microminiaturization, and human factor 
analysis- research, development and product design on such 
devices as parametric amplifiers, masers, lasers, microwave 
tubes, antenna arrays, electron-tube and solid-state displays, and 
components- design, analysis, integration and testing of space 
and airborne missile and vehicle systems, infrared search and 
tracking systems, radar systems, communication systems, un
dersea warfare systems, and computer, data processing, and 
display systems- theoretical and experimental work in atomic, 
solid-state and plasma physics. 
The classified nature of work at Hughes makes American citi· 
zenship and eligibility for security clearance a requirement. 
Most of the awards are Work-Study, however, a small number of 
Full-Study Fellowships are awarded which permit the fellow to 
attend a university on a full-time basis during the academic year. 
Upon completion of the Masters Program, Fellows are eligible 
to apply for a Hughes Doctoral Fellowship and are given special 
consideration for these awards. · 

Closing date for aU applications: February 1, 1966. (Early 
application is advisable, and all supporting references and tran
scripts should be postmarked not later than February 1, 1966.) 

How to apply: To apply for either the Doctoral Fellowship or 
the Masters Fellowship, write to: Mr. David A. Bowdoin, Director, 
Corporate Personnel- Education Relations, Hughes Aircraft 
Company, P.O. Box 90515, los Angeles, California 90009 

Creating a new world with electronics 
r------------------, 
I I 
I I 
I I 
I I L __________________ J 

HUGHES AIRCRAFT COMPANY 

An equal opportunity employer, 



hose new 
battery lets 
you carve like 
an expert 
any here? 
The same Union Carbide that 
makes graphite cloth for 
rocket nozzles. 

Carve fast and with the flourish 
of a master chef whether you are 
in the woods of Maine, your own 
back yard, or having a formal din
ner party. 

New cordless electric carving 
knives take full advantage of bat
tery power. They are conveniently 
portable and weigh half as much 
as leading cord models. What's 
more, these knives are so power 
packed they can slice roast beef, 
ham, turkey and other meats in a 
jiffy, making neat slices all the 
way. Their energy comes from 
a new kind of EVEREADY nickel
cadmium battery developed by 
Union Carbide. It's rechargeable. 

A lot of new things are hap
pening at Union Carbide. Another 

recent development is graphite 
textiles used both in the white 
heat of rocket blasts and the ex
treme high temperatures of in
dustrial furnaces. And compact 
fuel cells, which generate electric 
power by a chemical reaction and 
provide a whole new source of 
energy, are also now being 
marketed. 

To keep bringing you these and 
many other new and improved 
products, we'll be spending half a 
billion dollars on new plant con
struction during the next two 
years. 

Union Carbide Corporation, 270 Park Avenue, New York, N.Y. 10017 • Divisions: Carbon Products, Chemicals, Consumer Products, Fibers & Fabrics, 
i=ood Products, International, Linde, Mining & Metals, Nuclear, Olefins, Plastics, Silicones, Stellite. In Canada: Union Carbide Canada Limited, Toronto 

MINNESOTA TECHNOLOG 11 



l ~ I 

by PAUL WEIBLEN, Geology Prof. 

In recent years an increasingly large variety of ana
lytical instruments based on the absorption and emission 
of electromagnetic radiation have become commercially 
available. These include infra-red, visible light, ultra
violet, emission and atomic absorption spectropho
tometers, and x-ray fluorescence spectrometers. All of 
these instruments are capable of detecting concentrations 
on the order of a few parts per million to a few hundred 
ppm, but the values obtained represent average concen
trations in the bulk samples analyzed. A combination of 
the basic components of the electron and petrographic 
microscopes and the x-ray fluorescence spectrometer has 
resulted in a new and versatile instrument capable of 
analyzing micron-size volumes in bulk samples. This 
instrument is generally referred to as the electron micro
probe analyzer. 

In the electron microprobe analyzer the characteristic 
radiation of elements in a sample are excited by an 
electron beam rather than an x-ray beam as in x-ray 
fluorescence spectrometers. Because the beam can be 
focused as in the electron microscope, analysis can be 
restricted to small volumes and it is possible to study 
concentration gradients, exsolution features, grain bound
ary relations and individual phases in non-homogeneous 
solid samples. 

A Materials Analysis Company Model 400 Electron 
Microprobe has been in operation in the Department of 
Geology and Geophysics for the past year. The purpose 
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of this article is to describe the instrument and present 
a few of its applications. 

The essential components of the electron microprobe 
are the electron optical system, light optics for viewing 

Figure I 

Photomicrograph of a thin section of pyroxene with an included 
biotite grain (dark grain in center). 300X. 

and positioning the sample during analysis, the x-ray 
spectrometers for resolving and detecting the x-ray 
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spectra of elements in a sample, a vacuum system, re
quired for transmission of the electron beam, and an 
appropriate readout system to record x-ray intensities. 

The electron beam is produced by emission from a 
tungsten filament and accelerated by a variable poten
tial of zero to 50 kilovolts. The beam is focused by 
means of two electromagnetic lenses. A change in cur
rent in either lens changes its focal length. Thus the 
fraction of the beam reaching the second lens and the 
specimens can be varied by changing the focal length 
of the first lens, and the diameter of the beam at the 
specimen surface can be varied by changing the focal 
length of the second lens. It is possible therefore to vary 
the energy, intensity, and diameter of the electron beam. 
The beam current at the specimen during routine an
alysis is on the order of a few microamperes. The mini
mum diameter obtainable at present is slightly under one 
micron. 

Electrons an Solids 

A number of processes occur when an electron beam 
strikes a solid. Some electrons are scattered back and 
some are absorbed. A continuous spectrum of electro
magnetic radiation is produced by deceleration of the 
electrons and the characteristic spectra of elements in 
the solid are excited by interaction of electrons in the 
beam with orbital electrons of elements in the sample. 

MINNESOTA TECHNOLOG 

Back scattered electrons and sample current (absorbed 
electrons) can be monitored in the microprobe, and 
since the ratio varies with atomic number-e.g., back 
scatter increases with increasing atomic number, this 
facility has been found to be a useful adjunct to quanti
tative x-ray analysis. In addition, the sample current 
provides a means of measuring the stability of the 
electron beam during analysis. The characteristic spectra 
of the elements excited by the electron beam is how
ever of main interest in the electron microprobe. In 
order to perform quantitative analyses this radiation 
must be resolved and detected. 

The x-ray quanta of the characteristic spectra are 
converted into electrical pulses in flow proportional or 
sealed gas detectors. The detectors are cylindrical in 
shape with a potential difference of 1,000 to 1,500 volts 
maintained between a central anode wire and the wall 
of the detector. X-ray quanta which enter ,the detector 

Figure 2 

Photomicrograph of chromiferrous magnetite-ilmenite grain in 
gabbro. 300X. 

through a plastic window ionize the gas in the detector. 
Secondary ionizations are produced by acceleration of 
the electrons toward the anode wire. The voltage of the 
pulses (pulse height) produced by the flow of electrons 
is proportional to the energy of the x-ray quanta and 
the number of pulses per unit time is proportional to 
the intensity of the x-ray beam. With amplification the 
pulses may be monitored with appropriate counters or 
ratemeters. 

Use of Bragg's Law 
Use is made of x-ray diffraction and pulse height dis

crimination in the electron microprobe to resolve the 
characteristic x-ray spectra. In general, pulse height 
discrimination alone does not permit adequate resolu
tion of the characteristic wave lengths. X-ray diffrac
tion, on the other hand, permits resolution of wave
lengths on the order of 0.005 angstrom units in accord
ance with Bragg's law ( n A = 2dsin 6 where A is the 
wavelength of the radiation, d is the interplanar spacing 
in the analyzing crystal and 6 is the angle the x-ray 
beam makes with the atomic planes of the analyzing 
crystal.) With this degree of resolution it is possible 
to select single lines of the characteristic spectrum of an 
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element for detection without interference from other 
lines even in complex samples containing many ele
ments. With curved and ground analyzing crystals it is 
possible to achieve some focusing of the x-ray beam 

Figures 3, 4 and 5 

X-ray scan of the chromiferrous magnetite ilmenite qrain of 
Figure 2, showing the mineral distribution of (top): grain of iron 
K alpha radiation; (middle): chromium K alpha; (bottom}: 
titanium K alpha. 

and thus increase the intensity and limits of detection. 
Because of the background of the continuous spectrum 
produced by the electron beam, ultimate limits of detec
tion are not as low as in x-ray fluorescence. Theoretical
ly, elements present on the order of 100 to 150 parts per 
million can be detected, and routinely limits of about 
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0.5 per cent are achieved. At present analyzing crystals 
and detectors are available which permit resolution 
and detection of the spectra of elements down to 
atomic number five. 

The intensity of the characteristic spectrum of an ele
ment is proportional to the concentration of the element 
in a sample according to Beer's Law: 

I of sample Weight per cent in sample 
I of pure element 100 per cent 

However, this simple proportionality is affected by the 
following factors: 1) absorption of the detected radia
tion by the sample (absorption), 2) excitation of the 
detected radiation by radiation from other elements in 
the sample (fluorescence), 3) the effect of different ele
ments in the sample on the penetration of the electron 
beam (atomic number effect). Correction coefficients 
for these effects can be dete1mined empirically, but more 
commonly quantitative analysis is achieved by using 
comparative standards close in composition to the un
known sample. Two component solid solution series 
minerals are examples of simple systems for which 
precise calibration curves of measured x-ray intensity 
versus composition can be made. 

Precision of analysis is dependent on a variety of 
factors which contribute to errors. Among these are 
instrument instability (fluctuations in energy, intensity, 
and focus of the electron beam; and detector and read
out performance), inhomogenities in standards, and the 
random statistical errors in the x-ray generation and de
tection processes. From the analysis of error in calibra
tion curves it is found that in general the precision of 
microprobe analyses is on the order of +0.5 to 5.0 per 
cent of the amount present. 

Sample preparation consists of preparing polished 
surfaces to eliminate differential absorption of the x-ray 
and electron beams. Non-conducting specimens can be 
made conducting by evaporating a thin carbon film 
on the surface. Since samples can be viewed in both 
transmitted and reflected light, polished thin sections 
afford convenient samples for analysis. The Model 400 
microprobe takes one inch diameter samples. 

Applications of Microprobe 
The microprobe was first applied to the study of zon

ing, diffusion, exsolution, and identification of various 
phases present in metallurgical samples. Because indi
vidual phases can be analyzed without tedious separa
tion procedures, it was· soon realized that the micro
probe is an ideal instrument for the analysis of minerals 
in rocks and meteorites. New applications are also being 
continually made in the biological sciences. Although 
the vacuum required ( 10-4 microns Hg) and the heat 
produced by the electron beam pose some restrictions 
on the types of material that can be analyzed, it has 
been found that with appropriate sample preparation, 
beam energies, and intensities it is possible to analyse 
a wide variety of organic materials. At the University of 
Minnesota, for example, Dr. A. R. Johnson has made a 
preliminary study of the distribution of calcium and 
strontium in rat teeth, and Professor F. A. Spurrel has 
investigated the use of the microprobe in the analysis 
of iron and calcium in single blood cells. 

It was mentioned above that concentration gradients 
can be measured with the electron microprobe. This is 

(Continued on Page 47) 
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... AT BRUCE PUBLISHING COMPANY! 
This is the "home of good printing" in Minneapolis 

and St. Paul! From this ultra-modern plant, convenient
ly located in the Twin Cities' midway, come more than 
fifty outstanding national and regional publications. Also, 
quality job printing! 

Bruce Publishing Company has been a leader in the 

graphic arts for over fifty years. The main reason is that 
this office and plant house one of the finest editorial and 

production staffs in the Upper Midwest . . . employing 
only the latest techniques and equipment. 

• PUBLISHERS 

• JOB PRINTING 

The name, BRUCE PUBLISHING COMPANY, on 

a magazine or other printing means QUALITY AND 
SATISFACTION to discriminating buyers. Check with 
any Bruce customer. You'll see what we mean. 

BRUCE PUBLISHING COiviPANY is especially well 

equipped to handle the complete production of your 
publication, brochure, or general printing job. DRUCE 

offers full-service printing, from idea, through layout, 
to delivery. 

Suggest you call BRUCE PUBLISHING COl\1PANY 
for help with your next project. 

• OFFSET 

• LETTERPRESS 

BRUCE PUBLI HI G COMPA y 
2642 UNIVERSITY AVENUE 646-2641 ST. PAUl, MINN. 55114 
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oes sprinkler rotecti n ay? sk the I 
li!ll 

You don't need statistics to justify 
automatic sprinkler fire protection. 
Just ask any firefighter. He'll tell you 
that sprinklers can make the differ
ence between a fire that's out and a 
fire that's out of control when fire 
apparatus reaches the scene. 

Automatic sprinklers are the first 
line of defense against fire. And 
Grinnell is today's leader in auto
matic sprinkler protection. Grinnell 
developed the first practical auto
matic sprinkler system, and is today 
the largest installer of automatic 
sprinkler systems. 

Whenever piping is involved ••• 

From fire protection systems to com
plex prefabricated piping for power 

and process plants, whenever piping 
is involved, industry looks to 
Grinnell. 

Grinnell has the engineering (from 
basic research to piping system de
sign and prefabrication), the pro
duction facilities (eight plants in the 
U. S. and Canada), the experience 
(over 1 00 years of leadership in the 
field), to solve the toughest piping 
problem. 

Worth remembering-against the 
day you may have piping problems 
to solve. And worth investigating 
now if you are looking for the un
usual in an engineering career. Write 
Grinnell Company, Inc., 260 West 
Exchange Street, Providence, Rhode 
Island 02901. 

Grinnell Automatic Sprinklers include 
the Duraspeed® type ·(left) that incor
porates a fusible-solder joint and the 
Quartzoid® Bulb type (right) filled with 
heat-expandable liquid. · 

I 
WHENEVER PIPING IS INVOLVED 

Grinnell Company, Inc., Providence, R. I. • Warehouses and distributors coast to coast. 
pipe and tube fittings • welding fittings • engineered pipe hangers and supports • Thermolier unit heaters valves 
Grinnell-Saunders diaphragm valves • pre-fabricated piping • plumbing and heating specialties • industrial supplies 
water works supplies • Grinnell automatic sprinkler fire protection systems • Amco air conditioning systems 
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Engineering and Science at R 
Neural Networks 

For a long time machines that recognize speech 
have stimulated the imagination of scientists, 
from the engineer to the linguist, both because 
of their potential usefulness to communication 
technology and for the formidable technical 
challenge they represent. Several years of re
search at RCA have resulted in notable suc
cesses in this field by using networks of elec
tronic neurons (simulated nerve cells) to iden
tify phonemes-the smallest practical units 
into which speech sounds can be divided with
out losing their identity. These neural net
works operate on the several outputs of a 
spectrum-analyzing filter, dynamically examin
ing the spectrum and making decisions as to 
phoneme identity. 

WEIGHTS 

SPEECH INPUT 

PREPROCESSING 
CIRCUITS 

FEATURE 
ABSTRACTING 
CIRCUITS 

SUSTAINED AND DYNAMIC 
ENERGY FEATURES 

PHONEME 
DECISION 
CIRCUITS 

During recent investigations, 18 consonant 
sounds (for example, /m/ as in "mad" and 
/h/ as in "hid") and I 0 vowel sounds were 
identified with 86% to 99% reliability when 
uttered by any of 6 speakers. Machine recog
nition of consonants is, in general, much more 
elusive than that of vowels, since the identity 
of consonants is hidden in the transient be
havior of the spectrum to a much greater ex
tent than in its steady-state nature, as is the 
case with vowels. Vowel characteristics, how
ever, usually are more speaker dependent. 
The recognition performance obtained repre
sents, by a considerable margin, the best re
sults achieved to date by any investigator. 

A "neuron," as used in these networks, is a 
simple computing element exhibiting the char
acteristics of fan-in and fan-out, an input 
threshold, and a specified analog relation be
tween output and input when the input ex
ceeds threshold. An array of several hundred 
neurons used in speech analysis is structured 
in layers; the first layer receives 20 parallel 
inputs from the spectrum filter, and by inter
connections among its member neurons makes 
elementary decisions about the shape of the 
spectrum. The many outputs of the first layer 
pass, in turn, to a second and then to succes
sive layers, which make ever more sophisti
cated judgments both of the instantaneous 
characteristics of the spectrum and of the 
nature of its changes with time. Finally, binary 
logic networks make decisions as to the most 
likely identity of the phoneme. 

In speech processing, neural networks per
form with great simplicity, limited-accuracy 
operations on a large number of simultaneous 
inputs, and maintain continuously analog 
measures of the reliability of each decision by 
virtue of the analog properties of the comput
ing elements. These properties, so well suited 
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for speech analysis, are just those required for 
solving pattern recognition problems in general. 
It is not surprising then, that neural networks 
also show exciting promise in the fields of 
visual and other kinds of pattern recognition, 
as well as speech. 

Reference-A. L. Nelson, M. B. Herscher, T. B. 
Martin, H. J. Zadell, J. W. Falter, "Acoustic Recog
nition by Analog Feature-Abstraction Techniques," 
Proc. of Symposium on Models of Perception of 
Speech and Visual Form, 14Nov., 1964, Boston, Mass. 

A Novel frequency Divider for 
TV Sync Generators 

An economical, efficient and high-performance 
frequency divider circuit for use in new RCA 
color TV broadcast equipment has been de
veloped. The circuit is a monostable multivi
brator with a unique ability to adjust its timing 
period to be proportional to the period of the 
input trigger pulses. The circuit uses only two 
transistors, and it has the ability to divide an 
input frequency by a constant for a wide range 
of input frequencies. It is also quite immune 
to power supply variations and requires no 
precision capacitors. The circuit requires no 
externally-applied AFC voltage for regulating 
the timing period, such as would be required 
in this application with an ordinary mono
stable divider. 

·u~Q' 
'" 1JlflfTilli 
.~.l,J i l 
\i~~~g~ 
-REST--l MEASURE. /----RECOVER--------:RE.ST:-

The two periods of a cycle of operation, as 
shown in the waveforms, are first, "measure," 
and then a "recover." When the circuit is in 
the rest or "stable" state, Q I is saturated and 
Q2 is turned off. Once triggered by an input 
pulse, Q2 is placed in a constant current con
ducting mode which causes C2 to discharge at 
an essentially constant rate. This action is ter
minated by the next succeeding pulse which 
leaves the voltage across C2 at a value directly 
related to the time period between the pulses. 
The capacitor voltage is thus a measure of the 
pulse repetition interval. The second pulse, 
which terminates the measure period, also 
causes regenerative circuit action which turns 
Q2 off. Succeeding input pulses cause no fur
ther circuit action until C2 charges (through 
R4) to the point where diode CR2 can again 
conduct. The first trigger pulse following the 
"recover" period causes the cycle to reoccur. 

A constant frequency division ratio is main
tained over a wider input frequency range than 
was previously possible as a result of the self
adjusting timing feature. A new color sync 
generator, which uses this type of circuit in 
the frequency divider that relates the horizontal 
and vertical scanning frequencies, is proving 
to be highly successful. A 525:1 divider chain 

is used which requires only 8 transistors. If a 
chain of binary stages were used, 22 transistors 
would be required. Also, a modified form of 
this circuit is used to relate the horizontal 
scanning frequency to the color TV subcarrier 
frequency. 

Reference-A. J. Banks and F. I. Johnson, "Novel 
Frequency Dividers for TV Sync Generators," 1965 
IEEE International Convention Record, Part 2. 

Transistorized Portable ~'Victrolas" 
Although transistors have previously enjoyed 
widespread use in portable receivers and mili
tary communication equipment, only recently 
have solid-state devices made any significant 
penetration into line operated home instru
ment equipment. Advancing device technology 
has made transistor circuitry cost competitive 
with equivalent tube circuitry, while provieing 
improved reliability, instant warm-up, lighter 
weight and cooler operation. 

In low-cost phonograph;>; using single stage 
tube amplifiers, high-output pickups are re
quired. Such pickups are quite stiff mechani
cally, require a high stylus force, and thus 
track marginally. These low-cost amplifiers 
ordinarily use "transformerless" power sup
plies with the attendant design problems of 
minimizing hum and shock hazards. 

RCA Victor's new transistorized portable 
phonographs use multistage DC-coupled cir
cuits providing ample power gain for use with 
pickups of higher compliance and smoother 
frequency response. Record wear and tracking 
are thereby improved. The higher efficiency of 
the output stage and the elimination of the 
heater-power requirement result in a cooler 
amplifier-and make possible the use of a 
secondary winding on the phonograph motor 
for the power supply. The resulting isolation 
eliminates the shock hazard and makes pos
sible the application of convwtional ground
ing techniques. 

To minimize costs and improve reliability, 
this amplifier has been designed to be built on 
a printed circuit board. The need for a separate 
supporting chassis has been eliminated by 
mounting the printed board under the turn
table on the record changer motorboard, al
lowing the output chokes and filter capacitor 
to extend through the motorboard. The motor
board serves both as a heat sink and mounting 
for the output transistors. Volume and tone 
controls are mounted on the motorboard, and 
all inter-connecting cables and wiring are in
tegral with the record changer assembly. 

Reference-J.A. Tourtellot, RCA technical report. 

These are only a few of the recent achievements which are 

indicative of the great range of activities in engineering and 

science at RCA. To learn more about the many scientific 

challenges awaiting bachelor and advanced degree candi

dates in EE, ME, ChE, Physics or Mathematics, write: 

College Relations, Radio Corporation of America, Cherry 

Hill, New Jersey. 

An Equal Opportunity Employer 

The Most Trusted Name 
in Electronics 
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by DIANNE CHRISTENSEN and STEVE LINDFORS 

Man, according to Dostoyevsky, is a striving character; 
if he attains his goal he immediately strives for a further, 
more remote goal. Man's insatiable appetite for space 
exploration indeed fits this character. Man began with 
the airplane, developed rockets, progressed to manned 
space flights; now he plans lunar exploration, manned 
lunar exploration, unmanned exploration of the solar 
system, manned exploration of the solar system. . . . Is 
there a limit? 

In light of this striving character of man, consider the 
plans man, especially the United States, has for an inter
mediary stage of his probing of the universe; unmanned 
solar system exploration. 

When NASA was created in 1958, the Space Act which 
created the agency delineated NASA's principal objec
tives as: 

1. Exploration of space, 
2. Development of aeronautical and space technology, 

3. Exploitation of space. 
Study is now being done on missiOn requirements 

beyond the Apollo program. These mission requirements 
include preliminary assessments of exploration objectives, 
alternatives, and modes of accomplishment. This is fol
lowed by the development of system requirements and 
conceptual design options for spacecraft, payloads, sub
systems, launch vehicles, operations .... This must be 
followed by the selection of a conceptual design and the 
establishment of a systems specification. This process 
must be repeated until, eventually, a particular program 
is selected ... a process which may span a time interval 
of 4 to 10 years, after which the hardware may be im
plemented. 

Consider the logical development leading to the un
manned space exploration- being considered. The first 
space flight programs may be considered to have begun 
with Gemini and Apollo. This logically led to the 
Apollo Extension System ( AES) which is but a stepping 
stone to advanced Earth-orbital operations, to lunar
orbital surveys, and to lunar surface exploration. Using 
Apollo Command and Service module technology, an 
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( II) 

advanced logistic system for larger orbiting space stations 
can be developed which can readily lead to an orbiting 
launch complex for planetary missions such as a flyby 
of Mars. 

Planetary Exploration 
Presently major concentration has been on studies de

fining the objectives of planetary exploration and the 
means, methods and resources required to accomplish 

OPPOSITIONS OF MARS 

MAJOR AXIS ----------(MARS ORBIT) 

planetary exploration. Several mission alternatives ap
pear feasible, mission modes and system requirements 
are being determined. Simultaneously, a series of studies 
is being conducted to evaluate alternative mission modes 
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and to determine the technological programs required to 
achieve planetary flight. 

Included in the major considerations with respect to 
planetary exploration must be the following: 

1. Opposition of Mars occurs when the Earth passes 
between Mars and the sun. Oppositions occur approxi
mately every 25 months. The time between oppositions 
is termed a Synodic Period. Earth and Mars are in con
junction when the distance between them is a maximum 
(the sun is between them). At this time, the separation 
distance can be as much as approximately 250 million 
miles. 

2. Times of Opposition, at which time Earth and Mars 
are closest to each other. Due to the eccentricity of the 
Martian orbit, however, this distance varies from about 
34 million miles during a favorable opposition, as in 
1971, to as much as 64 million miles during an unfavor
able opposition, as in 1980. The cycle of oppositions 
repeats at 15- and 17-year intervals. This repetition is 
termed as Synodic Cycle. (The orbits of Earth and 
Venus for our discussion are considered circular.) 

One can readily imagine the complexity of the task 
of preparing long-range plans for planetary exploration. 
Numerous systems have been hypothesized. Of these mis
sions, each having its own unique requirements and al
ternative means of mission accomplishment, only the 
flybys lend themselves to accomplishment utilizing exten
sions of technology and hardware being developed for 
present space flight programs. 

Mars Flyby 
Consider a typical Mars flyby profile: A flyby mission 

is a mission which passes near one or more target planets 
without stopping and eventually returns to the Earth. 
A close approach may be used by the spacecraft if it is 
to modify its trajectory and conh·ol mission durations. 
Missions of this type have low energy requirements and 
are relatively insensitive to the year of opposition in both 
duration and energy. Problems arise, however, from the 
mission duration (about 700 days) and the fact that the 
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trajectory carries the craft beyond the orbit of Mars 
where the asteroid belt debris may be a hazard. The 
mass in Earth orbit for this type of mission would vary 
from 1.0 to 1.3 million pounds. 

If stopover missions at Mars or Venus were planned, 
the existing technology would have to be changed since 
it does not provide sufficient performance within an 
acceptable margin of risk. Investigation of stopover 
Mars missions was generated from the opposition-class 
trips. An Opposition-Class trip to Mars is one in which 
the spacecraft arrives at and departs from Mars within 
a span of a few days near the time of opposition. Such 
missions are characterized by high energy requirements, 
high entry speeds, and masses on Earth orbit, for a 
minimum landing mission, on the order of several million 
pounds. Mission requirements for these missions (only 
350-500 days) varied largely across a synodic cycle due 
to the eccentricity of the Martian orbit. A large degree 
of uncertainty persists in the estimates of minimum 
weights due to judgment factors such as assumed space
craft systems, reliability levels, meteroid fluxes, antici
pated propulsion system performance, number of crew 
members .... 

Conjunction-Class trips to Mars are characterized by 
arrival at Mars after one Opposition date and departure 
before the next. The duration of missions of this class 
are typically from 750 to 950 days with a stay time at 
Mars of 0 to 550 days. This class of missions has low 
propulsive energy requirements and entry speeds, a mass 
in Earth orbit which is appreciably less than the Opposi
tion-Class and are invariant across the synodic cycle. 

In view of mission improvement, the Venus swingby 
modes show great promise, largely due to the very large 
reduction in Earth-entry velocity. This mode essentially 
involves a transfer orbit which utilizes the gravitational 
field of Venus to reduce the heliocentric velocity vector 
of the craft as it passes near the planet. This results in 
a more nearly tangential approach to Earth than for 
direct trajectories. This maneuver, based on expected 
condition~ in 1975, reduces the spacecraft heliocentric 
velocity and Earth-entry speed by 21,000 £/sec; from 
65,600 f! sec to 44,000 f! sec. This reduction is extremely 
important since entry velocity of 65,000 to 70,000 f! sec 
are considered to be, at best, marginal based on extra
polated current technology. About 75% of the missions 
could effectively use the Venus swingby; the remaining 
could utilize the plane on the way to Mars using the 
"whip" effect of Venus to accelerate the craft toward 
Mars. It has been found that regardless of opposition, 
the use of Venus swingby trajectories results in Earth 
return velocities never exceeding 50,000 f/sec, well with
in the safe region. Although only minimal effect on 
spacecraft gross weight can be derived by swingby tra
jectories over direct trajectories, there is a significant 
increase in mission duration. 

Applications 
Consider, too, the application of systems to the Mars 

flyby: The planet Mars was selected as a target since it 
presents a more difficult energy requirement than a flyby 
of Venus. Furthermore, the National Science Foundation 
has recently recommended that exploration of that planet 
be given high priority in national planning. The study 
of Venus, ranging through the 1970s, is to include the 
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analysis of the modification required to the Saturn V 
launch vehicle, the facilities required in earth orbit, the 
interplanetary operations, and the requirements of the 
spacecraft itself. The primary objective in the mission 
to Mars is to learn all possible about the planet prior to 
manned landing. 

It is possible, according to M. W. Root of Douglas 
Aircraft Company, Inc., after sufficient, reasonable, real
istic changes in performance in Saturn V vehicles, to 
postulate a Mars flyby mission which would require only 
three S-IVBs assembled in tandem in orbit and mated 
to a 200,000-pound spacecraft. The mission would be 
accomplished as follows. An uprated Saturn V vehicle 
would launch an unfired S-IVB loaded with propellants 
into a 200 nautical mile earth orbit. A small auxiliary 
cryogenic propulsion system would be used to provide 
the energy to maneuver this stage into the correct orbital 

UPGRADING CAPABILITY OF SATURN 

V/S-IVB PLUS ORBITAL OPERATIONS 

ORBITAL PAYLOAD FOR MARS TRANSIT VELOCITY (40,400 FT/SEC) 
(NO REFUELING REQUIRED IN ORBIT) 

NUMBER OF 
SAT. V 

LAUNCHES 
NUMBER OF PAYLOAD 

S-IVB's (LBS) 

DIRECT ASCENT 60,000 

1 100,000 

1 ~o.ooo 

252,000 LBS PL. TO 200 NM. 
EXIST. SAT. V 

EXISTING SATURN V 
Saturn V performance can be 

increased 165% with orbital 
assembly of two SIVB stages 
plus a 159,000 lb. spacecraft. 
An equ,ivalent performing di
rect ascent booster would be 
three times the Saturn V size. 

NUMBER OF 
SAT V NUMBER OF PAYLOAD 

LAUNCHES S-IVB'S (LBS) 

DIRECT ASCENT 100,000 
1 166,000 
2 273,000 
3 393,000 

UPGRADED SATURN V-3 
Saturn performance can be 

increased 555% with orbital 
assembly of three SIVB stages 
plus a 393,000 lb. spacecraft. 
An equivalent performing di
rect ascent booster would be 
six times the Saturn V size. 

position. A second Saturn V would launch an identical 
S-IVB which would be maneuvered to meet the first one 
in orbit. A third Saturn V would launch the spacecraft 
which would, similarly, maneuver and meet the assem
bled S-IVB9s. An orbiting checkout station, dubbed the 
"SORD" (Support Orbital Docking) would be joined to 
the assembly for in-orbit checkout. Having completed 
this assembly and checkout operation within a period of 
thirty days, the first S-IVB would be fired to place the 
spacecraft in a high eccentric orbit around the earth. 
Then, the second S-IVB would be fired and place the 
spacecraft on a trans-Martian trajectory. 

The spacecraft for the flyby mission consists of a six
man Apollo command module for use at the point of 
earth return, a retro unit for decreasing the velocity of 
the common module to approximately 36,000 £/sec in 
earth return, the space station itself which was based on 
a MORL space station design, and a mid-course trajec
tory on the way to and from Mars. 

From studies by Douglas Aircraft Company, Inc., a 
flyby mission in 1977 could have a trip time of 690 days 
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and an out-of-orbit velocity of 17,000 f/sec, as compared 
with a 1973 mission of 655 days and an out-of-orbit 
velocity of 18,000 f! sec. Each of the missions would pass 
the twilight side of Mars at approximately 1.5 Mars radii 
or 2,848 nautical miles. Experimental probes weighing 
approximately 10,000 pounds would be launched eight
een days prior to the passage and would orbit or land 
on the planet. The communication link of the probes 
would then be direct to the spacecraft as it passes by. 
The spacecraft would transmit data back to earth or 
store it for later evaluation. 

Mariner IV 

But one successful Martian flyby was completed by 
Mariner IV, consider the interpretation, the initial inter
pretation, of the data it transmitted. 

The most startling fact was the revelation that the 
surface of Mars is covered with large craters. Seventy 
craters were distinguishable on Mariner photos number 
5 through 15; their range in diameter was from three to 
75 miles. It is highly probable that smaller craters do 
exist and that larger ones also exist. This probability 
results from the fact that only about one per cent of the 
Martian surface was photographed. 

Further investigation of these craters indicates that 
the rims rise a few hundred feet above the surrounding 
surface and have depths of a few thousand feet below 
the rims. The walls have an apparent slope of up to 
approximately 10 degrees. The number of large craters 
per unit area is nearly equal to that of the densely 
cratered upland areas of the moon. 

No Earth-like features, such as mountain chains, great 
valleys, ocean basins, or continental masses were recog
nized from the photographs. No clouds were identified 
and the flight path did not cross either polar cap. Some 
of the more fundamental inferences drawn from the 
photos, according to a statement by Television Scientific 
Investigators working with NASA, include: 

1. In terms of evolutionary history, Mars is more near
ly Moon-like than Earth-like. But due to its atmosphere, 
Mars may shed considerable light on the early phases 
of Earth history. 

2. If one reasons by analogy with the Moon, much 
of the heavily cratered surface of Mars must be ancient 
-perhaps two to five billion years old. 

3. It is reasonable to assume that no atmosphere sig
nificantly denser than the present very thin one has 
characterized the planet since the surface was formed 
due to the remarkable state of preservation of this 
ancient surface. Similarly, it is difficult to conjecture that 
free water in quantities sufficient to form streams or to 
fill oceans could have existed anywhere on Mars since 
that time. The presence of such amounts of water and 
consequent atmosphere would have caused severe ero
sion to the entire surface. 

4. In opposition to the case of the Earth, the principal 
topographic Martian features as revealed by photography 
have not been produced by stress and deformation orig
inating within the planet. Earth is internally dynamic 
giving rise to mountains, continents, and other such fea
tures, while evidently Mars has long been inactive. This 
lack of internal activity is also consistent with the ab
sence of a significant magnetic field on Mars as deter-
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find a career 
expanding 

and i proving 
the Bell Syste 
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Microwave relay towers assure reliable land transmission of tele
phone, radio, television and data traffic-with complete flexibility. 

To serve a growing America, we are steadily en-
larging our communications system ... opening new 
route-miles of cable and microwave ... bringing more 
customers into the network ... adding new services. 

As a result, the Bell System offers unique career op
portunities to ambitious young engineers who want to 
work on projects commensurate with their talents. 

In the Bell System there are literally hundreds of in
triguing engineering assignments ranging from the plan
ning of telephone service for large communities to the 
development of miniaturized components for equip
ment. A Bell System career can bring an engineer an 
exciting variety of tasks, every one important, with every
thing needed to carry them out. 

The Bell System companies are equal opportunity 
employers that match the benefits, salaries and working 
conditions of other companies. Few can match them, 
however, for work that is interesting and important. 

You owe it to yourself to investigate your career pos
sibilities in the Bell System. Have your Placement 
Office arrange a date with our interviewing team, or get 
in touch with a local Bell operating company. Either 
way, we'll welcome a chance to talk with you. 

Ben System 
American Telephone & Telegraph 
and Associated Companies 

C. S. LONG LINES lays and maintains Bell System undersea tele
phone cables that provide dependable overseas transmission. 

21 



mined by the Mariner magnetometer experiment. 
5. The photos neither demonstrated nor precluded the 

possible existence of life on Mars. A search for a fossil 
record is less promising if oceans never existed but, if 
the surface is truly in its primitive form, that surface 
may prove to be the best, indeed, perhaps the only, place 
in the solar system which still preserves clues to original 
organic development. 

Voyager 

The logical extension of the Mars flyby is the Voyager 
project. The primary objective of the Voyager Program 
is the performance of unmanned experiments on the sur
face of, and in orbit around, the planet Mars in order to 
obtain information concerning the existence and nature 
of extraterrestrial life; the character of the atmosphere; 
the planetary environment; and the nature of the plane
tary surface. Current objectives for the Voyager 1971 
mission include placing significant scientific payloads in 
orbit about Mars for extended periods of time and trans
mitting the observations back to Earth; entering the 
atmosphere of Mars and obtaining data on the atmos
pheric characteristics; landing the capsule on the plane
tary surface so as to conduct operations there and return 
capsule observations to Earth; providing confirmation of 
the technologies used; and supplying experience with 
the flight and ground systems required to deliver and 
operate the capsule and payload. 

Consider some of the problems encountered in an 
orbiter mission with these objectives. Assuming the cap
sule has been separated and the spacecraft is continuing 
along its approach trajectory from which the orbit-inser
tion maneuver will be performed, the desired periapsis 
altitude and inclination of the satellite orbit about Mars 
may be controlled by proper selection of the aiming 
point in a plane perpendicular to the approach asymp
tote direction relative to the planet. Since high resolu
tion topographic coverage of the surface is desired, the 
location of the sub-periapsis point in the southern hemi
sphere and near the terminator are favored. It is also 
necessary that allowance be made for orbital procession 
resulting from Martian oblateness. Although the selec
tion of low periapsis altitudes improves photographic 
resolutions, the periapsis and apoapsis altitudes must be 
sufficiently high to meet constraints imposed to insure 
that the orbit will not decay and the vehicle impact the 
planet within a predetermined time period. These re
strictions apply to an unsterile spacecraft with a time 
period assumed sufficiently long for the completion of 
an adequately varied spectrum of life-detection experi
mentation. Further considerations involved in establish
ing an adequate orbiter lifetime include the orbit-inser
tion guidance errors and the third-body solar gravita
tional effects upon the orbit. From atmospheric drag 
considerations, lower periapsis altitudes are allowable as 
the apoapsis altitude increases. However, extreme eccen
tricities must be avoided in order to insure capture in 
the presence of orbit-insertion errors. 

Parameters such as periapsis altitude, orbit period, 
orbit inclination, etc., might utilize orbit trim for adjust
ment. Firing the propulsion unit at apoapsis would alter 
the periapsis altitude efficiently, while firing the unit at 
periapsis would effectively adjust the period. Rotation 
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of the line of apsides within the plane of motion would 
probably be accomplished during the initial orbit-inser
tion maneuver by firing at a location other than the 
periapsis. 

The science operations cannot be rigidly timed due to 
the expected variations in the orbital period resulting 
from insertion errors. To increase flexibility, it is antici
pated that commands for science operation and sequenc
ing will be sent from Earth after orbital parameters have 
been accurately established from Earth-based tracking 
data. Due to the extended lifetimes required for return
ing orbiter data, there must exist the capability for 
reorienting various systems including the high-gain an
tenna, the star tracker, and the planetary scan platform, 
as the relative Sun, Earth, and Mars geometry changes. 

Considering only the 1971 mission, transfer trajectories 
for which the transfer angle for launch to encounter is 
less than 180° are especially attractive as the minimum 
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departure energy and the minimum approach speed at 
Mars occur in nearly the same trajectory selection region, 
thus permitting the lowest possible departure weight to 
achieve a given weight in Mars orbit. In addition, cap
sule entry velocities are relatively low under these con
ditions. For this mission a launch period of 45 to 60 
days is reasonable, the daily launch window being ap
proximately 2 hours. Although the low-energy departure 
trajectories are favorable from a weight standpoint, but 
use of the large Saturn IB/Centaur launch vehicle there 
exists the capability to consider flying higher energy 
missions which exhibit shorter flight times and commu
nication distances at encounter. These gains must be 
weighed against the lower retropropulsion weight re
quirements associated wtih the lower approach speeds 
near the minimum energy region. 

Comet Exploration 
Consider also some of the probes planned for comet 

exploration. Scientific measurements may be obtained 
from on-board spacecraft instruments during the inter
cept of the craft with a comet. From these measurements 
the composition of the comets can be inferred by two 
means. The first means utilizes earth astronomical ob
servations by complementing this data with direct sam
pling of the particle, of its physical features, and from 
detection of predicted but unobserved spectral emissions. 
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The second means supplements measurements performed 
on the earth by confirming spectral lines previously re
corded, especially those that presently are ambiguously 
identified. On board measurements are especially advan
tageous if they are correlated with simultaneous photo
metric and spectroscopic observations from earth. 

TI1e basic rational for exploring comets and for close 
approach asteroid missions is that astrophysicists believe 
that from these probes definitive insight into the origin 
and formation of the universe can be gained. It is gen
erally held that, as with the moon and the planets, the 
true nature of comets can be determined only through 
direct probing of the coma and tail and by observations 
and eventual sampling of the nucleus by a space probe. 

Presently a comet is modeled as a star-like spherical 
nucleus of one kilometer diameter or less, surrounded by 
a bright region of nuclear condensation of approximately 
103 kilometer apparent diameter. This structure is sur
rounded by an apparent spherical coma approximately 
105 km in diameter. The position of the nucleus is gen
erally off center along the sun-comet line. A faint short 
tail extends along this line away from the sun. 

For the 1967-1975 exploration period the comets were 
segregated into two groups using the energy require
ments of the missions planned as a criterion. The first 
group consists of comets beyond reasonable energies for 
the given launch vehicles. The second group contains 
those which are plausable for a reasonable mission. A 
survey of Temple 2 is plausable in 1967 with the Atlas 
Centaur vehicle. 

Comet Orbit Determination 
Consider the problems encountered in comet orbit 

determination. It has been concluded that a preacquisi
tion phase must be incorporated into a comet probe 
mission, an appropriately dubbed Phase 0. Phase 0 
incorporates detailed and thorough investigation of all 
available observational data for particular comets of in
terest. A chronological search of all observations and 
plates must be made with consideration to accuracies 
attained, equipment used, seeing conditions, reliability 
of the observation .... The duration of Phase 0 varies 
from 6 months to 1 year conducted at least 1 to 2 years 
after the last apparition. The time delay allows for 
collecting and reducing the data. Further factors favor
ing a Phase 0 study include: 

1. Reduced reliance on observations, both be
fore and after launch. (Probably one pair 
of observations would be made each new 
moon.) 

2. Capability to launch before the comet has 
been acquired. There is no reason that a 
launch could not take place before comet 
acquisition if a thorough Phase 0 study has 
been completed. 

3. Reduced fuel expenditures due to both the 
smaller uncertainties of the comet and the 
possibility of earlier first and second correc
tions. 

4. Possibility of mission failure because of the 
lack of observational data or because of ad
verse observational conditions (cloud cover, 
etc.), is greatly reduced. The mission could 
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be a partial success if only 3 or 4 observa
tions were obtained. 

One experiment hypothesized for an advanced Aster
oid mission is a unique "Shotgun" experiment. For this 
experiment a number of ping-pong ball sized pellets 
would be fired at the asteroid to create a small cloud of 
dust particles which could be studied with a photo 
spectrometer. This experiment consists of the following 
sequence of events: 

1. Achieve a distance of closest approach of 
100 to 300 km using a triple-correction guid
ance scheme. Without a closed-looped guid
ance system, the minimum error can never 
be smaller than A.U. uncertainties. 

2. At a specified time before arrival from the 
asteroid, separate a spinning payload from 
the spacecraft. 

3. Reorient the spacecraft and retrofire the 
spacecraft engine, the velocity being greater 
than or equal to 100 m/ s. The spacecraft 
will then travel on a slower trajectory than 
the spinning payload. 

4. At fixed-time increments, release rings of 
particles from the spinning payload. The net 
effect of the propagataion of these particles 
is to create a cross-sectional area of particles 
such that at least one and preferably more 
will impact the asteroid. The size of these 
particles may be that of a ping-pong ball or 
smaller, the composition such that a maxi
mum cloud of asteroid material is created. 

5. Analyze the artificially created cloud of as
teroid material using a spectrograph in the 
spacecraft. The small gravitational coeffi
cient of the asteroid should allow the cloud 
to remain dispersed for a relatively long 
period of time. 

Conclusion 
These then are some of the future goals man has de

lineated. They iall, probably, into only the first two 
principal objectives of NASA, the exploration of space 
and the development of aeronautical and space tech
nology; with these tools, with the realization of these 
goals and indeed, only with this realization, can man 
continue his striving to the exploration of space. I] 
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The Company's first engine, the Wasp, took 
to the air on May 5, 1926. Within a year the 
Wasp set its first world record and went on 
to smash existing records and set standards 
for both land and seaplanes for years to 
come, carrying airframes and pilots higher, 
farther, and faster than they had ever gone 
before. 

In recent years, planes powered by Pratt 
& Whitney Aircraft have gone on to set 
new standards of performance in much the 
same way as the Wasp had done in the 
1920's. The 727 and DC-9 are indicative of 
the new family of short-to-medium range 
jetliners which are powered by the highly 
successful JT8D turbofan. Examples of 
current military utilizations are the J58-
powered Mach 3 YF-12A which recently 
established four world aviation records and 
the advanced TF30-powered F-111 variablee 
geometry fighter aircraft. 

November, 1965 



Take a look at the above chart; then a good long look 
at Pratt & Whitney Aircraft-where technical careers 
offer exciting growth, continuing challenge, and lasting 
stability-where engineers and scientists are recog
nized as the major reason for the Company's con· 
tinued success. 

Engineers and scientists at Pratt & Whitney Aircraft 
are today exploring the ever-broadening avenues of 
energy conversion for every environment ... all opening 
up new avenues of exploration in every field of aero
space, marine and industrial power application. The 
technical staff working on these programs, backed by 
Management's determination to provide the best and 
most advanced facilities and scientific apparatus, has 
already given the Company a firm foothold in the cur
rent land, sea, air and space programs so vital to our 
country's future. The list of achievements amassed 
by our technical staff is a veritable list of firsts in the 
development of compact power plants; dating back to 
the first Wasp engine which lifted the United States 
to a position of world leadership in aviation. These 
engineering and scientific achievements have enabled 
the Company to obtain its current position of leader-

ship in fields such as gas turbines, liquid hydrogen 
technology and fuel cells. 

Should you join us, you'll be assigned early responsi· 
bility. You'll find the spread of Pratt & Whitney Aircraft's 
programs requires virtually every technical talent. You'll 
find opportunities for professional growth further en· 
hanced by our Corporation-financed Graduate Educa· 
tion Program. Your degree can be a BS, MS or PhD in: 
MECHANICAl G AERONAUTICAl o ElECTRICAl o CHEMICAl 
ENGINEERING o PHYSICS • CHEMISTRY o METAllURGY 
• CERAMICS o MATHEMATICS G ENGINEERING SCIENCE OR 
APPliED MECHANICS. 

For further information concerning a career with Pratt 
& Whitney Aircraft, consult your college placement 
officer-or write Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford, 
Connecticut 06108. 

SPECIALISTS IN POWER ••• POWER FOR PROPUlSION-POWER 
FOR AUXIUARY SYSTEMS. CURRENT UTIUZATBONS INClUDE 
AIRCRAFT, MISSilES, SPACE VEHIClES, MARINE AND INDUS· 
TRIAl APPUCATIONS. 

ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

flORIDA OPERATIONS WEST PALM BEACH, FLORIDA An Equal Opportunity Employer 
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in En e e zneerzng 

edited by JERRY BRAUN, Chern. '68 

Big Boost 
Artist's concept of future launch vehicle shows rocket 

on pad. After carrying the payload to an altitude of 24 
miles and a velocity of nearly 3,000 miles an hour, the 
winged first stage would separate from the intermediate 
rocket stages and be flown back to the spacesport for a 

runway landing. Wing spread of the 1,700-ton verticle 
launching vehicle is 141 feet, and length is 270 feet. 
Reusable first-stage boosters would provide operational 
and economic advantages for space transportation sys
tems of the future, according to Boeing Aero-space Di
vision engineers. 

Light Umbilica I 
Beams of invisible laser light some day may replace 

thousands of wires that now carry checkout signals into 
a space launch vehicle before lift-off. 

Harnessing laser beams to send off space vehicles 
would eliminate much of the complicated equipment 
presently needed to disconnect a launch vehicle's thick 
umbilical at the moment of firing. This umbilical con-

26 

sists of some 800 cables. During the countdown before 
launch, it canies signals to check such things as systems 
in the launch vehicle and its spacecraft, the guidance 
computer's clock, sensing and control devices, and can 
carry an astronaut's voice. Immediately prior to lift-off, 
these connections must be severed so that the umbilicals 
can fall away. 

The laser system being built by IBM's Federal Systems 
Division for NASA's John F. Kennedy Space Center, will 
test the feasibility of replacing some of these connections 
with laser beams. (A few wires to carry electrical power 
will probably always be retained.) The demonstration 
system will use eight tiny lasers to replace 112 wires, 
including two voice links. Since the laser system is 
"doubly redundant" for high reliability, four lasers will 
actually be doing the work, each of them replacing 28 
wires. 

The demonstration system to be built by IBM will not 
be used with an actual space vehicle, but with a mock-up 
which will simulate a space vehicle's motion during the 
few critical seconds between ignition and lift-off. Signal 
transmissions to and from a space vehicle occur before 
the space vehicle lifts off, but for a few seconds after 
its huge engines ignite, it does not leave its pad. During 
this time, the smoke of the burning fuel may block the 
laser's beam of light and the vibration of the space 
vehicle moves the laser beam's target slightly. 

Jumpin' Gemini 
An intriguing operation in the National Aeronautics 

and Space Administration's Gemini series of orbital space 
flights is the rendezvous in space between an unmanned 
Agena target and the two-man Gemini spacecraft. 

An interrogator radar is used in the spacecraft to 
trigger a transponder in the Agena. This arrangement 
permits long-range performance with relatively low 
transmitting power. 

Another advantage of the transponder system is that 
the target signal return, unlike a normal reflected radar 
signal, will be steady without the wide fluctuations com
mon to radar reflections from a target that has a complex 
shape. The signal from the transponder emanates from a 
single point, rather than appearing to wander over the 
target. Thus, two major sources of potential tracking 
error are eliminated. 

The spacecraft interrogator radar transmits a pulsed 
signal, radiated over a continuous 70-degree cone. The 
transponder, upon receipt of the interrogating pulse, 
transmits a reply signal that is both delayed in time and 
shifted in frequency. The frequency offset permits the 
spacecraft receiver to readily discriminate between the 
transponder signal and reflected signals which are at the 
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radar transmitter frequency. Reflected signals can come 
from the ground or, at close ranges, from the target 
vehicle. 

To allow the astronauts in the Gemini spacecraft to 
transmit commands to the Agena vehicle, a digital com
mand link has been added to the rendezvous radar sys
tem. Since the radar is already «talking" to the Agena 
transponder to derive radar information, it is relatively 
simple to impress binary digital messages on the same 
transmissions. The command link and radar share the 
transmitter, receiver, and antenna on each vehicle with 
only additional encoding and decoding circuits being 
added on both ends for the command link function. 

Since this is the first cooperative space rendezvous 
radar to be developed for operational use, it has re
quired the solution of a number of new design problems. 
Surveys of previous radar system failures indicated sev-

eral classically troublesome items such as relay, trans
mit-receive tubes, and connectors. Considering this, the 
radar design was evolved without relays or transmit
receive tubes, and essentially all internal connectors 
were eliminated. The electronic circuitry was designed 
using all-silicon, solid-state components. Transmitter and 
local oscillator microwave tubes are the only tubes in the 
system. 

Bye Bye Matter 

The wave nature of matter has been indicated in the 
behavior of liquid helium. Research scientists at Bell 
Telephone Laboratories obtained evidence that atoms 
of superfluid liquid helium behave like coherent waves, 
interacting so that the viscosity of the fluid becomes 
zero. The experiment confirms recent theories that super
fluidity and superconductivity are related and explain
able by a quantum mechanics concept that matter has 
properties of waves as well as of particles. Both super
fluidity and superconductivity are forms of frictionless 
flow at temperatures near absolute zero. In the experi-
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ment, two reservoirs of liquid helium were filled to levels 
of about one mm. difference in height and connected to 
an orifice about 15 microns in diameter. A small ultra
sonic transducer was placed near the orifice in a low
head reservoir. The tendency of flow to stop at certain 
values of head difference was described by scientists as 
analagous to an A. C. Josephson effect in a supercon
ductor. 

Break In Polymers 

"Polymerization by oxidative coupling" was invented 
by Dr. Allan S. Hay of GE's Research Laboratory, Sche
nectady, N. Y. 

In oxidative coupling, oxygen in the surrounding air 
and within the molecules themselves plays a key role in 
linking polyether molecules to form aromatic ether 
polymers of high molecular weight. Whole new families 
of potentially inexpensive plastics with high strength, 

easy fabricability and other important properties are ex
pected to result from the application of the new poly
merization technique. 

The first product produced by Dr. Hay's unique new 
polymerization method is called "PPO"-a molding com
pound derived from 2, 6-xylenol. PPO is described as 
an extremely strong and durable material which exhibits 
good physical properties at temperatures above 370 
degrees F., far higher than any other readily-moldable 
thermoplastic material. It can be injection molded in 
conventional equipment, machined like brass, and ex
truded into rods, slabs, sheets, and pipe. 
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If till thi 

Ask NASA about the windows on the Gemini spacecraft 
-formed from glass specially designed by Corning. 

They not only provide mechanical and thermal protec
tion, but also increase visual transmission beyond the 
theoretical 92 per cent to 99 per cent. Ask, too, about the 
high-speed glass memories that help guide Gemini to in
space rendezvous and re-entry. 

And ask about the glass resistors, as thick as telephone 
poles, which serve as dummy loads and power dissipating 
terminations at tracking stations. 

Glass can be designed to maintain constant electrical 
properties at missile speeds. Withstand the pressures at 
the ocean's floor. Save weight without sacrificing strength. 

I 
Ill!! Ill!! 

SS IS J I s, st 

Conduct or insulate. Bend. Not bend. Break. Not break. 
Melt. Not melt. Glass can be made to do what you want 
it to. It is the most versatile basic engineering material. 

For solutions to their problems, government and in
dustry are coming to Corning. Because Corning is the 
glass-master. It's a broad, international company, with one 
of the most daring, expert and imaginative research and 
engineering staffs in the world. Plus, a marketing prin
ciple that commits the company to developing products 
only in areas where a need exists and no product does. 

Young engineers seeking challenge, opportunity, and 
advancement are invited to write to Corning's Career De
velopment Manager. 

I 
CORNING GLASS WORKS 
CORNING, NEW YORK 
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uwhat happens if I find, 
in a year or so, that my 
real talent and interest 
lie in another area of 
electronics ...... and I want 
to change direction?" 

At Sylvania Electronic Systems- with its nation-wide com· 
plex of research and development laboratories and manufac· 
turing plants, this is no problem. The in-house project list 
is diversified enough to accommodate most career changes. 
And a comprehensive educational assistance program makes 
it possible to acquire background needed in any discipline. 

Technical or administrative assignments are available in 
current SES project areas including: ground electronics 
equipment for Minuteman missile sites • R&D in electronic 
warfare field • electronic security systems • ASW systems • 
special purpose airborne computers • laser systems • space
borne electronic and optical systems ... plus world-wide engi· 
neering support systems. 

Always available-whether you wish to change 
your field of interest or pursue it- are divi
sion-wide conferences, in-plant courses and 

seminars, and post graduate study plans conducted on an 
unusually generous scale. 

At all times, your professional development will benefit by a 
positive management attitude toward technical growth as 
well as theSES small group form of organization -a tradi
tional small company advantage. And you will be able to 
choose one of three distinct routes for advancement, all with 
equal rewards-technical specialist, technical manager, pro
gram I project manager. 

The SES mission- to manage government systems pro· 
grams for General Telephone & Electronics, the parent corpo
ration- guarantees an abundant variety of challenging and 
absorbing assignments in state-of-the-art electronics and 

communications. Wherever your intellectual 
and professional curiosity leads, you'll have 
more opportunity to satisfy it at SES. 

GENERAl TElEPHOI\!E & ElECTRONICS 

MINNESOTA TECHNOLOG 

Total Communications from a single source through 

SYLVANIA ELECTRONIC SYSTEMS 
For further information about specific assignments, see your college placement officer, or 
write to Manager of College Relations, 40 Sylvan Road, Waltham, Massachusetts 02154. 

An Equal Opportunity Employer. 

SES LABORATORIES ARE lOCATED SUBURBAN TO SAN FRANCISCO, BUFFAlO AND BOSTON. 
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Ill 
I 

No doubt the saying "come across" 
was originated shortly after the in
vention of twin beds. 

e. e. E!il 

Definition of a bachelor: A man 
with no children to speak of. 

E!il E!il E!il 

Indian girl have plenty of fun with 
beau, an Aero. 

E!il E!il E!il 

A lazy man is one that marries a 
widow with five children. 

e. E!il E!il 

ME: "What did you do when her 
dress started coming off?" 

EE: "I helped her out as best as I 
could." 

E!il E!il e. 

Irate Coed: "Hey, what you follow
ing me for? Didn't you ever see any
one like me before?" 

Aero: "Yeah, but I had to pay a 
quarter." 
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by DAVID E. ENGEN, Pol Sci '67 

Papa Storl<: "Well, I guess I'll go 
out and deliver a few baby boys." 

Mama Stork: "Believe I'll go and 
deliver a few baby girls." 

Baby Stork: "Well I guess I'll go 
out and scare the hell out of some of 
those college kids." 

0 0 0 

Q: "Do you know why the little bee 
buzzes?" 

A: "You'd buzz too, if somebody 
stole your honey and nectar." 

E!il E!il E!il 

Waitress (looking at nickel tip left 
by a close guest): "What are you try
in' to do-seduce me?" 

E!il E!il E!il 

No one knows what a short skirt 
will be up to next. 

e e e 
Remember, sweater girls are ob

served in the best places?!! 

Norwegian Version 

Dentist: "Open wide, please, wider, 
just a little more, please. There, that's 
fine." 

Ginny C.: "Ah-h-h, ur-r-r, glug." 
Dentist (inserting rubber gag, 

sponge, towel, drill and four fingers): 
"How's your family?" 

e. E!il E!il 

ME: "What keeps your shoulder strap 
up?" 

Gal: "Only your extreme timidity." 
E!il E!il E!il 

Two old maids went for a tramp 
in the woods. He got away. 

E!il E!il E!il 

When Sue returned from a ride her 
Mother noticed one of her shoes was 
muddy. "Why is your right shoe mud
dy and not your left?" she asked. 

"I changed my mind," she replied. 
E!il E!il E!il 

A true lover of music is the man 
who, upon hearing a soprano singing 
in the bathtub, put his ear to the key
hole. 

E!il E!il E!il 

There is an engineer on this cam
pus who never takes a drink. You 
gotta hand it to him. 

E!il E!il E!il 

There is a girl on campus who is 
so used to having her own way, she 
writes her diary three weeks in ad
vance. 
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Then there is the coed that states 
that a gentleman is nothing but a 
worn-out wolf. 

411 411 411 

Judge: "On what grounds are you 
applying for a divorce?" 

Brown: "Extravagance, your honor." 
Judge: "How's that?" 
Brown: "She kept on buying ice 

after I had installed an electric re
frigerator." 

411 411 411 

There is a new discotheque in Is
rael. It's called, "Let My People a
Go-Go." 

411 411 411 

"Jack, are you sure it is I you are 
in love with and not my clothes?" 

"Test me, darling." 
• 411 • 

Two drunks were standing on a 
street corner when a nude woman 
went running by. 

First drunk: "Shay (hie) did you see 
that?" 

Second drunk: (hie) "Sure." 
First drunk: "Boy, how would you 

like (hie) to see her in a sweater?" 
• 411 411 

And then there's the story of the 
two Russian Statesmen who jumped 
out of a hotel window because they 
found an American vessel under the 
bed. 

I have a new boyfriend now who 
is an engineer. 

What's he like? 
Oh-whiskey-gin-anything. 

411 411 411 

"The man who marries my daugh
ter will get a prize." 

"May I see it, please?" 
e 411 411 

'Tm sorry," said the elevator girl as 
she braked the express at the ground 
floor. "Did I stop too quickly?" 

"Oh, no," was the sweet reply from 
one of the feminine passengers. 

"I always wear my girdle around 
my ankles." 

411 e e 
An old colored mammy had quad

ruplets. She named them Eenie, Mee
nie, Minie, and Fred. She said she 
didn't want any Moe. 

411 e e 
GirYs father: "Young man, in this 

house we turn out the lights at 10:30." 
EE: "Gee, that's swell of you." 

e • e 
Then, there is the Scotchman who 

wouldn't buy his girl a parasol when 
he took her to the beach, but told her 
shady stories instead. 

Two men got off a bus. One had 
come to town for good. The other 
was a Marine on a furlough. 

:OF AMERICA Italian Version 
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EXPLORE THE UNIQUE OPPORTUNITIES AT 

• 
I I • 

I 
. where special programs encourage rapid professional advancement 

for the engineer, scientist and mathematician launching his career. 

NSA is a scientific and technological com
munity unique in the United States, perhaps 
in the world. Unique in its mission, its oper
ation, its requirements ... unique, too, in the 
scope of opportunity it affords a young scien
tist or engineer beginning his career. 

A separate agency functioning within the 
Department of Defense, NSA is responsible 
for developing 11Secure" (i.e., invulnerable) 
communications systems to transmit and re
ceive vital information. Within this area, which 
encompasses the whole field of cryptology
the science of codes and ciphers-NSA project 
teams pursue a broad spectrum of investiga
tions taking them well beyond many known 
and accepted boundaries of knowledge. Be
ginning with basic research, these investiga
tions progress through applied research, 
development and design, prototype engineer
ing, and on into various phases of applications 
engineering. 

At NSA you might specialize in any or sev
eral of these sectors, depending on your 
talents and special interests: 

ENG/ NEERI NG. Antenna/transmitter/receiver 
design ... high speed computers (digital and 
analog) ... transistor circuitry ... advanced 
radio communications techniques ... micro-
wave communications ... audio and video 
recording devices ... cryogenic studies and 
applications ... integrated circuitry ... mi
crominiaturization. 

PHYSICS. Solid state (basic and applied) 
... electromagnetic propagation ... upper 
atmosphere phenomena ... superconductivity 
and cryogenics (Ph. D. graduates only). 

MATHEMATICS. Statistical mathematics ... 
matrix algebra ... finite fields ... probability 
... combinatorial analysis ... programming 
and symbolic logic. 

Unequaled Facilities and Equipment 
In a neaf:-academic atmosphere, NSA scien
tists and engineers enjoy the most fully-instru-

mented laboratories and use of advanced 
computer and other equipment, some found 
nowhere else in the world. 

Skilled clerical and technical support will 
free you to concentrate on the most challen
ging aspects of your projects, and thus help 
speed your professional growth. 

Outstanding Colleagues 
You will work alongside people of enor

mously varied backgrounds and intellectual 
interests, over 500 of whom hold advanced 
degrees. 

Researchers at NSA also receive constant 
stimulus from outside the agency. To assist in 
certain program areas, NSA often calls on 
special boards of consultants-outstanding 
scientists and engineers from industry and 

academic centers as well as from other gov
ernment agencies. 

Career Development Opportunities 
Your professional growth and earning power 
expand from the day you join NSA, without 
having to accumulate years of 11experience." 
NSA career development is orderly and swift; 
substantial salary increases follow as you as
sume more and more responsibility. 

A number of NSA career development 
programs help shorten the time when you 
can contribute at your maximum potential. 
These programs include: 

ADVANCED STUDY. NSA's liberal graduate 
study program affords you the opportunity to 
pursue part-time study up to eight hours 
each semester and/or one semester or more 

of full-time graduate study at full salary. Near
ly all academic costs are paid by NSA, whose 
proximity to seven universities offering a 
wealth of advanced courses and seminars is 
an additional asset. 

IN-HOUSE TRAINING. The new NSA em
ployee first attends a six-week general orien
tation program, followed by a period of spe
cialized classroom study designed to broaden 
familiarity with an area or areas of heavy NSA 
concern (e.g., communications theory, crypt
analysis, computer logic and analysis, solid 
state physics). Formal study is complemented 
by on-the-job training, as you work and learn 
under the guidance and direction of highly 
experienced associates. 

PROFESSIONAL ASSOCIATIONS, TRAVEL. 
The agency fosters a climate of recognition 
and advancement for its young professionals 
by encouraging participation in professional 
association affairs, and assisting you to attend 
national meetings, seminars and conferences 
as well as visit other research facilities where 
related work is underway-government, uni
versity and industrial-throughout the United 
States. 

liberal Personnel Policies, Attractive 
Location 
NSA policies relating to vacations, insurance 
and retirement are fair and liberal. You enjoy 
the benefits of Federal employment without 
the necessity of Civil Service certification. 

Located between Washington and Balti
more, NSA is also near the Chesapeake Bay, 
ocean beaches, ski resorts and other popular 
summer and winter recreation areas, not to 
mention the varied leisure-time attractions 
of the nation's capital itself. The location 
permits your choice of city, suburban or 
country living. 

Campus Interviews
Check Now for Dates! 
Representatives of the National Security 
Agency will conduct interviews on campus 
soon. Check with your Placement office as 
soon as possible to schedule an appointment. 

NATIONAl SECURITY AGENCY 
Suite 10, 4435 Wisconsin Avenue, N.W. 
Washington, D.C. 20016 
An equal opportunity employer 
... where imagination is the essential qualification 
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a going on 
up there? 

Ask us. Our space boosters have 

launched every successful non

military communications or weather 

satellite. Our Saturn S-IVB will power 

3 Apollo astronauts from earth orbit 

to moon orbit. DC-8s have flown more 

than a billion miles. DC-9s will double 

the places you can go by jet. Which 

all adds up to the fact that Douglas 

can just about double your chances 

for rapid career advancement, because 

projects coming up are even bigger 

than those mentioned. Also, univer

sities offering evening courses 

toward advanced degrees are close 

by. And Douglas has a fine scholar

ship program. Let's get together. We 

are an equal opportunity employer. 

Douglas 
Send your resume to 

L. M. Kilgore, Box 698-L 

Corporate Offices 

Douglas Aircraft Co., Inc. 

Santa Monica, California 
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by DON NORTON, Communications /nsf. 

The information and suggestions that follow are di
rected to the student whose academic problems owe in 
part to inadequate study skills, and to the student who 
wishes to make more effective use of his study time. 
Those students who lack academic aptitude, or who have 
personal or other problems that interfere with school
work, can surely profit from better study skills, but they 
should not expect that better skills will completely solve 
their problem of poor grades. 

In the past few years, a number of books on study 
skills have appeared on the college market. The better 
of these books-few in number, regrettably do draw on 
what little research has been done in the area of study 
skills. The majority, however, are very general, and 
they tend to repeat the traditional platitudes that have 
been popular with educators and parents and students 
for decades. And unfortunately for the student in IT, 
even the better study skills books say little about study
ing math and science (by "science," I mean the "physi
cal sciences"). 

But I will attempt to summarize the few good chap
ters that have been written, and add to that what I 
have learned from my own experience. I myself spent 
a couple of undergraduate years in math and chemis
try; and during the 1963-64 school year I had the op
portunity of working with many students and their study 
problems as a counselor in the Reading and Study Skills 
Center on this campus. 

The Main Problem 
The study texts agree that a major problem in math 

and science is students' failure to maste1· the basic prin
ciples and operations which their current courses assume 
they know very well. In other words, students are not 
totally prepared to begin the courses they register for. 
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The early college courses deliberately build upon high 
school courses, but the math placement exam can only 
roughly estimate a student's total preparation. You are 
simply expected to know well all that has supposedly 
gone before. And so students most frequently complain 
about the fast pace of college courses: "I just can't keep 
up. . . ." The obvious advice is, of course, "Get caught 
up." But that is hard advice to sell. Let me digress to an 
analogy from my experience in teaching composition. 
Every year, among my 25 freshmen, there are four or 
five who do not know how to punctuate, how to tell a 
sentence from a non-sentence, how to impose the simplest 
organizational pattern on their writing-all basic skills 
students should learn in high school. I am obliged to fail 
themes of these students, for they fall short of minimal 
standards. 

Remedial Work 
Some of these students bring their writing up to the 

standard, but others don't. It is a willingness to do 
remedial work-to go to handbooks and exercises and to 
seek special help-that separates the sheep from the 
goats. Just last year there turned up in my class one of 
the poorest students of mechanics and punctuation I 
have ever taught. He wrote several failing themes, but 
remedial work paid off; by the end of the year he was 
doing work of "A" and "B" quality. Other equally able 
students, but unwilling to overcome basic inadequacies, 
drop or fail out during the year, or just squeak by. 

The hole in your knowledge may be logs, factoring, 
story problems, the manipulation of equations-concepts 
and operations that are basic in math but not second 
nature to you. Faced with such deficiencies, and with 
the rapid pace of college courses, a student often tries 
to get by from day to day, treating each assignment as 
an end in itself. But there is no substitute for systematic 
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effort to get caught up, once and for all; when serious 
remedial work is necessary, there is usually no other way 
out. 

The first step in confronting this major problem is to 
diagnose one's deficiencies. 

( 1) Deficiencies come inevitably to attention 
when a student finds himself stumbling in home
work and exams over things he is supposed to 
know. When this happens, you should take 
immediate measures to overcome the handicap: 
review familiar or basic texts; get hold of 
an appropriate self-help, workbook (see the 
Schaum series in the bibliography below); drill 
somehow in the weak spots. Attack each diffi
culty, specially, as it comes to your attention. 

( 2) Special diagnostic tools are available to 
help a student pinpoint his weaknesses. Your 
instructors may be able to suggest the appropri
ate text or workbook that will show that you 
need more experience with logs, or factoring, or 
whatever. A good bookstore clerk may also be 
aware of helpful materials. Walter Pauk (see 
the bibliography) recommends Basic Mathe
matics, by M. Wiles Keller and James H. Zant, 
but many other workbooks may serve the same 
purpose, if used skillfully. 

( 3) Now and in the future, avoid passing 
lightly over what you don't understand. It's a 
temptation just to chuck data into the formula, 
or to "copy" examples worked in the text, with
out understanding the principle or operation. 

( 4) Keep up to date. Students are notorious 
for exaggerating their shortcomings and throw
ing in the towel early in courses that give them 
a hard time. When you run into trouble, locate 
the cause immediately; if you have deficiencies, 
identify them. Do not hesistate to consult with 
your instructor. 

Notetaking 
Resist the usual impulse to take elaborate and exten

sive notes. You may find yourself so busy writing that 
you are unable to digest the lecture material. Record 
main ideas, key examples, and other critical informa
tion, but concentrate on understanding the material at 
the moment of the lecture. The resulting notes will 
then serve you as notes generally should, as cues to recall 
and to review what you have to a degree already learned 
in the lecture. The lecture is a learning, not a recording 
session. 

As soon as possible after class is over, take a few 
moments to "edit" your notes, that is, polish and re
arrange them for future use. Editing is not to be con
fused with recopying; it is rather the process of review
ing the notes, pencil in hand, while the lecture is fresh 
in your mind. Editing increases the immediate and fu
ture value of your notes. What the study skills books 
say about note taking in general applies to note taking 
in science and math. 

It is advisable to read ahead of the lecturer, however 
little you seem to understand. As you read, mark your 
text with care. Over-marking a text violates the same 
principle as does taking too many lecture notes. Mark 
so as to facilitate review; use your margins for critical 
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notes. (See Pauk, pp. 29-51, on text marking). 
Flashcards are an excellent device for memorizing fac

tual information- formulas, definitions, specific pro
cedures, etc. They are effective because they can be 
conveniently and frequently reviewed: short reviews are 
generally more effective than long sessions of cramming. 
Also, you benefit from having to write down the rna-

SOME HINTS ON PLANNING A BETTER STUDY SCHEDULE 
The success of your study schedule will depend on the care 

with which you plan it. Careful consideration of some of these 
points will help you to make a schedule that will work for you. 

I. PLAN A SCHEDULE OF BALANCED ACTIVITIES. College 
life has many aspects which are very important to success. 
Some have fixed requirements and some are flexible. Some 
of the most common which you must consider are: 
FIXED: eating, organizations, classes, church, work 
FLEXIBLE: sleeping, recreation, study, relaxation, personal 

affairs 
2. STUDY AT A REGULAR TIME AND IN A REGULAR PLACE. 

Establishing habits of study is extremely important. Know
ing what you are going to study, and when, saves a lot 
of time in making decisions and retracing your steps to 
get necessary materials, etc. Avoid generalizations in your 
schedule su•ch as "STUDY". Commit yourself more definitely 
to "STUDY HISTORY" or "STUDY CHEMISTRY" at certain 
regular hours. 

3. STUDY AS SOON AFTER YOUR LECTURE CLASS AS POS
SIBLE. One hour spent soon after class will do as much 
good in developing an understanding of materials as several 
hours a few days later. Check over lecture notes while they 
are still fresh in your mind. Start assignments while your 
memory of the assignment is still accurate. 

4. LIMIT YOUR BLOCKS OF STUDY TIME TO NO MORE 
THAN 2 HOURS ON ANY ONE COURSE AT ONE TIME. 
After 11/2 to 2 hours of study you begin to tire rapidly 
and your ability to concentrate decreases rapidly. Taking a 
break and then switching to studying some other course will 
provide the change necessary to keep up your efficiency. 

5. TRADE TIME-DON'T STEAL IT. When unexpected events 
arise that take up time you had planned to study, decide 
immediately where you can find the time to make up the 
study missed and adjust your schedule for that week. Note 
the three weekend evenings. Most students can afford no 
more than two of them for recreation, but may wish to use 
different evenings on different weeks. This "trading agree
ment" provides for committing one night to study, but rotat
ing it as recreational possibilities vary. 

6. PROVIDE FOR SPACED REVIEW-That is, a regular week
ly period when you will review the work in each of your 
courses and be sure you are up to date. This review should 
be cumulative, covering briefly all the work done thus far 
in the quarter. 

7. PRACTICE SELF-RECITATION AS A DEVICE FOR IN
CREASING MEMORY. Organize your notes in a question 
and answer form and think in terms of questions and answers 
about the main ideas of the material as you review weekly. 
When preparing for exams, try to predict the questions the 
instructor may ask. 

8. KEEP CAREFULLY ORGANIZED NOTES ON ·BOTH LEC
TURES AND ASSIGNMENTS. Good notes are one of the 
best bases for review. Watch for key ideas in lectures and 
try to express them in your own words in your notes. Watch 
for headings and bold face type in your reading to give 
clues of main ideas for your notes. Take down careful notes 
as to exactly what assignments are made and when they 
are due. 

These hints provided courtesy of the Reading and Study Skills 
Center. 

terial, an aid to memory itself. 
The reading skills demanded of an adult reader vary 

from subject to subject: one does not read a sociology 
text as he would a novel; nor a scientific text as he would 
a freshman rhetoric. The reading of charts and graphs 
is itself a special skill, and a very important one in math 
and science. One's purpose in reading also determines 
how one shall read. Flexibility, that is, the acquiring of 
several reading skills and using them when appropri
ate, is the key to effective reading. 

35 



Mathematical and scientific writing calls for reading 
for the object of solving problems. You should therefore 
cultivate the problem-solving attitude as you read. Here 
are some recommendations: 

( 1) Scan the reading assignment before read
ing it formally. Look for main ideas, attempt to 
anticipate the principles involved, look for the 
kinds of problems you are going to be working 
after the reading. Note headings, glance through 
charts and graphs, examine briefly the illus
trations, read summaries. The whole scanning 
process should take but very few minutes. 

( 2) Then read with problem-solving point of 
view: look for information relating to the prin
ciples; look for patterns of problem solving. 
Exams focus on patterns of problems, not on 
some single model from the text. 

( 3) Read actively. Mark your text, or take 
notes, or make an outline; put on flashcards 
unfamiliar factual information-terms, formulas, 
etc.-that need to be memorized. 

( 4) Do the problems at the end of the chap
ter, or those assigned by the instructor. Gen
erally, your reading is preparation for the most 
important activity, the actual solving of prob
lems. The problems constitute review and ap
plication of problem-solving principles. Do as 
many as you can make time for. 

It might be tedious, and even unwise, to follow in 
exact detail these four suggestions every time you read. 
But reread these suggestions and attempt to detect the 
principles of good reading that underlie them. Make 
these principles work for you; anticipate what you are 
going to read; read for a specific purpose; read actively; 
review and apply what you read. 

Research indicates that students have difficulty making 
good use of study time in group sessions. The pitfalls 
are all too well known-the group is even more prone 
than the individual to fall prey to distractions. Generally, 
therefore, avoid getting together to study unless ( 1) you 
cover material you don't understand; or ( 2) you spend 
your time testing one another. 

Problem Solving 
Much study time in math and science is spent actually 

doing problems. Here are several suggestions for ap
proaching the individual problems (compare with Pauk, 
pp. 113-117): 

( 1) Analyze your problem and record the 
vital information. More than one reading may 
be necessary. 

( 2) Set the problem up, but do not begin 
work until you are sure you understand where 
you are headed. 

( 3) If possible, diagram the problem-it is 
very helpful to visualize it. 

( 4) Work the problem, utilizing shortcuts of 
which you are confident, a sliderule, if appro
priate. 

( 5) Check your answer against (a) an edu
cated guess, (b) the actual answer (if avail
able), (c) the result of reworking the problem. 

Students often complain that problems in texts often 
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appear in unfamiliar form-the same problem, but some
how turned around or otherwise varied. This complaint 
certainly points up the necessity of learning principles 
as well as stark formulas and problem samples. (I per
sonally recall being able to derive the quadratic for
mula during actual examinations, though I'd have had 
better sense to memorize it.) Excellent preparation for 
exams therefore would consist of learning a problem 
model and then delibera.tely varying it, such as you might 
expect in an actual exam. Make every effort to simulate 
an actual test situation. To acquire efficiency in work
ing problems, construct a mock examination and work 
it through under a time pressure. 

Summary 
These few ideas and suggestions on study skills for 

the student in math and the physical sciences are un
avoidably simplified and incomplete. If applied consci
entiously, they nevertheless will probably bring about 
some good results. The resourceful student will use the 
principles to stimulate the cultivation of skills appro
priate to him and his special study problems. The con
scientious student usually discovers on his own many 
valuable study skills. Get your more successful friends 
to share their discoveries. But it also helps to know what 
professional thinkers and researchers say on the subject 
of study skills, and I therefore have briefly reviewed 
some of their ideas. 

More Information 
Two of the best general books on study skills are 

Walter Pauk, How To Study in College (chapters 15-16 
deal with math and science), $1.95 at your bookstore; 
and Clifford T. Morgan and James Deese, How To 
Study (chapter 9 on math), $1.50, also readily avail
able. 

Schaum's Outline Series covers in some twenty-one 
workbooks subjects in the areas of math and science. 
Their format consists of a short presentation of a prin
ciple, followed by solved problems and a number of 
practice problems for which answers are provided. They 
range in cost from $1.75 to $3.75, and may be valuable 
for basic or remedial work. 

Two other paperbacks worth examining are Clarence 
E. Bennett, Physics Problems and How To Solve Them, 
number 107 of the College Outline Series; and G. Polya, 
How To Solve It, a useful text emphasizing methods of 
solving mathematical problems. 

You should always exercise caution in purchasing 
books and other aids you think might help you. Careful 
examination of a book before purchase may insure 
against putting your money into something that really 
isn't going to help. 

Some browsing in a bookstore may turn up additional 
aids-other books, outlines, ready-made flashcards. The 
above titles are better known samples. 

The staff at RSSC have prepared especially for stu
dents in IT a packet of materials that may help improve 
reading and study skills: time scheduling, taking exams, 
more effective reading, notetaking, etc. A student may 
obtain this packet upon request at Room 106, Eddy Hall. 

[] 
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Want to know how much oil is in your Dallas tanks while 
you're sitting in Tulsa? Push a button. 

Making salad dressing? Not at home by the spoonful-but 
industrially by enormous vats-full. No more hand pouring 
or mechanical dumping. Hit the vinegar button and it's 
measured precisely. The oi 1-to the drop. Lace the con
coction with zesty oregano? Just push· a button. 

Load a gas truck with gasoline, check the gallons left in 
the storage tanks, make out the statement, give the driver 
a receipt, and then record the whole transaction. Tough? 
Just have the driver push a button (or a lever). You don't 
even have to be there. 

So goes the lively art of solid state electronics. Remote 
Control, Data Acquisition Systems, and Process Control 
Systems. All available right now for modern industries
control devices for- you name it. 

Tomorrow? Around the world automation systems. Remote 
control devices-you name it. 

And who's got the button? Why Motorola of course ••• 
they've been button-controlling for years! 

TRUST THIS EMSIGNIA WHEREVER YOU FIND IT 
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by BOB LEHMAN 

Dr. H. Turrittin is the Director of Undergraduate 
Study in Mathematics at the University of Minnesota. 
He was born in 1906 at Rice, Minnesota. He received 
his B.S. in Engineering from the University of :Minne
sota and finished his graduate work at the University of 
Wisconsin. Dr. Turrittin has in the past worked as an 
operations analyst with the Air Force during World War 
II and on a joint research project with Honeywell. He 
was a Fulbright professor in Austria, was invited to 
Princeton University for a research project and studies in 
Austria on a grant from the National Science Foundation. 
He is a member of the American Mathematical Society 
and the Mathematics Association of America. His 
present duties include one section of :Math 23 and ad
ministrative work. 

Of special interest were Professor Turrittin's com
ments to the University's freshmen. He said, with the 
growing impersonality of the University, the student 
must take more initiative on his own to learn. He feels 
too much emphasis is placed on the grades, as important 
as they are. With the artificial premium on grades the 
student has a tendency to work only for good grades and 
not for a thorough understanding of the subject matter. 

DR. COOKE 
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DR. TURRITTIN 

One of this month's interviews comes from the first 
basement office of ProfessorS. R. B. Cooke in the Mines 
and Metallurgical Engineering building. Professor 
Cooke was born in 1907 at Wangahui, N. Z. His college 
education started at the Ottago University of Mines in 
New Zealand where he received his B.S. From New 
Zealand he came to the Carnegie Institute of Technology, 
then went to the University of Missouri to finish his 
graduate work. Professor Cooke taught at the University 
of Missouri, Dubuke, Montana, and in 1946 came to the 
University of Minnesota. 

Professor Cooke had many occupational experiences 
during his undergraduate and post-graduate studies. He 
worked in Australia with underground and above-ground 
mining operations, in New Zealand and British Colum
bia in a lead-zinc operation, as a consultant for numer
ous mining corporations and for the U.S. Bureau of 
:Mines. He feels his most outstanding achievement was 
making the first geological map of the interior of Sewart 
Island, N. Z., on a grant from the New Zealand govern
ment. 

Along with his teaching assignments of Mineral Dress
ing and Hydrometallurgy, Professor Cooke has many 
hobbies, including amateur astronomy, photography of 
wild flowers in the Rocky Mountains, and water color 
painting. Professor Cooke is a member of the American 
Institute of Mining and Metallurgical Engineering, the 
Mineralogical Society of America and Sigma Xi. 
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Everyone in your class couldn't 
make it at Honeywell. But if 
you are one of those individ
uals who is our kind of man, 
you probably wouldn't be happy 
working any place else. 

Why not see how you measure 
up to Honeywell. 

Can you work with little or no super
vision? Honeywell has no long, drawn
out formal training program. You're 
assigned to a specific job where you 
can start contributing to your future 
as you learn. You'll have plenty of 
chance to show what you can do on 
your own. 
Do you stick to your guns when you 
are right? Honeywell hires men who 
think things out for themselves and 
aren't afraid to disagree with the ma
jority. "Yes men" don't get very far 
at Honeywell. You have to contribute. 
Can you admit it gracefully when 
you are wrong? You will be working 
with a group of real pros at Honey
well, men who recognize good work 
and respect you for it. But they will 
also let you know when and why you 
are wrong. It takes a real man to 
work this way. 

Will you let your future rise and fall 
on your own accomplishments? 
Honeywell pays and promotes to rec
ognize individual progress and per
formance. We'll push you along as 
fast as you can handle the work, but 
you can't sit back and ride with the 
group. A real man likes to set his own 
pace and we like it that way, too. 
Do you take pride in your life's 
work? The job is the boss at Honey
well. Our men work nights when the 
job calls for it. They want to. You 
will find the competition very keen at 
Honeywell. 
Can you take the setbacks in stride? 
Honeywell works in some very chal
lenging fields where the answers don't 
come easy. Our men don't like things 
all laid out for them in a neat, orderly 
manner. Adversity doesn't frustrate 
them, they thrive on it. 

If you are one of these men, 
Honeywell is after you. 
You'll find real professionals like it at 
Honeywell. We have one of the lowest 
turnover rates in the industry-less 
than half of the national average. 

They find a genuine opportunity at 
Honeywell. We employ over 50,000 
people world-wide. 

Briefly, our main business is elec
tronic systems-all kinds. We're a 
leading manufacturer of computers 

for business, industrial and scientific 
work. We make automatic systems 
for homes and commercial buildings; 
weapons systems; systems for air
craft, spacecraft, missiles; process 
and industrial control and medical 
use; precision switches and semicon
ductors. 

It's tough to find a market we don't 
serve. Notice the concentration in the 
growth industries. Honeywell is grow
ing and you can grow with us. We 
support programs for advanced de
grees for Honeywell men. We need 
your progress. 
There's more to the Honeywell man 
Ask your placement director for the 
Honeywell brochure. 

Talk to one of our recruiters next 
time he visits your campus. Watch 
for dates or, if you prefer, write to 
Mr. H. P. Eckstrom, Corporate Man
ager of College Relations, Honeywell, 
Minneapolis, Minnesota 55408. 

Ho eyw II 
An equal opportunity employer 



Spotlight on 
Local Industry 

General 

Mills 

by DIANNE CHRISTENSEN, Physics Ed. '66 

One of the major activities at General Mills through
out the history of that corporation has been research for 
new and better products and for increased convenience. 
In keeping with this spirit an estimated $50 million will 
be spent for new facilities this year. In addition the 
company recently completed construction of a multi
million dollar James Ford Bell Research Center. This 
center alone utilizes the skills of some 500 research 
personnel who are busy at basic and applied research 
on foods, food ingredients and entirely new food con
cepts. 

A check of the hundreds of products and product 
grades comprising the basic lines of General Mills and 
its U. S. subsidiaries reveals the wide range of activi
ties conducted by research. The company's overriding 
goal is to. provide new and better products for its cus-

tamers. Toward this end, research is continually at work 
on new product development and improvement. Con
currently, the technical control and service function of 
quality control keeps unremitting check on the produc
tion lines to insure that current research standards are 
met. The figures below, covering only the past five 
years, reveal some of the breadth of the research ac
tivities: 

New products introduced .................................. ll3 
Product or process improvement on 

established products ...................................... l38 
Per cent of total basic product line ................ 22.6 
Per cent of total.. .............................................. 27.6 

The net profits for the period ended August 29, 1965 
were approximately $4,895,000, up from $4,671,000 re-

Architect's sketch of the new General Mills Grocery Products Division plant to be constructed near Lancaster, Ohio. The initial 
construction will be approximately 1,000 feet in length and 300 feet in width. A 200,000 square foot warehouse at the southern end 
(left in photo) will be unique in that its roof will be composed of the largest hyperbolic paraboloid structures in the U. S. Construc
tion is scheduled for completion in mid-1966. 

40 November, 1965 



ported for the first quarter of 1964. The earnings for 
this period per share of common stock were 64 cents, 
an increase of 10 per cent. 

General Mills also publishes Progress Thru Research. 
This publication discusses numerous aspects of the re
search being done and the place of engineers in that 
research. Those research disciples currently in use at 
General Mills, concerned primarily with foods and chem
icals include accounting, agricultural engineering, bac
teriology, business administration, chemistry (analytical, 
biochemical, organic and physical), chemical engineer
ing, dairy and food industry, electrical engineering, in
dustrial engineering, library science, marketing research, 
mathematics, mechanical engineering, milling tech
nology, personnel, physics, and psychology. 

General Mills has a number of subsidiaries through
out the country. The Chemical Division with head
quarters in Kankakee, Ill., is concerned with amines, 
which are organic substituted ammonia derivatives used 
widely for corrosion inhibition. Other work is being 
done with polyamide resins, cellulose sponges and with 
vitamins. 

The Flour Division with headquarters in Minneapolis 
has two sub-branches, General Flours and Food Service 
Products. The General Flours division mills flours to 
meet the customer's specifications ranging from human 
consumption, to pets, to farm livestock. In fact, they 
produce ''Trainers' Choice," a high quality heavy white 
oats, cleaned and polished; free of all dust, foreign ma
terials and other grains-a flour which is used in the 
feeding of thoroughbred racehorses! 

The Food Service Products Division is primarily in-

I I 

volved in supplying flours, mixes, sugar and bases to 
bakers, hotels, restaurants and other institutions. 

The Grocery Products Division also has its head
quarters in Minneapolis. Its subdivision includes flours 
for home use, cake mixes, breakfast cereals, cookie mixes, 
frosting mixes, muffin mixes, potato products, casserole 
mixes, salad and cooking oils and pet foods. The prod
ucts of this division are probably some of the most 
widely known, including: Betty Crocker, Gold Medal, 
Wheaties, Cheerios, Trix, Frosty-0' s, Country Com 
Flakes, Lucky Charms, Cocoa Puffs, and Bisquick. 

The Specialty Products Division which has a great 
variety is also located in Minneapolis. Their products 
range from Christmas tree flocking kits to low-cost edible 
dietary protein concentrates. 

The Sperry Operations are located in Palo Alto, Cali
fornia. This operation is the General Mills' West Coast 
regional headquarters which handles the company's 
entire line of grocery products. Beside the numerous 
General Mills flours, Sperry also produces its own spe
cial flours for a variety of uses. 

The Refrigerated Foods Division, located here in 
Minneapolis, produces those ready-to-bake foods one 
finds in the dairy case in any supermarket under either 
the Betty Crocker or Puffin trademark. 

The Morton Foods Division is another subsidimy. 
Its headquarters are in Dallas, Texas. This subsidiary 
produces snack foods, institutional products, paper 
products, direct sales items and distributor grocery 
products, ranging from mayonnaise and pickles to coffee, 
teas and spices, from potato chips to Polish sausage. I] 

2. A ductile material can be formed in 
presses, and Malleable castings are com· 
momly punched, roll threaded, joined to 
other parts, or otherwise formed to meet 
design requirements. , 

One of the outstanding properties 
of Malleable Iron Castings 

A well-known application is the Malleable 
differential housing on an automobile. 
On many cars steel tubes are rammed 
into each of the side ports of the Malleable 
differential housing to create the axle 
housing. The Malleable expands slightly 
to accept the tubes ... then holds them 
rigidly for the life of the automobile. 
Despite the anticipated road jolts, the 
only joining operation is a small puddle 
weld to maintain alignment of the tubes. 

Ductility is a property which provides Malleable iron with a vital safety margin for parts 
under stress. 

A special heat conversion process transforms the material from brittle "white iron" 
to a tough, ductile metal with 10-18% elongation in two inches for ferritic grades, 2-10% 
for pearlitic malleables. Ductility is important for two reasons: 

1. It guards against sudden failure of a 
material. Under a static overload, a ductile 
part will deform gradually, giving visual 
evidence that failure is occuring. Impact 
will create sudden deformation, but un
less the overload is far above anticipated 
levels, the part will stay in one piece. 

The faith which engineers place in 
Malleable castings for shock applications 
is typified by the bridge rail posts pic· 
tured at the right. More than 30 states 
now specify Malleable for these posts 
because tests show the material can 
absorb greater impact than lightweight 
metals. 

MALLEABLE FOUNDERS SOCIETY " UNION COMMERCE BUILDING 
CLEVELAND, OHIO 44115 

MINNESOTA TECHNOLOG 41 





This month the Technolog has spared no expense and 
expended a great amount of time in order to bring to the 
decadent I.T. student eight visions of loveliness known 
as the Porn-Pon girls. 

I suppose you're wondering how to get into this Pom
Pon thing. Well, what you do is every spring when try
outs are held (60 girls tried out last spring), you drag 
your frame over to the try-out area and if your dancing 
and cheering is superior, you get a gold star on your 

CATHY MORGAN 

forehead and are accepted into the Porn-Pon thing. 
Now for a description of the girls. Judy Scott, the 

captain, was raised in Texas and is a 21-year-old senior 
majoring in sociology. She enjoys water skiing, bowling 
and tennis. Wendy Martin is a 19-year-old (soon to be 
20) junior majoring in elementary education. Her 
favorite pastimes are knitting and art. Cathy Morgan is 
a 20-year-old junior, originally from Kansas, with a 
Humanities major. She likes water skiing and knitting. 

Photos by Bill Ludwil 

WENDY MARTIN 



MARCY OSTERBERG 

Jean Ronning is a 19 (soon to be 20)-year-old junior 
majoring in elementary education. She enjoys music 
(piano), knitting, sewing and swimming. Sandy Hricko 
(pronounced Ree-ko) is a 19-year-old sophomore major
ing in sociology. She likes dancing, swimming, golf, 
tennis, skiing and modeling. By the way, she is the cur
rent Miss Brooklyn Center. Nancy Larson is a 19-year
old sophomore majoring in English. Her favorite sports 

SANDY HRICKO 

are tennis, golf and water-skiing. Marcy Osterberg is a 
21-year-old senior majoring in elementary education who 
likes bow ling. Last, but certainly not least, we have 
Holly Schwartz. She, like Nancy, is a 19-year-old sopho
more majoring in English. She likes skiing, drawing and 
painting. 

You've probably noticed that we omitted some rather 
important statistics. Since it would take up too much 
space to give all the individual measurements, we have 
calculated the composites. They weigh 933 pounds and 
stand 43 feet, 1 inch high. Their vital statistics are 
278" -188" -282". And that's a lot of Porn-Pon girl. 
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hat kind of engineer will you be 4& •• 

preliminary design, design, development? 
At AiResearch Phoenix, you work as all three 
before you decide. 

Your future as an engineer is 
strongly influenced by your first 
assignment. What that assign
ment will be, should be, is an 
important decision. 

At Garrett you control that 
decision. During an eight-month 
orientation program, you work 
with experienced engineers on a 
variety of assignments in different 
areas. Your permanent assignment 
depends on your own aptitude 
and interest. 

In preliminary design you may 
work on gas turbine engines, jet 
engine starters, or advanced power 
systems for space vehicles. Analy
sis is the key -and the emphasis 
is on thermodynamics, fluids, 
vibration, heat transfer, and math 
to solve today's problems. 

As a design engineer, you see 
your solution to a product design 
problem take shape on the draw
ing board and in fabrication. You 

may work on controls systems for 
turbine drives, engine fuel sys
tems, or a laboratory test system. 
Mechanics is the theme- statics 
and dynamics, materials and pro
cesses, and graphics are your tools. 

In development, you'll test 
designs before they go into pro
duction. Manufacturing processes 
are examined and production 
techniques are explored. Every
thing from nuts and bolts to com
plete power systems are tested, 
and your lab work and practical 
judgement will pay off in this area. 

Your career at AiResearch 
Phoenix can be stimulating and 

rewarding. You can work in all 
three important areas of engineer
ing on diverse aerospace products. 
You can use your total education, 
learn more on top of it, and take 
part in a wide variety of advanced 
engineering. 

At AiResearch Phoenix, the 
product lines include gas turbines 
for auxiliary power, turboprop 
engines for business and military 
aircraft, secondary power equip
ment for aircraft, advanced space 
vehicle nuclear power systems, 
pneumatic and hydraulic control 
systems, as well as a variety of 
related equipment for aerospace, 
ground, and undersea applications. 

Find out the whole story in our 
new booklet, Your Future at 
Garrett. Get it from your cam
pus placement office, or write 
AiResearch Manufacturing Divi
sion, 402 South 36th Street, Phoe
nix, Arizona 85034. 

AiResearch 
is challenge 

An equal 
opportunity employer. 

Los Angeles • Phoenix 
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ELECTRON MICROPROBE 
(Continued from Page 14) 

done either by taking a series of point analyses across 
a sample or by continuous translation of the sample 
under the electron beam. It is also possible to deflect 
the electron beam in the same manner as in the cathode 
ray tube. The area scanned in this mode can be varied 
from a few microns to about 40 sq. mm. The x-ray, 
sample current, or back scattered electron output may be 
used to modulate an oscilloscope synchronized with the 
scanning beam. Thus displays can be made to show 
spatial variations in concentrations of elements in a 
sample. Although such displays give only qualitative 
information they prove extremely useful in studying a 
specimen before quantitative analyses are made. 

Studies of normal and abnormal tissue calcification are 
currently being aided by microprobe analysis. These 
studies include bone growth, processes, hardening of 
blood vessel walls, degeneration of malignant tumors and 
many other tissues. 

Analysis of rock samples from the Duluth Gabbro of 
northern Minnesota has resulted in the identification of 
a new phase in this intrusion. Figure 2 is a photo
micrograph which shows what appears to be a common 
iron oxide mineral in the gabbro. X-ray scanning shows 
that the grain consists of an unusual chrome-iron spinel 
with intergrown ilmenite (Fe Ti03). Figures 3, 4, 5, 
show x-ray displays of iron, chromium, and titanium K 
alpha radiation, respectively. 

1 UlDN r SUffoRf 
£-DAY! 
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Figure 1 is a photomicrograph taken in transmitted 
light of a 30 micron thick thinsection of a pyroxene 
Ca ( MgF e) ( Si~ 0 6 ) grain. The dark area in the center 
is a thin blade of biotite K(MgFe) 3(0H)2AIS3010' 

TRAVERSE ACROSS BIOTITE IN CLINOPYROXENE 

FE K ALPHA 1,2 

CA K ALPHA 1,2 

FULL SCALE 1,000 CPS 

Figure 6 

Traverse across apex of biotite grain shown in Fig. I. Traverse 
shows change in iron and calcium concentration across biotite. 

(Magnification is 300x). Figure 6 shows the results of a 
traverse across the lower apex of the biotite grain. It 
shows that the calcium decreases and iron increases, and 
makes positive identification of the biotite possible. 
Intergrowths of this type make analysis by conventional 
methods of even single phases inaccurate. 

These are only a few examples of applications of the 
·electron microprobe analyzer, but they may serve to 
illustrate its versatility and suggest new applications to 
those who have special analytical problems. [J 

J B I TER IE EESI 

CHARGE YOUR PLANE TICKETS AT 

AMERICANS ABROAD, INC. 

TRAVEL SERVICE 

Fly at the company's expense to your job interview ... charge 

your plane ticket at AMERICANS ABROAD, INC .•.• pay when 

reimbursed by the company on your return. 

Make your air reservations and pick up your ticket at our con

venient campus location {next to Perine's book store). 

A letter from the company requesting the interview and your 

fee statement are necessary for charging. Bring these in when 

making your reservations. 

Call or stop in: 
9:00 to 5:30 Weekdays 

9:00 to noon Saturdays 

AMERICANS ABROAD, INC. 
TRAVEL SERVICE 

317 14th Avenue S.E. 
331-7909 
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by RICHARD HOUSTON, Arch. '69 

1. An attractive coed started to walk across the Wash
ington Ave. Bridge from the west bank just as a CLA 
masher started across from the east bank. They met at 
the middle of the bridge. Just as the masher walked 
past the coed he whistled and paused for 15 seconds, 
then walked on to the other end of the bridge. When 
he got to the west end of the bridge he paused for an
other 15 seconds while he recalled what he saw while 
crossing the bridge. He then walked back across the 
bridge at a rate of 3 feet per second, 50% faster than the 
first time across. As the coed got to the east end of the 
bridge another even more attractive coed started walking 
across the bridge toward the west bank at the same rate 
that the first coed walked. She walked past the masher 
488 feet from the east bank. The masher again paused. 
... How long is the Washington Ave. Bridge? 
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2. If you place a 15-foot ladder against a wall in front 
of which a 5-foot-square box has been placed, how far 
up the wall can the ladder reach? 

3. Use the figure below (answer to the first October 
Brain Teaser) to form seven triangles with three lines. 

Answers to October Brain Teasers 
1. One of four solutions, the two general types of 

which are given below. 

2. George and William Hill are 60 and Cynthia's aunt 
is 100; i.e., Cynthia's aunt is older than the Hills. 

3. The bugs will converge on the center. However, if 
the bugs are sufficiently small they will never get to
gether. 

4. The quotient is 1211, the first number of the divider 
is greater than 5, and the first number of the dividend 
is greater than 6. 

e 
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some chemical engineers 

prefer to work like this ... and some prefer it like this 

- \Ne'll promote them both 

You can talk to some of our chemical engineering big

wigs and come away with the impression that a man who 

has not yet forgotten everything he learned in freshman 

calculus is an impractical theorist and a shirker. (Your 

impression would be wrong. He doesn't mean that at all. 

Bessel functions were his meat at one time.) 

Others of our boss chemical engineers will sound as 

though it is no longer decent for an educated professional 

to look inside a reactor personally. (He neglects to tell 

you how hard it was to give up a grand time as an ap

prentice steamfitter to enter college.) 

Observe, then, that both of these types h_ave risen to 

bigwigdom. It takes all kinds to run an outfit like ours. 

The chap who applies new directions in the solid state 

theory of catalysts to knock a nickel off the tankwagon 

price of a monomer deserves reward comparable to that 

of the grimy one who cuts a plant's downtime in half by 

relocating the filters so that the pump motors quit burn

ing out. 

CHOICE is what we believe in offering, in addition to 

the expected emoluments. We believe in it for our own 

good. We can offer it because of our vast and ever-grow

ing diversification, which is all from within. We offer 

choice at the outset and choice after you have had a 

chance to try out your ambitions and sec how they work. 

Drop us a line about your ambitions. If your ambitions 

happen to be in mechanical or electrical engineering, 

drop us a line just the same. We offer choice there, too. 

EASTMAN KODAK COMPANY 
Business and Technical Personnel Department I Rochester, N.Y. 14650 

An equal-opportunity employer offering also a choice in location: Rochester, N. Y., Kingsport, Tenn., or Longview, Tcx, 



DRIVE POWER by General Electric: one section of Bethlehem Steel Corporation's new mill at Burns Harbor, Indiana. 

INDUSTRY CONTROL engineer Bob Vaughn, Vir
ginia Polytechnic lnst., worked on drives, 
control and the new SCR armature regulator, 
from design through installation. 

PRINTED CIRCUIT PROCESS heart of automatic 
control, was checked by Glenn Keller, Lehigh 
U., on the Manufacturing Program at Specialty 
Control Department. 

CUSTOMER REQUIREMENTS for d-e motors 
were met by Jim Johnson, U. of Cincinnati, on 
a Technical Marketing Program assignment at 
Large Generator & Motor Department. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC: 

utornatin a om lete tee I ill 

The automation of Bethlehem Steel Corporation's new Burns 

Harbor, Indiana, cold rolled and plate mills is another giant 

step toward meeting the demands for stepped-up steel 

production. General Electric is uniquely equipped to supply 

all the bits and pieces of automation, and to call on and 

integrate the skills of more than 120 business departments 

-skills that run the gamut of specialized and systems engi

neering, manufacturing and technical marketing. Whatever 

the projects at General Electric, and they are legion, a small

company atmosphere is maintained, so that individual con-

tributions are quickly recognized. And, these become starting 

points to new discoveries and opportunities. Write us now

or talk with your placement officer-to define your career 

interest with General Electric. Section 699-14, Schenectady, 

N. Y. (An Equal Opportunity Employer) 

'Progres£ Is Ovr Most lmporleJnf 'Prodvcf 

GENERAl ELECTRIC 





It can explore, test, salvage and sample the ocean floor -4,000 feet down 
Westinghouse has built a remarkable 
undersea exploration craft called Deep
star 4000. 

It can dive to a depth of 4,000 feet 
without cables. It can rise, turn, back 
up at will. It is self-propelled and inde-

pendent of surface craft while sub
merged. 

Manned by a crew of three, the craft 
will explore the vast undersea world
sampling the ocean bottom, photo
graphing specimens, setting and moni-

taring scientific instruments, salvaging 
lost cargo. 

Deepstar 4000 is the first of a fleet 
of Westinghouse submersibles now be
ing developed for depths up to 20,000 
feet. 

You can be sure if it's Westinghouse 

For information on a career at Westinghouse, an equal opportunity employer, 
write.L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa. 15221. 



ee e earings that can turn at rp 
These scale models are used in wind
tunnel tests for the Mach 3 SST super
sonic transport. SKF Industries, Inc. 
is prime contractor for rolling bear
ings in this fascinating project. 
After that, what? Even faster aircraft, 
calling for bearings capable of even 

higher speeds? At SKF, we're re
searching for this now. And for bear
ings that can operate at 1 ,000° F. Or 
under pressures of tons per square 
inch in the hydrospace; 
SKF makes every type of rolling bear
ing- the most complete line in the 

U.S.A.Applications range from space
craft to construction machinery. And 
tomorrow? Wherever progress calls 
for new advances in Motion Research 
and Engineering- you'll find SKF® 
bearings. Write for our brochure, 
Form No. 515, to Dept. 889-00. 

lli\IDI.ISTRIES, INC. 
IPhilacllelphia, Pa. 19132 
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Right now you're steeped in the latest 
technologies. But 10 years from now 
half of this knowledge will be obsolete. 
And half of what you will need to know 
isn't even available today. 

To keep up, you'll have to spend 
an increasing amount of your time in 
professional study. 

That's another good reason for joining 
IBM. We offer you a broad choice of 
educational programs-from on-job 
training to graduate study programs 
supported by the company. 

We want to help you grow because 

we've found it's the best way for 
IBM to grow. 

Today IBM is a leader in science 
and technology. A dynamic company 
whose people and systems are at 
work on almost everything new in the 
world today. The discovery of new 
knowledge. The design of new 
products. The development c:if new 
solutions to a host of problems. IBM 
is an exciting company that enables 
you to stay technologically "hot" 
throughout your career-and provides 
you with real opportunity for 
advancement. 

Your first opportunity with IBM starts 
with your placement officer. And with 
the IBM interviewers when they come 
to your campus. See them-and learn 
why you won't stand still at IBM. 

For more information, or if 
you missed our interviewers, write to: 

Manager of College Relations 
IBM Corporate Headquarters 
Armonk, New York 10504 

IBM is an Equal Opportunity Employer. 

I ® 
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What's Tom Milling's secret? 
The formula for the polymers for a unique new synthetic 
fiber. A fiber that might have a: profound effect on more 
than one industry. 

Tom is helping design a new process system for making 
the monomers-with Amoco Chemicals Corporation, our 
sister company. The system must be right, and right on 
time to meet an accelerating development deadline. 

Centers. Since we're always after new and better prod
ucts, we need the best men we can get. No matter how 
young they may be. 

Which brings us to you. If some of today's technolo
gies and products are starting to seem "old hat" to you, 
this may bring you to us. Your opportunity to learn new 
concepts and take part in new developments could be 
right here at American Oil. Whether you're in Chem
istry, Mathematics, Physics, Electronics or Metallurgy. 

That may seem like quite an assignment for a 23-year
old chemical engineer. Less than a year from his B.S. at 
the University of Illinois. But not around here-at the 
Amoco Chemicals and American Oil Research 

Want more information? Write to J. H. Strange, 
American Oil Company, P.O. Box 431, Whiting, Ind. 

~ 
~'j~ 

STANDARD OIL DIVISION STANDARD AMERICAN OIL COMPANY 

~Ill~@ 
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Why Are You In I.T.? 
There are many answers to this question, reflecting the tremendous diversity in background 

and interest of the student body; however, it seems to have one common denominator. Virtu
ally every student in I.T. is preparing himself for gainful employment. The «job" may not be a 
goal in itself for many students, but it does represent the culmination of four or more years of 
intensive preparation and so cannot be treated lightly. 

WQuld you be interested, then, if someone could guarantee you a better job with higher 
pay when you graduate? 

A check with the placement office reveals that there has never been a case in which partic
ipation in extracurricular activities has proven detrimental to a student in applying for a job. 
On the contrary, a large number of companies consider extracurricular activities second (in im
portance) only to the C.P.A. when interviewing a prospective employee. This is even more sig
nificant when you consider that about 85% of the graduating class have grade point averages 
below 3.0. This does not mean to imply that the man with a 2.0 and a long list of activities will 
compete successfully for a research position with a man who has a 3.5 average but no activi
ties. The point to be made is: 

No matter what your C.P.A., or other qualifications, a record of participation in extra
curricular activities is attractive to prospective employers, and hence guarantees you a better 
chance of obtaining any particular job than if you had not participated. 

All well and good you say, but what about that $10,000? Very simply, $10,000 is what a few 
engineers with bachelors' degrees will be making two or three years after getting out of school. 
These engineers are often the very ones who have participated successfully in extracurricular 
activities, because the required characteristics of leadership and initiative which they have de
veloped are rewarded for in industry. 

Why not get started by dropping in at the office of the technical society in your depart
ment or signing up for an E-day committee? Who knows, it might be your first step toward 
becoming a five-figure man. SS 
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I PR VE ENT: 
1954: Gross Sales = $259,133,000 
1964: Gross Sales = $665,773,000 
197 4: Gross Sales = ? 

We don't know the answer, but it will involve more 
IMPROVEMENT. 

NCR always has been guided by the improvement 
concept: methods, quality, materials, people. That's 
why we hold professional seminars, provide ad
vanced education, evaluate a man at regular inter
vals. We know that people must be ready for the 
next step up. 

We know also that an employee's expectations 
from his work must be known and met. 

What about you? Do you see a climate for self
improvement in your present job? If you are an engi-

neer's engineer, can you see the sometimes myth
ical "technical ladder"? If you are management 
oriented, is there room for you? 

If you are a professional person with a minimum 
of a BS degree in Electronics, Mechanics, Chemical 
Engineering, Chemistry and research, development 
or manufacturing engineering background, write to 
us. See if we can meet your expectations. 

By the way; we are interested in what you have 
done, but we are more interested in what you want 
to do! IMPROVE? Sure! You will have to, to stay up 
with NCR. Write to: 

T. F. WADE 
EXECUTIVE AND PROFESSIONAL PLACEMENT 
THE NATIONAL CASH REGISTER COMPANY 
MAIN & K STREETS, DAYTON, OHIO 45409 

An Equal Opportunity Employer 

THE NATIONAL CASH REGISTER COMPANY ® DAYTON, OHIO 45409 
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CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
1!!1 Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 

~NNESOTA TECHNOLOG 

1!!1 Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! 1!!1 Repeat and re· 
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa· 
per. Introduce your students to it today. 111 Write now 
for Clearprint samples, sizes, and prices. 
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edited by DANIEL KEHRBERG, Met E '68 

One day whilst we were quietly pounding our frus
trated heads against the wall in frustrated effort to 
simultaneously study for finals and enlighten the 
thoughts of our readers, a young leftist friend of ours 
from CLA suddenly interrupted the quiet "thud ... 
thud" sounds and frustated low moans of the staff with 
the cry, "Comrades!" 

Astonished-and somewhat irritated-we looked up 
at him through bleary eyes as he continued, "Com
rades I have come to save you!" So, jumping up on a ' . . table our leftist friend shouted at the top of h1s vo1ce: 
"Destroy the tyranny of the Board of Regents! Cast off 
the shackles that bind you to the whims of dictatorial 
professors! Students rebel! You have nothing to lose 
but your grades!" 

A wave of excitement passed amongst us. ~~students 
of the proletariat, join me in the march to destroy the 
decadent imperialists of the bureaucracy. Fight the 
injustices those mercenary capitalists have heaped 
upon you." . . 

Hearing this our excitement vamshed and gazmg 
down at our tired feet with the tired holes in our shoes 
and then at the frustrated lumps on our heads, we 
sadly remarked that we_ could neither march nor fight 
very well. "What makes you think this is so bad?" we 
asked him. "After all, it could be worse." 

"Worse? it is worse. Have any of you been in the 
Walter Library lounge lately?" he said pinning us with 
a baleful gaze. 

"No, not lately." 
"It's despicable, horrible, atrocious!" he yelled. 

"There isn't an empty chair to be found and students 
are sitting on the floors, in the halls, on the stairs, on 
the tables-everywhere!" 

"Oh, come now, it can't be as bad as all that," we 
cautiously ventured. 

uvea, well I'll tell you, I've even seen students 
sleeping there and besides, you don't think that they 
use those typing alcoves for typing once all the chairs 
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have been removed by other desperate students, do 
you?" 

11Well, that's nothing new," we replied, uwe see stu
dents sleeping in lounges all over campus." 

"But at six o'clock in the morning?" 
"Shades of parking space shortage," we said 

amongst ourselves, they can't be that anxious to get a 
spot." Then, suspiciously eyeing the hammer and 
sickle that he had been waving around in his hands, 
one of us said, "You don't suppose he could be a-ist, 
do you?" 

Finally, having made a decision, we valiantly arose 
and like the good, solid American citizens we were, 
grabbed him by his bright red uniform and threw him 
and his Russian flags out the door. Uttering one last 
cry of "Atrocity!," he disappeared. 

Later, after we had proudly congratulated ourselves 
for having seen through this imposter, someone said 
amidst a chorus of thudding craniums, "Do you think 
we did the right thing?" 

"I don't know," someone replied and he tripped over 
an unconscious senior, 11but I do know one thing:" 

"What's that?" 
"We keep going like this and we'll need some new 

walls!" 

~ 36- 6 
We are happy to announce the creation of a new 

course in the philosophy department-Phil 36-22-36 
(i.e., the Pom-Pon Philosophy). Further information 
concerning time and room will be announced later. 
While Hugh Hefner (author of the Playboy Philosophy, 
in case you weren't aware) may have a lot over our 
editor, we'll stack (mentally speaking) our Pom-Pon 
girls against his any day. Seriously, we thought you 
would be interested in the opinions prevalent in one 
of the more legendary groups (i.e., fabled in song and 
story) on campus-the Pom-Pon girls. A rather differ
ent type of feature, huh? To get their opinions, we lured 
them into our office one day bright and early last 
November. After we-oops, can't say that. Anyway, 
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we eventually asked them all sorts of nosey questions. 
One of the girls said she forgot to come, but she prob
ably found out about the nasty questions. Actually, 
she said she would like to have been there. The girls 
present were: Sandy Hricko, Nancy Larson, Wendy 
Martin, Marcy Osterberg, Jean Ronning, Holly Schwartz, 
and Judy Scott. To see how cute they are, find last 
month's mag and turn to page 42. Even with all those 
fabulous pictures, we give you more this month. Inter
viewers were Dan Kehrberg and Steve Lindfors. 

The slashes in the interview have nothing. to do 
with cut wrists, but indicate when another of the girls 
starts talking. Photos by Bill Ludwil. 
TECHNOLOG: Define, in your own words, what a Pom
Pon girl is and what her function is on campus. 
POM-PON GIRLS: Well, it's obvious that she is there 
to arouse spirit, and I think also that one of the 
primary functions of the Pom-Pon girls is to comple
ment the band when they play and they likewise com
plement us in our performing. Anyone else want to 
add something? (Pause) 
TECHNOLOG: Are you cheerleaders? 
POM-PON GIRLS: Yes, mmm-hmm. 
TECHNOLOG: And Pom-Pon girls? 
POM-PON GIRLS: Both. It's a combination. 
TECHNOLOG: Both! 
POM-PON GIRLS: Would you repeat the question? 
TECHNOLOG: Define, in your words, what a Pom-Pon 
girl is and what is her function on campus. 
POM-PON GIRLS: Well, I think this is something to do 
with .... It has something to do with the whole foot
ball and athletic atmosphere as a whole. I think 
Pom-Pon girls can be considered a part of the athletic 
atmosphere-1'11 use the word again-of the University, 
which is a spirit apart from the academic life. But, 
in the same sense, it's a necessary part of college if 
you're to have a complete education. And I think 
that the Pom-Pon girls add to this athletic spirit. And 
if a student will participate ... that is, come to the 
games and enter into this spirit, his education will go 
beyond, will exceed, the academic learning that he 
attains at a school of this type. And the Pom-Pon girls, 
as I said, are just another part of this-as is the team, 
as is the band, as is ... the beautiful day, what you 
associate with a football game. 
TECHNOLOG: What sort of unofficial activities do you 
do as a group? 
POM-PON GIRLS: Sell buttons. We haven't really done 
that much. I And we acted as hostesses for the M
Ciub and this type of thing when called on. 
TECHNOLOG: Are most of your activities done during 
fall quarter? 
POM-PON GIRLS: Actually, we're probably more busy 
during the winter, because we have hockey and basket
ball. When there's a hockey series, that's both Friday 
and Saturday night, and basketball games are Tues
days and Saturdays, usually, so we have a real full 
schedule. /Plus we have skatin~ practice as well as 
regular cheerleading practice-Pom-Pon practice-for 
basketbal games. I And, in addition to that, there are 
things like, for instance, when we act as representa
tives of the University to potential scholarship winners 
-seniors in high school. We had a luncheon with 
them and acted as representatives to the University. 
And, aside from cheering at the University, we've 
cheered [in] downtown Minneapolis-sort of an official 
function. In that aspect, we're not at the University 
and we operate as representatives to the University. 
Unofficially, we do that quite often. /Quite a bit of 
public relations. /We're not allowed to endorse prod
ucts, and things like that. We had an offer this fall 
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to come to 3M. They wanted a couple of Pom-Pon 
girls. /We did endorse something [last year]. That's 
why we can't do it anymore-that was very wrong. 
Remember, there was a bit write-up in the Daily 
about it? I It was MSA that arranged it. I But MSA 
will not allow it anymore. The Student Activities 
Bureau will not okay anything like that-any endors
ing of any products. 
TECHNOLOG: How much time do you devote in an 
average week, to practice and public appearances? 
POM-PON GIRLS: I would say we devote at least eight 
to ten hours a week in practice and performing at the 
games. Sometimes, it runs more than this. I Not very 

Egad! Did you see the editor?! 

often less, though. But during basketball and hockey 
it's less ... like if there's one basketball game, that's 
an hour and a half-plus four hours of practice, that's 
five and a half hours. /But then if you average in the 
fact that before school started, we put in ... five hours 
a week when people don't even think we're working. 
And all summer long we practice. 
TECHNOLOG: How much do you practice during the 
week? Is it four hours? 
POM-PON GIRLS: Four hours. Mmm-hmm. /We usu
ally practice more than that, because then we usually 
practice an hour· before the game, don't we? Or it 
amounts to about that. 
TECHNOLOG: Why does the University have Pom-Pon 
boys? 
POM-PON GIRLS: (Laughter). Well, they're called 
cheerleaders, not Pom-Pon boys. /They'd love that. 
I At Michigan, all they have are boy cheerleaders, be
cause they feel that they can really arouse the spirit. 
/Did you see those guys-the guys from Michigan
they were doing kicks like we do! /Our boys are more 
gymnasts. /They don't retain the role of pansies. /You 
can't classify them as Pom-Pon boys. /You mean 
otherwise you could? (Laughter). I It's another facet 
again of ... I mean we dance, and the boys have gym
nastic routines. And then we combine to cheer. But, 
it's another aspect, again, of football. The Pom-Pon 
dancing is part of this, and so is the gymnastics. We 
just think that the boys look better, and are better fit 
for the role of the gymnastic artist than the girls. 
TECHNOLOG: What was your relation to the cheer
leaders? Why did they have two groups? 
POM-PON GIRLS: Yes, they used to have two groups
Pom-Pon girls and cheerleaders. But certain people 
decided that there was friction between the groups, 
and certain other things that weren't true-but that's 
what they said. And so, they decided to combine them 
-feeling that that would reduce the friction between 
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the two groups. Then there'd be one squad. /Well, 
for one thing, they didn't support the Pom-Pon girls 
at all, did they? I mean they had to make [all] their 
own money. I No, the Pom-Pon girls were supported 
... much more than the cheerleaders. /They didn't 
go to any of the away games, though. /Yes, they did. 
I Did MSA give the Pom-Pon girls money? /Yes, they 
did. [We] even went to [away] hockey games. We 
went to North Dakota and it was paid for, and we went 
to Northwestern-all eight of us-and it was paid for. 
TECHNOLOG: Do you have a group philosophy? 
POM-PON GIRLS: Pick-a-little, talk-a-little . . . 
(laughter). 
TECHNOLOG: What? 
POM-PON GIRLS: Nothing. /Oh, that's cute. I No, 
that's not our philosophy-we shouldn't let them in 
on our squad secrets. What do you mean by group 
philosophy? 
TECHNOLOG: What she said. 
POM-PON GIRLS: One for all, and all for one. /What 
is our philosophy? /Well, of course we have a phi
losophy. /Try and be as closely knit when we perform 
as possible. /Try and be organized. /Precision? /Well, 
do you mean like: "We do pledge ourselves ... ". 
[Try and] provide the University with as much spirit 
as possible. /We don't provide spir- /Well, I meant 
we try to- /We try to increase the spirit. I Promote 
the spirit. I Arouse the spirit-with our eye-catching 
short skirts. I No, that's crowd-pleasing! /That was 
in Ohio. 
TECHNOLOG: What are your impressions of the aver
age I.T. student? 
POM-PON GIRLS: Intelligent. /Yes, I.T. stands for 
intelligent I At least two of us are going with LT. 
students, so we have to- /So, you're very prejudiced. 
1 And we like their boyfriends. (laughter) I Most of us 
approve [of them]. 
TECHNOLOG: Intelligent, gosh. 
POM-PON GIRLS: What else? I Intelligent, studious, 
I and hard-working. I Forthright 
TECHNOLOG: In your experience, especially those of 
you that are closely connected with these two I.T. stu
dents, would you say they are lacking on the liberal 
[arts] end of education? 
POM-PON GIRLS: Absolutely not. /Oh, no, I don't 
agree with Jean. I think they are lacking on the liberal 
end-most definitely. /Of course, Elliot started out in 
CLA. I As a matter of fact, the guy that I'm going with 
felt it so badly that he went into CLA for awhile. This 
quarter, he's in sociology, and French and art and 
humanities-just because he wanted to get some of 
that. /Elliot did that too. He did the same thing. /So, 
perhaps they aren't really typical examples. /Definite
ly, I think a lot of guys would feel this lack of liberal 
arts education. /It'd be awfully dry if they didn't have 
something [else] ... 
TECHNOLOG: What are your overall views on boys?
POM-PON GIRLS: Overall views? /Oh, they're all right. 
TECHNOLOG: There aren't any here, feel free to speak. 
POM-PON GIRLS: There aren't any? 
TECHNOLOG: We're all men! 
POM-PON GIRLS: OOH? Oh! Do you mean men or 
boys? 
TECHNOLOG: Ah-college students-boys .... /Good 
vague term .... /Now we'll get a good vague answer. 
POM-PON GIRLS: Would you repeat the question, 
please? 
TECHNOLOG: What are your views on boys? 
POM-PON GIRLS: They write funny jokes in the 
Technolog. (laughter) 
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TECHNOLOG: I think they all want a Coke. 
POM-PON GIRLS: We all like boys. /They're nice to 
have around. /We're mad about them. /Could I have 
the opener? How could we live without them? I Are 
they treating us? I No, it costs you a dollar. I Is it free? 
I I don't want the whole thing. 
TECHNOLOG: Of course it's free. Make sure you get 
this in the picture, Coke will love this. 
POM-PON GIRLS: Well, I think boys are fun. /We like 
boys. Save the caps: Oh, I threw mine away. What 
was the last question? /What are your views on boys? 
/Could I have your cap, Jean. I All right, who has 
views on boys? /Marcy? /No, I can't think of anything. 
/May I have your cap? 
TECHNOLOG: You're stealing our Coke bottle caps!?? 
POM-PON GIRLS: I think most of us like boys that 
are athletic-minded and like to go to games and stuff, 
regardless of whether they're athletes or not, don't we? 
I Right. We like boys that are going where the games 
are. We like boys that are interested in sports. Not 
just-/Not only sports, however. /Okay, let's have 
Sandy's view on the boys. 
TECHNOLOG: Yeah, tell us about boys. 

Marcy: Boys? What are boys? 

POM-PON GIRLS: Uh, Well, Uh ... /you're the ex
perienced one. /1 was just thinking that most of us 
like the well-rounded individual-interested in sports 
and school, and, even if they are I.T. students. 
TECHNOLOG: I'm not. [Dan] 
POM-PON GIRLS: Well, you seem to think we have 
something against them.-(sigh). 
TECHNOLOG: Can't ask that one-you crossed that 
one out, should I skip it? 
POM-PON GIRLS: I'd like to look at [those questions] 
myself. 
TECHNOLOG: Go ahead- /go ahead, ask 'em all. 
I Ask 'em all?-what are your views on dating? 
POM-PON GIRLS: Well, how-how could you expect 
a college life to be complete without dating? /Right. 
I It's fun. /It's a necessity. 
TECHNOLOG: Oh, we should ask the next one, and see 
if she says it's fun . . . (laughter). /What's that, 
there I No, that's the one-
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POM-PON GIRLS: What are your views on sex!? /Well, 
obviously, everybody asks that. /Is that really .... 
/Well, that depends. /There's male and female, and 
then there are- /biologically speaking-
TECHNOLOG: Don't speak biologically! (pause) Si
lence! 
POM-PON GIRLS: Well, no! What are you referring to? 
Be more-
TECHNO LOG: I think we all know the problem (pause, 
again) (laughter). All right, we'll put it this way. What 
are your views on the existing moral climate?-morals, 
the way they are nowadays. The "new morality" as be
ing actually the old immorality [pause] after all, you're 
girls,-and in I.T., we don't see many. 
POM-PON GIRLS: I think morals are pretty bad right 
now. I I think that morals are a personal decision, and 
that each person has to decide for himself what is right 
and what is wrong for him, and that there is not neces
sarily a correct moral thing-code, because it's an in
dividual decision. And perhaps the ... strict morality 
of yesterday, in a lot of cases-if you study it in school 
-was wrong, it caused regression. It didn't allow for 
progression. /Oh, there's plenty of progression going 
on .... /1 don't agree with you. /1 don't either. II 
think everyone has their own moral-own morals. 
I Everyone, obviously, is going to make the decision 
for themselves, but his question is what do we feel 
about the situation as it sits today, and I feel that's 
it's very, very bad. I I think it is, too. 
TECHNOLOG: Would you say people, on campus espe
cially, make this decision themselves, or conform? 
POM-PON GIRLS: I think a lot of people conform, I 
really do ... /Yeah. /Well, I think they conform 
to their own wants without thinking about whether or 
not it's right, or what they should be doing. I But where 
do these come from? 
TECHNOLOG: Yeah, where do their wants come from? 
POM-PON GIRLS: They come from inside-from your 
chemistry. 
TECHNOLOG: They come from your environment. 
POM-PON GIRLS: They come from your family, they 
come from your environment, they come from the 
people that you are with-the accepted way of think
ing. /Yeah, but who is to determine what is right 
and what is wrong, or to set the way of thinking? 
/Well-he just asked us what we think about the moral 
situation now. /That's why you can't pick out a person 
and say- /You can't say what is moral and immoral 
at all. /Yeah. /1 personally think [society] can't be 
any more immoral now ... you know), Well, the way 
they used to do it-they used to have chaperones .all 
the time. /Well, that's the only safe way to go. I I thrnk 
most of us would agree that conditions right now are 
poor, or the moral scenery .... /Why, why, why, why, 
why?! /Yeah, but, see, this is the thing-you're asking 
why .... I No, I'm not asking what the reasons are
l'm just asking why you say that. /Why do we think it's 
bad ... ? /Yes, Why? /Because half the girls- /Be
cause of all the pre-marital sex that's going on? /But 
you can't say that's moralistically .wrong. /Yeah,. but 
if you can't- /You have to look at rt. I Read the B1ble, 
for crying out loud. I But, not only then, it's your 
obligation to humanity ... !-arguing with people 

TECHNOLOG: I never heard girls argue before-go 
ahead! (laughter) 
POM-PON GIRLS: I'm not arguing, I'm analyzing 
it . . . It's a basic institution. /Okay, but I think 
a lot of it depends on the girl and the boy-:-like,, if 
you're going with a guy, maybe you've been gorng w1th 
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him-and you're really in love with him, I can see 
where it would be alright. /Oh-that's just a way of 
rationalizing it, though. I No-it is tremendously dif
ficult-there's no question about it. I But, I think what 
we're speaking of is girls that-the first date, you know, 
go out with a guy, or they just go to a party. I mean, 
I've witnessed one party and I've heard things I never 
realized were true. /Sounds like true confession! 
(laughter) 1 No, I'm not applying it to me at all, but I 
was shocked at what 1-these girls-1 couldn't believe 
it! No morals whatsoever! 

(CONTINUED NEXT MONTH) 

Although you're probably still tired out from the 
Festival of the Dirty Old Men (Nov. 16-Dec. 15.), the 
Technolog is forging ahead in its presentation of next 
month's calendar. This coming month promises to be 
one of great revelry (chocolate revelry) and one with 
many chances for the engineer to let loose his pent-up 
feelings of frustration, of anxiety, and of miscellaneous 
girl friends. The crisis for this month is: "Quebec 
Nationalists turn off Niagara Falls or was it that they 
stopped using Niagara starch?" Did this cause the 
great power black-out? We are happy to announce 
that the first person who can identify Johnny Sevcik 
will receive a prize upon presentation of this informa
tion at the Log office (ME 2). 

Dec. 16-31 
16-Campus Cops vote to join the Mickey Mouse Club 

Anniversary Day 
17-Five shopping days left Day 
18-Last Day of Final Examinations Day 
23-Johnny Sevcik Fan Club Meeting 
25-8 Days Until Hanukkah Begins 
26-Technolog Nassau Excursion Begins 
29--12th Annual Enactment of the War of Jenkin's Ear 
31-New Year's Eve 

Jan. 1-15 
1-Lasht Night was a Weal Shucshess! Day . 
4-Be Kind to an R.O.T.C. Cadet Day (He's domg the 

best he can) 
9-Find Out for Whom the Bell Tolls Day 

11-Niagara Falls Runs Dry Again Day 
15-Start of the Governor Rolvaag "Look-a-Like Con

test" (Chimpanzees need not enter) 

Conclusion: In conclusion we can conclude that 
this is conclusively not the conclusive conclusion to 
all this confusion-the second installment of the 
"Pom-Pon Philosophy" is coming up next month, plus 
all of the scheduled spontaneous insanity and irregular 
features that we can squeeze in. Articles this month 
are on the mathematics of elliptical orbits, the explora
tion of the nearby ·planets and on the fact that at one 
time, not so long ago, such topics were "science fic
tion." Returning to Earth, you'll be able to find some 
earthy jokes on Herr David E. Engen's joke page, our 
Regular Feature of the Month.. By-the-b~, the. Pom
Pon Girls approved our transcnpt of the mterv1ew; a 
surprising reaction considering that they had ~xpected 
innocent questions, such as: "How do you hke Porn
Penning?". Speaking of innocence, we wish to con
gratulate the Daily for its recent fabulous supplement 
on sex. It makes one want to contemplate those im
mortal words of Albert Einstein: " ... the end .... " 

11 



EE, ME, ChE, Physics and Chemistry Graduates: 

s na r ra 
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a chance t I 

It could happen on your first job. 
Some very young engineers and scientists at 

Xerox helped our "old timers" invent the electro
mechanical-optical- chemical machine pictured above 
-the Xerox 2400. On its patent documents you'll find 
names like John Wirley (BSEE Univ. of Detroit '60), 
Henry P. Jankowski (BSEE Rensselaer Poly '62), and 
Larry H. Warren (BSEE Clarkson '63). They all joined 
Xerox right after graduating. 

The 2400 is no fluke. It's just a recent example 
of a tradition that began in 1959, when Xerox revo
lutionized the office copying field by introducing the 
now world-famous 914 Copier. From the 914 onward, 
every new piece of equipment or system we've devel
oped has had no real counterpart already on the scene 
from any competitor. 

What about the future? It gets even more inter
esting. Because as advanced as today's systems may 

ati n iII s e 
liiiJ 

t t 
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appear, they don't yet fully reveal the true technology 
Xerox is pursuing-graphic communications. 

Born out of the global information explosion 
and its incredible potential for helping to solve man's 
oldest problems (as well as his newest scientific rid
dles), graphic communications at Xerox encompasses 
the entire spectrum of communications in a graphic 
sense: the formulation, reception, transmission, re
cording, storing, retrieving, processing, copying and 
presentation of any meaningful images. 

And if you don't think all this has a habit of 
creating continuing opportunities to "invent some
thing," ask John, Henry, Larry ... or some of your 
own alumni who started their careers here ... or your 
Placement Director. If you prefer, write directly to 
Mr. Stephen G. Crawford, Xerox Corporation, P. 0. 
Box 1540, Rochester, New York 14603. 

ERO 
An Equal Opportunity Employer 

XEROX, 2400 AND 914 ARE TRADEMARKS OF XEROX CORPORATION 

Performance Note: The Xerox 2400 (illustrated) can produce copies on ordinary paper directly from an original document at the rate of 2,400 per hour. 
No "master" need be prepared first. An operator simply places the original on the machine, dials the number of copies wanted, and presses a button. 
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NE S TR ELS 
STER ON 

Tl KEN® BEARINGS 

"NEITHER RAIN NOR ••• " 
In snow country, the mail goes 
through on a Ski-Doo Bom
bardier power-sled, made by 
Bombardier Snowmobile ltd., 
Quebec. It is also used on trap 
lines, for sports and for haul
ing supplies. Timken® bear
ings in the clutch give it extra 
capacity in a small space. 

:MINNESOTA TECHNOLOG· 

WHEElS AND SHAFTS. What
ever you build-wheelbarrows 
to steel rolling mills-Tim ken 
tapered roller bearings can 
help it perform better, longer. 
They're precision-made of 
nickel-rich steel by: The 
Timken Roller Bearing Com
pany, Canton, Ohio. Also 
makers of Fine Alloy Steel and 
Rock Bits. 

WORlD-WIDE CABlES. The 
C.S. long lines, new Bell Sys
tem cable-laying ship, is on 
the high seas. In its wake, 
thousands of miles of cable, 
paid out at eight knots. 2,816 
Timken bearings keep the 
ship's linear cable engine 
operating. 

EXTRA! EXTRA! This Goss 
Headliner Mark II press runs 
70,000 newspapers an hour. 
It prints in color. It folds. It 
delivers the papers to the load
ing dock. Not one Timken 
bearing has required prema
ture replacement. 
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by FRANCES FROST, Grad. 

For centuries man has been intrigued by the earth's 
single natural satellite, the moon. In preparation for 
man's exploration of the surface of the moon it is desired 
to place artificial satellites in an orbit around the moon. 
But before this can be accomplished, man must have 
the ability to determine accurately the orbit of a satel
lite of the moon. If the satellite is to be near the sur
face of the moon-and certainly this would seem the 
best type of orbit-not only the force exerted by the 
moon and the earth on the satellite must be considered 
in the Hamiltonian but also the oblateness of the moon. 
For, just as in the case of the earth and its artificial 
satellites, the non-spherical shape of the moon causes 
the orbital plane of the artificial satellite to rotate. 

In determining the position of a satellite rotating about 
a central body six elements are necessary. To specify 
the shape of the ellipse of the orbit, the semimajor axis 
a and the eccentricity e are given. From these two 
elements the apocenter Q, the point farthest from the 
principal focus of the ellipse (normally the center of the 
body about which the satellite rotates), and the peri
center P, the point of closest approach to the principal 
focus, are found by the relations Q = a (I+ e) and 
P = a(l-e), respectively. 

Two angles are necessary to specify the orientation 
of the orbital plane to the chosen reference coordinate 
systems. One is the inclination i which is the dihedral 
angle between the orbital plane and the XY-plane of 
the chosen coordinate system. The second is the angle 
h in the XY-plane between the positive X-axis and the 
line of intersection of the orbital plane and the XY-plane. 
The point N at which the satellite rises above the 
XY -plane is usually called the ascending node while the 
angle h is called the longitude or right ascension of the 
ascending node ( see figure 1 ) . 

To specify the orientation of the orbit within the 
orbital plane a third angle is used. Usually this is the 
angle g from the ascending node N up to the pericenter 
P. This angle is called the argument of pericenter. 

The sixth element is needed to locate the satellite 
within the orbit at a given time t. This sixth element 
may be the time of pericenter, denoted tp, or it may 
be the true anomaly e, the angle between the radius 
vector of the satellite and the pericenter P. Often this 
sixth element, whether the time of pericenter or the 
true anomaly, is expressed in terms of another variable, 
the mean anomaly, which is denoted by 1. The time of 
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pericenter tp and the mean anomaly I are related by the 
equation 

klh ( t- tp ), 
1 = a 3/2 

where k is the force constant appearing in the equations 
of motion. In general, the period of the elements e and g 
is long (about 300 and 600 days, respectively) com
pared to that of the mean anomaly (about 14 days). 

In brief, the following are the six elements needed to 
determine the Keplerian orbit of a satellite about a 
central body: 

a = semimajor axis 
e = eccentricity of the satellite's orbit 
g = argument of pericenter 
h = longitude of the ascending node 
i = inclination of the orbital plane 
tp = time of pericenter. 

We will be concerned here with the long-period 
Hamiltonian in which the argument of pericenter and 
the inclination of the satellite appear, along with the 
eccentricity of the orbit, but from which other angular 
variables have been eliminated. This is the form de
rived by Kozai and Giacaglia et al2 •3 • It includes the 
perturbation of the earth as a point mass and the princi
pal part of the oblateness of the moon. This long
period Hamiltonian is 

F = 7(5K1L(5-3x)(-1 + 3H2/G2 ) 

+ Y§K2x-3/2 (- 1 + 3H2 /G2 ) 

where 

+ (5/2)(K1L)(1-x)(1-H2/G2 )cos(2g) (1) 
= 7(5C, 

X = 1-e2
, 0<X<1 

L = ( f.La )¥2 
G = L(l-e2 )% 
H = G cos i 
f.L = gravitational constant times the mass of the 

moon, 
3.6601891 X 10-3 decamegameters3/ centiday2 

K1 = 3n1
2 

/ ( 8en) (in centidays-1 ) 

n1 = mean motion of the moon = 2.280713 X 10-3 

radiansjcentiday 
n = J.L 2L-3 = mean motion of the satellite 
e = ratio of the sum of the masses of the earth 

and moon to the mass of the earth 
1.0123001 

K2 = % Jz b 2n 2 
( decamegameters2jcentiday2 ) 
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J 2 = principal part of the oblateness of the moon 
= 2.41 X 10-4 (reference 2) 

b = mean radius of the moon = 0.1738 decamega-
meters. 

The unit of distance is the decamegameter and of time 
the centiday. Since the Hamiltonian ( 1) is not an 
explicit function of time, it has a constant value of 
F = ;iC. 

The Delaunay variables, L, G, and H, are related to 
the Hamiltonian and the elements of 1, g, and h by the 
equations 

dl -oF dg -oF dh -oF 
---- --- ---
dt oL, dt oG dt oH 
dL oF dG oF dH oF 
--- --- ---
dt ol dt og dt oh 

It is assumed that L and the ratio v = H/L are constant. 
One special method of solving this Hamiltonian for 

the elements x and g involves harmonic analysis. It was 
suggested, many years ago, along with a method involv
ing elliptic integrals, in a series of four papers, "On the 
Stellar Problem of Three Bodies" by E. W. Brown.1 

Special methods are needed for the problem of long-term 
motion of a lunar satellite, since the standard proced
ures (von Zeipel' s method and the method of successive 
approximations) break down at this point for the lunar 
satellite. 

Harmonic Analysis Method 
In the method involving harmonic analysis it is as

sumed that x and dt/dg may be represented by cosine 
series with the argument of pericenter g as the variable. 
Integrating dt/dg gives g as a sum of a linear expres
sion of time and a sine series in g. On reversing this 
expression we have g as a function of time. Then x is 
approximated as a cosine series in time. 

It is necessary in this method to solve the equation 
( 1) for x corresponding to chosen values of the argu
ment of pericenter g. For the example presented here 
x -3/2 = ( l-e2 ) - 3/ 2 was represented by its Maclaurin 
series which was then terminated to give the following 
quadratic equation in e2 (for small to moderate values 
of e): 

o:e4 + (3e2 + 1 == 0, 

MINNESOTA TECHNOLOG 

where 
o: = 3K1 L +% K 2 (-1 + 15v2

) -15K1Lcos2g 
(3 = ( K1 L + K2 ) (- 1 + 9v2 

) + C 
Y = 2(K1L + K2 ) (-1 + 3v2

) -C. 
Then x = 1 - e 2 = 1 + (3 j2o: + ( {3 2 I 4o:2 

- Y I o: ) lh The 
sign is chosen so that the corresponding value of x lies 
between zero and one. 

Given the initial conditions L = 0.06, G = 0.055, H 
0.05, and g = 0, we find: 

e = 0.39965264 
X = 0.84027778 
a = 0.98355573 decamegameters 
i = 24.619974° 

K = 3.105573 X 10-1
" 

K = 2.1003149 X 10-s 
c = 7.6893300 X lO-G 
v = 0.69444444 

We assume x = ~ a~< cos 2kg and dtldg = ~ bk cos 
2kg, terminating the series with cos 8g so that 

x = a0 + a1cos2g + azcos4g + a:,cos6g + a"'cos8g 
dtjdg = b 0 + b 1cos2g + b~cos4g + bBcos6g + b~cos8g. 

z 

y 

Figure 15. 
Angles used in orbit determination. 

Solving the Hamiltonian for x (as described above), 
given the five values 2g = 0, 7t/2, 7t/3, 27t/3, we have the 
following results: 

2g = 0 7r Tr/2 271-/3 

X - .84027778 .78055119 .80702653 .82317074 ,79270692 

Corresponding to each of the five special values of 2g 
with their associated values of x, dtjdg is evaluated 
using the equation 

g = t/b0 -(b1/2b0 ) sin4g-(b214b0 ) sin4g 
-( bsJ6b0 ) sin6g -b4/8b0 sin8g 

Then the following table may be used to solve for the 
coefficients in the series for dtjdg: 

2g = 0 

dt/dg 8663.7170 6662.5543 8155.7627 8611.8994 7446.8692 
( centidays) 
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Letting f1( denote the k-th value of x as indicated in the 
table, the equations 

f1 = a0 + a1 + az + a3 + a4 
fz = a0 -a1 + a2 -a3 + a4 
£3 =ao -az + a4 
£4 = ao + Y2 a1 -Y2 a2 -a3 -1'2 a,1 

£5 = ao -Y2 a1 -1'2 a2 + a3 -1'2 a4 
may be solved for the coefficients a in the terminated 
series expansion for x. Thus we have 

and 

ao = 7'6 (fl + fz ) + ;/1 ( f4 + f,,) 
a1 = Y3 ( f 1 -fz + £4 -(,) 

a~ = Yt ( fl + fz) -1'2 fo 
a:, = 3i ( £1 -f2) -Y3 ( f4 -f5) 
a4 = f3 -ao + az 

= .80876405 
= .03006347 
= .00169398 
= -.00020018 
= -.00004354 

x = .80876405 + .03006347 cos2g + .00169398cos4g 
-.00020018cos6g -.00004354cos8g. ( 2) 

Similarly the five coefficients b in the terminated cosine 
series for dtjdg may be evaluated so that 

dtjdg = 7907.3015 + 1055.3976cos2g -246.3136cos4g 
-54.8163cos6g + 2.1476cos8g. 

Integrating this expression for dt/dg gives 
t = bo + blsin2g + b 2sin4g + b 3sin6g + b 4sin8g 

2 4 6 8 
(the constant of integration is zero in this example 

because of the initial condition g = 0). Then 
g = t/bo -( b 1/2b0 ) sin2g -( b 2 

/ 4b0 ) sin4g 
-( b3/6b0 ) sin6g -( b4/8b0 ) sin8g 

= .12646539 X 10-3 t -.06673563sin2g + 
.00778754sin4g + .00115539sin6g
.00003395sin8g. 

Since we may write g = 't" + f( g), where 't" is a linear 
function of time and f( g) is a trigonometric function in 
g, Lagrange's expansion theorem may be applied to 
reverse the equation and give g as a function in time. 
By this theorem, if 

y = X + f(y), 
then a series may be used to express y as a function 
of x: 

1 0 1 e 
Y = X1 + f (X) + - - ( fl (X) ) + - - (fa (X) ) + ... 

2! ex 3! ex 
In this case only the first four terms of this series were 

taken and all terms after sin8g were eliminated. Then 
g = 't" -.06606959sin2't" + .01225829sin4't" 

't" -.0088524sin6-c + .00006836sin8-c ( 3) 
where 't" = .12646539 X 10-3 t, t in centidays. The 
values of g from this equation will be in radians. 

Letting 2-c take on the five special values, 0, TC', 'lt'/2, 
r./3, 2'lt'/3, this equation for g gives corresponding values 
of 2g; from these we may evaluate x using the termin
ated cosine series ( 2). This gives the following results: 

2r = 0 

g = 0 .72021381 .47693763 .97942282 

X = .84027778 .78055119 .81 f07413 .82582292 .79599495 

Assuming x may be written as a cosine series in -c and 
taking the first five terms of this series, we may evalu
ate the coefficients of these terms as before. Thus we 
have 

16 

x = .8107 4412 + .02985152cos2't" - .00032982cos4't" 
+ .00001177cos6't" + .00000019cos8't". ( 4) 

In this way both g and x may be found as functions 
of time. The period of x is about 250 days, while the 
period of g is approximately 500 days. 

One means of checking the validity of equations ( 3) 
and ( 4) for g and x, respectively, is to compute x, g 
and the corresponding value F of the Hamiltonian ( 1 ) 
for a given time t, comparing F to the initial value of 
( 1), C = 7.68933. The results of such computations 
appear in Table 1, where ~ F ( = F -C) is the differ-

Table I 

x, g, F at time t 

+(days) X g (degrees} F ~F=F-C 

0 .84027778 0 .76890300 XI0--6 0.00 
20 .83668256 13.205842 .76898254 .00495 XIO 
40 .82670981 26.897726 .76906296 .012996 
60 .81265809 39.819302 .76912070 .018770 
80 .79790366 54.025233 .76917264 .023964 

100 .78620654 69.571544 .76921683 .028383 
120 .78072811 86.383185 .76923841 .030641 
140 .78300817 103.46969 .76923647 .030347 
160 .7'9240119 119.61765 .76919376 .026076 
180 .80631778 134.33738 .76914236 .020936 
200 .82111800 148.00853 .76908663 .015363 
220 .83316153 161.25016 .76902200 .008900 
240 .88963119 174.43794 .76894234 .000934 
260 .83905608 187.65384 .76905578 .012278 
280 .83156597 200.84103 .76903184 .009884 
300 .81886887 214.11400 .76909702 .016402 
340 .79050779 242.84334 .76926313 .033013 
380 .78109380 276.33336 .76925034 .031734 
420 .80013334 308.3051S .76916481 .023181 
460 .82865910 335.69783 .76900148 .006848 
500 .84018579 2.094786 .76893453 .000153 

ence between the values of (1) at time t and the 
constant C. 

Investigation of the series for x, dt/ dg and g shows 
that while the coefficients decrease monotonically in 
absolute value, they do not decrease rapidly enough to 
give eight-place accuracy. By choosing additional values 
of 2 g and 2-c more terms may be included in the series 
for x, dtj dg and g. The periodicity of the error ~ F 
would seem to indicate that another method should be 
used to solve ( 1 ) for x, given g, since the series 
( 1-e2 )-3/2 does not converge rapidly enough with e 
= .39965264 to give eight-place accuracy in the ap
proximation used. 

Although g is periodic in this example and all values 
are admissible, it is possible that a lunar satellite may 
have a stable orbit but that for some value g of the 
argument of pericenter, dt/dg will be zero so that dtjdg 
will be undefined. In such an event the special values of 
2g used to evaluate the coefficients in the cosine series 
representation of x and dt/ dg must be restricted to the 
region of admissible values -g0 < g < 7t' -g0 • 
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John Lauritzen anted fu her kn 

e's fin ing it at 
When the University of Nevada awarded John Lauritzen 
his B.S. E. E. in 1961, it was only the first big step in the 
learning program he envisions for himself. This led him 
to Western Electric. For WE agrees that ever-increasing 
knowledge is essentia I to the development of its engi
neers-and is helping John in furthering his education. 

John attended one of Western Electric's three Grad
uate Engineering Training Centers and graduated with 
honors. Now, through the Company-paid Tuition Refund 
Plan, John is working toward his Master's in Industrial 
Management at Brooklyn Polytechnic Institute. He is 
currently a planning engineer developing test equip-

stern lectric 
ment for the Bell System's revolutionary electronic 
telephone switching system. 

If you set high standards for yourself, educationally 
and professionally, let's talk. Western Electric's vast 
communications job as manufacturing unit of the Bell 
System provides many opportunities for fast-moving 
careers for electrical, mechanical and industrial engi
neers, as well as for physical science, liberal arts and 
business majors. Get your copy of the Western Electric 
Career Opportunities booklet from your Placement 
Officer. And be sure to arrange for an interview when 
the Bell System recruiting team visits your campus. 

estern Electric Manufacturing and Supply Unit of the Bell System I An Equal Opportunity Employer 

Principal manufacturing locations in 13 cities D Operating centers in many of these same cities plus 36 others throughout the U.S. 
D Engineering Research Center, Princeton, N. J. D Teletype Corp., Skokie, Ill., Little Rock, Ark. D General Headquarters. New York City 
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EXPLORE THE UNIQUE OPPORTUNITIES AT 

• 
I I • 

I 
•.. where special programs encourage rapid professional advancement 

for the engineer, scientist and mathematician launching his career. 

NSA is a scientific and technological com
munity unique in the United States, perhaps 
in the world. Unique in its mission, its oper
ation, its requirements ... unique, too, in the 
scope of opportunity it affords a young scien
tist or engineer beginning his career. 

A separate agency functioning within the 
Department of Defense, NSA is responsible 
for developing "secure" (i.e., invulnerable) 
communications systems to transmit and re
ceive vital information. Within this area, which 
encompasses the whole field of cryptology
the science of codes and ciphers-NSA project 
teams pursue a broad spectrum of investiga
tions taking them well beyond many known 
and accepted boundaries of knowledge. Be
ginning with basic research, these investiga
tions progress through applied research, 
development and design, prototype engineer
ing, and on into various phases of applications 
engineering. 

At NSA you might specialize in any or sev
eral of these sectors, depending on your 
talents and special interests: 

ENGINEERING. Antenna/transmitter/receiver 
design ... high speed computers (digital and 
analog) ... transistor circuitry ... advanced 
radio communications techniques ... micro-
wave communications ... audio and video 
recording devices ... cryogenic studies and 
applications ... integrated circuitry ... mi
crominiaturization. 

PHYSICS. Solid state (basic and applied) 
•.. electromagnetic propagation ... upper 
atmosphere phenomena ... superconductivity 
and cryogenics (Ph. D. graduates only). 

MATHEMATICS. Statistical mathematics ... 
matrix algebra ... finite fields ... probability 
... combinatorial analysis ... programming 
and symbolic logic. 

Unequaled Facilities and Equipment 
In a near-academic atmosphere, NSA scien
tists and engineers enjoy the most fully-instru-

mented laboratories and use of advanced 
computer and other equipment, some found 
nowhere else in the world. 

Skilled clerical and technical support will 
free you to concentrate on the most challen
ging aspects of your projects, and thus help 
speed your professional growth. 

Outstanding Colleagues 
You will work alongside people of enor

mously varied backgrounds and intellectual 
interests, over 500 of whom hold advanced 
degrees. 

Researchers at NSA also receive constant 
stimulus from outside the agency. To assist in 
certain program areas, NSA often calls on 
special boards of consultants-outstanding 
scientists and engineers from industry and 

academic centers as well as from other gov
ernment agencies. 

Career Development Opportunities 
Your professional growth and earning power 
expand from the day you join NSA, without 
having to accumulate years of "experience." 
NSA career development is orderly and swift; 
substantial salary increases follow as you as
sume more and more responsibility. 

A number of NSA career development 
programs help shorten the time when you 
can contribute at your maximum potential. 
These programs include: 

ADVANCED STUDY. NSA's liberal graduate 
study program affords you the opportunity to 
pursue part-time study up to eight hours 
each semester and/or one semester or more 

of full-time graduate study at full salary. Near
ly all academic costs are paid by NSA, whose 
proximity to seven universities offering a 
wealth of advanced courses and seminars is 
an additional asset. 

IN-HOUSE TRAINING. The new NSA em
ployee first attends a six-week general orien
tation program, followed by a period of spe
cialized classroom study designed to broaden 
familiarity with an area or areas of heavy NSA 
concern (e.g., communications theory, crypt
analysis, computer logic and analysis, solid 
state physics). Formal study is complemented 
by on-the-job training, as you work and learn 
under the guidance and direction of highly 
experienced associates. 

PROFESSIONAL ASSOCIATIONS, TRAVEL. 
The agency fosters a climate of recognition 
and advancement for its young professionals 
by encouraging participation in professional 
association affairs, and assisting you to attend 
national meetings, seminars and conferences 
as well as visit other research facilities where 
related work is underway-government, uni
versity and industrial-throughout the United 
States. 

Liberal Personnel Policies, Attractive 
location 
NSA policies relating to vacations, insurance 
and retirement are fair and liberal. You enjoy 
the benefits of Federal employment without 
the necessity of Civil Service certification. 

Located between Washington and Balti
more, NSA is also near the Chesapeake Bay, 
ocean beaches, ski resorts and other popular 
summer and winter recreation areas, not to 
mention the varied leisure-time attractions 
of the nation's capital itself. The location 
permits your choice of city, suburban or 
country living. 

Campus Interviews
Check Now for Dates! 
Rep res en ta tives of the Nation a I Security 
Agency will conduct interviews on campus 
soon. Check with your Placement office as 
soon as possible to schedule an appointment. 

NATIONAL SECURITY AGENCY 
Suite 10, 4435 Wisconsin Avenue, N.W. 
Washington, D.C. 20016 
An equal opportunity employer 
, .. where imagination is the essential qualification 



THINK PO E R Think diesel power to drive 
a truck as big as a house. Think power for the fun of it, to 
carry just two people and their camping gear. Think gas 
turbine power. Think marine power. Think rockets and mis
siles, and farm equipment and earthmovers. Think about a 
career with International Harvester. Our 4,000 engineers 
and technicians are thinking power for every purpose from 
rocket thrust combustion chambers to gas turbine tractors 
and trucks. We're the world's largest producer of heavy
duty trucks, a major producer of farm and construction 
equipment-and we're doing very nicely in steel. Gas tur-

bines and aerospace equipment also are important parts of 
our POWER complex. At IH, POWER is a 2-billion-dollar-a
year plus business, with research and engineering one of, 
our biggest budget items. We need engineers! We espe
cially need mechanical, industrial, agricultural, metallurgi
cal, general and civil engineers. If you're an engineering 
graduate who is intrigued by POWER and its unlimited 
applications, you should find yourself right at home with us. 
Interested? Contact your Placement Officer now for a date to see an IH 
representative when he visits your campus. Or if interviews are not sched
uled, write directly to the Supervisor of College Relations, International 
Harvester Company, 401 North Michigan Avenue, Chicago, Illinois 60611. 

International Harvester puts the future in your hands 

AN EQUAL OPPORTUNITY EMPLOYER 
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by DIANNE CHRISTENSEN and STEVE LINDFORS 

M;anned interplanetary flight is attainable before the 
end,.of the twentieth century; yet less than 70 years ago 
m~n had not even flown! The history of civilization 
records that key advances in exploration . . . of the 
mind as well as of the physical world . . . have always 
been attempted without prior knowledge of the rewards 
inherent. Contemporary cost and complexity of our 
aerospace systems, however, causes our society to pause 
for deliberate assessment of the unknown benefits to be 
reaped and weighs them against the apparently known 
benefits of other tasks within the terrestlial environment. 
In order that continued serious regard for the pursuits 
of manned interplanetary flight be assured, both cost 
and complexity of the required space systems must be 
continually and significantly increased. Cost implies 
relative worth or value to our society, while complexity 
implies reliability or assurance of success. 

Man is Necessary 

Interplanetary flight required navigation and guidance 
along a space trajectory of great length for an extended 
time period, within unknown environments.8 •

9 Complete 
mechanization for space navigation and guidance func
tions is possible, but only with the attendant penalties 
of weight, volume, reliability, and operational complex
ity. In space transport systems for manned interplanetary 
missions, the presence of crew astronauts provides pos
sible modes of onboard monitor, and emergency backup 
operation. Independent observations and computations 
by the human operator can be used to monitor computer 
solutions to assure that major errors in solutions are not 
overlooked. The astronaut can provide emergency back
up if the primary mechanized system, or any of its vital 
components fail or require extensive time for repair or 
replacement. 
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( Ill) 
-LAST OF A SERIES-

This emergency mode is especially feasible since navi
gation observations and guidance could provide approxi
mate solutions which determine the problem boundary 
conditions for highly accurate and detailed final com
putation by the completely mechanized space guidance 
system. This procedure of approximation becomes man-
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Figure I 

MANNED MARS MISSION 1982 

LEAVE EARTH- NUCLEAR 
ARRIVE MARS - NUCLEAR 
DEPART MARS - NUCLEAR 
ARRIVE EARTH - AERO PLUS CRYOGENIC 

RETRO TO 15 KM/SEC 

NUCLEAR SPECIFIC IMPULSE- 800 SEC 

Shown is a typical plot of the results for a Mars stopover 
mission. The initial vehicle weight in earth orbit and the maxi
mum firing time of any single nuclear engine is plotted as a func
tion of the nuclear engine thrust and the number of engines in the 
leave earth stage. This number, indicating the number of' engines 
clustered, is denoted by Cl, C2, etc. 

datory to assure that the correct extremal solution is 
generated when trajectory optimization by the direct 
method of the variational calculus is programmed, 
unless only one optimal solution is present within the 
scope of the problem statement. 
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Manual operation for space navigation and guidance 
can be defined by three basic functions: navigation, 
guidance, and propulsion control. Navigation consists 
of vehicle state determination, by use of a set of optical 
observations of stars and planetary bodies of the solar 
system. Subsequent computation provides a position 
vector for the space vehicle at a specified time reference. 
Guidance predicts the future error in the vehicle tra
jectory, and computes the control commands for the sub
sequent corrective propulsion. For this purpose, the 
position fix provided by navigation, the planetary 
ephemerides, and a guidance or corrective logic will be 
utilized. Propulsion control directs the required propul
sion thrust vector and magnitude, as required by guid
ance. The time references for propulsion restart and 
shutdown must be effectively controlled. In order to 
obtain the required thrust vector direction, an attitude 
orientation reference must be available; also, the pro
pulsion thrust-line must be controllable either by engine 
gimballing or vehicle re-orientation. 

A completely mechanized design of navigation and 
guidance involves a system which will employ an inte
grated complex of inertial, optical and electromagnetic 
sensors. Radio guidance, for example, may prove most 
accurate and effective for inception of space flight from 
a terrestrial orbit. 4 During midcourse ballistic flight, 
however, optical data on star or planet sights will be 
more effective.1

•
6 An inertial subsystem of bodybound or 

inertially stabilized sensors will prove useful during 
period of thrust application; analytic storage of inertial 
coordinates in an accurate computer would be immedi
ately updated by inertial observations during thrust ap
plication. 

Manual navigation data may be obtained by star or 
planet sights with a self-contained sextant. As an im
mediate example of current experimental study of man
ual navigation in space, USAF Experiment 12A on the 
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Gemini-Titan flight no. 7 will be an autonomous naviga
tion experiment to determine manual navigation capabil
ity. An optical stadimeter and a space sextant will be 
used in gathering sufficient data to determine the orbital 
parameters. Another extensive navigation simulation has 
been completed as a part of a 15-day Space Cabin Test 
Program. In this test, a simulated star was acquired by 
manual attitude control. The man-machine mode of star 
track compared quite favorably with the "completely 
automatic" system.1 

Various sets of star and planet sights may be employed 
in subsequent manual computation of successive position 
vectors along the ballistic trajectory of the vehicle. 

Primary Obiective 
The primary objective of interplanetary navigation 

and guidance is: assurance that the space vehicle will 
arrive in the close proximity of the target planet at a 
future time which is as soon as reasonably possible. The 
planetary ephemeris will provide both the mean orbital 
parameters and the precise position data referenced in 
celestial time. 

Manual guidance will be comprised of at least two of 
the following three basic functions: 2 

1. Selection of a spacecraft trajectory, as governed by 
given selection criteria 

2. Prediction of the vehicle trajectory error at a given 
point of future time, on the basis of navigational 
observations 

6 __ ....... 

5 
d) 

-' 
'()0 

I-
::r:: 4 
~ 

* ::r:: 
u 
z 
:::> 
5 
-' 
<( 
I-
;x; 
0:: 
0 
::r:: 
I-
0:: 
<( 
w 

0 

DEPART EARTH 
ARRIVE MARS 
DEPART MARS 
ARRIVE EARTH 

- NUCLEAR 
- NUCLEAR 
- NUCLEAR 

.AERO D AERO PLUS CHEMICAL 
RETRO TO 15 KM/SEC 

m1 AERO PLUS CHEMICAL 
----- RETRO TO PARABOLIC 

VELOCITY 

MARS OPPOSITION YEAR 

Figure 2 

This is a summary chart for the Mars stopover m1ss1on that 
indicates the sensitivity of the initial vehicle weight to the mission 
year and the earth aerodynamic braking capability. Note that 
for earth retro braking to 15 km per sec, the vehicle weight for 
1978 is over twice that required for 1986. 

3. Computation for the required corrections, as gov
erned by given correction criteria. 

If the spacecraft trajectory had been previously deter
mined by automatic or terrestrial-bases selection, then 
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onboard manual guidance selection would not be neces
sary except for monitor or emergency conditions such 
as unforeseen forces due to meteoritic impact or acci
dental propulsion thrust. At any rate, prediction of the 
vehicle trajectory error will always be needed, as well 
as the consequent computation for control commands 
to obtain the trajectory correction when necessary. 

In general, the trajectory is acceptable only if the 
vehicle orbit intersects or passes within close proximity 
of the planetary orbit, and the spacecraft and planet 
arrive at or near the intersection point at the same time. 
Both the spacecraft orbit and elapsed time for arrival 

Table I 
MISSION CRITERIA 

GENERAL 

Specific Impulse 
Nuclear-800 sec 
Cryogenic Chemical (LOz/LHz)-440 sec 
Storable Chemical-330 sec 

Attitude Control 
I percent consumption each leg 

Micrometeroid Protection 
Optimum Cryogenic lnsulation/Boiloff 

MARS STOPOVER MISSION CRITERIA 

Earth Recovered Payload- I 0,000 lb 
Mission Module {8 Man}-85,000 lb, plus solar flare shield 
Mars Lander (MEM)-80,000 lb 
Mars Orbit Module-1,500 lb 
Life Support Expendables-50 lb/day 
Stopover Time-20 days 
Midcourse Correction-100m/sec each leg storable propellant 

FlYBY MISSION CRITERIA 

Earth Landed Payload-8500 lb 
Mission Module (3 Man}-65,000 lb including solar flare shield 
Planet Probe- I 0,000 lb 
Life Support Expendables-40 lb/day 
Planet Passage AHitude~Mars-1000 km (Rt~ = 1.3) 

Venus-100 km (R<~ = 1.16} 
Midcourse Correction-200 m/sec outbound leg 

300 m/sec inbound leg 
storable propellant 

at a specified point in orbit can be effectively obtained 
by computation, nomography, or graphical solution. 

Most manual guidance functions in interplanetary 
flight are immediately concerned with flight to major 
planetary bodies. However, additional demands for man
ual guidance occur for rendezvous with or motion rel
ative to minor bodies in solar space, especially those 
with negligible gravitational fields. The most significant 
example will probably be the study and potential ex
ploitation of the asteroids. 

A ballistic trajectory must be selected if either the 
spacecraft trajectory error is large, or a new flight plan 
develops. A trajectory is selected upon joint considera
tion of the flight conditions, midcourse as well as end
points, flight time, and optimization criteria. The flight 
conditions at any given point consist of all dynamic 
states of position and velocity vectors defined within 
the given reference frame. If the flight conditions and 
flight time do not constrain the field of solutions to a 
unique value or a small envelope of permissible solu
tions, then a parameter critical to the mission or space
craft system may be optimized by suitable trajectory 
selection. 
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Manual guidance will determine the required trajec
tory correction at a scheduled future time. The thrust 
vector condition, however, must then be computed in 
order that propulsion and spacecraft attitude controls 
commands are obtained and applied. In addition> the 
desired flight conditions, the vehicle mass, attitude orien
tation, and propulsion characteristics are required in 
order that these thrust vector conditions may be defined. 
The spacecraft mass scalar and distribution thereof de
fine the vehicle center-of-mass relative to the engine 
thrust line, whereas the thrust characteristics define the 
specific impulse required to achieve the desired flight 
condition changes. 

Previous and current studies of manual navigation in
dicate that adequate navigational data for interplanetary 
flight can be provided by the crew astronaut. In fact, in 
many cases, reliability is a function of man-of the as
tronaut. 

Man, in space, functions as a strategist, correlates low 
probability data and interprets these data intelligently, 
and formulates effective plans of action. A machine 
designed and built by humans, probably at least, could 
not perform such functions. If the X-15, for example, had 
a Mercury-type (automatic) abort, it would have had 
thirty-three false aborts! 

Mission Profiles 
Consider some of the various mission profiles, vehicles 

and subsystems which presently appear feasible. Major 
concentration is on a manned Mars mission since this 
mission appears more feasible than others and at an early 
time. 13 Mars has a relatively low mass, hence less energy 
is required for landings and launchings. In addition, the 
environment appears less hostile for man; hence, of all 
the other planets of this solar system, Mars appears the 
most probable to have extraterrestrial life. 

Presently, there exist three distinct types of missions, 
requiring three distinct levels of effort. The most difficult 
and costly is the landing mission in which man lands 
on the planet surface. Less complex is the orbiting, or 
stopover, mission in which a satellite orbit is established 
about that planet. The easiest and least expensive is the 
flyby, in which the spacecraft performs a close approach 
hyperbolic encounter with the target planet. (See figure 
2). 

The most common mission profiles are as follows: 1. 
Launch to Earth orbit and assemble vehicles, 2. Launch 
from Earth orbit, 3. Establish orbit at Mars, 4. A manned 
Mars excursion module to Mars surface for exploration, 
then return to mother ship, 5. Launch from Mars orbit, 
and 6. Direct entry into Earth's atmosphere. (See Table 
I). 

Numerous schemes have been hypothesized to relieve 
some of the difficulties inherent in this basic profile. In 
general, however, when one maneuver is eased, whether 
in total weight or complexity, the problem is simply 
shifted to another area. For example, the size of the en
gines for Earth escape can be cut in half by splitting the 
payload into two smaller vehicles, rather than one large 
one. Although each mass, which is to be launched, is 
now only half the size as before, the two vehicles must 
rendezvous after Earth escape which complicates the 

(Continued on Page 38) 
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Engineering and Science at R 
Traveling Wave Masers 

RCA's recent maser research and development 
has yielded systems with outstanding low-noise 
microwave amplifier performance along with 
adaptability for field use. These amplifiers ex
hibit ultra-low noise temperature (8-1 oaK) and 
high gain (30-40 db) with extreme gain sta
bility. Wide tunability (up to 50%) and large 
instantaneous bandwidth (up to 150 MHz) 
have been achieved. 

Several technique areas involved with this 
work are of particul'ar interest. Iron- and 
chromium-doped rutile (titanium dioxide) are 
employed as active paramagnetic materials, in 
a "meander-line" slow wave structure, provid
ing wide bandwidth and high gain. Ferrite re
verse isolators function to provide a high 
degree of gain unidirectionality. The requisite 
magnetic field is provided by a superconduct
ing magnet within a cryogenic enclosure, and 
the entire system is operated by a closed-cycle 
refrigerator requiring no helium replenishment, 
so that field use in radar systems, satellite com
munications and radiometry is practical. Sec
tionalized magnet structures with independent 
controls permit "stagger-tuning" the maser, 
so that its very high gain can be traded for 
even greater bandwidth. 

The illustration shows the active elements 
of a maser amplifier typical of such a high
performance system. The meander line, seen 
as a zig-zag conducting path on a flexible in
sulating sheet, goes down one side of the pump 
cavity, folds over, and returns on the other 
side. The cavity is the terminal portion of a 
waveguide assembly, with microwave pump 
energy being introduced at the other end. One 
of two rutile paramagnetic crystals is shown 
in close proximity to the meander line, the 
ferrite isolator being on the opposite side of 
the meander line and not visible. In operation, 
the entire structure shown in the photograph 
lies between pole faces of the superconducting 
magnet, which provides a precisely controlled 
and distributed transverse field, typically, of a 
few thousand gauss. The assembly including 
the magnet is enclosed in a chamber main
tained at 4.2°K. 

Amplifiers with performance as described 
above are by no means the end, however. New 
advances are in the offing through research in 
areas including optical inversion (pumping), 
operation at temperatures above 4.2°K, higher 
frequency operation, and the use of active 
materials in powder rather than single-crystal 
form. 

References: 
(a) L. C. Morris, "A New Class of Traveling Wave 

Masers," International Conference on Microwave 
Circuit Theory and Information Theory, Tokyo, 
Sept. 11, 1964. 

(b) L. C. Morris and D. J. Miller, "Traveling Wave 
Masers Employing Iron-Doped Rutile," Proc. 
IEEE, Vol. 52, #4, p. 410, 1964. 
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Integrated launch Control 
and Checkout Systems 

for Saturn lunar Vehicles 
Highly sophisticated Saturn automatic ground 
checkout and launch sequencing equipment 
has been under development by RCA since 
late 1960 for the National Aeronautics and 
Space Administration, Marshall Space Flight 
Center. The original Saturn Ground Computer 
System (SGCS) was used on the highly suc
cessful Saturn I program; an advanced version 
of the SGCS is currently being readied for the 
Saturn IB and Saturn V programs. The RCA 
110 computer was the heart of the Saturn I 
SGCS; the RCA IIOA is the heart of the 
Saturn IB and Saturn V SGCS. 

The block diagram shows the tandem, two 
computer configuration for Saturn V at Com
plex 39, the lunar program "space port" at 
NASA's Kennedy Space Center. Complex 39 
is based on a mobile launch concept to gain 
high efficiency in launch operations. Vehicles 
are assembled in the Vehicle Assembly Build
ing (V AB) on a Mobile Launcher structure. 
After the Saturn V with its Apollo Spacecraft 
is completely checked out, the vehicle in its 
Launcher is transported to one of three launch 
pads for a remotely controlled launch. The 
computer in the Launch Control Center (LCC) 
controls the activities of the "slave" computer 
in the Mobile Launcher via a 250 kilobit/sec 
digital data link. The configuration thus re
mains the same for both V AB and pad opera
tions; only the length of the data link changes. 
The complex umbilical interface between the 
vehicle and ground support equipment remains 
undisturbed until launch. The LCC computer 
controls the sequence of checkout and launch 
countdown programs performed by the Mobile 
Launcher computer via commands transmitted 
over the data link. The "slave" computer in 
turn performs the detailed testing and sequenc
ing, performs evaluation and data compression 
of test results, and transmits the data back to 
the LCC computer which relavs it to the cor
rect operator for display. LCC operators can 
override, via their console request keyboards, 
the predetermined sequence of programs stored 
in the Mobile Launcher computer or handle 
unusual test situations. 

In addition to conventional serial computer 
functions, special parallel input/output capa
bilities are included for control of 1008 discrete 
(relay driver) outputs, monitoring of 1512 dis
crete (contact closure) inputs, a wide range of 
DC _and AC analog outputs (72 in quantity), 
a w1de range of DC and AC analog inputs 
(300 in quantity), telemetry interface, 3 internal 
interval timers, several external clock inputs, 
and an interface with the space borne computer. 

In line with the developmental nature of the 
total Saturn program, the role of RCA's 
Saturn Ground Computer System is continu-

ing to expand in factory and static testing, as 
well as launch operations, as automation tech
niques are applied to other Saturn subsystems. 

Reference-J. E. Sloan and J. F. Underwood, "Systems 
Checkout for Apollo"-Astronautics and Aerospace 
Engineering, March 1963. 

A light Detector That Makes 
laser Communications Practical 

RCA has developed a photoconductive device 
that operates on an alternating current that 
can sense up to 100 million changes in light 
intensity per second. This is sufficient to dis
tinguish as many as 25 separate television 
programs, all carried on a single laser beam. 
This major breakthrough in light detection is 
extremely fast, enormously sensitive and is 
responsive to the whole range of optical fre
quencies, ranging from infra-red through the 
visible spectrum to ultra-violet. 

By contrast, previous means of detecting 
laser light employed photoconductors operated 
by direct current, photoelectric cells, semicon
ductor photodiodes and electron photomulti
plier tubes. The major drawbacks were that 
these methods were either too slow, too in
sensitive, or too limited to the portions of the 
electromagnetic spectrum where most lasers 
operate poorly, if indeed, at all. 

The laser is, to state it simply, a high fre
quency transmitter with the capacity to carry 
a fantastic amount of information. The real 
problem has been to develop a receiver both 
fast enough and sensitive enough to detect and 
process incoming information. This new device 
has the sensitivity, speed and frequency range 
that can make possible a practical system for 
laser communications. 

This radical new detector is a tiny speck
sized piece of photoconductive material 
mounted in a small cavity continuously bathed 
in microwaves oscillating at 10 billion cycles 
per second. 

When a laser beam bearing information in 
the form of intensity variations enters the 
cavity, it strikes the photoconductor and frees 
electrons. They, in turn, begin to oscillate 
rapidly up and down within the material, in 
direct response to the alternating electric field 
inherent in the surrounding microwaves. These 
electron oscillators control the amount of 
microwave power that leaves the cavity. The 
variations in the incoming light are then con
verted to intensity variations in the outgoing 
microwaves. Conventional microwave tech
niques make it possible to process these vari
ations. These techniques are similar to those 
used in modern radar and commercial tele
vision systems. 

Reference-H. S. Sommers, Jr. and E. K. Gatchell, 
presented at Annual Meeting, Optical Society of 
America,Philadelphia,October 5-8,1965,Paper W E-1. 

These are only a few of the recent achievements which are 
indicative of the great range of activities in engineering and 
science at RCA. To learn more about the many scientific 
challenges awaiting bachelor and advanced degree candi· 
dates in EE, ME, ChE, Physics or Mathematics, write: 
College Relations, Radio Corporation of America, Cherry 
Hill, New Jersey. 

An Equal Opportunity Employer 

The Most Trusted Name 
in Electronics 
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edited by JERRY BRAUN, Chem. '68 

Quickie Camera 
The TRW Image Converter Camera can beat to the 

draw such split-second happenings as lightning, plasma 
pinches, and laser beam bursts. This high-performance 
camera records the behavior of these and many other 
natural and man-made phenomena by capturing events 
that occur within five-billionths of a second-five nano-

seconds. This is about 5000 times faster than one can 
blink an eye. 

The camera combines a cathode image converter tube 
with a standard objective lens and a doublecoated lens 
system for focusing an image·. on film or on a ground 
glass viewer. The converter· tube is provided with a 
photocathode at one end and a photoanode at the other. 
The camera action is fitted with a grating grid that 
opens like a shutter when pulsed electronically; the 
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camera focuses light energy radiated from the subject 
on the photocathode which converts the resulting photon 
image into an electron image. The latter is accelerated 
and focused on the photoanode with a 50-power bright
ness gain. (In fact, the ability of the Image Converter 
Camera to record the low luminosity portion of many 
scientific events is as significant as its ultrahigh-speed.) 

The Image Converter Camera stems from a 1958 TRW 
research programs on ICBM re-entry phenomena and 
plasma physics. Part of the project involved a study of 
the plasma or ionized atmosphere as it was pinched 
within the confines of a magnetic field. The pinch, how
ever, lasted only 10 billionths of a second-too short a 
period to be measured accurately by an instrument then 
available. 

Optics and electronics were combined to solve this 
problem and to create the original TRW camera. Other 
applications then were found-in fluid mechanics, ex
plosion studies, ballistics, chemical kinetics, and high
temperature studies-and TRW Instruments, a com
mercial division of TRW Systems, was formed to de
velop the camera and other electronics instruments as 
"fall out" from the parent company's government R&D 
contracts. Today the Image Converter Camera is widely 
used in medical and laser research and has contributed 
to significant cancer study, where it can photograph the 
actual destruction of cancer cells. It is anticipated that 
because of this capability, new theories on the destruc
tion of cancer cells will evolve. 

Pictured is a two-frame sequence photograph of the 
face of the ruby laser crystal in two separate spikes, 
taken with the TRW Image Converter Camera. Ex
posures are 200 nanoseconds with 10-microsecond separ
ations. 

light Sensor 
Development of an advanced, supersensitive light de

tector that could be employed for practical laser com
munications was announced by the Radio Corporation 
of America. 

The device can sense up to 100 million intensity 
changes a second in a beam of light, giving it the capa
bility of distinguishing as many as 25 separate television 
programs being carried simultaneously on a single laser 
beam, according to Dr. William M. Webster, Director 
of the Electronic Research Program of RCA Labora
tories, Princeton, N. J. 

This advanced photoconductive approach to light de
tection uses alternating current and is extremely fast, 
enmmously sensitive. and responsive to the whole range 
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of optical frequencies, from infra-red through the visible 
and the ultra-violet portions of the spectrum. 

The new light sensor is a freckle-sized speck of photo
conductive material mounted in a small cavity contin
uously bathed in microwaves oscillating at 10 billion 
cycles per second, Dr. Webster said. When light bearing 
information in the form of intensity variations enters 
the cavity and strikes the photoconductor, he explained, 
it frees electrons that begin to oscillate rapidly up and 
down within the material in response to the alternating 
electric field inherent in the surrounding microwaves. 

Previous means of detecting laser light have employed 
photoconductors operated by direct current, photoelec
tric cells, semiconductor photobodies and electron photo
multiplier tubes. But all of these methods are variously 
too slow, too insensitive or too narrowly limited to those 
portions of the electromagnetic spectrum where most 
lasers operate poorly, if at all. 

Dr. Webster said a laser is simply a high frequency 
transmitter with a tremendous information capacity. All 
the radio and television programs and all the telephone 
conversations in the United States on a single day could 
be put on one laser light beam. 

A major problem, he added, has been developing a 
receiver sensitive enough and fast enough to detect and 
process this information. The new device is the first 
light detector yet developed with the sensitivity, speed 
and frequency range that could make possible practical 
laser communications across the optical spectrum. 

Nudepore 
Research on fission fragment "tracks" in solid materials 

by a team of scientists at General Electric's Research 
Laboratory led to the discovery that holes made by 
atomic particles passing through some materials could 
be etched out to form uniform-sized tubes by dipping 
the material in a suitable reagent. In a thin plastic film, 
less than one thousandth of an inch thick, bombardment 
by fission fragments creates irregular holes a few atoms 
in diameter. Chemical etching converts the ragged holes 
into tubes of uniform size and roundness. Tube diam
eters ranging from one micron or less up to about ten 
microns have been achieved. The number of holes can 
be increased simply by longer irradiation. 

Because the new filter, which General Electric has 
named "Nuclepore," has cylindrical holes of uniform 
diameter, the holes do not clog easily. Delicate particles, 
such as cells, can be non-destructively filtered by gravity, 
rather than by applied pressure. Since the filter is trans
parent and chemically resistant, cells can be stained for 
study right on its surface, thus reducing the danger of 
accidental damage to the cells. 

Submarine Ceramics 
Corning Glass Works has completed construction of 

the glass-ceramic hull of the Benthos deep sea research 
vehicle with delivery of aft and nose sections to the 
Ordnance Research Laboratmy of Pennsylvania State 
University. 

The eight-foot long hull of the torpedo-shaped, free
diving instrumentation vessel is made of five sections of 
Pyroceram brand glass-ceramic, joined by metal breech 
lock joints. Besides the aft and nose sections, there are 
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three cylindrical mid-hull sections. 
Conceived by Dr. J. D. Stachiw, now of the U. S. 

Naval Civil Engineering Laboratory, the ORL submersi
ble has a design depth capability of more than six miles. 

Engineers in the firm's Advanced Products Department 
pointed out that since glassy materials generally fail 
only in tension, not compression, the deeper they go 
into the compressive forces of ocean depths the stronger 
they tend to get. 

They also pointed out that the high modulus of elas
ticity of glassy materials is equally important in under
water applications. Metal and organic structures, be
cause of their low yield strength, tend to deform per
manently in a compressive environment, sometimes 

grossly. Glassy materials, however, recover from what 
little deformation they experience. In short, up to the 
point of fracture, glassy materials are highly elastic 
because of their high compressive yield strength. 

For Benthos, Dr. Stachiw utilized an interesting de
sign concept-rib stiffening-that takes advantage of the 
strength and elasticity characteristics of glassy materials. 
Each of the five sections of the submersible contains 
internal ribs several inches apart along the vehicle's 
length. Their purpose is to impart rigidity to the vehicle 
with minimum weight. 

With ribs, the vehicle's walls are less likely to cave 
in under the compression of ocean depths, Corning said. 
This construction technique thus prevents the inner 
wall surfaces from undergoing tension, avoiding the 
primary fracturing force for glassy materials. 

Dr. Stachiw said that a Benthos hull section will under
go hydrostatic proof testing at the Southwest Research 
Institute this summer. 
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The Company's first engine, the Wasp, took 
to the air on May 5, 1926. Within a year the 
Wasp set its first world record and went on 
to smash existing records and set standards 
for both land and seaplanes for years to 
come, carrying airframes and pilots higher, 
farther, and faster than they had ever gone 
before. 

In recent years, planes powered by Pratt 
& Whitney Aircraft have gone on to set 
new standards of performance in much the 
same way as the Wasp had done in the 
1920's. The 727 and DC-9 are indicative of 
the new family of short-to-medium range 
jetliners which are powered by the highly 
successful JT8D turbofan. Examples of 
current military utilizations are the J58-
powered Mach 3 Yf-12A which recently 
established four world aviation records and 
the advanced Tf30-powered F-111 variable
geometry fighter aircraft. 

December, 1965 



Take a look at the above chart; then a good long look 
at Pratt & Whitney Aircraft-where technical careers 
offer exciting growth, continuing challenge, and lasting 
stability-where engineers and scientists are recog
nized as the major reason for the Company's conG 
tinued success. 

Engineers and scientists at Pratt & Whitney Aircraft 
are today exploring the ever-broadening avenues of 
energy conversion for every environment ... all opening 
up new avenues of exploration in every field of aero
space, marine and industrial power application. The 
technical staff working on these programs, backed by 
Management's determination to provide the best and 
most advanced facilities and scientific apparatus, has 
already given the Company a firm foothold in the cur
rent land, sea, air and space programs so vital to our 
country's future. The list of achievements amassed 
by our technical staff is a veritable list of firsts in the 
development of compact power plants~ dating back to 
the first Wasp engine which lifted the United States 
to a position of world leadership in aviation. These 
engineering and scientific achievements have enabled 
the Company to obtain its current position of leader-

ship in fields such as gas turbines, liquid hydrogen 
technology and fuel cells. 

Should you join us, you'll be assigned early responsi· 
bility. You'll find the spread of Pratt & Whitney Aircraft's 
programs requires virtually every technical talent. You'll 
find opportunities for professional growth further en
hanced by our Corporation-financed Graduate Educa
tion Program. Your degree can be a BS, MS or PhD in: 
MECHANICAl e AERONAUTICAl e ElECTRICAl e CHEMICAl 
ENGINEERING e PHYSICS e CHEMISTRY e METAllURGY 
e CERAMICS e MATHEMATICS e ENGINEERING SCIENCE OR 
APPliED MECHANICS. 

For further information concerning a career with Pratt 
& Whitney Aircraft, consult your college placement 
officer-or write Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford, 
Connecticut 06108. 

SPECIALISTS IN POWER ••• POWER FOR PROPUlSION-POWER 
FOR AUXIliARY SYSTEMS. CURRENT UTILIZATIONS INClUDE 
AIRCRAFT, MISSilES, SPACE VEHIClES, MARINE AND INDUS
TRIAl APPLICATIONS. 

ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FLORIDA OPERATIONS WEST PALM BEACH, FlORIDA An Equal Opportunity Employer 
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BUCK ROGERS 2429 A. D. 

GET THE L 
by ALBERT KUHFELD, Grad. 

In 1928 Buck Rogers strode into the public eye, put 
on a flying belt, and leaped into the air. The nation 
laughed, coined the phrase "that crazy Buck Rogers 
stuff," and promptly classified the author (Philip Now
lan) as a crackpot. Several years ago, a test pilot flew 
using a rocket belt. The army is now busily developing 
the jump-belt concept for a highly-mobile striking force, 
and a man would have to search far and wide to find 
so much as a snicker about it. The details are different 
-Buck used antigravity and the Army uses rockets
but the idea is the same. 

Science fiction once was scorned as childish, illogical, 
and worthless by scientist and the man in the street 
alike. And small wonder, for who but idiots would read 
or write stodes dealing with spaceships, robots, mechani
cal brains, or marvelous hypothetical explosives capable 
of leveling entire cities? Everybody knew these things 
were flatly impossible! 

Even scientists who were able to prove working 
models of their more improbable hypotheses met nothing 
but scorn. Robert Goddard, often called "the father of 
modern rocketry," was ridiculed for his paper, "A Method 
of Reaching Extreme Altitude," even though he had 
tested working liquid-fuel rockets. He provided the 
armed forces with prototypes of the bazooka decades 
before their first use in combat. The Army sent him 
away-they didn't need anything sounding so much like 
science fiction. 

Today, the entire image has changed. Science fiction 
has invaded the slick magazines. The Pentagon and the 
aerospace companies have corps of men who do nothing 
but sit around and dream of strange things-laser rays 
to knock down enemy missiles (a "ray gun" if ever there 
was one!), weapons useful in space or on the Moon, or 
the exploration of Jupiter's surface. This is called "blue
sky thinking" and is highly respectable, but it is science 
fiction nonetheless. 

Science fiction has roots in the mists of antiquity. 
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BUl:ll 
ROGER 

Human flight is mentioned in the legend of Icarus, in 
medevial Utopias, and in Gulliver's Travels (where the 
flying island of Laputa figures prominently). The robot 
is no less venerable-consider the bronze giant Talos, 

Rocket belt and machine gun-U. S. Army version. Nothing 
political is implied in this illustration. 

animated by sorcery and appointed guardian of Crete. 
The golem of Jewish folklore is a man of clay, animated 
by the faith or spells of the holy and set to do their 
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work. Journeys to other worlds were employed frequent
ly by writers seeking to create a society unhampered by 
the bonds of what actually was. 

Until the twentieth century, science fiction was liter
ature-regarded as mythology or a writer's device, it 
shared their public stature. To the Greeks a bronze giant 
was no more unusual than Atlas, the giant who supported 
the world on his back. Icarus, who ascended too close 
to the heavenly fire, was a spiritual brother of Prome
theus, bringer of the fire to Earth. Certainly they could 
not have been in better company! 

Gulliver's Travels was written by Dean Jonathan Swift, 
a satirist and scholar of great repute. Chiefly a gigantic 
sneer at the human race, it contained elements of scien
tific prediction and fiction. The scholars of Laputa had 
wonderful telescopes in the book, telescopes with which 
they had discovered two moons of Mars. And although 
it is sheer coincidence (there having been no telescopes 
capable of seeing Deimos or Phobos at that time), the 
two moons described fit the description of the actual 
Martian moons very well! Cyrano de Bergerac, Jules 
Verne, and H. G. Wells were all writers of repute, and 
their works of fantasy and science fiction were well re
ceived. 

In the early decades of the twentieth century science 
fiction split apart from the mainstream of literature. 
Overnight it became a pariah. When it was no longer 
mythological, no longer a mere device, people could not 
accept it. A spaceship presented only as transportation 
to the imaginary new society, to be described by the 
author, was a literary caution that what followed was 
to be found nowhere on Earth. A spaceship presented 
as a machine was technologically impossible. 

Although World War I saw the advent of the airplane 
and submarine, few people learned from these that the 
impossible could become the everyday. World War II, 
however, saw science fiction become a reality. Robot 
airplanes and rocket ships rained upon London. Radar, a 
marvelous device for seeing great distances and through 
the thickest clouds, was helping shoot down German 
(and later Allied) planes. And the blinding light of the 
atomic bomb pierced through even the most tightly
closed eyelids. Humanity suddenly found itself gazing 
over a sea of wonderful and terrible objects previously 
seen only in nightmares and in those crazy Buck Rogers 
stories. 

Science Fiction as Prophecy 
And today? So many of the favorite subjects of science 

fiction have become commonplace or imminent that it 
is again respectable--indeed, sometimes regarded with 
awe as prophecy rather than as a literary form. It is 
so respectable that many of its leading authors have 
dropped technology entirely and turned to the social 
sciences for inspiration-for what is weird and wonderful 
about something the public is willing to accept with 
open arms? Alien beings and cultures are now the stand
ard fare; perhaps someday these stories will also be of 
use. 

Science fiction displays numerous instances of predic
tion. Jules Verne described the submarine Nautilus, and 
the way its crew could live and work beneath the sea 
for long periods of time. More than half a century later 
we have our own Nautilus, and Project Sealab as well. 

MINNESOTA TECHNOLOG 

Robert Heinlein used mechanical arms, electronically 
controlled, in one of his stories. Today the remote 
manipulators used in radioactive locations are called 
Waldoes, after the hero-inventor of that same story. The 
sunpower screens in his "Let There Be Light" serve the 
same function as our solar batteries. Although techni
cally inaccurate, he predicted perfectly the public reac
tion to atomic power plants. 

The magazine Astounding Science Fiction once had 
some rather uncomfortable moments. A story published 
in 1944 carried accurate technical details of an "atomic 
bomb." Their offices were immediately overrun with 
government agents wanting to know what evil spies had 
invaded the supersecret Manhattan Project and chosen 
a mass-circulation magazine to get the data out of the 
country. Perhaps the first mention of atomic bombs was 

1 DON• T 8£ LIE\/£ IT.' 
1 DON'T BELIEVE IT! 

I Do Nor BELIEVE 1r1 

in The Skylark of Space by E. E. Smith, which men
tioned total-conversion atomic bombs in 1928. The 
hydrogen-fusion Stellarator was described in Astound
ing ... in April, 19'38, and the lithium Hydride thermo
nuclear bomb in 1947. 

Hugo Gernsback described radar so well in Ralph 
124C41 + that it could have been patented (had the 
Patent Office been possessed of more foresight than 
seems likely) decades before its practical development. 
Arthur C. Clarke, a well-known science fiction writer, 
was the first to propose a synchronous satellite for com
munications. It too could have been patented, in the 
light of present knowledge. Other modern developments 
predicted in science fiction have been television, sub
liminal messages, the current craze for "consciousness
expanding" drugs, the ray gun (laser), and solar radia
tion storms intense enough to be dangerous to astronauts. 
A favorite theme has been the unsuspected presence 
upon Earth of another intelligent race, which just may 
be true in the light of recent research with dolphins. 

Indeed, some modern scientific devices and procedures 
have been taken directly from science fiction. The 
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"countdown" used in rocket launchings came from Fritz 
Lang's early science fiction film "Frau im Mond" ( "Wom
an in the Moon"). Disney has scored also; his feature
length film upon the conquest of space had scenes in 
which pilots used microphones mounted upon the chin
straps of their helmets. The Air Force thought this such 
a good idea that they adopted it. Project Ozma, the 
search for intelligent life on other worlds by detection 
of unusual astronomical radio sources, is science fiction 
of the purest ray serene. And the moving sidewalks 
being pioneered in some airports have been a back
ground feature of many science-fiction stories under the 
name of "slidewalks." 

Proiect Arcturus 
"If science fiction has that good a record," you may 

ask, "how come it is not standard reading in schools of 
engineering?" The answer is simple: for every correct 
prediction there are a dozen that have been shown to 
be invalid or useless. Science fiction at present has a 

and technology were worked out with as much consist
ency as possible. Alien anatomy and psychology were 
probed in depth. These details were made up into a set 
of reports given to the students, who were to assume 
that they were engineers working for a company trying 
to expand its market onto this planet. They were then 
told to devise things that would fit in with the alien 
technology and psychology, and could be sold profitably 
to the natives. Transportation of finished items from 
Earth was considered to be prohibitively expensive for 
all but the lightest, most expensive, or vital cargo. Thus 
most items had to be manufactured in Arcturian factories 
by Arcturian labor-added spice for the engineering 
problems. 

The results astounded everybody. Alien clocks, auto
mobiles, mousetraps, and incubators for the oviparous 
natives sprouted like Arcturian weeds. One of the 
shrewder students keyed his designs into the alien psy
chology as well as their technology. Playing upon their 
weaknesses, he devised an "eggmobile" to give the buyers 
a warm, back-to-the-egg feeling of security to counter-

JULES VERNE'S NA,UTILUS 

scientific standing not unlike that of witch-doctors. Once 
thought to have only entertainment value, it turns out 
that the old boys weren't so stupid after all-but for 
every rauwolfia or quinine in their medicine chests, there 
are dozens of bottles of Indian Snake Oil. The informa
tion is there, and in both cases people are busily involved 
in sorting it out, but much more must be discarded than 
kept. 

Science fiction has been used in engineering schools, 
in spite of the probability that any given prediction will 
turn out to be useless. In the school of engineering at 
MIT, the instructor of one of the advanced engineering 
courses was discouraged. No matter how hard he tried 
to get his students to think originally, most of them pro
duced only permutations of and minor improvements 
upon already-existing devices. He resolved to produce a 
learning situation where textbook material could simply 
not be used as-is. The result was Project Arcturus, the 
study of an alien planet. 

It was supposed for the purpose of the course that 
humans had developed an interstellar transportation sys
tem and discovered an inhabited planet circling about 
Arcturus. The planet and its inhabitants were most def
initely non-terrestrial. Materials, atmosphere, gravity, 
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balance the terror of traveling ten times as fast as any 
native had ever traveled before. The less imaginative 
promptly set about adapting terrestrial gadgets such as 
the clock. Most were somewhere between the two 
extremes as they tried to produce various household 
gadgets, some most unearthly. Everybody seemed happy 
with results; the best reports and products were neatly 
illustrated and printed in a very impressive volume. 

Men of Science, Writing Fiction 
Science fiction can give scientists a place to stretch 

their wings, burst out of the bonds of the scientific com
munity, and set down some of their more interesting 
ideas-unproven ideas which they dare not use in their 
everyday guise as meek, mild physicists or chemists. A 
mathematician wondering about parallel lines meeting 
can produce a non-Euclidean geometry; an astrophysicist 
has no professional recourse when he ponders the effects 
of repealing Newton's Laws of Motion. That may be the 
reason more physicists than mathematicians write science 
fiction-to explore the consequences of interesting postu
lational systems. 

Isaac Asimov, biochemist and scientific writer, has 
(Continued on Page 48) 
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Who creates 
the ''star'' 
that dances? 
The same U :nion. Carbide 
that makes carbon floors 
for blast furnaces. 

With every change of light, the 
star in the Linde created Star 
Sapphire moves, shimmers, and 
dances-matching the brilliance 
and beauty of the fabulous star 
rubies and sapphires of the Far 
East. 

At Union Carbide we grow 
these and other crystals every day 
-not only for use in jewelry, but 
also for use in electronic equip
ment. And for the past several 
years we've been growing crystals 
for the heart of the laser beam, 
the miracle light that can vaporize 
diamonds, perform eye surgery, 
and slice through metal. 

We're growing in lots of direc
tions. Our carbon floors for blast 
furnaces have reached the point 

of wide acceptance by the steel in
dustry. Our activated carbon is 
being increasingly used to purify 
and deodorize air in hospitals, 
homes and factories. And Glad 
Wrap, our new polyethylene wrap
ping for home use, is rapidly gain
ing popularity as a superior way 
to keep foods fresh longer. 

To keep bringing you these and 
many other new and improved 
products, we'll be investing half a 
billion dollars on new plant con
struction during the next two 
years. 

Union Carbide Corporation, 270 Park Avenue, New York, N.Y. 10017. In Canada: Union CarbidP. Canada Limited, Toronto o Divisions: Carbon Products, 
Chemicals, Consumer Products, Fibers & Fabrics, Food Products, International, Linde, Mining & Melals, Nuclear, Olefins, Plastics, Silicones, Stellite 
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Yell it out the window! ... or whisper it over his MOTRAN Radio* 

THE PROBLEM: HOW CAN YOU BE 

SURE YOUR MAN IN THE TRUCK MAKES THE SECOND STOP FIRST? 

You might try the megaphone if you're not too con

cerned about the message. But if it's one that has 

to get through ... better you flip a switch and tell 

it to him over his Motorola MOTRAN 2-way radio. 

As a matter of fact, for any 2-way communications 

problem, Motorola engineers more than likely have 

the solution ... or they'll find it. They've been in 

*MOTRAN- Motorola Mobile 2-way Transistor Radio 

TRUST THIS EMSIGNIA 

MINNESOTA TECHNOLOG 

the business since it began, and just about every 

significant development in 2-way radio since 1940 

has been by Motorola. 

It was no small task to design a pocket-sized radio 

pager that could reach a doctor 20 miles away on a 

golf course. 

Motorola did that too! 

WHEREVER YOU FIND IT 
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Ill 
I 

Nobody ever kissed a girl unex
pectedly. The closest you can come 
to it is to kiss her sooner than she 
expected. 

~ ~ ® 

Helen: "Has your boy friend's 
English improved any?" 

Mary: "No, he still ends every sen
tence with a proposition." 

~ ~ ~ 

The bum slept under bridges and 
viaducts for years-then he switched 
to culverts. Does that make him a 
Man of Distinction? 

® ~ ~ 

1st Coed: "How do you manage to 
keep drinking the coffee at the 
Union?" 

2nd Coed: "I take a spoonful of 
Drano every week." 

r t 
by DAVID E. ENGEN, Po/ Sci '67 

Coeds are temperamental: 90 per 
cent temper and 10 per cent mental. 

~ ~ ® 

Optimist: A person who does cross
word puzzles in ink. 

® ~ ~ 

The aviation instructor, having de
livered a lecture on parachute work, 
concluded: 

"And if it doesn't open-well, 
gentlemen, that's known as jumping 
to a conclusion." 

C!ll C!ll ~ 

"Boy, oh boy! That was some 
blonde with you last night. Where 
did you find her?" 

"Dunno, I just opened up my bill
fold and there she was." 

~ ~ ~ 

Women wear girdles from instinct-
A natural desire to be squeezed. 

A young girl went into a doctor's 
office and he gave her a thorough ex
amination. 

Doc!or: "What is your husband's 
name? 

Girl: "I have no husband." 
Doctor: "Then what is your boy 

friend's name?" 
Girl: "I have no boy friend." 
The Doctor went to the office win

dow and raised the shade. The girl 
asked what he was doing and he 
replied: 

"The last time this happened a star 
rose in the East and I don't want to 
miss it." 

Freshman: "What does the Chaplain 
of Congress do?" 

Senior Engineering Student: "He 
just gets up on the platform-takes a 
look at the senators and representa
tives, and prays for the country." 

~ ~ ~ 

People who live in glass houses 
might as well; everybody knows they 
do. ~ ~ ~ 

Joe: "She's like an auto radiator." 
Moe: "How's that?" 
Joe: "She'll freeze up on you if you 

don't keep her filled with alcohol." 

11CoMAAoe- Mf\Jo~ ~ ·11-\E"" 
JUST.... <s H o·T t::D 'VV N rs 

)M~\AL\~T 

ReADY f"O~ 

PlLO\ W£" 
l N T"E'm_OGA noN J " 
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One day two men were riding on a 
train discussing whether they should 
go to Minneapolis or Saint Paul. 

"I don't want to go to Minneapolis," 
said one, "too many Swedes there." 

"I guess Saint Paul is out, too," 
observed the other, "too many Swedes 
there, too." 

An elderly lady sitting behind them 
overheard their comments and spoke 
up, saying, "Excuse me, yentlemen, 
but if you are looking for a place var 
there ain't no Swedes-vy don't you 
go to Hell!" 

~ ~ ~ 

She was only a gravedigger' s 
daughter, but you should see her 
lower the bier. 

Women were made before mirrors 
and have been before them ever 
since. 

~ ~ ~ 

Reader: "Do you make up these 
jokes yourself?" 

Humor Editor: "Yep, out of my 
head." 

Reader: "You must be." 
~ ~ Cll!l 

The cannibal king looked at the 
beautiful young woman about to be 
tossed into the cooking pot. 

C<Mmm. Believe I'll have breakfast 
in bed this morning." 

~ Cll!l Cll!l 

Some girls leave nothing to a man's 
imagination and everything to his 
self-control. 

Cll!l ~ Cll!l 

We've heard that poultry has gone 
up a nickel, but pigeons continue to 
drop a little. 

~ Cll!l @ 

Seven sailors and a lady, the only 
survivors of a shipwreck, were rescued 
from an island after seven long years. 
One sailor was telling his experiences 
to a minister friend. The minister 
asked: "And my good boy, was the 
lady chaste?" 

"And how," he replied, "from one 
end of the island to the other." 

~ ~ Cll!l 

In television these days, some sing
ers not only show off their best arias 
but also their best areas. 

~ Cll!l ~ 

The average husband is proof 
enough that a woman can take a joke. 

MINNESOTA TECHNOLOG 

Said the small boy: "My maw and 
paw had an awful time getting mar
ried. Maw wouldn't marry paw when 
he was drunk and paw wouldn't marry 
maw when he was sober." 

Cll!l Cll!l ~ 

Brown has a lovely baby girl, 
The stork left her with a flutter; 

Brown named her "Oleomargarine," 
For he hadn't any but her. 

• • Cll!l 

A woman got on the train with 
three sets of twins. When the con
ductor came by for the tickets he 
looked at them in astonishment. "Do 
you mean to say you get twins every 
time?" he asked. 

"Oh, no," she replied. "Hundreds of 
times we don't get anything." 

• • • 
He: "Pardon me, but you look like 

Ellen Brown." 
She: "I don't look so good in blue, 

either." 

• • • 
"How long did it take your wife to 

learn to drive?" 
"It'll be ten years this fall." 

• • • 
Road sign at the outskirts of a small 

town: 
Go slow-see our belles; 
Go fast-see our cells. 

• Cll!l • 

"Darling, I could sit here and do 
nothing but look at you forever." 

"That's what I'm beginning to 
think." 

• • Cll!l 

Professor: "Tell us what you know 
about nitrates." 

Engineer: "I don't know much 
about them except that they're cheap
er than day rates." 

• • • 
Policeman (to an intoxicated man 

who is trying to fit his key into a lamp 
post):, ''I'm afraid there's nobody 
home. 

"Mus'be. Mus'be. There's a light 
upstairs." 

• • Cll!l 

C.T.: "We like to regard the salaries 
of our employees as confidential." 

Technolog Staff Member: "Don't 
worry, I won't tell a soul. I'm just as 
ashamed of them as you are." 

A bathing beauty is a girl worth 
wading for. 

e e e 
If all the coeds in the world who 

didn't neck gathered in one room, 
what would we do with her? 

See you at 

T E 
BRI 

open till 

Ml I 

E CAFE 

HT 

also open 

su YS 
II to 8 

Corner of 

15th Ave. and 4th St. 
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Ask about the Rover-B.R.M. A radical car with a rear
mounted gas turbine engine. One of the 51 cars that started at 
Le Mans this year. One of only 14 with the stamina to finish. 

Ask Rover about the engine's unique heat exchanger that 
doubled miles per gallon of fuel. They'll tell you it was made of 
a Corning-developed glass-ceramic trademarked CERCOR®. 

Noel Penny, the engine's designer, states: "The low coeffi
cient of expansion, low thermal conductivity, high specific heat 
and economic feasibility of CERCOR glass-ceramic made it the 
logical choice for the Rover, with a much better prospect for 
future gas turbine engines than any metal counterpart." 

Today glass can do jobs that metals can't~and more. Much 
more. It can withstand the awesome pressures at the ocean's 
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floor, maintain constant electrical properties at missile speeds, 
save weight without sacrificing strength, bring the stars close 
to an astronomer's eye, bend, not bend, break, not break. It's 
the most versatile basic material in the world today. 

For solutions to their materials problems, industry and gov
ernment are coming to Corning. Because Corning is the glass
master. It's a broad, international company, with one of the 
most daring, expert and imaginative research and engineering 
staffs in the world. Plus, a marketing principle that commits 
them to developing products only in areas where a need exists 
and no product does. 

If you know a company with a technological problem, or a 
bright engineer looking for a future, mention Corning. 

I 
CORNING GLASS WORKS 
CORNING, NEW YORK 
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sanitary glazed clay pipe 

If it's made of clay it's good ... if it's made by Dickey it's better 

I 
Yes, THE 01...1:' OAKEN SLJCI<ET HA.D 
A 6RANC'FAIHeR. IHc FOReRUNNER 

OF THe BUCKel DEPICTS THE 
CUL.TLJRE OF E.ARL.Y AMeRICAN INDIANS 
AS CL..SARL.Y A5 THE OAKEN VAR/SIY 

Te/...1-5 THE STORY OF /....!FE 
IN L..ON6FEL.l-OW's TIME. 

ANo HUNORSOS oF YEARS AFTEPl. 
THe 0/...0 OAKEN BUCKEr HAS OECAYEO 

AND TURNEO TO r;n;s-r; THE: INDIAN 
WAIER VESSel- W/L.r.... STILL.. £3/:: 

GOOO A5 NSW. 

How oo we KNOW THls. ••••. sv r1-11s 
CENTUR!e5 Ol-D CL.AY WATI:R ..JAR. 

This fine example of American Indian pottery is 
called Chupardero Black-on-White. It was exca
vated from an ancient Pueblo village site called 
Bloom Mount located near Roswell, New Mexico. 
Mogollons lived in the village from about 1150 to 
1400 A.D. As is true of most Southwestern pot~ 
tery, this clay jar was made by the coil technique 
... and the jar is still as good as new. 

Proof again of the amazing permanence of clay. 

Dickey Perma-Line Pipe is permanent, too ... be
cause ifs made of the same indestructible raw 
material-clay. Nature makes it immune to acids, 
alkalis, even atomic wastes. Regardless of the cor
rosive wastes it carries from an ever-changing 
world, Dickey Perma-Line Clay Pipe will endure. 
And the Dickey Coupling is made of the finest 
material available ... urethane. It makes each joint 
tight. Locks sewage in ... locks infiltration out. Re
member, Dickey Perma-Line Coupling Pipe is the 
one sure way to build sanitary sewers that give 
long-life, low-cost service. 

W. S. DICKEY CLAY MFGo CO. Birmingham, Alabama • Ft. Dodge, Iowa • Kansas City, Missouri 
Meridian, Mississippi • St. Louis, Missouri • San Antonio, Texas • Texarkana, Texas-Arkansas 
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(Continued from Page 22) 

operational aspects of such a mission. (See Figure 3). 3 

At this moment, the most feasible method of braking 
and establishing an orbit at Mars appears to be by pro
pulsion. This feasibility results largely from the routine, 
relatively common use of propulsion and the fact that 
testing and retesting can be accomplished on Earth. 

A substantial saving in total mission mass can be 
realized if aerodynamic braking is used at Mars to brake 
and establish an orbit. The information, however, avail-· 
able about Mars' atmosphere is meager. The postulated 
atmospheric pressure, temperature, and composition vary 
widely thus complicating the planning for atmospheric 
braking. Furthermore, a vigourous testing program 
would have to be undertaken and many of the tests 
would have to be performed on Mars. Hence, until the 
Mars atmosphere is well defined, whether by unmanned 
probes or manned missions-a topic irrelevant here, trips 
relying on Mars' atmospheric braking appear highly un
realistic ( see figure 1 ) . 

Further energy, and hence mass, saving is plausible 
if a highly elliptical orbit is established at the target 
planet. This saving, however, can be realized only if the 
propulsion for planet departure occurs at or near peri
planet-that point of the orbit which is closest to the 
planet. This necessitates that the orbit be lined up such 
that the direction at this time is the correct direction 
for Earth return. Maneuvering to align an orbit of this 
sort correctly would reduce the potential savings con
siderably, even to the point of making them negligibleY1 

At least, such maneuvering would require a multi
impulse propulsion system. 

Upon Earth return, the spacecraft is braked by pro
pulsion to parabolic speed or slightly above, about 
36,000 ft/sec. This is the entry speed for the Apollo com
mand module on its return from the Moon. If the amount 
of propulsion can be decreased by raising the allowable 
speed of entry to 50 or 60,000 ft! sec, the total mission 
mass could be decreased by 30 to 40% in many cases. 12 

NASA's Ames Research Center is presently involved in 
studies to improve this entry capability. The problem 
concerns not only increased aerodynamic heating but in
creased guidance requirements as well since with in
creasing entry speed, the entry corridor is· drastically re
duced. If the entry is too deep, the spacecraft burns-if 
too shallow, it misses the Earth (see figure 2). 

The problems associated with the care and feeding of 
astronauts should be solved by the time of the first plan
etary mission. Solutions of most of the problems of this 
sort should come from space station activities. Many of 
the critical items, diet, life support system, lifetime, and 
zero gravity can be tested in Earth orbit. 

It appears that for a manned Mars landing mission, 
the minimum crew size is six. The assumption is that 
three remain in the main ship in Mars' orbit and three 
go to the surface in the Mars' excursion module. If the 
excursion fails the three remaining crewmen could op
erate the ship to return to Earth. This initial crew of 
six is the minimum; more is desired, perhaps as many as 
ten or twenty. As the crew size increases, however, the 
mission mass and the volume required to support them 
also increases. Studies are now being conducted to de-

Figure 3 
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termine the optimum crew number. 
One point which has received major consideration is 

the matter of zero gravity versus simulated gravity. A 
number of scientists hold that without the Earth's grav
ity, mankind would perish from cardiovascular malfunc
tions or disruption. It has been determined however 
that except for such things as atmospheric c;ntainment: 
the opposite is true; mankind survives on Earth, not 
because of gravity, but in spite of it. 

Providing artificial gravity by spinning or tumbling 
the spacecraft increases the total mission mass by only 
about 6% but grossly increases the operational com
plexity. More significant problems arise, however, with 
respect to the effect of the crew. For the relatively small 
spin radius now allowed, 80-100 ft., the crew would be 
subjected to a number of strange sensations, including 
the Coriolis effect which would appear to divert motion 
to the side, giving a swimming-head effect. 

Representative Experiments 
Consider, too, some of the representative astronomy 

experiments for a manned orbiting observatory: 
The outstanding experiments include work with inter

mediate size reflecting telescope and associated camera or 
orthicons; manned coronagraph, Gamma and X-Ray 
telescope, and the associated emission-line radiometry. 
Experimentation with emission-line radiometry can de
termine the distribution patterns of densities within 
stellar gas. 

Early manned space astronomy can use a modification 
of the Goddard Experiment Package to place a 38 in. 
aperature, f/5 telescope in orbit for intermediate resolu
tion studies of planetary detail. There are, primarily, two 
functional modes of a telescope of this sort: it may be 
used as a spectral photometer, or spectograph to measure 
the spectral shifts or spectrum of distant galaxies, stars 
and planets, or it may be utilized as an imaging device 
extending knowledge of faint stars by several magni
tudes. Although the Stratoscope will probably be used 
for spectral analysis beyond the capability of Stratoscope 
II in the UV, the orbiting manned observatory will be 
able to photograph Mars, and study the changes in the 
visible and infared regions over several days. This can
not be accomplished with a balloon which -is up for only 
a period of one night. The next most logical mode after 
an imaging device is a coronagraph, which is a further 
modification. Still another optical system is used for con
venience of occulting the solar disk and filtering out the 
bright Poisson spot. Results obtained with such a coron
agraph may correlate with simultaneous studies of low 
frequency radio emission. 

At the short wavelength end of the spectrum, experi
ments relating to cosmic X-ray sources have been limited 
to date. 

In the radio region, maps of the sky can be obtained 
at frequencies below ionospheric cutoff with a resolution 
limited by the achievable size of directive antennas at 
these long wavelengths. It does appear feasible, with the 
aid of man for antenna erection, to deploy wide-band 
antennas with 10 to 15 db gain. Later stages of such a 
program could contemplate the use of two such antennas 
in an interferometer arrangement to study discrete sourc
es at the lowest attainable frequencies. 

Information learned regarding the distribution of neu-
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tral and ionized hydrogen by comparing the galactic 
radio source distribution at the lowest frequencies with 
calculations based on assumed source mechanisms might 
be related to optical information obtained through emis
sion line spectroscopy. 

limitations 

There are, however, limitations on orbiting telescopes. 
The modulation response of the system for an extended 
surface is limited by the optical system £-number if dif
fraction limits are achieved in fabrication and by the film 
response and eye threshold, which is proportional to 
granularity and inversely to gamma. Further limitations 
arise from the wavefront deformation and film flatness, 
as well as the exact position of the film at the focal plane 
during exposure. Any vibrations as well as residual un
compensated image motion causes a steep drop in re
sponse at the limit. Finally, the alignment becomes the 
critical factor. It can be shown that the slightest physical 
movement, down to man's respiration in an orbiting lab
oratory, can disturb the image motion compensation on 
a long-time exposure. 

Studies of the effects of crew motion on the attitude of 
a manned orbiting laboratory similar to that which could 
be obtained by minor modifications of Apollo hardware 
show that gross body motions within the cabin lead to 
maximum vehicle excursions of a few tenths of a degree. 
Single arm motions lead to maximum excursions of the 
order of a few arc seconds and respiration to almost an 
arc second! For high resolution work, especially in later 
phases of manned astronomy programs, several alterna
tives are possible, such as provision of an attitude control 
system of sufficiently rapid response, or operation of the 
telescope as a separately orbiting system with tether. 
The operational difficulties associated with operating an 
external telescope through an airlock or using remote 
handling equipment operating through the pressure 
vessel are further complicated by problems of desiccation 
of photographic plates in a vacuum environment. The 
development of the required attitude control systems 
to allow the telescope to be rigidly affixed to the vehicle 
does appear feasible. 

Further limitation arises from problems of thermal 
stress and consequent distortion of large telescope mir
rors in the space environment. This will require the use 
of optics constructed of materials with low coefficients 
of thermal expansion or with this shell techniques, or 
both. Already a 68 in. quartz mirror blank has been 
fabricated in light of this problem. Based on test re
sults obtained from this work, a 151 in. quartz blank is 
presently being fabricated for Kitt Peak Observatory. 

The intensity of low frequency radio emissions from 
the sun is such that valuable information can be ob
tained from experiments using omnidirectional an
tennas during the next period of increasing solar activity. 
At the high frequencies above ionospheric cutoff, where 
isophote maps have been measured giving the intensity 
distribution of the solar radio source, the apparent di
ameter of the sun is larger, the lower the frequency 
stays. It is anticipated that in the megacycle region, 
this source will be several times the diameter of the 
visible sun. This follows from consideration of the prob
able plasma cutoff frequencies estimated from present 
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provisional know ledge of the magnetic field strengths 
and plasma densities in the solar corona. 

Radio studies of the sort will ultimately require for 
their execution highly directional arrays, or simpler 
arrays, in an interferometer arrangement in order to 
achieve a resolution of the order of .05° of an arc. 

Conclusion 
Manned interplanetary flight, then, is not only attain

able but is being attained. As determined, a number of 
the existing hardwares can be minimally changed to 
fit the requirements of further, more intensified explora
tion. We do not know the rewards to be gained froni 
such exploration yet we continue, as we continue in the 
deliberate assessment of these unknown benefits as 
weighed against more apparently known benefits of other 
tasks within the terrestrial environment. Yet, ... is it not 
possible that with interplanetary flight and exploration 
we may determine the origin of our own planet, of our 
own solar system, of other solar systems ... ? 

As President Kennedy indicated, "the goal of this na
tion should be to commit itself to achieving the goal, 
before the decade is out, of landing a man on the moon, 
and returning him safely to Earth." The United States not 
only is involved with sending a man to the moon but in
deed, with exploring the entirety of the known uni
verse. One again notes the words of William Schneider, 
Deputy Director for Gemini, NASA: "The real reason 
behind lunar, indeed all, space travel is that a country 
so employed thereby established a national capacity for 
endeavors which previously had not even crossed men's 
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CHARGE YOUR PLANE TICKETS AT 

AMERICANS ABROAD, INC. 

TRAVEL SERVICE 

Fly at the company's expense to your job interview ... charge 

your plane ticket at AMERICANS ABROAD, INC .... pay when 

reimbursed by the company on your return. 

Make your air reservations and pick up your ticket at our con
venient campus location (next to Perine's book store). 

A letter from the company requesting the interview and your 
fee statement are necessary for charging. Bring these in when 
making your reservations. 

Call or stop in: 

9:00 to 5:30 Weekdays 

9:00 to noon Saturdays 

Specialists 
in Faculty 

Travel 

AMERICANS ABROAD, INCe 
TRAVEL SERVICE 

317 14th Avenue S.E. 
331-7909 

minds. Space travel necessitates a more highly devel
oped, more highly educated society. Man's appetite for 
knowledge cannot be appeased; as he learns more he 
becomes more aware of what he doesn' know and con
tinues studying and experhnenting. As man becomes 
more aware of the little he knows about space, he works 
continually to learn more. Space travel becomes, hence, 
a necessary part of man's education." [] 
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advanced degrees. And it comes from the 

challenge of engineering design problems 

that will fascinate the most creative minds. 
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by PETER BLOMBERG, EE '69 

Dr. H. A. Bent, Associate Professor in Inorganic Chem
istry, was born in Cambridge, Massachusetts, in 1926. He 
attended the University of Missouri for one year, then 
transferred to Oberlin College in Ohio. He served as a 
radar technician in the Navy during the second world 
war.. After the war, he returned to Oberlin and ob
tained a B.A. degree in 1949. From there, he went to 
the University of California, Berkley campus, where he 
received a Ph.D. in Physical Chemistry in 1952. 

Currently, Dr. Bent is doing research in the theory of 
electronic structure of matter. To be more specific, he is 
attempting to make the Pauli Exclusion Principle more 
precise (utilizing the fact that electrons have wave 
properties). He proposes the theory that the associated 
waves of electrons cannot overlap if the spins are paral
lel. In other words, two electrons in different orbitals 
can only come as close together as the associated wave 
will allow. To substantiate and learn more about his 
theory, he makes tangent sphere models of atoms with 
each sphere representing an electron pair, or orbital. 

Professor Bent, author of the book The Second Law 
(of thermodynamics) which he recently completed, is 
married and has two children, ages three and five. He 
is a member of A.C.S., A.P.S., and A.A.A.S. Plans for the 
future include to continue his research projects, raise 
his family, and take up his old hobbies of tennis, skiing 
and playing the clarinet as the children grow older. 

DR. BLACKSHEAR 
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DR. BENT 

Anyone need a new heart? Dr. Blackshear, professor 
in mechanical engineering, is currently working with 
a group of engineers and surgeons to develop a plantable 
artificial heart. His particular duty in this study is de
termining what causes undesirable changes in the blood 
while it passes through the pump and tubing and how 
these effects can be alleviated. 

Another interesting project of his is determining the 
factors that affect the burning rate of cellulose. This is 
an important factor in building fallout shelters. That is, 
how much heat protection should a fallout shelter have 
if it is in, say, a forest. What he is actually determining 
is how fast and how hot will the forest burn. 

Professor Blackshear was born in Atlanta, Georgia, in 
1921. His educational background is extensive. He re
ceived B.A. and M.A. degrees from Georgia Tech in 
1943 and 1947, respectively. From there, he went into 
industry for several years. Returning to school, he re
ceived a Ph.D. from Case Institute of Technology in 
1956. For the past nine years, he has been here at the 
University. An interesting sidelight is that he was a 
Fulbright lecturer in Germany in 1962. 

Dr. Blackshear is married and has six children. His 
hobbies are squash (handball with a racket), sailing, and 
music. He belongs to AIAA, Combustion Institute, 
ASAIO, and Sigma Xi. His plans for the future include 
continuing the heart research project and attempting to 
make it possible to establish a Bio-Engineering degree. 

December, 1965 



Everyone in your class couldn't 
make it at Honeywell. But if 
you are one of those individ
uals who is our kind of man, 
you probably wouldn't be happy 
working any place else. 

Why not see how you measure 
up to Honeywell. 

Can you work with little or no super
vision? Honeywell has no long, drawn
out formal training program. You're 
assigned to a specific job where you 
can start contributing to your future 
as you learn. You'll have plenty of 
chance to show what you can do on 
your own. 
Do you stick to your guns when you 
are right? Honeywell hires men who 
think things out for themselves and 
aren't afraid to disagree with the ma
jority. "Yes men" don't get very far 
at Honeywell. You have to contribute. 
Can you admit it gracefully when 
you are wrong? You will be working 
with a group of real pros at Honey
well, men who recognize good work 
and respect you for it. But they will 
also let you know when and why you 
are wrong. It takes a real man to 
work this way. 

Will you let your future rise and fall 
on your own accomplishments? 
Honeywell pays and promotes to rec
ognize individual progress and per
formance. We'll push you along as 
fast as you can handle the work, but 
you can't sit back and ride with the 
group. A real man likes to set his own 
pace and we like it that way, too. 
Do you take pride in your life's 
work? The job is the boss at Honey
well. Our men work nights when the 
job calls for it. They want to. You 
will find the competition very keen at 
Honeywell. 
Can you take the setbacks in stride? 
Honeywell works in some very chal
lenging fields where the answers don't 
come easy. Our men don't like things 
all laid out for them in a neat, orderly 
manner. Adversity doesn't frustrate 
them, they thrive on it. 

If you are one of these men, 
Honeywell is after you. 
You'll find real professionals like it at 
Honeywell. We have one of the lowest 
turnover rates in the industry-less 
than half of the national average. 

They find a genuine opportunity at 
Honeywell. We employ over 50,000 
people world-wide. 

Briefly, our main business is elec
tronic systems-all kinds. We're a 
leading manufacturer of computers 

for business, industrial and scientific 
work. We make automatic systems 
for homes and commercial buildings; 
weapons systems; systems for air
craft, spacecraft, missiles; process 
and industrial control and medical 
use; precision switches and semicon
ductors. 

It's tough to find a market we don't 
serve. Notice the concentration in the 
growth industries. Honeywell is grow
ing and you can grow with us. We 
support programs for advanced de
grees for Honeywell men. We need 
your progress. 
There's more to the Honeywell man 
Ask your placement director for the 
Honeywell brochure. 

Talk to one of our recruiters next 
time he visits your campus. Watch 
for dates or, if you prefer, write to 
Mr. H. P. Eckstrom, Corporate Man
ager of College Relations, Honeywell, 
Minneapolis, Minnesota 55408. 

Hon 
An equal opportunity employer 
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Photos by Bill Ludwil 
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Late last month, during those hectic days 
when we on the 'LOG staff were trying to fig
ure out how to fill up this magazine with read
able material, the photo staff made a list of 
what the next pin-up should have in the way 
of qualifications. We came to the conclusion 
that she should have a well-rounded person
ality, be beautiful, smart, and generally well
rounded (that was a pun!). Well, we hunted 
and hunted, and came up with the ideal girl 
... and it just so happened that she turned 
out to have already been discovered by the 
engineers last year. You see she was our 
E-DAY queen last year. Her name is Jeanne 
Stine, and she will reign over us engineers un
til the next E-DAY. 

This 5'8" Music Education major is a sopho
more who likes to sing and ski. She is a 
member of the University Chorus and of the 
Sigma Tri Delta Sorority, and has been a 
Welcome Week advisor as well as a Pledge 
Camp Counselor. When asked what type of 
man she preferred, she said: « ••• A well
rou?,ded intelligent one; in short-an engin
eer! 

The vital statistics are: 
X 2 + Y2 + Z2 = 3241, 
X 2 - Y2 + Z2 = 2089, 
xz + Y2 - Z2 = 649. 



Caterpillar seeks uncommon quality ... 
in people and products 

Cat research and engineering led the way to 

ulnstant Evaluation" of Vehicles 

Test drivers could bounce across the field. 
But they couldn't remember every bounce. 
Precise data was needed, on motion, vibra
tion, balance, noise and seat position. Cat 
engineers found a way. 

First they had to develop instrumenta
tion for recording all those effects on vehicle 
operators. 

Then they developed a testing method 
that would duplicate identical conditions in 
a controlled lab environment. The Cat Ride 
Simulator. It has a ride platform with seat 
and controls. A servo drive mechanism 
which controls the platform. And an analog 
computer which directs the servo drive. 

That wasn't bad. They could tape verti
cal acceleration measurements of a vehicle 
in the field. Then recreate them on the ride 
platform. That let them study effects closely. 
And judge two versions of a vehicle in fast 
sequence-no human memory involved. 

But these were Cat engineers. They went 
after the next step: evaluating prototypes 
with pre-hardware paper testing. If this 
could be done, vehicle development could 

really be speeded up. Why build a vehicle, 
test it outside and make changes ... if the 
concepted vehicle could be made to travel 
a "taped terrain"? 

They used the analog computer, simu
lated a rna thema tical model and used a 
taped road profile as input data to the model 
-with the computer output actuating the 
ride simulator. Now, design modifications 
are pinpointed at once. Evaluations are 
made in moments, instead of days. 

That's another example of what we mean 
by new frontiers. If you'd like to help us 
push back the boundaries of knowledge, we 
need you. In research, development, design, 
manufacture, sales. Here and overseas, 
opportunities for Cat engineers-all fields
are endless. 

Contact your placement office. We'll be 
interviewing on your campus soon. Or write: 
College Recruiting, Personnel Development 
Dept. B, Caterpillar Tractor Co., Peoria, Ill. 

I 
Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

''An Equal Opportunity Employer" 

Caterpillar Tractor Co., General Offices, Peoria, Illinois • Caterpillar Americas Co., Peoria, Illinois • Caterpillar Overseas S.A., Geneva • Caterpillar of Australia Pty. ltd., 
Melbourne • Caterpillar Brasil S.A., Sao Paulo • Caterpillar Tractor Co., ltd .. Glasgow • Caterpillar of Canada ltd., Toronto • Caterpillar France S.A., Grenoble • 
Caterpillar (Africa) (Pty.) Ltd., Johannesburg. Caterpillar Mexicana S.A. de C.V., Monterrey • Caterpillar Mitsubishi ltd., Tokyo, Japan • Tractor Engineers ltd., Bombay, India 
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THE LAST LAUGH 00 ~ m 

(Continued from Page 30) 

written several contemporary classics of science fiction. 
The "Three Laws of Robotics" elaborated in many of 
his stories have become the predominant· standards for 
fictional robots-and stand a good chance of being de
sign requirements for any actual robots to be con
structed. They are, in descending order of importance: 
( 1) A robot may not harm a human, nor through in
action allow a human to be harmed. ( 2) A robot must 
obey all instructions given to it by humans, except those 
in violation of the First Law. ( 3) A robot will preserve 
itself, unless such self-preservation conflicts with either 
the First or Second Laws. The logical development of 
these laws is where the fun begins; consider-are chil
dren humans? Answer: children must be protected from 

Naturally, science fiction writers of the past were not, as a rule, 
extremely accurate as forecasters of the future .... 

all harm, but need not be obeyed by robots except in a 
limited sense. Consistency in such stories demands sci
entific thinking of high order; yet since the writer can 
choose his own postulates, there is a delightful sense of 
freedom. 

One of the most famous (notorious, if you disagree 
with him) cosmologists in the world incorporates his 
theories in science fiction stories. Dr. Fred Hoyle has 
had several books published, all of them scientifically 
stimulating-and in some cases, his ideas have received 
wider circulation in this manner than they would have 
in regular scientific channels. He once devised a fool
proof method for an alien race to invade and conquer 
Earth without coming near it-they need merely broad
cast a signal to all nearby stars, coded for easy compre
hension and containing instructions for the assembly of 
a super-computer. It is highly probable that an intelli
gent race will be curious enough to build one just to 
see what happens. Thus the aliens make slaves of all 
races smart enough to build the computer and stupid 
enough not to detect the built-in instructions to conquer 
-and they are spared the danger of attempting to 
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dominate a race smart enough to see the joker. Once the 
planet is subjugated, the computer radios its masters, 
who come and reap the benefits without ever risking 
their green, scaly hides or sending out an unprofitable 
expedition. Now, while it is very improbable that this 
will actually happen to us, it is possible. Had Hoyle 
calmly and scientifically mentioned the possibility, he 
would have been laughed into oblivion and his warning 
forgotten. With a story he safely expresses the idea, 
gains royalty money, and makes it probable that some
body on the staff of any such construction project will 
have read his warning. 

Hal Clement (Harry Clement Stubbs) is a genial but 
calculating man. He writes what is sometimes called "a 
scientist's science fiction." No alien planets are so de
tailed as his, no alien races so fully described biologi
cally. He uses "slave labor" to write his books, much in 
the manner of Project Arcturus. For he teaches science 
at a small college in Massachusetts, and strange to say, 
many of the class assignments bear upon the astrophysics 
and ecology of the planet in his latest story .... 

Coda 
Science fiction is a strange and fascinating thing. Like 

the detective story, it demands keen attention to detail. 
In adventure it can surpass the wildest Western; no tales 
of foreign lands can possibly match the exotic scenes 
possible when all the planets of the Universe become 
available. Science can be master of the tale, or its 
servant-alas, at times even the neglected begger at the 
door. It is a medium of the imagination, exceeded in 
possibilities only by tales of the supernatural-for it is 
not confined to the here-and-now. The story may take 
place anywhere, past, present, or future. Indeed, Olaf 
Stapledon's The Star-Make1· spanned the entire Universe 
and all of recorded time. 

Like all media of the imagination, it has its faults. 
Science fiction is confined to what is not known at pres
ent to be false (not to be confused with what is thought 
to be false). This is a much larger domain than what 
is true; many of the stories will naturally be found to 
be based upon incorrect premises with the advance of 
science. To those who arrogantly believe that all that 
can be known or done, has been known or done, science 
fiction is fatuous and stupid because it involves the 
unknown. To the gullible it can be The Word; looking 
at the march of science they feel that nothing is impos
sible. Neither of these attitudes does justice to a com
plex literary phenomenon. Science fiction is guaranteed 
to stretch the imagination, no more-this, and the prod
ucts of the free imaginations writing it, are its value. 
This is a function of all literature; science fiction merely 
spans science as well as human life. 

BIBLIOGRAPHY 

Astounding Science Fiction, February 1960 
Isaac Asimov, /. Robot 
Arthur C. Clarke, "I Remember Babylon" 
Hal Clement, Mission of Gravity 
Dick Eney, Fancyclopedia II 
Hugo Gernsback, Ralph 124 C 41 + 
Thea Von Harbou, Metropolis 
Robert A. Heinlein, Waldo and Magic, Inc. 
Fred Hoyle and John Elliot, A for Andromeda 
Philip Nowlan, Armageddon 2419 A.D. 
Jules Verne, Twenty Thousand Leagues Beneath the Sea 

December, 1965 



3,000 doors to a career 

Allied Chemical's product list now tops 3,000 
-and is growing fast! 

Such product diversity means not only many 
jobs, but many kinds of jobs to suit your tal
ents and inclinations. It means more top jobs, 
and more chances for advancement. It's one 
of the important things to look for when 
you're choosing a company. 

Allied Chemical is directly in
volved with today's most signifi
cant areas: agriculture, space, 
and nuclear energy. Some of its 
products are basic-many are 
new. Products introduced since 

World War II now account for a quarter of 
sales. There's tremendous variety: Building 
materials. Fashion fibers. Rocket fuels. Dyes. 
Fertilizers. Plastics. Petroleum products. 

Over 35,000 people work in Allied Chemical's 
10 divisions-at more than 100 plants and re
search centers-at scores of sales offices 

throughout the country. 

It's a big company with big op
portunities-and a good one for 
you to know more about before 
making a career decision. Ask 
your placement office when our 
interviewer will be on campus. 

An equal opportunity employer 

Divisions: Barrett • Fibers • General Chemical o International " National Aniline , Nitrogen o Plastics • Semet-Solvay • Solvay Process • Union Texas Petroleum 

MINNESOTA TECHNOLOG 49 



I 
EE: "Why don't you like girls?" 
ME: "Because they're too biased." 
EE: "Biased?" 
ME: "Yes, every time I go out with 

them it's bias this, bias that, bias 
something else, until I'm plumb 
broke." 

e e e 

We know a heck of a good dirty 
joke we'd like to tell you, but the 
editor won't let us. It sure is good. 

e ® e 
ADOLESCENCE-the age when a 

girl's voice changes from no to yes. 
e e e 

Dames are pushovers for gay cabal
leros. Caballeros are athletes in Spain. 
Athletes in Spain throw the bull for 
diversion. Therefore, dames are push
overs for bull-throwers. 

e e e 
She: Are you a member of a crew? 
Dan: No. 
She: Then stop stroking me. 

® e e 

Little Jack Horner 
Sat in the corner-
B.O. 

e e e 
An unobtrusive gentleman in the 

museum was gazing rapturously at a 
huge oil painting of a shapely girl 
dressed in only a few strategically ar
ranged leaves. The title of the picture 
was "Spring." Suddenly the voice of 
his wife snapped: "Well, what are 
you waiting for?-Autumn?" 

® ® ® 

"Don't you pity a girl in the dark?" 
«Yes, I can't help feeling for her." 

e e o 

Wish we could tell that dirty joke. 
® ® 0 

Another gem from the Union Lunch 
Room: 

"Waiter (using the word loosely), 
What is this?" 

"It's bean soup." 
"I don't care what it's been, what 

is it now?" 
e e e 

She: ''I'm a good girl." 
He: «Who asked you?" 
She: «No one." 
He: "Then no wonder you're a good 

girl." 
@ @ • 

A girl slaps a boy's face, not to hurt 
his feelings, but to stop them. 

® ® ® 

Moral: The fan dancer who has the 
least number of fans has the most 
fans. 

e e e 
"Hell, yes," said the devil picking 

up the phone. 
e e e 

She used to be a school teacher, 
but she has no class now. 

e e e 
We wish that the editor would let 

us tell that dirty joke. 
e e e 

"We want a girl to sell kisses at the 
bazaar. Have you had any experi
ence?" 

"Well, I'm a Comstock Coed from 
'West'." 

''I'm sorry, miss, but we were look
ing for amateurs." 

e e e 

He: "If I asked you to become mv 
secretary at $200 per week, would 
you say, 'Yes'?" 

She: "A dozen times a day if nec
essary." 

@ ®I ®I 
Pretty Girl: "What do you mean 

by saying that my date with you was 
like a string of pearls?" 

ME: "Necklace, honey, neckless." 
(0 @ • 

Customer (at cigar counter, point
ing): "I always smoke that brand in 
the can." 
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Mamie, the clerk: ''I'm sure there's 
no better place to smoke 'em, sir!" 

® ® ® 

Still would like to tell that dirty 
joke. 

e ® e 

St. Cloud State: "Don't you think 
our campus is an intriguing place?'' 

Mankato State: "Yeah, it's a regular 
fairyland." 

Kiss. 
Pause. 
''I'll bet you're a bugler in the 

ROTC." 
® ® ® 

A city and a chorus girl 
Are much alike, 'tis true; 
A city's built with outskirts, 
A chorus girl is too. 

e e e 
A college fellow told a sweater girl 

that it was impolite to point. 
e e e 

Be it ever so homely, there's no face 
like an engineer's. 

e e e 
She: "Don't you love me any more?" 
He: "Sure, I was just resting." 

e e s 

Ike: "Do you know where they gf' 1 

virgin wool?" 
Mike: "Sure, from the sheep that 

can run the fastest." 

This is the deadline. 
We managed to sneak in our dirty 

joke after the deadline, so the editor 
wouldn't have a chance to censor it. 
Here it is. 
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Prepare now for your future in highway 
engineering ... get the facts on The Asphalt 
Institute's new computer-derived method 
for determining structural design of Asphalt 
pavements for roads and streets 
Today, as more and more states turn to modern Deep
Strength* Asphalt pavement for their heavy-duty highways, 
county and local roads, there is a growing demand for engi
neers with a solid background in the fundamentals of Asphalt 
technology and construction. 

Help to prepare yourself now for this challenging future by 
getting the latest information on the new Thickness Design 
Method developed by The Asphalt Institute. Based on exten
sive statistical evaluations performed on the IBM 1620 and 
the mammoth IBM 7090 computers, accurate procedures for 
determining road and street structural requirements have 
been developed. 

All the facts on this new method are contained in The As
phalt Institute's Thickness Design manual (MS-1). This help
ful manual and much other valuable information are included 
in the free student library on Asphalt construction and tech
nology now offered by The Asphalt Institute. Write us today. 
*Asphalt Surface on Asphalt Base 

THE ASPHALT INSTITUTE 
College Park, Maryland 

MINNESOTA TECHNOLOG 
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Thickness Design Charts like this (from the MS-1 manual) 
are used in this new computer-derived method. This chart 
enables the design engineer quickly to determine the 
over-all Asphalt pavement thickness required, based on 
projected traffic weight and known soil conditions. 

-------------------------, 
THE ASPHALT INSTITUTE I 
College Park, Maryland I 

I 
Please send me your free student library on Asphalt con- ( 
struction and technology, including full details on your 1 
new Thickness Design Method. 1 
Name, ____________ Ciass, __ _ 

School, ____________________ ___ 

Address _________________ _ 

I 
I 
I 
I 
I 

City State I ________________________ J 
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by RICHARD HOUSTON, Arch. '69 

1. The top and front views of an object are given 
below. Construct its side view. There are no hidden 
lines and the squares in the centers do not represent 
holes. 

TOP FRONT 

2. One coin of eighty is lighter. How can you de
termine which is the lighter coin in only four weighings 
on a scale with two pans? 

3. Find an integer such that its square less one is 
equal to the product of the next larger and the next 
smaller integers. 

4. Given the following, 
1+a+b+c=g 
d + e + f + 16 = g 
P + a 2 + b 2 + c2 = h 
d2 + e2 + f2 + 162 = h 
l < d < e < a < f < b < c < 16 

find integers represented by the letters. Two solutions 
are possible. 

5. The Synchom weather satellite has an orbit which 
keeps it nearly stationary over the earth. How far is the 
satellite from the earth's surface? If Synchom had been 
launched northward instead of eastward what would be 
the period of its orbit? 

Answers to November Brain Teasers 
1. The Washington Ave. Bridge is 1131 feet long. 
2. 12.43 feet. 
3. 

From E Gl EER'S B KST RE 
Main Engineering 

Featuring a Complete Line of T'echnical Supplies 
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a fa ous ca 
e ere 

era an film anufacturer 

After World War I we diversified. It went very well. Now we 

are part and parcel of hundreds of other industries from the 

aerospace industry to the spaghetti industry, from the drapery 

business to the computer business. In cameras and film we con

tinue to do better than ever-much, much better. 

Nevertheless we worry. Could we be more effectively apply

ing our technologies in the I 970's and the 1980's and the 

1990's to problems that mankind is not at present solving 

satisfactorily? We are about to hire the smart technical and ad

ministrative people who will answer that question and still be 

personally involved in the 1990's. They will start by learning 

our present technologies as a base for new ones. They will be 

well paid to learn because they will be useful to us while learn

ing. Those who learn more will get paid more, which is a good 

reason never to stop learning. 

Here is your chance. Drop us a line to get acquainted. 

We tend to let the people themselves decide how rigidly to separate 
mechanical engineering, chemical engineering, chemistry, physics, elec
tronic engineering, and the many other useful disciplines they bring 
with them. 

EASTMAN KODAK COMPANY 
Business and Technical Personnel Department/ Rochester, N.Y. 14650 

An equal-opportunity employer offering a choice of three communities: Rochester, N.Y., 
Kingsport, Tenn., and Longview, Tex. 



ONE RESULT of product innovation is G.E.'s modern manufacturing facility in Brockport, N. Y. 

OUTPUT VOLTAGES from nickel-cadmium cells 
are examined by engineer John Bliven, BSEE, 
Union College '63 on assignment at G.E.'s 
Battery Business Section. 

PRODUCT REliABiliTY of electric slicing knife 
components is the responsibility of Mike Rey
nolds, BSME, New Mexico State, a recent 
Manufacturing Training Program graduate. 

PRICE AND DELIVERY information on nickel
cadmium batteries is supplied by Bob Cook, 
BSME, Univ. of Florida '65 on a Technical 
Marketing Program assignment in Gainesville. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC: 

reating ew 

At our Brockport, N. Y., plant, the new business of manu

facturing cordless slicing knives is rush. So is that of the 

rechargeable-battery supplier, our two-year-old plant at 

Gainesville, Fla., which has just doubled its working area. 

Its sealed, nickel-cadmium batteries, in hundreds of shapes, 

sizes and ratings, are meeting growing customer demands 

in the consumer, defense, and aerospace industries-with 

applications from power tools to satellites. At General Elec

tric, new ventures are a way of life. In both their formative 

and growth st2ges, these ventures call on the skills and 

rowth usinesses 

enthusiasms of experts in more than 120 product depart

ments--in engineering, manufacturing and technical market

ing. To define your career interest at General Electric, talk 

with your placement officer, or write us now. Section 699-15, 

Schenectady, N. Y. An Equal Opportunity Employer. 

~gress Is OvrMosf lmporf;Jnf Protlucf 

GENERAL ELECTRIC 





Flash it with a sun mirror ... ... or command it through a Motorola Transponder* 

THE PROBLEM: HOW DO YOU TELL 

THE SPACECRAFT TO MAKE A LEFT TURN ON ITS WAY TO MARS? 

Sun signals might work fine (except maybe at night) 

but you can count on control when you program with 

the aid of a Motorola transponder and flight com

mand subsystem. 

Besides, if you were skimming along millions of miles 

in outer space, you'd more than likely feel better 

with some sophisticated electronics backing you up. 

Motorola's sophisticated know-how stems from years 

of experience in all major areas of modern elec

tronics- from outer space, inner space, and down 

to earth-to a company's computer as well as your 

own dashboard. 

In fact- how about your shirt pocket? You might 

just find a Motorola radio there. 

*Primary function is to receive command signals from Earth, and return critical in-flight communications information. 

TRUST THIS EMSIGNIA WHEREVER YOU FIND IT 



Engineers & Scientists 
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It is difficult! Perhaps the best and only way is to study the com
pany carefully-to see if its structure, range and operational 
modes permit it to make good its promises. If you scrutinize 
Sylvania Electronic Systems, you'll discover a number of sal· 
ient facts that may help clarify the matter for you. 

Note first that Sylvania employs the small group form of or· 
ganization-within its nationwide complex of research and de· 
velopment groups, manufacturing plants and world-wide field 
engineering operation. This makes swift individual progress 
and development possible within a wide choice of current in· 
house projects. 

Note particularly the diversity and breadth of SES projects. 
You may advance in a technical or administrative capacity in 
any of these areas: ground electronics equipment for Minute· 
man missile sites ... research and development in electronic 
warfare field ... electronic security systems ... 
ASW systems ... special purpose airborne com-
puters for incorporation into U.S. Air Force large 
scale electronic systems ... laser systems .•. de· 

sign of spaceborne electronic and optical systems •.• plus 
world-wide engineering support systems. 

Note that SES has worked out three distinct routes for ad
vancement, all with equal rewards-technical specialist, tech· 
nical manager, program/project manager. 

Finally, note how SES encourages ambitious individuals to 
accelerate their development through participation in Division
wide conferences, in-plant courses and seminars and post· 
graduate study plans conducted on an unusually generous 
scale. 

The success of the SES mission-to manage government 
systems programs for General Telephone & Electronics, the 
parent corporation-depends on the professional and intellec
tual growth of its personnel. In every respect, SES has created 
an environment to foster that growth. Be sure that any prospec· 

tive employer you consider has established a 
growth climate of like specifications. 
Making promises is one thing. Making progress 
is another. 

GENERAL TELEPHONE & ELECTRONICS 
Total Communications from a single source through 

lA ELECTRO IC SYSTEMS 
SIES LABORATORIES ARIE LOCATED SUBURBAN TO SAN fRANCISCO, BUffALO AND BOSTON 

For further information about any of these locations, see your college placement officer or write to: 
Manager of College Relations, 40 Sylvan Road, Waltham, Massachusetts 02154. An Equal Opportunity Employer. 

MINNESOTA TECHNOLOG l 
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for a go-go career 

No, we don't manufacture the TR-4A, but we 
have a lot in common with future sales engi
neers, application engineers, product and de
velopment engineers and laboratory specialists 
who want to have a growth career in an ex
ploding industry. 

We do manufacture a complete line of the 
best air conditioning, refrigeration and heating 
products (and you ought to see what our R & D 
has cooking!) Today's engineering students .•• 
tomorrow's engineers can practically pick their 
location as we're all over the map of the U. S. 
as well as the world. 

We know that our industry is one of the most 
dynamic in the history of man. Take air con
ditioning for instance. Not so long ago it was 
limited to residential and commercial equip
ment. Today Dunham-Bush is part of such 
industries as missiles, spacecraft, plastics and 
chemicals, to name a few. 

The man who wants to sit still is not a 

Dunham-Bush career man. But if you want to 
go-go on your first job, let us know. There's 
an open road ahead. 

First step is to write for our brochure, 
~~careers At Dunham-Bush." Next step is to 
talk with us. Why wait? 

305 PAGE DUNHAM-BUSH HYDRONICS 

MANUAl NOW AVAilABlE TO 

STUDENTS AT HALF PRICE 

Sponsored by a Dunham-Bush 
educational grant, this authorita
tive text and reference hardbound book is 
yours for half-price ... $5.00. It's endorsed 
by engineering heads of leading universities. 
Money back guarantee if you are not com
pletely satisfied. Only work of its kind, you'll 
find it invaluable now and later on in your 
career. Be sure to state your school and class 
when ordering. Send for your copy now tc 
Dunham-Bush, Inc., West Hartford 10, Conn. 

MANUFACTURERS OF THE WORLD'S MOST COMPLETE LINE OF 
REFRIGERATION • AIR CONDITIONING " HEATING EQUIPMENT 
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the universe is your oyster at AC 
Today's challenge at AC-the universe! As a 
member of the AC team, you'll be in the van
guard of men working to advance the state of 
the art of guidance and navigation. 

You'll work in research, design and develop
ment on such advanced projects as an avi
onics system for supersonic aircraft, a guid
ance system for the Titan Ill space launch 
vehicle, guidance/navigation systems for 
Apollo and advanced fire control systems. 
Step up to the challenge, and move up with 
AC. Your opportunities for growth and ad
vancement depend on your ability and 
initiative. AC offers "in-plant" courses cov
ering both technical and management prepa
ration. A Tuition Plan pays your tuition costs 
when you complete college-level courses. 

If you are completing your advanced degree 
in EE, ME, Math or Physics, we invite you to 
inquire about opportunities at any of our 
three locations: AC in MILWAUKEE-our 
Main Research, Development and Manufac
turing Facility; AC in BOSTON - our 
Research and Development Laboratory spe
cializing in Advanced Inertial Components 
and Avionics Navigation/Guidance Systems; 
AC in LOS ANGELES-our Research and 
Development Laboratory specializing in Ad
vanced Airborne Computers, and Ballistic 
Missile and Space Booster Guidance/Navi
gation Systems. 

Salaries are commensurate with experience, 
and full General Motors benefits apply. 

PhD's, please note: Positions are available in 

all three AC locations for PhD's, depending 
upon concentration of study and area of 
interest. 
For further information, see your college 
placement office regarding an interview with 
the AC Electronics Division of Genera I Motors, 
or write directly to Mr. R. W. Schroeder, 
Director of Scientific and Professional Em
ployment, Dept. 5753, AC Electronics Divi
sion, Milwaukee, Wisconsin 53201. 

AC ELECTRONICS 
Division of General Motors, Milwaukee, Wisconsin 5:3201 

An Equal Opportunity Employer 

January, 1966 
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Vietnam and the Demonstrators 
An editorial on such a subject as Vietnam would ordinarily be inappropriate in this magazine. 

However, it is our opinion that the majority opinion is not being fairly represented on this 
campus. (The majority opinion is that we should stay and fight to win, or at least until we 
can reach an honorable settlement.) 

The first thing that must be realized in any discussion on Vietnam is that our military 
presence in South Vietnam is necessary. The only thing the communists (meaning both Viet 
Cong and North Vietnamese) recognize is military power. The communists' willingness, previous 
to the inception of bombings, to negotiate testifies to the fact that they thought they were 
winning. Now that we have shown our power, they absolutely refuse to negotiate. They even 
blast us for saying that they wanted to discuss the possibility of negotiation. Naturally, 
those who demonstrate for peace completely ignore such facts. Negotiations are likely to come 
about only if: a) either the VietCong have a decisive military advantage, or b) the North Viet
namese have been nearly bombed out of existence, or think they are about to be. 

Secondly, it is true that many of the Viet Cong are native South Vietnamese Communists. 
But they have a great deal of help from the North, in both supplies and fellow guerrillas. In 
fact, since the Viet Cong essentially began their uprising in 1957, and were aided soon 
after by the North Vietnamese, the North Vietnamese were first to break the Geneva agreem 
ents (specifically, article 17(a)) and not the United States, as the leftists and demonstrators 
have tried to tell us time and time again. Indeed, the peace demonstrators use a double stand
ard and deal in half-truths, mentioning the Viet Cong only in passing, and saying how lecherous 
the U.S. is, the rest of the time. (They also kept quiet during the current [or past] peace offen
sive.) 

The American public's view of the peace demonstrators was shown on a recent CBS news 
television program on Vietnam. It was revealed, by a representative nationwide poll, that 17% 
of the people thought the demonstrators are sincere. The remainder were about evenly divided 
between opinions of "draft-dodgers" and "communist dupes," besides those with no-opinion. 

Getting back to the topic at hand, a third point to be kept in mind is that accurate, un
biased information out of South Vietnam is hard to get. For a report slanted one way, there 
is quite often one slanted the other way. It is slanted, consciously or subcounciously, the way the 
writer or observer wants to slant it. Besides that, the country is divided up into many pro
vinces, and thus it would be rather hard for anyone to visit a majority of the provinces,· 
besides the problem of volunta1y censorship of information that might be obtained. 

The demonstrators, besides dealing in half-truths and thinking along the line of "the Viet
Cong can do no wrong," do little, all things considered, to help their own cause. The North 
Vietnamese only use the demonstrations to whip their own people up into a frenzy of hatred 
toward the U.S. The U.S. people are portrayed as almost unanimously against the war, with 
the demonstrations used to back up this point. This makes the desire for war greater on the 
part of the people, and thus their leaders can easily continue it. 

Perhaps if the peace demonstrators agreed on at least these few points, there could be 
some worthwhile discussions, locally, on Vietnam. Otherwise the discussions would revert 
back to an attempt to agree on basic definitions as do many intellectual discussions, or to a 
harangue mislabeled as a "Teach-in.'" SL 

MINNESOTA TECHN'OLOG 
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EE, ME, ChE, Physics and Chemistry Graduates: 

s aft r ra uati n ill s 
met 
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It could happen on your first job. 
Some very young engineers and scientists at 

Xerox helped our "old timers" invent the electro
mechanica 1-opticai- chemical machine pictured above 
-the Xerox 2400. On its patent documents you'll find 
names like John Wirley (BSEE Univ. of Detroit '60), 
Henry P. Jankowski (BSEE Rensselaer Poly '62), and 
Larry H. Warren (BSEE Clarkson '63). They all joined 
Xerox right after graduating. 

The 2400 is no fluke. It's just a recent example 
of a tradition that began in 1959, when Xerox revo
lutionized the office copying field by introducing the 
now world-famous 914 Copier. From the 914 onward, 
every new piece of equipment or system we've devel
oped has had no real counterpart already on the scene 
from any competitor. 

What about the future? It gets even more inter
esting. Because as advanced as today's systems may 

!iii 
? 1!1 

1nv nt s 

appear, they don't yet fully reveal the true technology 
Xerox is pursuing-graphic communications. 

Born out of the global information explosion 
and its incredible potential for helping to solve man's 
oldest problems (as well as his newest scientific rid
dles), graphic communications at Xerox encompasses 
the entire spectrum of communications in a graphic 
sense: the formulation, reception, transmission, re
cording, storing, retrieving, processing, copying and 
presentation of any meaningful images. 

And if you don't think all this has a habit of 
creating continuing opportunities to "invent some
thing," ask John, Henry, Larry ... or some of your 
own alumni who started their careers here ... or your 
Placement Director. If you prefer, write directly to 
Mr. Stephen G. Crawford, Xerox Corporation, P.O. 
Box 1540, Rochester, New York 14603. 

RO 
An Equal Opportunity Employer 

XEROX, 2400 AND 914 ARE TRADEMARKS OF XEROX CORPORATION 

!Performance Note: The Xerox 2400 (illustrated) can produce copies on ordinary paper directly from an original document at the rate of 2.400 per hour. 
No "master" need be prepared first. An operator simply places the original on the machine, dials the number of copies wanted, and presses a button. 

January. 1966 



rift yourself ~ith facts ab'out uPont 
These booklets helped influence some 863 new technical gradu
ates of all degree levels to join us in 1964. 

For example, if you want to start your career in a certain 
section of the country, you'll find that DuPont-with facilities 
in 28 states-will try to accommodate you. 

If you're interested in growth for what it can mean to you 
personally, you'll be interested to know that our sales have 
increased more than 750% since 1937. You've probably heard 
that R&D expenditures are a good indicator of a company's 
future success. We spend $90 million a year on it, $60 million 
of which goes straight into "pioneering research"-the discovery 
of new scientific truths and new materials. 

Our bool<lets will answer most of your preliminary questions. 
Later-or even now if you wish -we can talk specifics by letter, 
or face to face. Why not write us or send our coupon? We'd 
like to know about you. 

<@!ON]) 
REG.U.5.PAT.Off. 

BETTER THINGS FOR BETTER LIVING 
••• THROUGH CHEMISTRY 

An equal opportunity employer 

MINNESOTA TECHNOLOG 

Technical men we'll especially need from the Class of '66 
Chemists Mechanical Engineers 
Chemical Engineers Industrial Engineers 

r--------------------------------------~ 

E. I. du Pont de Nemours & Co. (Inc.) 
2531 Nemours Building, 
Wilmington, Delaware 19898 

Please send me the facts about DuPont. 

Name _________________________ ___ 

Class ___ Major ______ Degree expected ___ _ 

College _______________________ _ 

My address _________________________ _ 

City ___________ Zone State _____ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
L---------------------------------------' 
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edited by DANIEL KEHRBERG, History '68 

Introduction: This month we are going overboard on 
interviews. Approximately 3¥21

' below this sentence 
you will find the last half of the pom-pon interview. 
Next, on page 20, you will find an article on job inter
views by our assistant dean. And, finally, on page 52, 
a schedule of winter quarter job interviews. Also to
morrow our editor is being interviewed by the campus 
police to find out why the 'Log office is so messy. 

Perhaps the most important feature of this mag
azine is the questionnaire that you received when you 
picked up the magazine. This questionnaire can ghfe 
you an opportunity to influence the content and ap
pearance of future issues of the Technolog. Those of 
you with long memories will remember that question
naires have been used before to give the engineer 
what he gets. Whether what he gets is what he wants 
is the question in the questionnaire. Take a little ti'me 
and fill out the questionnaire. Thanks. 

We, the staff of the Minnesota Technolog, in order to 
form a more perfect magazine, to ensure our writers' 
tranquility, and provide for the common good, do here
by resolve that: Be it known to all so-called "engineer
ing magazines" that the Minnesota Technolog is helre
after copyrighted with all the constitutionally given 
rights and privileges thereunto; for which our fore
fathers fought and died in two world wars, a civil war, 
a ... 

-36 
(Continued from last month) 

TECHNOLOG: What would you say the percentage was 
or camous? 
POM-PON GIRLS: Oh, Ahh-hah, I'd say like about eigh
ty-five per cent. I I'd say it's a lot more than people ever 
know. /Yeah, because people put on a darn good front. 
/The thing is that the ones that are immoral bring 
the average up. /For the moral ones, too, because they 
keep on-did you read the article in the U.S. News, 
where they took a poll, and they figured it out. It was 
about eightv per cent. I I wouldn't doubt it. 
TECHNOLOG: How many-what per cent? 
POM-PON GIRLS: It was above fifty per cent-1 hate 
to be quot~d. I But it was like seventy-five oer cent. 
TF.CHNOLOG: Of girls who are immoral?-girls on 
camous? 
POM-PON GIRLS: Well, girls having sexual intercourse 
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before they get married. [Enter Holly] 
POM-PON GIRLS: Holly, we're talking about sex 
(laughter). /Oh, gads. /Do you want any more? 
TECHNOLOG: Are you through? 
POM-PON GIRLS: Yeah, go on to another question. 
TECHNOLOG: What's the ideal husband? 
POM-PON GIRLS: He brings you breakfast in bed. 
/NO!!! (laughter) /My mother does! 
TECHN.OLOG: Is your mother your husband? 
POM-PON GIRLS: (laughter) I mean I'm used to it, 
and somebody will have to bring it to me! I (laughter) 
I think all of us would agree that we like someone 
that's fun-loving. /Yeah. I I mean-
TECHNO LOG: Really? 
POM-PON GIRLS: Well, to me, that enjoys- I At the 
same time, though-
TECHNOLOG: And also rich? 
POM-PON GIRLS: Versatile. /He doesn't have to be 
rich. /He doesn't have to be rich? /Oh, no! /Yes, I 
think one of the biggest qualifications is ambition 
/-1 don't. /Yeah, that's what. /It's to have ambition, 
and never, maybe, perhaps, to be rich and have a lot 
of money, but just to have ambition to be something, 
and to, let's see- I And perhaps understanding, too. 
I Intelligent-Yes, understanding, which I don't think 
any man has achieved, but-Oaug,hter) /I, either. I But 
really to try, you know, someone that will try to under
stand. /Yeah, I And you and me both. And meet the 
requirements. /Someone who loves children. 
TECHNOLOG: Stay home and mind them? 
POM-PON GIRLS: Noooh!! (Unanimous) 
TECHNOLOG: All right, that's the next question-what 
do you think about the role of the educated wife? In 
other words. vou're all-
POM-PON GIRLS: To be an educated woman in so
ciety. /She doesn't have to be necessarily-
TECHNOLOG: You're all going to college-? 
POM-PON GIRLS: Mmm-hmm. /Work nil the time. 
TECHNOLOG: What's your purpose in going to college? 
Do vou want to-? 
POM-PON GIRLS: I want to teach school. 
TECHNOLOG: Do you want to get a career or do you 
want to stay home and mind kids with a headfull of 
knowledge? 
POM-PON GIRLS: I want to stay home and mind kids. 
/1 want to have a profession that I can fall back on. 
/Right. /Yeah, I want to combine both. And that I 
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can help get it started, so that- /Women influence 
their children more than men do, I think as far as 
strictly basic ideals- I And, if you're educated, then 
you teach your children the value of your education. 
/Right ... and they learn by themselves. 
TECHNOLOG: Yeah, my Mom used to read me stories. 
I (laughter) I Learned a lot-you should have seen the 
stories she read me. 
POM-PON GIRLS: Kind of infiltration of knowledge or 
something. 
TECHNOLOG: Infiltration-that's a good word. 
POM-PON GIRLS: Osmosis. I (laughter) Osmosis, 
yeah. 
TECHNOLOG: I don't know, these are getting deeper 
and deeper. Where was I? /Get to one of the lighter 
ones ... Vietnam! 
POM-PON Q1RLS: Mmmm! /1 knew that would come 
up! /Holly and I said it would. What do we think 
about Vietnam? 
TECHNOLOG: All right, take that one out-you can't 
pre-destine us ... Vietnam ... Good place to go if 
you're not a girl. 
POM-PON GIRLS: It's a place on a map. I All of a 
sudden Vietnam-is there any particular question
what do you think of Vietnam? /Defect! 
TECHNOLOG: Yeah, what should we do, get out or 
stay in, or-
POM-PON GIRLS: Stay in [Unanimous]. 
TECHNOLOG: Right-1 knew you'd say that. As long 
as they're sending men. 
POM-PON GIRLS: Well, maybe. /The only thing is I 
just wish they didn't have to draft so many people, 
don't you? /One of the old cheerleaders went in. 
/Old?! He was a cheerleader up until about a month 
ago. He'll be stationed for a year and a half overseas. 
I No kidding? I I've heard that too-l was just going 
to ask the guys. /Well, let's . . . let's answer the 
question. /Where are you g,oing? I gotta get going 
to class. /A year and a half overseas. /Hey you guys?!, 
it's uh getting late. /Yeah. I I've got my car out here. 
TECHNOLOG: Thev gotta go? Already? 
POM-PON GIRLS: We have to practice at three-thirty. 
/We'll get yelled at for this. 
TECHNOLOG: Ask another question. I l'm looking for 
one. 
POM-PON GIRLS: I get veiled at so many times I've 
been asked to be rooter king. /The Pom-Pon Philos
oohv-is that the title? 
TECHNOLOG: That'll orobably be the title of the 
article. 
POM-PON GIRLS: Don't print that. /What did it say? 
TECHNOLOG: It's just like The Playboy Philosophy 
on lv we stea I the ... 
POM-PON GIRLS: Choice bits-1 can hardly wait till 
thev re-arrange all our answers. (laughter) 
TECHNOLOG: Does God exist? 
POM-PON GIRLS: OOooohhh, are we gonna go into 
that? (laughter) 
TECHNO LOG: Just say yes or no. 
POM-PON GIRLS: She just won the fight! /Yes. 
TECHNO LOG: Have you had Philosophy 1? 
POM-PON GIRLS: Yes. 
TECHNOLOG: It's a nasty course. 
POM-PON GIRLS: Well, l.'d say God exists, but I, of 
course, base my belief on faith alone, which is all you 
can base your belief on. (laughter). 
TECHNOLOG: You've passed the course, saying that. 
/One more question-what sort of opinion do you think 
the public has of you as a group? 
POM-PON GIRLS: Ooohhh, public .... Public meaning 
the students or the adult public? 
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TECHNOLOG: Ahhmm, both. 
POM-PON GIRLS: Well, I have a feeling that they 
don't consider us all we consider ourselves .... I mean 
like promoting school spirit and stuff like that-1 think 
they, well, their view is a little more liberal. /The 
students are much more critical than the adults are. 
/The adults appreciate us very much and let us know 
in many ways, and the students seldom let us know if 
they appreciate us. /Yeah, I wonder what would 
happen if we would be non-existent. /We've had a lot 
of trouble, you know, we had trouble getting support 
through the Student Association because they thought 
that their money would be better spent, aahhmm to
wards academic things. I In course evaluating, and all 
this. /Things like that, but, ah, it didn't pass through 
the Senate, so it shows, I guess, we still are appreci
ated somewhat, but ... 

Jean: Wendy here is demonstrating one of the things we've 
learned from the band. 

TECHNOLOG: What do you think of the band? 
POM-PON GIRLS: Oooohhh, we love 'em. Oh, if we 
didn't have those guys, who would we have? I But I 
think they should yell more. /Seriously, they're our 
biggest yelling section./ (laughter) They're great, 
though. I think they are one of the primary factors 
in promoting school spirit, I really do. /Oh, definitely. 
/They are unbelievably enthusiastic. I I think they're 
one of us .... Yes, for this university, and its own ... 
/Dr. Ben. /We love Dr. Ben. /Ooohh, yes. 
TECHNOLOG: I gather you think there's no spirit 
around here. /There is spirit! 
POM-PON GIRLS: 0111, no-there's spirit-it's just a 
matter of bringing it out./ ... People are so ... yeah. 
I It's just the different kinds- I In proportion to the size 
of the school, it's almost minimal. /But, you kids, it's 
more of a cultural spirit, it'll never be a mass fan-type 
spirit. I It's apathy. /Yeah, right. /There's not intel
lectual spirit, certainly, at this school. /Well, people 
our age are afraid to show emotions, I think, and in 
many ways, they- /Well, how can you explain the 
Southern schools-that's what I don't understand. 
/The Southern schools? /Yeah, have you ever been to 
a Southern game-they just go hog wild. /Not neces
sarily the Southern schools, but other schools, like 
Iowa, and ... /Yeah. /Oh, they just ... 'course, then 
they've got the ... they boo their team, too. /Wiscon
sin ... /Ohio. /But, they boo here, too. Well, Ohio,. 
now there's ... that's, I mean, compared to Minnesota~ 
/Oh, yeah. /They're just as big as Minnesota. /'Courser 
yeah. I Except that I think our cheerin~( for our Home
coming game was a lot rouder than theirs, didn't you? 
For Homecoming, it was really good. /For Homecom-
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ing, it was~it was~ /1;3.ut I noticed it more. /They 
don't stick wHh the team when the team's losing. 
/Homecoming, is where it [the cheering] reaches its 
p,eak. /It's more like ... it's like taking the football 
team to enthuse the crowd rather than the crowd to 
enthuse.the football team. /Right! That's the way it 
is. I And that's why we feel that, as Pom-Pon girls, we 
have an important function because we can arouse and 
promote school spirit without making the crowd par
ticipate. I Just do colorful routines, and things, rather 
than making them cheer back. /They just can sit 
there. I It's almost impossible to do- to make them 
cheer. I At basketball games, you know, they never 
cheer, hardly. /So that's when the Pom-Pon girls func
tion the most. I In this school, you have to go out and 
seek ... you have to go out and arouse the student
when you're having a sale of any kind, you have to go 
out and beg them to buy your product. Or, when you're 
having a week-a Welcome Week or an Engineer's 
week, you have to go out and make sure there's pub
licity, make sure you're dragging people in-or else 
they don't come to you. What's wrong? /"Beg them to 
buy your product." (laughters) /You know what I 
mean! 
TECHNOLOG: What would you say caused this at the 
"U"? Is it the size? 
POM-PON GIRLS: They don't seek you out. I I think 
it's the commuters-the fact that it's eighty per cent 
commuters. /Yeah. /That makes all the difference. 
/They have no patriotic-no nationalistic ... spirit. 
They come to school, and they go home. /Yeah, be
cause as soon as they're through with classes here, 
then they take off and go home and forget about it. 
I mean this place could fold up. I And this lies all in 
the fault of the commuters, not the school. I I'm a 
commmmuuuuter! (lauqhter) ... I I'm thinking of all 
the commuters that just don't do anything on campus 
There's no . . . /Yeah, but sometimes that's hard, be
cause if you're riding in a carpool, you can't always 
... a lot of times you have to go home. I It's not the 
fault of the commuters that they- I No, it is the fault 
of the commuter. I -have to commute. It's not the 
fault of the commuters that they have to commute. 
I No, it isn't. I It is in a sense, though, because they-
/You have to eat dinner someplace, I mean you can't 
eat in a restaurant every night-you've got to get home 
sooner or later, and this is it-so vou don't stay for the 
evening programs and the evening things. /No, I know 
that, but I'm sure the school is oriented enough now-~ 
with having this problem for years and years that 
they've-! mean I haven't looked into all their pro
grams. but I'm sure that there're things in the day
trme for the commuter-meetings. . . . I Nancv
lis+en. I commuted last year and I know that-1 had a 
hard time making time to go to practice in the soring. 
I had to arrange with some other rides~ and ·stuff. and 
it-it just isn't as easv. /When vou're living here, 
you've got all the time in the .world. But when you're 
going home, it just takes too Much time.' /It is really 
hard, yeah. /In many wavs it falls short. /Twelve 
miles away from school, vou can't be running back 
and forth. I I don't think it's ~o much berause of the 
commuter. It's such a com·mu+er sr:hooL You can't 
really blame the commuter, but th::jfs why. If every
body lived on camous: vou kno"''· the\l'd have so much 
time that they'd w';Jnt to out it into ~.omething, and 
they'd ... I And the· Greek svstem would be ~tronger; 
and ... /Oh, defirlitelv. I And. ?l~o the ... oh, never 
mind. I Even the band would be better. 
TECHNOLOG: Do any of you read Peanuts? .• · 
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POM-PON GJRLS: Mmm-hmm. /Yeah. . , .1 . 

T.ECHNqLO'G: Where they always say "Happiness is a 
warm blanket"-what would your reply to that be? 
What is happ'iness? . 
POM-PON GI.RLS: Happiness is having friends. 
TECHNOLOG: Male!? 
POM-PON GIRLS: Nooooh! /Male and female. /Not 
necessarily, no. I Happiness is love. /Yeah. I Hap
pines's is an enthusiasm for I ife. 
TECHNOLOG: What do you think about Freshman 
English? . 
POM-PON GIRLS: Oh, it's horrible! I I enjoyed it. 
TECHNOLOG: Who enjoyedit? Out!!! 
POM-PON GIRLS: You guys, we've only got five 
minutes. 
TECHNO LOG: Thank you very much. 
POM-PON GIRLS: Thank you! /Be sure and let us see 
that before you print it! 

First of all, we have to tie up the loose ends from 
last month's Official Daily Bull. For your information, 
Johnny Sevcik was the third string catcher for the 
Minnesota Twins last year. Hanukkah began on De
cember 19 and not on January 3. King Kong's daugh
ter, Hong, is the winner of the Governor Rolvaag look
alike contest. She received the first prize of a stalk 
of bananas and a part in the remake of "Gidget Goes 
Ape." 

This month witnessed two major crises. It was dis
covered on Monday that Mary Poppins is a junkie. 
Walt Disney was subsequently arrested with Hayley 
Mills, 20 lb. of uncut heroin, and two tickets to Rio de 
Janeiro. Also, in response to the Pope's lifting the ban 
on Friday meat-eating, Charlie the Tuna became a 
Presbyterian. 

January 16-31 . 
16~Little Orphan Annie is 52 years old today. 
18-Find out if the Ajax White Knight is a Pinko Day. 
21-Ask the man who drinks it black what he has 

against the Dairy Industry Day. 
25-Find out if Sears does have everything Day. 
31-The Miss Rheingold contest begins. 

February 1-15 
1-Pom pon girls announce legal action against the 

Techno log.· 
3-Call Gus Hall aCommie Day. 
5-The "Dean of the Day" for today is Athelstan Spil
. haus. 
6-National hang your math instructor in f(g) Day. 

10-0rganizational meeting of the "Achmed Sukarno 
· for G6d 11 Fan Club. 

14-Try to collect a sin tax from the Freshman English 
Dept. Day. 

Conclusion: In conclusion we'd like to leave you with 
a few unanswered questions. Will Dr. Kildare find hap
piness two nights a week? Will the Easter bunny leave 
Santa holding the baq? Will Frankie and Mary? Will 
Dan and Ruth? Whv is the price of Saran-Wrap going 
up? Well, Bunkv, it's like this. You don't expect us to 
risk expulsion by answering these questions, do you? 
But if this is your hang-up, then drag vour bod over 
to the Locr office and we'll clue vnu in. Or if vou want 
to get in touch with a staff member, show up at Bar
ney's Fun House. 
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CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
Ill Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 
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Ill Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! Ill Repeat and re
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa
per. Introduce your students to it today. a Write now 
for Clearprint samples, sizes, and prices. 
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II t I 

I '' 
"Where would I fit best ... lab, plant, field, sales, administra
tion ... ? What kind of projects ... ? These were questions 
I couldn't answer. So I looked for a company that would give 
me room for lateral, as well as upward, growth. One that was 
big enough and still personal enough that I could make adjust
ments as I went along, and not get pigeon-holed .. 

I found what I wanted at Phillips. 

Of course, Phillips is big ... 19th largest among industrials. 
But as I got talking to them, I realized this was, surprisingly, 
a people-type company. Pleasant, direct, informal. Personal. 
I found out a lot more, too. I'd thought of Phillips only in terms 
of oil, refining, gasoline. I hadn't known they were so deep in 
LP-gas ... Rubber ... Plastics ... Carbon Black ... Rock~t 
Propellant Binders ... Fertilizers ... Packaging .... Textile 
Chemicals! And that's a highly abbreviated list. 

I've been here 3 years now. I've had ample chance to define 
my career and make changes. It's worked out very well. 
Phillips is a growth company, and I feel I'm growing with it." 

That is not just one person speaking, but a composite of 
the kind of comments we get ... a group picture. If it sounds 
like the kind of picture you should be in, contact: 

James P. Jones 
PHILLIPS PETROLEUM COMPANY, 
BARTLESVILLE, OKLAHOMA 74004 
AN EQUAL OPPORTUNITY EMPLOYER 
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TURN ON TO ORRO Feel like 
being one of the brains behind the coming gas turbine 
age ... or developing a new aircraft alloy ... or finding 
out how to feed 4 billion people? Try your genius at Inter
national Harvester, where computers and research are as 
familiar as tractors and trucks. We are a company that 
supplies mechanical power to a world that is increasing 
its population by more than 60 million a year. Our horizons 
are unlimited. But our immediate job is to attract young 
people who can match their strides with today's onrushing 
technology. We have engineering openings in research and 
development, design and testing, manufacturing and sales. 

We offer the best combination of opportunity, responsibil
ity and individual treatment. International Harvester is a 
2-billion-dollar-plus annual business. We are the world's 
largest producer of heavy-duty trucks, a major producer of 
farm and construction equipment, an important steel man
ufacturer, too. POWER and the people who provide it are 
our lifeblood. We need engineers-especially mechanical, 
industrial, agricultural, metallurgical, general and civil 
engineers. We probably need you. 
Interested? Contact your Placement Officer now for a date to see an IH 
representative when he visits your campus. Or if interviews are not sched
uled, write directly to the Supervisor of College Relations, International 
Harvester Company, 401 N. Michigan Avenue, Chicago, Illinois 60611. 

International Harvester puts the future in your hands 

AN EQUAL OPPORTUNITY EMPLOYER 
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by ROBERT L JOHNSON, ME '66 

Suppose you had to design an automatic control sys
tem to govern a process; how would you handle the 
job? An automatic control system is a device which 
begins a certain sequence of operations based on con
tinuous measurement of the variable it is to control. 
There are, of course, an infinite number of mathematical 
complexities we could get into, but for ease in working 
let's stick to linear elements, i.e. elements following a 
linear differential equation with constant coefficients. 

One of the first automatic controllers was developed 
by James Watt in 1769 and was used for speed control 
of engines. In this device, called a governor, flyweights 

A Low Demand 

CONTROLLED 

Side Capaci iy 

8 High Demand 
Side Capaci 'ty 

VARIABLE 

Figure I 
Process reaction rate 

rotate about an axis at a speed proportional to the 
engine speed. The weights position themselves pro
portionally to the engine speed and a mechanical link
age controls the throttle. The mathematical operation 
performed by this unit is proportionality. Unfortunately, 
with the advance of generators for electric power, more 
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precise control was needed. With the old. system, time 
lags occurred and much power was being drawn by the 
flyweights. In 1868 James Clerk Maxwell derived the 
differential equations of the governing engine system. 
Previous to this time, there were no mathematical tools 
to product phenomena like hunting, i.e. self-oscillation. 

A mechanical integrating governor was developed, 
but it gave too much steady-state error and a hydraulic 
governor was developed. The hydraulic governor was 
composed of a system of flyweights and a pilot valve 
which controlled oil flow to a piston and cylinder. The 
flyweights had a spring opposing their motion. Little 
force was needed on the pilot valve, so the mechanical 
system could be small. As a result, great power amplifi
cation could be achieved, and the lag time was greatly 
reduced. A handy feature of this system was that closing 
the pilot valve would lock the valve in one position 
regardless of the load on the piston (this is used for 
steady state conditions). A dashpot was later added to 
this system in a feedback path from the piston to the 
flyweights, so the governor was proportional and inte
gral. Later developments brought pressure regulators, 
voltage regulators, temperature regulators; pneumatic 
control came to replace hydraulic control. 

System Elements 

A process control system is usually made up of the 
following elements: a measuring unit, a recorder, a dif
ference element, a controller and a regulating unit. 
Load changes in the process are sensed by the measuring 
unit which should be able to continuously measure the 
controlled variable and convert the measurement to a 
form used by the difference element. The positioning 
of the measuring unit is quite important because im
proper positioning can bring in dead time. The measured 
value is fed to the recorder and back to the difference 
element which compares it with a desired value. The 
difference element is sometimes part of the controller 
and must give the magnitude and sign of the error. The 
error is fed to the controller which activates the regulat-
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A bellows valve system to control the height of water in a tank 

ing unit. Controllers are generally pneumatic or elec
tronic and the regulating unit is usually a valve operated 
by a pneumatic or electric motor. The size and shape 
of the valve is important in the design. 

There are several characteristics inherent in these 
systems which should be defined. Differential gap is the 
smallest change in the measured variable which pro
duces a full change in controller action. Larger differ
ential gap will 1) reduce the period of cycling, 2) in
crease the amplitude of the cycle, and 3) decrease the 
operation time of the controller. Dead time is a time 
delay in the system and has the effect of increasing the 
period and amplitude of oscillation of the controlled 
variable. The increase in period and amplitude is due 
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Gain characteristics of a controller 

to the control variable's continuing beyond the limits of 
the differential gap for a period of time equal to the 
dead time. The process reaction rate is the rate of 
change of the measured variable with time. The de-
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mand side capacity is a measure of the ability of the 
process to withstand the shock of changes in demand. 
To see how these characteristics relate to systems, we 
will discuss a couple of the various systems. 

The simplest control system is the on-off control sys
tem, an example of which might be a two-position 
valve. If we look at a graph of the process reaction 
rate (Figure 1), we see that a low demand side capacity 
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Figure 4 

Steady state flow into process 

has a higher reaction rate than a high demand side 
capacity. It is obvious that variations in the measured 
value with a high process reaction rate are more fre
quent than with a low process reaction rate. A process 
with a high reaction rate would not be generally suited 
to on-off control because of the high frequency of opera
tion of the regulating unit. Conversely, a high reaction 
rate would work nicely in a proportional controller. An 
example of a proportional controller would be a bellows
operated valve (Figure 2), controlling the height of water 
in a tank. The input pressure operates the bellows 
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which controls the position of the ball. Small changes 
in input pressure with a high supply pressure produce 
large changes in output pressure. The controller is 
then said to have a high gain, and likewise, a low con
stant supply pressure gives a low gain corrective action. 
We can make a plot of output pressure versus liquid level 
(Figure 3) and find the relationship: 

P = Kch + C1 

P = output pressure 
Kc = gain 
h = head 
cl = constant 

Another unit of this control system is the power motor 
and valve (Figure 3). This unit consists of two parts: 
power motor and valve body. The motion of the di
aphragm is resisted by a spring which gives the equation: 

P= 

C = constant for either valve stem position a orb 
Figure 4 shows liquid level versus flow into the process 

at equilibrium. To avoid confusion I'd better state that 
the valve which has positions a and b is a valve hooked 
in selies with the regulating unit that has the linear 
characteristic. 

The object now is to determine the response of the 
system when the inflow is switched from Cahlf2 to Cbhlf2

• 

We can make a diagram of the interrelation of the 
elements discussed (Figure 5). On a large scale we can 
trace the relationships around loops. Flow into the 
process changes from a to b which produces a change 
in liquid level (controller output) which produces a 
change in valve stem position which alters the liquid 
level; and we can go around the loop several more 
times. To the right of the liquid level versus flow into 
the process, we can make a plot of liquid level versus 
time and attain the response of the system. A group of 
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Controller Outpu·t 

Pressure 

P output pressure 
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x valve stem position from fully closed 
k spring constant 
A area of diaphragm 
c2 = constant 

The characteristic of the valve body is, in this case, 
linear. 

Mathematical Representation 
We can now set up an equation for the inflow to the 

system at equilibrium with respect to liquid level. This 
could be any number of relationships but for ease in 
working we can select 

Q = c-hl/2 
Q amount of liquid into the process per unit time 
h liquid level above center line 
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CONTROL 

ELEMENT 

Flow into Process 

plots such as this can be made for different character
istics in the system and the appropriate characteristics 
can be chosen for the desired response. For example, 
higher gain gives more violent oscillations until steady 
undamped vibration results; the critical point reached 
is called ultimate sensitivity. A lower gain gives more 
damping but results in a greater offset (i.e., the change 
in height from the controlled position). Offset must 
occur with change in steady state flow through the 
process and a steady state head change is required to 
produce a new output pressure. As zero gain is reached 
we are actually losing automatic control and the limiting 
case for high sensitivity is on-off control. 

The designer of a control system has to be quite 
versatile. That is, he should be familiar with all the 

(Continued on Page 62) 
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figuring an GeHing Ahead? 

We need aggressive, imaginative, well-trained men. In 
chemistry, chemical and mechanical engineering, physics, 
marketing, accounting. If you're one of them you'll be 
challenged to your limits because we're growing so fast. 
Our 1964 sales were up more than 25% to over $700 mil
lion. Complacent? Not on your life! We're already planning 
for that second billion. 
What does this mean to you? It's a chance to prove yourself 
and be rewarded with professional recognition, responsibil
ity, authority-not to mention money. And a chance to work 
for a company you know is as committed to 
growing and broadening itself as you are. 

Sound good? If you're our kind of person it should. We're 
getting big -and getting big fast, but we haven't forgotten 
what it's like to be young. And one more thing-our world
wide divisions and affiliates provide the opportunity for 
movement to more than 70 plants, or laboratories, around 
the world. 

Why not start now? Talk to your faculty and Placement 
Director, then arrange to see our representative when he 
visits your campus. Or write to: Matthew Park, Jr., Super
visor of University Recruitment, Celanese Corporation of 

America, 522 Fifth Avenue, New York, 
New York 10036. Celanese® 

AN EQUAL OPPORTUNITY EMPLOYER 

MINNESOTA TECHNOLOG 
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EXPLORE THE UNIQUE OPPORTUNITIES AT 

• 
I I • 

I 
.... where special programs encourage rapid professional advancement 

for the engineer, scientist and mathematician launching his career. 

NSA is a scientific and technological com
munity unique in the United States, perhaps 
in th.e world. Unique in its mission, its oper
ation, its requirements ... unique, too, in the 
scope of opportunity it affords a young scien
tist or engineer beginning his career. 

A separate agency functioning within the 
Department of Defense, NSA is responsible 
for developing "secure" (i.e., invulnerable) 
communications systems to transmit and re
ceive vital information. Within this area, which 
encompasses the whole field of cryptology
the science of codes and ciphers-NSA project 
teams pursue a broad spectrum of investiga
tions taking them well beyond many known 
and accepted boundaries of knowledge. Be
ginning with basic research, these investiga
tions progress through applied research, 
development and design, prototype engineer
ing, and on into various phases of applications 
engineering. 

At NSA you might specialize in any or sev
eral of these sectors, depending on your 
talents and special interests: 

ENG/ NEERI NG. Antenna/transmitter/receiver 
design ... high speed computers (digital and 
analog) ... transistor circuitry ... advanced 
radio communications techniques ... micro-
wave communications ... audio and video 
recording devices ... cryogenic studies and 
applications ... integrated circuitry ... mi
crominiaturization. 

PHYSICS. Solid state (basic and applied) 
... electromagnetic propagation ... upper 
atmosphere phenomena ... superconductivity 
and cryogenics (Ph. D. graduates only). 

MATHEMATICS. Statistical mathematics ... 
matrix algebra ... finite fields ... probability 
•.. combinatorial analysis ... programming 
and symbolic logic. 

Unequaled Facilities and Equipment 
In a near-academic atmosphere, NSA scien
tists and engineers enjoy the most fully-instru-

mented laboratories and use of advanced 
computer and other equipment, some found 
nowhere else in the world. 

Skilled clerical and technical support will 
free you to concentrate on the most challen
ging aspects of your projects, and thus help 
speed your professional growth. 

Outstanding Colleagues 
You will work alongside people of enor

mously varied backgrounds and intellectual 
interests, over 500 of whom hold advanced 
degrees. 

Researchers at NSA also receive constant 
stimulus from outside the agency. To assist in 
certain program areas, NSA often calls on 
special boards of consultants-outstanding 
scientists and engineers from industry and 

academic centers as well as from other gov
ernment agencies. 

Career Development Opportunities 
Your professional growth and earning power 
expand from the day you join NSA, without 
having to accumulate years of "experience." 
NSA career development is orderly and swift; 
substantial salary increases follow as you as
sume more and more responsibility. 

A number of NSA career development 
programs help shorten the time when you 
can contribute at your maximum potential. 
These programs include: 

ADVANCED STUDY. NSA's liberal graduate 
study program affords you the opportunity to 
pursue part-time study up to eight hours 
each semester and/or one semester or more 

of full-time graduate study at full salary. Near
ly all academic costs are paid by NSA, whose 
proximity to seven universities offering a 
wealth of advanced courses and seminars is 
an additional asset. 

IN-HOUSE TRAINING. The new NSA em
ployee first attends a six-week general orien
tation program, followed by a period of spe
cialized classroom study designed to broaden 
familiarity with an area or areas of heavy NSA 
concern (e.g., communications theory, crypt
analysis, computer logic and analysis, solid 
state physics). Formal study is complemented 
by on-the-job training, as you work and learn 
under the guidance and direction of highly 
experienced associates. 

PROFESSIONAL ASSOCIATIONS, TRAVEL. 
The agency fosters a climate of recognition 
and advancement for its young professionals 
by encouraging participation in professional 
association affairs, and assisting you to attend 
national meetings, seminars and conferences 
as well as visit other research facilities where 
related work is underway-government, uni
versity and industrial-throughout the United 
States. 

liberal Personnel Policies, Attractive 
location 
NSA policies relating to vacations, insurance 
and retirement are fair and liberal. You enjoy 
the benefits of Federal employment without 
the necessity of Civil Service certification. 

Located between Washington and Balti
more, NSA is also near the Chesapeake Bay, 
ocean beaches, ski resorts and other popular 
summer and winter recreation areas, not to 
mention the varied leisure-time attractions 
of the nation's capital itself. The location 
permits your choice of city, suburban or 
country living. 

Campus Interviews
Check Now for Dates! 
Representatives of the National Security 
Agency will conduct interviews on campus 
soon. Check with your Placement office as 
soon as possible to schedule an appointment. 

NATIONAL SECURITY AGENCY 
Suite 10, 4435 Wisconsin Avenue, N.W. 
Washington, D.C. 20016 
An equal opportunity employer 
... where imagination is the essentia.f qualification 
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You can do some g about it. 

You can join IBM. And help shape 
a better world. 

The key is IBM computers. They're 
helping medical researchers learn 
more about cancer and factors 
associated with it. Helping educators 
develop new techniques for instructing 
culturally deprived children. Helping 
engineers plan flood-prevention 
programs. 

Computers are helping to do a lot of 
good things for a lot of people. But 

MINNESOTA TECHNOLOG 

computers are only tools-they 
can't think. And that's where you come 
in. In your hands, man's most daring 
dreams can become reality-to make 
a better life for more people. 

If that sounds like an exciting 
prospect, it's because it is. A career 
with IBM will give you both personal 
and professional fulfillment. 

Your placement officer can tell you 
about career opportunities with IBM. 
See him, too, for an appointment 
with our interviewers. Before you 
conquer new worlds, try your hand at 
reshaping the old one. 

For more information or if you 
missed our interviewers, write to: 

Manager of College Relations, 
IBM Corporate Headquarters, Armonk, 
New York 10504. IBM is an Equal 
Opportunity Employer. 

I 
® 
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by PAUL A. CARTWRIGHT, Assistant Dean and Director of Placement 

Many of you who read this article are approaching 
what must certainly be the high point of your college 
career - graduation! You are also entering a period of 
decision-making of a very vital nature. Regardless of 
the degree level achieved- Bachelors, Masters or Ph.D. 
you will shortly be in the position of searching for gain
ful employment. Ultimately, a decision which will be 
major in its long-range implications will be required 
of you. Where and with whom will you begin a pro
fessional career? 

The college senior frequently approaches his first em
ployment interview with some fear and trepidation. 
We will attempt here to give some advice and counsel 
on how to prepare for and take an interview for employ
ment. First, something to instill some self-confidence. 
The education you have received in the Institute of 
Technology is one of the finest available anywhere. The 
maturation process which goes with a successful college 
career has produced an individual different in many 
ways from the freshman who entered our doors some 
years ago. Maturity, judgment, breadth and depth of 
knowledge, ability to communicate, respect for your 
fellow man - all these and more have come to you 
through your college experience both in and out of 
the classroom. 

The interview process can be divided into three parts. 
First preparation, second the actual face-to-face dis
cussion, and third the "follow-up". 

I. Preparation could include the following: 
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1. Select the companies you intend to interview 
with considerable thought and care. 

2. Study carefully the company literature. Be 
familiar with the company's products, plant lo
cations, services, etc. 

3. Be prepared to explain your interest in the 
employer. 

4. Study your personal inventory so that you are 

in a position to know and sell your product -
yourself. Do not overdo it, however. 

TABLE I 
No. of 

Companies 

What are your long-range goals-ambitions-future 
plans-basic objectives? What do you want to be doing 
5-10-15 years from now? What are your immediate 
objectives? 93 
Why did you choose your field of special study? How 
have you prepared yourself for work in your chosen field? 
What subjects have you enjoyed most?-least? Plans 
for graduate study? 74 
What type of work do you want to do? Why? Why do 
you think you qualify for this type of work? In what 
type of job would you like to start? 60 
Why do you think you might like to work in our type of 
industry?-our company? Why did you select this com
pany? What can you contribute to· a company such as 
ours? 53 
What were your extracurricular activities? What have 
you gained from activities? What leadership offices havG 
you held? What are your hobbies?-your interests 
out of school? 40 
What is your scrolastic record? Where do you stand h 
your class? Explain your academic record. In whr1t 
courses have you earned your best grades? How well 
did you apply yourself in your studies? 37 
Do you like to travel? Are you• willing to travel?-b 
relocate? Have you geographical preferences? Would 
you like to live in our community? 36 
What are your major strengths and weaknesses?-your 
accomplishments to date?-major achievement in col-
lege? Any plans for improvement? 30 
What work experience have you had?-summer jobs?
part-time work? What experiences did you like best? 
Why? 23 
What do you know ab,..,ut our company? What questio'1s 
would you like to ask? Is the size of a company impor-
tant to you? 15 
How was your education financed? What part did yo:.J· 
earn? I I 
Tell me about your background and experience. 9 
What is your draft status? What service experienc:; 
have you had? 5 
Are you interested in a training program? 5 

TOTAL NUMBER OF QUESTIONS SUMMARIZED ABOVE 496 
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5. Carry a pen and note paper. 
6. Dispose of chewing gum and lighted cigarette 

before entering the interviewer's office. 
7. Dress in conservative good taste. Remember 

that your grooming expresses your attitude to
ward yourself, which. is certain to affect the 
interviewer's attitude toward you. 

8. Be prompt and by all means do not be a «no
show." 

II. The actual interview. 
1. Greet the interviewer by his name - but not 

on a first name basis. Write his name down 
if you have trouble remembering such things. 

2. Smoke only if invited (if you are a smoker at 
all). 

3. Be prepared to tell in two or three minutes your 
potentialities for employment with the com
pany. 

4. Be prepared to ask or respond to questions re
garding the company. The interviewer may 
expect you to carry a major part of the con
versation. On the other hand, the interviewer 
may do considerable talking himself. Be care
ful not to interrupt or "override" him in the 
conversation. 

5. Avoid politics, religion and similar matters of 
individual opinion. 

6. Employers are not interested in your "troubles." 
They wish to hire people who can manage 
their own affairs effectively. 

7. The interviewer may want to hear about your 
participation in extracurricular programs. 

MINNESOTA TECHNOLOG 

8. If you are asked about salary, a good response 
may be "Salary is important but secondary to 
the opportunity and challenge of the position." 

9. If you are married you will also be interested 
in the availability of housing, schools, etc. 

III. The "follow-up". 
1. Following the interview, complete in private 

any notes you wish to make. Include possible 
ways to improve yourself for any succeeding 
interviews. 

2. Respond promptly to any correspondence you 
receive from a company. Acknowledge im
mediately the receipt of an offer or an offer for 
a plant visit. If you cannot make a decision at 
once let the company know about when they 
can expect to be given a definite answer. 

3. Feel free to come to your Placement Office at 
any time for help, advice, counsel, etc. 

Underclassmen as well as seniors reading this article 
should keep in mind that the scholastic record is of 
prime concern to the company interviewer. Additional 
items always of interest to the potential employer are 
extra-curricular activities and work experience. Fortu
nately, there are opportunities for all our graduates 
from the 2.0 CPA student to the 3.9+ man. Keep your 
sights high- nothing reallyworthwhile is ever achieved 
without hard work and perseverance. 

There are certain typical questions recruiters may 
ask. Table I is reprinted from a 1959 survey conducted 
by Dr. FrankS. Endicott, Director of Placement, North
western University. Obviously no one recruiter is likely 
to ask all of these questions. [] 
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e're sending some of our representatives back to school 
They won't be matriculating but 
they'll be studying ways to have 
some lengthy talks with you. 

Their assignment is to search out 
graduates who have the talent and 
imagination to handle sophisticated 
assignments and the determination 
to do a job better than most. 

The vitality of McDonnell is ap
parent by the headline-making 
strides it has taken in spacecraft, air
craft, electronics and automation. 

The NASA Gemini has set new re
cords in space, laying the ground
work for exploration of the moon and 
it is being readied for new assign
ments with the Air Force. 

If these projects strike sparks with 
your imagination you're in good 
company ... the top scientific and en
gineering talents in the nation. 

For more information see your 
College Placement Office 

IJIIICD NNELL 
P.O. Box 516, St. louis, Missouri 63166 

A PLANS FOR PROGRESS COMPANY iND 
AN EQUAL OPPORTUNITY EMPLOYER 
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Designing this processing unit-one of the 
largest of its kind in the world- was just 
one of many recent challenges met and 
overcome by Shell. And there are many 
more waiting to be tackled. Your own 
future at Shell can involve some of the 
most challenging engineering, scientific 
and business problems in the world
along with many of the broadest career 
opportunities. 

The diversity of Shell's interests is high
lighted by several recent achievements of 
Shell people in providing new products, 
processes and techniques in the petroleum 
and chemical industries. These include: a 
method of drilling and completing wells in 
water more than 1,000 feet deep; a medi
cine for the rapidly expanding animal 
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health field; a synthetic rubber having both 
the resilient qualities of rubber and the 
manufacturing versatility of plastic; a 
retail marketing installation, the Shell 
Motorlab, for the precise diagnosis of auto
mobile ailments; and a catalyst for rocket 
fuels. 

Shell is experiencing such dynamic 
growth that it has become the fourteenth 
largest industrial corporation in the United 
States in terms of sales. Growth is bringing 

a host of new challenges-and opportuni
ties-for those who set for themselves the 
highest standards of performance. At 
Shell, they include graduates in many 
disciplines, particularly engineering, chem
istry, geophysics, physics, geology, mathe
matics and business administration. 

Shell representatives will be glad to 
answer your questions about the Shell 
Companies when they visit your campus. 
You also will receive full consideration if 
you send a resume to Manager, Recruit
ment Division, The Shell Companies, Dept. 
E , 50 West 50th Street, New York, N.Y. 
10020. An Equal Opportunity Employer 
'fHE SHELL COMPANIES • SheU Oil Com
pany • Shell Chemical Company • Shell Devel
opment Company • Shell PipeLine Corporation 
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I 

"What was the hardest thing you 
learned at college?" asked the proud 
father. 

"How to open beer bottles with a 
quarter," said the son. 

G G i!!b 

"My son doesn't smoke, drink or 
s·wear." 

"And does he make his own dresses?" 
G G G 

While money isn't everything, it 
does keep you in touch with your par
ents. 

e e e 

Dietzgen Slide Rules should be spe
cially equipped with Gillette razor 
blades for use in a physics test. In
stead of a slow theoretical death you 
could choose Hari-Kari. 

$ 0 0 

Math Prof: "Give me an example of 
an imaginary spheroid." 

EE: «A rooster's egg." 
i!!b 0 $ 

An Engineer is one who passes as 
an exacting expert on the strength of 
being able to turn out with prolific 
fortitude, strings of incomprehensible 
formulae calculated with micrometric 
precision from extremely vague as
sumptions which are based on debat
able figures acquired from incomplete 
experiments carried out with instru
ments of problematic accuracy by per
sons of doubtful reliability and rather 
dubious mentality. 

o e e 

A guy called his girl one night and 
asked "Got anything on for tonight?" 

"Yes," replied the chick, "and it's 
staying on." 

e e e 

The leader of the new White Mus
lim movement now being organized 
will be known as Talcum X. 

EE: "Do you realize that in 1000 
years there will be just about stand
ing room for the people on earth?" 

ME: "In that case, maybe the birth 
rate will go down." 

,! 0 0 

Engineer's Slogan: "Up and atom." 
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t 
by DAVID E. ENGEN, Pol Sci '67 

"Did you follow my advice about 
kissing your girl when she least ex
pects it?" asked the sophisticated col
lege senior of his younger fraternity 
brother. 

"Oh, hell," said the fellow with the 
swollen eye, "I thought you said 
where." 

$ $ $ 

It's hard to keep a good girl down 
-but fun trying. 

e e o 
Girls who don't repulse men's ad

vances, advance men's pulses. 

D 
There is a country somewhere 

called Slobovia. 
The people who live there are 

something else. 
They've become the butt of many 

a~' joke, 
Some of which appear below. 

e e o 

Ralph: Why are there only two pall 
bearers at a Slobovian funeral? 
Padanski: I dunno, why? 
Ralph: A garbage can only has two 
handles. 

Ralph: What's the most dangerous 
job in the world? 
Padanski: What? 
Ralph: Riding shotgun on a garbage 
truck in a Slobovian neighborhood. 

0 0 $ 

Ralph: Why do they only give Slo
bovians five-minute coffee breaks? 
Padanski: Why? 
Ralph: Any longer and they have to 
retrain them. 

Ralph: What do you get when you 
cross an ape with a Slobovian? 
Padanski: What? 
Ralph: A retarded ape. 

e o e 

Ralph: vVhy do they always bury 
Slobovians with their heads above 
the ground? 
Padanski: Why? 
Ralph: Why not? They last longer 
than tombstones. 

Ralph: What's the fastest way to get 
a bunch of Slobovians out of a swim
ming pool? 
Padanski: I dunno. 
Ralph: Throw in a bar of soap. 

0 G $ 

Ralph: Why does it take three Slo
bovians to change a light bulb? 
Padanski: Why? 
Ralph: One to hold the light bulb 
and two to turn the ladder. 

Ralph: Why don't Slobovians swat 
flies? 
Padanski: Why don't they? 
Ralph: It's their national bird. 

e • e 
Ralph: Who won the Slobovian 
beauty contest? 
Padanski: Who? 
Ralph: Nobody. 

$ $ • 

Ralph: Do you know how to save 
a Slobovian from drowning? 
Padanski: No. 
Ralph: Good. 

Ralph: Do yon know the difference 
between a pail of swill and a Slobo
vian? 
Padanski: What? 
Ralph: The pail. 

• • $ 

Ralph: Do you know how to get 
eight Slobovians in the back seat of 
a Volkswagen? 
Padanski: How? 
Ralph: Throw in a nickel. 

e e e 
Ralph: What's the difference between 
a Slobovian wedding and a Slobovian 
wake? 
Padanski: What? 
Ralph: One less drunk. 

$ • • 

Ralph: Why does it take a Slobovian 
three hours to change a basement 
window? 
Padanski: I dunno. 
Ralph: A half hour to change the 
window and two and a half hours to 
dig a hole for the ladder. 

e e e 
Halph: What's the easiest job in the 
world? 
Padanski: What? 
Ralph: The head of Slobovian In
telligence. 

Ralph: How can you tell the best 
man at a Slobovian wedding? 
Padanski: How? 
Halph: He's the one wearing the 
clean bowling shirt. 
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Mary had a little calf
It was a shame to hide, 

So Mary bought a little skirt 
With a sllt up on the side. 

" " " Leonard-«Why is a cherry like a 
kiss?" 

George-"Haven't the least idea." 
Leonard -«Because both have a 

Jittle 'pit' in them." 

" " " 
An EE at Walter Library inquired 

if "TI1e Red Boat" was in. 
"I don't think we have it," he was 

told. 
"Oh, excuse me," said the EE. "I 

made a mistake. The title is 'The 
Scarlet Launch.' " 

After a search the library assistant 
reported that no book with that title 
was listed in the card catalog. 

"But I'm sure you have the book," 
the EE insisted. Suddenly he opened 
his wallet and produced a slip of 
paper on which something was writ
ten. "Oh, I beg your pardon," he 
said. "It's 'The Ruby Yacht,' by a man 
named Omar ." 

" " . 
There was this professor of genetics 

in Europe who tried to breed the per
fect, peace-loving race. He crossed a 
German with a Frenchman and got a 
tall, blond machine-gunner who likes 
wine. Not discouraged, he crossed a 
gypsy with a Jew and got the owner 
of a chain of empty stores. Better 
luck next time, Doc. 

II til II 

A runner in a nylon stocking will 
attract more attention than any track 
meet. 

II II II 

He: "Would you consider it im
proper if I should kiss your hand?" 

She: "Not improper, but decidedly 
out of place." 

II G G 

Window cleaners aren't the only 
ones whose occupation is hazardous. 
The other day our editor dropped 
eleven stories into the waste basket. 

II til II 

As Eve said to Adam: "You're so 
original." 

She: "What is the surest cure for 
love at first sight?" 

He: "Second sight." 

Dean: Don't you know that chastity 
is next to Godliness? 

Coed (in Technolog office) : Around 
here it's next to impossible! 
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Some years ago when the Wiscon
sin football team was playing Minne
sota at Madison, the game was hard 
fought and a number of penalties were 
called, most of them against the Bad
gers. Sitting directly back of us were 
four coeds, who did not take kindly to 
these Wisconsin setbacks. After one 
15-yard penalty, a coed demanded, 
"What's it for this time?" 

"Illegal use of hands," we told her. 
"Wouldn't you know it?" she cried. 

"That's Wisconsin for you everytime." 
II II II 

A EE we know spent $200 on a cure 
for halitosis and then found out that 
nobody liked him. 

A man-about-town we know has no 
trouble leaping out of bed as soon as 
the first ray of sunshine enters his 
window. His window faces west. 

II II II 

Almost as pitiable as the fellow 
who was tried and fou:1d wanting is 
the guy who wanted and was found 
trying. 

II til II 

Add "umph" to "try" and you get 
"triumph.'' 

II II II 

An undergraduate discovered a 
way to cut classes at the correspon
dence school he's attending. He 
sends in empty envelopes. 
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Ask NASA about the windows on the Gemini spacecraft 
-formed from glass specially designed by Corning. 

They not only provide mechanical and thermal protec
tion, but also increase visual transmission beyond the 
theoretical 92 per cent to 99 per cent. Ask, too, about the 
high-speed glass memories that help guide Gemini to in
space rendezvous and re-entry. 

And ask about the glass resistors, as thick as telephone 
poles, which serve as dummy loads and power dissipating 
terminations at tracking stations. 

Glass can be designed to maintain constant electrical 
properties at missile speeds. Withstand the pressures at 
the ocean's floor. Save weight without sacrificing strength. 
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IS J I t s s , 

Conduct or insulate. Bend. Not bend. Break. Not break. 
Melt. Not melt. Glass can be made to do what you want 
it to. It is the most versatile basic engineering material. 

For solutions to their problems, government and in
dustry are coming to Corning. Because Corning is the 
glass-master. It's a broad, international company, with one 
of the most daring, expert and imaginative research and 
engineering staffs in the world. Plus, a marketing prin
ciple that commits the company to developing products 
only in areas where a need exists and no product does. 

Young engineers seeking challenge, opportunity, and 
advancement are invited to write to Corning's Career De
velopment Manager. 

I 
CORNING GLASS WORKS 
CORNING, NEW YORK 
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Want the opportunity to explore your discipline? 

At Douglas, your discipline is your own to explore, enrich, expand. You'll 

work in our extensive and exceptional Southern California facilities, where there 

are many independent research and development programs underway. You'll 

be near fine colleges and universities, where you can study for advanced degrees. 

If you want to publish a paper, we'll encourage it. In fact, we encourage 

anything that means professional growth for a young scientist or engineer 

on his way up. Send your resume to L. P. Kilgore, Corporate Offices, Box 700-L, 

Douglas Aircraft Co., Inc., Santa Monica, California. 
An equal opportunity employer 
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by PETER BLOMBERG, EE '69 

DR. STEIN 

Dr. Weiblen, Geology Professor, was born and grew 
up in Miller, South Dakota. He went to Wartburg 
College where he received B.A. and M.A. degrees in 
history. After graduating from college, he took a job 
with American Express. He was stationed in several 
countries as part of the job. The turning point of his 
life came when he was stationed in Istanbul, Turkey. 
There he came in contact with geologists exploring for 
oil and became interested in geology. He quit the job 
and went back to school. He received a M.S. degree in 
Geology in 1958. He just received a Ph.D. in Geology 
last quarter from the "U." 

Last summer, Dr. Weiblen field mapped the Bald 
Eagle Lake Intrusion. (An intrusion is the implacement 
of a body of igneous rock.) He traveled along the shore 
of Bald Eagle Lake in northern Minnesota by canoe, 
collecting samples as he went. Currently he is analyz
ing these samples with an electron microprobe. (Inci
dentally, he wrote an article describing this machine and 
its various applications. It was featured in our Novem
ber issue). 

Dr. Weiblen is currently teaching an honors course 
in Geology. His hobbies are intramural softball and 
golf. He recently received a National Science Founda
tion Fellowship. His plans for the future are to con-· 
tinue teaching and to do more in field geological re
search. 
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Dr. Stein, Professor and Director of the Numerical 
Analysis Center, is currently investigating the relation
ships between analog and digital computers. (For the 
uninformed, analog computers deal with physical quan
tities while digital computers deal with numbers). In 
other words, he is working on how a digital computer 
can be set up for an analog computer. Also he is in
vestigating various techniques ·for ultra high precision 
computation, for solving systems of equations, and for 
minimization. 

Professor Stein, born in Cleveland, Ohio, grew up 
in Los Angeles and went to college there at UCLA. 
During the war, he became interested in computers and 
went back to UCLA where he received B.A., M.S., and 
Ph.D. degrees in numeral analysis. 

Dr. Stein is married and has three children. His 
hobbies include ping pong, walking, and politics. He 
is a member of A.M.S., S.I.A.M., and the Association 
of Computer Machines. Among his accomplishments 
are receiving a John Guggenheim fellowship and co
authorship of a book which he uses in teaching Math 
165-Computer theory. His plans for the future include 
writing another book, continued development of con1-
puter science, and "prepare for significant expansion 
of the facilities and the service aspects of the Numerical 
Analysis Center." 

DR. WEIBLEN 
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3,000 doors to a career 

Allied Chemical's product list now tops 3,000 
-and is growing fast! 

Such product diversity means not only many 
jobs, but many kinds of jobs to suit your tal
ents and inclinations. It means more top jobs, 
and more chances for advancement. It's one 
of the important things to look for when 
you're choosing a company. 

Allied Chemical is directly in
volved with today's most signifi
cant areas: agriculture, space, 
and nuclear energy. Some of its 
products are basic-many are 
new. Products introduced since 

World War II now account for a quarter of 
sales. There's tremendous variety: Building 
materials. Fashion fibers. Rocket fuels. Dyes. 
Fertilizers. Plastics. Petroleum products. 

Over 35,000 people work in Allied Chemical's 
10 divisions-at more than 100 plants andre
search centers-at scores of sales offices 

throughout the country. 

It's a big company with big op
portunities-and a good one for 
you to know more about before 
making a career decision. Ask 
your placement office when our 
interviewer will be on campus. 

An equal opportunity employer 

Divisions: Barrett • Fibers • General Chemical • International • National Aniline • Nitrogen • Plastics • Semet-Solvay • Solvay Process • Union Texas Petroleum 
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edited by JERRY BRAUN, Chem. '68 

Technological Sweat 
A Boeing research engineer uses a filter to protect his 

eyes while watching effects of high temperature on a 
model re-entry vehicle. The cone is being positioned 
inside a test facility which creates temperatures of about 
2,000 degrees F. on the cone's surface. Circulating water 
under the porous "skin" of the model dissipates heat 

in the form of superheated steam. Called transpiration 
cooling, the concept is similar to a natural cooling princi
pal common to man - simple sweating - and may 
make it possible to keep space vehicles cool during 
high-speed re-entry into the earth's atmosphere. 

Gc,ld and Tonic 
Using a special vapor-deposition technique, Drs. 

Arthur S. Nowick and Siegfried R. Mader have pro
duced magnetic films of cobalt-gold alloys with compo-
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sitions ranging from 25 percent to 60 percent gold. 
Under normal conditions, gold and cobalt will mix 
only slightly. 

The deposition technique can be used to extend the 
known range of magnetic alloys significantly. Magnetic 
films produced by the process can exist either in an 
amorphous or a metastable crystalline state. All films 
produced by the process to date are stable, even above 
room temperature. 

The most striking feature of the cobalt-gold alloy 
is the fact that it is ferromagnetic even when amorphous. 
Until a few years ago, it was thought that ferromag
netism could not be achieved in the amorphous state. 
These amorphous alloys are found to have a character
istic low coercive force, and it may be possible to 
create amorphous films with less coercive force than is 
exhibited by crystalline magnetic alloys. 

In the deposition technique, the metals are heated 
to their evaporation temperatures in separate crucibles. 
The metals are then vapor deposited onto a substrate 
which is maintained at liquid nitrogen temperature. 
The cold substrate keeps the atoms from rearranging 
into a crystalline structure. The researchers found that 
a large difference in the atomic radii of the constituents 
was essential for producing an amorphous alloy. 

Space Bumpers 
Small, single or double-jointed gyroscopes, wrestling 

with complex forces produced by mass and momentum, 
promise to help keep future manned or unmanned space
craft on an even keel while they hurtle in space. 

In a paper presented at a meeting of the American 
Institute of Aeronautics and Astronautics, two Boeing 
research engineers told how a stabilization system util
izing control moment gyros and reaction control jets 
might provide smooth sailing for tomorrow's space 
travelers. 

In their paper, "Control Moment Gyros In Attitude 
Control," Authors D. J. Liska and A. D. Jacot of Boeing's 
Aero-Space Division described several systems which 
they believe will enable spacemen to perform missions 
on a stable platform. Stability also is essential for effec
tive operation of orbiting telescopes or other precision 
equipment when the time comes to place such equip
ment in space. 

The jets and gyros could be combined in a com
puter system to take advantage of the inherent capabili
ties of both devices. The gyros would serve as momen
tum sponges. If the space station were nudged by some 
external force - such as a docking shuttle vehicle -
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the space station attitude would remain fixed and the 
disturbance would be soaked up by whirling gyro rotors 
suspended in gimbals. These spinning shock absorbers 
would pivot up to 70 degrees in their suspension systems 
while absorbing extravehicular motion. 

If greater disturbance were applied than the gyros 
could handle, the computer would kick on the jets which 
would fire and return the gyros to their original posi
tions. They would then be ready to take up another 
shock. Typical space station applications might require 
gyro units weighing several hundred pounds, the authors 
said. 

The use of gyros and jets in a closed loop system is 
generally required, the authors say. The gyros can ab
sorb momentum and are capable of providing extremely 
precise, high-response control. Their capacity to handle 
large amounts of buffeting - either from an outside 
source or from crew movement inside the station - is 
limited. The use of jet thrusters provides the high im
pulse sometimes needed to overcome large jolts or 
bumps in space which would upset the station's balance. 

The authors point out that different approaches are 
required for spinning and non-spinning vehicles, but 
both can be stabilized with a system using gyros and 
jets. 

Quantitative Marbles 
A new type of chromatographic column material, 

consisting of non-swelling grains of high-silica glass, has 
recently been studied at the NBS Institute for Materials 
Research (U. S. Department of Commerce). Chromato
graphic columns filled with the new material, developed 
by staff member W. Haller, can separate molecular-size 
substances larger than those separated by organic-gel 
columns presently used in steric exclusion chromatog
raphy. 

Test results indicate that such columns should be 
useful for the separation of macromolecular substances, 
virus particles, and cell components, particularly in 
large-scale or sterile operations where speed, reproduci
bility, and reprocessing of contaminated bed material is 
of benefit. Easily controlled and measured pore size and 
narrow pore-size distribution further suggest the use of 
the column material for size determination in analytical 
and diagnostic procedures. 

Nocturnal TV 
Perkin-Elmer Corporation announced the laboratory 

development of a laser television system which needs 
no studio lights or other external sources of illumina
tion. Scanned by rapidly moving narrow lines of red 
laser light, subjects even in complete darkness appear 
on the TV screen as if in daylight brightness. Picture 
quality is exceptionally sharp and clear. 

Unlike conventional TV cameras the laser system uses 
no image orthicon tube. The system is unique in that 
it uses a laser light transmitter and a reflected-energy 
receiver, both of which are contained in a single unit. 
Intensity of the laser beam is well below the level which 
might endanger the vision of human subjects. 

Laser TV has potential as a means of covert surveil
lance for law enforcement agencies. As used in the 
present system, the laser beam's fast scan speed and 
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low intensity combine to make it virtually invisible, so 
that dark areas such as doorways could be scanned at 
night without the knowledge of those observed. With 
a properly tailored system it would be possible to ob
serve persons at distances in excess of a mile. 

In the field of science, a number of applications such 
as studies of the nocturnal habits of animals may be 
feasible. 

The Laser TV camera sees the model in daylight 
brightness or in complete darkness. Top photo shows 
model under normal light conditions. Bottom picture 
shows model's head silhouetted against her image on 
the TV monitor. Room is in complete darkness. 

In the present system red light emitted by a Perkin
Elmer helium-neon gas laser is used to scan the subject 
through a pair of rotating, diamond-faceted mirrors. 
The fast line sweep of the transmitted laser beam is syn
chronized with the electron beam of a standard tele
vision picture receiver, and laser light energy reflected 
from the subject is sensed by a self-contained receiver. 
The energy returned from the subject controls the in
tensity of the electron beam of the TV monitor's pic
ture tube, forming the image. The very low useful 
energy emission of about one milliwatt from the demon
strator unit has proved adequate for imaging objects 
about 30 feet distant. 

Performance and range capability of all forms of this 
system could be tremendously enhanced by utilizing the 
new argon green-beam lasers, which provide output 
powers of several watts. Other laser wavelengths also 
could be employed. 

Versions of this type of system also could have ap
plication as a lunar or planetary landing aid for space
craft. For close-range use the simpler helium-neon lasers 
are preferred. 
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The Company's first engine, the Wasp, took 
to the air on May 5, 1926. Within a year the 
Wasp set its first world record and went on 
to smash existing records and set standards 
for both land and seaplanes for years to 
come, carrying airframes and pilots higher, 
farther, and faster than they had ever gone 
before. 

In recent years, planes powered by Pratt 
& Whitney Aircraft have gone on to set 
new standards of performance in much the 
same way as the Wasp had done in the 
1920's. The 727 and DC-9 are indicative of 
the new family of short-to-medium range 
jetliners which are powered by the highly 
successful JT8D turbofan. Examples of 
current military utilizations are the J58-
powered Mach 3 Yf-12A which recently 
established four world aviation records and 
the advanced Tf30-powered F-111 variable
geometry fighter aircraft. 
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Take a look at the above chart; then a good long look 
at Pratt & Whitney Aircraft-where technical careers 
offer exciting growth, continuing challenge, and lasting 
stability-where engineers and scientists are recog· 
nized as the major reason for the Company's con· 
tinued success. 

Engineers and scientists at Pratt & Whitney Aircraft 
are today exploring the ever-broadening avenues of 
energy conversion for every environment ... all opening 
up new avenues of exploration in every field of aero
space, marine and industrial power application. The 
technical staff working on these programs, backed by 
Management's determination to provide the best and 
most advanced facilities and scientific apparatus, has 
already given the Company a firm foothold in the cur
rent land, sea, air and space programs so vital to our 
country's future. The list of achievements amassed 
by our technical staff is a veritable list of firsts in the 
development of compact power plants~ dating back to 
the first Wasp engine which lifted the United States 
to a position of world leadership in aviation. These 
engineering and scientific achievements have enabled 
the Company to obtain its current position of leader-

ship in fields such as gas turbines, liquid hydrogen 
technology and fuel cells. 

Should you join us, you'll be assigned early responsi· 
bility. You'll find the spread of Pratt & Whitney Aircraft's 
programs requires virtually every technical talent. You'll 
find opportunities for professional growth further en
hanced by our Corporation-financed Graduate Educa
tion Program. Your degree can be a BS, MS or PhD in: 
MECHANICAL e AERONAUTICAL. • ELECTRICAL e CHEMICAL 
ENGINEERING e PHYSICS e CHEMISTRY e METALLURGY 
e CERAMICS e MATHEMATICS o ENGINEERING SCIENCE OR 
APPLIED MECHANICS. 

For further information concerning a career with Pratt 
& Whitney Aircraft, consult your college placement 
officer-or write Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford, 
Connecticut 06108. 

SPECIAliSTS IN POWER ••• POWER FOR PROPUlSION~ POWER 
FOR AUXDUARY SYSTEMS. CURRENT UTiliZATIONS INClUDE 
AIRCRAFT, MISSilES, SPACE VEHIClES, MARINE AND INDUS· 
TRIAL APPliCATIONS. 

ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FLORUDA OPERATIONS WEST PALM BEACH, FLORIDA An Equal Opportunity Employer 
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Sophisticated, work-saving aids 
help Bell System engine s 

provide important communications services 

As an engineer your future could be important to us. 
You might be able to contribute to our continuing 
leadership in the communications field. Therefore, you 
should know something about us and how we operate. 

Bell System engineers deal with modern problems 
in modern ways. They have at their command the 
latest in technology and equipment. 

An example is how computer programs aid in 
providing telephone service for new communities. 

Engineers at Bell Telephone Laboratories have 
devised computer programs broad enough in scope 
so that Bell System operating telephone companies 
can use them to engineer the required wide variety 
of telephone plant networks. 

As part of a continuing effort, programs have been 
designed to analyze communications needs of an 
area for determining the best plant network layout 
and switching office location. 

In general, the necessary data are collected and the 

engineer selects a number of alternative plans to be 
analyzed in detail by a computer. His final decision is 
based primarily on an analysis of the computer output. 

The computer supplies more significant data, and 
supplies it much faster, than laborious, manual cal
culation methods. The engineer is thus relieved of 
dull, time-consuming computation, and he plans facili
ties with increased confidence-knowing that he is 
providing efficient and economical communications, 
tailored for a given area. 

You may well find a rewarding career in the Bell 
System, where people find solutions to exciting 
problems. The Bell System companies are equal 
opportunity employers. Arrange for an on-campus 
interview through your Placement Office, or talk to 
a local Bell System company. 

Bell System 
American Telephone & Telegraph and Associated Companies 

This? In this hypothetical geographical area, communications could be supplied with one large tele.: Or thiS ? 
phone switching office and a network of cables (left), or with three smaller offices and a different 
network (right). Many other combinations of offices and cable networks might be possible. 
This situation, although hypothetical, is typical of the complex telephone engineering prob-
lems that are being solved with the aid of computer programs designed at Bell Laboratories. 



by THOMAS W. LEZNIAK, Grad. 

Before one can begin to understand the purpose of 
the Minnesota experiment on the Applications Tech
nological Satellite ( ATS), he must be a little familiar 
with the characteristics of the environment in which 
the experiment will operate. Let us for a moment then 
briefly consider the environment surrounding the earth. 

In addition to gravitational field, the earth possesses 
a magnetic field. The axis of this field is displaced very 
slightly from the geographic center of the earth and is 
inclined to the earth's polar axis at an angle of approxi
mately 11°. The overall shape of the magnetic field is 
that of a distorted dipole (see figures 1 and 2). Within 

N 

s 
Figure I 

the earth's magnetic field exist the Van Allen radiation 
belts. These belts consist of protons and electrons which 
are "trapped" within the field. The electron component 
is one which we will study on ATS. (To give one a 
rough idea of the size of these radiation zones, in the 
equatorial plane the radial extent of the two regions is 
given approximately by 1.3Re <r<2Re and 3Re<r 
< 8Re; where Re is the radius of the earth and r is the 
distance from the center of the earth.) 

These trapped electrons exhibit interesting types of 
motion within the trapping regions. In general they 
"mirror" back and forth between the northern and south-

At distances close to the earth, the magnetic field is closely approximated by a dipole field as illustrated. The axis of the dipole, 
however, should be thought of as inclined to the earth's polar axis at an angle of II o. 
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ern hemisphere while traveling along a magnetic field 
line. By mirroring, the following behavior is meant. 
The electrons spiral along a field line in a northerly or 
southerly direction, and, as they get closer and closer 
to the earth, the magnetic field becomes stronger and 
stronger. When the field becomes strong enough, the 
electrons stop their forward motion (point M, figure 3) 
and reverse their direction of travel. In this way an 
electron «bounces," and subsequently rebounds in the 
opposite direction. This phenomenon is exhibited in 
both hemispheres as the particles approach the surface 
of the earth, and hence they are "trapped," continually 
bouncing on a magnetic field line between the northern 
and southern hemispheres. (In other words, a trapped 
electron will bounce between points M and M' in figure 
3.) 

(This behavior can be derived from theoretical con
siderations, and such an investigation leads to the dis
covery of the "1st Adiabatic Invariant," 

( sin2 a) /B = constant 
where a is the pitch angle of the particle [i.e., the 
angle between the instantaneous velocity vector v of 
the particle and the magnetic field vector B about which 

v • B 
it is spiraling, so that cosa = ----- ]. For a particle 

/v/•/B/ 
spiraling on a field line, it encounters the weakest mag-
netic field, Beq, when crossing the [magnetic] equator, 

20 

THE 20 

EARTH'S 
MAGNETOSPHERE 

Figure 2 

40 

DISTANCES ARE 
IN EARTH RADII 

At larg.e distances from the earth a dipole field is no longer a 
good approximation of the earth's magnetic field. The heavy 
black line is the "boundary of the earth's magnetosphere"-i.e., 
the earth's magnetic field lies entirely within the volume enclosed 
by this boundary, and that volume is called the magnetosphere. 

and will have some pitch angle there. Then we have 
( sin2 a) /B = ( sin2 ileq) /Beq· 

Now the particle reaches its mirror point when v • B = 
0 or sin2 a = 1. Thus the value of B at which it will 
mirror, Bm, is 

Bm = Beq/Sin2 ileq• 
[Note that the location at which the particle mirrors 
is independent of its energy.]) 

In summary then, the electrons spiral along the field 
lines, bouncing back and forth between the northern 
and southern hemispheres. In addition to their bounc-
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ing motion, it should be mentioned that they slowly 
drift around the earth in an easterly direction. (The 
term "slowly" refers to a comparison with the bounce 
time of the electron: the time required for one to bounce 
in the northern hemisphere, travel down to the southern 
hemisphere, bounce, and return to the starting point is 
of the order of a second; they gradually drift around 
the earth with a period on the order of an hour or so.) 

Electron Acceleration 
Consider now some scientific observations made in 

the past few years and the questions they raise. 
( 1) In 1962, Prof. J. R. Winckler~, P. D. Bhavsar, 

and K. A. Anderson published a paper describing 
some observations made with instruments flown to 
the top of the atmosphere in balloons. The measure
ments made seemed to indicate that electrons were 
repeatedly impacting in bunches with the atmos
phere, with a period equal to the bounce period 
for low energy electrons. In other words, it ap
peared each time a "bunch" of electrons bounced 
in the northern hemisphere, some of them con
tinued down the line of force far enough so they 
impacted with the atmosphere and were lost in 
it, and their effects were detected by the balloon 

ORBIT 
CHARACTERISTICS 
OF ATS 

Figure 3 

instruments. These observations then raised a 
question concerning the trapped electrons: what 
phenomenon in general is the dominant one causing 
formerly trapped electrons to change their mirror 
points (i.e., change their equatorial pitch angles) 
such that they attempt to bounce at a point deep 
in the atmosphere and are subsequently lost in it? 

( 2) Evidence obtained. from other researchers2 

shows that sometimes the ratio of low energy elec
trons to high energy ones fluctuates. What causes 
the energy distribution of trapped electrons to 
change in time? 

The evidence cited above, in addition to raising the 
questions indicated, also illustrates some interesting 
points. Once an electron is trapped within the belts, it 
is not necessarily trapped forever. The belts have loss 

~A stafF member of the U of M School of Physics. 
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processes which allow particles to escape. Since the 
belts are ever-present and particles are lost, this must 
imply that particles can also become trapped even 
though they were not previously trapped-the belts 
must have source processes also. In fact, although the 
phenomenon of existence of the belts is a stable one, 
the characteristics of the individual electrons populating 
the belts may change radically. For instance, an electron 
may become trapped, have its energy changed many 
times as well as its orbit and mirror point, and then it 
may be lost. 

In summary, present evidence indicates there are 
many mechanisms acting on the trapped electrons them
selves, specifically "acceleration mechanisms", which can 
change the trajectories and mirror points of the particles, 
and their energies. It is these electron acceleration 
processes which we intend to study on the ATS. 

The Geostationary Orbit 
The orbit of ATS is somewhat special for it is a 

geostationary one (see Figure 3). By this it is meant 
that the satellite is radially located at a point where the 
angular velocity necessary to keep it in circular orbit 
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Figure 4 
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about the earth's rotational axis is exactly equal to the 
angular velocity of the earth itself about that axis. In 
other words, both the earth and A TS rotate about the 
same axis with the same angular velocity. Thus the 
satellite hovers above exactly the same point on the 
earth's equator at all times (point P, figure 3), and it is 
"geostationary."~~ 

~~The radial location of this satellite is a freshman physics 
problem. For a satellite in circular orbit, gravitational force 
must equal the force of circular acceleration. Thus GMm/r = 
mw2r where G is the universal gravitation constant, M is the 
mass of the earth, m is the mass of the satellite, r is the radial 
location of the satellite from the center of earth, w is the angular 
velocity of the satellite. For the angular velocity of the satellite 
to be equal to the earth's angular velocity, wo, there exists only 
one r, call it ro, where the satellite can be located. This is ro = 
( GM/wo2

) 'h. Numerically this becomes ro = 23,000 miles. 
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There are two major advantages with such an 
orbit: ( 1) Since the earth's magnetic field lines 
rotate with the earth, and the particles in general 
bounce along a field line, the experiment will. be 
exposed primarily to time variations (as opposed 
to spatial variations) in the electron population 
of the belts, since the satellite also rotates with and 
stays on the same field line (and hence stays with 
the same particles on that field line and can ex
amine how their characteristics change with time). 
(Other non-geostationary satellites move through 
the magnetic field as time passes, and the changes 
in trapped particle distributions they witness can
not be said to be definitely a time variation or a 
spatial variation, but only a combination of both; 
hence one can't really tell whether the changes 
he has measured are due to motion of the satellite 
to a different point with respect to the particles 
originally near it, or because the last measurement 
was made at a different time than the preceeding 
one.) 

( 2) The second desirable feature is that while 
the satellite is in orbit, balloons and rockets may be 
launched at the point where the field line that 
the satellite is on intersects the earth (point X, 
figure 3). Since the same electrons stay on the 
same field line (recall-this is an approximation) 
measurements made by the balloon can be corre
lated with measurements made on the satellite 
over long periods of time. When the balloon in
struments detect some of the electrons on the field 
line striking the atinosphere, the satellite can tell 
simultaneously what is happening to the electrons 
in space, and perhaps indicate why some are chang
ing their mirror points and being lost in the at
mosphere. 

Electron Spectrometer 

The electron spectrometer is basically a high time
resolution magnetic spectrometer which examines the 
energy distribution of the trapped electrons; that is, 
eve1y 0.16 seconds, it counts the number of electrons in 
samples taken from space in each of three different 
energy ranges: 50-150 kev, 150-500 kev, and 500-1000 
kev. (One kev is the energy obtained by an electron 
when it is accelerated through a potential difference of 
1000 volts. A more meaningful comparison for those 
who are not familiar with these units may be the range 
of velocities these electrons possess in this wide energy 
band. A 50 kev electron is one traveling 0.41c (where 
c is the velocity of light, 186,000 miles per second); a 
1000 kev electron is one traveling with a velocity 0.94c.) 

The method by which the spectrometer works is as 
follows. (Please refer to figure 4.) A particle collimator, 
consisting of a brass tube with a couple of holes in either 
end, allows only particles coming from a small range of 
directions to enter the spectrometer and reach the 
region of the magnetic field (point B). The particles 
that have now found their way to this point are bent 
in the magnetic field according to how strong the field 
is between the pole faces, how fast they are going, and 
what their charge and mass are. Only electrons with 
the correct velocities are bent such that they leave the 
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magnetic field at point C and subsequently strike the 
plastic scintillator at point D. (Other electrons, not 
having the correct velocity, are bent into the tungsten 
shielding and are lost; protons and other positively 
charged particles are bent in the opposite direction only 
very slightly and strike the tungsten shield and are also 
absorbed.) When electrons strike the plastic, they are 
stopped and give off an amount of light which is pro
portional to how fast they were originally traveling. This 
light is reflected back through the lead glass (point E) 
until it strikes the face of the photomultiplier tube 
(point F). Here the light is transformed into an electri
cal signal and amplified by the tube by a factor of 106

• 

The size of the pulse is then examined electronically (by 
a "widow discriminator") to make sure the electron 
which struck the plastic really did have the energy it 
should have. If the pulse passes this examination, it is 
sorted and stored in a counting circuit (one of the 
three "scalers"). The number of counts stored is then 
converted into a voltage between 0 and 5 volts by the 
D to A (digital to analog) converter, and this voltage 
is then sampled by the spacecraft telemetry system, 
coded, and sent back to earth. 

The magnetic field strength is changed every .04 sec
onds; it is successfully set at 0 gauss, 650 gauss, 1300 
gauss, and finally 2100 gauss, and then the whole cycle 
repeats itself. When the field is set at 0 gauss, we are 
able to tell how many particles are striking the detector 
when theoretically there should be none. This tells us 
what the background is and we can then correct for it. 
(Sometimes particles are not absorbed in the tungsten 
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If the trapped electron flux was assumed to vary sinusoidally at 
2 cps, the theoretical number of counts 'in any of the energy inter
vals would look something like this as a function of time. (Ran
dom noise has been added.) 

and instead bounce off the walls and strike the plastic 
by accident; also some very energetic particles can pene
trate the tungsten from outside and strike the plastic. 
X-rays can also generate "Compton" electrons which will 
be counted, and the x-rays themselves might produce 
counts. It is these unwanted pulses on which the zero 
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field measurements give us information.) The back
ground pulses in each of the three ranges are stored 
in accumulators and subsequently telemetered back. 

The whole experiment weighs only five pounds and 
uses about four watts of power. Physically, it is about 
3" wide X 4" high X 8" long. 

In summary then, the information that the spectro
meter provides is a high time-resolution look at the 
energy distribution of the electrons in samples taken 
in the vicinity of the satellite. Among other things, it 
can tell us when the number of low or high energy 
electrons is changing, it can tell us if bunches of elec
trons are bouncing on the field line, and it can tell us 
the frequencies with which there are periodic fluctua
tions in the energy spectrum of the trapped electrons. 

A magnetometer (a sensitive device for measuring 
magnetic fields) is also on board A TS, and its purpose 
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Figure 6 

Results of spectral analysis of the data shown in figure 5 . 

will be to study the time variations in the magnetic 
fields in the vicinity of the satellite. This experiment is 
maintained by the University of California, and it is 
hoped that correlation between our data and theirs will 
give insight into the relationships between changes in 
the electron energy spectrum and changes in the mag
netic field. Such an investigation could point out which 
of the magnetic waves and disturbances are important 
to the acceleration processes of the electrons. 

Data Recovery and Analysis 
A. Data Recovery. The scalers for each energy range 
can store up to 1023 counts and the experiment puts out 
an analog voltage between 0 to 5 volts depending on 
the number of counts actually stored in the scaler circuit. 
The analog voltages are maintained by the experiment 
circuitry until the spacecraft telemetry system interro
gates the experiment and reads them. Now the tele
metry system has a variable frequency oscillator which 
puts out a 0.01 second burst at a frequency somewhere 
between 5 and 15 kilocycles/ sec., depending on what the 
analog voltage is. The signal is then received at a 

(Continued on Page 62) 
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e as a great scientist in his day 

This Sumerian was minding our busi
ness five thousand years ago. 

Like Olin, he specialized in chemi
cals and metals. He smelted copper and 
tin to make bronze. He made an iron 
axle, put it between two wheels, and off 
he went. 

Men have always been trying to find 
the answers to important problems. To
day, Olin is at it, harder than ever. 

Our pioneering research in liquid 
chlorine helped eradicate typhoid and 
other water-borne diseases. 

Our anti-tubercular drug, NYDRAZID~ 

is a major reason TB deaths de
creased 60% in the last eightyears. 

Olin's ammonium phosphate fertiliz
er <Ammo-Phos®) makes it possible for 
farmers to grow more food than ever 
before. 

And to prevent the tremendous 
waste in food spoilage, we're working on 
an antibiotic-coated plastic wrapping. 

"An Equal Opportunity Employer" 

To take a big sting out of life, Olin is 
developing a high speed cartridge that 
enables medicine to be injected without 
the use of hypodermics. 

But none of these advances could 
have been made without our scientists. 

Every division of Olin seeks the cre
ative, scientific mind for the answers to 
the research problems of our day.lfthis 
is the kind of work that interests you, 
call Olin or write to M. H. Jacoby, Col
lege Relations Officer, Olin Mathieson 
Chemical Corporation, 460 Park Ave
nue, New York 22, N.Y. 
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Are you ready 
to test your 
engineering knowledge 
with practical problems .... - -? 

Stretch your mind at John Deere. You'll work on practical solutions to the 

challenge of developing new machines, materials and manufacturing methods. 

Vigorous growth in agricultural and industrial markets, both in the U.S. and 

overseas, offers vast opportunities for John Deere engineers to test their 

ingenuity and develop their ideas. 

John Deere has a 128-year tradition of growth and leadership. To continue 

this record, we need college graduates interested in product design, 

research, materials analysis, industrial engineering, methods, plant eng·ineering, 

and reliability engineering. You'll find job opportunities match college majors 

in most areas of mathematics, science and engineering. 

You'll work for one of America's 75 largest corporations ... first in farm 

machinery sales in the U.S. Yet, you'll retain many advantages of a small 

company. Our long-time policy of decentralization encourages initiative, 

ability and leadership. As an engineer, you'll receive project responsibility os 

rapidly as you can earn it. 

For more information, check your college placement office ... or write: 

Director, College and University Relations, 

Deere & Company, Moline, Illinois. d HN DEERE 
An equal opportunity employer. Moline, Illinois 
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Spotlight on 
local Industry 

by JANET SCHWARZ, ME '69 

0 
n 

The Onan Division of the Studebaker Corporation is 
a leading builder of electric power plants. The company 
was founded in 1918 by David Warren Onan to manu
facture automotive test equipment. An additional early 
product was the "Safety" Saw. Originally developed for 
their own use in crating and shipping, the saw quickly 
earned widespread acceptance for industrial use. In 
1927 the first Onan Electric Generating Plant was manu
factured. Intended for use in summer cottages, it sup
plied only direct current. Soon afterwards, the quickly 
growing popularity of AC radios changed and expanded 
the market for generating plants. So an Onan generating 
plant for alternating current was designed. First in
troduced in 1931, this pioneer 500-watt model was the 
start of worldwide distribution for Onan Electric Plants. 
In 1960, Onan became a division of Studebaker Corpora
tion. 

Engine design and manufacture has played an im
portant part in the history of the company. Electric 
plants require an engine specifically suited for the job. 
Onan has developed many models of air-cooled and 
water-cooled engines in the years since the first engine 
was built in 1930. Another noteworthy factor in their 
history has been export sales. Through steadily expand
ing overseas markets, they have earned their present 
position as a dominant world manufacturer of electric 
generating plants. 

Onan today employs 1004 people in the design, fabri
cation, assembly and shipment of electro/mechanical 
power products and associated equipment. 

Onan electric plants are produced in power ranges of 
500 watts to 230 KW. Smaller units provide primary 
electric power where highline service is not available. 
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These are normally units in the lower KvV range; it is 
estimated that one-half of all electric plants in the 30 
KW and under power range are Onan units. Primary 
power installations fall into three basic categories: 

1. Fixed installations, for continuous use in re
mote areas for such purposes as micro-wave 
power, foreign missions, and lake cottages. 

2. Portable applications, to provide temporary 
on-sight power for motor-driven tools used in 
construction work where utility power is not 
normally available, and for lighting, communi
cations, etc., during temporary power outages. 

3. Marine and mobile service for boats, house 
trailers, bookmobiles, soft ice cream and re
lated mobile food-vending trucks, X-Ray vans, 
mobile TV studios, traveling showrooms, etc. 

Onan electric generator sets-diesel, gasoline or gas
powered-are available for stand-by power to take over 
the load for essential electric services during interrup
tions in normal utility service. In hospitals, disruption 
of electric power in the operating room, nursery, labora
tory or elevator can literally be a matter of life or death. 
Other uses include ground support for aircraft and mis
siles, fallout shelters, chemical plants, industrial process 
lines, banks, stores, hotels, and other institutional build
ings. 

Another line of products includes gasoline and diesel 
engines which are available in one, two and four cylinder 
models in a range of 6 to 40 H.P., air-cooled and 
water-cooled. The complete line consists of both opposed 
and in-line configuration. They are designed and built 
for frequent-use applications. Typical uses include floor-
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sweepers, lift trucks, golf carts, crop sprayers, welders, 
truck hoists, over-road refrigeration, mail delivery ve
hicles, tractors, and varied military applications. 

In the mid-Fifties, Onan engineers were given the 
assignment to develop a new family of engines that 
would 1) offer greater value to the user through im
proved design, better production methods and better use 
of material while 2) reducing volume and weight of 
Onan engines and generators to make them even more 
superior for portable equipment, military field equip
ment and marine installation. The "J" Line was the 
result. Production began in 1961. "}"-Line engines are 
a family of one-, two- and four-cylinder engines, gasoline 
or diesel powered, air-cooled or water-cooled, in a 6 
to 40 H.P. range, having the following features: 

In-line configuration which results in a narrow, 
18" silhouette. Engines in the same horsepower 
class can be interchanged without space penalty. 
The Original Equipment Manufacturer can offer the 
option of gasoline or diesel power without changing 
product design. 
Most high-mortality parts are interchangeable be
tween gasoline and diesel, and there is virtually 
complete interchangeability of working parts for 1-, 

leading manufacturer of engine-compressors for self
powered air-conditioning units for both mobile and sta
tionary applications. Currently on the market is a 5-ton, 
gas engine-driven air-conditioner for residential and com
mercial use, powered by a two-cylinder, four-cycle onan 
air-cooled unit. Onan also manufactures electric welding 
units which are sold under a variety of leading brand 
names in the United States. In the International market, 
the unit is sold under the name "Portaweld." Onan 
also supplies engines to a number of leading welder 
manufacturers. 

In 1941, Onan had been building electric plants for 
15 years. The entire engineering, production and design 
facilities were placed at the disposal of the government. 
An expanded Onan factory, working around the clock, 
produced approximately 300,000 military units, consist
ing of hundreds of different models developed for specific 
military use by all branches of the service. 

Onan has long been a Planned Producer in Military 
Planning and has worked with the St. Louis Office in 
Mobilization Planning, whose representatives review 
Onan facilities and update capabilities and records twice 
a year. The company also has development contracts 
with various government agencies and prime military 

Onan's University Avenue Plant 

2-, and 4-cylinder models in either gasoline or diesel. 
All accessories except starter are grouped on one 
side for easy maintenance, even when installed in 
tight compartments. 
Both diesel and gasoline engines are available with 
military standard high-mortality parts with only 
minor modifications to the basic commercial unit. 
Other products include dozens of models of genera-

tors, both AC and DC. Battery charging units and 
magnet service generators for electro-magnets are sig
nificant applications. PTO units are popular for farm 
use with tractor drive. Accessories include manually
operated transfer switches and rheostats. Onan is a 
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contractors such as the Corps of Engineers, Marine 
Corps, Ordnance Corps, Canadian Government, and 
U. S. Postal Department. 

International markets for Onan portable electric 
power have represented a substantial percentage of 
the business ever since Onan entered the industry in 
1930. Thus a strong distribution, parts and service or
ganization has long existed in every comer of the World. 
A total of 169 sources now offer Onan sales, parts and 
service outside the continental United States. 

Onan's "Instapac" transistorized inverter, which senses 
line voltage loss and takes over load in .017 seconds 
when used for standby power, is used for computer 
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standby and dozens of other AC applications including 
the CENTO project. The 3,000 mile CENTO telecom
munications network, stretching from Ankara, Turkey, 
to Karachi, Pakistan, uses 267 Onan generator sets and 
appropriate switchgear for both primary and standby 
power. The company has designed equipment for the 
Near East that will operate in temperature ranges from 
50 degrees below zero to 130 above, in mountain 
climates, desert, in places so remote that intervals be
tween normal service are as long as 30 days. The Insta
pac transistor inverter is used to automatically bridge 
the few seconds required during switch-over from one 
generator set to another on weekly cycles. A total of 
three generator sets are used in each of 78 remote 
stations; two units alternate weekly, and the third cuts 
in as a standby unit if both of the first two fail. Onan 
provided this equipment to RCA, the prime contractor. 

Onan production facilities total over 285,000 square 
feet and include modern equipment for such routine 
production operations as shearing, drilling, hnning, 
grinding, honing, welding, heat-treating and cleaning. 
Of special importance are the tool and fixture shop 
and quality control departments. Adjoining office facili
ties total an additional 37,000 square feet. 

Company engineers are currently involved in the de
velopment of gas-driven, engine-compressor units for 
air conditioning. These natural gas sets are now being 
used to power long-life air conditioning units for resi
dential and commercial use. The engine, compressor, 
starter and thyratron ignition system were all designed 
by the company. 

In 1961, Onan completed construction of a new 16,500 

a 1:11 Ill 

All a sweater does for her is make her itch. 
~ ~ ~ 

Minister: "What does your father say before each 
meal?" 

C. T.: "Go easy on the butter." 
~ . . 

He had Tarzan's eyes-they swung from limb to limb. . . ~ 

"I wonder whaf s the matter with our star basketball 
player-he looks so unhappy?" 

"It's because his father is always writing for money .. " 

• • • 
Engineer: "She's a nicely reared girl, isn't she?" 
Physicist: "Not bad from the front, either." 

('!) e ~ 

We know a fellow who spent so much money on a 
girl in two years, that' he finally married her for his 
money. 

• ~ $ 

She was "Honey Child" in New Orleans, 
The hot spot of the bunch; 

But on the expense account 
She was gas, cigars, and lunch. 

1!11 • • 

For years the two sexes have been racing for suprem
acy. Now they have just settled down to neck and neck. 

1!11 $ • 

Our favorite Racing Form is a good looking girl late 
for work. 
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square foot technical center, to facilitate basic research, 
product design and product development. The research 
and development facilities are available to government 
agencies, prime contractors of military equipment, and 
any manufacturer interested in improvements in the 
wide field of power generation. Among the areas in 
which Onan engineers are now active are: 

Research into elimination of a wide range of electro
magnetic interference. This project includes suppres
sion of disturbances in the range of 30 cycles to 
1,000 megacycles. 
Development of a fuel cell that will produce elec
tricity from the electro-chemical oxidation of hydro
carbon fuels. Laboratory facilities include multi
channel recorders, instruments to check polarization 
of EMF, an electric furnace for activation of elec
trodes, and a spectrophotometer for study of cata
lyst impregnation. 
Development of a broad range of magnetic ampli
fiers to serve as static excitation systems and static 
voltage regulators for AC revolving field generators 
in the five to 250 KW range. 
Continuing improvement of transistor inverters in 10 
KV A and up range, with emphasis on parallel opera
tion, sine wave output and accurate voltage control. 
In addition to many dynamometer, radio suppression, 

hot- and cold-room testing facilities in the factory, Onan 
also maintains a cold test facility in Northern Minne
sota. In-use field tests of all Onan products are con
ducted on a fully-programmed basis. Onan also regards 
receipt of feedback data from users an important seg
ment of quality control. (] 

Mary: "What color dress are you wearing to the 
dance?" 

Sue: "Brown, I guess. We're supposed to wear some
thing to match our date's hair." 

Mary: "I don't think I'll go." 
• 11!11 • 

EE: They tell me you can do square roots in your 
head; what is the square root of 69? 

ME: Eight something. 
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Everyone in your class couldn't 
make it at Honeywell. But if 
you are one of those individ
uals who is our kind of man, 
you probably wouldn't be happy 
working any place else. 

Why not see how you measure 
up to Honeywell. 

Can you work with little or no super
vision? Honeywell has no long, drawn
out formal training program. You're 
assigned to a specific job where you 
can start contributing to your future 
as you learn. You'll have plenty of 
chance to show what you can do on 
your own. 
Do you stick to your guns when you 
are right? Honeywell hires men who 
think things out for themselves and 
aren't afraid to disagree with the ma
jority. "Yes men" don't get very far 
at Honeywell. You have to contribute. 
Can you admit it gracefully when 
you are wrong? You will be working 
with a group of real pros at Honey
well, men who recognize good work 
and respect you for it. But they will 
also let you know when and why you 
are wrong. It takes a real man to 
work this way. 

Will you let your future rise and fall 
on your own accomplishments? 
Honeywell pays and promotes to rec
ognize individual progress and per
formance. We'll push you along as 
fast as you can handle the work, but 
you can't sit back and ride with the 
group. A real man likes to set his own 
pace and we like it that way, too. 
Do you take pride in your life's 
work? The job is the boss at Honey
well. Our men work nights when the 
job calls for it. They want to. You 
will find the competition very keen at 
Honeywell. 
Can you take the setbacks in stride? 
Honeywell works in some very chal
lenging fields where the answers don't 
come easy. Our men don't like things 
all laid out for them in a neat, orderly 
manner. Adversity doesn't frustrate 
them, they thrive on it. 

If you are one of these men, 
Honeywell is after you. 
You'll find real professionals like it at 
Honeywell. We have one of the lowest 
turnover rates in the industry-less 
than half of the national average. 

They find a genuine opportunity at 
Honeywell. We employ over 50,000 
people world-wide. 

Briefly, our main business is elec
tronic systems- all kinds. We're a 
leading manufacturer of computers 

for business, industrial and scientific 
work. We make automatic systems 
for homes and commercial buildings; 
weapons systems; systems for air
craft, spacecraft, missiles; process 
and industrial control and medical 
use; precision switches and semicon
ductors. 

It's tough to find a market we don't 
serve. Notice the concentration in the 
growth industries. Honeywell is grow
ing and you can grow with us. We 
support programs for advanced de
grees for Honeywell men. We need 
your progress. 
There's more to the Honeywell man 
Ask your placement director for the 
Honeywell brochure. 

Talk to one of our recruiters next 
time he visits your campus. Watch 
for dates or, if you prefer, write to 
Mr. H. P. Eckstrom, Corporate Man
ager of College Relations, Honeywell, 
Minneapolis, Minnesota 55408. 

Hon y~ell 
An equal opportunity employer 



by CAPTAIN DANIEL R. ZENK, U.S. Arr.~y 

Engineering Students! Are you aware that you can 
earn a Commission in the U.S. Army or Air Force by 
enrolling in the Army or Air Force Reserve Officers 
Training Corps Two-Year Program here at the Univer-

Homecoming queen Mc:ry Ann McFadden pinning the Distin
guished Military Student award on Army Cadet Edwin 1<. Oka
moto, I.T. senior majoring in mecha:1ical engineering. 

sity of Minnesota'? If you have two academic years 
remaining, or if you are a junior or senior who plans 
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to attend graduate school and have two years of study 
remaining on this campus, there is still time for you to 
enroll in either Army or Air Force ROTC, which will 
enable you to satisfy your military obligation as an 
officer. The two-year ROTC program has been speci
fic:tlly designed to supplement the traditional four-year 
program and to afford an opportunity for students to 
earn a commission who were unable to take ROTC 
during their first two years in college. 

All of the armed services have a requirement for 
technically-trained officers. There is a particular need 
for trained engineers. As an officer, you will have the 
opportunity to use your technical training and to gain 
valuable leadership experience which will later enhance 
your potential in your civilian profession. 

Course Content 
If you enroll in the Army or Air Force two-year pro

gram you can expect to take challenging courses in 
leadership, human relations and executive management. 
Tables 1 and 2 outline the courses of the Army and Air 
Force two-year curriculum, respectively. 

As an advance course cadet, you will also have the 
opportunity to apply classroom theory as an instructor 
on the drill field and within the Army cadet brigade 
or the Air Force squadron organizations. 

If you enroll in the Army two-year program, attend
ance is required at a six-week summer camp at Fort 
Knox, Kentucky, prior to your junior academic year. 
At this camp, you will receive instruction in military 
subjects which are designed to prepare you for the 
advance course. This training takes the place of the 
first two years of ROTC. Your transportation will be 
paid to and from the camp. Also, you will be paid 
approximately $85.00 a month while at camp. 

Between your junior and senior year attendance is 
required at the six-week summer camp conducted at 
Fort Riley, Kansas, for all advanced course cadets in 
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the 5th United States Army area. At this camp, you will 
apply the classroom theory presented during your junior 
year in ROTC. Again, transportation is paid and you 
will receive approximately $145.00 per month while at 
camp. All accommodations, food and clothing are fur
nished at both camps. 

The Air Force requires attendance at one six-week 
summer camp between the sophomore and junior acade
mic year at Maxwell AFB, Montgomery, Alabama, or 
Keesler AFB, Biloxi, Mississippi. The pay and allow
ances are the same as the Army program. 

The Army and Air Force conduct a flight training 
program for qualified senior cadets. This program is 
conducted at the University Flight Training Facility. 
This program consists of a minimum of 3mf hours of 
flight instruction and 35 hours of ground instruction 
conducted by Federal Aviation Agency-approved flying 
school instructors on an extracurricular basis. Success
ful completion of this program will normally fulfill all 
the prerequisites for issuance of a private pilot's license. 

Following successful completion of this program, 
graduation and commissioning, you will be ordered to 
attend advanced service flight training instruction. Many 
graduates of this program are now flying Army and 
Air Force high performance aircraft all over the world. 

leadership-Unique Training 
The leadership training offered by the ROTC is not 

duplicated by any other university course. You will 
have an opportunity to improve your ability to moti
vate, supervise, and effectively lead men. A 1964 an
alysis of several groups of national leaders indicated 
a definite relationship between success and ROTC train
ing. Of the approximate 5% of the college graduates 
who have had the benefits of ROTC training, 24% be
came state governors, 15% became ambassadors, 10% 

Army cadets in formation at the 1965 Summer camp at Fort 
Riley, Kansas. Cadet Gene F. loosbrock, University of Minne
sota, is second from the right in the staff formation. 

became members of Congress, and 28% of them key busi
ness executives, earning between $100,000 and $300,000 
per year. 

ROTC also helps to develop other qualities, such as 
mental discipline, physical stamina and bearing, so 
necessary to a successful career. It teaches a man how 
to gain and hold the respect of others. 

In addition to the summer camp pay, you will be 
paid $40.00 per month while attending ROTC classes 
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at the University. Textbooks and uniforms are furnished 
free of charge. This sum will help you to meet college 
expenses. For many students it can make the difference 
between staying in college or having to leave for finan
cial reasons. Total benefits are over $1,000.00. 

The professors of military and air science are author
ized to offer regular Army or Air Force commissions to 
cadets who indicate a very high leadership potential. 
This commission is equivalent to the type of commission 

A member of the Army Cadet Brigade Staff inspects a rifle 
during leadership laboratory. 

that a graduate of the Military Academy or Air Force 
Academy receives. All students who aspire to make the 
military their career are encouraged to compete for the 
Regular commission. 

Credits Allowed 
The Army and Air Force courses consist of 18 credits 

total for the two-year program. Upon completion, nine 
credits may be substituted by IT students for free or 
technical electives, or both, toward graduation. Nine 
credits are taken the junior year and nine during the 
senior year. All courses are university-accredited courses 
taught by experienced and well-trained officer-instructors. 

A student who desires to obtain a graduate degree 
may apply for a deferment from going on active duty 
upon graduation and commissioning. The time spent 
in delay status does not lengthen the active service ob
ligation for the officer who accepts a Reserve commission. 
It does, however, increase the active .service obligation 
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by six months for each year of delay for those who 
accept a Regular commission. Several recently-graduated 
and commissioned officers are currently taking advantage 
of this program at the university. For the career officer 

Former Air Force Secretary Eugene Zucker+ fields questions 
from AFROTC cadets during an informal question and answer 
period at the University. 

who desires to obtain a graduate degree while on active 
duty, the services offer a civil schools program which 
affords the officer the opportunity to earn a Master's or 
Doctor's degree at the university or college of his choice. 
While enrolled, he receives his normal pay and allow
ances and full school expenses. 

Obligations and Assignments 
The newly-commissioned Army officer is required to 

serve only two years on active duty. The Air Force 
officer serves four years on active duty. This active 
duty requirement is increased by one year if the officer 

The 1964-65 AFROTC Little Colonel, Roylene Champeaux, re
ceives the name of the 196'5-66 title winner from Honor Guard 
Commander Robert J. Kermes at the recent A.FROTC Black Tie 
Ball. 

takes a Regular commission or participates in a flight 
program. Following release from active duty, the Army 
officer can expect to serve four years in a Reserve Com
ponent. The majority of this time may be served in an 
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inactive status. Air Force officers have a two-year Re
serve obligation. The total obligation is six years in both 
services. The same total obligation is incurred by draft
ees or men who enlist in the Armed services. 

The Army cadet can choose a commission in any one 
of 16 branches in the United States Army. In the past, 
engineering students have accepted commissions in one 
of the technical branches, i.e., Signal Corps, Corps of 
Engineers, Ordnance Corps, etc. As an officer, you 
could serve in the United States, Western Europe, the 
Orient or in one of the many other areas where American 
military men are stationed. Air Force officers, if not 
rated as pilots or navigators, will serve in assignments 

Table I 
ARMY 

MILITARY SCIENCE Ill (JUNIOR YEAR) 
151 f,w. Problems of Special Warfare. Problems of the law of 

war, guerilla warfare, psychological warfare, and coun
terinsurgency/counterguerilla operations as applied in 
modern military operations. (I cr). 

152w. Advanced Tactics and Training. Small unH leadership 
and psychology of small groups in identification of per
sonality characteristics, study of individual needs, values, 
and capabilities. Emphasis is placed on the solving of 
leadership problems. Conduct of m'ilitary training and 
development of the Army instructor. Includes practice 
teaching by the student. Advanced small unit oper
ations in conventional and unconventional battlefield 
environments. ( 5 cr ). 

153s. Functional Organization of the United States Army. A 
survey of the history, training, equipment, and develop
mental trends of all combat arms and services of the 
Army. Tactical operations in all phases of land war
fare. A field exercise encompassing all material studied 
in Mil 152 and 153 stressing the practical application 
of techniques and princ'iples under simulated tactical 
conditions. { 3 cr). 

MILITARY SCIENCE IV (SENIOR YEAR) 
154f. Command and Staff Operations. Comprehensive study 

of combat operations and logistics as related fields. 
Principles of command management, staff organization 
and staff procedures, supervision, and co-ordination by 
the commander. ( 4 cr). 

155w. Role of United States in World Affairs. A course on the 
role of the United States in world affairs in an anthro
pological perspective. An analysis of the concepts, 
methodology, and data of social-cultural anthropology 
and in the application of this knowledge to problem 
solving and effective functioning in interpersonal, in
tergroup, and international affairs. Conducted by a 
qualified professor of the Department of Anthropology. 
(I cr). 

156s. Army Administration. Study of military personnel man
agement procedures to include records, classification 
and assignment, unit fund accounting, and legal and 
military justice matters. Conduct of a field exercise 
stressing practical application of material studied in 
Mil 152-156. Service orientation for the newly com
missioned officer. ( 4 cr). 

in support of global air operations. 
The avenues of interest and ambition in all services 

are many and varied, and a man may fulfill his po
tentialities as rapidly as he wishes. 

The ROTC conducts a very active intramural athletic 
program. All cadets are encouraged to participate in 
touch football, volleyball, basketball, bowling or softball 
competition. Many cadets belong to organizations spon
sored by the ROTC departments which foster the high 
ideals of academic scholarship and fraternal association. 
They include Scabbard and Blade, Pershing Rifles and 
the Arnold Air Society. 

The student also has the advantage of associating 
with highly qualified officers and non-commissioned offi
cers who are ROTC instructors. From such men, he 
acquires an insight into traditional qualities of loyalty, 
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sense of duty and self-discipline. He also forms life
long friendships with fellow cadets, a large percentage 
of whom go on to high positions in the service and 
other walks of life. Such friendships can be a valuable 
asset later in life in any kind of career. 

Enrollment Procedures 
To enroll in either the Army or Air Force two-year 

program, the student must: 
Be a sophomore, junior, senior or graduate student 

enrolled in a four-year college with two years remaining. 
Have a "C" or better average in any academic major. 

Table 2 

AIR FORCE 
AEROSPACE STUDIES 300 (JUNIOR YEAR) 

131 f. History of Air Power (AS 30 I ) . A study of the funda
mentals of a nation's, p.ower, nature of war and applica
tion o,f aerospace f~rc~s, in support of national goals. 
History of air power .. Seminars with oral and written 
reports. Emphasis on .communication skill development. 
field trips. (3 cr). 

132w. Aerospace Organization and Concepts (AS 302). An
alysis of the mission and organization of the Defense 
Establishment; aerospace concepts, doctrine and use in 
relation to a nation's resources; Importance of the 
United States space program. Seminars developing 
individual skills in research and oral reporting. Field 
trips to selected Air Force bases. (3 cr). 

133s. Astronautics and Space Operations (AS 303). I nten
sive examination of space vehicle systems and ground 
support equipment; space exploration; orbits and tra
jectories; spatial environment; and future development 
of astronautics and space operations. Seminars stress
ing research skills and communication techniques. Field 
trips to aerospace industries. ( 3 cr). 

AEROSPACE STUDIES 400 (SENIOR YEAR) 
141f. Professionalism (AS 401 ). A study of professionalism 

including the meaning of professionalism, the founda
tions of military professionaBsm and its ethical char
acteristics and responsibilities, the meaning and func
tions of military discipline and cases in military law. 
Field trips. {3 cr). 

142w. leadership and Human Relations (AS 402). A study of 
leadership including the philosophy and scope of lead
ership. The interaction of individuals and groups in 
large scale organizations. Case studies in human rela
tions, role playing, conference and discussion, methods, 
communication and problem solving. Field trips. (3 
cr). 

143s. Military Executive Management (AS 403 ). A study of 
management including the functions of the military ex
ecutive: planning, organizing, directing, co-ordinatin.g, 
and controlling. Surveys the application of management 
functions to the organization. Explores determining the 
management tools, practices, controls, and techniques 
to assure successful mission achievement. Field trips. 
(3 cr). 

144. Flight Instruction Program (AS 404). Ground school 
in conjunction with flight training of 36:30 hours lead
ing to an FAA certification as a private pilot. The 
course includes instruction and practice on federal avia
tion regulations, aircraf.t instruments, meteorology, ra
dio aids, air navigation, flight theory and other subjects 
pertaining to the safe and efficient operating of aircraft. 
Field trips. {3 cr). 

Contact the Professor of Military Science or the Pro
fessor of Air Science at the Armory for a personal inter
view as soon as possible but no later than April 15 if 
you desire to enroll in the Army program and no later 
than April 1 if you desire to enroll in the Air Force 
program. 

Pass the mental qualifying examination. 
Pass a physical examination. 
If selected, successfully complete the Army or Air 
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Force six-week summer training program. 
If you want to fulfill your military obligation and 

serve your country as an officer, seriously consider the 
opportunities offered by the ROTC two-year program. 
If you have questions about the program, contact the 

Air Force cadets inspect the bomb bay of a B-47 during a visit 
to a base. 

Professor of Military or Air Science at the Armory. 
One of the qualities of a leader is the ability to make 

sound and timely decisions. The man who is interested 
in preparing for a position of leadership can get started 
now by making the decision to take the ROTC two-year 
program. This decision could be one of the more im
portant decisions of your life. [] 

J B I TER IE EESI 

CHARGE YOUR PLANE TICKETS AT 

AMERICANS ABROAD, INC. 

TRAVEL SERVICE 

Fly at the company's expense to your job interview .•• charge 
your plane ticket at AMERICANS ABROAD, INC ..•. pay when 
reimbursed by the company on your return. 

Make your air reservations and pick up your ticket at our con
venient campus location (next to Perine's book store}. 

A letter from the company requesting the interview and your 
fee statement are necessary for charging. Bring these in when 
making your reservations. 

Call or stop in: 

9:00 to 5:30 Weekdays 

9:00 to noon Saturdays 

Specialists 
in Faculty 

Travel 

AMERICANS ABROAD, INC. 
TRAVEL SERVICE 

317 14th Avenue S.E. 
331-7909 
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*".AT BRUCE PUBLISHING COMPANY! 
This is the "home of good printing" in Minneapolis 

and St. Paul! From this ultra-modern plant, convenient
ly located in the T~in Citie~' midvvay, come more than 
fifty outstanding national and regional publications. Also, 
quality job printing! 

Bruce Publishing Company has beeh a leader in the 
graphic arts for over fifty years. The'tnain reason is that 
this office and plant house one of the ·finest editorial and 
production staffs in the Upper Midwest . . . employing 
only the latest techniques and equipment. 

8 PUBLISHERS 

8 JOB PRINTING 

The name, BRUCE PUBLISHING COMPANY, on 

a magazine or other printing means QUALITY AND 
SATISFACTION to discriminating buyers. Check with 
any Bruce customer. You'll see what we mean. 

BRUCE PUBLISHING COMPANY is especially well 

equipped to handle the complete. production of your 
publication, brochure, or general printing job. BRUCE 
offers full-service printing, from idea, through layout, 
to delivery. 

Suggest you call BRUCE PUBLISHING COMPANY 
for help with your next project. 

8 OFFSET 

8 LETTERPRESS 

BRUCE PUBLI HI G COMPA y 
2642 UNIVERSITY AVENUE 
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What kind of engineer will you be .. 4D 

preliminary des· n, design, development? 
At AiResearch Phoenix, you work as all three 
before you decidee 

Your future as an engineer is 
strongly influenced by your first 
assignment. What that assign
ment will be, should be, is an 
important decision. 

At Garrett you control that 
decision. During an eight-month 
orientation program, you work 
with experienced engineers on a 
variety of assignments in different 
areas. Your permanent assignment 
depends on your own aptitude 
and interest. 

In preliminary design you may 
work on gas turbine engines, jet 
engine starters, or advanced power 
systems for space vehicles. Analy
sis is the key- and the emphasis 
is on thermodynamics, fluids, 
vibration, heat transfer, and math 
to solve today's problems. 

As a design engineer, you see 
your solution to a product design 
problem take shape on the draw
ing board and in fabrication. You 
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may work on controls systems for 
turbine drives, engine fuel sys
tems, or a laboratory test system. 
Mechanics is the theme - statics 
and dynamics, materials and pro
cesses, and graphics are your tools. 

In development, you'll test 
designs before they go in to pro
duction. Manufacturing processes 
are examined and production 
techniques are explored. Every
thing from nuts and bolts to com
plete power systems are tested, 
and your lab work and practical 
judgement will pay off in this area. 

Your career at AiResearch 
Phoenix can be stimulating and 

rewarding. You can work in all 
three important areas of engineer
ing on diverse aerospace products. 
You can use your total education, 
learn more on top of it, and take 
part in a wide variety of advanced 
engineering. 

At AiResearch Phoenix, the 
product lines include gas turbines 
for auxiliary power, turboprop 
engines for business and military 
aircraft, secondary power equip
ment for aircraft, advanced space 
vehicle nuclear power systems, 
pneumatic and hydraulic control 
systems, as well as a variety of 
related equipment for aerospace, 
ground, and undersea applications. 

Find out the whole story in our 
new booklet, Your Future at 
Garrett. Get it from your cam
pus placement office, or write 
AiResearch Manufacturing Divi
sion, 402 South 36th Street, Phoe
nix, Arizona 85034. 

AiResearch 
is challenge 

An equal 
opportunity employer. 

Los Angeles • Phoenix 
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For The Third Straight 
Year We Present The ... 

Tuesday, January H 
Budd Company 
Dow Chemical Company 
Firestone Tire and Rubber Company 
Martin Company (2nd Day) 
J\1onsanto Company 
Navy Department-Bureau of Yards 

and Docks 
Timken Roller Bearing Co. (2nd Day) 
TRW Systems (2nd Day) 

Wednesday, January 12 
Continental Oil Company 
Dow Chemical Company (2nd Day) 
Firestone Tire and Rubber Co. (2nd 

Day) 
General Mills Incorporated 
General Motors Corporation 
Interior-Reclamation 
Martin Company (3rd Day) 
J\1onsanto Company (2nd Day) 
Parke, Davis & Company 

Thursday, January 13 
Aeronautical Systems Division

Wright-Patterson Air Force Base 
Dow Chemical Company (3rd Day) 
General Motors Corporation (2nd 

Day) 
:Monsanto Company (3rd Day) 
Pratt & Whitney Aircraft 
West Bend Company 

Friday, January 14 
Brunswick Corporation 
General Motors Corporation (3rd 

Day) 
Interstate Power Company 
Pratt & Whitney Aircraft (2nd Day) 
United Aircraft-Research Labora-

tories 

Monda~ January 17 
Cummins Engine Company 
Fisher Governor Company 

S2 

' 
General Telephone Company of Wis

consin 
Johnson Wax 
Mando Division of Boise Cascade 

Corp. 
Sherwin-Williams Company 
Waters Company (The) 
J\1edtronic, Inc. 

Tuesday, January 18 
Bell System 
Carrier Research & Development 

Company 
DeSoto Chemicals Coatings, Inc. 
Goodyear Tire & Rubber Company 
Jones & Laughlin Steel Corporation 
National Steel Corporation 
Outboard Marine Corporation 
Univac 

Wednesday, January 19 
Bell System (2nd Day) 
Goodyear Tire & Rubber Co. (2nd 

Day) 
International Minerals & Chemical 

Corp. 
Linde Division--Union Carbide Corp. 
Mallinckrodt Chemical Works 
National Steel Corporation (2nd Day) 
Univac (2nd Day) 

Thursday, January 20 
Bell System (3rd Day) 
Falk Corporation 
International Minerals and Chemicals 

Corporation (2nd Day) 
Linde Division (2nd Day) 
Mallinckrodt Chemical Works (2nd 

Day) 
Maytag Company 
Raytheon Company 
Univac (3rd Day) 

Friday, January 21 
Babcock and Wilcox 
Bell System (4th Day) 
Carter-Day Company 

Deere and Company 
Raytheon Company (2nd Day) 
Sylvania Electronic Systems 

Monday, January 24 
Aluminum Company of America 
Camp bell Soup Company 
Commonwealth Edison Company 
Green Giant Company 
Mechanical Handling Systems 
Minnesota Mining & Manufacturing 
Standard Oil Company (Ohio) 
U.S. Atomic Energy Commission 

Tuesday, Janua·ry 25 
Ingersoll Rand Company 
Inland Steel Company 
Minnesota Mining & Mfg. (2nd Day) 
Motorola Incorporated 
Nekoosa-Edwards Paper Company 
Trane Company 
Westinghouse Electric Corporation 
VVisconsin Electric Power Company 
vVisconsin Power and Light Co. 

(Summer) 

Wednesday, January 26 
Caterpillar Tractor Company 
Dow Coming Corporation 
Minnesota Mining & Mfg. (3rd Day) 
Motorola Incorporated (2nd Day) 
Square D Company 
Trane Company (2nd Day) 
Westinghouse Electric Corp. 

(2nd Day) 
Wisconsin Power and Light Co. 

(2nd Day) 
Worthington Corporation 

Thursday, January 27 
American Can Company 
Argonne National Laboratory 
Caterpillar Tractor Company 

(2nd Day) 
Dow Corning (A.M.) (2nd Day) 
Pittsburgh Plate· Glass Co. 

(Chemical Div.) 
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Union Carbide Corporation
Silicones Division (P.M.) 

United States Rubber Company
Chemical Division 

Walker Manufacturing Company 
Westinghouse Electric Corp. 

(3rd Day) 

Friday, January 28 
Beloit Corporation 
Celanese Corporation of America 

(P.M.) 
Consolidated Papers Incorporated 
Eastman Kodak Company 
Chas. Pfizer & Company, Inc. 
Union Carbide Corporation-

Silicones Division (2nd Day) 
United States Steel Corporation 
Continental Can Company 
Gray Company 

Monday, January 31 
American Oil (Manufacturing) 
Control Data Corporation 
Fairbanks, Morse, Incorporated 
General Electric Company 
Honeywell Incorporated 
Union Carbide Corp.-

Chemicals Division 

Tuesday, February I 
Amphenol Corporation 
Control Data Corporation (2nd Day) 
General Electric Company (2nd Day) 
Honeywell Incorporated (2nd Day) 
Kaiser Aluminum 
Mead Corporation 
Union Carbide Corp.-

Chemicals Division (2nd Day) 

Wednesday, February 2 
American Air Filter Company 
Automatic Electric Company 
General Electric Company (3rd Day) 
Goodrich-Gulf Chemicals 
H. B. Fuller Company 
Kimberly -Clark Corporation 
Oscar Mayer & Company 
Soo Line Railroad 

Thursday, February 3 
Bemis Company, Inc. 
International Business Machines 
Hercules Powder Company 
McDonnell Aircraft Corporation 
Northern States Power Company 
Xerox Corporation 

Friday, February 4 
Cutler-Hammer Incorporated 
International Business Machines 

(2nd Day) 
McDonnell Aircraft Corp. (2nd Day) 
Socony Mobil Oil Company 
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Watkins-Johnson Company 

Monday, February 7 
Civil Service Commission (Canada) 
Collins Radio Company 
Douglas Aircraft Company 
Hewlett-Packard Company 
Lockheed-California Company 
Northrop Corporation 
Olin Mathieson Chemical Corporation 
Procter and Gamble 
Pure Oil Company (P.M.) 

Tuesday, February 8 
Allied Chemical Corporation 
Collins Radio Company (2nd Day) 
Douglas Aircraft Company (2nd Day) 
Hewlett-Packard Company (2nd Day) 
Lockheed -California Company 

(2nd Day) 
Olin Mathieson Chemical Corporation 

(2nd Day) 
Procter and Gamble (2nd Day) 
Sundstrand Corporation 

Wednesday, February 9 
R. H. Donnelley & Sons Company 
Harnischfeger Corporation 
NASA-Kennedy Space Center 
NASA-Manned Spacecraft Center 
NASA-Marshall Space Flight Center 
Procter and Gamble (3rd Day) 

(Summer) 
Sundstrand Corporation (2nd Day) 
United States Forest Service 

Thursday, February 10 
Boeing Company 
Harnischfeger Corporation (2nd Day) 
International Harvester Company 
Louis-Allis Company 
Nordberg Manufacturing Company 
Procter and Gamble (4th Day) 

(Summer) 
U. S. Army Materiel Command 

Friday, February I I 
American Oil Company 

(Research & Dev.) 
Boeing Company (2nd Day) 
Charmin Paper Products Company 
International Harvester Company 

(2nd Day) 
Louis-Allis Company (2nd Day) 
Phillips Petroleum Company 

(Oklahoma) 
U. S. Army Materiel Command 

(2nd Day) 

Monday, February 14 
Boeing Company (3rd Day) 
Ford Motor Company 
Rosemount Engineering Company 

Shell Companies 
Standard Oil Company of California 
U.S. Coast & Geodetic Survey 

Tuesday, February 15 
Boeing Company (4th Day) 
Ford Motor Company (2nd Day) 
Pittsburgh Plate Glass Company 
Shell Companies (2nd Day) 
Standard Oil Company of California 

(2nd Day) 
Universal Oil Products Company 
Whirlpool Corporation 

Wednesday, February 16 
Allis-Chalmers Manufacturing Co. 
Cornell Aeronautical Laboratory 
Esso Research and Engineering 
Ceo. A. Hormel and Company 
Humble Oil and Refining 
Rosemount Engineering Co. 

(2nd Day) 
Standard Oil Company of California 

(3rd Day) 
Velsicol Chemical Corporation 

Thursday, February 17 
Allis-Chalmers Mfg. Co. (2nd Day) 
Consumers Power Company 
Corning Glass Works 
Esso Research & Engineering 

(2nd Day) 
Humble Oil & Refining (2nd Day) 
Naval Ordnance Laboratory 
Pillsbury Company 
Rural Electrification Administration 

Friday, February 18 
Aeronutronic Division, Philco Corp. 
Archer-Daniels-Midland Company 
Baxter Laboratories 
Board of Wayne County 

Hoad Commissioner 
Bucyrus-Erie Company 
California State Personnel Board 
Mitre Corporation 
Northern Regional Research Lab. 
Phillips Petroleum Company (Idaho) 
Republic Steel Corporation 

Monday, February 21 
Applied Science-Division of 

Litton Industries 
Detroit Edison Company 
Fabri-Tek Incorporated 
Globe-Union Incorporated 
Harbison-Walker Refractories Co. 
International Milling Company 
Texas Instruments 
Minneapolis Gas Company 

Tuesday, February 22 
Holiday 
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Wednesday, February .23 
Carrier Air Conditioning Company 
E. I. DuPont 
General Foods Corporation 
Gulf Research and Development Co. 
MRD Division-General American 

Transportation Corporation 
National Security Agency 
Texaco Incorporated 

Thursda!J, Februar!J 24 
Chrysler Corporation 
David Taylor Model Basin 
E. I. DuPont (2nd Day) 
NASA-Lewis Research Center 
National Bureau of Standards 
Rex Chainbelt Incorporated 
State Highway Commission of 

Wisconsin 

Friday, February .25 
City of Detroit 
City of Milwaukee 
E. I. Du Pont (3rd Day) 
Minnesota Highway Department 
NASA-Lewis Research Center 

(2nd Day) 
Sinclair Companies 
Sinclair Refining 
United States Gypsum Company 

Monday, February .28 
Bendix Corporation (3 Divisions) 
General Dynamics Corporation 
l\1odine Manufacturing Company 
NASA-Flight Research Center 
North American Aviation 

(5 Divisions) 
Pittsburgh-Des Moines Steel Co. 

Tuesday, March I 
General Dynamics (2nd Day) 
NASA-Flight Research Center 

(2nd Day) 
North American Aviation (2nd Day) 
City of Minneapolis 
Economics Laboratory 

Wednesday, March 2 
Allen-Bradley Company 
American-Standard Industrial Div. 
General Dynamics (3rd Day) 
Northern Natural Gas Company 
Sargent and Lundy, Engineers 
U. S. Geological Survey-

(Water Resources Division) 
Caterpillar Tractor Co. (Summer) 

Thursday, March 3 
Allen-Bradley Company (2nd Day) 
American Cyanamid Company 

PICTURE FRAMING 
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incorporated 

CANVAS 
STRETCHING 

AR.T 
ATERIALS 

INC. 

315 14th Ave. S.E. 

Downstairs Per~nes Bookstore 331-6864 

Cherry-Burrell Corporation 
Cleveland-Cliffs Iron Company 
Duluth, Missabe & Iron Range 

Railway Co. 
Federal Communications Commission 
Huntington Alloy Products Division

International Nickel Company 
Los Angeles County 
Northwest Paper Company 

Frida!J, March 4 
CBS Laboratories 
Climax-Molybdenum Company 
Duluth, Missabe & Iron Range 

Railway Co. (2nd Day) 
Los Angeles County (2nd Day) 
National Cash Register Company 
Rohm & Haas Company 
U.S. Army Corps of Engineers 
Wyoming Highway Department 
Washington State Highway 

Commission 

Monday, March 7 
Armco Steel Corporation 
Bureau of Public Roads 
Chamberlain Corporation 
Erie Mining Company 
Hughes Aircraft Company 
Koehring Company 
Naval Research Laboratory 
Reliance Electric & Engineering Co. 
Research Incorporated 
San Francisco Bay Naval Shipyards 
Sperry Phoenix Company 
U arco Incorporated 
Upjohn Company 

Tuesday, March 8 
AiResearch Manufactming Co. 

(Arizona) 
Erie Mining Company 
:Hercules Powder Company (PhD)-

Allegany Ballistics Laboratory 
Hevi-Duty Electric Company 
Hughes Aircraft Company (2nd Day) 
Naval Research Laboratory (2nd Day) 
Quaker Oats Company 
Western Contracting Corporation 
Wood Conversion Company 
Montana Highway Commission 

Wednesday, March 9 
American Bosch Arma Corporation 
Ellerbe and Company 
Hercules Powder Company (PhD)-

Allegany Ballistics Lab. (2nd Day) 
Lubrizol Corporation 
NASA-Ames Research Center 
Textronic Incorporated 
Giffels and Rossetti 
Pennsylvania Railroad Co. 
McQuay Incorporated 
Taylor Instruments Companies 
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seeks uncommon quality ... in people and 

at research and engineering 
led the \Nay to better lubricants .. m~~ 

Nobody knew how to measure lube-affecting 
variables-load, speed, temperature-in a 
working gear mechanism. Thus, there was 
no accurate method of correlating lubrica
tion failure data with actual parts. Cat engi
neers found a way. 

They tapped Cat's accumulated experi
ence in lubrication research. Went into Cat's 
knowledge of metal fatigue and scoring 
resistance-and in the end enlarged that 
knowledge. They devised the Geared Roller 
Test Machine. 

This machine could duplicate the entire 
known and anticipated range of gear loads 
and speeds. Reproduce, in a controlled 
environment, any load or sliding velocity 
found in the transient conditions of actual 
machine operation. 

From then on, Cat engineers could pre
dict the effectiveness of any lubricant, knew 
when it would fail, and why. New oils could 

be evaluated. New refinements and additives 
could be developed. All industry derived 
benefit, in better lubricants, because Cater
pillar engineers pushed back the boundaries 
of knowledge a little more. 

That's one example of what we mean by 
new frontiers. There are many others. We 
need engineers-mechanical, chemical, in
dustrial, metallurgical, agricultural, electri
cal, civil, and others. To work in research, 
development, design, manufacturing, sales, 
and many other areas. If you like challenge, 
we need you. 

Contact your placement office. We'll be 
interviewing on your campus soon. Or write: 
College Recruiting, Personnel Development 
Dept.D, Caterpilla~ Tractor Co., Peoria, Ill. 

Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

':An Equal Opportunity Employer" 

Caterpillar Tractor Co., General Offices, Peoria, Illinois • Caterpillar Americas Co., Peoria, Illinois • Caterpillar Overseas S.A., Geneva • Caterpillar of Australia Ply. Ltd., 
Melbourne • Caterpillar Brasil S.A., Sao Paulo • Caterpillar Tractor Co., Ltd., Glasgow • Caterpillar of Canada ltd., Toronto • Caterpillar France S.A., Grenoble • 
Caterpillar (Africa) (Ply.) Ltd., Johannesburg. Caterpillar Mexicana S.A. de C.V., Monterrey • Caterpillar Mitsubishi ltd., Tokyo, Japan • Tractor Engineers Ltd., Bombay, India 
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I 

offers you a challenging civilian career with: 

Ill The world's foremost and largest engineering organiza
tion in the construction field, pioneering new and advanced 
engineering practices and concepts. 

Ill An organization whose work embraces virtually the 
entire range of modern engineering in the construction field. 
Projects include research into basic science, engineering investi
gations and regional planning: design, construction, operations, 
maintenance, and management of hydro-electric power dams, 
flood control facilities, harbors and navigable streams: design, 
construction and maintenance of family housing, runways, 
hangars, roadways, hospitals, and nuclear power installations; 
and construction of intercontinental ballistic missile and space 
launching sites. In addition are the allied fields of cartography, 
geodesy. mathematics, and engineer intelligence. 

Ill An organization that recognizes each engineer as an 
individual. providing well-rounded career development programs 
with on-the-job training: courses at government expense in 
colleges, universities. and seminars as necessary to assure steady 
progression to top professional and managerial levels; encourage
ment and assistance in attaining professional registration and 
recognition; and an opportunity to win national and international 
awards. 

II An organization with offices and projects in nearly every 
one of the 50 States and in many foreign countries that 
encourages employees to further their development by accepting 
new and challenging assignments. 

II An organization which provides excellent rates of pay 
with liberal fringe benefits. including generous retirement annuity. 
complete health and life insurance coverage. paid vacation leave. 
military training leave with pay. generous sick leave: and special 
pay awards for outstanding performance and suggestions that 
improve operating efficiency. 

If you're thinking this is all too good to be true, you're 
wrong! All of the above is available to you in a civilian engineer 
career with the U. S. Army Corps of Engineers. If you are inter
ested. you can get further information from the Chief of Engi
neers. Department of the Army. Washington, D. C. 20315. 

AN EQUAL OPPORTUNITY EMPLOYER 

WRITE FOR AN ILLUSTRATED BROCHURE uyouR CAREER .. u 
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stimulation 
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James E. Mercereau 
B.A., Physics, Pomona College 

M.A., Physics, Univ. of Ill. 
Ph.D., Calif. Institute of Tech. 

What does it take to "spark" a man to his very 
best . . . to bring out the fullest expression of his 
ability and training? At Ford Motor Company 
we are convinced that an invigorating business 
and professional climate is one essential. A prime 
ingredient of this climate is the stimulation that 
comes from working with the top people in a 
field ... such as Dr. James Mercereau. 
Jim Mercereau joined our Scientific Laboratory 
in 1962. Recently, he headed a team of physicists 
who verified aspects of the Quantum Theory by 
creating a giant, observable quantum effect in 
superconductors. This outstanding achievement 

was the major reason the U. S. Junior Chamber of Commerce selected 
Dr. Mercereau as one of "America's Ten Outstanding Young Men of 1964." 
Your area of interest may be far different from Dr. Mercereau's; however, 
you will come in contact with outstanding men in all fields at Ford 

Motor Company. 
We believe the coupling of top experience and talent with youth and 
enthusiasm is stimulating to all concerned. College graduates who join 
Ford Motor Company find themselves very much a part of this kind of 
team. If you are interested in a career that provides the stimulation of 
working with the best, see our representative when he visits your campus. 
We think you'll be impressed by the things he can tell you about working 
at Ford Motor Company. 

The American Road, Dearborn, Michigan 

An equal opportunity employere 
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Fellow Engineers: take a gander at our pin-up 
for January! She is Miss Kathy Johnson, a fresh
man this year in General College, who plans on 
being an Elementary School Teacher. Other than 
her obvious attributes, she is talented too, for she 
takes singing lessons, loves to play the piano, and 
does some sewing on the side ( anyone care to 
volunteer a side?). At present she is Miss Navy 
Reserve (she specified that it was Navy and not 
Naval Reserve). She belongs to the "Thursday 
Musicals," a singing group and does some dancing 
too. 

This 1964 graduate of Bloorpington High School, 
when asked what type of man that she prefered, 
replied: "I like tall and dark men, especially if they 
are Navy men or Engineers." And so, in our little 
minds, we deducted that she should like Naval 
Engineers twice as much, right? One other thing 
. . . she said that if there is anything that she 
cannot stand, it was a man who wears white socks 
instead of dark ones. So, check your socks and 
hang your slide rule on your belt to prove you're 
an Engineer, for this is quite a gal! 

Other things which might prove interesting: 
height: 5' 7"; weight: 119 pounds (before Christ
mas); and 863.6 x 508.0 x 876.3 (Of course they 
are in mm). 

Photos by Marlin Rekow 



so 

Four year and 
88 million dolla 

later. .. 

In the last four years you've been studying, Collins' 
total sales rose from $190 million to over $278 mil
lion- up 88 million dollars. 

The number of people working at Collins climbed 
to 16,662 -up 2,000. 

In the past four years, we've invested over 52 
million dollars in new plants and equipment as part 
of our continuing expansion program. 

Our products are used by governments, business 
and industry throughout the free world. 

This brief picture of company growth means 
something very special to you. Opportunity. 

We are working on basic research designing new 
equipment and systems, and producing products in 

every area of communication, computation and con
trol. It's a broad field. And an exciting one. One 
where a young man like yourself can carve out a 
financially rewarding and professionally satisfying 
career. 

Collins is one of the few companies offering you 
such a diversity of opportunity because Collins is 
one of the few companies so totally committed to 
the broad spectrum of the communication, compu
tation and control concept. 

We'd like to tell you more about our company, 
about our growth, about the opportunities we can of
fer you. For complete information contact the Collins 
representative on campus. 

COMMUNICATION I COMPUTATION I CONTROL 

COLLINS RADIO COMPANY 

An equal opportunity employer 
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ACCELERATED DEFENSE PROJECTS OPEN NEW 
OPPORTUNITIES FOR YOUNG ENGINEERS AT ALLISON 

Young graduate engineers will find broad new opportunities 
created by Allison's expanding capabilities in the defense area. 

Allison long has been recognized as a leader in design, 
development and production of advanced aircraft power sys
tems, as well as power transmissions for military tracklaying 
vehicles. As the energy conversion division of General Motors, 
Allison also is making significant contributions in advanced 
aerospace and nuclear technology. 

Now, with the assignment of responsibility to operate the 
Army's Cleveland Tank-Automotive Plant, Allison is taking 
on a new dimension to its capability in the design, develop
ment and production of complex military weapons systems. 

Thus, Allison represents a versatile opportunity for en
gineers in the application of advanced technologies to aero
space propulsion systems, and armored military vehicle sys
tems-including one of their principal components, power 
transmissions. 

MINNESOTA TECHNOLOG 

In addition, an expanding volume of work in commercial 
fields gives a solid base to these urgently needed military 
programs. 

Chances are, the opportunity of your choice awaits you at 
Allison. Talk to our representative when he visits your cam
pus. Or, write for our brochure describing opportunities in 
the creative environment at Allison. Send your request to: 
Mr. R. C. Martz, Director of Personnel, Allison Division, 
General Motors Corporation, Indianapolis, Indiana. 

Ii 
THE ENERGY CONVERSION DIVISION OF 
GENERAL MOTORS, INDIANAPOLIS, INDIANA GeneraiMOtOfS 

AN EQUAL OPPORTUNITY EMPLOYER 
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Automatic Controls 
(Continued from Page 16) 

basic sciences and areas of engineering, and he must be 
able to make use of all kinds of physical components. 
Designers should know physical limitations of com
ponents, whether they are mechanical, electrical, pneu
matic, etc. Quite often he is expected to attain a ce1tain 
level of reliability for his device at a minimum of cost. 
On top of all this he must be able to use differential 
equations for all kinds of equipment, and he must 
understand dynamic and steady state phenomena. 
When setting up a control system, a designer begins 
with the specifications of the job. The controlling and 
controlled variables as well as the range of the controlled 
variable are generally asserted. The range of the con
trolling variable is always limited. For example, an 
automobile speed could be the controlled variable and 
throttle position could be the controlling variable. The 
speed range could be vmied but the throttle position 
goes only from fully open to fully closed. The designer 
is usually given the desired performance and sometimes 
limits in cost, size and weight. The problem now is to 
choose the components. After he sets up a system he 
must set up the differential equations of the controller 
and plant. Simple tests can now be made to determine 
the stability of the system. If he has stability, he solves 
the differential equation to see how the system performs 
under various disturbances. In the differential analysis 
one often assumes that components behave in an ideal-

(Continued from Page 39) 

ground station. The frequency of the burst is analyzed 
and recorded on magnetic tape for computer analysis. 
The totals of background counts in each channel, stored 
in the accumulators, are transmitted and put on tape 
as hexadecimal numbers (numbers to the base 16: 
1 = 1, 2 = 2, .... ' 15 = 15, 16= 100, 17 = 101, .... ' 
32 = 200, ... etc.). 
B. Data Analysis. There are countless effects which will 
be looked for when data is received, but one of the 
most important will be what (if any) periodic fluctua
tions are present in the electron energy spectrum. The 
periodic effects could be caused by a number of things: 
day-night assymetries, electrons bouncing between mir
ror points in bunches, periodic injection of electrons into 
the belts, periodic losses of electrons such as precipita
tion in the atmosphere, etc. 

Spectral analysis of the data will be done on a com
puter; the process, in essence the Fourier Method, an
alyzes a series of data points and is capable of revealing 
periodic fluctuations anywhere in the frequency range 
0 to 3.12 cps. 

To test the spectral analysis procedures, the theoretical 
response of the experiment to an assumed sinusoidal 
variation in particle flux of 2 cycles/sec. was calculated 
on the 1604 computer at the Numerical Analysis Center. 
(A generous amount of random noise was thrown into 
the data in addition.) (See figure 5.) This data was 
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ized manner. This also requires techniques by the de
signer to idealize these components. When he arrives 
at a set of components and parameters to achieve the 
desired performance, he must package the components 
into the minimum space. 

The impmtance of a designer keeping abreast of the 
field cannot be stressed too greatly. Advances in solid 
state and other electrical components are making elec
tronic controllers more economically feasible and fluid 
amplifiers are increasing the life of pneumatic and hy
draulic controllers by eliminating moving parts. Also, 
more mathematical tools are becoming available, mean
ing it will be easier to design nonlinear devices which 
give better control. Digital process control computers 
have proved worthwhile in problems where several 
variables must be measured and controlled simultan
eously. The computer processes the information and 
directs servomotors to make corrections. Over 300 digi
tal computers have been installed in the last ten years 
in the U. S. alone. Space exploration has spurred the 
development of control themy because of the extreme 
precision needed with a minimum of weight. 

An appropriate statement of the future of control 
systems was given by Harold Rothbart, Dean of Far
leigh Dickenson, before an annual meeting of the Amer
ican Society for Engineering Education. «. • • Engineer
ing practice is reaching the level of sophistication where 
it is necessary to forego many of the comfortable as
sumptions and approximations now used. Anything that 
overemphasizes the known and underemphasizes the 
necessary improvements in a fundamental process does a 
disservice to engineering." (] 

then subjected to spectral analysis and the result was 
as illustrated in figure 6. ("Spectral density" is a num
ber proportional to the power in a component frequency 
of the group of data points - thus it is proportional to 
the square of the amplitude of any component frequency 
present in the data.) Note the only frequency detected 
was the 2 cps variation, which was the one assumed in 
the original model of particle flux variation. More exotic 
models have been analyzed, including some with up to 
20 frequencies simultaneously present, all with various 
amplitudes and phases, and again with random noise 
present. The results of all these test models seem to in
dicate our data analysis procedures are correct and in 
good working order. 

The present launch schedule dictates that A TS will 
be launched approximately one year from now. The 
launch will take place at Cape Kennedy, and at that 
time, while basking in the warm Florida sun, sipping 
whisky on the rocks, and recalling the trials and tribula
tions of many undergraduate physics courses, this is one 
grad student who will probably come to the conclusion 
that it was worth it. (] 
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We assist America in its pursuit of peace -

We Serve Science in its pursuit of new knowledge. 

ur future is in your hands 
If you are graduating with outstanding scholastic achieve
ment in engineering or the physical sciences, we would 
like to talk with you about our future . . . and yours. 

Of particular interest are Masters' level candidates in 
the fields of Electrical Engineering and Mechanical 
Engineering. 

A Sandia Recruiter will be on your campus 

January 18, 19, 20, 21 

A BELL SYSTEM SUBSIDIARY I CONSIDERATION IS BASED ON QUALIFICATIONS, WITHOUT REGARD TO RACE, COLOR, CREED OR NATIONAL ORIGIN. 
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by RICHARD HOUSTON, Arch. '69 

1. By inserting integers randomly into the blank 
spaces of 

5-329-6--84, 
what is the probability that the number derived will 
be divisible by 36? 

2. Find the diameter of the largest sphere that can 
roll between two spheres six centimeters in diameter 
which are lying on a flat surface and touching each 
other. 

3. Three spheres with six-centimeter diameters are on 
a table around a small sphere in such a way that each 
sphere is touching the other three. What is the diameter 
of the smaller sphere? 

4. What is the probability that three meteorites strik
ing the moon will hit the same hemisphere (any hemi
sphere)? 

5. If the brain teaser you solved before you solved 
the brain teaser you solved before you solved the brain 
teaser you solved after you solved the brain teaser you 
solved before you solved this one, was harder than the 
brain teaser you solved after you solved the brain 
teaser you solved before you solved this one, was the 
brain teaser you solved before you solved the brain 
teaser you solved before you solved this one harder 
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than this one? If you didn't solve that one, you might 
not want to do this one. 

Answers to December Brain Teasers 
1. 

2. Divide the coins into groups of 27, 27 and 26. Weigh 
the two groups of 27 against each other. If one group 
of the 27 is lighter, subdivide it into groups of nine 
each. Weigh two groups of nines against each other. 
If one group is lighter, subdivide it into groups of three. 
Then weigh one coin against the other. Use the same 
procedure in the event the lighter coin is among the 
group of 26. 

3. It is true of all integers since 
n 2 -1 = (n -1)(n + 1). 

4. a 4 or 8; b 14, 12; c 15, 13; d 2, 4; e 3, 5; f 13, 9; 
g 34, 34; h 438, 378. 

5. Synchom is a communication satellite but even if 
it were a weather satellite it would orbit about 42.2 
million meters from the center of the earth. If it had 
been launched to the north it would orbit about once 
every day. 

January, 1966 



ants t o l<inds of mechanical engineers: 
1. burning with ambition to reach manager's status 
as soon as possible 

• College grade- point average on the high side in 
technical subjects 

Secretly admitted to self at certain point in undergraduate career 
that the scholar's way of life is for other people hut .1mart eno1tgh 

to have kept secret from the professors who are, after all, scholars. 

Diploma in, secret out. 

• Seeks prosperous, highly diversified employer 

Competitive personality who wants to play on a strong, long
lasting team in the big leagues. 

• Unafraid of choices and changes 

With a mechanical engineering background, we might find him 
adept at keeping a troupe of welders happy on a new petro
chemical project, or designing a new type of machine for the 
lithographic industry, or organizing a small laser-manufacturing 
department, or operating a large magnetic tape plant, or profit
ably piloting one of the world's major industrial corporations. 

2. able to hold a manager's job in time but sure he 
wouldn't like it 

• College grade- point average on the high side in 
technical subjects 

Why not'? The subjects were intrinsically interesting, and most 

of the professors proved to have a clear understanding of them. 

• Seeks prosperous, highly diversified employer 

To practice modern mechanical engineering-this is not 1936-
one needs scope, contacts, and resources. 

• Unafraid of choices and changes 

With a mechanical engineering background, he might choose to 
take a high leap over the interdisciplinary wall into solid state 
physics, pull some excessively generalized equations out of a 

journal that others on the circulation list quickly glance at and 
pass along. Six months later he may have a new composition of 
matter on board a ship bucking the solar wind to Mars. 

What is said here about mechanical engineers is equally applicable to chemical 

engineers and electrical engineers. Our expansion rate now demands technical 

people who, at the one extreme, are still fresh from the classroom with its 

benefits and, at the other, have had ten years of practice in their professions and 

are now ready to select a lifetime employer. We offer a choice of three communi

ties: Rochester, N. Y., Kingsport, Tenn., and Longview, Tex. We earnestly 

solicit serious and honest self -descriptions addressed to: 

EASTMAN KODAK COMPANY 
Business and Technical Personnel Department/Rochester, N.Y. 14650 

An equal-opportunity employer. 



ONE RESUlT of product innovation is G.E.'s modern manufacturing facility in Brockport, N. Y. 

OUTPUT VOlTAGES from nickel-cadmium cells 
are examined by engineer John Bliven, BSEE, 
Union College '63 on assignment at G.E.'s 
Battery Business Section. 

PRODUCT REliABiliTY of electric slicing knife 
components is the responsibility of Mike Rey
nolds, BSME, New Mexico State, a recent 
Manufacturing Training Program graduate. 

PRICE AND DEliVERY information on nickel
cadmium batteries is supplied by Bob Cook, 
BSME, Univ. of Florida '65 on a Technical 
Marketing Program assignment in Gainesville. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC: 

rea tin ew 

At our Brockport, N. Y., plant, the new business of manu

facturing cordless slicing knives is rush. So is that of the 

rechargeable-battery supplier, our two-year-old plant at 

Gainesville, Fla., which has just doubled its working area. 

Its sealed, nickel-cadmium batteries, in hundreds of shapes, 

sizes and ratings, are meeting growing customer demands 

in the consumer, defense, and aerospace industries-with 

applications from power tools to satellites. At General Elec

tric, new ventures are a way of life. In both their formative 

and growth stages, these ventures call on the skills and 

rowth usinesses 

enthusiasms of experts in more than 120 product depart

ments-in engineering, manufacturing and technical market

ing. To define your career interest at General Electric, talk 

with your placement officer, or write us now. Section 699-15, 

Schenectady, N. Y. An Equal Opportunity Employer. 

Progress Is Ovr Mosf lmporlanf Protlvt:.l 

GENERAL ELECTRIC 
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Westinghouse electrical systems for jet aircraft are so reliable 

they are now standard equipment on all these commercial jets 
Westinghouse electrical systems 
supply the electric power for most of 
the commercial jet aircraft in the free 
world. 

This is because Westinghouse sys
tems are so reliable. 

They have to be. Passenger safety 

and comfort depend on them. 
Westinghouse systems supply the 

electric power required for flight con
trol of the aircraft and for other vital 
things like fuel pumps, navigational 
gear, warning and indicating systems, 
deicing equipment and radar. 

Westinghouse reliability has cut 
electrical system maintenance costs 
50% in the last five years. 

Westinghouse believes that reliabil
ity-especially in aircraft electrical sys
tems-is something you can never get 
enough of. 

You can be sure if it's Westinghouse 

For information on a career at Westinghouse. an equal opportunity employer. 
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa. 15221. 



Right now you're steeped in the latest 
technologies. But 10 years from now 
half of this knowledge will be obsolete. 
And half of what you will need to know 
isn't even available today. 

To keep up, you'll have to spend 
an increasing amount of your time in 
professional study. 

That's another good reason for joining 
IBM. We offer you a broad choice of 
educational programs-from on-job 
training to graduate study programs 
supported by the company. 

We want to help you grow because 

MINNESOTA TECHNOLOG 

years 

we've found it's the best way for 
IBM to grow. 

Today IBM is a leader in science 
and technology. A dynamic company 
whose people and systems are at 
work on almost everything new in the 
world today. The discovery of new 
knowledge. The design of new 
products. The development of new 
solutions to a host of problems. IBM 
is an exciting company that enables 
you to stay technologically "hot" 
throughout your career:-- and provides 
you with real opportunity for 
advancement. 

UDOW 

Your first opportunity with IBM starts 
with your placement officer. And with 
the IBM interviewers when they come 
to your campus. See them -and learn 
why you won't stand still at IBM. 

For more information, or if 
you missed our interviewers, write to: 

Manager of College Relations 
IBM Corporate Headquarters 
Armonk, New York 10504 

IBM is an Equal Opportunity Employer. 
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Dr. C. A. Wentz, Project Development Engineer, International Department. 

hat led me, a search engineer, into international 
arketing? Interest, plus hillips latitudem 

"I joined Phillips to do research and development. I 
had already looked at a great many other companies, 
both chemical and petroleum. I picked Phillips for ~ts 
research depth and diversity. 

uBut a person's interests change. Mine led me from 
the lab to the semi-plant to process design to market 
research to sales development ... international. All at 
my own instigation. All in the five years since I got 
my Ph.D. at Northwestern. 

"I know people who've changed companies five or 
six times in the same period, because their interests 
changed. That's the difference at Phillips Petroleum. 
Phillips offers the latitude, and allows you the free
dom, to grow in the direction that suits you best. 

"Phillips has given me the chance to 'create myself! 
I learn more and more every day about more and more 
things. That's what I like most about this company. 
I feel I'm becoming a more complete person. If I knew 
a student who was interested in any of our areas*; 
that's exactly what I'd tell him." 

*To name a few: petroleum exploration and refining; hydro-
carbon research; synthetic rubber .•. carbon black ... plastics 
and textile development ... fertilizers ••. packaging ... LP-gas 
. .. and many others. 

To learn more about Phillips, contact James P. Jones, 

PHILLIPS PETROLEUM COMPANY 
104 E. P. BLDG., BARTLESVILLE, OKLA. 74003 
AN EQUAL OPPORTUNITY EMPLOYER 
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I I I 

Rosemount Engineering Cornpany is an 
aggressive, steadily growing company of 
about 500 ernployees offering challenging 
opportunities in the Industrial, Aerospace 
and Consurner fields. An engineering minded 
company, REC employs approximately 100 
E. E.'s, M. E.'s, Physicists and Engineering 
Business grads. 

REC maintains a variety of Research and 
Development progra1ns in support of its rnajor 
product lines, including precision ten1pera
ture, pressure and air data sensors and ac
cessory equipment. The diversity of these 
programs, plus REC' s continuing educational 
program, including 100 percent tuition re-

I 

imbursernent, insures a pron1ising future for 
the engineering grad. 

If you are looking for opportunity, re
sponsibility and a chance to retain your indi
viduality, we invite you to consult your place
rnent office and arrange for an interview with 
our representative. 

® 

4900 VIlest 78th Street Minneapolis, Minnesota 55424 

february, 1966 
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The Larger Responsibility 
This is the generation of revolution, not of civil rights but of technology. We have witnessed 

developments which have contributed greatly to our creature comforts, but we have also 
been forced to recognize and live with the nightmares of the same technology. To the sci
entists and engineers who are the creators of this new society there belongs a larger re
sponsibility, a responsibility to society. For in every creation there is destruction. The inven
tion of the telephone destroyed a great deal of our privacy; the atomic bomb destroyed 
much of our security and the airplane has destroyed the mystery of· far away places. History 
is filled with many such examples. The question to the creator then is "Is it worth creating?" 

The question that is now raised is~ why must the engineer and scientist concern himself 
with this question; is this not the baliwick of the philosopher, the sociologist, the psychologist 
and the political scientist? Quite so. They would be the first to admit, however, that their 
disciplines do not yet permit them to solve this problem. So it falls to the scientist by default. 

But how can the scientist be aware of his larger responsibility? This requires an awareness 
of a larger scene. Not in the sense of a knowledge of places and names so much as in the 
sense of an awareness of the quality of American life. That is to say the scientist must be 
aware of the changes in this quality, both in the long and short run, that may accrue from 
any discovery or development. 

This responsibility may seem to rest most heavily with the scientist or engineer engaged 
in pure research, but it is from the development and application of research that the conse
quences result. There is more danger, however, that the researcher, shut up in his ivory 
tower, may be less aware of but certainly not less responsible for any consequences. 

While most of our readers are students, they will someday be faced with the questions of 
whether or not to work on a missile project, in the development of germ warfare or count
less other similar projects. While it may be to the benefit of America and society to de
velop a missile or a bomb, the scientist should include his responsibility to society in his 
considerations of job prospects. If the scientist is able to preserve our society by the con
sideration of his larger responsibility, he will have in turn preserved his right of free inquiry 
and methodical research for generations to come. 

DEE 
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From acetaldeltyde to zinc ... sulfate ~ •• 

Industry's choice for severe service . 
RINNELL DI PHR G L YES 

The many features inherent in the 
basically simple design of Grinnell 
diaphragm valves make these valves 
industry's choice for severe service. 
The diaphragm, for example, pro
vides two-way protection against 
contamination: (1) valve lubricants, 
dirt, or other foreign matter can't 
enter the product stream; (2) the 
product stream is sealed off from 
contact with the bonnet mechanism. 
In addition, valve body and body 
linings, as well as diaphragms, are 
available in a wide choice of mate
rials to meet virtually any require
ment. 

Advantage to industry: selection 
of the most effective valves for the 
specific needs of piping systems. 

Grinnell is piping ••• piping that 
ranges from systems engineered for 
food processing, to power plant pip
ing, to sprinkler systems for fire 
protection in schools, hospitals, fac
tories, buildings of all kinds. 

Grinnell offers industry (1) the 
engineering (from basic metallurgy 
to piping systems design and pre
fabrication), (2) the production facil
ities (ten large plants in the U. S. 
and Canada), (3) the product line 
(everything in piping), ( 4) offices · 

and engineers in over 60 major cities. 
(5) the experience (over 100 years 
of leadership in the field) to solve 
the toughest piping problems. 

Worth remembering-for the day 
you may have piping problems to 
solve. And worth investigating now 
if you're looking for the unusual in 
an engineering, or sales engineering 
career! Write Grinnell Company, 
Inc., 260 West Exchange 
Street, Providence, Rhode 
Island 02901. 

I 
WHENEVER PIPING IS INVOLVED 

Grinnell Company, Inc., Providence, R. ~-Warehouses and distributors coast to coast .• 
pipe and tube fittings • welding fittings " engineered pipe hangers and supports • Thermolier unit heaters • valves 
Grinnell diaphragm valves • prefabricated piping • plumbing and heating specialties industrial supplies 
water works supplies Grinnell automatic sprinkler fire protection systems Amco air conditioning systems 
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If I join 
the Timken 

ompa y 
after 

graduation, 
hat 

w'l they do 
for me? 

Every man with any job hunting experience knows not to ask that question. 
And yet, we think it has some validity. After all, a man's growth can 

depend as much on the company he works for as the company's growth 
depends on the man (remember, there are no statues to committees). 

So to invest in your growth, and ours, every young graduate engineer 
who joins the Timken Company spends up to four years in one of 22 in
dividualized training programs. 

Extensive training 

Instruction takes place on the job and in the classroom. Later on there are 
executive development programs at leading universities. 

But don't misunderstand us. The Timken Company is not a graduate 
school. With us, you earn as you learn. 

As one of our engineers, you'lllearn much of what we know about tapered 
roller bearings, or fine alloy steel, and their infinite applications. Hopefully, 
you'll teach us something, too. 

You can be an indoor-type working on straight application engineering, 
research, testing and production. Or you can be an indoor-outdoor-type 
and work in sales engineering. It doesn't matter-choice of assignment is 
up to you. 

Challenging assignments 

If you choose the latter group, you'll work in automotive, industrial, and 
railway bearing sales-or steel sales-helping customers solve their engineering 
problems, which are also ours. 

Some of our recent efforts: bearing engineering for a telephone cable-laying 
ship now crossing the Pacific, the Alweg Monorail, the world's tallest crane 
and biggest strip mining shovel, Craig Breedlove's Spirit of America, a 
moveable grandstand for the new District of Columbia stadium. Steel prob
lem solving for Atlas missile silos, Project Mohole, the latest Kaman Heli
copters, a 400-foot crane boom and hundreds of automotive gear and die 
applications. 

We won't forget you 

Advancement is not restricted to one department or division. A steel sales 
engineer may be transferred to automotive sales and from there to Inter
national. Whatever your job, we'll never forget where we've put you. This is 
one of the advantages of working for a company that is the world's largest 
producer of tapered roller bearings and a foremost producer of seamless 
steel tubing, but is not the world's largest corporation. We employ about 
20,000. 

The Timken Company has three products: Bearings, Steel, Rock Bits. 
Uses for these products number in the growing thousands. And there is 
always something new stirring. 

The dramatic switch of the nation's railroad freight cars to roller bearings, 
a field we pioneered, is an example. 

An international compm:ny 

There are 31 Timken Company sales offices in the United States and Canada. 
Practically every major city has one. 

We serve markets in 119 countries from 14 manufacturing plants located 
in Australia, Brazil, Canada, England, France, South Africa and the U.S. 
And we're still growing strong. 

If you are, too, we'd like to hear from you. Write to Department MC for 
Career booklet. 

An equal opportunity employer. 

The Timken Roller Bearing Company Can n, Ohio 44 706 
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edited by DANIEL KEHRBERG, History '68 

Introduction: We are proud to proclaim that in spite of 
your flattering responses on our recent questionnaire, 
the Log's Log survives, indeed thrives! Everybody 
seems to adore us and the majority of your comments, 
such as: "it stinks," "rotten humor", etc., were taken 
as the epitome of compliments by the Log's Log cre
ators (?). All we need to do now is rot more so we 
stink more and all LT. will avidly and with ravenous 
vigor, read it monthly. We cannot, however, pass with
out fairly giving a representation of the opposing com
ments (though there were few). One student com
mented: "Your humor is certainly better than that 
found in the Daily, but then that isn't saying much." 
This could be taken as a compliment, except for the 
crude way he compared us to the Daily. In our opinion, 
the rags which are made into paper for the Daily would 
probably serve their generally accepted use on campus 
better if they were left as rags, and comparing us to 
this "newspaper," even though it was a favorable 
comparison, hurt us deeply. But the criticism which 
had the most profound effect on the staff was the one 
that said: "The entire staff must be made up of sex 
perverts." Here we'll take the fifth. 

icJL-1 
(The serial with something to offend everyone) 

Over the Christmas holidays, your Technolog staff 
sent its loyal group of representatives on an excursion 
to Nassau in the Bahamas. By the way, we'd like to 
thank all you I.T. students for your 85c. Our generous 
and benevolent business manager, "Campus (Cheap 
Piker) Terror," supplied the four of us with the grand 
amount of a dime a day and a peck on the cheek (take 
your own interpretation). We rode a greyhound (four 
dogs-until the I.T. girls got tired) to about Terre 
Haute, Indiana. There we took jobs as prison guards 
at the Federal Women's Home for Wayward Dogs. While 
in prison, we joined AFROTC and got our wings (no 
halo). Due to a bureaucratic mix-up, we were suoolied 
with Barry Goldwater's personal plane, the Polack 
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special-three carrier pigeons and a basket. Thus pro
ceeding on our way, we saved our dime for that day 
simply because everybody was under the impression 
that the pigeons were responsible. 

The first nite found us staying in the Queen City 
of the South, Huntsville, Alabama. Looking for some
thing cheap, we went to the YWCA, but since they had 
only pay facilities, we wound up at the Hotel Yarbrough 
-the gayest hotel in the South. We had a lovely seven
room penthouse on the fourth floor overlooking the 
House of Guns, the Army-Navy Surplus Store, Honest 
Isadore's Loan Emporium, and Horace's Smut Parlor 
and Gospel Mission. (By the way, this is where you can 
get it free in Huntsville.) About our seven rooms
they consisted of three closets, one hallway, three 
bedrooms and a can (a Campbell's Soup Can). This, 
of course, saved us our second dime. Of course, the 
rooms had none of the costly extras I ike locks on the 
doors, toilet paper (the staff had, however, sent us a 
wastebasket full of last quarter's Dailys), or light 
switches. To alleviate the lock situation, we piled a 
bunch of deviates in front of our door and anyone 
that wanted to come in had to fight their way through. 

Hearing our stomach's rumbling (seeing as how 
the last thing we had to eat was four greyhounds), or 
was it the trains going through the lobby, the only 
place open for us to get a meal was a drug store 
having a Cole Slaw Festival. (This meant you got sick 
at the appetizer instead of the main course.) But we 
fooled them; after all, anything's better than a grey
hound. 

Getting an early start to avoid the desk clerk, we 
managed to whip the pigeons up to a frenzy by promis
ing them a subscription to the Dailv for their cage. We 
landed at Americus, Georgia, later that afternoon, 
where the sheriff and his deputies greeted us with a 
six-gun salute. After picking ourselves up from the 
ground, loading up with Hartz Mountain, we left, but 
not without a parting shot from our pigeons. 

Our last stop was West Palm Beach, Florida, where 
we picked up our life jackets-four rubber ducks left 
over from the Kennedv Administration. That day, we 
saved our dime by eating the rubber ducks and using 
the ocean. We were saving up for a rainy day. 

Winging our way into Nassau, we were met by the 
friendly Nassau Customs officials and it felt so good, 
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we went through again. After opening one suitcase, 
he decided to forget the rest. Actually, he was taken to 
the Health Center to have his lungs pumped. 

Wishing to put the best foot forward as Americans, 
and striving to impress the primitive natives, we spent 
our beads and trinkets as if they were water. It was 
such a touching scene to see the natives loading their 
trinkets into their Cadillacs, and the natives in return 
expressed their gratitude by letting us walk into town. 

Picking up liquor and a few friendly natives, we went 
to the beach to watch the submarine races and the 
grunion running. Unfortunately the natives ran faster 
than the grunion, and we were left with each other 
and the liquor. Well, that got us into nothing but 
trouble. We were picked up by a woman-a police
woman, who looked like Governor Rolvaag. She said 
something about sharing the liquor being against the 
law and she pinched us, which felt so good that we 
had her do it again. 

She took us immediately to jail, we did not pass GO, 
we did not collect two hundred dollars. But at least 
the facilities were free and we saved another dime. 

Will our heroes find happiness in two double bunks? 
Will Frankie and Mary? Will Dan and Jerry? Will the 
Technolog come out in March? Will we take a walk on 
the Boardwalk? Or a ride on the 8.&0. railroad? Will 
Chiang Kai-shek invade the mainland? Will Milton 
Rosen allow this to be sold at the airport? Will our 
pigeons drop in to visit us at the jail or just send 
their greetings? Stay tuned for the next hair-raising 
episode of "Four for Nassau" or "The Ugly Americans 
Go Native." 

For those drinking men who do a lot of high flying, 
we have compiled our own idiotic version, somewhat 
simplified, of the Phonetic Alphabet. It should prove 
to be much easier for typical pilots to remember ours 
as opposed to that Alpha, Bravo, Charlie junk. Its 
improper use will also tend to send Ground Control 
out to the store to buy what the pilot seemingly orders 
as he ennunciates his call letters. Anyway, a well
alcoholed pilot will surely not ice up. Just for fun, 
spell your name with this alphabet at the next bar you 
visit, and see how long you last. 

A-alcohol 
B-brandy 
C-cognac 
D-daiquiri 
E-elderberry 
F-fifth 
G-grasshopper 
H-highball 
l-ice 
J-jigger 
K-keg 
L-liquer 
M-muscatel 
N-napalm (one sip and you're bombed) 
0-old fashioned 
P-pilsner 
Q-quantro 
R-rum 
S--stinger 
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T-tequilla 
U-ubangi (one sip and ubangi your head on the 

bar) 
V-vermouth 
W-wino 
X-Xanadu (one sip and you're out of your dome} 
Y-yardarm (one sip and you're all hung up) 
Z-zombie 

Well, here we go again. It's time once again for a 
review of a few little-known events that would pass 
completely uncelebrated save for this column. Before 
we get to the next month's calendar, there is one 
loose end to tie up. The winner of the Miss Rheingold 
Contest is Miss Naomi Richert. You'll remember her 
from the Barney's Fun House Follies of 1962. She 
had a lot of fans. The crisis for this month is that we 
can't think up a crisis for this month. We do happen 
however, to have one crisis left over from last month: 
So, therefore, our crisis for February is: Governor 
Rolvaag declares Highway 35 a disaster area. That 
should keep you C.E.'s busy for awhile. 

February 16-28 
16~National Dental Floss Day. 
18-Do something impossible Day (like try to find a 

good-looking girl in I.T.). 
20-lnvite your EE prof home to meet your parents 

Day. 
22-Find out why the stores aren't closed today Day. 
26-Kill a Living Bra Day. 
28-Become infected Day. 
29-0fficia I Log Study Day. 

March 1-15 
1-Walk across the bridge 'caus it's fun Day. 
5-Proposition your T.A. Day. 
6-Transfer to another section when he accepts Day. 
8-Join the Pepsi Generation and think Old Day. 

10-Rip off the tag on your sofa that says: "do not 
remove under penalty of law" Day. 

14-Go back and read your Math prof's doctoral dis-
sertation Day. 

15-Biackmail your Math prof Day. 

Conclusion: We would like to close this month by men
tioning a few of the helpful suggestions we received 
in our questionnaire-mainly with regards to improv
ing our pin-ups. One I.T. student, obviously lacking in 
self-discipline, thanked us for our complex pin-up 
measurements. It seems they supply an incentive to 
learn math. Another student, who obviously should 
transfer into law and minor in loop-holes, suggested 
that we start an Editor-of-the-Month Club so we can 
print more exposed pin-ups. But the student among 
you who really needs help is that poor near-sighted 
fellow who suggested using I.T. girls for pin-ups. Fin
ally, we would like to thank one student, who exhibited 
your undying faith in our written word, when he re
sponded by asking us the question: "What do you 
think about the University as a hole?" Our precise 
answer will require some thought, but you can get a 
general idea as to the tone of our reply by reviewing 
past Log's Logs (October and November, especially, 
should be noted) and by following our future presenta
tions of the Truth. 
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Opportunities at Hughes (or EE's-Physicists-Scientists: 

fro the ocean floor to the oonwouman 
Hughes sphere of activity extends from the far reaches of outer space to the bottom 
of the sea .• ~ includes advanced studies, research, design, development and produc
tion on projects such as: G) SURVEYOR- unmanned, soft-landing lunar spacecraft 
for chemical and visual analysis of the moon's surface; ® SYNCOM (Synchronous
orbit Communications Satellite)- provides world-wide communications with only three 
satellites; ® F-111 B PHOENIX Missile System-an advanced weapon system designed 
to radically extend the defensive strike capability of supersonic aircraft; 0 Anti
ICBM Defense Systems- designed to locate, intercept and destroy attacking enemy 
ballistic missiles in flight; ®Air Defense Control Systems- border-to-border con
trol of air defenses from a single command center- combines 30 radar, real-time 
computer technology and display systems within a flexible communications network; 
® 3D Radar-ground and ship-based systems glve simultaneous height, range and 
bearing data- now in service on the nuclear-powered U.S.S. Enterprise; (j) POLARIS 
Guidance System- guidance components for the long-range POLARIS missile; 
® Hydrospace- advanced sonar and other anti-submarine warfare systems. 

Ot~er responsible assignments include: ATS (advanced technological satellites), TOW (wire-guided, 
a~t1-tank missile system), VATE (automatic checkout equipment), advanced infrared systems, electronic 
s1gnal processing, space communications, parametric amplifiers, airborne radar systems, reconnaissance 
systems, aerospace vehicle development, missile/spacecraft power & propulsion systerns ... and others. 

yond 
B.S., M.S. ami Ph. D. Candidates 

CAMPUS INTERVIEWS 
March 1 and 8, 1966 

Learn more about opportunities at Hughes, 
our educational programs, and the extra 
benefits Southern California living offers. 
For additional information and literature, 
consult your College Placement Director. 
Or write: 

Mr. A. J. Simone 
Hughes Field Service & Support 
P.O. Box 90515 
Los Angeles, Calif. 90009 

Creating a new world with electronics 
r------------------, 
I I 

: ES: 
I I L __________________ J 

HUGHES AIRCRAFT COMPANY 

U. S. CITIZENSHIP REQUIRED 

An equal opportunity employer. 



CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
1111 Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 

MINNESOTA TECHNOLOG 

1111 Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! 1111 Repeat and re
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa· 
per. Introduce your students to it today. 1111 Write now 
for Clearprint samples, sizes, and prices. 
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by RUDOLPH K. HOGBERG, Research Fellow 

Minnesota's position as a leading state has been built 
on its natural resources. Mineral production alone con
tributes about $550 million anually to the State's natural 
resources income. In 1963 Minnesota ranked eleventh in 
the Nation in mineral production and if the mineral 
fuels-petroleum, natural gas, and coal-are excluded, 
Minnesota's output exceeds all other states. 

Minnesota owes its position as a leading mineral pro
ducer to iron ore. It is the principal iron-ore producing 
state in the United States and has shipped more than 21/z 
billion tons, which would have a present day value in 
excess of $25 billion. Currently, the iron-ore industry 
of the State is in a transitional period from the mining 
of the "natural ores," which have been the backbone 
of the industry, to mining of taconite, the hard "mother 
rock" from which the high-grade ores were derived 
(Figure 1). Other mineral raw materials produced in the 
State are non-metals, which are becoming increasingly 
important to the economy each year. In 1963 they ac
counted for about 10 per cent of the total mineral value. 
Sand and gravel, dimension stone, and crushed stone 
are the principal income producers; clays, industrial 
silica, and peat are of lesser importance. Production of 
non-metals has doubled in the State in the past decade, 
matching the rate of increase at the national level. 

Iron Not Totally Beneficial 
The very fact that Minnesota has been richly endowed 

with a single major mineral resource-iron-has per
haps obscured the need for a broader program of ge
ologic investigations. Now, more than ever before, new 
mineral products are needed to enhance the mineral 
economy. New data are needed on the geologic occur
rence of ground water to assure· its wise use. Accurate 
geologic and topographic maps are needed for the more 
efficient use of land for a variety of purposes, such as 
agriculture, forestry, and recreation. Greatly increased 
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attention needs to be given to both metallic and non
metallic mineral resources and to problems related to 
urban growth and engineering projects. Increased efforts 
toward the above objectives are made urgent by a grow
ing population and need for an expanded and diversi
fied mineral industry. 

The Survey and Its Role 
The Minnesota Geological Survey is one of the re

search groups of the School of Earth Sciences within 
the Institute of Technology. Financial support is from 
special State appropriations, from Minnesota Outdoor 
Recreation and Resources Commission funds, and from 
University support funds. 

The Survey is one of the State organizations that has 
a basic responsibility in the development and utilization 
of our natural resources. Its chief role is to determine 
the distribution and quality of Minnesota's mineral re
sources and to develop by means of mapping and other 
studies, a comprehensive knowledge of the geology of 
the State. Geological research by the Survey has three 
major objectives: 

( 1) the discovery and appraisal of mineral resources 
within the State, to aid in maintaining the supply of raw 
materials for existing mineral industry and to encourage 
development of new resources by new industry. 

(2) to provide the geologic background needed for 
highway construction, land-use planning and hydrologic 
studies. 

(3) to develop the educational aspects of the geology 
of the State, for use in public education and recreation. 

To meet the challenges of the future the Survey has 
set forth a plan which is briefly described in this article. 

Geologic mapping has lagged in Minnesota, and is 
needed to provide a basic foundation for geologic re
search on mineral and water resources and land use; in
formation gained by geologic mapping assists in attract-
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ing new mineral industries. Currently about one or two 
per cent of the state is adequately mapped and an area 
of equal size is in progress. The plan calls for a marked 
speed-up in geologic mapping. The goal is to complete, 
in 10 years, a geologic map atlas of the bedrock of the 
State at a scale of 4 miles to the inch (1:250,000), and to 
begin detailed mapping of specific areas that are critical 
to evaluation of resource potential and to urban de
velopment. The mapping program is supported by funds 
from. the Omnibus Natural Resources Bill passed by the 
1965 State Legislature. 

Geologic Mapping of State 

Regional geologic mapping at a scale of 4 miles to the 
inch will provide the geologic framework necessary for 
State-wide planning and an inventory of its mineral re
sources. Thirteen bedrock geologic maps (Figure 2) will 
be combined into an atlas to replace the present out-of
date state geologic map. Individual sheets will be pub
lished separately as mapping is completed and will be 
bound into an atlas when the program is finished. In 
addition to the regional mapping, detailed geologic 
mapping of 15-minute and 7% minute quadrangles is 
needed in the northeastern and the southeastern parts 
of the ·State. 

Northeastern Minnesota contains our most valuable 
mineral deposits, and is a potential source of additional 
raw materials for use by industry. In addition to con
tinuing current detailed geologic mapping projects, the 
Geological Survey plans to map, in a strip 20 miles wide, 
rock strata from the north shore of Lake Superior 
through the eastern end of the Mesabi range to the 
vicinity of International Falls. This will provide the ge
ologic framework needed for new mineral exploration, 
provide data necessary to evaluate the significance of the 
copper-nickel deposits, and provide a firm basis for in-
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terpreting the regional geology in glacial covered areas 
to the west. 

Paleozoic rocks, which yield most of the underground 
water used in this area, are exposed along and adjacent 
to the Mississippi River and its tributaries from the vicin
ity of Minneapolis-St. Paul southeastward to the Iowa 
border. Geologic mapping and studies of the rocks
especially of the water-bearing formations-will provide 
data needed for development, management, and wise use 
of our groundwater resources. Also geologic mapping 
within this area will provide a basis for evaluating 
limestone for crushed aggregate, sandstone for industrial 
silica, and shale for expanded aggregate. 

Geophysical & Geochemical Studies 
Because Minnesota is largely covered with glacial 

materials, geophysical methods are very useful in de
termining the geology of the bedrock and in searching 
for mineral deposits. About 85 per cent of the State has 
been flown with the airborne magnetometer. The goal 
is to complete aeromagnetic surveying of the State with
in two years. The aeromagnetic surveying program is 
also supported by MORRC funds. The plan calls for the 
use of physical methods to a greater extent than pre
viously to aid in the solution of geologic and economic 
problems. 

Minnesota is ideally suited for magnetic surveying. 
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-Iron ore shipments, in gross tons from Minnesota, 1941-1963. 

Figure I 

The sedimentary rocks and glacial deposits that overlie 
the Precambrian basementrocks in so much of the State 
are thin and virtually nonmagnetic; therefore, the anom
alies reflect the inherent magnetic properties of the base
ment rocks. The Cayuna iron range was discovered as 
a result of strong magnetic variations· observed during 
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land surveying, and the extent of the Mesabi range 
was determined largely by magnetic instruments. Since 
World War II, aeromagnetic surveying has been used 
as a powerful tool in geologic mapping and in searching 
for ore deposits. Several significant discoveries have 
been made by aeromagnetics, notably in Missouri, Penn
sylvania, and at Timmins, Ontario. 

Geochemistry ranks with geophysics as an important 
adjunct to geologic mapping and resource studies. As 
the more obvious mineral deposits exposed at the surface 
are discovered and depleted, search must be directed 
to finding those that are lower in grade or buried be
neath surficial materials. Often metallic elements are dis
tributed as halos around ore bodies, and detemination 
of the elements in the soil, water, and plants at the 
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-Status of state geologic map atlas project. 

Figure 2 

surface can lead to the discovery of buried mineral de
posits. A major study by the Survey has been the geo
chemistry and petrology of the Duluth Gabbro Complex, 
to determine the differentiation history and origin of the 
rocks and ores of the complex. Another significant study 
is on the metamorphism of the taconite in the Biwabik 
Iron-formation adjacent to the Duluth Gabbro; this re
search has aided in the solution of problems related to 
beneficiation of the taconite. 

Mineral Resources Research 
The need to expand the amount and kinds of mineral 

commodities produced in the State is given a high pri
ority in the plan. Increased attention on metallic ore 
deposits and research in nonmetallic resources is planned 
as well as continued geologic mapping and research on 
the iron deposits. Also increased efforts will be given to 
the collection of basic data on the State's mineral re
sources for the use of private industry, government, and 
citizens. By this means, the Survey can serve as an ef
fective clearing house in the State for information on 
our mineral resources. 

Because of the major economic importance of the iron 
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deposits of the Mesabi range, studies will be continued 
and emphasis will be given to geologic mapping and re
search on the taconites. The titanium-bearing magnitite 
deposits within the Duluth Gabbro Complex, Lake and 
Cook counties, warrant further studies as a potential 
long-range source of titanium and iron. The concentra
tions of copper-nickel minerals in the Duluth Gabbro, 
in Lake and adjacent parts of St. Louis and Cook coun
ties, are a major potential source of metals. Geologic 
mapping and studies to determine the geologic setting 
of the deposits are in progress; further plans call for 
detailed studies of the mineral deposits to determine 
their size, extent, localization and origin and to assist 
in evaluating their commercial possibilities. The oc
currences of copper minerals in the lava flows in Pine 
County are being investigated as a part of regional ge
ologic and geophysical studies of the Keweenawan basin 
of Minnesota and adjacent states. 

Resources for Industry 
Minnesota does not have a large number of industrial 

minerals as compared with some states, but it has ample 
supplies of many of those essential to construction and 
the building industries. The State can never be self
sufficient with regard to all needed raw materials, but 
output of known nonmetals can be increased and others 
not now being used commercially can be developed for 
future technology. 

Sand and gravel essential to highway construction, 
building and many other engineering projects is plentiful 
in the State, but knowledge is lacking on the position, 
quality, and quantity of material available in many 
specific localities. 

Dimension and crushed stone are produced from a 
wide range of rock units within the geologic column. 
Granites quarried from Precambrian rocks in central 
Minnesota, near St. Cloud and in the upper Minnesota 
River Valley, are among the most beautiful dimension 
stones in the United States and are in demand in a wide 
variety of sizes, forms, and finishes by architects and 
builders throughout the world. Studies are planned to 
attempt to extend the known areal limits of the granites 
by geologic mapping and aerial photographic and geo
physical techniques, and to gather data on the structural 
relationships, geochemistry, and rock mechanics of the 
igneous bodies. 

Research is needed, especially by the dimension stone 
industry on the dolomite and limestone quarried from 
south-central and southeastern Minnesota. These should 
include structural, stratigraphic, and geochemical studies. 

Minnesota's clay and shale deposits have sustained a 
small clay-products industry in the State for many dec
ades, but have not been developed to their maximum 
extent. Growth in the industry ·has lagged far behind 
the national average. A long-range research program is 
in progress to locate deposits suitable for brick, tile, pot
tery, lightweight aggregate, and paper fillers and coat
ings. 

Minnesota is estimated to have some 5 billion tons 
(dry basis) of peat, which is about half the United States 
reserve. General knowledge of the location and extent 
of the deposits is known, but specific information on 

(Continued on Page 55) 
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Now glass can do what metals can-and more. Much more. 
Ask Woods Hole Oceanographic Institution. 

For years, the only way to get a sample of the ocean's floor 
was to lower what they call a "bottom corer" on a wire and 
then laboriously haul it up again. Not any more. Now a 
"Boomerang Corer"-made for Woods Hole by Benthos, Inc. 
-is simply tossed overboard and allowed to plunge freely. 
When it slams into the ocean floor, it drives a sample of sedi
ment into a hollow tube inside the corer. 

The impact releases two glass spheres that can do what 
most hollow metals can't: withstand the tremendous pres
sures at the bottom of the ocean. They tug the tube loose and 
float it to the surface. A flashing beacon inside one of the 
spheres pinpoints its location for the waiting ship. 

Today glass can be made to maintain constant electrical 
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properties at missile speeds. Be a heat exchanger in a gas tur
bine engine. Save weight without sacrificing strength. Con
duct or insulate. Bend. Not bend. Break. Not break. Melt. 
Not melt. Do whatever you want it to. It is the most versatile 
basic engineering material. 

For solutions to their problems, industry and government 
are coming to Corning. Because Corning is the glass-master. 
We are widely diversified, internationally based, and have 
one of the most daring, expert and imaginative engineering 
staffs. Plus, a marketing principle that concentrates on devel
oping products only in areas where a need exists and no prod
uct does. 

Young engineers seeking challenge, opportunity, and ad
vancement are invited to write to Career Development Man
ager, Corning Glass Works, Corning, New York. 

I 
CORNING GLASS WORKS 
AN EQUAL-OPPORTUNITY EMPLOYER 
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by RUSSELL P. WHITTEN, CE '66 

When the strength or settlement characteristics of a 
soil are being considered, the density and water content 
of the soil mass are two of the most important condi
tions to consider. A soil which has a very high strength 
in a dry, dense condition, can have almost no strength 
in a wet, loose condition. For construction projects such 
as building footings, dams, or highway embankments 
the desired degree of compaction must be evaluated 
by means more accurate than feel or touch. Accurate 
density and moisture determination methods are there
fore necessary to assure that the soil being used as a 
foundation or embankment has the strength properties 
required such that it will perform satisfactorily. Speci
fications are therefore established which indicate the 
amount of compaction desired for ad~quate strength. 

Old Methods-Involved 
Up to the present time field determinations of density 

for building or highway foundations have been done 
with a test that requires careful removal of a small por
tion of the compacted soil. The weight of the removed 
material is determined and the volume iS obtained by 
pouring a material of known density into the hole 
formed by the removal of the soil. The test method 
most commonly used for this purpose in Minnesota is 
the sand cone test. For this procedure a standardized 
silica sand is poured into the hole. This requires care
ful calibration of the silica sand and preparation of 
samples of known weights for use at individual test 
locations. The removal of the soil must be done care
fully and can take up to 15 minutes to do in some soils. 

The determination of moisture content requires that 
the soil removed for the density test be weighed, dried 
out on a burner or in an oven, and weighed again. For 
soils which can attain a high moisture content the 
drying may take up to 30-45 minutes. 

In most cases the tests are taken as checks on speci
fications which means that a contractor's schedule is 
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dependent to some extent on the speed of this test which 
is being used to check his work. It is therefore desir
able to establish a test method which is faster than 
the sand cone method, and will be at least as accurate 
as this method of determining density and moisture 
content. 

From the above it can be seen that a method which 
could speed up the determination of density and mois
ture content is desirable. In the past ten years nuclear 
radiation techniques have been developed to the extent 
that they are becoming useful in the field of soils en
gineering. In general, the nuclear methods for measur-
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DIRECT TRANSMISSION ARRANGEMENT 
Figure I 

ing density and moisture content have two basic 
advantages, but also have three general limitations. The 
nuclear methods are ( 1) non-destructive and therefore 
repetitive observations can be made on the same sample 
and ( 2) fast, since the necessary values desired are 
taken from a calibration curve based on a count rate 
at a detector. The limitations are ( 1) the cost and com
plexity of the necessary equipment, ( 2) the necessity 
for calibration against standard methods and ( 3) the 
health hazard due to continued exposure of the operator 
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to radiation from the radioactive sources used. At this 
time, the limitations have been minimized enough to 
make the use of nuclear devices practical. 

In this article the principles of radiation which are 
applicable .to the measurement of density and moisture 
content, application of the theory to this measurement 
the various types of equipment available for this pur
pose, and some indication of the accuracies of those 
devices will be presented. 

Theory 
When a dense media is bombarded with gamma rays 

the collisions resulting can be explained using either 
the theory of the Compton effect or that of photoelectric 
effect. 

Compton's explanation of the gamma ray - electron 
collision is that the photon collides with the electron and 
is scattered by it. If the electron is free to move, the 
photon releases some of its energy .· to the electron. 
Compton showed the result of the collision by writing 
an energy and momentum balance. 

Momentum is commonly expressed as mass times 
velocity. In the case of the photon the velocity is that 
of light, and its mass which is only apparent mass is a 
function of its frequency. 

p = mv 

- hf = hf -c;z . c c 

e = mc2 or h! . c2 = hf 
c 

where: f is the gamma ray freq. 
c is the velocity of light 
his planck's constant. 

By conservation of energy: 

hf = hf' + _)_ mv2, 
2 

by conservation of momentum: 

hf = hf' . cos ® - mv sin e 
c c 

and ® = hf' sin ® - mv sin e 
c 

If the above three equations are solved for the wave 
lengths of the incident and scattered photons the result 
obtained is: 

A' - A = JL ( 1 - cos ®) 
me 

where ), & A' are initial and final wave length 

A= l 
f 

The change in wave length, which is proportional to 
change in energy, is dependent only upon the angle of 
scattering and not upon the substance. 

The photoelectric effect is a complete absorption 
process whereby a gamma ray collides with an orbital 
electron which is tightly bound to the nucleus and gives 
up all of its energy to the electron. 

When a beam of energy photons penetrates a dense 
media the photons may or may not collide with the ma
terial. The probability that any one photon will travel 
a distance x without colliding with the material is: 

-Ex 
p = e 

where: P is the probability of no collision 
E is the mean number of collisions per 

length for a beam of unit cross section 

MINNESOTA TECHNOLOG 

and, x is the distance traveled without col-
lision. 

The probability that a particular type of colliding reac
tion will take place is a function of the cross sec6on 
per atom and also the number of atoms per unit volume. 
If n is denoted as the cross section per electron, then 
Zn would be the cross section per atom. The mean 
number of collisions per length for a beam of unit cross
section could then be expressed as: 

where: 

and 

E N 
z'YJ 

= aPT 

Na is Avogadro's number 
p is the density 
Z is the atomic number 
A is the atomic weight 

E is the cross-section per electron. 

The above expression is for one element; however, 

source 
lead shielding 

dense · 
media 

detector 

BACKSCATTER ARRANGEMENT 
Figure 2 

if the material is composed of n elements the expression 
can be revised to: 

n 

E = NaP'YJ L Fi Zi/Ai 

i = 1 

( 1) 

where: Fi is the mass fraction of each element. 
In the above expression the binding energy of the 

electron to the nucleus is assumed to have no effect, 
thus closely describing the probability of the Compton
type collisions taking place. 

Cross-Section Approximation 
In photoelectric absorption, where the orbital electron 

is tightly bound to the nucleus, the cross-section is 
affected. An approximation of this cross-section was 
made by Price, Horton and Spinney in 1957 and is as 
follows: 

o = 1.25 X I0-9 Z" E 0 -
712 

where: Z is the atomic number 
Eo is the incident photon energy . 

The general expression for a material composed of n 
elements would then be: 
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n 

(2) 

i = 1 
where K is a constant combining 1.25 x 10-n and Eo_, / 2 

from the above expression for o. 
The probability of a gamma ray going through a 

given amount of matter without any kind of interaction 
is the product of the probabilities of survival for each 
type of interaction. The expression presented by Fisher 
is as follows: 

where: 
I = I

0 
e-fl-x ( 3) 

I0 is the initial intensity of the gamma rays 
I is the residual intensity of unaffected 

primary gamma rays 
x is the thickness of the absorber 

and fL is the total linear attenuation coefficient 
which is expressed by: 

fL (Jn + (Js + t + k 
where: cra Compton absorption coefficient 

crR Compton scattering coefficient 
t photoelectric coefficient 

and k pair production coefficient 
Again, the elemental composition is a factor. It would 

affect the various coefficients expressed by p.,. Since 
Nlo 'fl and k are constants the probability of interaction 
is dependent on F i, Zh Ai and p. It can be seen 
from Table 1 that the relationship Zi/ Ai is relatively 
constant for all F i. Therefore, these terms may also be 

COUNT 

DIRECT TRANSMISSION ARRANGEMENT 

COUNT vs. DENSITY 

~--soil range---J 

OL-------------~----------------~-------
0 80 150 

DENSITY (lbs/cu.ft:) 

Figure 3 

eliminated from the probability expression leaving it 
wholly dependent on the density of the media. It can 
also be seen that the relationship Z \/ Ai is variable, 
but when abundance is considered it doesn't have a 
great deal of effect on the probability, leaving density 
as the major dependent variable. 

The probabilities are also dependent upon the orig
inal energy of the gamma ray. The energy dependence 
of the Compton probability is small and that of the 
photoelectric probability is very large. The relative 
importance of this dependence can be summed up by 
saying the primary interaction for gamma rays of high 
energy is the Compton scattering effect whereas the 
interaction for gamma rays of low energy is primarily 
the photoelectric effect. 

The geometry of the source with respect to the de-
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tector is a deciding factor as to which of the above 
effects will dominate. There are two basic geometric 
arrangements which have been used for density determ-

Table I 
Functions of Atomic Number and Atomic Weight for 

Major Elements of the Earth's Crust 

Atomic Average 
Number Atomic 

Element Abundance z A Z/A rJA 

0 .466 8 16.0 .500 .2048 X 104 

Si .277 14 28.1 .498 .1913 X 105 

AI .081 13 27.0 .482 .1377 X 105 

Fe .050 26 55.8 .466 .2130 X I 06 

Ca .036 20 40.1 .499 .7984x 105 

Na .028 II 23.0 .478 .6998 X 104 

K .026 19 39.1 .486 .6333 X I 05 

Mg .021 12 24.3 .494 .1025 X 105 

Ti .005 22 47.9 .459 .1075 X IO!l 
H .001 I I 1.000 1.0000 
p .001 15 31.0 .484 .2450 X 105 

Mm .001 25 54.9 .455 .1777 X 10'1 

s .0005 16 32.1 .498 .3264 X 105 

c .0003 6 12.0 .500 .6480 X 103 

inations. These arrangements are shown in Figures 1 
and 2. 

The major portion of gamma rays detected in the 
direct transmission arrangement are those which have 

COUNT vs. WATER CONTENT 

COUNT 

-soil ronge --~--l 

0~------------------~ I __________ _L ______ __ 

0 62.4 
WATER CONTENT ( lbs./ cu.ft.) 

Figure 4 

not interacted with the soil. Equation 3 shows that the 
intensity of these particles is completely dependent on 
fL which has been shown to be solely density dependent 
for soil considerations. Therefore, this arrangement 
could be very useful in comparing densities. The curve 
in Figure 3 shows an approximate relationship between 
the number of gamma rays detected and density. 

Backscatter Arrangement 
The second arrangement, or backscatter type, is a 

little more complex. This device depends on interaction 
in order to return gamma rays to the detector. It also 
is affected by both Compton and photoelectric effects. 
When the density is zero the gamma rays counted will 
also be zero since there are no particles for the gamma 
rays to interact with and be deflected back to the 
detector. As the density of the media is increased the 
Compton effect dominates and the count increases. 
Eventually, as the density of the media continues to 

(Continued on Page 53) 
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OUGH jobs ... typical of the engineering 
work being done day after day at 
Western Electric, the manufacturing 

and supply unit of the Bell System. And you 
can have a hand in solving problems like these. 

The six-mile product was a complete tele
phone cable. How to test it before it was 
buried underground - before modifications, 
if necessary, became time-consuming and ex
pensive? The solution was to design an "arti
ficial cable" - a model a few inches in length 
whose electrical characteristics matched 
those of the full-size cable. In this way, engi
neers learned which type of cable would do 
the job best, how many repeater stations 
would be needed, and where repeater equip
ment should be installed. Artificial cable lets 
us anticipate and solve many other problems 
... before they ever arise. 

The small product was a thin film circuit 
- an electrical path only thousandths of the 
thickness of a human hair. How do you de
sign equipment to make certain parts thinner, 
to increase resistance, without altering other 
parts? WE engineers used capillary action to 
bring liquid only to the desired areas- and 
electrolysis brought about the precise reduc
tion. It's quick in the telling, but it took sharp 
minds to arrive at this sol uti on. 

Western Electric 
MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM 

MINNESOTA TECHNOLOG 
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Western Electric needs more sharp minds. 
Whatever your field is, there are plenty of 
opportunities for interesting work, and for 
rapid advancement. If you set the highest 
standards for yourself and seek a solid future 
-we want to talk to you! Be sure to arrange 
a personal interview when the Bell System 
recruiting team visits your campus. And for 
detailed information on the opportunities 
that await you, get your copy of the Western 
Electric Booklet "Opportunities in Engineer~ 
ing and Science" from your Placement Offi
cer. Or write: College Relations Staff Man
ager, Western Electric Co., Room 2510A, 
222 Broadway, New York, N.Y. 10038. An 
equal opportunity employer. 
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EE, ME, ChE, Physics and Chemistry Graduates: 

s na r graduati will s eb d 
u a ch 

!ill 

I ce t 

It could happen on your first job. 
Some very young engineers and scientists at 

Xerox helped our .. old timers" invent the electro
mechanical-optical- chemical machine pictured above 
-the Xerox 2400. On its patent documents you'll find 
names like John Wirley (BSEE Univ. of Detroit '60), 
Henry P. Jankowski (BSEE Rensselaer Poly '62), and 
Larry H. Warren (BSEE Clarkson '63). They all joined 
Xerox right after graduating. 

The 2400 is no fluke. It's just a recent example 
of a tradition that began in 1959, when Xerox revo
lutionized the office copying field by introducing the 
now world-famous 914 Copier. From the 914 onward, 
every new piece of equipment or system we've devel
oped has had no real counterpart already on the scene 
from any competitor. 

What about the future? It gets even more inter
esting. Because as advanced as today's systems may 

ent som1et ? 
Ill 

appear, they don't yet fully reveal the true technology 
Xerox is pursuing-graphic communications~ 

Born out of the global information explosion 
and its incredible potential for helping to solve man's 
oldest problems (as well as his newest scientific rid
dles), graphic communications at Xerox encompasses 
the entire spectrum of communications in a graphic 
sense: the formulation, reception, transmission, re
cording, storing, retrieving, processing, copying and 
presentation of any meaningful images. 

And if you don't think all this has a habit of 
creating continuing opportunities to "invent some
thing," ask John, Henry, Larry ... or some of your 
own alumni who started their careers here ... or your 
Placement Director. If you prefer, write directly to 
Mr. Stephen G. Crawford, Xerox Corporation, P. 0. 
Box 1540, Rochester, New York 14603. 

E 0 
An Equal Opportunity Employer 

XEROX, 2400 AND 914 ARE TRADEMARKS OF XEROX CORPORATION 

Performance Note: The Xerox 2400 (illustrated) can produce copies on ordinary paper directly from an original document at the rate of 2,400 per hour. 
No "master" need b.e prepared first. An operator simply places the original on the machine, dials the number of copies wanted, and presses a button. 
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Everything efse does .. 
What's "kreatamorfess"? 

ideas for new products, new applica .. 
tions, new markets. 

It's a name we cooked up for a tech- You're encouraged to assert your 
nical man's ability to come up with new "kreatamorfess." 
ideas, to grow fast in fast-grow
ing projects. 

As a graduating technical 
man*, you should look into the 
kind of career Du Pont offerss 

We're entering many fields, 
other than chemistry, that are 
new to us: instrumentation, 

Learn more about Du Pont. Send this coupon 
for a subscription to the DuPont magazine. 

r--------------------------------------------1 
E. I. du Pont de Nemours & Co. (Inc.) 
2531 Nemours Building 
Wilmington, Delaware 19898 
Please send me the Du Pont magazine. 

Name _____________ _ 

Class ___ Major ____ Degree expected __ _ 

College _____________ _ 

metals, heat transfer and build- My address l 
I 

ing products, to name a few. City State Zip Code__ : 
Your chance to get in on the L ____________________________________________ _J 

ground floor has never been better. 
You grow with the project to which 

you're assigned. 
You're encouraged to apply your 

individual approach to problems ... to 

*This year, our recruiters will be at your 
school looking mainly for: Ch.E., M.E., 
I.E., E. E., C.E., chemistry, physics, and 
mathematics graduates. Du Pont is an 
equal opportunity employer. 

~ 
i{EG.U.S.PAT.Of'f. 

Better Things for Better Living ••• through Chemistry 
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Spotlight on 

local Industry 

Northern 

States 

by JANET SCHWARZ, ME '69 

Northern States Power Company was organized under 
Minnesota laws originally as the Washington County 
Light and Power Company, June 16, 1909. The name 
was changed later that year to Consumers Power Com
pany and finally changed in 1916 to Northern States 
Power Company. The company provided electric service 
to 771 customers in Stillwater in its first year, when it 
had 19 employees and its gross revenues were $71,000. 

The Company's progressive, pioneering tradition was 
begun by one of its predecessor companies in 1882 when 
the first hydro-electric generating station in the United 
States, and probably in the world, was built in Minne
apolis. That pioneer hydro-electric station went into 
service Sept. 6, 1882. No earlier hydro-electric plant is 
known. In 1923, NSP constructed two of the first ex
perimental rural electric lines, making a significant con
tribution to the rural electrification movement. NSP 
has completed the first commercial atomic power plant 
with a nuclear-fueled superheater near Sioux Falls, South 
Dakota. The company's testing laboratory is nationally 
recognized for its leadership in testing of materials. 
Among the more than 50 research and development 
projects in which NSP has recently been engaged are 
a nuclear fuel reprocessing study leading to construction 
of a privately-owned reprocessing plant; underground 
extra high voltage transmission lines, for both alternat
ing and direct current; the development of a new ap
proach to transmission line insulation requirements based 
on specific performance; development in Minneapolis 
of what will ultimately be the largest underground 
electric substation in the nation; and development of 
NSP's high-intensity-lighted, all-electlic office building 
in Minneapolis. 

Today NSP has more than 6,700 full-time employees. 
The company's 40,000-square-mile service area covers 
parts of four states, including central Minnesota, western 
Wisconsin, eastern North Dakota and southeastern South 
Dakota. The main system extends in an irregular pat-
\{)1\\ ~\\?'Q\'GXhnately 400 ~iles east ~nd west ~nd. ~00 

\" ... ... . · , ;\ , .. l , · ·. t\L Or the approxnnately 2.6 m11hon mties nmt\ (mn sou. 1 60 per cent are loeated 

1 ed by NSP 1nore t 1an 
peop e serv ' 

2.2 

Power 

in the Minneapolis-St. Paul metropolitan area. The 
company provides electric service in the Minneapolis 
area and both natural gas and electric service in the 
St. Paul area. NSP's North Dakota properties are not 
contiguous to the company's main interconnected sys
tem, but ties with these properties are provided through
out the transmission lines of other power suppliers. 

The four states in which NSP operates include the 
federal government's hydro-electric developments on 
the Missouri River, 131 rural electric distribution co
operatives, nine ·generation and transmission co-opera
tives and numerous municipally owned electric systems. 
NSP has operated and prospered in this environment 
by actively seeking and attaining co-'operation among 
all types of power suppliers in the area for more than 
25 years. In addition to more than 130 connections 
with rural electric co-operatives in or adjacent to its 
service area, NSP has an additional 44 interconnections 
with investor-owned and government-owned power sup
pliers in the area. 

NSP and other area power suppliers developed sev
eral major joint programs in the 1950's and early 1960's, 
including the Upper Mississippi Valley Power Pool 
which has a present membership of 11 utilities operat
ing in six states. These joint efforts culminated in the 
formation of a regional planning organization in 1963 
called the Mid-Continent Area Power Planners (MAPP). 
MAPP's membership includes 14 investor-owned electric 
companies, six generation and transmission co-opera
tives, the Omaha Public Power District, the Manitoba 
Hydro-Electric Board and 11 municipal electric sys
tems operating in 10 midwestern states and Manitoba 
province. Through their planning in MAPP, these in
dependent utility systems are co-ordinating the installa
tion of $3 billion in new generation and transmission 
facilities by 1980. This joint approach is making possible 
earlier installation of large strategically-located generat
ing units and extra high voltage transmission lines by 
the MAPP member utilities leading to sl1bstant1n1 ccon-

~,:1~~~~~ ~1?~~e~~~~~-1;~~~f~!~:~~~~~;1~~; t~~~'~ ~~~l~,~~~~' ~~~!~~:~;H;;~v'l 



for future power development throughout the nation 
is indicated by the recent formation of a similar regional 
planning group in the southwestern United States called 
WEST Associates and another in the midwest called 
MAIN. 

NSP has 72 electric generating plants with a net gen
erating capability of 2,055,370 kilowatts. Ninety per 
cent of the company's total generating capability is in 
18 steam-electric plants, the three largest of which
Riverside, High Bridge and Black Dog-are in the 
Twin Cities area. These three plants produced an esti
mated 3.7 billion kilowatt-hours in 1964, or approxi
mately 38 per cent of the total system energy require
ments at an average of 9,950 Btu per kilowatt-hour. 
Thirty-two hydro-electric plants, principally located in 
Wisconsin, represent 8 per cent of NSP's total capability, 
and 21 diesel plants account for 2 per cent of the total. 
Nearly 50 per cent of the company's steam-electric gen
eration is in the six units installed since 1953. 

NSP's atomic power plant, "The Pathfinder," having 

bility of using uranium with low enrichment of U235. 
Improvements including new pumps that force more 
water through the reactor than in any previous models 
are expected to boost efficiency and provide seven or 
eight times as much power from a core of the same 
size as the Argonne core. This will help make the cost 
of generating electricity with atomic fuels more com
parable to the cost with conventional fuels currently in 
use. For its first charge, the reactor core-shielded by 
massive concrete, steel plates and lead-needed about 
4.5 tons of uranium, slightly enriched with 145 pounds 
of effective U235 used to start the controlled reaction. 
This charge is expected to last a year or more, after 
the first year. 

Through power purchases from other members of the 
Upper Mississippi Valley Power Pool averaging 54,000 
kilowatts during 1963-1964, NSP was able to lower its 
reserve generation requirements and defer a construc
tion start and expenditures on the 225,000-kilowatt River
side unit for a year. NSP will make further power pur-

NSP's $10 million office building, headquarters for the four-state area. 

a 66,000-kilowatt capacity, is located near Sioux Falls, 
South Dakota. A sustained nuclear chain reaction was 
achieved in March, 1964, at the plant, the first com
mercial electric plant with a nuclear super-heater. The 
heart of the Pathfinder plant project is a reactor of new, 
advanced design of the type known as a Controlled Re
circulation Boiling Reactor. By using steam direct from 
reactor core to turbine in an endless leak-tight circuit, 
it eliminates a step common to some other atom-power 
systems, the use of an intermediate heat exchanger. 

Such a reactor, in the AEC's pioneer 5,000-kilowatt 
Argonne nuclear power plant, demonstrated the feasi-

MINNESOTA TECHNOLOG 

chases in 1966-1967 averaging 169,000 kilowatts an
nually from pool members from other utilities in the 
Mid-Continent Area Power Planners and from other 
adjacent electric systems. These purchases will be made 
possible by completion of 345,000-volt transmission lines 
between the Twin Cities and Chicago in 1966 and the 
Twin Cities and St. Louis in 1967 over which large 
blocks of power can be transmitted to NSP. 

These scheduled purchases have enabled the com
pany to defer for two years the construction start on a 
large generating unit that was originally scheduled to 
go into service in 1966. As a result of this two-year de-
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fen·al, NSP is not only postponing large construction ex
penditures, but also is more than doubling the size of 
the unit originally planned to the 550,000-kilowatt in
stallation scheduled for 1968. A 180 acre plant located 
between Stillwater and Hudson on the St. Croix River 
has been selected for this Alan S. King power plant. 
The site is close to the Twin Cities metropolitan area, 
where requirements for power from the new plant will 
be greatest. The closeness of the plant to the area will 
minimize the transmission lines required to deliver the 
power. 

NSP has been able to make nine voluntary rate re
ductions between September, 1961, and January, 1965, 
that are providing more than $13 million in annual 
savings for its customers. In spite of the rising costs of 
taxes (more than 22 cents out of every dollar NSP takes 
in is paid out in taxes, which is the company's biggest 
expense), labor, fuel and all other expenses, NSP has 
been able to keep the cost of electricity to its customers 
traveling on· a downward curve. The average price of 
electricity today is only about half of what it was 25 
years ago. 

Electric space heating in homes, business places, 
factories, churches and schools holds great promise for 
future NSP sales growth. While NSP does not yet have 
the electric space heating loads that electric utilities 
in warmer climates have, the increasing interest in 
electric heating throughout the company's service area 
indicates that the potential for NSP in this market is 
as great as in any other section of the country. Heating 
systems in a northern climate must necessarily be highly 
refined and flexible, and the general public in NSP' s 
service area is becoming increasingly aware of the dis
tinct advantages of electric space heating in meeting 
these needs. This growing acceptance of electric space 
heating, coupled with NSP' s new space heating rate that 
goes down to 1.25 cents per kilowatt-hour and aggres
sive sales promotion, have brought an increase in the 
number of electrically-heated homes and commercial 
buildings. 

NSP is also realizing substantial new load growth as 
a result of upsurges in apartment house construction in 

. its service area and in central air conditioning installa
tions. In 1964, the company began serving more than 
7,000 new apartment units with all-electric kitchens and 
unit air conditioners. More than 2,800 residential units 
in the company's system were installed with central air 
conditioning during the year, double the number in
stalled in any previous year. This rapidly-increasing 
load growth assures continuation of NSP' s electric kilo
watt-hour sales growth rate, which has been 7.3 per 
cent annually over the last 10 years. 

About 60 per cent of NSP' s revenues are derived from 
the Twin Cities area. Electric revenues, which account 
for 83 per cent of the company's gross operating reve
nues, are well diversified, thus minimizing the effect of 
. recessions and swings in the business cycle. During the 
past 10 years, NSP' s electric revenues from residential 
service have averaged 43 per cent of total electric reve
nues, small commercial and industrial customers 24 per 
cent of the total. 

The businesses in NSP' s large commercial and in
dustrial classification also are broadly diversified. Manu
facturers of durable goods accounted for 19 per cent of 
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the total electric revenues, manufacturers and proces
sors of non-durable goods accounted for 32 per cent, and 
non-manufacturing businesses 49 per cent. NSP' s favor
able diversification of revenues also is indicated by the 
fact that, among the more than 3,000 customers in the 
large commercial and industrial classification, only 57 
had billings in 1963 exceeding $100,000 a year and only 
six of those were over $500,000 on an annual basis. 

During the next four years NSP expects to spend 
about $337 million, with $87 million earmarked for 1967, 
$86 million for 1968, and $87 million for 1969. The 
1966 budget includes $69.5 million for new construction 
and about $7.8 million for its Wisconsin subsidiary, 
making NSP's entire expenditure for the year $77.3 
million. Company expenditures for new construction 
in 1965 were about $62 million. 

Completed in 1965, NSP's new $10 million all-electlic 
office building is located at 414 Nicollet in Minneapolis. 
Nearly 1,100 NSP employees are headquartered in the 
new building. It has seven complete office floors, a 
merchandise and display floor, a lower lobby, a mez
zanine, and a sub-basement. Included in the building 
are the system operations headquarters for electrical 
facilities in four states, the company's engineering and 
research departments, the data processing center in
cluding the large computer formerly housed at the 
Lauderdale building, administrative offices, the customer 
business office, and many other offices and departments. 

Northern States Power Company has grown steadily 
because it serves a public need, and because it is effi
ciently operated. I] 

J B I TER IE EESI 

CHARGE YOUR PLANE TICKETS AT 

AMERICANS ABROAD, INC. 

TRAVEl SERVICE 

Fly at the company's expense to your job interview ... charge 

your plane ticket at AMERICANS ABROAD, INC .... pay when 
reimbursed by the company on your return. 

Make your air reservations and pick up your ticket at our con
venieni· campus location (next to Perine's book store). 

A letter from the company requesting the interview and yoljr 
fee statement are necessary for charging. Bring these in when 
making your reservations. 

Call or stop in: 

9:00 to 5:30 Weekdays 

9:00 to noon Saturdays 

Specialists 
in Faculty 

Travel 

AMERICANS ABROAD, INC. 
TRAVEL SERVICE 

317 14th Avenue S.E. 
331-7909 
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Eareer an Yaur ind? 

Think Future. Think Celanese. If you're ambitious, flexible, 
and imaginative-and if you're well trained in chemistry, 
chemical and mechanical engineering, physics, marketing 
or accounting-you're our man. 

Why Celanese? You'll be working for a company that's grow
ing fast-and "plans" to keep growing. 1964 sales rose 
more than 25% to over $700 million. Our future "planned" 
growth depends on our ability to attract top-notch people 
who have the drive and desire to aim for that second billion. 

What makes you tick? Responsibility. 
Authority. Professiona I Recognition. 

Financial Reward. We know of no other company better 
able, or more disposed, to satisfy these needs. Working with 
Celanese, you'll have the chance to grow and broaden 
quickly. 

Sound good? If you feel you can perform in our demanding 
environment, it should. Discuss us with your faculty and 
Placement Office now, then plan to see our representative 
when he is on your campus. Or write to: Matthew Park, Jr., 
Supervisor of University Recruitment, Celanese Corporation 

of America, 522 Fifth Avenue, New York, 
New York, 10036. 

AN EQUAl.. OPPORTUNITY EMPLOYER 
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edited by JERRY BRAUN, Chem. '68 

Building Explosion 
A new process can create expandable structures with 

aluminum foil. Research engineers claim the structure 
will retain its original shape even if it is punctured and 
loses all inflating pressure. Applications include space 
structures, solar collectors, antennas, and portable shel
ters. Column members, three-dimensional trusses, and 
toroidal shapes are fabricated by seam-bonding two 
identical flat patterns of aluminum foil, then inflating 
this bonded assembly to a wall stress slightly above the 
allowable yield of foil. The developer also claims the 
process develops the highest stiffness-to-weight ratio of 
any known structural material. 

Stored Fatigue 
The tiny fatigue life gage, smaller than a fingernail, 

can operate with or without leads soldered to it. In 
permanent non-moving locations, leads of the sort shown 
may be attached in order to constantly monitor fatigue. 

However, the gage will automatically store fatigue in
formation and render the accumulated data whenever 
it is required, simply by attaching proper test equip
ment. 

Flying Dimple 
This eight-foot diameter cryogenic tank may be the larg

est flight-weight tank of its kind ever built. Developed by 
The Boeing Company's Aero-Space Division, it is pictured 
here being readied for testing in a high altitude chamber 
at Boeing's Tulalip Test Site north of Seattle, Washing
ton. The vacuum within the insulation space of the 
double-walled tank causes the soft outer shell to deform 
inward giving it a dimpled look. In space, with no 
atmospheric pressure on the shell, it would regain its 
shape. 

The one-piece elliptical heads - shaped like a cereal 
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bowl - were bulge-formed hydraulically and later were 
shaped explosively to assure a more precise fit. 

Each half of the inside shell was milled chemically 
to a thickness of about 40 thousandths of an inch. 
Halves of the outside shell were chem-milled to 20 
thousandths of an inch. The inside shell features a fully 
mechanized girth fusion weld. The outside shell halves 
are sealed by a girth band of mylar-aluminum laminate. 
The space between the two shells was filled with alter
nate layers of insulative and reflective materials. 

Manufacturing engineers succeeded in evacuating and 
holding the space between the shells to about one-half 
thousandths of a millimeter of mercury, a vacuum equal 
to approximately 6.6 millionths of the earth's atmosphere 
at sea level. 

Automatic Shades 
A new ophthalmic glass for prescription eyeglasses 

that darkens on exposure to sunlight and then becomes 
clear again indoors or after sundown is now being 
marketed. 

The new material, called Bestlite photochromic glass, 
is the first application of the photochromic materials 
announced as a Corning research achievement in 1964. 

The new glass reduces glare from brilliant sunlight, 
increasing visual comfort. It also provides better and 
safer vision indoors or at night for those who now wear 
lightly tinted lenses, the manufacturer said. 

Before exposure to sunlight the new glass is essentially 
colorless and has a light transmittance of more than 
90 per cent. This is about the same transmittance as 
clear ophthalmic crown glass used for most spectacle 
lenses. 

After a one-hour exposure to direct sunlight at 85°F, 
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transmittance of the new glass drops to 66 per cent 
(compared with 64 per cent for the standard light Shade 
A green sunglass). After the same exposure at 25°F, 
transmittance is about 36 per cent (compared with 39 
per cent for the standard dark Shade C green sung lass). 

The new material is darkened by the near ultraviolet 
radiation in sunlight, but is not significantly affected by 
tungsten or fluorescent lighting at normal distances. 
Thus it does not react to oncoming auto headlights at 
night, or even to mercury vapor lamps used for highway 
illumination. 

In direct sunlight the new glass becomes about half 
as dark in one minute as it does in an hour. It comes 
about % as dark in five minutes as it does in an hour. 

On change from sunlight to interior lighting, the glass 
recovers about halfway to its unexposed transmittance 
in five minutes, and about % of the way in 20 minutes~ 

In the darkened state the glass has a neutral shade 
which allows true color perception, Corning said. Be
cause darkening occurs primarily near the surface, a 
lens made from this glass has nearly uniform density 
over its entire area, even when center and edge thick
ness differ greatly. 

Stronger Than Dirt 
A pea-sized pellet, traveling at meteoroid speeds, 

wrecked these sheets of aluminum during tests by 
Boeing engineers. The pellet punched a neat hole in 
the first sheet (at right), but clouds of vaporized metal 
fragments tore progressively bigger holes in the next 
four sheets before coming to a halt. 

The pellets, ranging from pinhead-size to pea-size, 
were fired in laboratory tests at speeds up to 22,000 

miles an hour. They were fired at metal plates to find 
out what effect meteoroids would have on spacecraft 
hulls. 

When a projectile hits a thin aluminum surface sheet, 
it puts a needle-size hole in the sheet and becomes 
vaporized from the impact. The vaporized cloud of 
projectile and aluminum fragments, carrying a '"pres
sure pulse," or shock wave, in front and around it, 
punches a fist-sized hole in the second aluminum panel 
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-a hole approximately the same size as the fragment 
cloud itself. The third, fourth and fifth aluminum panels 
suffer large, jagged holes as big as a dinner plate from 
the impact, which by now is losing its punch. The 
sixth panel stays intact. 

The same test on sheets of tantalum, a very dense 
material, shows that as the projectile punctures the sur
face sheet and vaporizes, its impact breaks off dozens 
of small chunks of tantalum. These tiny chunks, picking 
up approximately the speed of the meteoroid, scatter 
like shotgun pellets through the other test sheets. The 
dense fragments can punch pin-sized holes through 10 
sheets of tantalum. 

Supersonic Waffles 
Delta Wing Supersonic Transport of the 1970's will 

have as many as 28 antennas for communication, naviga
tion and complete "blind" landing to provide the most 
reliable communications ever put into commercial air
craft. Tenth-scale model of the Lockheed 2000 SST 
is seen being fitted with antennas designed and de
veloped at the Lockheed-California Company's Rye 
Canyon Research Laboratory. Communications from 
70,000 feet-plus with ground stations thousands of miles 
away may be relayed through proposed stationary 
satellites positioned 24,000 miles out in space, according 
to Lockheed electronics experts. W affied appearance 
of the SST model is caused by a surface covering of 

special hardware cloth to simulate the titanium skin 
of the proposed Mach 2. 7 airliner. The entire SST 
model serves as a conductor for high frequency energy 
paths between the aircraft and parabolic antennas in 
the company's electromagnetics laboratory. 
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The Company's first engine, the Wasp, took 
to the air on May 5, 1926. Within a year the 
Wasp set its first world record and went. on 
to smash existing records and set standards 
for both land and seaplanes for years to 
come, carrying airframes and pilots higher, 
farther, and faster than they had ever gone 
.before. 

In recent years, planes powered by Pratt 
& Whitney Aircraft. have gone on to set 
new standards of performance in much the 
same way as the Wasp had done in the 
1920's. The 727 and DC-9 are indicative of 
the new family of short-to-medium range 
jetliners which are powered by the highly 
successful JT8D turbofan. Examples of 
current military utilizations are the J58-
powered Mach 3 YF-12A which recently 
established four world aviation records and 
the advanced TF30-powered f-111 variable
geometry fighter aircraft. 
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Take a look at the above chart; then a good long look 
at Pratt & Whitney Aircraft-where technical careers 
offer exciting growth, continuing challenge, and lasting 
stability-where engineers and scientists are recog
nized as the major reason for the Company's con
tinued success. 

Engineers and scientists at Pratt & Whitney Aircraft 
are today exploring the ever-broadening avenues of 
energy conversion for every environment ... all opening 
up new avenues of exploration in every field of aero
space, marine and industrial power application. The 
technical staff working on these programs, backed by 
Management's determination to provide the best and 
most advanced facilities and scientific apparatus, has 
already given the Company a firm _foothold in the cur
rent land, sea, air and space programs so vital to our 
country's future. The list of achievements amassed 
by our technical staff is a veritable list of firsts in the 
development of compact power plants~ dating back to 
the first Wasp engine which lifted the United States 
to a position of world leadership in aviation. These 
engineering and scientific achievements have enabled 
the Company to obtain its current position of leader-

itn 

ship in fields such as gas turbines, liquid hydrogen 
technology and fuel cells. 

Should you join us, you'll be assigned early responsi
bility. You'll find the spread of Pratt & Whitney Aircraft's 
programs requires virtually every technical talent. You'll 
find opportunities for professional growth further en
hanced by our Corporation-financed Graduate Educa
tion Program. Your degree can be a BS, MS or PhD in: 
MECHANICAL • AERONAUTICAL • ElECTRICAl e CHEMICAL 
ENGINEERING G PHYSICS G CHEMISTRY G METAllURGY 
$ CERAMICS e MATHEMATICS • ENGINEERING SCIENCE OR 
APPLIED MECHANICS. 

For further information concerning a career with Pratt 
& Whitney Aircraft, consult your college placement 
officer-or write Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford, 
Connecticut 06108. 

SPECIALISTS IN POWER ••• POWER FOR PROPULSHON-POWER 
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE 
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND INDUS· 
TRIAL APPLICATIONS. 

ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

IFLORI_DA OPERATIONS WEST PALM BEACH, FLORIDA An Equal Opportunity Employer, M & F 
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by PETER BLOMBERG, EE '69 

DR. WADDINGTON 

Dr. Frank Verbrugge was born and grew up in south
western Minnesota. He did his undergraduate studies at 
Calvin College in Michigan, where he received a B.S. 
degree in Math in 1932. He then went to the University 
of Missouri from which he received a Ph.D. in Physics. 
He became assistant professor at Carleton College in 
1943 and was full professor of physics from 1947 to 
1956. In 1956 he carne here to the University to be 
the Associate Head of the Physics Department. In 1959, 
he became the Associate Dean of IT. 

Dr. Verbrugge, in addition to his duties as Associate 
Dean of IT, is a consultant to the Ford Foundation for 
science and engineering instruction in Latin American 
colleges. He makes recommendations to these colleges 
for improvements in their science and engineering pro
grams and helps implement grants to these institutions 
from the Ford Foundation. He will spend a week in 
March at University Central (Latin America's largest 
university) in Venezuela guiding it in using its grant 
frmn Ford. 

Dr. Verbrugge is married and has four children
Ann-22, Lois-20, Robert-18 (freshman in CLA), and 
Martha-16. His hobbies are working in the garden, 
playing squash, and cooking outdoors. He is a member 
of the American Physical Society, American Association 
for the Advancement of Science, Sigma Xi, and Minne
sota Academy of Science. His· plans for the future are 
to stay here at the University. 
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Dr. Cecil J. Waddington, associate physics professor, 
is currently studying two areas in astrophysics. The 
first is the examination of astronomical objects for gam
rna ray emission. The second is the study of the various 
particles of cosmic radiation. This project includes find
ing out how and where the particles are created and 
how their numbers around the earth vary with the 
activity of the sun. The sun gives off clouds of gas 
which are magnetic. The magnetism of these clouds 
attracts cosmic particles to them. The more active the 
sun is the greater the amount of gas given off is and 
in turn the more particles are absorbed so less numbers 
of cosmic particles reach the earth. His plans for the 
future are to continue studying these areas (more heavily 
on gamma ray emission as it becomes increasingly more 
important). 

Born in Cambridge, England, Dr. Waddington was 
educated at Bristol University from which he received 
B.Sc. and Ph.D. degrees. Mter graduation, he received 
a Royal Society Studentship in England. In 1957, he 
carne here as research associate. Later he spent six 
months with NASA in Washington. 

Dr. Waddington has been married for eight years. 
His hobbies include "the three s's - sailing, skiing, and 
squash;" reading; and listening to good music. He is a 
member of the American Physical Society, the American 
Geophysical Association, and the American Association 
for the Advancement of Science. 

DR. VERBRUGGE 
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It's a simple optical illusion, but it 
bothers you, doesn't it? It's hard to 
forget it until you've discovered what 
fooled you. There's something about 
an inquiring mind that won't let it 
forget a problem until it's solved. 

In school, how many times have you 
worked half the night on an assigned 
problem until you solved it? After a 
while, it didn't matter whether the 
problem was assigned or not. You 
wanted the answer. 

It's this kind of personal motivation 
we look for and like in a man. That's 
why we can do without "strangling" 
supervision at Honeywell. That's 
also one of the reasons engineers 
don't punch a time clock here. We 
hire men whose personal standards 
are higher than the discipline the 
job demands. We prefer to rely on a 
man's sense of personal responsibil
ity to get the work done. This atti
tude has paid off in many ways. 

We have one of the lowest 
turnover rates in the industry 
... less than half the national aver
age. We can't help but feel that our 
atmosphere of professional freedom 
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LOOK CLOSELY .. 
TRY TO FORGET IT. 

is one of the principal reasons. 

Merit pay and promotion ... 
are also a part of our policy. Good 
men like to set their own pace, and 
we like it that way. We pay and 
promote to recognize individual per
formance and progress. We'll push 
you along as fast as you can handle 
the work. 

Tuition aid, too. 
Honeywell men can get advanced 
degrees through company-supported 
programs. Greater knowledge will 
help both of us become first in the 
field. 

What's here at Honeywell? 
We employ over 48,000 people and 
we offer the stability and variety 
that go along with a broad-based 
company. We have 18 divisions, and 
we are constantly in need of more 
engineering and research people to 
staff them. 

Briefly, our business is automatic 
control. And, we make all kinds: 
controls for homes and commercial 
buildings; weapons systems; prod
ucts for aircraft, spacecraft and 

missiles; EDP equipment; instru
ments for process control and medi
cal use; precision switches and 
semiconductors. In short, it would 
be tough to find a business or mar
ket we don't serve in some way. 

Of course, we can't tell you the whole 
story here. To learn more about jobs 
at Honeywell, ask your advisor or 
Placement Director for our folder, 
PINPOINT YOUR FUTURE. It contains 
information on Honeywell products, 
plants and office locations. 

If you're interested in Honeywell, 
why not talk to one of our recruiters 
next time he visits your campus? No 
deception there, OK? Just straight 
talk about what we have to offer 
each other. 

Check the date for interviews. Or, 
write to Mr. H. P. Eckstrom, Cor
porate Director of Employment, 
Minneapolis, Minn. 55408. H 
FIRST IN CONTROL HONIY\IIIll 

Hone~y~rell 
An equal opportunity employer 
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Caterpillar seeks uncommon quality ... in people and products 

ubber research to find the ans ers 
Caterpillar spends over $40 million a year 
on research. This effort extends into every 
area affecting machine reliability, life and 
performance. For example: rubber. 

Caterpillar, in cooperation with major 
tire companies, constantly studies tire mate
rials and design. Design approach is proved 
by evaluating research findings. The results 
of such continuous study are seen on wheel
type hauling units all over the world. 

It's not enough for a Cat engineer to 
know that button-type tires give greatest 
flotation in general use. That bar-type tires 
are best for mud, and give better traction in 
off-road work. That rock-type tires offer 
greater resistance to abrasive wear and rock 
damage, in on-road and quarry work. 

Caterpillar men must know why. They 
use testing facilities such as the Caterpillar 
Cold Room, where materials are tested at 
temperatures as low as -65°F. And nearly 

10,000 acres of proving grounds, where 
equipment works out on every kind of ter
rain, under the rugged conditions it must 
later meet in actual application. 

Many of the 1,600 people doing research 
at Caterpillar are engaged in such explora .. 
tions into rubber. And lubricants, fuels and 
metals, to mention a few other areas. 

If you're a man who likes to ask "Why?" 
we need you. If you can help us find the 
answers, we'll always need you.:-for Cater
pillar horizons are limitless. There's always 
a new boundary of knowledge to push back, 
in many areas. 

Contact your placement office. We'll be 
interviewing on your campus soon. Or write: 
College Recruiting, Personnel Development 
Dept.C, Caterpillar Tractor Co., Peoria, Ill. 

I 
Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

':An Equal Opportunity Employer'' 

Caterpillar Tractor Co., General Offices, Peoria, Illinois • Caterpillar Americas Co., Peoria, llliiTOis • Caterpillar Overseas S.A., Geneva • Caterpillar of Australia Ply. ltd., 
Melbourne • Caterpillar Brasil S.A., Sao Paulo . • Caterpillar Tractor Co., Ltd., Glasgow • Caterpillar of Canada Ltd., Toronto • Caterpillar France S.A., Grenoble .. 
Caterpillar (Africa) (Ply.) Ltd., Johannesburg • Caterpillar Mexicana S.A. de C.V., Monterrey • Caterpillar Mitsubishi Ltd., Tokyo, Japan • Tractor Engineers Ltd., Bombay, India 
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sanitary glazed cla.y pipe 

If it's made of clay it's good ... if it's made by Dickey it's better 

r-
CHURCHES ARE NOT, AS A RUL-E, EMBLAZONEO 

WITH THE NAMES OF THE 8UILDERS. 
INSTEAO, THE ARCHITECT, THE CONTRACTOR, 

AND THE CONt5RE6ATION TAKE /HEIR 
SATISFACTION FROM IHE COMPLeTED 

13UILOJNt3. IT MlJST HAVE BEEN THE: SAME 
5,000 YEARS AGO- BUT WIIH A DIFFERENCE. 

HOW DO WE KNOW IH15- BV THE CLAY 
WALL PEG SHOWN HERE ••••• 

These pegs were embedded in the walls of an 
Iraqian temple dedicated to the Gods Enlil and 
Ninlil, built between 2102-2092 by Lipit-Ishtar, 
King of the Isin Dynasty. To tell future genera
tions of his part in the construction, he inscribed 
his name and deeds on these pegs, then placed 
them in the walls. Centuries ago, the temple was 
just a memory. But the clay pegs are as good as 
the day they were inscribed. 

Proof again of the amazing permanence of clay. 

Dickey Perma-Line Clay Pipe is permanent, too. 
Ifs immune to the most corrosive wastes. It can
not disintegrate. It's exceptionally strong, too. 
Strength is built right in. Nothing can take it 
away. The pipe body is so dense, there is strength 
to spare in all sizes, 4-inch through 36-inch diam
eters. The pipe is glazed, too. Makes it as smooth 
as glass ... self-scouring. And the patented Dickey 
Coupling on this pipe is made of the finest mate
rial. .. urethane. There's no gamble with Dickey 
Perma-Line Coupling Pipe. 

W. S. DICKEY CLAY MFG. CO. Birmingham, Alabama" Ft. Dodge, Iowa .. Kansas City, Missouri 
Meridian, Mississippi • St. Louis, Missouri " San Antonio, Texas .. Texarkana, Texas-Arkansas 
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by DIANNE CHRISTENSEN, Physics Ed '66 

What is science? What might be offered as a com
prehensive definition? What are the methods of science? 
It has been suggested that Albert Einstein is as remark
able for his conception of scientific method as he is for 
his achievements by means of that method. Although 
he is widely celebrated for his scientific contributions, 
this genius contributed over 100 publications of a non
technical tone, including dissertations on music, phil
osophy, religion .... Consider, here, only Einstein's 
conception of science. 

Science Is ... 

It would not, according to Einstein, be difficult to 
come to an agreement as to what we understand by 
science. "Science," he conjectures, "is the century-old 
endeavor to bring together by means of systematic 
thought the perceptible phenomena of this world into 
as thorough-going an association as possible." More 
boldly, perhaps, "it is the attempt to the posterior recon-
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struction of existence by the process of conceptualiza
tion.''1 That which is known as physics comprises that 
group of natural sciences based on measurements; and 
whose concepts and propositions lend themselves readily 
to mathematical formulation. The realm of physics 
is accordingly defined as that part of the sum total of 
our knowledge which is capable of being expressed in 
mathematical terms. Indeed, with the progress of science, 
the realm of physics has expanded so that it seems to 
be limited only by the limitations within the method 
itself. 2 

From whence might one begin this mathematical ex
pression of these physical concepts? In a paper on "The 
Problem of Space, Ether, and the Field of Physics," 
Einstein suggests that the "hypotheses with which it 
[theoretical physics, at least] starts becomes steadily 
more abstract and remote from experience" as the num
ber of empirical facts included in the logical deduction 
from the basic postulates increases. Consequently, the 
"theoretical scientist is compelled in an increasing degree 
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to be guided by purely mathematical, formal consider
ations in his search for a theory, because the physical 
experience of the experimenter cannot lift him into the 
regions of highest abstraction." He continues to argue 
that the predominantly inductive methods appropriate 
to the youth of science are giving place to tentative de
duction. Consequently, instead of hampering the theo
retical physicist with epistemological prohibitions with 
respect to the kind of meanings and their source per
mitted in his basic concepts, Einstein writes that the 
"theorist who understands such a labour should not be 
carped at as 'fanciful'; on the contrary, he should be en
couraged to give free reign to his fancy, for there is no 
other way to the goal." Indeed, Einstein contributes the 
development of the general theory of relativity from the 
special and ultimately the unitary field theory to this 
line of thought. 3 

Einstein continues that imagination is more important 
than knowledge. "Knowledge is limited, whereas imagi
nation embraces the entire world, stimulating progress, 
giving birth to evolution. It is, strictly speaking, a real 
factor of scientific research."4 A simpler expression of the 
same is offered by Bertrand Russell. He suggests that 
what Einstein is saying is "One must, of course, know the 
facts. But a theory, if it is to have any value, must not 
emerge from careful collection and collation of indi
vidual observations. It must emerge, rather, as sudden 
imaginative insight, like that of a poet or composer ... " 
It seems, perhaps, that one must "First acquire trans
cendent genius and an all-embracing imagination, then 
learn your subject, and then wait for illumination."5 

But what of the student of science? Einstein argues 
that to comprehend a given principle, the student must 
follow the deeds of the scientist! In the first pages of a 
paper "On the Method of Theoretical Physics" Einstein 
writes, "If you want to find out anything from the theo
retical physicists about the methods they use, I advise 
you to stick closely to one principle: don't listen to their 
words, fix your attention on their deeds. To him who is 
a discoverer in this field, the products of his imagination 
appear so necessary and natural to him that he regards 
them, and would like to have them regarded by others, 
not as creations of thought but as given realities."6 What 
Einstein means here is that full meaning of verified 
mathematical physics is given only partially by em
pirical sense awareness or in given operations or ex
periments; it involves meanings which only the imagina
tion can envisage; those which only deductively can be 

formulated; those systematic, mathematical constructions, 
intellectually conceived rather than merely sensuously 
immediate. The student's problem arises since these 
deductively formulated constructions so capture the 
imagination of the scientist as he becomes more at home 
with them, that they appear both "necessary and nat
ural." Since these deductive consequences do become 
empirically confirmed, the tendency of the scientist is to 
think that they are merely denotative, empirically "given 
realities," rather than empirically unobservable, purely 
imaginative or intellectually known, theoretically desig
nated factors, related in exceedingly complicated ways 
to the purely empirically given. 

Empiricism 
The empirical is obviously necessary for comprehen

sion yet one must remain open-minded so that one can 
accept the perpetually fluctuating concepts of physics, 
indeed, of all science. It too encompasses limitations. 
The belief in an external world independent of the per
ceiving subject is the very basis of all natural science. 
Yet sense perception can give only information of the 
external world or of physical reality indirectly, hence, 
we can only grasp the latter by speculative means. It 
then follows that our notions of physical reality can 
never be final. We, according to Einstein, must be ever
ready to change these notions-that is to say, the axio
matic substructure of physics- in order to do justice to 
perceived facts in the "most logically perfect way." Sure
ly a glance at the development of physics exemplifies the 
far-reaching changes in the course of time. 7 

The necessity of the empiricism has inherent limita
tions; consider, for instance, Newton, the first creator 
of a comprehensive, workable system of theoretical phys
ics. He believed that the basic concepts and laws of his 
system could be derived from experience, a belief that 
may well have prevented him and the physicists of the 
eighteenth and nineteenth centuries from recognizing the 
fictitious character of the foundations of his system. 
Those contemporary natural philosophers held that the 
fundamental concepts and postulates of physics were not 
in the logical sense free inventions of the human mind 
but necessarily were deduced from experience by ab
straction ... that is, by logical means. A clear recog
nition of the erroneousness of this notion, according to 
Einstein, came only with the general theory of relativity, 
which showed that one should take account of a wider 
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range of empirical facts, and do so in a more satisfactory 
and complete manner, on a foundation quite different 
from the Newtonian. Quite apart, however, from the 
question of the superiority of one method or the other, 
the fictitious character of the fundamental principles is 
perfectly evident from the fact that one can point to 
essentially different principles, both of which correspond 

Albert Einstein, developer of the Theory of Relativity, as he 
applauds a speaker at a luncheon in April, 1935, in New York. 
Photo Compliments of St. Paul Dispatch and Pioneer Press. 

with experience to a large extent; thus proving at the 
same time that every attempt at a logical deduction for 
the basic concepts and postulates of mechanics from 
elementary experience is doomed. 8 

Experience and Genius 
Einstein continues that the "axiomatic basis of theo

retical physics cannot be abstracted from experience but 
must be freely invented .... Experience may suggest the 
appropriate mathematical concepts, but they most cer
tainly r:annot be deduced from it."t~ In short, the method 
taking nne from empirically given experience to the 
systemRtk factor in scientific knowledge designated by 
the postulates of deductively formulated scientific theory 
is not tbat of either one or the other; not that of ex
tensive abstraction or formal implication. 

The way, however, from the empirical data to the 
postulates or deductively formulated physical science is 
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a frightfully difficult one. Here, rather. than anywhere 
else, the scientist's genius exhibits itself. The way is so 
difficult that no methods whatever must be barred; no 
sources of meaning whatever, imaginative, theoretical, 
or whatever kind are to be excluded. It appears that 
nature covers up her basic secrets discretely and hence 
only by the freest play of the imagination, both the in
tuitive imagination and the non-intuitive, formal, theo
retical imagination, can the basic concepts and postulates 
of natural science be discovered. Einstein adds that there 
is no method of being learned and systematically applied 
so that the deductive system of the theoretical physicist 
leads to the goal. 1 0 

Nevertheless, Einstein writes as follows: "If, then, it 
is true that this axiomatic basis of theoretical physics 
cannot be extracted from experience but must be freely 
invented, can we ever hope to find the right way? Nay 
more, has this right way any existence outside our il
lusions?" Einstein's answer is unequivocal; "without hesi
tation that there is, in my opinion, a right way, that 
we are capable of finding it. Our experience hitherto 
justifies us in believing that nature is the realization of 
the simplest conceivable mathematical ideas. I am con
vinced that we can discover by means of purely math
ematical construction the concepts and the laws connect
ing them with each other, which furnish the key to the 
understanding of natural phenomena. Experience may 
suggest the appropriate mathematical concepts, but they 
most certainly cannot be deduced from it. Experience 
remains, of course, the sole criterion of the physical 
utility of a mathematical construction. But the creative 
principle resides in mathematics. In a certain sense, 
therefore, I hold it true that pure thought can grasp 
readily, as the ancients dreamed."11 

Nor is this mere faith or conjecture of Einstein's part. 
In order to justify his confidence he offers an example: 
"I am compelled to make use of a mathematical con
ception. The physical world is represented as a four
dimensional continuum. If I assume a Riemannian metric 
in it and ask what are the simplest laws which such a 
metric system can satisfy, I arrive at the relativist theory 
of gravitation in empty space. If in that space, I assume 
a vector-Held or an anti-symmetrical tensor-field which 
can be inferred from it, and ask what are the simplest 
laws such a field can satisfy, I arrive at Maxwell's equa
tions for empty space."12 

Mysterious Drive 

It is, of course, universally agreed that science has to 
establish connections between the facts of experience, of 
such a kind that we can predict further occurences from 
those already experienced. Indeed, in the opinion of 
many positivists this remains the completest possible 
accomplishment. "I do not believe," says Einstein, "that 
so elementary an idea could do much to kindle the in
vestigator's passion from which really great achieve
ments have arisen. Behind the tireless efforts of the in
vestigator there lurks a stronger, more mysterious drive: 
It is existence and reality that one wishes to compre
hend .... When we strip [this] statement of its mystical 
elements we mean that we are seeking for the simplest 
possible system of thought which will bind together the 
observed facts .... The special aim which I have con-
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stantly kept before me is logical unification in the field 
of physics."13 

Scientific Method 
The scientific method itself can teach us nothing else 

beyond how facts are related to, and conditioned by, 
each other. An aspiration toward such objective knowl
edge belongs to the highest of which man is capable. Yet 
it is clear that knowledge of what is does not open the 
door directly to what should be. One can easily have the 
clearest and most comprehensive knowledge of what is, 
and yet not be able to deduct from that what should be 
the goal of our aspirations. Objective knowledge simply 
provides us with powerful instruments for the achieve
ments of certain ends, the ultimate goal and the longing 
to reach it must come from another source. And it is 
hardly necessary, in Einstein's opinion, to argue for 
the view that our existence and our activity acquire 
meaning only by the setting up of such a goal and of 
corresponding values. The knowledge of truth as such 
is wonderful, but it is so little capable of acting as a 
guide that it cannot prove even the justification and the 
value of the aspiration towards that very knowledge of 
truth. Here we face, therefore, the limits of the purely 
rational conception of our existence."14 

The physicist's supreme task, according to Einstein, 
is to arrive at the universal elementry laws from which 
the cosmos can be built up by pure deduction. There is 
no logical path to these laws; only intuition, resting on 
sympathetic understanding of experience, can reach 
them. One might suppose that there were any number 
of possible systems of theoretical physics, all of which 
being equally good; this "opinion is no doubt correct, 
theoretically." Evolution has shown that at any given 
moment, out of all conceivable construction, a single 
one has always proven itself absolutely superior to all 
others. No one who has deeply delved into the matter 
can deny that in practice the world of phenomena 
uniquely determines the theoretical system, in spite of 
the fact that there is no logical bridge between phenom
ena and their theoretical principles.15 The point here is 
that for all the possible theories which scientists can 
formulate in the light of mathematical and logical in
vestigations into the possibles, it is actually the case 
that mathematical physicists, employing the deductive 
method with its indirect mode of empirical verification, 
are able to show that among the present possible theories 
one is unique in its capability to bring the greatest pos
sible range of empirical data under a single minimum 
set of assumptions. It is not, moreover, any subjective 
constructive power of the scientist which acts as the 
criterion of this uniqueness, but the correlation of the 
theory with the empirical data of nature. The criterion 
of uniqueness, more simply then, is grounded in nature 
rather than in the subjective, constructive capacity of 
the knower of nature.16 

Summary 
In retrospect then, Einstein's conception of science 

shows that scientific concepts have two sources for their 
meaning: The one is empirical. It gives concepts which 
are particulars, nominalistic in character. The other 
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source is formal, mathematical, and theoretical. It gives 
concepts which are universals, since they derive their 
meaning by postulation for postulates which are uni
versal propositions. 

One should note that for Einstein, the scientific 
method entails the validity of the principle of causality, 
in the sense of the mathematical physicist-the sense, 
namely, that with the empirical determination of the 
present state of a system, as defined in theoretical phys
ics, the future state is logically implied. Einstein con
fesses that for over a period of two years, because he 
thought they \~?ere incompatible with the theory of can
salty he refused to accept certain ideas of his general 
theory of relativity. When this compatability did be
come evident to him, he went on with the investigation 
and puqlication of the general theory of relativity. Its 
type of causality is a theoretically given, indirectly veri
fied causality, but this point is a special, more technical 
case of the general thesis that scientific knowledge in
volves a correlation of an empirically given component 
with a "postulationally prescribed, systematic, theo
retically designated component."17 

Conclusion 
What, then, is science? "Science is the attempt to make 

the chaotic diversity of our sense experience correspond 
to a logically uniform system of thought. In this system 
single experiences must be correlated with the theoretic 
structure in such a way that the resulting coordination 
is unique and convincing."1s That is, the relation be
tween the theoretical and the empirical is the relation of 
correlation. Analysis of scientific method shows that this 
relation is a two-termed relation. And indeed to compre
hend this relationship one must hold that "The most 
beautiful thing we can experience is the mysterious. It 
is the source of all true art and science. He to whom 
this emotion is a stranger, who can no longer pause to 
wonder and stand rapt in awe, is as good as dead: his 
eyes are closed."1

!) [] 
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EXPLORE THE UNIQUE OPPORTUNITIES AT 

• 
I I • 

I 
.... where special programs encourage rapid professional advancement 

for the engineer, scientist and mathematician launching his career. 

NSA is a scientific and technological com
munity unique in the United States, perhaps 
in the world. Unique in its mission, its oper
ation, its requirements ... unique, too, in the 
scope of opportunity it affords a young scien
tist or engineer beginning his career. 

A separate agency functioning within the 
Department of Defense, NSA is responsible 
for developing "secure" (i.e., invulnerable) 
communications systems to transmit and re
ceive vital information. Within this area, which 
encompasses the whole field of cryptology
the science of codes and ciphers-NSA project 
teams pursue a broad spectrum of investiga
tions taking them well beyond many known 
and accepted boundaries of knowledge. Be
ginning with basic research, these investiga
tions progress through applied research, 
development and design, prototype engineer
ing, and on into various phases of applications 
engineering. 

At NSA you might specialize in any or sev
eral of these sectors, depending on your 
talents and special interests: 

ENG/ NEERI NG. Antenna/transmitter/receiver 
design ... high speed computers (digital and 
analog) ... transistor circuitry ... advanced 
radio communications techniques ... micro-
wave communications ... audio and video 
recording devices ... cryogenic studies and 
applications ... integrated circuitry ... mi
crominiaturization. 

PHYSICS. Solid state (basic and applied) 
•.. electromagnetic propagation ... upper 
atmosphere phenomena ... superconductivity 
and cryogenics (Ph. D. graduates only). 

MATHEMATICS. Statistical mathematics ... 
matrix algebra ... finite fields ... probability 
•.. combinatorial analysis ... programming 
and symbolic logic. 

Unequaled Facilities and Equipment 
In a near-academic atmosphere, NSA scien
tists and engineers enjoy the most fully-instru-

mented laboratories and use of advanced 
computer and other equipment, some found 
nowhere else in the world. 

Skilled clerical and technical support will 
free you to concentrate on the most challen
ging aspects of your projects, and thus help 
speed your professional growth. 

Outstanding Colleagues 
You will work alongside people of enor

mously varied backgrounds and intellectual 
interests, over 500 of whom hold advanced 
degrees. 

Researchers at NSA also receive constant 
stimulus from outside the agency. To assist in 
certain program areas, NSA often calls on 
special boards of consultants-outstanding 
scientists and engineers from industry and 

academic centers as well as from other gov
ernment agencies. 

Career Development Opportunities 
Your professional growth and earning power 
expand from the day you join NSA, without 
having to accumulate years of "experience." 
NSA career development is orderly and swift; 
substantial salary increases follow as you as
sume more and more responsibility. 

A number of NSA career development 
programs help shorten the time when you 
can contribute at your maximum potential. 
These programs include: 

ADVANCED STUDY. NSA's liberal graduate 
study program affords you the opportunity to 
pursue part-time study up to eight hours 
each semester and/or one semester or more 

of full-time graduate study at full salary. Near
ly all academic costs are paid by NSA, whose 
proximity to seven universities offering a 
wealth of advanced courses and seminars is 
an additional asset. 

IN-HOUSE TRAINING. The new NSA em
ployee first attends a six-week general orien
tation program, followed by a period of spe
cialized classroom study designed to broaden 
familiarity with an area or areas of heavy NSA 
concern (e.g., communications theory, crypt
analysis, computer logic and analysis, solid 
state physics). Formal study is complemented 
by on-the-job training, as you work and learn 
under the guidance and direction of highly 
experienced associates. 

PROFESSIONAL ASSOCIATIONS, TRAVEL. 
The agency fosters a climate of recognition 
and advancement for its young professionals 
by encouraging participation in professional 
association affairs, and assisting you to attend 
national meetings, seminars and conferences 
as well as visit other research facilities where 
related work is underway-government, uni
versity and industrial-throughout the United 
States. 

liberal Personnel Policies, Attractive 
location 
NSA policies relating to vacations, insurance 
and retirement are fair and liberal. You enjoy 
the benefits of Federal employment without 
the necessity of Civil Service certification. 

Located between Washington and Balti
more, NSA is also near the Chesapeake Bay, 
ocean beaches, ski resorts and other popular 
summer and winter recreation areas, not to 
mention the varied leisure-time attractions 
of the nation's capital itself. The location 
permits your choice of city, suburban or 
country living. 

Campus Interviews
Check Now for Dates! 
Representatives of the National Security 
Agency will conduct interviews on campus 
soon. Check with your Placement oHice as 
soon as possible to schedule an appointment. 

NATIONAl SECURITY AGENCY 
Suite 10, 4435 Wisconsin Avenue, N.W. 
Washington, D.C. 20016 
An equal opportunity employer 
... where imagination is the essential qualification 
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Hitch it to a herd of grizzlies ... . .. or feed it a Motorola alternator system* 

THE PROBLEM: HOW DO YOU GIVE YOUR CAR 

BATTERY THE ENERGY OF A GRIZZLY BEAR- UPHILL, DOWNHILL, OR JUST TO GET GOING? 

There was a time when engineering an alternator 
system was an impracticality. Most everyone in the 
business tried it- no one could successfully mass 
produce the automotive diode-the key to the sys
tem. Finally, Motorola engineers made the break
through- alternator systems are committing hapless 
.generators to the museum showcase. 

Today, alternator systems are designed for auto
motive, industrial, and marine use. 

This sort of engineering sophistication is producing 

automotive electronic equipment to do things for the 
car that are impractical to accomplish mechanically. 

Transistor ignition systems and electronic tach
ometers, hour meters for trucks and stereo tape 
decks, all-in-one air conditioning and heat control 
systems- these are a few of the projects currently 
in motion with Motorola automotive engineers. 

The car radio? Sure. Motorola makes that too. Paul 
Galvin mass produced the first ones in 1929 ..• to 
start a little business. 

*An electronic system that maintains a consistent, reliable energy supply for the car's electrical equipment. 

TRUST THIS EMSIGNIA WHEREVER YOU FIND IT 
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by DAVID E. ENGEN, Pol Sci '67 

~~~~~~~~~~~~~~~22~ 

-vtlitas et crudus senzper eterna111 
~ 

Scene: A field hospital in S. Viet 
Nam. A correspondent is talking to 
a soldier bandaged from head to foot. 
The correspondent eager for the grue
some details asked for the soldier's 
story. 

«It's a long story," said the soldier. 
"When I first got here I was told how 
to recognize friend from foe. I was 
told when I came upon a man to 
yell 'Ho Chi Minh is a rat!' and if he 
smiles, he's a friend and if he gets 
angry he's a foe, and I was to shoot 
him. Well, I was here for about six 
months and then as I was walking 
along this jungle road, I saw a man. 
With my gun at the ready, I yelled, 
'Ho Chi Minh is a rat.' But he did 
not smile or get angry. Instead, he 
cupped his hands and yelled 'Lyn
don Johnson is a fink.' And as we 
were shaking hands in the middle of 
the road, a truck ran over me." 

~ G G 
Ole and Olga had just been mar-

ried, and at the reception one of the 
guests said to Olga laughingly, "Olga, 
I think you have a little Swede in 
you!" 

Olga said in return, "Ya! Ole, he 
yust couldn't vait!" 

G G G 
And then there was the Wave who 

was in love with a soldier, a sailor, 
and a marine. She couldn't decide 
which one to marry, so she put out 
to see. 

® G 41!!1 

A little bear went tripping through 
the woods one spring morning sing
ing, ''I'm a ready teddy, I'm a ready 
teddy," and gently swaying her grace
ful body in time with the tune. Sud
denly from behind a big tree came 
big, hairy arms. 

Some time later she continued on 
her way singing, ''I'm a ruined bruin, 
I'm a ruined bruin." 

A 41!!1 41!!1 

Many a go-getter is afterwards 
sorry that he gotter. 

40 

Two well-dressed, matronly women 
entered the business office and ap
proached an executive. 

"Sir," said one, "we are soliciting 
funds for the welfare and rehabilita
tion of wayward women. Would you 
care to donate?" 

"Sorry," replied the exec, "but I 
contribute directly." 

G G G 

"Hi, Chuck," greeted the one, 
"how's your wife?" 

"Compared to what?" responded 
ChuckS. 

• ® ® 

All it really takes to separate the 
men from the boys is girls. 

G G G 

Freshman: "What does 'fantasy' 
n1ean?" 

Senior: "A story in which the char
acters are ghosts, goblins, virgins, or 
other supernatural beings." 

G G G 

Those who are chaste in the 'Log 
office will be chased out of the 'Log 
office. 

Love is like a fried egg. Looks 
pretty at first, but the moment you 
take a stab at it, it becomes a big 
mess. 

THENEWINCOMETAXFORM 
a. How much did you make last year? 
b. How much do you have left? 
c. Send b. 

An E.E. was drinking Martinis 
mixed with second rate gin one day 
when a friend passed by. 

"Don't you know," warned the 
friend anxiously, "that stuff's slow 
poison?" 

"Oh, that's all right," said the E.E., 
''I'1n in no hurry." 

Well now that Christmas is past it 
might be fun to review a couple of 
the events of the past season. All the 
TV shows, of course, had holiday 
themes. My favorite· was the episode 
where Flipper was named in a patern
ity suit with a Christmas seal. 

Then on a cold December night 
last year, two old codgers were hud
dled close to an old pot-bellied stove 
in their creaking farm house. The 
wind was howling down the rain 
spouts and moaning as it was forced 
through the cracks in the door and 
walls. Above all the noises, the two 
strange fellows heard a terrible crash 
outside. Startled from their bull ses
sion, the two rambled outside to see 
what was the matter. 

The noise seemed to be coming 
directly from a small shed with a 
crescent moon piece cut from the 
door (for you city slickers, it was 
the outhouse). Upon investigation, the 
farmers determined that something 
had crashed through the roof and 
fallen down into the "well," which 
didn't seem too pleasant a fate for 
whatever was down there. 

One old guy peered down into 
the darkness of the pit and spied 
what looked like a buck with tre
mendous horns. Together the two 
grabbed the horns or antlers and 
pulled for all they were worth. All 
the pulling got 'em a deer- a pecu
liar kind of deer - it was a reindeer. 
They looked in the hole again and 
saw more antlers. After a while they 
had managed to pull eight reindeer 
from the pit. 

Suddenly they heard a sputterin' 
and chokin' sound and looked down 
again. Reaching back into the deep 
recess they pulled up a fat ol' man 
all dressed in a red suit with, what 
used to be, a white beard. The old 
guy was cussin' for all he was worth, 
wiping himself off best as he could 
for anyone who had been in his pre
dicament. 

After calming down to where the 
old farmers could understand him, the 
funny fat man shouted, "Dammit, 
Rudolph, I said the Schmidt house!!" 

@ @ @ill 

We've just heard about the girl 
who was picked up so often that she 
began to grow handles. 

These days, too many beautiful 
women are spoiling their attractive
ness by using four-letter words-like 
don't and can't and won't. 

February, 1966 



Q: What do you get if you throw 
a canary in an electric fan? 

A: Shredded tweet. 
" h llli& llli& llli& T e biology class will come to 

order," the eighty-year-old professor's 
voice announced. "I wish to an
nounce that my wife has just pre
sented me with a healthy, seven 
pound boy. Gentlemen, I thank you!" 

llli& G G 
An M.E. went to a psychiatrist and 

told the doctor that he had a physical 
attraction for horses. The psychiatrist 
told him that there was nothing 
wrong with that and that most people 
have a fondness for animals. 

"But this is more than just a fond
ness," said the M.E., "it is a very 
strong physical attraction." 

The psychiatrist said, "Is this at
traction for male or female horses?" 

"Female horses," said the M.E. 
"What do you think I am, queer?" 

G G G 
Know the difference between the 

mambo and pea green paint? 
Anybody can mambo. 

Gil G llli& 
In days of old, when told a naughty 

story, the coed would blush. Now
adays, she memorizes it. 

E» ® 0 

She: "Don't you wish you were a 
barefoot boy again?" 

He: "Not me, lady. I work on a 
turkey farm." 

A DRUNK BY ANY 
THERNA E ULD 

BARF THE SA E 
Let's get potted in Red Wing. 

G G G 
Let's get bombed inN. VietNam. 

G G G 
Let's get plastered in Paris. 

G G G 
Let's get stiff in the morgue. 

G G C!!l 

Let's get plowed in a field. 
• • • 

Let's get bagged in season. 
e • • 

Let's get looped in a 727. 
• e e 

Let's get tight in our leotards. 
e e e 

Let's get high on Mt. Everest. 
• e G 

Let's get smashed on a freeway. 
4D ·G 4D 

Let's get tanked with a tiger. 
G G G 

Let's get stewed with Mulligan. 
• e e 

Let's get tipsy on a skateboard. 
llli& G G 

Let's get fried with the French. 
• 4D • 

Let's get boiled with Job. 
e • • 

Let's get stoned in a quarry. 
e • • 

Let's get sauced in Mussleman's. 

100% American-Two Indians ob
tained a room in a big city hotel. 
Two days elapsed and the manager 
having heard nothing from his guests, 
became alarmed and opened the door 
with a master key. He found a tepee 
set up in the room, and one of the 
Indians sitting in front of it, smoking 
a pipe. "How," said the Indian. 
"Where' s your friend?" asked the 
manager. "In there," grunted the In
dian, indicating the bathroom. The 
manager looked in the bathroom and 
found the other Indian on the floor 
with an arrow in his heart. "My Lord, 
who killed him?" asked the manager. 
"Me, I killed him," grunted the In
dian. "Why did you do it?" "Him 
spit in spring!" 

G G 4D 
If you don't think women are ex-

plosive, try dropping one. 
• e ~ 

A damsel who hailed from Madrid, 
Was naughty in all that she did. 

She favored strip poker 
And played till it broke her 

Which made her a popular kid. 

CSHOULD A GfNTLE"MAN OFFER A LADY~~,? APPAR~TLY NoT, •• . . . .. . , 
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There was the young man who 
saved for years to buy his mother a 
house, only to find out that the police 
department won't let her run it. 

0 $ 0 
Mother (putting Junior to bed): 

«Shh ... the sand man is coming." 
Junior: «For fifty cents I won't tell 

Daddy." 
$ ~ I® 

Nine out of ten Engineers who 
tried camels preferred women. 

• e • Beer is like the sun. It rises in the 
yeast and sets in the vest. 

0 • $ 

Then there was the playboy who 
suddenly decided to live a strictly 
moral life. First, he cut out smoking. 
Then he cut out liquor. Then he cut 
out swearing. Then he cut out wo
men. Now he's cutting out paper 
dolls. 

II!D • $ 

M.E.: I think she's priceless. 
E.E.: I know she is. 

0 II!D II!D 

A Swede walked into a saloon and 
asked for a shot of squirrel whiskey. 

«I haven't any squirrel whiskey," 
said the bartender, "but I have some 
good Old Crow." 

"But I don't wanta fly, I yust want 
to yump around a little." 

• • il!ll 
A Pacific coast boot-leggerette was 

nabbed by the police, who found six 
pint flasks in her bloomers. How's 
that for a kick in the pants? 

• • $ 

C.E.: .. Why don't you come up to 
my apartment and have a bite before 
you go home?" 

Girl: "Naw, you can bite me here 
in the hall." 

• $ • 

'T esterday I walked for ten miles 
without seeing a human face." 

"Where were you?" 
"In a nudist colony." 

~ ll!il ~ 

The hen is immortal; her son will 
never set. 

ll!il ll!il ll!il 

Nephew: "Can you help me select a 
gift for a wealthy old aunt who is very 
weak and can hardly walk?" 

Cleric "How about some floor wax?" 

• • • 
If all the junior engineers who sleep 

through the thermo lecture were 
placed end to end they would be 
more comfortable. 

• • • 
Pansy - One who likes vice, versa. 

• • 0 

They laughed at Watt, too, until 
he invented the Watt Schamacallit. 
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ChuckS. watched, fascinated as his 
wife smoothed cold cream over her 
face. «Why do you do that?" he final
ly asked. 

"To make myself beautiful," an
swered his wife, who then began 
removing the cream with a tissue. 

«What's the matter?" asked Chuck. 
«Giving up?" 

Credit Johnny Carson with one of 
the best social commentaries in a long 
time. Referring to the recent black
out in New York, he asked: "Where 
were the draft card burners when we 
needed them?" 

G • e 

0 • • 

Baby - Something with a lot of 

Abe: Do you know where Gov. 
Rockefeller was during the blackout? 
John: No, where? 
Abe: In the dark. 

noise on one end and a complete 
lack of responsibility on the other. 

fill • • 

Cannibal-One who loves his fel-
low man-with gravy. 

I knew it would be a dark day 
in New York when they elected a 
Republican Mayor. 

.... -.... 

HOMER, THE 79,000 SHAREHOLDERS 
WHO OWN NSP WOULD FILL 

MINNESOTA'S MEMORIAL STADIUM 
AND WILLIAMS ARENA! 

IJ 

HOW ABOUT THE 
TENNIS COURTS, ROY! 

Thousands of Gopher football, basketball and other sports 
fans are among the 79,000 shareholders who own Northern 
States Power Company. There are many indirect owners, 
too. People who have insurance, savings accounts, invest
ment or trust fund shares with companies that have 
invested in NSP. It's your company in every way •.. owned 
by 79,000 people like you and your neighbors. 

NSP NORTHERN STATES 
POWER COMPANY 

Owned by over 79,000 shareholders and tserving more than 600 
eommunltles: In Minnesota, Norlh Dakota, South Dakota. and Wisconsin 
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THINK PQ E R Think diesel power to drive 
a truck as big as a house. Think power for the fun of it, to 
carry just two people and their camping gear. Think gas 
turbine power. Think marine power. Think rockets and mis
siles, and farm equipment and earth movers. Think about a 
career with International Harvester. Our 4,000 engineers 
and technicians are thinking power for every purpose from 
rocket thrust combustion chambers to gas turbine tractors 
and trucks. We're the world's largest producer of heavy
duty trucks, a major producer of farm and construction 
equipment-and we're doing very nicely in steeL Gas tur-

bines and aerospace equipment also are important parts of 
our POWER complex. At IH, POWER is a 2-billion-dollar-a
year plus business, with research and engineering one of, 
our biggest budget items. We need engineers! We espe
cially need mechanical, industrial, agricultural, metallurgi
cal, general and civil engineers. If you're an engineering 
graduate who is intrigued by POWER and its unlimited 
applications, you should find yourself right at home with us. 
Interested? Contact your Placement Officer now for a date to see an IH 
representative when he visits your campus. Or if interviews are not sched
uled, write directly to the Supervisor of College Relations, International 
Harvester Company, 401 North Michigan Avenue, Chicago, Illinois 60611. 

International Harvester puts the future in your hands 

AN EQUAL OPPORTUNITY EMPLOYER 
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······································································································;:;:~ .. -----------

by EDWARD A. WALTERS, Grad. 

A common method of preparing organometallic com
pounds is through reaction of an organomercurial with 
a metal: 

(n/2) R2Hg + Me ~ RnMe + (n/2) Hg, 
where R is an organic species, n is the valence of the 
metal, Me, which may be one of the following elements: 
Li, N a, Be, Mg, Zn, Cd, AI, In, Sn, Sb or Bi. This re
action proceeds quite easily at room temperature for the 
light, active metals such as N a, but requires some ther
mal encouragement in the case of metals of high atomic 
weight. The detailed pathway or mechanism of this re
action is not known. 

Eliminate Variable 
Quantitative studies of reactions like this which occurs 

at the surface of the metal being used are particularly 
complex. The most important single feature contributing 
to the overall complexity is a lack of information on 
how the surface area of the metal varies as the reaction 
proceeds. In this article a technique for eliminating 
this uncertainty and some results from the application 
of this technique are described. 

Fortunately, the simplest form of the reaction we 
wish to study also provides a way of eliminating the 
variable surface area problem: 

R2Hg~ + Hgo ~ R2Hg + Hg0~ 
In this case Hgl) is the radioactive isotope203 Hg, which 
decays first by emission of a "(-ray followed rapidly by 

44 

a ~-particle; the reaction has a half-life of 46 days. 
Variation of the surface area of the metal, Hg0

, during 
the course of a reaction is no problem now because 
elemental mercury is a dense liquid which forms a pool 
of measurable and reproducible surface area on the 
bottom of the reaction vessel. The surface area also 
remains constant throughout a reaction because no 
chemical change is occurring as far as it is concerned, 
only an exchange of isotopes. 

Isotopic exchange between R 2Hg and Hg0 is incon
veniently slow at room temperature, but exchange 
between RHgX and Hg0 , where X is a halide (Cl, Br, I), 
is surprisingly facile: 

RHg~X + Hg0 ~ RHgX + Hg0 l) 
In order to determine the details of the course of 

this reaction, that is, the exchange mechanism, one 
essentially wishes to know the nature of the transition 
state between reactants, RHgl)X plus Hg0

, and products, 
RHgX plus Hg0 l). To be more explicit, we want to 
learn the chemical composition and structure of this 
transition state and the energy difference between it 
and the reactants. By definition the transition state 
has a rather fleeting existence, in fact, its lifetime is less 
than one vibrational period of the chemical bonds in
volved; this means that direct observation is not possible 
and that its structure must therefore be inferred from 
the behavior of the reaction itself. 

The most satisfactory way to obtain data necessary to 
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make such a decision is by determination of how the 
reaction rate changes with the variables of the system, 
which are concentration, temperature, solvent and 
chemical nature of the reactants. In dealing with hetero
geneous reaction systems, like in the present case, the 
geometry of the reaction vessel, diffusion of the reactants 
to the interface and adsorption phenomena must also 
be considered. The program consists of holding all the 
variables save one constant and determining the ex
change rate as a function of this lone variable and then 
repeating the work to examine the rate as a function 
of another variable, and so on, until enough data has 
been gathered to permit one to propose a satisfactory 
model of the transition state. 

The apparatus used in this study is shown in Fig. 1. 
A solution of the substrate in 150 mi. of solvent is stirred 
over a pool of 25 grams of elemental mercury in the 
small thimble in the bottom of the flask while the 

I 
I 
,I 

Figure 

c 

Diagram of the reaction vessel. A is the pool of mercury, 
usually 25 grams, held in a glass thimble attached to the bottom 
of the flask. The medium is stirred with an inverted Teflon stirring 
paddle, B, mounted on a Tru-bore stirring assembly, C, with a 
water-cooled bushing. 

temperature is held constant by immersing the flask in 
a thermostat. The exchange rate is determined by re
moving 5 ml. aliquots of solution and measuring the 
activity in a well-type scintillation counter with a thal
lium-activated sodium iodide crystal detector. All iso
topic exchange reactions are known to follow a first 
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order rate law, that is, a plot of log (counts per minute) 
vs. time is linear. The slope of this line is the rate 
constant k and is the quantity used to compare reaction 
rates under different conditions. 

The true number of molecules of substrate, RHg~X, 
in the transition state or the order of the exchange with 
respect to RHg~X is obtained from the slope of a plot 
of log (rate) vs. log (concentration), and is found to be 
unity. The exchange rate is proportional to the surface 
area of . the mercury droplet. From this data we can 
conclude that the transition state involves one molecule 
of the mercurial and one atom of mercury. 

What Governs Rate? 
The next problem is to establish if the reaction rate 

is governed by the rate at which the labeled compound 
is transported to the surface or by some chemical process 
which occurs after the substrate arrives at the mercury 
surface. It has been observed for reactions that are 
known to be transport-controlled that the rate is pro
portional to the stirring rate, in R.P.M.'s, of the system: 

rate a ( R.P.M. )x. 
The results for the present exchange reaction are shown 
in Fig. 2. From this it is obvious that at low stirring 

(/) 
OJ 
0 

10 
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Stirring Rate ( R.P M.) 

Figure 2 

0 

Exchange rate as a function of the stirring rate. 

0 

rates the exchange is indeed transport-controlled, but a 
plateau is soon reached upon increasing the stirring 
rate, indicating that molecules of substrate are being 
carried to the surface faster than the reaction consumes 
them, so in this range of stirring rates some process 
other than diffusion or transport of the mercurial to the 
mercury surface determines the rate of the exchange. 
This other process may be a chemical step or it may 
be diffusion of "fresh" mercury from the interior of the 
mercury pool to its surface. 

If the self-diffusion of mercury is the rate controlling 
step, the prediction can be made that the chemical 
nature of RHg.,...X will not influence the reaction rate. 
The effect of structure on the exchange rate is shown 
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in Table I. 
Table I 0' 

Structure dependence of rate of the reaction: CHaO Hg*X 

X 

Cl 
Br 
I 

CHaCOz 

+ Hg0 in benzene solvent. -

k I o·" ( sec.-1
) 

0.41 
1.9 
60 
0.2 

It is apparent that the rate is indeed a function of the 
structure of the mercurial, thus self-diffusion of mercury 
is not the rate-determining process and some chemical 
step must be the slowest in this sequence of chemical 
and physical processes. 

The information in Table I also gives us a clue to 
the nature of the chemical process which converts 
reactants to products. The rate increases as the electro
negativity of the substituent decreases, in other words, 
the reaction proceeds faster if electrons are less strongly 
removed from the mercury atom of the mercurial. This 
means that the transition state of the reaction probably 
involves transfer of an electron from the highest occup
pied molecular orbital of the mercurial to the mercury 
pool. Two other pieces of information are consistent 
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Figure 3 

Plot of a run at low substrate concentration ( 6 X I o-nM) 
in benzene illustrating nonlinear behavior due to adsorption of 
part of the substrate on mercury. 

with this hypothesis. First, mercury metal is known to 
be an electron acceptor; this conclusion is drawn from 
studies of orientation of molecules absorbed on mercury. 
Second, the discoverers of this reaction conducted a 
few qualitative investigations on the dependence of 
rate upon the structure of the organic moiety, R. The 
rate was found to vary with structures in the following 
fashion: 

R=CH3oO>cH30>0>No20' c10 
This sequence is the decreasing order in which the 
substituents supply electrons to the mercury atom in 
the molecule RHgX. 
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The nature of the solvent influences the reaction rate 
by virtue of its effect on the transition state relative 
to its effect on the ground state. If the transition state 

o+ o-
involves separation of opposite charges, R-X, a solvent 
with a high dielectric constant, which is a measure of 
the solvent's ability to separate charges, increases the 
rate relative to a solvent of low dielectric constant. In 
Table II the solvent effects accumulated so far on the 
rate are shown along with solvent characteristics di
electric constant, D, and index of refraction, nu. 

Table 2 0' 
Solvent dependence of the rate of the reaction CHaO Hg*X 

+ Hgo. 

k 105 (sec.-1
) 

solvent CH300Hg*CI CHaOOHg*Br D 

Methanol 
water 
isooctane 
benzene 

1.5 
5.4 
6.4 
0.41 

2.9 
4.0 
9.8 
1.9 

32.6 
78.5 

1.9 
2.3 

1.3312 
1.333 
1.392 
1.501 

There is no correlation at all between k and the di
electric constant of the medium, indicating that sepa
ration of charge probably does not occur in the transi
tion state. It seems that k increases with the index 
of refraction, with the obvious exception of benzene. 
Benzene adsorbs very strongly on mercury, so the slow 
rate in benzene solution means that to a large degree 
these rates reflect the difficulty of displacing an ad
sorbed solvent molecule from the surface. This effect 
does not appear in any of the other solvents in the list 
because they were chosen as a result of their lack of 
adsorbance on mercury. Index of refraction is a measure 
of the polarizability of the solvent, that is, the solvent's 
ability to transfer a charge. The observed increase in 
k with polarizability supports the suggestion that trans
fer of an electron from mercurial to mercury is a reason
able model for the transition state. 

Interfering Process 
At very low concentration of substrate, RHg~X, in 

benzene a distinct curvature of the log (counts per 
minute) vs. time plot is observed, see Fig. 3. Since all 
radioisotopic exchange processes proceed according to 
a first order rate law, deviation from this behavior means 
that some other process is interfering with the exchange. 
Again, this could be either a chemical reaction or some 
physical step, such as adsorption of the mercurial prior 
to reaction. The situation can be clarified by studying 
the reaction in iso-octane, a solvent which is transparent 
to ultraviolet light and permits observation of light 
adsorbance due to the excitation of electronic energy 
levels in RHgX by light in this frequency range. In 
such experiments the intensity of the electronic transi
tion absorbance decreases at a rate which is the same as 
the fast part of the benzene runs. This indicates that 
some substrate is being removed from solution by ad
sorption on metallic mercury: 

(RHg~X)soln. ~ (RHg~X)surf. 
An equilibrium ·constant can be calculated for this 
process 

( RHg~X) surf. 
K- = 0.196 - ( RHg~X) so ln. 

In other words, some 20% of the substrate is adsorbed 

February, 1966 



from solution and onto mercury. The lower part of 
the curved plots· from the benzene experiments repre
sents the rate of subsequent chemical process which, 
as discussed above, we have reason to suspect proceeds 
by an electron transfer mechanism. 

Now it is possible to write a mechanism in more de
tail, Hgo 
(RHg~X)soln. ~ (RHg~X)surf. ~ (RHgX)soln_+Hg0~ 
where R = CH30C0H"; X = Cl, Br, I, CH3CO~. 
The first important step is adsorption of the radioactive 
arylmercuric halide from solution onto the surface of 
the mercury; this process is transport controlled, that 
is, the actual adsorption step is very fast compared to 
the rate at which the mercurial approaches the surface. 
The adsorbed species then undergoes isotopic exchange 
in a chemically controlled step. From the evidence 
presented above, the difference in free energy between 
the reactants and the transition state, 6Ft, will be de
creased if the electron density at the mercury atom of 
the mercurial is increased in the transition state. This 
decrease in 6Ft will be accompanied by an increase 
in rate according to the equation 

k _ kT_ -6FtjRT 
- h oe 

After the transition state has been reached there are 
a series of fast steps, the nature of which are inacces
sible to rigorous investigation but must be inferred, that 
finally result in products. By far the largest portion of 
the radioactive elemental mercury, Hg0 ~, that is pro
duced ends up in the mercury pool and only a very 
small fraction remains in solution. The amount remain
ing in solution does not contribute any additional activ
ity to the background. 

On the basis of rather qualitative studies the Russians, 
who discovered this exchange reaction, decided that the 
transition state is actually a four centered species 

;Hg~ 
R1 'x 

'\ / 

'Hg/ 

in which the electrons move in the appropriate directions 
to give either reactants or products. Though the results 
of the present investigation cannot definitely exclude 
this mechanism, they cast serious doubts on its validity. 
Not only in order to decide more certainly between 
these two mechanisms, but also to determine more 
explicitly the nature of the transition state and its rela
tion to the reactants under a variety of conditions more 
studies are necessary. 

Effect of R Group 
Quantitative data obtained from the variation of the 

structure of the R group in RHg~X can be used in the 
expression 

log ( k/ks) = p cr 
where kJks is the ratio of the observed rate to that of 
a standard. The factor cr is characteristic of the substi
tuent R; these values are known for a wide variety of 
groups. The reaction itself is characterized by the p
value; the nature of this value gives a good deal of 
information about the transition state. 

CH30o-
The group R = f _' attached to mercury in 

CH30 
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RHg~X will have little effect on the electron density 
at the carbon atom adjacent to mercury: 

CH300 
CH30Q 

If ' Hg X ~ f _ ~ Hg X ~ 
CH30 - CH30 ~ e 

If the mechanism involved is the four-centered one, 
little change in rate would be expected between this 

and the case in which R = CH30 0. However, 

if an electron transfer mechanism obtains, the dimethoxy
phenyl system should exchange much faster because 
the energy of the highest occupied molecular orbital 
will be lowered, making it more accessible for reaction. 

Because the substituents around a tetravalent carbon 
atom are arranged tetrahedreally the atom is asymmetric 
with respect to this arrangement if all the groups are 
different and, therefore, this atom will rotate the plane 
of polarized light. If the carbon atom adjacent to mer
cury is made asymmetric the effect of the exchange 
process on the symmetry of this center can give valuable 
hints about the mechanism. Again, this has not been 
studied systematically, but must be before the mechan
ism can be definitely established. 

We may conclude that although the details of the 
mechanism of the isotopic exchange reaction 

RHg~X + Hg0 ~ RHgX + Hg0~ 
are not at all clear, the direction in which the wind is 
blowing has been established and some insights into 
the problem of heterogeneous reaction mechanisms have 
been obtained. (] 
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.... AT BRUCE PUBLISHING COMPANY! 
This is the "home of good printing" in Minneapolis 

and St. Paul! From this ultra-modern plant, convenient
ly located in the Twin Cities' midway, come more than 
fifty outstanding national and regional publications. Also, 
quality job printing! 

Bruce Publishing Company has been a leader in the 

graphic arts for over fifty years. The main reason is that 
this office and plant house one of the finest editorial and 
production staffs in the Upper Midwest ... employing 
only the latest techniques and equipment. 

8 PUBLISHERS 

I~ JOB PRINTING 

The name, BRUCE PUBLISHING COMPANY, on 

a magazine or other printing means QUALITY AND 
SATISFACTION to discriminating buyers. Check with 
any Bruce customer. You'll see what we mean. 

BRUCE PUBLISHING COMPANY is especially well 

equipped to handle the complete production of your 
publication, brochure, or general printing job. BRUCE 
offers full-service printing, from idea, through layout, 
to delivery. 

Suggest you call BRUCE PUBLISHING COMPANY 
for help with your next project. 

8 OFFSET 

• LETTERPRESS 

BRUCE PUBLI HI G CO PA y 
2642 UNIVERSITY AVENUE 
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Through these doors passes some of the finest 
Engineering & Scientific talent in the country 

MINNESOTA TECHNOLOG 

This is the main entranceway to Allison's 217 -acre 
R & D complex ... a complete facility for the design and 
development of advanced aerospace and power trans
mission products. Accelerated activity in military pro
jects-coupled with an expanding volume of work in 
the commercial field-opens challenging opportunities 
for young engineers in this creative climate at Allison. 
Perhaps there's a place for you on this Allison-GM 
team. Talk to our representative when he visits your 
campus. Let him tell you what it's like at Allison, 
the Energy Conversion Division of General Motors. 
Or, send for our brochure describing the opportunities : 
Mr. R. C. Martz, Personnel Director, Allison Division 
of General Motors, Indianapolis, Indiana. An equal 
opportunity employer. 
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Lynn 

Laurel 

I ( ) 

This month the 'Log in its endless search for 
the unique has come up with a double fare of 
eye-pleasing young beauties. No, you are not 
seeing double. Rather you are now gazing at Laurel 
& Lynn Pohtilla. Blond and blue-eyed Lynn & 
Laurel are freshmen at Gustavus Adolphus. Lynn 
is majoring in sociology and Laurel in Elementary 
Education. Being twins they were born on May 
11, 1947. All twins are born on May 11. 

Lynn & Laurel enjoy skiing, tennis and swim
ming. Their favorite sport, however, is confusing 
people. While this may at times be exasperating, 
what a way to go. Laurel is quite vivacious and 
fun loving. Lynn is a bit more conservative and 
quiet, but it's those quiet ones you have to watch 
out for. Other things to watch out for are: 

X2 + 3Y2 -Z = 2572 
6X2 -Y + 2Z2 = 9506 
-X + 5Y2 -4Z2 = 2798 

x2 + 3y2 -z = 2848 
6x2 -y + 2z2 = 9504 
-x + 5y2 -4z2 = 2738 

"''<I!III""""''I!.P"' 

These poolside pictures were taken at the Am
bassador Motor Hotel's enclosed pool. We wish 
to thank the Ambassador for the use of its facilities 
and further to recommend it as a fine place to stay. 



NUCLEAR DETERMINATION 
(Continued from Page 18) 

increase, the penetrating gamma rays are of lower en
ergy. The photoelectric effect begins to dominate the 
Compton effect theory decreasing the count. This ar
rangement is also very useful for comparing densities 
although its partial dependence on the photoelectric 
effect could cause difficulties with variations in ele
mental composition. 

When the backscatter method is used for density 
determinations it is therefore necessary to calibrate the 
nuclear counts for soils of significantly different min
eralogy. In actuality most soils have very similar min
eralogy whic11 makes this affect of little importance in 
most cases. 

Two Main Effects 
\rVhen the media is bombarded by neutrons two main 

effects are present. They are elastic and inelastic col
lisions. Neutrons, having mass but no charge, can pene
trate atoms, resulting in collision with the nucleus. If 
the collision is elastic the neutron is deflected. If it is 
inelastic the neutron is absorbed. In either case some 
or all energy is given up to the interacting nucleus. 

The amount of energy given up is a function of the 
mass of the interacting nucleus and has been expressed 
as: 

In -~-i - = 1 + _(A -1 ) z-ln ( A -1 -- ) 
Er 2A A+1 

where: Ei is the final energy (neutron) 
Er is the final energy (neutron) 
A is the atomic weight of the interacting 

nucleus. 

It can be seen from the above expression that for a 
large value of A the energy loss will be very small and 
in a like manner, for the smallest possible value of A, 
( 1 for hydrogen) the energy loss will be large. Since 
the proton, which is the only component of a hydrogen 
nucleus, has a large mass and also a charge, it is quickly 
absorbed when scattered by the neutron. The neutron, 
however, is still very penetrating and will continue in 
its new direction until another similar collision takes 
place. 

The major portion of hydrogen atoms found in soils 
are in water molecules. Therefore, the affect of hydro
gen atoms on bombarding neutrons is an approximate 
indication of water content. A backscatter arrangement 
would have to be used since the neutrons deflected 
would be partially dependent on density in a direct 
transmission arrangement. 

At a zero-density and water content the detector does 
not pick up any low energy neutrons. With a dense 
media and no water content the device shows a very 
low count of low energy neutrons. As the water content 
of this media is increased, more of the neutrons reach
ing the detector are of low energy and are counted. 
Finally, as the water content dominates the composition 
of the media, absorption of the neutrons takes place 
because of a greatly increased number of hydrogen atom 
collisions. An approximation of this relationship is shown 
in Figure 4. Since the density and moisture content are 
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approaching that of pure water the curve approaches 
a constant value. 

Since actual soil does not have greatly varying densi
ties and moisture contents, only a portion of the curves 
shown, apply. The regions are marked on the curves 
and it is apparent that a straight line could closely 
approximate the moisture curve and possibly a semilog 
relationship could make the density curve a straight line. 

The potential for application of nuclear methods of 
density and moisture determination is obviously very 
great. A number of efficient arrangements are now 
being produced commercially. The direct transmission 
relationship is used in two basic ways. The first is with 
two depth probes as shown in Figure 5. This device 

~scale indicating 
/ depth 

air 
-~~~soil 

source ""' · ~-detector : 
. . . 77//7//// / / .. 

· · ·L,~Iume ·tested . 

TWO PROBE DIRECT TRANSMISSION DEVICE 

Figure 5 

measures a pencil-like volume of material between the 
probes. The second device is very similar except that 
the detector is built into the body of the device and 
remains on the surface. It measures a pencil-like volume 

~scale indicatir:~g 
/ depth 

air 
SOli • I • 

detector 

. l~ad sh;J:iad . · ) _ 
vclume · . 

measure . · . . -~ . - . 
. · . sourc~ 

BACKSCATTER PROBE DEVICE 
Figu,re 6 

of material from the depth of the probe to the surface 
and the resulting density is the average of this volume. 
This device would not be of much value in determining 
density layers. 

The backscatter relationship is used for both density 
and moisture in a similar manner. Corresponding to 
the two probe direct transmission device is a one-probe 
backscatter device. As shown in Figure 6 this device 
measures a football-shaped volume at varying depths. 
This characteristic would be useful in determining den-
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sity layers at any depth. The non-destructive density 
and moisture can be obtained using a surface back
scatter device. This device is very limited, however, to 
depth and the material closest to the surface dominates 
the average density determined. 

A backscatter device has also been commercially de
veloped that will give continuous density and moisture 
readings as it is pulled over the soil to be tested. 

The device, called a road logger, is pulled by a truck 
containing the electrical instrumentation. Its results 
are plotted on a continuous graph. 

Devices Now in Use 
Many state highway departments and testing labora

tories are now using nuclear devices similar to the ones 
illustrated for routine density and moisture determina
tions. The nuclear methods have also been used as 
research techniques when a non-destructive method of 
measuring these conditions is required. The accuracies 
attained are comparable with standard methods and 
the greater cost is offset by the saving in time on the 
project. The use of nuclear techniques for measuring 
density and moisture content will undoubtedly increase 
greatly in the near future. (] 
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II I II 

A Hollywood starlet who has had six unsuccessful 
attempts re-married one of her ex-husbands recently. 
She realized this, however, only after she recognized 
her mother-in-law. 

ED ED ED 
Maybe if we young people can holler loud enough 

at the graft and corruption in the world today, there 
might be some left when we take over. 

e ED ED 
A little boy was throwing rocks at seagulls. A man 

came along and asked him why he was doing that. 
"My father said to never leave any tern unstoned," said 
the little boy. 

"Writing home?" 
'Teah." 
"Mind making a carbon copy?" 

1 
' 6111 41& 6111 

S 1e: Its funny, you go out just as much as I do, yet 
your laundry bill is always double mine. 

Her: Yes, but I go with an engineer. 
ED ED ED 

A young lady after a broken engagement returned 
all the gent's letters marked, "Fourth Class Male." 

ED Iii& ~ 

Most people have some sort of religion-at least 
they know which church they're staying away from. 
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INERAL RESOURCES 
(Continued from Page 14) 

commercial-grade peats is needed on the physical, chem
ical, hydrological, and botanical characteristics of the 
peat and on the factors controlling their formation, pres
ervation and useful properties. The slow rate of growth 
of the industries, however, has had adverse effects on 
research efforts. 

Background for Land Use 
A significant part of the Survey's investigations is con

cerned with the application of geology to land-use plan
ning, engineering problems and design, highway sites, 
and in the search for construction materials. Increases 
are planned in the scope and extent of this research, 
mainly in the Minneapolis-St. Paul metropolitan area 
where the needs are most urgent. An area of about 
1,200 square miles, approximately equivalent to the out
line of the metropolitan area designated by the Met
ropolitan Planning Commission, is being mapped geo
logically. Recently the Bedrock Geologic Map of Minne
apolis-St. Paul and vicinity, the first of the 7~f minute 
scale maps, was released by the Survey. Plans call for the 
detailed geologic mapping in the metropolitan area, with 
emphasis on the gathering of engineering data on each 
of the geologic units. Another critical need is for hy
drologic studies to aid in solving water problems in the 
Minneapolis-St. Paul artesian basin. Research is needed 
on the movement of water in the groundwater systems 
and on aquifer-recharge. Analog computer models may 
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be utilized in the research. In these studies the Survey 
will work closely with the Water Resources Research 
Center of the University of Minnesota. 

It is appropriate that a geological survey consider 
public education as a major responsibility. This contribu
tion can take many forms such as providing geologic 
study materials for elementary and high schools; geo
logical field trips; geologic exhibits in museums and 
fairs; pamphlets on various aspects of State geology. 
There is also a need for interpreting the geology of the 
State in understandable terms-a need for use by tourists, 
"rock hounds," fossil collectors, and sportsmen. 

The wide interest in geology within the State is indi
cated by the sale of Minnesota's Rocks and Waters, is
sued as Survey Bulletin 37 in 1954 and revised in 1963. 
More than 11,000 copies have been sold, to place the 
book high on the bestseller list. Also, a recently pub
lished booklet entitled "Guide to Fossil Collecting in 
Minnesota" has proved to be very popular; approxi
mately 1,500 copies have been sold in two months. 

The Survey plans to increase both the scope and ex
tent of its efforts in public education. Pamphlets are now 
being prepared on mineral collecting in the State. Also 
a guidebook on the geology and scenery of the Tower
Soudan State Park, including the Soudan mine, and the 
Minneapolis-St. Paul area will be published within the 
next year. 

Reports and maps issued by the University Press and 
the Geological Survey are furnished to college and uni
versity libraries in the State. A complete list of pub
lications is available upon request from the Survey. [] 
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5. Reconstruct the following multiplication problem. 
3 

4 

1 . 1 
9 

by RICHARD HOUSTON, Arch. '69 6 

1. What four numbers can be combined through the 
operations of addition and subtraction to form all the 
non-zero whole numbers from minus forty to plus forty? 

2. The game one to twenty-one is played by two 
players who count from one to twenty-one. They take 
tun1s at counting and count either one or two numbers 
in a row at each turn. The player who reaches twenty
one wins. If both players play to their best advantage 
which one will win, the player who starts, or the other 
one? 

3. The game of Nim is played by two players with 
three piles of objects. Each player takes a turn taking 
as many of the objects as he wants from any one pile. 
If both players play to their best advantage, which 
one will win? 

4. A trackman running a mile runs the first quarter 
mile in one minute and then each successive quarter 
mile takes 15 seconds more than the previous quarter 
mile. What is the trackman's average speed? 

4 8 
More information is given than is necessary to derive 
a unique solution to the problem. 

6. What is the area of the triangle below? 

6 

19 

Answers to January Brain Teasers 

1. 1/9 
2. 1.5 em. 
3. 2 em. 
4. The probability is one; i.e., they always land in a 

common hemisphere. (You might want to consider the 
probability of four or more meteorites striking the same 
hemisphere. I'd be interested in the solutions.) 

5. Yes, it was harder. 

oft e 
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I PAPER 1. Smooth to take pen or pencil well 
2. Well ruled and crisp, dear white 

II COVER 1. Hard and dense to stay dean and retain its color 
2. Strong to take hard service 

Ill VV IRE 1. Double bound for maximum holding without ripping 
2. No sharp ends to catch another book 

FINALLY: As many sheets as the price of the book will permit 

E Gl EER'S B ST RE 
Main Engineering 
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We need the new 
ways of techni· 
c a I t h i n k i n g, 
fresh from a 
good campus. 

CLASS OF '61 

t 

ClASS OF '66 ClASS OF '65 CLASS OF '64 ClASS OF '63 

CLASS OF '60 ClASS OF '59 CLASS OF '58 CLASS OF '57 

The box below permits a chemical engineer, just for kicks, to test himself for 

possible interest in our kind of problems. Bright M.E.s, E.E.s, and other engi

neers will pick up enough of the general idea to transpose the test to their own 

fields of competence. The next step would be to drop us a line about yourself 

and your ambitions. If mutuality of interest develops and if the mundane matter 

of compensation should come up, we feel that now and far into the foreseeable 

future we can afford the best. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Dept. 
Rochester, N.Y. 14650 

CLASS OF '62 

If it has been 
necessary to 
pick up some in-
structive experi· 
ence before se-
lecting a long-
haul employer, 
that's fine. 

An equal-opportunity employer offering a choice of three communities: Rochester, N. Y., Kingsport, Tenn., and Longview, Tex. 

We can react diketene and tert.-butyl alcohol to tert.-butyl 

acetoacetate [ CH8COCH2COOC(CH:-l):5 ] by methods 
that bring the price down to $3.50 a pound-about one
sixth the prevailing research-quantity price-with the usual 
prospect for a substantial further plunge as volume de
velops. A plunge to reach the price level of methyl aceto
acetate and ethyl acetoacetate, two currently large-vol
ume acetoacetic esters of ours, is unlikely. The tert.-butyl 
ester, however, has an advantage over the other two. When 
alkylated to CH8COCHRCOOC(CH8):~, mere heating 

with a trace of acid catalyst drives off first (CH3) 2C=CH2 

and then C02 , leaving CH8COCH2R. With the cheaper 
acetoacetate esters for making ketones, there is no such 
neat cleavage. There the ethyl or methyl group has to be 
hydrolyzed off, and if R happens to be hydrolysis-sensitive 
itself, poof goes the yield. This same readiness of a-alkyl
ated tert.-butyl acetoacetic esters to split out isobutylene 
and then decarboxylate opens up promising routes also to 
carboxylic acids, pyrroles, pyrazalones, uracils, and cou
marins. 

Now assume we have large supplies of diketene and tert.-butyl alcohol, as indeed we do. 

The problem: multiply their combined economic value to many times the sum of their separate values. 



SIX G-E J93 ENGINES push USAF XB-70 to MACH 3. 

JACK WADDEY, Auburn U., 1965, translates 
customer requirements into aircraft elec
trical systems on a Technical Marketing 
Program assignment at Specialty Control Dept. 

PAUL HENRY is assigned to design and analysis 
of compressor components for G.E.'s Large 
Jet Engine Dept. He holds a BSME from the 
University of Cincinnati, 1964. 

ANDY O'KEEFE, Villanova U., BSEE, 1965, Manu
facturing Training Program, works on fabrica
tions for large jet engines at LJED, Evendale, 
Ohio. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC 

Achieving Thrust for ach 

When the North American Aviation XB-70 established a mile
stone by achieving Mach 3 flight, it was powered by six 
General Electric J93 jet engines. That flight was the high 
point of two decades of G-E leadership in jet power that 
began when America's first jet plane was flown in 1942. In 
addition to the 30,000-pound thrust J93's, the XB-70 carries a 
unique, 240-kva electrical system that supplies all on-board 
power needs-designed by G-E engineers. The challenge of 
advanced flight propulsion promises even more opportunity 
at G.E. GETF39 engines will help the new USAF C-5A fly more 
payload than any other aircraft in the world; the Mach 3 
GE4/ JS is designed to deliver 50,000-pound thrust for a U.S. 
Supersonic Transport {SST). General Electric's involvement 

in jet power since the beginning of propellerless flight has 
made us one of the world's leading suppliers of these prime 
movers. This is typical of the fast-paced technical challenge 
you'll find in any of G.E.'s 120 decentralized product opera
tions. To define your career interest at General Electric, 
talk with your placement officer, or write us now. Section 
699-16, Schenectady, N.Y. 12305. An Equal Opportunity Em
ployer. 

Progress Is Our Mosf lmporl~nf 'Protlucf 

GENERAL ELECTRIC 





Sure, the boys who 
go off the "pads" get the big, bold head
lines. But if you want to fly, the big op

portunities are still with the aircraft that 
take off and land on several thousand 
feet of runway. 

Who needs pilots? TAC does. And 
MAC. And SAC. 

There's a real future in Air Force fly
ing. In years to come aircraft may fly 
higher, faster, and farther than we dare 
dream today. But they'll be flying, with 
men who've had Air Force flight training 
at the controls. 

Of course the Air Force also has 
plenty of jobs for those who won't be 
flying. As one of the world's largest and 

av str 
il ts 

most advanced research and develop
ment organizations, we have a continu
ing need for scientists and engineers, as 
well as administrators. 

Young college graduates (both men 
and women) in these fields will find that 
they'll have the opportunity to do work 

that is both interesting and important. 

The fact is, nowhere will you have greater 
latitude or responsibility right 

from the start than on the 

Aerospace Team-the U.S. Air Force. 
Interested? The place to find out more 

is at the office of the Professor of Aero

space Studies, if there is an Air Force 
ROTC unit on your campus. If not, con
tact the nearest Air Force recruiter for 
information on all Air Force officer op

portunities. Or mail the coupon below. 

,-~--------------1 

I Officer Career Information I 
I Box A, Randolph Air Force Base, Texas 78148 I 
I Name I 
: C:oJ_I~~e ~ 
I Class of 19 I 
i Address 1 

I City State Zip 1 

'----------------1 

UNITED STATES AIR FORCE 



Engineers & Scientists 

it II 
t eco ies 

a i ro ises, 
do tell 

t e iff ere ce? 

It is difficult! Perhaps the best and only way is to study the com
pany carefully-to see if its structure, range and operational 
modes permit it to make good its promises. If you scrutinize 
Sylvania Electronic Systems, you'll discover a number of sal· 
ient facts that may help clarify the matter for you. 

Note first that Sylvania employs the small group form of or
ganization-within its nationwide complex of research and de
velopment groups, manufacturing plants and world-wide field 
engineering operation. This makes swift individual progress 
and development possible within a wide choice of current in
house projects. 

Note particularly the diversity and breadth of SES projects. 
You may advance in a technical or administrative capacity in 
any of these areas: ground electronics equipment for Minute
man missile sites ... research and development in electronic 
warfare field ... electronic security systems ... 
ASW systems ... special purpose airborne com-
puters for incorporation into U.S. Air Force large 
scale electronic systems ... laser systems .•• de· 

sign of space borne electronic and optical systems ... plus 
world-wide engineering support systems. 

Note that SES has worked out three distinct routes for ad
vancement, all with equal rewards-technical specialist, tech
nical manager, program/project manager. 

Finally, note how SES encourages ambitious individuals to 
accelerate their development through participation in Division
wide conferences, in-plant courses and seminars and post
graduate study plans conducted on an unusually generous 
scale. 

The success of the SES mission-to manage government 
systems programs for General Telephone & Electronics, the 
parent corporation-depends on the professional and intellec
tual growth of its personnel. In every respect, SES has created 
an environment to foster that growth. Be sure that any prospec

tive employer you consider has established a 
growth climate of like specifications. 
Making promises is one thing. Making progress 
is another. 

GENERAl TElEPHONE & ElECTRONICS 
Total Communications from a single source through 

lA ELECTRO IC SYSTEMS 
SES lABORATORIES ARE LOCATED SUBURBAN TO SAN FRANCISCO, BUFFALO AND BOSTON 

For further information about any of these locations, see your college placement officer or write to: 
Manager of College Relations, 40 Sylvan Road, Waltham, Massachusetts 02154. An Equal Opportunity Employer. 
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Stimulated by independent research and development? 

At Douglas, we have many independent research and development programs underway 
right now. (They're just part of the activity at our extensive and exceptional Southern 
California facilities.) Many of our people publish, too. Or pursue advanced degrees at 
the many nearby Southland colleges and universities. There's an exciting atmosphere 
at Douglas for any young engineer or scientist on his way up. Interested? Contact 
your placement office or send your resume to L. P. Kilgore, Box 702-L, Corporate 
Offices, Douglas Aircraft Co., Inc., Santa Monica, California. 

An equal opportunity employer 
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Dr. C. A. Wentz, Project Development Engineer, International Deoartment. 

hat led e, a research engineer, into international 
marketing? Interest, plus hillips latitudem 

"I joined Phillips to db research and development. I 
had already looked at a great many other companies, 
both chemical and petroleum. I picked Phillips for its 
research depth and diversity. 

"But a person's interests change. Mine led me from 
the lab to the semi-plant to process design to market 
research to sales development ... international. All at 
my own instigation. All in the five years since I got 
my Ph.D. at Northwestern. 

"I know people who've changed companies five or 
six times in the same period, because their interests 
changed. That's the difference at Phillips Petroleum. 
Phillips offers the latitude, and allows you the free
dom, to grow in the direction that suits you best. 

"Phillips has given me the chance to 'create myself.' 
I learn more and more every day about more and more 
things. That's what I like most about this company. 
I feel I'm becoming a more complete person. If I knew 
a student who was interested in any of our areas*; 
that's exactly what I'd tell him." 

*To name a few: petroleum exploration and refining; hydro-
carbon research; synthetic rubber ... carbon black ... plastics 
and textile development ... fertilizers ••. packaging ... LP-gas 
. .. and many others. 

To learn more about Phillips, contact James P. Jones, 

PHILLIPS PETROLEUM COMPANY 
104 F. P. BLDG., BARTLESVILLE, OKLA. 74003 

AN EQUAL OPPORTUNITY EMPLOYER 
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What Can I Do A bout It? 
How many times have you said, "What can I do about it?" in reference to some action or 

policy of the government or the University? In almost every case it is a negative statement 
rather than a question. It so often expresses the futility of one person trying to do anything 
about the policies or actions of an organization which is large enough to have the head man 
seemingly out of touch with the masses. 

Let us move immediately to the specific case which concerns all of us, the University. Cer
tainly, each one of us cannot go to President Wilson with our opinions as to how the University 
should be run. Yet there needs to be a direct means by which the administration can obtain 
some feedback from the students. The answer is, in this case, the MSA, as exemplified in the re
cent dispute over some of the students' files. In this matter, thankfully, the administration did 
not agree completely with the students who, in effect, wanted freedom without responsibility 
(nice deal if you can get it!). But the administration did answer the request almost immedi
ately. 

On the next level, we have IT. Our student governing body is the Technical Commission. 
Does the Tech Commission have any value? Recently it decided that a problem exists with 
teaching assistants who cannot speak fluent English. A committee was formed which drafted a 
report; three days after the report was presented, the committee of students met with Dean Spil
haus. Although the matter may not yet be settled, the committee was assured that the Dean 
would try to insure that all teaching assistants will be able to speak English fluently. With 
this kind of cooperation from the administration, we must blame only ourselves if problems exist; 
the administration must be made aware of problems before corrective action can be taken. 

On May 4-5 an IT election will be held. You will be asked to elect people to the Technical 
Commission and the Technolog Board; in addition you will be asked to ratify constitutional 
amendments for both. Shortly thereafter, the various societies will elect officers who will be 
next year's student leaders-the ones who can do something about problems which confront the 
student body. If you do nothing to inform yourself of the positions open, if you do not seek one 
of these positions, or if you do not actively support someone who you feel will do a good job 
in these positions, then you have no right to complain next year when problems do arise! 

Charles Strand, 
President-Technolog Board 

MINNESOTA TECHNOLOG 5 
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Caterpillar searches for uncommon quality .•• 
in people and products. 

hat do you really l<nolN about aterpillar? 

You think of Caterpillar as a yellow machine, 
crawling along a muddy road. That's all? 
Think again. 

Put 49,000 skilled people on that ma
chine. Add 16 manufacturing plants, in both 
hemispheres, to your image. 

. Still not close enough. 
Make that muddy road ten thousand 

roads. Mountainous. Jungle. Desert. Snow
covered. Base camp bouncers in Africa. 
Nation spanners in South America. Hill
and-dalers across Canada. Construction site 
hair-raisers, so far beyond the reach of cities 
that only the Cat representative bothers to 
describe them. 

Not one yellow machine. Thousands. 
Not one Cat representative. An army of 
them. And a world-wide network of parts 
suppliers. 

You've got to think of design. Manu
facturing. Sales. And research-an average 
of $40 million a year, spent on research. 
(In 1964 it was $45 million). Big testing 
ground faciJities. Technical centers, among 

the most modern in the world. 
You've got to imagine engineers, too. 

Mechanical, chemical, industrial, metallur
gical, agricultural, electrical, civil ... every 
kind of engineer good schools produce. 
Caterpillar has an important position for 
all of them. 

You might check into Caterpillar leader
ship in the world's business community. We 
stood 48th on the latest list of "500 largest 
manufacturers," and we're one of the top 
:five exporters in the United States. 

Ask your placement office for informa
tion on Caterpillar. Find out about some of 
the many contributions Cat research engi
neers have made in many more :fields than 
earthmoving. 

Got it? There's a scope of operations 
here that makes Caterpillar a good place to 
put your life. If you agree, get in touch. We 
certainly need what you have to offer! 

I 
Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

"An Equal Opportunity Employer" 

Caterpillar Tractor Co., General Offices, Peoria, Illinois • Caterpillar Americas Co., Peoria, Illinois • Caterpillar Overseas S.A., Geneva • Caterpillar of Australia Pty. Ltd., 
Melbourne • Caterpillar Brasil S.A., Sao Paulo • Caterpillar Tractor Co., Ltd., Glasgow • Caterpillar of Canada Ltd., Toronto • Caterpillar France S.A., Grenoble • 
Caterpillar (Africa) (Pty.) Ltd., Johannesburg • Caterpillar Mexicana S.A. de C.V., Monterrey • Caterpillar Mitsubishi Ltd., Tokyo, Japan • Tractor Engineers Ltd., Bombay, India 
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It won't take much looking. 

What's "occupatibility"? 

It's a term we've invented to express the 
opportunity DuPont offers you as a tech

We realize, you see, that with this year's 
graduating technical men, "occupatibility" 
is a pretty important thing. 

Learn more about DuPont. Send this coupon 
for a subscription to the DuPont magazine. nical man* to find the job that best 

matches your interests and abili
ties. You may find it could be in 
research, or scientific marketing, 
product development, or plant 
operations. 

At the moment, you may not 
be sure exactly what it is that you 
want to do. We'll help you find 
out, by giving you actual experi
ence on different jobs. 

r--------------------------------------------1 
E. I. du Pont de Nemours & Co. (Inc.) 
3658 Nemours Building 
Wilmington, Delaware 19898 
Please send me the Du Pont magazine. 

Name ________________ _ 

Class ___ Major _____ Degree expected __ _ 

College _______________ _ 

My address ______________ _ I 
I 
I 

City State Zip Code__ I 
L--------------------------------------------~ 

You'll find, too, that we have plenty of 
room for you to move around. Many 
DuPont technical men have changed jobs, 
even switched from one discipline to an
other right within the company. 

*This year, our recruiters will be at your 
school looking mainly for: Ch.E., M.E., 
I.E., E.E., C.E., chemistry, physics and 
mathematics graduates. DuPont is an equal 
opportunity employer. 

Better Things for Better Living ... through Chemistry 

MINNESOTA TECHNOLOG 7 
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The college graduate's initial exposure to the 
world of business is often less than exhilarating. 
The reason? A great many companies require the 
recent graduate to serve a long-term apprentice
ship in a role that offers little or no opportunity 
to demonstrate personal capabilities. That is not 
the way at Ford Motor Company. Our College 
Graduate Program brings you into contact with 
many phases of business, encourages self-expression 
and helps you-and us-determine where your 

Larry Moore greatest potential lies. An important benefit of the 
B.M.E., Uniu. of Kansas Program is getting to know and work with some 

of the most capable people in industry. One of many young men who 
believes he has gained tremendously from this exposure and experience is 
Larry Moore, a Product Design engineer. 
After receiving his B.M.E. in February, 1964, Larry joined our College 
Graduate Program and began work in brake design. Stimulating assign
ments· followed in product evaluation and disc brake development. Later, 
he learned production techniques while supervising one phase of the 
Mustang assembly line operations. An assignment in our Truck Sales 
Promotion and Training Department added still another dimension to his 
experience. The "big picture" of product development was brought into 
focus for Larry when he became associated with Thunderbird Product 
Planning. From there he moved to the Special Vehicles Section ..• into 
the exciting world of high-performance cars! 
Currently, Larry Moore is on leave of absence, studying to acquire his 
M.B.A. degree at Michigan State. He feels-and rightly so-that we're 
100 percent behind his desire to improve his educational background. 
Young men with talent, initiative and ambition can go far with Ford 
Motor Company. Think about it-and talk to our representative when 
he next visits your campus. 

The American Road, Dearborn, Michigan 

An equal opportunity employer 
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CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
Ill Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 

MINNESOTA TECHNOLOG 

Ill Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! 111 Repeat and re
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa· 
per. Introduce your students to it today. 111 Write now 
for Clearprint samples, sizes, and prices. 
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edited by DANIEL KEHRBERG, History '68 

To begin, we offer a quick resume of last month's 
episode: We came, we saw, we got caught. After 
spending a busy night in the two double bunks at the 
Nassau community jail, we woke up for mess. Boy, 
was it a mess, they had confiscated our dimes. For 
breakfast they gave us five barley loafs and two small 
fishes. By carefully concealing a spoon in our mouth, 
we were able to gain the last necessary ingredient 
for our elaborate escape plan. Following in the steps 
of our hero, Captain Midnight, we began our escape. 
First we took the spoon and made a glass of Ovaltine, 
a native drink. Unspringing the springs from our 
sprung beds, we coiled the wire around the spoon 
(which was pretty gummed up with Ovaltine at the 
moment), and the Ovaltine crystalized giving us a 
primitive sending and receiving set which was luckily 
on the same frequency as James Bond's stomach 
homing capsule. We then made a daring and danger
ous escape with a little aid from: 12 foreign navies, 
11 Spectre henchmen, 10 tons of chip dip, 9 local 
women, 8 something (censored), 7 bombed embalmers, 
6 People's Republics, 5 times a week, 4 standing 
armies, 3 Gadfly salesmen, 2 Atom bombs, and an 
I.T. girl in a Pear tree (she had to get a pear some
where). 

We now set out to absorb some of the native cul
ture. We went to Dirty Dick's, Homy Harry's, and 
Queer Ralph's, several local night clubs. Everybody 
was doing the latest dance craze, the Tree, that is, 
until we started doing the dog. Thus we saved another 
dime. 

Morning found us on the beach, her sister Sandy 
was with her. We laid around the whole morning (or 
mourning???). In the afternoon, we made a woman 
on the beach. Out of sand, that is. It's too bad they 
were outof sand, it would have been a lovely place 
to have a beach. 

That evening as we were returning from the beach, 
we were fortunate enough to meet four swell I.T. (In
fectious Trench-mouth) girls who took us to a party. 
It was a 11Come as you are party," and we came in 
empty handed. W'e soon, however, had our hands full. 
It seemed that our hosts were interested in photog
raphy-due to all the red lights, and a nicer bunch 
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of girls you would never want to meet. Of course, we 
couldn't exactly write home to mother about them, 
but dad enjoyed his letter. The party was breaking 
up, so we used the facilities and beat it. Well this got 
us in trouble with the police again, and since they 
were still cleaning up the jail from our last visit, they 
ordered us out of the country. 

They provided us with transportation (actually de
portation) as far as Columbus, Georgia, which is a 
handy place to have a lot of dimes. Well, we spent 
all but one of our dimes on one big Bull Session. It 
took quite a load off our minds as we were pretty 
deep thinkers. 

With our last dime we bought a box and mailed 
ourselves back to the Technolog, C.O.D. Our box was 
unloaded at Wold-Chamberlin where the obscene parts 
were cut out (or off) by Milton Rosen and the God, 
Motherhood and Flag Metropolitan Airport Commis
sion. Well, we finally arrived (in the box) at the Tech
nolog office where our business manager, Campus 
(Cheap Piker) Terror, refused to pay the postage. Well, 
that got us right back to Columbus, Ga. and when 
reflecting back on the cost of the facilities and mood 
of the local populace during our stay we took a blood 
oath to get Campus Terror. While this tended to unite 
our foursome, it also got us back to Minnesota. In 
getting the blood to sign the oath we had inadvertently 
slashed our wrists. We were treated at the University 
of Ga. Hospital where we made a deal with the re
search staff. They would pay our way back to Minne
apolis and we would donate our bladders to medical 
science. So ended the first Odyssey of the Technolog. 
But we are alreadv planning for another trip. Can you 
guess where the Technolog a Go Go next? 

Physics labs give practical experience in writing 
technical reports, and give insight to the physical laws 
being observed, but the quality of the labs in regard 
to the instructors, equipment, and 6 x 1023 hours of 
work to get 6 x 10-23 grade points may leave some
thing to be desired. So if you found that lab stimulat
ing, interesting and educational, tune in again next 
week for Part Two of Uncle Wiggley's Physics Lab. 

We're beginning to understand why you get to pick 
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a ± fudge factor for each item of data you collect. 
The caliper used for Experiment # 17 was a crude 
imitation of a corkscrew. The measurement was .003 
em. Or was it .008 em? (Oh well, the graduations were 
worn off.) If you were honest you used .OOS + .01 
em. If you wanted to get a good grade you used .008 
+ .0005 em. 

Then there was Experiment #23. Data blank 
number three was for the weight (in grams) of the 
calorimeter cup. Remember? That was the cup 
stamped 36.8 g. on the bottom-also stamped 47.1 g. 
on the inside and 39.0 g. on the side. Of course the 
real weight was the average of these + the square 
root of the price of silk in Tunisia (did you forget to 
read the fine print, bottom of left page, Appendix 
XXX?). 

The average lab report took eight hours of work. 
Minus two hours in lab, that leaves only six hours to 
write up the report. This was where the 4th grade 
paid off. (Remember talking in class, and then having 
to copy pages of the dictionary.) Two hours were 
needed to prepare a neat duplicate of the theory and 
procedure given in the manual. But third grade art 
wasn't a slouch either: There's always the circuit 
diagrams and neat data tables. To fill these neat 
tables, you took all of your data and then, using five 
place log tables, arrived at some astounding calcula
tions (to slide rule accuracy). 

Naturally, all of this hard work pays off. What other 
class can you put 88 hours of work into and get one 
whole credit for? Pity the poor fellow who doesn't 
have a physics lab. Even though he has a fabulous 
schedule, a restful night's sleep, and 88 hours more 
of free time per quarter, deep in your heart you know 
how interesting, stimulating and educational a physics 
lab can be. 

Being true to the tradition of student journalism, 
we wish to make a completely uncontroversial state
ment (actually a rhetorical question): Why doesn't 
Pres. Johnson draft the entire Ivory Tower staff? We'd 
like to start a petition to this effect, but all we do on 
the Log staff is sit down here in the basement of Mech. 
Eng. and lick our wounds (none of which were ever 
inflicted by the Ivory Tower). AH we can say about the 
Tower is what has been said so many times: "None are 
so blind as those who cannot see." 

Now for a sour note. Miss Rheingold of 1966, Miss 
Naomi Richert, has been disqualified. It was recently 
revealed, and we can't have that. And because she 
didn't let us have it, we disqualified her. Actually she 
was secretly married at the time to a dashing, swave, 
and impotent I.T. dropout, which says a lot for Naomi. 

To replace Naomi as Miss Rheingold, there are a 
whole raft of people, all of whom refused to say yes 
(to the judges). We did however get a definite maybe 
from Hedy Lamarr, the N. Y. Mets, and other winners. 
The judges will get together and the new Miss Rhein
gold will be announced next month. 

Well that jolly well brings us to the crises (actually 
rhetorical question-they're big this month) of the 
month: Do the campus cops eat their young? 
March 15-31 
15-Go Easy on the Butter Day 
17-St. Pat Drives Foresters From Ireland Day 
20'-ln like a lamb, out like a lion Day 
23-General Hershey Testimonial Day 
27-National Carpetbag & Mugwump Day 
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30-Prairie Dog Day 
April 1-15 

1-lvory Tower Appreciation Day 
2-Barney's Fun House Follies Begin Day 

10-Serenade a Comstock Coed Day 
11-Get Laughed Out of I.T. Day 
14-Eat 10 of McDonald's Gutbombs Day 

Dear Mom o 
Dear Dad o 
Dear Spot o 

Please send me: 

I am: 

I have just made: 

Tomorrow I will go: 

Please tell Jane: 

clean socks o 
money o 

my teddy bear o 

at wits end o 
drunk every night 0 

infected o 
again o 

Lt. in ROTC o 
the Dean's List o 

a coed in my H ist. sec. o 

on probation o 
back to the hospital o 

to jail o 
in the army D 

our engagement is off 0 
it doesn't work to see a doctor o 

good-by 0 

kill me 0 
My advisor is going to: 

have just joined: 
The Ku Klux Klan D 

the Nazi Party o 
the W.E.B. DuBois Club D 

the Daily o 
I just failed: 

I wish that I could: 

I just got: 

I just lost: 

Freshman English D 
agin o 

a blood test o 

pay my bookie o 
leave the state o 
beat the draft o 

mono o 
married o 
hooked o 

my fee statement o 
$10,000 0 

a paternity suit o 
all of the above o 

When I come home you 
wi II notice that I: 

Your loving: 

haven't taken a bath o 
am an agnostic o 

am a homo o 
again o 

Son D 
drowned son o 

stranger D 
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at kind of engineer will you be .. CD 

preliminary design, design, development? 
t iResearch Phoenix, you work as all three 

before you decide. 

Your future as an engineer is 
strongly influenced by your first 
assignment. What that assign
ment will be, should be, is an 
important decision. 

At Garrett you control that 
decision. During an eight-month 
orientation program, you work 
with experienced engineers on a 
variety of assignments in different 
areas. Your permanent assignment 
depends on your own aptitude 
and interest. 

In preliminary design you may 
work on gas turbine engines, jet 
engine starters, or advanced power 
systems for space vehicles. Analy
sis is the key- and the emphasis 
is on thermodynamics, fluids, 
vibration, heat transfer, and math 
to solve today's problems. 

As a design engineer, you see 
your solution to a product design 
problem take shape on the draw
ing board and in fabrication. You 

may work on controls systems for 
turbine drives, engine fuel sys
tems, or a laboratory test system. 
Mechanics is the theme- statics 
and dynamics, materials and pro
cesses, and graphics are your tools. 

In development, you'll test 
designs before they go in to pro
duction. Manufacturing processes 
are examined and production 
techniques are explored. Every
thing from nuts and bolts to com
plete power systems are tested, 
and your lab work and practical 
judgement will pay off in this area. 

Your career at AiResearch 
Phoenix can be stimulating and 

rewarding. You can work in all 
three important areas of engineer
ing on diverse aerospace products. 
You can use your total education, 
learn more on top of it, and take 
part in a wide variety of advanced 
engineering. 

At AiResearch Phoenix, the 
product lines include gas turbines 
for auxiliary power, turboprop 
engines for business and military 
aircraft, secondary power equip
ment for aircraft, advanced space 
vehicle nuclear power systems, 
pneumatic and hydraulic control 
systems, as well as a variety of 
related equipment for aerospace, 
ground, and undersea applications. 

Find out the whole story in our 
new booklet, Your Future at 
Garrett. Get it from your cam
pus placement office, or write 
AiResearch Manufacturing Divi
sion, 402 South 36th Street, Phoe~ 
nix, Arizona 85034. 

·Research 
is challenge 

An equal 
opportunity employer. 

Los Angeles • Phoenix 
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CLI B ITH US Go with International 
Harvester. We're a major company on the move in every 
area from farm and construction equipment to marine en
gines to utility vehicles. Illustrated is the new Sportop ver
sion of the famous International® SCOUT. Equipped with 
optional 4~wheel drive and turbocharger, it can go any
where fast. You probably think of us as a company that is 
big in farm machinery. We are. But we are also the world's 
largest producer of heavy-duty trucks, a leader in earth
moving equipment, steelmaking, too. We also produce spe
cial components for the aerospace industry. All this adds 

up to a more than 2-billion-dollar business in POWER
mechanical power for a world moving faster every year. 
We need engineers. Now. We need mechanical, industrial, 
agricultural, metallurgical, general, civil and electrical en
gineers. At IH, you will find an exceptional combination of 
opportunity, responsibility and individual treatment. We 
make over 1,000 power products. We don't spin our wheels. 

Interested? Contact your Placement Officer now for a date to see an IH 
representative when he visits your campus. Or if interviews are not sched
uled, write directly to the Supervisor of College Relations, International 
Harvester Company, 401 North Michigan Avenue, Chicago, Illinois 60611. 

International Harvester puts the future in your hands 

AN EQUAL OPPORTUNITY EMPLOYER 
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by RALPH Vv'ILLARD, Manager-Data Processing Center 

Much of the student's contact with this statement, and 
the multiplicity of IBM cards he is plagued with, origi
nates in the Data Processing Center, located under
ground between Physics and Morrill Hall. This is an ad
ministrative computer center organized to perfonrl the 
mechanical processing of payrolls, accounting and stu
dent records, Prior to 1960 the Business Office and the 
Office of Admissions and Records had separate facilities 
for machine processing of the records in their respective 
offices. As the University grew in size, requiring both 
additional record-keeping capacity and more elaborate 
reports, both offices were faced with two absolute limits. 
The first was physical-there simply was not space to add 
more machines, nor electrical capacity to run them. The 
second was budgetary-neither office could justify the 
expense of a computer which was the only practical ans
wer to their needs. The solution was for each office to 
relinquish some autonomy, and join forces in a single 
facility which combined the personnel and finances de
voted to machine processing from both offices into a serv
ice-type department. This combination made it finan
cially practical to consider medium scale computer equip
ment. The remaining problem was space. Ideally the 
Data Processing Center should be located adjacent to the 
departments it served because of the large volume of 
documents to be transported in and out, but due to the 
requirements for temperature and humidity control as 
\veil as electrical power requirements ne\v space was 
more economical than remodeling, even if enough room 
were available to remodel. These factors narrowed the 
choices to either of two locations, north or south of 
·Morrill Hall and adjacent to it. The practical answer was 
pretty obvious and construction was authorized in the 
space south of Morrill Hall. 

The computer was delivered in November of 1962, and 
went into operation January 1, 1963. The computer, or 
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more properly, the data processing equipment, is an IBM 
1410 system which is designed more for mass data han
dling rather than computing ability. All computers are 
basically adding machines, with built in and stored logic. 
The arithmetic functions are addition, subtraction (add-

The 1410's five tape units. Each is capable of reading into 
memory up to 20,000 characters per second and can rewind a 
2400 foot tape in 2.2 minutes. The computer can execute five 
average inshudions in the time it takes to read in one character. 
Next to disc storage, tape is the most efficient method for 
moving information in and out of the memory. 

ing complement numbers), division (successive subtrac
tions), and multiplication (successive addition). Some 
are better equipped for scientific work, where generally 
the amount of data being fed into the machine is com
paratively small, but the arithmetic functions are exten
sive. This type of equipment is frequently built with 
slower input and output units, large memory capacity, 
with high speed arithmetic and internal logic circuits. 
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The business-oriented syster.ns are equipped with higher 
speed input and output and less storage capacity with 
the same computation ability, but at slower internal 
speeds. 

Third generation machines now being delivered are 
not as easily divided into the two categories. This is due 
to several factors, one important one being new manu
facturing techniques-the economy of mass production; 
another is the increasing number of scientific applications 
on the part of businesses. The concept of mathematical 
models has been adapted to almost every type of busi
ness and is being used extensively. 

Four Basic Units 
A computer, or data processing machine, of any gen

m·ation or type has four basic units, 1-input/output, 
2-storage or memory, 3-arithmetic, and 4-control. 

The original input in this instance is in the form of 
punched cards or magnetic tape. Other methods would 
be punched paper tape, magnetically encoded documents 
(such as checks), direct input from an on line station 
(airline reservations), the console typewriter, and even 
voice or light pen. The output could be printed forms or 
reports, punched cards, paper tape, display on a cathode 
ray tube or magnetic tape. 

The storage or memory unit is, in the case of the 1410, 
the donut type or ferrite core. The ferromagnetic proper
ties of the core permit it to be magnetized by applying 
an external magnetizing force. It can be magnetized in 
either of two directions, north-to-south or south-to-north. 
After the core is magnetized in either direction, it re
mains magnetized until another force is applied that is 
enough to change the direction. The core is stable in 
either of these two directions and is called a bistable 
storage device. 

In digital computers, there are a variety of ways in 
which to represent a digit of information; binary, biqui
nary, binary coded decimal and others. The system used 
in the 1410 is the binary coded decimal, which results in 
slower internal speeds, but internal checking circuits are 
less expensive than the other systems. The core storage 
can be visualized then as an array of the ferrite donuts, 
8 deep, by 200 long by 200 wide, providing 40,000 indi
vidually addressable positions, numbered from 00000 
through 39,999 (see cover). Therefore, a bit or electri
cal charge in the first or lowest plane represents the deci
mal digit 1, a bit in planes 1 and 3 represents the deci
mal digit 5, etc. Thus, a single numeric, 0 through 9, is 
represented by a bit or combination of bits in the first 
four planes, 0 being represented by a bit in plane 4 and 
a bit in plane 2. These positions are generally referred 
to as bit positions 8, 4, 2 and 1 rather than planes 4, 3, 
2 or 1. 

Alphabetic characters are represented by a combina
tion of the 8 4 2 or 1 bits plus the A and/or B bit levels. 
The alphabet is divided into three sections, correspond
ing to punch card codes, A through I, J through R and 
S through Z. The first segment, letters A through I are 
represented by bits in both the A and B planes, plus a 
bit in the 8, 4, 2 or 1, A being an A, B and a 1 bit, 
B is an A, B and a 2 bit, and so on through I which is 
the A and B bit, and bits in the 8 and 1 positions. All 
letters of the second segment have a B bit along with a 
bit in the numeric position; J being represented by a 

MINNESOTA TECHNOLOG 

B bit and a 1 bit, K is a B bit and a 2 bit, L is a B bit 
plus a 1 and a 2 bit and on through the nine letters in 
this segment. The third segment follows the same logic, 
the A bit, along with a numeric value, starting with A 
bit and a 2 bit for S, through the eight letters remain
ing, Z being an A bit and the digit 9 represented by bits 
in the 8 and 1 levels. 

A core position may be displayed on the console and 
very easily converted to the alphabetic or numeric char
acter in a particular position. Such as: 

Plane 8 0-word mark position 
7 0-check position or parity list 
6 0-B bit 
5 0-A bit 
4 0-8 bit 
3 0-4 bit 
2 0-2 bit 
1 0-1 bit 

Combinations of bits in planes 1 through 6, as mentioned, 
represen~ alphabetic or speci~l characters, with a ca
pacity of 64 alpha-numeric chatacters. The eighth plane 
is reserved for "word marks" which signal the machine 

The IBM 1403 printer-part of the 1410 system. This device 
is capable of printing 600 lines per minute-equivalent to 15,840 
words per minute. This is not terribly fast, since the computer 
can execute 2500 average instructions in the time one line is 
printed. 

that this is the high order position of a given field of 
information. 

For instance, in a payroll problem to multiply hours 
times rate, the program would have reserved a field of 
perhaps three positions in core for the hours, such as 
positions 25365, 366 and 25367, in the core storage; 
therefore, a word mark or bit would have been placed 
in position 25,365. Another field would have been set 
up for rate-possibly a four digit field-with the word 
mark bit appearing in the high order, or "ten's" position 
(allowing for two decimal places and two whole num
bers). 

The Program 
All of this internal circuiting is just so much hardware 

without some method of getting the machine to calcu
late payroll when this is due, and within minutes, change 
over to grade slips._ The method used is a program. This 
is a series of detailed instructions which are generally 
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written in a symbolic language, converted to machine 
language, and then punched into a set of cards, the pro
gram deck. The program deck for a given run is then 
fed into the machine. These instructions are stored in 
the core storage or memory unit. The program instruc
tions themselves take up the greater portion of the stor
age positions, and as part of the program, provide a work 
area for one record at a time, or possibly a block of 
records. For instance, in running student grades, it is 
impossible to pull all student records into core storage 
and then process each record-there simply is not enough 
storage available-so a block of perhaps 10 records are 
read in from magnetic tape (where they have been 
recorded by a previous operation). These 10 records may 
take up 2000 positions in core, with the program taking 
the remaining 38,000 positions. When these records have 
been processed, the machine is then instructed to activate 
the tape handler, read in the next block of records, and 

Computer operator Milton C. Kirwin checks on the 1410 while 
' it makes final class lists (see previous photo). Most of the 

computer's comments and queries to the operator can be dis
played on the typewriter. 

go back through the processing steps again. In this way 
a file consisting of millions of digits of information, rep
resenting thousands of individual records can be proc
essed on a machine with limited core storage simply by 
going through the same program steps over and over; 
read in records, process, write out the processed records, 
go back to read in the next block of records, process, etc. 

Symbolic languages 
Program, programming language, assembly program 

and machine language are common terms around a com
puter installation but what do they mean? A program 
can be defined as the plan for the solution of a problem, 
including data gathering, processing and reporting. The 
programming language is either terms the machine uses 
directly (machine language) or an artificial language 
whose usage is based on a set of prescribed rules ( sym:.. 
bolic language). The symbolic language _was. <;leveloped 
to relieve the programmer of the detailed ·clerical tasks 
required in using .machine language. Each of the sym
bolic languages hrts an associated assernbly program 
which converts the selected language ·to a machine lan
guage program. FORTRAN i's an example of a symbolic 
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language that was developed for use by engineers and 
mathematicians. This language is reasonably simple to 
understand, since it uses the terms common to the pro
fession. A recent development is COCO which was de
veloped specifically for civil engineers . and is based on 
the geometric terms common to this profession. Lan
guages have been developed for business use, such as 
COBOL and AUTOCODER. Business languages are 
generally more flexible than the scientific-oriented, since 
business programs must allow for more freedom in 
printed reports and also because business routines are 
not as well defined as mathematical routines. 

An Autocoder Program 
In writing a program in AUTOCODER, the first steps 

are called housekeeping which is a definition of field 
lengths and labels and listing the units of the system to 
be used such as card reader, printer, and a number of 
tape handlers. Each program instruction written in AU
TOCODER is made up of from one to five parts: 

1. Label-up to 10 characters 
2. Operation code-up to 5 mnemonics 
3. A address-core address from which information 

is taken 
4. B address-core address where information is stored 

after execution of this operation 
5. Modifiers 
The following is an example of a simple problem of 

reading a card, performing a multiplication and printing 
the information on a report. 

Label Operation Operand 

1. READAREA DA 1X80,G 
CARD NAME 1,22 
CARD ADDR 23,46 
CARD FACT . 47,49 

2. DA 1X132,G 
PRINT NAME 22 
PRINT ADDR 50 
PRINT FACT 60 

3. MULTAREA DCW #6 
4. START GET CARD TO READAREA 
5. MLCA @24&, MULT AREA-4 

M CARDFACT,MU~TAREA 

6. MLCA : CARDNAME, PRINTNAl\!IE 
MLCA CARDADDR, PRINTADDR 

7. MCS MULTAREA, PRINTFACT 
8. PUT PRINTER 
9. B START 

r • .• . , 
aaammamamaBummumsmauaumamasmamnmammsmamaaummsmnmamammsaumamamna 

1-Defines and reserves an area in core 80 positions long 
to accept an 80 column card when read. CARD
N All![ E is defined as position 1-22 of this ~0 position 
area with a word mark placed in position 1. CARD
AD DR is likewise position 23-46 of the· card with a 
word mark in position 23. CARDFACT is a factor 
(to be later used as a multiplier) occupies positions 
47-49 of the card with a word mark in position 47. 

2_:_Defines and reserves an area in core of 132 positions 
' from which a line will be printed (even though not 

all positions are used by the program). PRINT
NAME, PRINTADDR and PRINTFACT are refer-
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ence points in the print area relative to position 1. 
3-MULT AREA is defined and reserved as a 6 position 

work area to perform a multiply instruction. 
4-ST ART represents the address of the start of each 

cycle or loop in the program. The instruction reads 
or transfers data in card to core in the area reserved 
for the card ( see Item I ) . 

5-A constant of 24 is moved to a work area, then multi
plied by CARDFACT (card cols 47-49). 

6-CARDNAAfE AND CARDADDR are moved to 
PRINTNAME and PRINTADDR. The MLCA is the 
instruction operation code meaning move left char
acters and stop at "A" field w01·d-mark. 

7-The result of the multiply is moved to PRINTFACT 
with leading zeroes suppressed. 

8-Print the line set up in print area. 
9-Branch or go to label START to repeat sequence or 

loop for the next card. 
The seventeen instructions in symbolic language from 

the sample program would next be punched into cards 
according to the conventions defined in the rules for this 
particular symbolic language and the associated assembly 
program, i.e.: 

card columns 6 through 15 must contain only labels. 
card columns 16 through 20 must contain only oper
ation mnemonics. 
card columns 21 through 72 contain the address of 
the information to be processed (called A address) 
and/or the address where the result is to be stored 
(the B address ) 

Decoding Symbolic Program 
The assembly program is loaded into the computer 

core storage, and then the cards with the symbolic in
structions are fed in. The assembly program now treats 
these cards as data, and proceeds to solve the problem
convert these instructions from symbolic to machine lan
guage. In the program illustrated, the first card read con
tains a label, so the assembly program assigns the labe] 
to a listing of terms to be used in this program. Next the 
assembly program checks the next field-operations-and 
reads the DA statement, compares this against its stored 
vocabulary and determines that this is an instruction to 
reserve an area in core. The next card is read and a label 
is recognized. This label is determined to be part of the 
previous core assignment and the label is assigned to 
the list of terms being built. The next set of 3 statements 
are similar, another core reservation is made, and labels 
are associated with segments of that reservation. The 
statement MULTAREA DCW #6 is assigning a core 
reservation and associating a label with it. These steps 
have completed the "housekeeping" which set up a list 
of terms and reserved working areas. The following steps 
are the action portion of a program. The word START 
is again a label-and is added to the terms to be used 
in this particular program. The word GET in the opera
tion field is recognized (by comparing to a stored voca
bulary of acceptable operations-Mnemonics) and the 
machine code for read from the card reader, store the 
information in the reserved space designated as READ
AREA is assembled into a machine language instruction 
of one character, and a specific core storage address is 
assigned from the reserved portion set aside earlier. 

In the next step, MLCA is equated to an instruction to 
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move the characters designated as a real number by the 
@ sign, to the previously reserved positions reserved 
under MUL T AREA, and a· specific core address will then 
be assigned to the MUL TAREA positions. The next step 
illustrates the use of the label list. The assembler re
cognized the operation designated as M as a multiply 
instruction; but the factors need not be located by 
specific address. No matter how many times within the 
program a labeled area is referred to, it can always be 
referred to by name, rather than by the 5 digit core 
location. 

Computer Rewrites Program 
The final step, after all instructions in the symbolic 

program (usually called the SOURCE PROGRAM) have 
been interpreted and re-written in machine language, a 
new set of cards is punched out by the machine-with all 
machine language codes and specific core addresses. This 
is generally called the OBJECT program deck. Assuming 
the OBJECT program is correct-no bugs from a faulty 
statement in the SOURCE program-it is now possible 
to run the original problem. Core storage is cleared
wiping out any previous programs or data, and the OB
JECT program is read in. Next the data punched in 
cards in this illustration is loaded in the card reader and 

Some of the wiring involved in transferring information within 
ihe 1410. All the wiring was done by pre-programmed machines. 

the operation is ready to begin. The START key is de
pressed-and since the first instruction to be executed is 
GET -we are off and running. 

This is an extremely brief coverage of both computers 
and programming and while both are complex subjects, 
neither is quite as mysterious as they may sound. 

GIGO 
Computers have been called "Electronic Brains" but 

could more accurately be called electronic idiots. The 
computer is at all times under the control of the program 
and will do precisely what it is told, with whatever data 
is fed to it. In modern computers, errors in results are 
almost 99% the result of human error, either in the pro
gram, the input, or the operation of the system. Once a 
program has been properly checked out, errors are gen
erally due to erroneous input information, and the results 
are aptly described as GIGO (Garbage In Garbage 
Out). (] 
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SIGNS, 

SINES, 

SIGHNS 

First presented in. the mid-SO's, the 

T echnolog signs (yes, we do know 

how to spell the word) have been 

trying to make a come-back ever 

smce. Since they haven't succeeded, 

we are helping them along. You may 

cut them out only after you have 

read the article on the preceding 

page. 

I 
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Now glass can do what metals can-and more. Much more. 
Ask Woods Hole Oceanographic Institution. 

For years, the only way to get a sample of the ocean's floor 
was to lower what they call a "bottom corer" on a wire and 
then laboriously haul it up again. Not any more. Now a 
"Boomerang Corer"-made for Woods Hole by Benthos, Inc. 
-is simply tossed overboard and allowed to plunge freely. 
When it slams into the ocean floor, it drives a sample of sedi
ment into a hollow tube inside the corer. 

The impact releases two glass spheres that can do what 
most hollow metals can't: withstand the tremendous pres
sures at the bottom of the ocean. They tug the tube loose and 
float it to the surface. A flashing beacon inside one of the 
spheres pinpoints its location for the waiting ship. 

Today glass can be made to maintain constant electrical 
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properties at missile speeds. Be a heat exchanger in a gas tur
bine engine. Save weight without sacrificing strength. Con
duct or insulate. Bend. Not bend. Break. Not break. Melt. 
Not melt. Do whatever you want it to. It is the most versatile 
basic engineering material. 

For solutions to their problems, industry and government 
are coming to Corning. Because Corning is the glass-master. 
We are widely diversified, internationally based, and have 
one of the most daring, expert and imaginative engineering 
staffs. Plus, a marketing principle that concentrates on devel
oping products only in areas where a need exists and no prod
uct does. 

Young engineers seeking challenge, opportunity, and ad-
vancement are invited to write to Career Development Man
ager, Corning Glass Works, Corning, New York. 

I 
CORNING GLASS WORKS 
AN EQUAL-OPPORTUNITY EMPLOYER 
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edited by JERRY BRAUN, Chem. '68 

Crash Trainer 

A technician adjusts electrical cables of a 7,000-pound 
Jet Star Simulator, which reproduces the violent move
ments of aircraft experiencing severe and unusual wing 
dipping, nose pitching, rolling, extreme turbulence, and 
malfunctioning of fuel, electrical, hydraulic and radio 
systems. The leading business-aviation training organi-

zation, Flight Safety, Inc., is installing the simulator at 
New York's Marine Air Terminal, in Kennedy Airport. 
The company deals in "pilot-proficiency" for major corp
orations who subscribe to its Flight Safety Service. It 
trains airline, military, FAA and NASA pilots, plus hund
reds of private individuals. 

U.S.S. 707 

Boost propulsion for the New Coast Guard cutter 
Hamilton is provided by the same basic Pratt & Whitney 
Aircraft engines that power most of the free world's 
large commercial jet transports and many of the nation's 
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front-line military aircraft. 
Each of the new Coast GIJ.ard cutter's two FT4A-6 

engines weighs just over 14,000 pounds, is 25 feet long 
and 85 inches high at the tallest point. They produce 
28,300 horsepower each, more than two horsepower per 
pound. Compact and fully automatic, the jets combine 
to do the work of conventional marine powerplants sixty 
times heavier and occupying twenty times as much 
volume in a ship. 

Pratt & Whitney Aircraft's FT4 is based on the JT4 
commercial aircraft turbojet which develops 17,500 
pounds of thrust and is the powerplant for some long
range models of the Boeing 707 and Douglas DC-8 trans
ports. An after-burning version of the engine produces 
26,500 pounds of thrust for the supersonic Republic F-

105 and Convair F-106 military aircraft. 
The marine engine evolved from a program begun in 

1961 under joint sponsorship of Pratt & VVhih1ey Aircraft 
and the U. S. Navy. Adapted for marine service, the 
engine's tremendous power is harnessed by replacing 
the jet exhaust nozzle with an expander, or power tur
bine, to convert the hot gas energy from thrust to shaft 
horsepower. The power turbine is spun by the exhaust 
gases. A shaft connected to the spinning turbine drives 
a ship's propeller through conventional marine reduction 
gears. 

Special materials and protective coatings are used to 
resist corrosion from salt water. Changes in the com
bustion system permit the use of diesel fuel. 

The FT4 is the largest of a series of non-aviation 
power-plants developed by Pratt & vVhitney Aircraft. 
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Other marine and industrial engines range down in size 
to 480 horsepower. More than 75 of these engines have 
been sold since 1960 for use in gas compression on long
distance natural gas lines, electrical power generation, 
chemical processing, and for marine propulsion. 

Instant Library 

All the information in a 10,000 volume library can be 
transmitted in 15 minutes over an experimental commu
nications system recently designed at Bell Telephone 
Laboratories. Pulse Code Modulation ( PCM), already 
being used commercially, when fully developed will be 
able to transmit voice, television, and data signals from 
coast to coast. 

In PCM, the varying electrical signals that represent 
sound or picture information are not sent in their entirety 
but, instead, are sampled many times a second and en
coded into groups of nine electrical pulses. These pulses 
are sent over the cable at a rate of 224 million pulses per 
second. At the far end of the line the pulses are sorted 
out and converted into sound pictures with no loss in 
quality. 

Since pulses are sent, the codes of many different sig
nals-voices, data, and pictures-can be easily inter
leaved on the same transmission path. Along the route 
signals can be added or taken off the main stream of 
pulses as desired. The performance of this experimental 
high-speed PCM system indicates that even higher speed 
systems-with greater information capacity-are pos
sible. 

Rubber Airplane 

An increased reliance on high-temperature exterior 
coatings is evident in the building of North American 
Aviation's Mach 3, XB-70A, No. 2. In all, about a ton 
of silicone-based materials, supplied by General Electric 
Company, are used on the giant craft. 

The silicone coating replaces an earlier paint formula
tion which was marginal in low-temperature flexibility. 
This resulted in loss of adhesion to the substrate when 

the structure flexed in flight. The new silicone paint 
cures by catalytic action rather than by air drying. The 
new coating has withstood 500 hours at 500°F in the lab 
and has taken as high as 670°F for 10 minutes. It has 
subsequently been applied to Aircraft # 1 and to date 
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it has withstood several high-mach-number flights on 
both ships. Temperatures during flight at mach 3 will 
expose coatings on fuselage to 500°F and on the wing 
leading edges to about 600°F. 

The new G-E-based silicone rubber compound, called 
"red thunder" has been developed to fair in minute 
depressions on the exterior of the No. 2 aircraft and 
cover test instrumentation lines-for example, the metal 
lines leading from pressure taps on the upper surface 
of the right wing. 

Water Pollution 

Water separator plates made of porous glass have 
played a key role in the fuel cells aboard the Gemini 
spacecraft. 

Fuel cells aboard each spacecraft combine hydrogen 
and oxygen to generate electricity. A by-product of the 
chemical reaction is water-about a pint per kilowatt
hour. Unless the water is removed, the cells will drown 
themselves and cease to operate. 

A unique porous glass, developed by Corning Glass 
\V orks, is used to separate gas and water in fuel cells 
made by the Ge~eral Electric Company for the Gemini 
program. 

Moisture-absorbing ~icks collect the water formed on 
the oxygen side of the fuel cell and channel it to the 
inside surface of the glass water separator plates. The 
porous glass absorbs water rapidly from the wicks. 

The water passes through the glass plates and is stored 
outside the fuel cell. But the plates will not permit 
oxygen to enter the water system. A positive pressure 
differential inside the cell prevents water from being 
re-absorbed and re-entering the celL , 
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SOPHISTICATION IN APPROACH, 
DIVERSITY IN PROGRAMS 

Creative scientists and engineers with advanced degrees are invited 
to investigate career opportunities with one of the 

nation's foremost research and technical service organizations 

Booz, Allen Applied Research has en
joyed conspicuous success in solving 
complex, non-routine problems and de
veloping new products and processes 
for industry, government and the armed 
forces. So much success, in fact, that 

·we are in need of new talent to meet 
new and still greater challenges in: 

APPLIED RESEARCH AND 
ANALYSIS 
Operations Research - Operations 
Analysis- Systems Analysis- Applied 
Mathematics- Mathematical Analysis 
-Statistical Analysis- Environmental 
Analysis - Communication Studies -
Technical Program Planning- Reliabil
ity- Computer Applications. 

PRODUCT DESIGN AND 
DEVELOPMENT 
Electronic and Mechanical Product De
velopment- Industrial Design- Com
mercial Service Products and Equip
ment. 

CHEMICAL TESTING AND 
DEVELOPMENT 
Problem Solving in Chemistry-Bac
teriology- Toxicology- Pilot Plant De-

sign and Development-Chemical Mar
keting Research- Synthetic Resins
Protective Coatings- Detergents- Or
ganic Synthesis- Physical Testing
Chemical Analysis-Food Technology
Cosmetics-New Product Development. 

We seek creative scientists and engi
neers with advanced degrees-individ
uals with a bent for both the practical 
and the theoretical, who can come to 
grips with projects which freely cross 
disciplinary boundaries. 

What do we offer in return? A con
stant flow of diversified, intellectually 
stimulating assignments, which you 
may pursue individually and/or as a 
member of interdependent teams. At
tractive remuneration and broad career 
benefits including encouragement of 
advanced study. A wholly professional 
working environment combining the 
best elements of the industrial and the 
academic. Most important, a future 
limited only by the bounds of your own 
capabilities. For further information, 
please send your resume to Mr. Robert 
Flint, Director of Professional Appoint
ments. 

BOOZe ALLEN APPLIED RESEARCH Inc. 
135 South LaSalle Street, Chicago, Illinois 60603 

New York " Washington " Cleveland " Chicago " Kansas City .. Los Angeles 
An equal opportunity employer (M&F) 
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Ten years ago we were making only a handful of relatively simple 
semiconductor devices for a limited number of applications. 
Today, with highly advanced and exotic processes, we are pro
ducing hundreds of different and sophisticated semiconductors 
-for thousands of applications. Our technicians can now control 
material composition down to the molecules with precise regu
lation of impurity levels-and on a daily production line basis. 

This we call PERFORMANCE. 

Five years ago we produced semiconductor packages the size of 
a pencil eraser that replaced the big glass vacuum tubes in your 
radio. Today we're making sophisticated semiconductors that per
form giant-sized tasks-yet fit on a soupspoon like grains of rice. 

We call this MINIATURIZATION. 

Drop the old time vacuum tube and it would smash. Its parts 
wore out pretty regularly too. Shake it or shock it beyond rela
tively modest limits and you were in trouble. Now you can launch 
a space vehicle with thousands of semiconductor components to 
go all the way to the moon and back ... and make it go back 
around all over again. And a couple of times more after that. 

That's RELIABILITY. 

Shake 'em, shock 'em, squeeze 'em or freeze 'em -today's elec
tronic devices have got to be able to take it ... and perform. 
Motorola makes them as though they're a matter of life or death. 

Sometimes they are. 

TRUST THIS EMSIGNIA WHEREVER YOU FIND IT 
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ro uct Lia ility 

by FULTON HOLTBY, ME Prof. 

In the «good old days"-the horse and buggy days
products were primarily manufactured in the United 
States by almost a hand-made process. The purchaser 
knew the man who made the product, dealt with the 
man who made the product, and buying a product was a 
person-to-person proposition. 

At this time the law, in recognition of these con
ditions, was reluctant to place any unusual responsibility 
of product liability on the maker. The law said some
thing like this: "after all the purchaser doesn't rely 
upon the product, he relies upon the maker and they 
know one another, so when the purchaser goes to that ' 
maker and buys a product, he knows what he is buying. 
Therefore, the law will just let the parties be where 
they are." In other words, the law acted toward the 
buyer of a product as a type of caveat emptor-"Let the 
purchaser beware; he buys at his own risk." 

This was in the day and age of property rights
when human rights, as such, were not regularly recog
nized. The courts were steeped in the tradition of the 
old common wealth system, a tradition that stemmed 
from a very early case decided by the King's bench in 
England in 1842. 

A lack of Privity 
In this case a person had contracted with the King 

of England to manufacture and to keep his mail coaches 
in repair. The plaintiff was injured by a defective 
coach and sued the manufacturer for injury. The court 
ruled that the plaintiff could not recover because there 
was lack of privity or «a lack of business connection or 
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commercial bond between parties." In other words, the 
manufacturer dealt with the King and the person who 
was injured had no contract with the manufacturer. 
Therefore, the injured person could not sue the manu
facturer because there was a lack of contractual privity 
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between this person and the manufacturer. 
This doctrine was later reversed in England but it 

remained the law up to 1916 in the United States; so 
in order to sue a manufacturer for any defective goods, 
on the grounds of negligence, you had to establish that 
in some way or another you were privy with the manu
facturer. 

In 1916 there was a case tried in the Supreme Court 
of New York State called MacPherson vs. Buick Motors 
where a person claimed injury as the result of the failure 
of an automobile wheel, manufactured and supplied 
by a vendor to the automobile manufacturer. In this 
famous case the court said: "Whenever a person sup
plies goods or things for the purpose of being used by 
another person, under circumstances such that everyone 
would recognize a danger of injury unless he used 
ordinary care and skill, with regards to the condition of 
the thing, the duty arises to use ordinary care and 
skill as to the condition of, or manner of supplying, 
such a thing." 

Our country, by the early 20th century, started to 
lead the whole world in industrial progress. The courts 
hesitated to step into the path of this progress. The 
courts moved very slowly but it became obvious, by 
the time we got into the social era of our time with the 
advent of workmen's compensation laws, unemployment 
compensation laws, and social security laws, that some
thing had to be done in the courts for people who were 
victims of defective products. 

Until 1950 Product Liability was not even a factor 
in the law of the United States. It was not unusual for 
a person to come to a lawyer, just ten or twelve years 
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ago, and tell him about how he or his family had been 
injured, or had been hurt on the job from some defective 
product, and the lawyer would shake his head and say, 
"you have no case." This stemmed from the fact that 
the courts were reluctant to put obstacles in the path 
of the industrial revolution. 

It is interesting to note which courts were first to 
recognize product liability. Minnesota, strong in agri
culture industry and weak in manufacturing, in the early 
50's was one of the first states to give court recognition 
to recovery for damages resulting from defects in prod
ucts. Pennsylvania and Ohio, heavy in manufacturing 
and industry, were, in the early 60's, among the last of 
the states to render court decisions against a manufac
turer of a defective product. 

Over the past six or seven years there have been sev
eral important court decisions in regards to Product 
Liability litigation. These have clearly set a precedent 
or a basis for claim for future cases. 

We have now reached a point where we hear a new 
kind of language in the courts. 

The court now recognizes that, with the advent of 
mass marketing: the manufacture of a product becomes 
remote from the purchaser, sales are accomplished 
through intermediaries, the demand for the product is 
created by advertising media, and in such an economy 
it becomes obvious that the consumer is the person 
being cultivated, and in such a case the requirement of 
privity of contract should be nullified. 

The court then recognizes that, when a product is 
purchased, the selection of the product is apt to be a 
product which had been glowingly described by the 
television, radio, magazine, newspaper, or billboard ad
vertising media, all widely used in the appeal to the 
ultimate consumer. This product may even have been 
purchased from a super-market or store where not even 
a clerk was needed to wait on the customer. The cus
tomer is certainly remote from the manufacturer, and 
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although the customer, in a recent 1961 case, had no 
contract with the manufacturer, a court ruled that the 
manufacturer was liable for an injury as a result of a 
product which had been purchased from a retailer's 
shelf. 

The courts also now recognize that there is an in
equality of bargaining powers between an individual 
and large industry. The influence of large industry in 
making products which are a necessity, e.g., automobiles, 
tractors, washing machines, radios, etc., is such that 
they can well afford to be responsible to the consuming 
public for defective parts, regardless of what kind of 
limitations the manufacturer may have put on their re
sponsibilities, such as a 90-day or 4000-mile warranty. 
In other words, there may often be an implied warranty 
as well as an expressed warranty when a product is 
advertised and sold to a consumer. 

Thousands of claims have been filed, during the past 
few years, for injury or property damage as the result 
of occurrences involving products. To the chagrin of 
the manufacturer or his insurance carrier, many of these 
cases have been settled in favor of the plaintiff. Just 
a few of these typical cases which involved personal 
injury andjor property damage are: 
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A folding lounge chair so designed that the pinned 
levers became effective shears. 

A stepladder which collapsed because it did not 
have correct rivet or bolt design. 

The slippage of a brake on a brake drum due to 
lack of rain cover over this mechanism. 

An electric drill which had faulty electrical insula
tion and was used in erecting a farm silo. 

A toy top having a spring held by a tack located in 
such a way as to be in the range of a child's eye. 

A truck trailer hitch ball which broke due to the 
lack of a correct size fillet in the casting. 

A fatigue failure of a wing joint section of a 
commercial airliner, due to incorrect design. 

A truck brake which failed because the brake drain 
pet cock was too close to the ground. 

A draw press die which fractured because it was 
not strong enough to withstand repeated high 
stresses. 

A die casting machine which closed suddenly due 
to an incorrectly designed free float spool control 
valve. 

A commercial airline alternator drive which failed 
due to faulty design. 

A gas burner control valve which allowed gas to 
fill a building while the pilot light was out due 
to an incorrectly designed safety interlock. 

A brake band which failed on an elevator hoist due 
to an incorrectly designed and fabricated weld. 

A crane which tipped over sideways, when it was 
turned suddenly to one side, because of incorrect 
design. 

An aeroplane fuel pump diaphragm which failed 
due to incorrectly spaced cap screws. 

A hay bailer which did not have a barrier guard. 

A milk cooler which became electrically 'not", when 
standing on a damp floor, due to faulty electrical 
switch and insulation design. 

A surgical hip bone pin which was too small and 
weak to withstand the forces of the body muscles. 

An incorrectly designed truck rear axle assembly 
seal which allowed grease to leak to the brake 
lining. 

The flywheel which ruptured because it was not 
made from the correct material for the design. 

A safety guard on a meat grinder so designed 
that a large hand could not pass by it, but a small 
hand could. 

An earth compactor designed in such a way that, 
when a feed line loosened, gasoline would spray 
the operator. 

An airlines propeller assembly which was so de
signed as to not allow the propeller to feather cor
rectly during an engine failure. 

A steel truss which would stand the intended serv
ice stresses but could not withstand the stresses of 
erection. 

-and many more-

\Vhile all the above mentioned are related to product 
design or material selection, there are also many out
standing recent cases involving the lack of correct "warn
ings" or "instructions", e.g. 

A paint remover in a container which was labeled 
with a warning as to the inflammable material, 
but failed to state that the vapors or fumes from 
the material would explode if they drifted to a 
water heater pilot light. 

A concrete water-soluble paint which did warn 
about skin irritation under prolonged contact but 
failed to mention that the material contained lime, 
and was very injurious to a child's eye. 

The tractor with a warning plate, "Don't operate 
over a certain speed" but failed to state that the 
pulleys would disintegrate if this certain speed 
was exceeded. A Minnesota case. 

-and many more-

It is now quite obvious that today courts recognize 
that for a plaintiff to sue, and collect for damages from 
a manufacturer of a defective product, there need not 
be a person-to-person privity contract. There might 
be an implied warranty over and beyond the expressed 
or contractual warranty, and no longer must "the cus
tomer bew~re" since the manufacturer may be found 
negligent if he produces a defective product which 
causes personal injury or property damage. 

(Continued on Page 42) 
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Attention to detail is an old 
Bell System habit. Or maybe you call 
it thoroughness. Or follow-through. 

Anyway, we attended to an interesting 
detail recently-the effect of rain 
on the microwave link between a 
communications satellite and our 
pioneer ground station antenna 
at Andover, Maine. 

If we could but measure the rain's 
effect, we could improve the design 
of satellite ground stations. 
The question was how. 

Well, you often have to take your 
laboratory tools where you find them, 

and in this case we found ours in 
Cassiopeia A, a strong and stable 
radio star that is always visible from 
Andover. We measured the noise 
power from Cassiopeia A during dry 
periods, and then measured the 
reduction during rainy periods. The 
result could be expressed as a 
formula and employed accurately in 
designing future ground stations. 

The initial success of our Telstar® 
satellites proved the feasibility 
of communicating via space. 

But it also opened the door-or the 
heavens-to a whole new technology 
which we are now busily 
exploring in every detail. 

*The definitions anu aerivation, plus further information on satellite 
transmission degradation due to rainfall, may be found in the 
Bell System Technical Journal, Vol. XLIV, No.7, Sept., 1965, p. 1528, 
which is available in most scientific and engineering libraries. 
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In space, on land or beneath the sea 
-wherever we operate- we go into 
things thoroughly. 

Sometimes we know when not 
to come in out of the rain. 

* * * 
You may well find a rewarding career 
in the Bell System, where people 
find solutions to unusual problems. 
Bell System Companies are equal 
opportunity employers. Arrange 
for an on-campus interview 
through your Placement Office, or talk 
to a local Bell System Company. 

Bell System 
American Telephone & Telegraph 
and Associated Companies 
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by PETER BLOMBERG, EE '69 

Dr. Vernon D. Albertson, associate professor in electri
cal engineering, was born in Twin Valley, Minnesota, in 
1928. He went to college at North Dakota State Univer
sity, the University of Minnesota, and the University of 
Wisconsin from which he got his Bachelor's, Master's, and 
Doctor's degrees, respectively. A Ford Fellowship paid 
the way for his doctorate studies at the University of 
Wisconsin. He taught at the University of Wisconsin for 
one year after obtaining a Ph.D. there in 1962. Then he 
came here to the University in 1963 where he plans to 
stay. 

Dr. Albertson is currently working on two research 
projects. The first is working with a digital computer to 
analyze large scale (electrical) power systems. This will 
help in the expansion of our power system 10 to 15 years 
from now. The project is sponsored by the Upper Mis
sissippi Valley Power Pool (of which NSP is a member). 
The second project is developing a liquid mercury induc
tion pump for attitude control of space vehicles. The 
present working model is overpowered so at the moment 
it means there's work to be done. 

Professor Albertson is married and has five children. 
He enjoys hiking and camping with his family, in addi
tion to hunting, fishing, photography, and paddleball. 
He is a member of Eta Kappa Nu, Tau Beta Pi, Phi 
Kappa Phi, Sigma Xi, ASEE, and IEEE. His plans for 
the future are to continue teaching and to continue work
ing on his research projects. 

PROF. SPRINGER 
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DR. ALBERTSON 

Professor Richard D. Springer, although born in \:Vin
nipeg, Canada, grew up in St. Paul. He went to college 
here at the University and graduated with a B.S. degree 
in civil engineering in 1936. While at the University, he 
was quite a writer. He wrote advertising brochures to 
pay for college. As a junior, he won a $3,500 writing 
award in national competition for a semi-technical paper. 
After graduation, he went into industry for five years. 
Then he came to the University as an instructor in the 
Engineering Drawing Dept. on loan to the Civil Engi
neering Dept. for teaching several structure courses. In 
1947 he became an assistant professor and in 1957 he 
became an associate professor and chairman of the 
Graphics Dept. Although he never has obtained a Doc
tor's degree, Professor Springer has audited enough 
courses to have such a degree. Due to the fact he is a 
staff member he can't get a degree here. Still, his col-
leagues call him "Dr. Springer." -

Professor Springer has been married for 28 years and 
has three children. He spends much of his free time sail
ing, skiing, and horseback riding with his family. Much 
of this is done on the family farm which is located on the 
St. Croix River near the Val Croix Ski Area. For the 
future, in addition to teaching here, Professor Springer 
plans to develop a new approach to teaching graphics 
through programmed learning. 
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It's a simple optical illusion, but it 
bothers you, doesn't it? It's hard to 
forget it until you've discovered what 
fooled you. There's something about 
an inquiring mind that won't let it 
forget a problem until it's solved. 

In school, how many times have you 
worked half the night on an assigned 
problem until you solved it? After a 
while, it didn't matter whether the 
problem was assigned or not. You 
wanted the answer. 

It's this kind of personal motivation 
we look for and like in a man. That's 
why we can do without "strangling" 
supervision at Honeywell. That's 
also one of the reasons engineers 
don't punch a time clock here. We 
hire men whose personal standards 
are higher than the discipline the 
job demands. We prefer to rely on a 
man's sense of personal responsibil
ity to get the work done. This atti
tude has paid off in many ways. 

We have one of the lowest 
turnover rates in the industry 
... less than half the national aver
age. We can't help but feel that our 
atmosphere of professional freedom 
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LOOK CLOSELY .. 
TRY TO FORGET IT .. 

is one of the principal reasons. 

Merit pay and promotion ... 
are also a part of our policy. Good 
men like to set their own pace, and 
we like it that way. We pay and 
promote to recognize individual per
formance and progress. We'll push 
you along as fast as you can handle 
the work. 

Tuition aid, too. 
Honeywell men can get advanced 
degrees through company-supported 
programs. Greater knowledge will 
help both of us become first in the 
field. 

What's here at Honeywell? 
We employ over 48,000 people and 
we offer the stability and variety 
that go along with a broad-based 
company. We have 18 divisions, and 
we are constantly in need of more 
engineering and research people to 
staff them. 

Briefly, our business is automatic 
control. And, we make all kinds: 
controls for homes and commercial 
buildings; weapons systems; prod
ucts for aircraft, spacecraft and 

missiles; EDP equipment; instru
ments for process control and medi
cal use; precision switches and 
semiconductors. In short, it would 
be tough to find a business or mar
ket we don't serve in some way. 

Of course, we can't tell you the whole 
story here. To learn more about jobs 
at Honeywell, ask your advisor or 
Placement Director for our folder, 
PINPOINT YOUR FUTURE. It contains 
information on Honeywell products, 
plants and office locations. 

If you're interested in Honeywell, 
why not talk to one of our recruiters 
next time he visits your campus? No 
deception there, OK? Just straight 
talk about what we have to offer 
each other. 

Check the date for interviews. Or, 
write to Mr. H. P. Eckstrom, Cor
porate Director of Employment, 
Minneapolis, Minn. 55408. 

FIRST IN CONTROL HONIYW!Ll 

Don ywvell 
An equal opportunity employer 
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by DAVID E. ENGEN, Pol Sci '67 

-vilitas et crudus semper eternant 
~5~~~~~~~~52~~~~~~~~~~~~~~~~~~ 

"He said you were what?" 
"Laconic." 
"What does that mean?'' 
"Dunno. But I gave him one on the 

nose to be on the safe side." 
~ e e~• 

A man who stuttered was asked 
''rhy he did so. 

"It's my p-p-peculiarity," he answer
ed. "Everybody has s--s-some p-p-p
peculiarity ." 

"I don't have any," said the ques
tioner. 

"Don't y-y-y-you s-s-s-stir your c-c-c
coffee with your r-r-r-right hand?" 

"Yes, of course." 
"Th-that's your p-p-p-peculiarity. 

Most p-p-p-people use a s-s-s-spoon!" 
e e ® 

Have you heard about the girl they 
called "Switchboard" because when
ever she walked all her lines were 
busy? 

e e e 
An elderly man put a dime on the 

Salvation Army drum, then asked the 
girl in charge: 

"What do you do with this money?" 
"Give it to the Lord." 
"How old are you, young lady?" 
"Nineteen." 
''I'm eighty-seven," said the man as 

he recovered his dime from the drum. 
"You don't need to bother, I'll more 
likely see the Lord before you do." 

e e e 
ME: "What happened after you 

were thrown out of the side exit on 
your face?" 

CE: "I told the usher I belonged to 
a very important family." 

ME: "So what?" 
CE: "He begged my pardon, asked 

me in again and threw me out of the 
front door." 

• e e 
Father (impressively )-"Suppose I 

should be taken away suddenly, what 
would become of you, my boy?" 

Irreverent Son-'Td stay here. The 
question is, What would become of 
you?" 
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Coed: "Do Englishmen understand 
the American slang?" 

ME: "Some of them do. Why?" 
Coed: "One just cabled me from 

London to come across." 
®I e • 

Bob-"Aren't you coming swim-
ming?" 

Mary-"I can't. A moth ate my 
bathing suit." 

Bob-"The little rascal. He must 
have been on a diet." 

• e e 
C.T. claims to have been born with 

a gold spoon in his mouth. If he was, 
I'll bet it had somebody else's initials 
on it. 

e e e 
EE: "I gave that man fifty cents 

for saving my life." 
AE: "What did he do?" 
EE: "Gave me back twenty cents 

change." 
• • • 

A man was happy because he had 
done three good deeds the day be
fore. He had met a poor woman on 
the street, who was weeping and who 
held a sickly-looking child in her 
arms. Inquiry showed that she was 
weeping because she was convinced 
that her unbaptized child was dying. 

"But," said the man, "why don't 
you have the child baptized?" 

"Because I have no money, and the 
fee for baptism is one dollar," said 
the woman. 

Whereupon the good Samaritan 
handed the woman a ten dollar bill, 
gave her his address so that she could 
bring back the change-which she 
did return-and went his way. 

"That is one good deed," said a 
friend. "Now for the other two." 

"Oh," observed the man of three 
good deeds, "they're all three in that 
one. First, I relieved the sorrows of 
a weeping woman; second, I assured 
the child of eternal salvation; and 
third, I got rid of that counterfeit ten 
dollar bill I'~. been carrying for more 
than a year. 

She-"This is an ideal spot for a 
picnic." 

He-"It must be. Fifty million in
sects can't be wrong." 

e e e 
A lecturer who was speaking on 

the drink question. "Now, supposing 
I had a pail of water and a pail of 
beer on this platform, and brought on 
a donkey; which of the two would 
he take?" 

"He'd take the water," came a voice 
from the gallery. 

"And why should he take the wa
ter?" asked the lecturer. 

"Because he's an ass," came the 
reply. 

e e e 
MEN ONLY READ THIS 

·punq 8q IUM x1s .I8l{lO 8q~ ·s!ql puGJ 
oqM .ll10J-Al8U!U puu p8.Ipunq 8U!U 
'puusnmn 8U1U-All{~18 8q IHM 8.18l{l 
U8UIOM. puusnm.p Al~Rqu JO l110 

• • • "You don't seem to realize on which 
side your bread is buttered." 

"What does it matter? I eat both 
sides!" 

• • • Forester: My ancestors came over 
in the Mayflower. 

ME: It's lucky they did; the im
migration laws are a little stricter 
now. 

• • • Old Lady (to parachutist)-"! really 
don't know how you can hang from 
that silk thing. The suspense must be 
terrible." 

Parachutist-"No, mum; it's when 
the suspense ain't there that it's ter
rible." 

• li • 
''I've got a pretty distasteful job 

before me," remarked the genealo
gist. "Mrs. Newrich employed me 
to look up her family-tree, and I've 
got to inform her that one of her 
relatives was electrocuted." 

"Why worry about that?" said his 
friend. "Just write that the man in 
question 'occupied the chair of ap
plied electricity at one of our public 
institutions." 

e e e 
"What a lot of friends we lose 

through their borrowing money from 
us." 

"Yes, it is touch and go with most 
of them." 

e e e 
"What do you take for your in-

somnia?" 
"~,glass of wine at regular inter

vals. 
"Does that make you sleep." 
"No, but it makes me satisfied to 

stay awake." 
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C.T.: "I passed by your place yes
terday." 

Kathy: "Thanks, awfully." 
e e e 

Three men who owned a Cadillac, a 
Lincoln and a Ford decided to christen 
their cars. The man who owned the 
Cadillac bought a bottle of ten-year
old French champagne. He crashed it 
over the bumper saying: "I christen 
thee George Washington." The Lin
coln owner purchased a bottle of £ne 
old English Scotch. He broke it over 
his bumper saying: "I christen thee 
James Madison." The owner of the 
Ford went into a liquor store, bought 
a bottle of cheap muscatel and crashed 
it over the bumper saying: "I christen 
thee Teddy Roosevelt, you old rough 
rider." 

e e e 
Death is nature's way of telling us 

to slow down. 
e e e 

As Dr. Kinsey said, "You're all right 
in my book" 

e e e 
E.E. Prof (to student who is half an 

hour late): "You should have been 
here at nine o'clock." 

Student: "Why, what happened?" 
e e e 

When you can see the handwriting 
on the wall, chances are you're in the 
1nen' s room. 

e e • 
The way to £ght a woman is with 

your hat. Grab it and run. 
e e e 

ME: Is the J oily Green Giant a 
bigot? 

EE: Well, he ain't a small one. 
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"He drove straight to his goal," 
said the orator. "He looked neither 
to the right nor to the left, but pressed 
forward, moved by a definite purpose. 
Neither friend or foe could delay him 
nor turn him from his course. All 
who crossed his path did so at their 
own pe~il. What would you call such 
a man? 

"A truck driver," shouted some one 
from the audience. 

e e e 
Two rabid Californians, during a 

heavy rain-storm in Los Angeles, 
watched the downpour with embar
rassed expressions. Finally, after a 
deep silence, one said to the other: 

"Boy some terrible weather cer
tainly blows in from Nevada, doesn't 
it?" 

e e e 
"After all, what is the difference be

tween the rich man and the poor 
man?" 

"The rich man has acute laryngitis 
and the poor man has a cold." 

e e e 
Diogenes was looking for an honest 

man in New York. '"What luck?" asked 
the wayfarer. "Oh, pretty fair," re
plied Diogenes. "I still have my lant
ern." 

• • • 
"So you have been cured of your 

insomnia? It must be an immense re
lief." 

"You've said it. Why, I lie awake 
half the night thinking how I used to 
suffer about it." 

She ( to boy friend, who has just re
turned from the tropics )-"Oh John, 
dear, how kind of you to bring me this 
dear little monkey! How thoughtful 
you are! But-But then it is just like 
you!" 

• • • "Oh, yes," said Mrs. Lowell-Cabot, 
proudly, "we can trace our ancestors 
back to-to-well, I don't know exact
ly who, but we've been descending for 
centuries." 

@ @ @ 
At a dance the young lady had just 

been introduced to her partner. By 
way of making conversation, she said, 
as they waltzed around the ballroom 
Hoor: 

"Who is that terribly ugly man sit
ting over there?" 

Her partner looked at the man she 
indicated. 

"Why, that's my brother!" he ex
claimed. 

"Oh, you must excuse me," said the 
lady, in embarrassment, and added 
apologetically, "I really hadn't noticed 
the resemblance." 

• • • Did you know that they postponed 
Procrastination Day again?' 

• ® ® 
Flirt: A woman who believes that 

it's every man for herself. 
® • • 

What do Eskimos get from rubbing 
noses? 
Sniff-less. 

• @ @ 

Nothing makes a woman look better 
than three cocktails inside a man. 

Uo<fM I FORESTRY 
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These days the necessities of life cost you about three 
times what they used to, and half the time you find they 
aren't even fit to drink. 

~ @ 0 
Punctuality: The art of guessing correctly how late 

the other party is going to be. 
~ ~ G) 

The baby-faced, brown-eyed coed phoned her mother 
to inform her: 'Til be late again for dinner tonight, 
Mom. I made a mistake last night and the professor 
wants me to do it over again." 

~ ~ it 

These days engineering students are more concerned 
with high frequency than high fidelity. 

~ e II 

The personnel manager of a small oil company was 
giving a recent Pet. E. one of those intelligence tests. 
He asked the applicant to select the one word out of 
place in this group: man, woman, eggs, carpet, loving. 

As a matter of fact, the tester didn't know what the 
correct answer was, but the applicant reasoned thusly: 
"\Veil, you can beat a man, and you can beat a woman, 
and you can beat eggs, and you can beat a carpet. 
But you can't beat loving." 

0 ~ 0 
Last night I held a little hand, 
So dainty and so sweet. 
I thought my heart would surely break, 
So wildly did it beat. 
No other hand in all this world, 
Can greater solace bring, 
Than that sweet hand I held last night, 
Four aces and a king. 

~ ~ it 

I 
BARfJ 
BARf~ 

• 1r c a 
Have you heard about the girl they call turnpike 

because there isn't a curve in sight? JOIN THE MARCH or NICkELS 
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To Be Elected: 

I. Technical Commission Representatives 

a) 1 sophomore 

b) 3 upper division students 

(Obtain application for (a} and (b) in E 135; 

deadline: April 25th) 

II. E-Day Royalty 

a) Queen-details to be 1nade available 

b) St. Pat 

(Obtain application [seniors* only} in E 135; 

deadline: April 25) 

"~Senior: graduating before E-Day 1967 

t 
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Or ... in aircraft terminology: the new Allison Combustor 
turns out four times the heat release of combustors in 
production engines. Yet a combustor for a 10,000 lb. thrust 
engine can be held in one hand. 

It's an Allison breakthrough in lightweight engine tech
nology. Immediate application: Allison Lift engines. De
signed to propel tomorrow's jet aircraft straight up. 

So far, Allison Lift engines have attained thrust/weight 
ratios over four times those of production engines. 

Other factors have contributed: Like new com
pressor blades that raise pressure 50%. 

Advanced turbine cooling techniques allow 
higher inlet temperatures. Greater power. Lower 
blade temperatures. 

Even greater advances are on the way-for turbojet and 
turbofan engines. With 30:1 thrustjweight ratios forecast. 
Shorter compressors. More efficient combustors. For lift or 
cruise engines. 

Advanced lightweight technology is another demonstra
tion of Allison's broad capabilities in research, engineer
ing, and production. Capabilities that help keep defense, 
aerospace and nuclear projects on target.* II i Zero defects .•. a way of Hfe at 

*Want to know about opportunities here in the creative climate at Allison for the young, 
graduate engineer? Talk to our representative when he visits your campus. Or, send for 
our brochure describing the opportunities: Mr. R. C. Martz, Personnel Director, Allison 
Division, General Motors, Indianapolis, Indiana. An equal opportunity employer. 
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Spotlight on 

Local Industry 

Cargtll 

by JANET SCHWARZ, ME '69 

U. S.-headquartered Cargill, Incorporated is made up 
of operating divisions and departments, designated by 
commodity or type of product, engaging mainly in do
mestic activities but ultimately serving markets both 
in the U.S. and overseas. The company is parent to 
various domestic and foreign subsidiary firms. It's the 
nation's sixth largest merchandising concern, stretches 
from coast-to-coast and from North Dakota to Texas, 
forming a network of more than 200 installations in
cluding elevators, plants, offices, country stations, feed 
warehouses and research centers. 

Cargill has been little-publicized in the past for two 
primary reasons: it is largely a family-owned firm with 
no public stockholders to report to; and Cargill officials 
disdain boasting of size and growth. The company was 
founded at Conover, Iowa in 1865 as a family-owned 
firm in trans-Mississippi wheatlands. Early expansion 
primarily in grain procurement throughout northwestern 
states, soon extended to midwestern states and the Pa
cific Coast. Development in the early 1890's of a national 
marketing network was followed by exporting from all 
coasts and, in the 1930's, overseas marketing organization. 
There has been diversification since the 30's into feeds, 
oils, bulk chemicals, and transportation. The family that 
controls Cargill and owns 85% of its stock has always be
lieved that its interests were best served by secrecy, 
though the operating management since 1960 has been 
non-family. Today about one-fifth of Cargill's 5,000 
domestic employees are in the Minneapolis area. Four 
offices are maintained in downtown Minneapolis (see 
photo), in addition to a feed plant and an oil plant. 

Of the company's billion-and-a-half annual dollar 
volume, well over half comes from grain sales; it is one 
of the biggest international grain traders. Historically, 
that was the company's only business. 

The «nuts-and-bolts" of Cargill's grain business begins 
at the country elevator, typically a small, not very elegant 
storage bin holding anywhere from 50,000 to 300,000 

Incorporated 

bushels. Next in line is the 500,000-bushel to 1-million 
bushel subterminal elevator, also in the producing area. 
These, of which Cargill owns 25, are collection points for 
Cargill's own country elevators as well as the hundreds 
upon hundreds of others spotted through the Midwest. 
Their purpose is to free space in the country elevators: 
to move the grain toward the consumer, still without 
committing Cargill to an irrevocable course such as ex
port or movement to a specific flour mill. The final step 
is the terminal elevator, holding anything up to a maxi
mum of 20-million bushels. Its function is receipt of grain 
and its cleaning, conditioning, upgrading and storing in 
anticipation of demand. These are usually located at 
major transportation crossroads, particularly points where 
grain is transshipped from rail to barge or barge to truck. 
Duluth, Chicago, St. Louis, and Toledo are cases in point. 
Cargill has 48 such main terminals. 

vVith the greatest proportion of its employees, dollar 
volume, and profits tied up in the grain trade, Cargill has 
a major problem. By its own admission it doesn't really 
add very much value to the grain it handles. Thus its 
profit margins are razor thin. In fact, on the huge total 
dollar volume from all divisions, Cargill's net after taxes 
comes to around $7 million-only about 7~ of 1% of sales. 
Sooner or later a visitor to Cargill's headquarters is bound 
to hear at least once a thumbnail description of what 
value Cargill adds to grain. It's a guiding principle ev
eryone knows by heart: "What the grain division does is 
buy grain at a point of surplus and carry it to a point of 
deficit; or buy it at a time of surplus and carry it over to 
a time of deficit. Our profit comes from being able to 
do this at a lower cost than our competitors-or at least 
most of them." 

Cargill's second largest division produces vegetable 
oils in 14 plants throughout the U. S., primarily frmn the 
lowly soybean. It diversified into this business from a de
sire to sell the farmer something at the country elevator 
just after he had received cash for his grain. The most 
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natural product to fill this bill was animal feed. One of 
the main ingredients in modern animal feed is the high
protein meal left over after the oils have been removed 
from such things as soybeans, flax, copra, and saffiower 
seeds. But as it happened, even though Cargill's original 
intention was to sell feed, the edible oil business soon 
outgrew the feed business. Soybean oil is particularly 
valuable because it is the cheapest form of vegetable oil 
there is. 

Thus, in 1943, Cargill became a soybean crusher and 
vegetable oil processor. Today, six plants in the Midwest 
crush soybeans to yield oil and meal, a plant in San Fran
cisco extracts coconut oil from imported Philippines copra 
and a plant in Minneapolis crushes flax to produce lin
seed oil and meal. Crude soybean oil is merchandised 
domestically and overseas. About 90 per cent is refined 
for food use in margarines, shortenings, and cooking oils 
and 10 per cent is used industrially in paint vehicles, 
resins, lecithin and other products. Linseed oil produc
tion goes mainly to paint and varnish manufacturers and 
to manufacture of an oil emulsion paint vehicle, "1308," 
developed by Cargill research. Linseed meal is an in
gredient of dairy and cattle feeds. Coconut oil is used 
by soap manufacturers, in ice cream and butter substi
tutes and for other edible purposes. Saffiower oil, an 
edible product, is used in shortening and candy. 

A division for which Cargill is better known in the 
farm belt than most is the feed division, operating under 
the trade name "Nutrena." This division works closely 
with egg production firms in the U. S. and with feed
manufacturing and poultry-breeding subsidiaries in Ca
nada, Europe and Latin America. Since World War II, 
when Cargill got into the feed business, there has been 
a tremendous technological leap. A broiler can now be 
grown, for example, in half the time with half the feed. 
A key to this is in exact blending of different meals in the 
best balance for feeding. With thousands of different 
combinations of ingredients, and their prices changing 
daily, the proportions must be changed to keep the feed 
price at all stable. This could take weeks of arithmetic
and the information would then be obsolete. Cargill's 
answer to this: a computer. 

Cargill also uses the computer for simulated breeding 
of hybrid corn for 10 generations, to get the best possible 
corn for a given field without waiting through 10 grow
ing seasons. The corn operation comes under Cargill's 
special products division, which also has, "in a modest 
way," a dog food operation, mink food, grains for pet 
foods in general, and "protective coatings"-an upgrad
ing of linseed oil to compete with water-based latex 
paints. The division is getting into chemicals, particularly 
in the field of fatty nitrogens. These show great promise 
in detergents, because unlike present chemicals used by 
housewives, they are "bio-degradable"-that is, bacteria 
will attack and decompose them so as to leave no foamy 
residue. 

Industrial chemicals are a considerable diversification 
from Cargill's basic role as merchandiser of raw commo
dities, but many of the division's products are derived 
from agricultural raw materials. For example, tallow, soy
bean and coconut oils are used in production of amines 
for industries making lubricants, rubber, corrosion inhibit
ors, germicides, flotation agents and textile softeners. 
Glycerine, from the same oils, is a component of alkyds 

MINNESOTA TECHNOLOG 

and synthetic resins and of pharmaceuticals and food 
products. Starch from corn yields foams, detergents and 
edible products. Oil-modified urethanes, developed pri
marily by Cargill, are products of the division. 

Cargill also deals in several other commodities. For 
example, salt from Cargill's mine in Louisiana moves by 
rail and barge to industrial and government users 
throughout the U. S., mainly for highway de-icing, meat 
packing and water softening. Service is from salt termi
nals, sales offices and ice removal stockpiles in the north-

OPERATING HEADQUARTERS of Cargill, Inc., is Cargill Build
ing in downtown Minneapolis. 

ern snow belt. Carguard salt, developed by Cargill re
search, contains a corrosion inhibitor to reduce auto rust 
damage. Molasses, from Louisiana, Florida, Mexico, 
Puerto Rico and the Dominican Republic, is distributed 
from terminals in nine midwestern and northern cities to 
animal feed and chemical industries. Fish meal, produced 
at a modern plant in Peru, derives from anchovies taken 
by a company-owned fishing fleet. The meal, a protein 
ingredient of poultry and swine feed, is exported to the 
U. S. and Europe. Oil sales are mainly to Europe. The 
feed-pellet binder, Dura-Bond, is an organic ingredient 
with nutritional value used to prevent crumbling of 
pellets. Raw sugar is bought mainly from Latin Ameri
can producers and merchandised to U. S. and foreign 
consumers. (Because its marketing resembles grain, 
sugar operations are part of Cargill's grain division.) 

The transportation arm of Cargill, known as Cargo 
Carriers, Inc., has been split off for a number of reasons 
-most of all, perhaps, to keep its credit rating from 
impinging on the grain business. Although Cargo Car
riers is a majority-owned affiliate, voting rights to its stock 
are in the hands of a voting trust. Cargo Carriers and a 
subsidiary act as ship brokers; it owns an inland water-
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way fleet of three towboats and 127 barges, and operates 
warehouses. Cargo Carriers equipment operates mainly 
on inland waterways between the Gulf and northern ex
tensions of the Mississippi, Missouri, Ohio, Tennessee 
and Illinois rivers. Its barges carry much of Cargill's 
southbound grain to export from Baton Rouge and move 
large tonnages of salt and other commodities north for 
distribution to provide itself with loads for its barges for 

PORT CARGILL complex on Minnesota River near Minneapolis 
includes 13.3-million-bushel grain' elevator, vegetable oil process
ing plant, barge loading facilities and facilities for storing such 
bulk commodities as salt, fertilizer and molasses. 

the backhaul after grain is delivered. The firm also does 
large annual business carrying grain, coal, phosphates, 
sulphur and similar products for power companies, fer
tilizer manufacturers and chemical firms, and operates a 
number of modern terminals to load, unload and ware
house other commodities. Cargill uses rail, barge and 
truck facilities entirely according to cost and availability. 
An intra-divisional rail traffic department directs use of a 
fleet of about 450 covered hopper cars and administers 
use through computer programming of thousands of 
commercial cars. It is one of the largest rail freight users 
in the U. S ., buying between $50 million and $60 million 
worth of rail transportation a year. 

Cargill's overseas operations, begun in the 1920's with 
grain offices in London, Milan, Genoa and Antwerp, are 
today a world-wide network of facilities which enable 
the parent firm to be the nation's largest merchandiser of 
farm products, its largest producer of balance-of-pay
ments credits and, increasingly, a main exporter of U. S. 
production techniques (through foreign manufacture of 
vegetable oil and animal feed, distribution of breeding 
stock, installation of egg and broiler production systems 
and dissemination of other material and technical ad
vances). 
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Cargill Grain Company, Ltd., a Canadian affiliate pro
cures grain from Canada's western provinces, merchan
dises to domestic customers and, through a 20-million
bushel elevator at Baie Comeau, Quebec, serves year
round export markets. Another division, the Tradax 
companies, operate under local law and custom jn more 
than a dozen countries. They merchandise world-traded 
commodities to many users who otherwise would be un
reachable by U. S. and Canadian producers. Offices un
der Tradax or related names are in Geneva, Amsterdam, 
Hamburg, London, Antwerp, lVIilan, Copenhagen, Tokyo, 
Manila, Panama City, Paris, Madrid, Lima, and Lagos 
(Nigeria). The group deals in grains, oilseeds, ocean 
freight and such varied commodities as cement, wine, 
fish meal, copra, rice and canned fruit. 

In the field of research, Cargill was the first in the 
grain industry to install a modern laboratory ( 1922). 
Now 10% of pre-tax earnings are diverted to research. A 
central research laboratory houses scientists in chemical 
and corrosion research, technical service on paint vehicles 
and resins and research into new uses of animal fats and 
oils. One pilot plant is at the laboratory and a pre-pro
duction plant is at nearby Port Cargill. An extensive re
search library also is maintained. Other research activi
ties, administered by operating divisions, include the feed 
division's research farm and the seed department's net
work of breeding and testing plots. 

Thus, the Cargill dynasty founded in 1865 has diver
sified into animal feeds, vegetable oils, special products, 
even transportation. It has become a company whose net 
worth has doubled each seven or eight years since found
ing. And it continues to grow as a private company. (] 

J B I TER IE EESI 

CHARGE YOUR PLANE TICKETS AT 

AMERICANS ABROAD, INC. 

TRAVEL SERVICE 

Fly at the company's expense to your job interview ... charge 

your plane ticket at AMERICANS ABROAD, INC ..•. pay when 

reimbursed by the company on your return. 

Make your air reservations and pick up your ticket at our con

venient campus location (next to Perine's book store). 

A letter from the company requesting the interview and your 

fee statement are necessary for charging. Bring these in when 
making your reservations. 

Call or stop in: 

9:00 to 5:30 Weekdays 

9:00 to noon Saturdays 

Specialists 
in Faculty 

Trave'l 

AMERICANS ABROAD, INC. 
TRAVEL SERVICE 

317 14th Avenue S.E. 
331 .. 7909 
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30,000°F. 

18,000°f. 

7,500°F. 

6,000°F. 

6,000°F. 

4,500°F. 

3,800°F. 

-297°F. 

-303°F. 
Liquid 
Argon 

-320°F. 

-411°F. 

-423°F. 

-452°F. 

-459°F. 
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c re r 
IS a f 

Degrees-temperature as well as engineering-really 
matter at Union Carbide's Linde Division. --

LINDE, a leading commercial producer of industrial 
gases for over 50 years, is now engaged in many diverse 
industrial activities. Heat, cold, pressure, vacuum, and 
engineering talent are the basic creative tools used in 
continuing efforts to develop new products and ad
vanced technological capabilities. Temperatures uti
lized may run as hot as 30,000°F., to as cold as -452°F. 
This work particularly requires the skills of Mechanical, 
Chemical, Metallurgical, Electrical, and Civil engineers. 

There are excellent opportunities in programs in 
Cryogenics, Plasmas, Flame-Plating, Industrial Gases, 
Electronics, Molecular Sieves, Bio-Chemistry, Crys
tallography, and other technical areas. 

You can look forward to a rewarding career in Re
search, Development, Engineering, Production, Sales 
Engineering. 

LINDE is a nationwide organization with offices, 
plants, factories and laboratories throughout the coun
try. Where you work will largely depend upon the work 

you do. 

Research and Development: LINDE has four tech
nical centers at Buffalo, N.Y., Newark, N.J., Indianapo
lis, Ind., and Cleveland, Ohio. 

Production Facilities: LINDE operates production 
facilities in nearly every state of the Union. 

General Offices and Sales Offices: LINDE's general 
offices are located in New York City; region sales of
fices are located in major cities throughout the country. 

LrNDE offers a progressive employment benefit pro
gram: relocation; Educational Refund Plan for ad
vanced study in your field of interest. Promotion from 
within is a basic company policy. If you'd like to know 
more about your opportunities with us, contact your 
College Placement Office. A campus interview can be 
arranged with one of our representatives. Or write to: 
Union Carbide Corporation, Linde Division, Recruiting 
Department, 270 Park Avenue New York, N. Y. 10017. 

LINDE DIVISION 

AN EQUAL- OPPORTUNITY EMPLOYER 
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Well, Engineers, we did it again. Isn't Miss lVIarch a 
real looker? We thought so, and that is why we asked 
Miss Marsha Binder to kindly pose for our camera and 
for all of the interested Engineers. 

Miss Binder is a sophomore on the St. Paul campus 
who is majoring in Home Economics and related arts 
(fashion design). She was the first runner-up in this 
year's Miss West St. Paul contest (of course she took 
first place in the bathing suit and evening gown di
visions). This 5Jf foot, 115 pound beauty is also a. 
professional model, doing modeling for many of the 
larger department and clothing stores in both Minne
apolis and St. Paul. She has also had fifteen years of 
dancing; both ballet and tap-dancing. 

Marsha, although she is majoring in Home Economics, 
is looking forward to a career as an airline stewardess 
for as she says, «It is the only job in the world in which 
I can travel all over the world and meet people." 

Our photographer reported back to us a funny in
cident which happened as he took these pictures at the 
Northstar Inn's swimming pool. It seems that Marsha 
was ,talking to one of her girlfriends on the St. Paul 
campus about the fact that she was to be our Miss 
lVIarch. The word spread to the foresters, and there were 
five foresters who escorted her as she was being escorted. 

, vVhat' s wrong with the foresters, don't they trust Engi
neers with their girls? 

And now, Engineers, out with the slide rules for here 
are the measurements: 

X'0 -92 x2 + 2765 x -26,950 = 0. 

Photos by Marlin Rekow 



••• 
One of the outstanding advantages 
of Malleable Iron Castings 

casting also helps to make parts stronger. 
Metal components tolerate loads better 
if they are designed to distribute stresses 
efficiently. Sharp corners or other abrupt 
sectional changes tend to restrict the 
uniform distribution of these stresses. 
The corner thus becomes a logical site 
of fatigue failure. In a casting, it is a sim
ple matter to round out corners, blend 
sections and taper connecting members 
to achieve a design which will distribute 
stresses. 

The illustration shows how stresses ''set 
up" at sharp corners. A much smoother 
transfer of stresses was achieved when 
this part was switched to a Malleable 
casting (shown on the right). 

Casting is the simplest and most direct 
wayofcreatingform and shape with metal. 
Casting offers almost unlimited freedom 
to the designer. A cast design is not re
stricted by sizes or shapes of mill stock, 
accessibility of tools, withdrawal allow
ances for dies, or other limitations. 
Complex shapes, interior cavities, and 
streamlined contours, which would be 
difficult or impossible to create with other 
methods, are simple with a casting. 

For instance, consider the complexity 
of creating the dozens ofteeth, lugs, holes 
and collars on this pipe repair clamp. It 

would be prohibitively expensive to pro
duce by any method other than casting. 
By using the casting process for economy, 

and Malleable iron for strength and ducti
lity, these clamps combine service and 
value. 

The design freedom made possible by 

MALLEABLE FOUNDERS SOCIETY .. UNION COMMERCE BUILDING 

CLEVELAND, OHIO 44115 

u $ 

1 
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YOU CAN FULFILL YOUR MILITARY 

OBLIGATION AS AN ARMY OFFICER 

IF YOU ENROll NO IN THE ARMY 

ROTC 2 .. YEAR PROGRAM. 
If you have at least two years of aca
demic study remaining and are inter
ested in a unique opportunity to better 
yourself while serving your country, 
obtain more information, without ob
ligation, in Room 108, of the Armory 
by APRIL 15th. 

41 



I I 
(Continued from Page 26) 

Furthermore, the courts today consider negligence 
as careless conduct: Negligence is the failure to exer
cise that degree of care that an ordinary prudent person 
would exercise under the same or similar circumstance. 
In other words, you could be a perfectly careful person 
all the days of your life but, if in one instance you fail 
to do that what would be considered ordinary care, 
and harm occurs as a result of that failure-liability 
results. 

Let the Designer Beware 
These cases have suddenly awakened some product 

designers, manufacturers, retailers, and insurance under
writers to the fact that a product today must be de
signed, manufactured, labelled, and advertised in such 
a way that the product will not fail, will not be used 
in a wrong way, so that the purchaser will not have 
recourse to suit for personal injury or property damage. 

In other words, the days of caveat emptor («consumer 
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beware") has now passed. 
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Many members of the legal profession are well aware 
of the implications of these cases. They realize that 
a products liability case can be involved with engineer
ing calculations, designs, materials, speCifications, proc
essing procedures, inspection, physical test, chemical 
analysis, and opinions. 

They are busy conferring with engineers, reading en
gineering books, and learning about engineering tech
niques and the profession. They are attending seminars, 
e.g. «Preparing the Product Liability Case," November 
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11 and 12, 1965, University of Minnesota, Continuing 
Legal Education, General Extension Division. 

They are well trained to learn and understand new 
information rapidly and can often amaze an engineer 
with their new knowledge of a complicated engineering 
subject. 

How will all this affect the engineering profession? 
As an engineer you sometime or other will probably 

have responsibilities related to a product. After all, 
engineering is defined by Webster as-«The art and 
science by which the properties of matter and the 
sources of power in nature are made useful to man in 
structures, machines, and manufactured products." 

You may be the person in charge of the design, or 
the component design, or tl1e material specification, or 
the processing and fabrication, or the inspection, or the 
selling and advertising of a product. You might even 
be, as a member of the Research and Development 
Department, the person who recommends a new prod
uct, process, or material. You may even be the owner 
of the manufacturing unit. 

Today, with the keen price competition in selling 
many products, an engineer may be tempted to sacrifice 
a little on quality, either in strength, material substitu
tion, or processing for a price saving. Of course if a 
change can be made at a saving, without a sacrifice in 
quality or safety, it is justified, but not if it endangers 
people or property. Remember, "it is better to be sure 
than sorry." 

As an engineer you must consider the educational 
levels of all the people who might use the product. 

Certainly the engineer knows that inflammable ma
terials often produce explosive vapor mixtures, but does 
all the buying public know this? 

You know that you shouldn't stand or sit in water 
and use electrical appliances but the average housewife 
doesn't know the first thing about the grounding hazard 
of an electrical circuit. 

You know that a spring can have stored up potential 
energy and could project a tack, loosely fastened to the 
end of the spring, a considerable distance with con
siderable force into a child's eye, but a three-year-old 
child doesn't know the first thing about potential energy, 
kinetic energy, or the modulus of elastic resiliency of 
a spring when playing with a toy top. 

You know about the problems of lead poisoning but 
a one-year-old child doesn't even think about the prob
lem as he chews the paint off a new toy. 

You know that hydrogen inbrittlement can be a 
serious impact strength problem in a weldment of 
medium carbon steel, but the brick layer's helper will 
never know this after he dropped his hod load of bricks 
on an improperly welded scaffold section, seven stories 
up from the ground. 

You know that centrifugal forces increase rapidly 
as a flywheel or pulley increases in speed of rotation 
but the farmer didn't realize this when he tuned up 
the carburetor on his tractor. 

You may think that everyone must be uneducated if 
they are foolhardy enough to use a defective or poorly 
designed product, but: A recent survey showed that only 
10 per cent of a group of college graduates including 
engineers, doctors, and dentists, recognized the dangers 
in using a common household medical product which 
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was designed and produced so that it could be con
sidered to be dangerous if used in the way as adver
tised. Most of these people, who had used this product, 
did not even know the basic principles of the mechanical 
and electrical operation of this product and were sur
prised to learn how the product really functioned. 

You May Have to Testify 
You may, in case of a product causing an mJury or 

property damage, be required to testify in court as to 
your professional connection with this product and to 
defend your engineering work and calculations used in 
producing the product. 

If a product is involved in litigation, an engineer 
may be asked to, or be required to, make a complete 
investigation of the engineering aspects of the product, 
including: did the product fail, why and how did the 
product fail, and how could the failure have been pre
vented. Whether the engineer is retained on the side 
of the plaintiff or on the side of the defense, he usually 
will be required to submit detailed written reports and 
perhaps even to testify as to his findings and his opinions 
in court. 

As an engineer you must realize that the court recog
nizes a qualified experienced engineer, usually with a 
college degree and state registration certificate, as an 
expert. The court carefully considers and evaluates the 
findings of the professional engineer resulting from his 
investigation and accepts his professional opinions. These 
findings and opinions, whether submitted as written 
reports or given under oath on the witness stand, may 
have a great influence on the court's decision or rulings. 
The engineer, therefore, must always be careful in ex
pressing his factual findings, his interpretation of his 
findings, and his professional opinion. The reputation 
of a professional engineer as being "Intellectually Hon
est" can be quickly ruined by just one erroneous calcu
lation, report, or expressed opinion not based on facts 
and/or good engineering knowledge, experience, and 
judgment. 

Experts Differ 
It is not uncommon, especially in Product Liability 

litigation, to find that each one of several professional 
engineer experts will have a different expressed pro
fessional opinion. This may be as to why the product 
failed, how it should have been designed, etc. 

The attorneys will then, by argumentative procedures, 
attempt to strengthen or weaken the engineer's findings 
and opinions before the court. The engineer must 
realize this may happen and, therefore, be ready to 
prove or justify his findings and his professional opinion. 

As engineers you may become very irritated with 
some members of the legal profession. A lawyer's ability 
to advocate or argue a point of law, and/or the validity 
of an engineering definition, often causes a scientific 
person to become perplexed. 

However, an engineer still has one outstanding ad
vantage over a lawyer, in that an engineer is trained 
to deal with observations and facts while lawyers are 
inclined to be advocates. 

Moreover, the legal profession is starting to recognize 
the engineering profession and the abilities, and lack 
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of abilities, of engineers. Engineers likewise must learn 
about and recognize the abilities, and lack of abilities, 
of the legal profession. 

One very noticeable and glaring thing that has shown 
up in some of these recent product liability litigations 
involving engineers and lawyers, is the lack of clear 
and precise definitions of many common engineering 
terms or meanings. It has been shown that some en
gineering definitions or understandings such as for ex
plosion, rupture, draw, modules of elasticity, hydrostatic 
pressure, force, etc. do not always ag:ree with Webster's 
Dictionary, do not always agree between textbooks and 
handbooks, and are not always even in agreement be
tween engineers with various engineering degrees. Some 
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members of the legal profession have been able to have a 
"field day," in court, with some of the common engineer
ing definitions, much to the dismay of engineers. 

It is becoming quite clear that engineers and the 
engineering profession must do something very soon 
about their engineering definitions and terms if they 
expect to defend their professional opinions in a court 
of law. 

Certainly engineers and lawyers will be working more 
and closer together as products continue to fail, in
juries result from incorrectly designed or labelled prod
ucts, and more and more litigation comes from these 
occurrences. Working together can become a healthy 
relationship with mutual benefits especially if the en
gineers learn to realize the new implications of the law. 

So today "Manufacturers and Engineers Beware." 
Have you exercised that degree of care and used that 
engineering knowledge, known to lawyers as "the state 
of the art," in designing and producing that product? 
Is your product correctly labelled, with specific safety 
warnings? 

The history of product liability is very short in the 
history of our system of jurisprudence but it may seem 
like an awfully long road if you find yourself as one 
of the defendants. 

Acknowledgment is made for certain material used 
in this article, from the fine lectures on Product Liability 
by Mr. Solly Robins of Robins, Davis, and Lyons-Law 
Firm of Minneapolis-St. Paul and Washington, D. C. I] 
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by RICHARD HOUSTON, Arch. '69 

1. A traffic offender claims to the judge that he saw 
the traffic light to be green when he went through it. The 
arresting officer claimed that the light was red. The 
judge, not wanting to think the defender was lying, sus
pended the charges against him. However, the judge be
lieved the policeman also and fined the defendant for 
speeding. The fine was one dollar for every mile per hour 
in excess of 30 mph. How much was the fine? The judge 
based his decision on Newtonian physics. 

2. A truck driver drove up a hill at 20 mph and drove 
back down it at 30 mph. What was his average speed? 

3. Connect the dots by using four lines and without 
lifting your pencil. 

4. How long would a joule be if a joule were divided 
through by a ten ton clever about 1.2756•107 meters 
above Delta Field's home plate? 

5. A man stakes 1/m of his gambling funds on each 
play of a game whose probability (of either player win
ning) is K He plays again and again with 1/m of his 
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ren1aining funds. After 2n games he has won n times 
and lost n times. What is his result? 

Answers to February Brain Teasers 

1. 1, 3, 9, 27 
2. The second player wins because he can count to 

three on his first turn no matter whether the first player 
counts one or two, and then he can count to multiples of 
three until he gets to twenty-one. 

3. It is impossible to tell which player will win unless 
you already know that to win the game of Nim a player 
must remove the last object from the last pile. Now that 
you know that you can determine who will win. (Final 
answer next month) 

4. 10.9 mph. 
5. 4473 

543 

13419 
17892 

22365 

2428839 
Of the three numbers, the 3 in the first line, the 4 in 

the second line, and the first 1 in the third line, one can 
be omitted. 

6. The area is zero because the two short sides equal 
the long side. This can be considered as a limiting case 
of a triangle. 

E EER'S B ST RE 
Main Engineering 
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We need the new 
ways of techni
c a I t h i n k i n g, 
fresh from a 
good campus. 

ClASS OF '66 ClASS OF '65 ClASS OF '64 ClASS OF '63 CLASS OF '62 

If it has been 
necessary to 
pick up some in-

ClASS OF '61 CLASS OF '60 CLASS OF '59 CLASS OF '58 ClASS OF '57 

The box below permits a chemical engineer, just for kicks, to test himself for 

possible interest in our kind of problems. Bright M.E.s, E.E.s, and other engi

neers will pick up enough of the general idea to transpose the test to their own 

fields of competence. The next step would be to drop us a line about yourself 

and your ambitions. If mutuality of interest develops and if the mundane matter 

of compensation should come up, we feel that now and far into the foreseeable 

future we can afford the best. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Dept. 
Rochester, N.Y. 14650 

An equal-opportunity employer offering a choice of three communities: Rochester, N. Y., Kingsport, Tenn., and Longview, Tex. 

structive experi-
ence before se-
lecting a long-
haul employer, 
that's fine. 

We can react diketene and tert.-butyl alcohol to tert.-butyl 

acetoacetate [CH;3COCH2COOC(CH;;):d by methods 
that bring the price down to $3.50 a pound-about one
sixth the prevailing research-quantity price-with the usual 
prospect for a substantial further plunge as volume de
velops. A plunge to reach the price level of methyl aceto
acetate and ethyl acetoacetate, two currently large-vol
ume acetoacetic esters of ours, is unlikely. The tert.-butyl 
ester, however, has an advantage over the other two. When 

alkylated to CH3COCHRCOOC(CH~:)::~• mere heating 

with a trace of acid catalyst drives off first (CH;3) 2C=CH2 

and then C0 2 , leaving CH:3COCH2R. With the cheaper 
acetoacetate esters for making ketones, there is no such 
neat cleavage. There the ethyl or methyl group has to be 
hydrolyzed off, and if R happens to be hydrolysis-sensitive 
itself, poof goes the yield. This same readiness of a-alkyl
ated tert.-butyl acetoacetic esters to split out isobutylene 
and then decarboxylate opens up promising routes also to 
carboxylic acids, pyrroles, pyrazalones, uracils, and cou
marins. 

Now assume we have large supplies of diketene and tert.-butyl alcohol, as indeed we do. 

The problem: multiply their combined economic value to many times the sum of their separate values. 



SIX G-E J93 ENGINES push USAF XB-70 to MACH 3. 

JACK WADDEY, Auburn U., 1965, translates 
customer requirements into aircraft elec
trical systems on a Technical Marketing 
Program assignment at Specialty Control Dept 

PAUL HENRY is assigned to design and analysis 
of compressor components for G.E.'s large 
Jet Engine Dept. He holds a BSME from the 
University of Cincinnati, 1964. 

ANDY O'KEEFE, Villanova U., BSEE, 1965, Manu
facturing Training Program, works on fabrica
tions for large jet engines at LJED, Evendale, 
Ohio. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC 

Achieving Thrust for Mach 

When the North American Aviation XB-70 established a mile
stone by achieving Mach 3 flight, it was powered by six 
General Electric J93 jet engines. That flight was the high 
point of two decades of G-E leadership in jet power that 
began when America's first jet plane was flown in 1942. In 
addition to the 30,000-pound thrust J93's, the XB-70 carries a 
unique, 240-kva electrical system that supplies all on-board 
power needs-designed by G-E engineers. The challenge of 
advanced flight propulsion promises even more opportunity 
at G.E. GETF39 engines will help the new USAF C-5A fly more 
payload than any other aircraft in the world; the Mach 3 
GE4/ J5 is designed to deliver 50,000-pound thrust for a U.S. 
Supersonic Transport (SST). General Electric's involvement 

in jet power since the beginning of propellerless flight has 
made us one of the world's leading suppliers of these prime 
movers. This is typical of the fast-paced technical challenge 
you'll find in any of G.E.'s 120 decentralized product opera
tions. To define your career interest at General Electric, 
talk with your placement officer, or write us now. Section 
699-16, Schenectady, N.Y. 12305. An Equal Opportunity Em
ployer. 

"Progress Is Our Mosf lmpor118nf Protlucf 

GENERAL ELECTRIC 





New Westinghouse Jet Set gives you a beautiful picture ... 

The picture tube doesn't stare back 
at you. And there's no wait for warm
up because it's lnstant-OnTM television. 

Turned on, Jet Set delivers a soft, 

even when it's off 

clear, easy-on-the-eyes picture. New 
Memory Fine Tuning lets you pre-tune 
each channel for best picture and sound. 
Set it once-and forget it. 

Turned off, Jet Set doesn't even look 
like a TV set. But off or on, it's beautiful. 

Westinghouse makes a product so 
you'll enjoy it-any way you look at it. 

You can be sure if it's Westinghouse 

For information on a career at Westinghouse. an equal opportunity employer. 
write L. H. Noggle. Westinghouse Educational Center, Pittsburgh. Pa. 15221. 
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DEAN MORGAN 
BS (ELECTRICAL ENGINEERING) 
UNIVERSITY OF UTAH 

A typical example of a PROJECT ENGINEER 
is Dean Morgan. He joined UNIVAC upon 
his graduation in 1960, and was assigned to 
the Memory Engineering Department. For 
two years he was engaged in the circuit and 
logic design of a thin film control memory 
for the UNIVAC 1107 computer, and a com
puter developed for the U. S. Navy. During 
the last assignment, Dean was given there
sponsibility of Proposal Manager for devel
oping a proposal and cost estimate for a 
small low power data buffer memory to be 
used in a deep space experiment to be con
ducted by Jet Propulsion Laboratories. This 
was the Mariner IV Program. 

In writing the proposal Dean became the 
most likely candidate to head up the pro
gram should we win. As it turned out, 
UNIVAC was awarded the contract for the 
design, development and fabrication of flight 
models of a data buffer memory system. 

FRAME- MARS BY MARINER IV 
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••• a typical PROJECT ENGINEEER is about 28 years old, has completed two or 
three design assignments, and this is the first firm he's worked for. He works in 
an Engineering Department which has about 100 personnel. He is responsible for 
all facets of a development. He will have direct responsibility over two to five other 
engineers, and from five to ten technicians, he will be responsible for other func
tions related to design such as reliability, design drafting, prototype construction, 
documentation and manuals. On smaller programs he will be indirectly responsible 
for the fabrication, checkout, environmental testing and delivery of all production 
units. His administrative tasks will include planning, scheduling, performing merit 
reviews on the personnel assigned to him. He will have to coordinate with Con
tracts Personnel the basic contract, changes in scope and all fiscal project re
porting. With Marketing he will have to cooperate in selling additional business 
to the same and other customers. This will require that he generate technical 
proposals, perform cost estimates and make presentations to management so they 
can determine if further use can be made of this development. 

DATA BUFFER E DRY~~ .. 
This tiny memory was approximately 6 inches square, 1 inch thick, weighed 21 
ounces, operated on less than % watt of power. It contained 2,640 bits of storage. 
Its function was to store the video picture each time the lens was opened, and 
then, at the slower rate required by a tape recorder, the information was trans
ferred to tape for subsequent playback to earth. Tbe picture shown on television 
and in print here indicates it worked perfectly. 

The task of developing this highly reliable device combined with the problems of 
manufacturing it to extreme environmental specifications were Dean's tasks for 
over 1112 years. Such cases are typical. Every day brings the possibility of a new 
request for proposal and the possibility of a new assignment. 

Interested candidates are invited to submit resumes to Mr. R. K. Patterson, Em
ployment Manager, UNIVAC Defense Systems Division, UNIVAC Park, St. Paul, 
Minnesota. Dept. 51. 

DEFENSE SYSTEMS DIVISION 
2'150 WIEST SEVENTH IIIU.VD. 
ST. PAUH., M B N N. !iii 5116 
AN IEOUAL OI'II'OATUIIIIT'II' IEMI'LOYIER IMS.FJ 
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SOPHISTICATION IN APPROACH, 
DIVERSITY IN PROGRAMS 

Creative scientists and engineers with advanced degrees are invited 
to investigate career opportunities with one of the 

nation's foremost research and technical service organizations 

Booz, Allen Applied Research has en~ 
joyed conspicuous success in solving 
complex, non-routine problems and de
veloping new products and processes 
for industry, government and the armed 
forces. So much success, in fact, that 
we are in need of new talent to meet 
new and still greater challenges in: 

APPLIED RESEARCH AND 
ANALYSIS 
Operations Research - Operations 
Analysis- Systems Analysis- Applied 
Mathematics- Mathematical Analysis 
-Statistical Analysis- Environmental 
Analysis - Communication Studies -
Technical Program Planning- Reliabil
ity- Computer Applications. 

PRODUCT DESIGN AND 
DEVELOPMENT 
Electronic and Mechanical Product De
velopment- Industrial Design- Com
mercial Service Products and Equip
ment. 

CHEMICAL TESTING AND 
DEVELOPMENT 
Problem Solving in Chemistry-Bac
teriology- Toxicology- Pilot Plant De-

sign and Development-Chemical Mar
keting Research- Synthetic Resins
Protective Coatings- Detergents- Or
ganic Synthesis- Physical Testing
Chemical Analysis-Food Technology
Cosmetics-New Product Development. 

We seek creative scientists and engi
neers with advanced degrees-individ
uals with a bent for both the practical 
and the theoretical, who can come to 
grips with projects which freely cross 
disciplinary boundaries. 

What do we offer in return? A con
stant flow of diversified, intellectually 
stimulating assignments, which you 
may pursue individually and/or as a 
member of interdependent teams. At
tractive remuneration and broad career 
benefits including encouragement of 
advanced study. A wholly professional 
working environment combining the 
best elements of the industrial and the 
academic. Most important, a future 
limited only by the bounds of your own 
capabilities. For further information, 
please send your resume to Mr. Robert 
Flint, Director of Professional Appoint
ments. 

BOOZ • ALLEN APPLIED RESEARCH Inc. 
135 South LaSalle Street, Chicago, Illinois 60603 

New York " Washington " Cleveland • Chicago " Kansas City " Los Angeles 
An equal opportunity employer (M&F) 
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. . 
eng1neer1ng careers 

ou meet the nicest people and 
opportunities at unham- ush 

The "right man" will find that he's shifted 
into high gear swiftly at Dunham-Bush. 
We're that kind of company. 
Without going into the slide-rule aspects .. . 
our company's past, present and future .. . 
geographical and familial advantages, etc., 
etc., we suggest you send for our brochure 
... "careers at Dunham-Bush" ... then con
tact us for a personal interview .. One day. the 

"right girl" will be glad you're a D/8 man. 

Oh, what do we manufacture? The world's 
most complete line of air conditioning, heat
ing and refrigeration products. As a matter 
of fact we're internationally known as the 
"one source-one responsibility" company. 

You'll be in good company at Dunham-Bush. 
Our main office and R&D Center is at West 
Hartford, Connecticut. 
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THE Philosophy 

Welcome to the Technolog Humor Edition. We publish one every April. It is an issue de
voted entirely to humor. We hope you enjoy it. Perhaps we may help you enjoy it by giving 
you our philosophy concerning humor. 

First we are in favor of it. All kinds. We do not just appreciate satire or farce or any other 
mode. We are able to laugh at all types of humor and are proud of it. For those who limit 
their appreciation of humor limit their sense of humor. A sense of humor is really a sense fm· 
humor; a sense for all types of humor. This is saying that humor has both a quantitative and a 
qualitative aspect. Quantitative in the respect that a good sense for humor is a recognition that 
there are many varieties of humor (perhaps as many as there are humorists). Qualitative in 
the respect that a good sense for humor sets the correct criteria for judging humor. Humor's 
first duty is to make people laugh. Failure here is complete failure. Any attempt to save a sec
ondary point is useless. Secondly, since humor exists in many varieties it cannot be judged as a 
single entity. Each form (e.g., satire, farce, slapstick, etc.) must be judged on its own merits. 
Good slapstick may be poor satire but it is nevertheless good humor. Both these aspects are 
intertwined in all humor. Both are necessary for a knowledgeable and keen sense of humor. 

Secondly, humor should have a purpose. We have none beyond making you laugh. Our effort 
succeeds or fails on this point. Humor may be used to make a particular point, to lecture the 
reader or to attack a given position. It also may not be used to do any of these. We chose 
the latter position. Humor justifies itself. Only man can laugh, and he should. It is that simple. 
If we support or attack any given position, it is completely incidental. This does not mean, how
ever, that we have no views. Rather it is that these views are private and we usually do not permit 
them to appear anywhere else but on this page. 

Thirdly, being the magazine that we are places restrictions on our humor. Since all material 
must be completed three weeks to a month ahead of distribution (to allow for printing, etc.) we 
cannot do topical humor. We are still a college engineering magazine and our humor cannot be 
(for lack of resources), nor should it be expected to be of a strictly professional quality. The 
same can be said, of course, for every student publication. 

Finally, we must explain our place on campus. How do we justify our existence? First we 
believe that there is a desire on the part of the I.T. student for a humorous magazine (e.g., more 
are distributed and sold in April than for any other month, during the quarter with the lowest 
enrollment). Secondly, we feel our magazine and the humor therein serves many useful func
tions. We feel we serve the I.T. student by aiding in exposing him to a technical atmosphere and 
by helping him in his adjustment into the Institute of Technology. We also provide an outlet 
for creative effort to those students who desire more than just an education. But why should I.T. 
publish a humor magazine? The plain truth is that no one else can. A moderate amount of inves
tigation will show great difficulties to be initially overcome and continually surmounted. And 
then, it is enjoyable for the staff to work on a humor edition. 

This is how we feel in ME. 2. We hope you will enjoy the magazine. 
DEE 
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edited by DANIEL KEHRBERG. History '68 

Introduction: Well, after last year's disaster, we bet 
you thought we'd have given up. But, after you're 
a four-time loser, and all your pride went on the third 
issue, nothing matters but the money. We have, how
ever, made an extra special attempt in this fifth year 
of our existence. It seems like only yesterday that 
we here on the Humor Edition were lousy, sick, un
funny, clean, anti-Semitic, and sober; and as a matter 
of fact, it was only yesterday! As a result the 1966 
Humor Edition is another piece of trash. But don't 
despair, it's the best piece of trash we've ever printed. 

As a public service to all you brilliant I.T. students, 
the Technolog is happy to present the following list 
of sample questions which may appear on your draft 
test. Answer them in as short a time as possible and 
give them to any six~year-old to correct. No credit will 
be given for right answers. Place a "G" by every ques
tion you guess on; for every question guessed right, 
one point will be taken off. If the total value of cor
rectly answered questions represents less than 200 
points, your grade on this exam will be computed as 
your actual total increased by one-fifth of your percent
age score. Before you begin, practice making the 
required finger prints by using indelible ink on a clean 
linen table cloth. 

1. What do you think of the draft? 
1) fair 
2) just 
3) patriotic 
4) all of the above 

2. What's 113 of 3? 
1) 7 
2) 3.1415-9265358979323.846 approxi-

mately 
3) 9 
4) Left slide rule at home. 

3. Whom did Napoleon meet at Waterloo? 
1) The Duchess of Warsaw 
2) His Draft Board 
3) Sherman on his way to the Sea 
4) His adviser 

4. What is your favorite food? 
1) rice 
2) rice 
3) rice 
4) rice 
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5. What's the biggest tourist trap in Southeast Asia? 

1) Hanoi 
2) Saigon 
3) Da Nang 
4) Iron Triangle 

6. If you had 7 apples in one hand, 4 oranges in an-· 
other, and 9 bananas in the other, what would you be? 

1) 4-F 
2) 2-D 
3) 1-A 
4) Issued three guns 

7. From your knowledge of Geology, which of the 
following are old fossils? 

1) Governor Rolvaag 
2) General Westmoreland 
3) Sorinthorata 
4) Your Local Board Chairman 

8. Who said, "I have not yet begun to fight"? 
1) Cassius Clay 
2) Ho Chi Minh 
3) Mel Jass 
4) General Ky 

9. Who is the greatest general in all U. S. history? 
1) Gen. Westmoreland 
2) Gen. Westmoreland 
3) Gen. Westmoreland 
4) all of the above 

10. Who bombed Pearl Harbor during World War II? 
1) Our allies, the Japanese 
2) Our enemies, the Japs 
3) all of the above 
4) none of the above 
5) Douglas MacArthur 

11. What is your favorite color? 
1) Navy blue 
2) Air Force blue 
3) olive drab 
4) khaki 
5) camouflage 

12. As an engineering student, would you prefer to 
1) study the mechasnim of the M-14 
2) design a better K-ration can opener 
3) design a fail-safe avoid-the-draft program 
4) go to grad school 

13. The nation's leading college magazine is: 
1) The Techno log 
2) The Army Information Digest 
3) The Loon 
4) The Christian Science Monitor 



14. Which of the following would be considered im
proper for the first date? 

1) holding hands 
2) a good-night kiss 
3) taking a girl along 
4) discussing your draft board 

15. What is your favorite hobby? 
1) Building model planes 
2) Building models 
3) Watching guerrillas at the zoo 
4) Sniping 

16. Now that you have completed this test, which of 
the following vocational programs would you like to 
pursue during your tour of active duty? 

1) target decoy 
2) Public Relations Man to V.C. 
3) Associate of K.P. degree 
4) o.c.s. 

Dear Log's Log Advisor: I am a normal, 25-year-old 
American male who is in love. But I do have a prob
lem. I am in love with this Negro prostitute and she 
is in love with me. It doesn't matter that she has had 
two abortions. We don't care what the children look 
like. Now, let me tell you about my family - seeing 
as how the problem concerns them too and we want 
to do what's right for all. My sister is a very success
ful prostitute in Atlanta, Georgia. My brother-in-law 
is a Polack living in Edina. My mother is in a mental 
institution suffering from schizophrenic paranoia with 
manic-depressive overtones. My father is a convicted 
sex pervert now serving a life sentence in the federal 
penitentiary at Terre Haute, Indiana. While I was in 
the Army, I had an affair with my Sergeant. But, I 
am over this now. Currently, I am being treated by the 
Mayo Clinic for a bad case of the clap. After my girl 
and I get married, my sister and we intend to take 
my mother out of the mental institution and open a 
house of prostitution in Detroit. We plan to get mar
ried as soon as my girl is through with her trial on a 
spying charge. She said she was guilty, but I can 
forgive her. My fiancee is a chronic alcoholic and 
hopelessly addicted to ooium, but mv brother said that 
he would be able to supply her with all she needs. 
She has assured me that she will wait for me if I 
am convicted on a charge of jumping nude through 
a plate glass window in downtown Huntsville, Alabama. 

With all this background information, I'm sur~ you 
can help me with my problem. Should I tell my 
fiancee that my brother-in-law is a Polack? 

Well gang, we finally got a Miss Rheingold-er-a
for you. We do everything for you. Our judges were 
really impressed, but then it doesn't take much. That's 
why their choice is especially fitting. Miss Rheingold 
for 1966 is (Fanfare here) Louise Derrickski, one of 
the Twin Cities' most busy Pole raisers. Bulletin: It 
was revealed at the Second Annual Stockholders 
Meeting of the Punchabod Corporation that the Board 
of Directors had pulled a swifty. Under the covers 
of darkness they became the majority stockholders of 
Playboy Enterprises of Chicago. More details will 
appear next month. Now for the crisis of the month: 
Entire Technolog staff carded by the Stub & Herb's 
bartender. 
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April 20-30 
20-Adolf Hitler's 77th Birthday 
23-Hire the Normal Day 
26-Finals of the National Pickle Tickeling Contest 
30'-Last Day to submit Your Name to the "Name the 

Pig" contest 
May 1-15 
MayDay-Get Yourself in Trouble Day 
LawDay-Same as MayDay 
5-6-E-Day Bombs Out Days 

7--Beep-Beep Day 
10-Total Yourself Out on a Suzuki Day 
12-Fiag Your Draft Test Day 
13--Buy a Pair of High Heels Day 
15--Design a Better Tool Day 
Conclusion: Wasn't that pitiful? We're with you. In 
fact, there are a lot more people who agree with us. 
We just happen to have a few of their selected com
ments screaming to be printed at the first possible 
moment. This happens to be that moment. We have 
gathered around our typewriter a few great Americans 
and some not so great foreigners. Those gathered here 
now include: Patrick Henry, Abraham lincoln, William 
Jennings Bryan, William Shakespeare, Adolf Hitler, 
Mephisto, Benny Franklin, the Jolly Green Giant, Mar
tin Luther King, and the Marquis de Sade. 
Staff: What do you think of the 1966 Technolog Humor 

Edition? 
Patrick Henry: I'd rather have death. 
Staff: Okay, you've got it. (bang!!) Next? 
Adolf Hitler: I'd rather take a shower. 
Staff: (Gasp, choke, etc.) 
Staff: Well, how about you, J.G.G.? 
Jolly Green Giant: (silence) 
Staff: What's the matter, Libbey's got your tongue? 

How about you, Benny? 
Ben Franklin: A penny saved is a penny earned espe-

cially if you saved it on the Humor Edition. 
Staff: Thanks for nothing. Anyone else? 
Mephisto: I wouldn't have it in hell! 
Staff: Ha ha on you. We just stamped a whole bunch 

of fee statements from that place. 
William Jennings Bryan: I'd like to make a comment 

here. How come the only saving of mine anyone 
remembers is that crumby "Cross of Gold" junk? 
I had a lot of zingers. 

Staff: Well, that's the way the old currency devaluates, 
Chuncko. Thought of anything yet, J.G.G.? 

Jolly Green Giant: (silence) 
Martin luther King: Forget him. You give those 

greenoes an inch and they take a mile, and besides 
they're biologically inferior. 

Adolf Hitler: You shouldn't say that. 
Staff: Well, we're going a little far afield, aren't we? 

How do you feel about the Humor Edition, Bill? 
William Shakespeare: I come not to praise the Humor 

Edition; I come to bury it. 
Marquis de Sade: It does nothing to me. 
Staff: You really know how to hurt a guy, don't you? 

How do you feel, Abe? 
Abraham lincoln: To me, it's a shot in the head. 
Staff: And you Jolly Green Giant? 
Jolly Green Giant: (silence) 
Staff: Say, Mephisto, how come Long, Tall and Green 

is so quiet. 
Mephisto: The only thing he can say is, "Ho, Ho, Ho," 

and that doesn't apply here. 
Well, now you've heard what the experts have to say 
about the 1966 Humor Edition. Forgive them, for they 
know not what they say. 
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r c niti n 
What does it take to gain recognition at 
Ford Motor Company? If you have skills 
that we can utilize, and if you're ambitious 
as well as able, you can move ahead fast at 
Ford! Consider the career of Eric Mangelsen: 

Eric came to work at our Ypsilanti Plant in 
February, 1961. During the initial stage of 
his training program, he was given the 
assignment to supervise the development, 
design and construction of spec~~l production 

Eric Mangelsen calibrating and test equipment for auto-
B.S., Univ. of Kentucky mobile voltage regulators. Later, he was 

assigned to processing and production of the transistor ignition 
amplifier system for our 1963 cars. He was responsible for introducing 
a new cleaning process for voltage regulator contact points, which 
substantially reduced costs. He was also instrumental in processing 
the refined transistorized regulator system used in our new 1966 
automobiles. 

Now a member of management with broad responsibilities in a key 
Production Department, Eric Mangelsen has moved ahead rapidly 
with a company that believes in giving young men every opportunity 
to demonstrate their skill and ingenuity. Why not investigate? Talk 
to our representative when he visits your campus. You can go far 
with Ford. 

The American Road, Dearborn, Michigan 

An equal opportunity employer 



NE S TRAVELS 
STER ON 

Tl KEN® BEARINGS 

"NEITHER RAIN NOR ••• " 
In snow country, the mail goes 
through on a Ski-Doo Bom
bardier power-sled, made by 
Bombardier Snowmobile Ud., 
Quebec. It is also used on trap 
lines, for sports and for haul
ing supplies. Timken® bear
ings in the clutch give it extra 
capacity in a small space. 

MINNESOTA TECHNOLOG 

WHEELS AND SHAfTS. What
ever you build-wheelbarrows 
to steel rolling mills-Timken 
tapered roller bearings can 
help it perform better, longer. 
They're precision-made of 
nickel-rich steel by: The 
Timken Roller Bearing Com
pany, Canton, Ohio. Also 
makers of fine Alloy Steel and 
Rock Bits. 

WORLD-WIDE CABLES. The 
C.S. long lines, new Bell Sys
tem cable-laying ship, is on 
the high seas. In its wake, 
thousands of miles of cable, 
paid out at eight knots. 2,816 
Timken bearings keep the 
ship's linear cable engine 
operating. 

EXTRA! EXTRA! This Goss 
Headliner Mark II press runs 
70,000 newspapers an hour. 
It prints in color. It folds. It 
delivers the papers to the load
ing dock. Not one Timken 
bearing has required prema
ture replacement. 
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Meeting the LT. girl of your dreams is cer
tainly difficult, but we at Punchabod feel that 
with our advanced techniques of psychological and 
physiological measurement we can put you in 
touch with the most erotic experience of your 
I.T. career. 

Just fill out our simple questionnaire below and 
we will send you absolutely free: three dollars; 
five names and phone numbers from the Greater 
Keokuk, Iowa area; our manual "51 Mating 
Moves'' by Dr. Quincy Clapsaddle, M.D., 
F.A.C.P., V.D., COz; a Phillis Diller Pin-Up (6' 
x 4') and a lifetime subscription to our weakly 
newsletter "Your Bod and You." 

Punchabod guarantees that you will find any 
one of the five (or all five at once) enjoyable. 
Here's how it works: 

1. Fill out something easy-try our question
naire. 

2. Mail the filled out form to our massive in
ternational headquarters. 

I 

Two Harvard .Juniors started it. 100,000 

students have done it. Now you and 3,400,-

000 college students can sign up and join in. 

Punchabod Computer Dating Inc. 

Box Tops 

118 Powell Hall 

U. of Minn. 

3. Wait a few short days (usually 28) while 
our data processor reduces your whole personality, 
your secret thoughts and desires to one hole in a 
punch card. You are then processed by our huge 
high speed computer (actually Miss Poland of 
1935 drawing names from a garbage can). 

4. You receive your assignment from Puncha
bod shortly thereafter. The five names, et al., are 
provided to you and then your part of the action 
begins. Make a contact and remember, the person 
you contact will be waiting for you. 

5. Act quickly. Remember you hold the future 
of America in your hands-sometimes. 

Real Name ......................... . 
Current Shack-up ..................... . 
B.O. number ............. . 
Next of Kin .............................. . 
Age on I.D ........ Height ...... Weight ... . 
Race ...... Time ...... Olympic Record .... . 
World Record ........ Sex Yes .... No ... . 

lltiiiiiiiiiiii111JIIIIJIII111111JIJIIIIIIIIIIIIIIIIIIIIIIIIIIIII11111111111111111111111111111111111111111111UIIJIIIIIIIIII111111111IIIIIIIIIIIIJIIIIIIIIIIIJIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIl1111111111111111111111111111111BIIIIIIIIItUIJIIIIIIIIII1111JIIIIllllll 
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1. Which is the most important in appearance? 
a) Good bod 
b) innie 
c) outie 

2. If you had a choice which of the following 
would you do? 

a) barf 
b) attend a wrestling rna tch 
c) discuss Polish politics 

3. Which social events do you prefer most? 
a) Polish weddings 
b) org1es 
c) circle jerks 

4. Which of the following do you most enjoy? 
a) Union shopping 
b) Pole climbing 
c) mooning 

5. Does your family pray? 
a) to whom? 
b) only during Democratic administrations 
c) only when the TV's on the blink 

6. Which of the following most closely ap-
proaches your concept of God? 

a) absent-minded 
b) talented 
c) used car salesman 
d) 4-F 

7. Where would you prefer to meet someone? 
a) below the belt 
b) on Hennepin Ave. 
c) at Barney's Fun House 

8. Which type of person are you most comfort-
able with? 

a) a big one 
b) Count Minor Sore Pain 
c) a dairy husbandry major 

9. Do you believe that calling a halt to sexual 
behavior is mainly: 

a) a mistake? 
b) an unheard -of occurance? 
c) an act of God? 

10. Do you hope to have children? 
a) after marriage 
b) only after prescription ends 
c) leave it to the wife and milkman 

11. Do you believe in birth control? 
a) don't believe in putting all my eggs in 

one basket. 
b) never touch the stuff 
c) is that anything like EE 29? 

MINNESOTA TECHNOLOG 

12. If you knew a person had premarital sex rela-
tions, would you 

a) beat a path to her door? 
b) re-evaluate No. 11 c? 
c) leave town? 

13. Would you marry a person who was of an-
other race? 

a) only if she's in the third heet 
b) there are some non-aryan's left? 
c) only if I had to 

14. Would you marry a person who would not live 
in or even near your community? 

a) depends on her shape 
b) No. I'll never leave 7 Corners 
c) We'd make out somehow. 

15. Do you find that you have a tendency to be: 
a) overdue 
b ) irregular 
c) semi-arid 

16. Do you approach problems? 
a) only after consulting my Ouija board 
b) only after consulting my advisor (i.e., 

never) 
c) I dunno. 

17. Are your relations with your family 
a) often 
b) illegal 
c) I've only met my mother 

18. Of the following, which would you save for 
first: 

a) an operation 
b) a subscription to the T echnolog 
c) a new face 

19. If you received a large sum of money, would 
you: 

a) reconsider question No. 18 
b) get the latest model 
c) start using deodorant 

20. Which of the following do you feel prevailed 
in your family, 

a) incest 
b) mental illness 
c) leprosy 

21. Do you believe a woman should work after 
marriage? 

a) only evenings, part-time 
b) depends on her dowry 
c) labor, not work 

22. When you marry do you want your marriage 
to be: 

a) on the rocks 
b) common law 
c) community property 
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Wichita, Kan., Ordinance No. 381, 
reads: 

«That it shall be unlawful for any 
person to throw upon or against an
other person in the city of Wichita, 
any confetti or similar preparation or 
to throw same about in any street or 
public building or place in· said city. 
It is further unlawful for any person 
to throw aforesaid any flour, talcum 
powder, rice or other substance or 
preparations for the purpose of an
noying or harassing others. 

e e II!• 

And here is Section I of the Ten
nessee Act which incorporates the 
town of Ripley, in Lauderdale Coun
ty, Tenn.: 

"Be it enacted by the General As
sembly of the State of Tennessee, that 
. . . the boundaries of said town of 
Ripley shall be as follows: Beginning 
at a stake in the West boundary line 
of the present limits of the old cor
poration ... thence north eighty-five 
degrees and East to a blackgum 
marked with a cross and with mistle
toe in the top, and with a blue bird 
sitting on a limb which tree is a short 
distance East of Ed Johnson's horse 
lot; ... " 

Connecticut General Statutes Vol
ume 2, page 1900, Section 6138, is a 
law punishing by fine or imprison
ment the "enticing of a neighbor's 
bees." 

Section 21-2426 of the Revised 
Statutes of Kansas, 1923, reads as fol
lows: 

"It shall be unlawful for any per
son to exhibit in a public way within 
the State of Kansas, anv sort of eat
ing or pretending to e'at of snakes, 
lizards, scorpions, centipedes, taran
tulas, or other reptiles." 

e e 41!l 

The law of Shawnee, Okla., defines 
a nuisance as follows: 

"When three or more dogs con
gregate on any private property with
out the consent of the owner or oc
cupant and annoy such owners or oc-
cupants " 
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Abilene, Texas, is reported to have 
the following ordinance: 

"It shall be unlawful for any per
son to idle or loiter on any street or 
thoroughfare, sidewalk, or alley, or in 
any store, theater, motor car, motion 
picture house, business house, or in 
the entrance or doorway of any place 
within the city of Abilene for the 
purpose of plying the avocation of a 
flirt or masher. 

"It shall further be unlawful for 
any man to stare at or make googoo 
eyes at, or in any other manner look 
at or make remarks to or concerning, 
or cough or whistle at, or do any 
other act to attract the attention of 
any woman upon or traveling along 
any of the sidewalks, streets, public 
ways of the city of Abilene with an 
intent or in a manner calculated to 
annoy such woman." 

And this is Section 338 of the 
statutes of El Paso, Texas: 

"Churches and Hotels and All Pub
lic Places of Res01t. In and at all 
public places of resort or amusement, 
such as churches or hotels or halls 
of assembly, or stores or markets or 
banking-rooms or railroad stations or 
saloons or street depots, shall be re
quired at the expense of the owners 
or persons in charge of same, or under 
whose control or care the same are, 
to be provided with spitoons of a kind 
and number to efficiently contain ex
pectorations into them," etc. 

Act 239 of the Michigan Laws of 
1907 reads: 

"An act to provide for the lawful 
taking of suckers, mullet, dogfish, and 
lawyers from the waters of the Stur
geon River." 

Finally, the great metropolis of 
New York City has this law on its 
statute books - Sanitary Code, Sec
tion 9, Article 2: 

"If you have a dead horse, place 
it in the street at once with tag giving 
name and address; if not removed at 
twilight, put lights around properly 
protected carcass till called for." 

Boys are prohibited from throwing 
snowballs at trees within the city 
limits of M t. Pulaski, Ill., according to 
Section 37 of Revised Ordinances of 
that city. 

North D~11<.ot~l ComDiled L:1ws in 
1913; Section 9983 reads: 

"Every person who offers to sell any 
beef and fails to exhibit to the pur
chaser on demand the hide of ·the 
animal to be sold or sold, and does 
not keep such hide for ten days after 
the sale, at his place of residence, or 
refuses to allow the same to be in
spected by any person, is punishable, 
etc." 

e e @ 

Ordinance No. 75169, of the City of 
Los Angeles, Calif., consists of the 
following prohibitions: 

"It shall be unlawful for any person 
to have, keep or maintain, or cause 
to permit to be had, kept or main
tained or to have in possession or 
under control within the City of Los 
Angeles, any elephant, bear, hippo
potamus, rhinoceros, lion, tiger, leop
ard, wolf, or any poisonous reptile of 
any kind, without first applying to and 
receiving from the Board of Police 
Commissioners a permit to do so." 

e e G 

And this is a good law today in 
good old Kansas: 

"When two trains approach each 
other at a crossing, they shall both 
come to a full stop, and. neither shall 
start up until the other has gone." 

e e e 

The following is still law in Penn
sylvania, according to its stah1te 
books: 

"Good entertainment to be furn
ished - Every innkeeper shall keep 
good entertainment for man and horse 
under penalty of $5.00 for every case 
of neglect." 

111!1 111!1 • 

Please note these official Rules and 
Regulations of Cedar Hill Cemetery, 
Newark, N. J.: 

"Visitors are admitted to the ceme
tery at the discretion of the Cemetery 
or its superintendent; no person with 
firearms, dogs, refreshments, or liquors 
will be permitted to enter the 
grounds; monuments constructed to 
serve as sun-baths, birdbaths and 
other novel features are not permitted; 
visitors will not be permitted to sit 
or lie upon the grass nor in the shrub
bery; no person will be permitted to 
enter the Cemetery except through 
a gate." 

April. 1966 



eeded: bearings that can turn at rp 
These scale models are used in wind
tunnel tests for the Mach 3 SST super
sonic transport. SKF Industries, Inc. 
is prime contractor for rolling bear
ings in this fascinating project. 
After that, what? Even faster aircraft, 
calling for bearings capable of even 

higher speeds? At SKF, we're re
searching for this now. And for bear
ings that can operate at 1 ,000°F. Or 
under pressures of tons per square 
inch in the hydrospace. 
SKF makes every type of rolling bear
ing- the most complete line in the 

U.S.A. Applications range from space
craft to construction machinery. And 
tomorrow? Wherever progress calls 
for new advances in Motion Research 
and Engineering- you'll find SKF® 
bearings. Write for our brochure, 
Form No. 515, to Dept. 889-00. 

UIDUSTRIES, INC. 
Philadelphia, Pa. 19'132 
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by SIR IZAAC von FUN! R.N. 

Mary Bumgarnerski is not a typical high school drop
out. She is shy but never retiring. Her beautifully 
feminine body leaves everything to be desired. But now 
the short beautiful blonde was sitting only microns away. 
Her warm lips were trembling as she begged him to kiss 
her. Thus the story of "Moves" Hellbergski, I.T. EE 
genius begins. But this is not only the story of "Moves" 
Hellbergski, it should be the story of every I.T. student, 
for an LT. education is not only profitable, it is worth
while. This article is entirely true, only the names, places, 
and plot have been changed to protect those in Ma 
Bridebed's Home for Wayward Girls. 

Like all other I.T. seniors, Moves started his official 
college career in summer school (retaking Physics 21). 
But slowly he started realizing what a fabulous and prac
tical education awaited him. He began to see the beau
tiful relationships between physics and sex. Physics 109 
became as fascinating as Riverbanking 60 or Submarine 
Races 7. Dating improved his physics grades, for now 
every time he paid his 15¢ to get into the river flats, his 
entire knowledge of physics popped up before him. It 
was fun to apply as many physical laws as he knew, and 
it became a challenge to learn more physical laws to 
apply to his date. 

On a hot evening during the Ides of March, Moves 
Hellbergski was driving down Hennepin Ave. The con
cepts of his physics courses slowly passed in front of his 
eyes. He'd been around and realized that he was made 
up mostly of matter, which contained two basic particles. 
These particles were governed by a basic law that said as 
they approached each other they gave rise to a force. 
This force, in fact, caused him to notice a beautiful girl 
in black tights and a white sweater walking down Henne
pin Ave. at 10:30 P.M. Since opposites attract, he prompt
ly invited her for a ride on his Schwinn bike. Knowing the 
relationships between time and distance, he went a short 
distance in order to spend a long time. Realizing the 
uncertainty principles, he decided to take a chance. Now 
many hard hours of working physics problems paid off. 
Moves whipped out a notebook, slide rule, drawing 
board, etc., and began to plan his attack. Step number 
one was to construct a vector diagram containing all of 
the given information. 

But Moves wasn't impressed, so he started another ap
proach. As he started to analyze the data he was sur
prised by the amazing amount of symmetry in physics 
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(see Fig. 1). But no matter how long he played with the 
problem, he was always impressed with two vectors. He 
tried translations, rotations, scalar products, and every 
other trick of vector algebra, but he couldn't understand 
the origin of the resultant vector R' (Fig. 2). After a 
long period, he figured out everything. R' was merely a 
eros~ product with an imaginary figure. This gives rise 
to the pseudo-force which causes vector R' to exist. But 
since A really exists (he was impressed! ) there must be 
something actually acting at A. To further understand 
the nature of A, Moves made detailed observations dur
ing a period of rapid barometric changes. His observa
tions showed that the radius of curvature and the myster
ious R' increased with a decrease of air pressure. His 
suspicions were confirmed when, at a Standard station, 
she walked over to the air pump and said "fill 'er up." 1 

After concluding that A really exists, but has an ima
ginary part and is affected by atmospheric pressure, 
Moves began to wonder what occupied spaces B, C, and 
D. From the nature of A and various studies of the Ideal 
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Gas Laws, he concluded that D had little resolving power 
and that finding out the nature of B and C would be 
relatively easy. 

Realizing that an attempt at this time would lead to 
the situation in Fig. 3, Moves tried the subtle approach 

Fig.3 
·······0+ 

to the problem. This was simply the fact of precession, 
for "the motion is always such that the spin J chases the 
torque L; if he could catch the torque, he would have 
it made."2 

B and C turned out to be a twin paradox. The initial 
·conditions were such that the series and parallel imped
ance would be so great that forced oscillations would be 
impossible; another attack had to be planned. Disre
garding philosophic implications, Moves realized that a 
simple dipole antenna would set up a field such that 
radiation resistance would decrease if placed between 
two polarizing sheets. The magnitude of the curved 
field vector had to equal the energy in the sheet of 
charge so that a condition of mutual inductance could be 
realized. 

Unfortunately, Moves wasn't too good in Physics 176, 
and he miscalculated the quantity of charge needed be
tween the sheets. So instead of setting up mutual induct
ance, Moves was confronted with a situation of self 
inductance (Fig. 4). 

H 

Ft3. + 
Getting back to the problem at hand, Moves recalled 

some of the mathematical techniques he learned in 
Physics 144H. His Freudian Id recalled the familiar 
formula R = 7t eLPF subject to the condition that L + 
P + F = $25, where R is resistance, L is liquor, P is 
perfume, F is flowers. Using La Grange multipliers, he 
found a case of the root mean square. Therefore from 
mathematical considerations, he decided to solve his 
problem by letting L = $25 with P = F = 0. 

MINNESOTA TECHNOLOG 

With the resistance now equal to zero, Moves again 
analyzed the problem. Now the problem was almost 
solved. If a current, I, was passed through the circuit 
(fig. below) one could determine how a right handed 
screw would advance in the induced magnet field. 

Moves Hellbergski saw that the motion can be thought 
of as one cone rolling on another. "The herpolhode 
forms a space fixed cone about an axis of symmetry in 
the body. These cones roll on each other with the line 
of contact giving the direction w."3 But since there were 

forced oscillations, as soon as the driving force was 
removed he observed "damped simple harmonic motion. 
When a resistive force proportional to the velocity is 
included, the amplitude decreases exponentially as time 
increases."4 (Fig. 5) [editor's note: "Amounts of damping 
can be varied by adding a kinked wire into a beaker 
of oil."5] 

y 

~~--7'--_....,--:J~..llr--+--4--+------T 

two -{t-b~wl 

After probing into the nature of B and C, Moves 
decided that he did not know enough physical laws and 
formulas to fully understand them. Considering he had 
collected several banks of telemetry, he felt (Fig. I) .6 

But for lack of knowledge, Moves was still unable to 
penetrate the secrets of B and C. Moves Hellbergskts 
thrust for knowledge caused him to tally for Physics 147 
F. For his lab practical, he discovered he would have 
to take out Mary Bumgarnerski again and find out the 
true nature of B and C. So if some time in the future you 
see someone on the river flats wrapped up in his re
search - don't call P & S - its probably Moves. 

BIBLIOGRAPHY 

I. Jayne Mansfield, "How to Impress Your Dates," TV, June 13, 1969, 
p. 69. 

2. George Frier, University Physics, New York, 1965, p. 117. 
3. Ibid, p. 116. 
4. Ibid, p. 141. 
5. Ibid, p. 141. 
6. A. Coed, Erotica, River Flats, 12 P.M., p. I, 2, 3 (foldout). 
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s a MANUFACTURING ENGINEER you'd 
work closely with Bell Telephone 
Laboratory engineers on the latest 

concepts in communications systems. It would 
be your job to work out production techniques 
for these systems, which might mean devel
oping special tools, machines, or test equip
ment. You would have the opportunity of 
guiding products from their final develop
ment to the point where they roll off the pro
duction line. 

As an INDUSTRIAL ENGINEER your work 
would be more closely related to the search 
for new ideas to reduce the cost of currently 
manufactured products, to improve their 
quality or make the job easier. Many of the 
Industrial Engineer's problems relate to hu
man engineering as well as to operations 
research and the establishment of wage in
centive rates. 

As a SYSTEMS EQUIPMENT ENGINEER 

you'd really know how a communications sys
tem operates, because you'd have built it on 
paper before it was manufactured and in
stalled. After one of your systems had been 
installed, you'd be held accountable for its 
performance and compatibility with existing 
systems. 

MINNESOTA TECHNOLOG 
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As a MILITARY SERVICE ENGINEER you'd 
be concerned with research, design, develop
ment, testing, production, delivery, and assist
ance to the military in the operation and 
maintenance of complex military systems. 
Systems applications range from the ocean 
depths to outer space. You could expect a 
wide variety of engineering assignments in 
many diverse fields. 

The challenges are big at Western Electric 
- and so are the opportunities. Now is the 
time to investigate them. Be sure to talk to 
the Western Electric people on the Bell Sys
tem recruiting team when they visit your 
campus. 

For advance information, get a copy of our 
career opportunities booklet from your place
ment officer. Or write: College Relations Staff 
Manager, Western Electric Co., Room 2510A, 
222 Broadway, New York, N.Y. 10038. An 
Equal Opportunity Employer. 

Wf!stern Electric 
MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM 
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in Engineering 

True or False 
Uniroyal is taking over. For all you tigers who like 

to paw, this is great news. Away with lycra, sponge 
rubber, whale bone stays, spandex and snaps. Now 

you can have the solid sound of security. What is this 
new invention? What else? Tins cans, for the woman 
who has nothing. 

Now your girl will not be shamed by the lumps in 
oatmeal. Now she can hold her head up high and not 

be mistaken for a flag pole. No longer will you be em
barrassed by a girl whose shoulder blades are larger. 

Don't wait. Do it now. Go in to your newest Uniroyal 
store and ask for the real thing. Ask for Tin Cans. 

No-No look 
Direct from the fashion houses of Paris, Rome and 

New York comes the newest in formal wear: Gownless 
evening straps. This new fashion note has the whole 
country buzzing. Oleg Casey, noted clothes designer, 
called the gownless evening strap "the creation of a 
mind in the gutter." Rudy Gezornenplatz, creator of 

the gownless evening strap, gave the bird to Oleg Casey. 
In New York, Macy's, Gimble's and Sack's Fifth Ave. 

reported record sales. Unfortunately we were interested 
in gownless evening straps; so we asked G. B. Danton, 
President of Danton Dept. Stores, Inc. what he thought 
about the new straps. "Well, I've always liked the 
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female body and now I'm seeing a lot more of it." Thank 
you Mr. Danton. 

The National Council of Churches in a rare move 
denounced the gownless evening straps as "an invention 
of the devil." Rudy Gezornenplatz when informed of 
this statement of the Council's said: "They just have to 
get their noses into everything." 

Dial-A-Broad 
You've heard of Dial-a-Prayer, Dial-a-Movie and Dial

a-Poem. Now the newest and most exciting telephone 
service is inaugurated. Now when you get that "beep
beep" feeling just lift up the phone and dial 287-9263. 
A sultry voice will answer and proceed to whisper sweet 
nothings into your receiver. 

After that message, you will be given a number and 

an address. You will also be told to bring money. You 
are then on your own. 

In a test area where Dial-a-Broad was installed, it 
was discovered that a hot bod makes a lot of telephone 
calls. 

Viva Vitalis 
Dr. McGreggor Wildroot dedicated research assistant 

with the Chemistry Dept. at South Dakota State Teach
ers College, recently made a startling discovery. He 
discovered Vitalis to have contraceptive properties when 
used in a conscientiously applied program of oral hy
giene and regular professional care. How about that? 
All the time we've been using it in our hair. How about 
that for a royal zonk? 

The only hangup is this regular professional care. 
I mean like I don't mind being serviced now and then, 

MINNESOTA TECHNOLOG 

but this regular care bit could be a little expensive. I 
mean like, I always observe oral hygiene (I bite my 
dentist at least twice a year) but this regular professional 
goop has got to go. 

While this discovery has had many useful applications 
already, Dr. Wildroot soon hopes to come up with an 
improvement which will make that greasy kid shlff 
totally obsolete. 

Spray Away Worry 
Have you ever been caught with the lights on? 

Well that's your problem. Here we're going to talk 
about the newest packaging idea since plain brown 
wrappers: the spray can. Over the years many products 
have been put inside this wonder of science: perfume, 

after-shave lotion, air freshener, oven cleaner, etc. Now 
we have progressed to the point where that jack-of-all
uses product, Vaseline, is in a spray can. We're still 
worrying about the bomb and about irregularity, but 
Vaseline is in a spray can. We may die tomorrow, but 
you'll never again have to put your finger in the jar. 

So remember next time that irresistable urge comes 
over you, reach for new, handy, spray Vaseline. For, 
as we always say: Double your pleasure, double your 
fun, use double quick, double safe, spray Vaseline. 
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Expanding ilitary and co ercial business 
m 

has created even ore opemnos~ 

As you contemplate one of the most important decisions 
you have yet had to make, we suggest you consider 
joining us at Pratt & Whitney Aircraft. Like most every
one else, we offer all of the usual "fringe" benefits, 
including our Corporation-financed Graduate Education 
Program. But, far more important to you and your 
future, is the wide-open opportunity for professional 
growth with a company that enjoys an enviable record of 
stability. You will be working on challenging new prob· 
lems of propulsion. 

And make no mistake about it ... you'll get a solid 
feeling of satisfaction from your contribution to our 
nation's economic growth and to its national defense 
as well. 

Your degree can be a BS, MS or PhD in: MECHANICAL 
~ AERONAUTICAL ~ ELECTRICAL * CHEMICAL EN· 
GINEERING • PHYSICS e CHEMISTRY e METALLURGY 
e CERAMICS 411 MATHEMATICS e ENGINEERING SCI· 
ENCE OR APPLIED MECHANICS. 

For more specific information (and immediate action) 
concerning a career with Pratt & Whitney Aircraft, write 
today (or use coupon) to Mr. William L. Stoner, Engineer
ing Building 1-A, Pratt & Whitney Aircraft, East Hart
ford, Connecticut 06108. 

itn ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

flORIDA OPERATIONS WEST PALM BEACH, FLORIDA 
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SPECIAliSTS IN POWER ••• POWER FOR PROPULSION
POWER fOR AUXILIARY SYSTEMS. CURRENT UTiliZATIONS 
INCLUDE MiliTARY AND COMMERCIAL AIRCRAfT, MISSILES, 
SPACE VEHICLES, MARINE AND INDUSTRIAL APPliCATIONS. 

An Equal Opportunity Employer, M & F 
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by DAVID E. ENGEN, Pol Sci '67 

-vilitas et crudus semper eternam 

A young couple that had received 
many valuable wedding presents es
tablished their home in a suburb. One 
morning they received in the mail two 
tickets for a popular show in the city, 
with a single line: 

"Guess who sent them." 
The pair had much amusement in 

trying to identify the donor, but failed 
in the effort. They duly attended the 
theater, and had a delightful time. 
On their return home late at night, 
still trying to guess the identify of 
the unknown host, they found the 
house stripped of every article of 
value. And on the bare table in the 
dining-room was a piece of paper on 
which was written in the same hand 
as the enclosure with the tickets. 

"Now you know!" 
4!ill ® 4!ill 

First Guest: ''I'm sure I don't know 
why they call this hotel the Palms, 
do you? I've never seen a palm any
where near the place." 

Second Guest: "You'll see them be
fore you go. It's a pleasant little sur
prise the. whole staH keeps for the 
guests on the last day of their stay." 

@ • @ 

A man hurried into a bar and said: 
"Give me a scotch and soda." 

"Yes, sir," said the bartender, reach
ing for the drink; "will you drink it 
or take it with you?" 

"Both." 
® e e 

Overheard in a classroom: 
The Prof was giving a lecture on 

heat and energy. To exemplify a con
cept the Prof used an example of a 
rock heated to a very high tempera
ture. One student could not quite 
grasp the abstraction. He finally asked 
in exasperation, "But, sir, how can I 
get work out of my hot rocks?" 

e e e 

Doc: "Tell me, why do you have so 
many boyfriends?" 

She: "I give up." 
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A man threw a nickel towards the 
blind man's cup. The coin missed and 
rolled along the pavement, but the 
man with the dark glasses quickly 
recovered it. 

"But I thought you were blind?" 
"No, I am not the regular blind 

man, sir," he said. ''I'm taking his 
place while he's at the movies." 

® • • 

Lady: "Could I see the captain?" 
First Mate: "He's forward, Miss." 
Lady Passenger: 'Tm not afraid. 

I've been out with I.T. students." 
• • ® 

Soldier: "The bullet struck my head 
and went careening into space." 

Friend: "You're being candid about 
it, anyway." 

® li!l li!l 

She: "You're the nicest boy that I 
have ever met." 

He: "Tell it to the Marines." 
She: "I have - to dozens of them." 

• li!l li!l 

Stella: "My, your heart's beating 
like a drum." 

Soldier: "Yeah, that's the call to 
arms." 

liD liD It 

Says Jack: "What made you go into 
the army, Tom?" 

"Well," replied Tom, "I had no 
wife, and I loved war. What made 
you join the army, Jack?" 

"Well," he replied, "I had a wife, 
and I loved peace, so I went to war." 

G G liD 

Customer: "I inserted an advertise
ment for my lost dog in the "Daily" 
here. Has anything been heard of it? 
I oHered a reward." 

Office Boy: "Sorry, all the editors 
and ,~·eporters are out looking for the 
dog. 

G il il 

"Isn't this university a good place 
for men to come who have astlnna?" 

"Yes, the girls here are so dumb 
they can't tell it from passion." 

An American doughboy and a 
French poilu were parting at the end 
of World War I. 

"Au revoir!" said the poilu. 
"What does that mean?" asked the 

doughboy. 
"That's good-bye in French." 
"Well, carbolic acid!" cried the 

doughboy. 
"What does that mean?" the French 

soldier asked. 
"That's good-bye in any language!" 

said the American. 
liD G il 

A number of Legionnaires were 
seated around a table in a crowded 
restaurant when a much hurried wait
ress spilt a bowl of hot soup all over 
a chaplain. The good man spluttered, 
tried to control his anger, and finally 
sounded off with: 

«Come, come! One of you sinful 
comrades say something appropriate!" 

e • e 
The wife and daughter of Lieuten

ant Berry were halted by a sentry 
on duty, who had orders to allow no 
one to enter by that gate. 

"Sorry, but you will have to go 
around to the main gate." 

"Oh, but we're the Berrys." 
"Lady, I don't care if you're the 

eat's meow! You can't go through this 
gate." 

CD CD G 

A sailor's enlistment in the navy 
expired. A friendly gob asked him 
what he thought of the sea. 

"Just this much," he said. ''I'm going 
to put an oar over my shoulder and 
start walking inland- and I'm going 
to keep on walking and walking and 
walking until someone stops me and 
asks, 'What's that thing you"ve got 
over your shoulder?' Then I'm going 
to settle right down there until I die." 

0 II II 

"Mr. Congressman," said an Ameri
can major, "I always observe that 
those persons who have a great deal 
to say about being ready to shed their 
last drop of blood, are amazingly par
ticular about the first drop." 

0 0 • 

A Civil War soldier telling his 
mother of the terrible rifle fire at 
Chickamauga, was asked by her why 
he did not get behind a tree. "Tree!" 
said he. "There wasn't enough for 
the officers!" 

G $ e 
Union Cook: "Did you say you 

wanted those eggs turned over?" 
EE: «Yeah, to the Museum of Nat..: 

ural History." 
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CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
lll Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 

MINNESOTA TECHNOLOG 

lll Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! lll Repeat and re
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa
per. Introduce your students to it today. 111 Write now 
for Clearprint samples, sizes, and prices. 
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Spotlight on 
Local Industry 

BarneyS 

Fun 

Are you tired of that old rut? Does the constant rou
tine of hitting one campus tavern after another give you 
a pain? Does the bartender at the Big Ten see you so 
often that he knows exactly what you want when you 
ask for the usual? Well, isn't it about time to get out of 
your rut? Break away frmn the crowd. Do something 
different. Then, visit the Twin Cities' oldest and most 
often condemned nite spot. Visit Barney's Fun House. 

Barney's Fun H'Ouse is conveniently located ( 1420 
Fourth Ave. S.) just on the outer fringe of downtown 
Minneapolis. It is, however, just a hop, skip and a jump 
from the Auditorium. After the wrestling shows and other 
cultural events those in the know go to Barney's for a 
late-night's entertainment. The floor show is the talk of 
the vice squad. 

Some of the acts featured regularly at Barney's are 
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Igor Bon Bon and his Chocolate Covered Cherries, 
Peaches Novatny and her Trained Birds, the Warsaw 
Dance Troupe, Bruce and Leslie and the 400,000 · man 
strong Red Chinese Army Chorus. All "must" attractions. 

Complementing the excellent floor show is the marvel
ems cuisine. Barney's has collected recipes from all the 
greatest chefs such asWaldorf of the Astoria, Chef Boy
ar-dee and the Union Lunch Counter. The specialty of 
the house, Fried Zebra Entrails, is world famous. People 
travel for blbcks, which are delicious with lox and bagel. 

Just as rich as the cuisine is the history of Barney's Fun 
House. In 1932 in came the New Deal. One of the first 
bills passed during the Hundred Days was a law giving a 
charter to Barney's Fun House. Shortly after this auspi
cious beginning Ban1ey's suffered a heavy blow. The 
moving force and driving sphit behind Barney's, Barney, 
passed on to his reward. Without him the Fun House fell 
on bad times. There was a succession of owners. But on 
the third evening of a five-day drunk, Sam. Deverman be
came the owner of Barney's Fun House. Mr. Deverman 
set about the task of restoring Barney's to its former 
glory. It was through his tireless energy and unceaseless 
efforts that Barney's Fun House is the place it is today. 

But what about the future? Mr. Deverman is candid 
when he says he has no plans except to stay one step in 
front of the Pure Food and Drug Administration. In 
this constant struggle we can only wish Mr. Deverman 
and Barney's Fun House the best of luck. 

We believe that institutions of the type of Barney's 
Fun House fulfill a basic need for the American public. 
Barney's is a response to a deep-seated desire residing in 
Americans of strong heart and good intention. Barney's 
can and should be preserved as a living symbol of the 
American ideal. Or, as Barney's always says: "Keep 'em 
barfing.,, (] 
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SPLINGfERS ... 
"My poor fellow," said the lady, "here is a quarter 

for you. Goodness gracious, it must be dreadful to be 
lame, but just think how much worse it would be if yon 
were blind." 

"Yer right, lady," agreed the beggar, "when I was 
blind I was always getting counterfeit money." 

"Well, miss," said the traffic cop to the perfectly 
sweet motorist, "I suppose you know why I stopped 
you?" 

"Don't tell me," she replied, "let me guess. Yes, I 
know! You're lonely." 

If all the boarders in all the boarding houses were 
placed side by side at a table, they would still reach. 

® ® ® 

Doctor (taking visitor around asylum) - "This room 
is reserved for auto maniacs." 

Visitor - "But the room is empty - are there no 
patients?" 

Doctor - "Yes, they are all under the beds retooling." 

Then there was the M.E. who thought that steel wool 
was the fleece from a hydraulic ram. 

Federal aid is like giving yourself a blood transfusion 
in vour left arm, drawing it from your right arm and 
spilling 90 per cent of it on the way across. 

4!1 Ell Ell 

The stingy farmer was scoring the hired man for 
carrying a lighted lantern to call on his best girl. 

.. The ideal" he exclaimed. "When I was courtin', I 
never carried no lantern; I went in the dark." 

"Yes," said the hired man, sadly, "and look what 
you got." 

• • • 
A young city girl was vacationing in the country and 

became friendly with a farmer boy. One evening as they 
were strolling across a pasture they saw a calf and cow 
rubbing noses in the accepted bovine fashion. 

"Ah," said the farmer boy, "that sight makes me want 
to do the same." 

"Well, go ahead," said the girl, "it's your cow." 
• • ® 

A fool and his money are soon popular. 
e e e 

Passionate M.E.: "What would I have to give you 
for just one little kiss?" 

Horrified Coed: "Chloroform." 
Ell 4!1 Ell 

Bride (viewing twin beds): "Ooohh!" 
Husband: "What's the matter, dear?" 
Bride: ::I thought we were going to have a room to 

ourselves. 
Ell 0 4!1 

She: "I want a man who can hold me close to him, 
like Gable; who can kiss me like Gregory Peck; who 
can make my blood boil, like Tyrone Power; who can 
breathe fire into my body and soul, like Victor Mature. 
Can you do all that?" 

E.E.: ''I'm afraid not! But I can bite you, like Lassie." 

MINNESOTA TECHNOLOG 

ut of the dryer 
ready to wear! 

® 

r s lr 
Through washing, dryin<;~, wearing-LEVI'S STA-·PREST 
Slacks keep their neat press, their sharp crease, their like
new look! Yes, millions of satisfied customers will tell you
the original no-iron slacks live up to their money-back guar
antee. See them now-in the latest sportswear styles and 
shades! $6.98 and $7.98. 

~untlep'!) t'b. 
616 Washington Ave. S.IE. 
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• • • 
Remember When Trix were for adults? 

Remember When 5-Day deodorant pads lasted 
5 days? 

Remember When fees were under $1 00? 

Remember When Flash Gordon and the Clay 
People defeated Ming the Merciless? 

Remember When a thrush \vas a bird? 

Remember When a Birch Society was a tree lover's 
club? 

Remember When Liz Taylor was married to her 
first husband? 

:Remember When movies were clean? 

Remember When U of M toilet paper was two-
ply? 

:Remember When the Ivory Tower was two-ply? 

:Remember When McDonalds used real beef? 

Remember When the Campus Club didn't have a 
liquor license? 

Remember When dancing meant holding a girl? 

Remember When the AMA was against Social 
Security? 

Remember When the War on Poverty meant can
celling your wife's charge accounts? 

Remember When people listened to the radio? 

Remember the last time Richard Nixon had a 
good idea? 

Remember When France could win a war without 
needing help from anyone else? 

JR. em ember When Dr. Strangelove was a me d. 
student at the U of M? 

Remember When C.L.A. was S.L.A.? 

30 

H.emember When G.C. was tough? 

Remember When E-Day buttons were only a 
dime? 

Remember When Lawrence Welk was so poor 
that all he could afford was a Muscatel Lady? 

Remember When only we had the Bomb? 

Remember When a picket was part of a fence? 

Remernber When you could mail a letter for three 
cents? 

Remember When Mao Tse-Tung was only an 
agrarian reformer? 

Remember When Starkist took Charlie? 

Reme1nber When Brunettes had more fun? 

Reme1nber When they used to write songs like 
Stardust? 

Remember When Barney's Fun House was the 
top nite spot in Minneapolis? 

Remember When people went to drive-in movies 
to see the picture? 

Remember When Charlie van Doren got his? 

Remember When only one family in your block 
had a TV? 

Remember radio dinners? 

Remember When Technolog jokes weren't funny? 

Remember When space was the inside of your 
prof's head? 

Remember the three dollar date? 

Remember When Gidget went all the way? 

Remember Aces and Eights and what the Daily 
prints now? 

Remember what you used to eat before gut 
bombs? 
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To build a rectangular color TV tube with more of a picture than the 
earlier round tube type, and then squeeze it into a dimensionally 
attractive cabinet- you face almost insurmountable challenges. 

Just to build a conventional color tube, you must ... 

1.-with absolute precision, lay more than a million red, blue, 
and green phosphor dots in a perfect triad pattern over the entire 
surface of the picture screen. Why so tough?- because the light 
source for the dots is a single ray coming through a pinhole. And it 
must be bent by a correction lens with precise mathematical cal
culation (different for each dot) to pass through over a third-of
a-million pinholes and fall exactly at a given spot on the screen. 

2.- Once you've figured out the phosphor dots, you must then 
bend the electron beam broadcast by the TV station so that it 
too passes through the third-of-a-million pinholes. 

These are just some of the feats you must perform. But after 
going through all this, you wind up with a tube with a neck so 
long it requires a cabinet nearly a yard deep to hold it. To shorten 
the neck requires mathematical calculations and engineering 
techniques so demanding they fall beyond any brief description. 

The complexity of the 23-inch rectangular color tube develop
ment is considered by some of our consumer products engineers 
even more of a technological challenge than designing some of 
the sophisticated command systems required for space flights. 

Motorola military engineers tend to disagree. 

But now that we've brought it up, Motorola has accomplished both. 

TRUST THIS EMSIGNIA WHEREVER YOU FIND IT 
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C.E.: "If I start at a given point 
on a given figure and travel the dis
tance around it, what will I get?" 

Coed: "Slapped." 
9 ED 0 

You can lead an engineer to water, 
but why disappoint him? 

® G G 

Author: ''I once got ten dollars a 
word." 

Editor: "Hmml Ho'N was that?" 
Author: "I talked back to the 

jndge." 
([• ® !9 

Cubist: "The gentleman, whose 
portrait this is, has come and asked 
me to alter his nose a little." 

Friend: "And that makes yon 
cross?" 

Cubist: "No, but I can't remember 
where I put the nose." 

HAPPl NE"'~~ \'S A 
\10 U B L E T U N A ~ 

DOUBlE. 

Mixed Meats .75 1.00 Tuna Salad 
Italian Salami .65 .85 Cooked Salam: 
Kosher Salami .65 .8~ Bologna 
Chopped Ham .65 .85 luncheon Meat 
Tri Salami 1.00 _ 1.35 ~ 
,-"'"'"' s, • Pdleo s I r Ham ' ~~-~-f!_~~~- ~ 
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.60 .80 

.60 .80 

.55 .15 

.55 .75 

.55 .75 
1.00 135 

EE (at Union): "Waiter, take this 
coffee away. It's like mud." 

vVaiter: "Well, it was ground this 
morning." 

Diner: "Have you any wild duck?" 
vVaiter: "No, sir, but we can take 

a tame one and irritate it for you." 

"vVaiter, there is a hair in n1y soup." 
"Blonde or red. We're missing a 

waitress." 

Man: 'Tll have a scotch and soda." 
\Vaitress: "Straight or with ginger 

ale?" 

One of the briefer musical criti
cisms appeared in the local paper: 
"An amateur string quartet played 
Brahn1s here last evening. Brahms 
lost." 

''My daughter is arranged a little 
piece for the piano." 

"Good! It's about time we had a 
little peace!" 

"Did you know that I had taken 
np story-writing as a career?" 

"No. Sold anything yet?" 
"Yes; my watch, my saxophone and 

my overcoat." 

Music Student: "That piece you 
just played is by Mozart, isn't it?" 

Hurdy-gurdy Man: "No, by Han
del." 

"Doesn't that soprano have a large 
repertoire?" 

··y cs, and that dress she has on 
makes it look worse." 

"So you've been singing in the 
church choir?" 

"Yes." 
"VVhat part?" 
"Well, I sang first bass when I went 

in, but they changed it after they 
heard my voice." 

"\Vhat did you sing after that?" 
"Short stop." 

"Did you have any difficulty with 
your French in Paris?" 

"No- but the French people did." 
9 Eli Eli 

These days engineering students 
are more concerned with high fre
quency than high fidelity. 

0 e e 
After a brief visit to a fellow en

gineer's home, Jimmie was amazed at 
how often his friend's grandmother 
would read the Bible. Before leaving, 
he asked why the elderly woman took 
such a deep interest in the book 
"Cramming for finals," was the reply. 

® G ® 

Once upon a time there was a pro
fessor who forgot to write a ten dollar 
textbook for his students to buy. 

® G ® 

The origin of the saying, "Oh yeah!" 
has been attributed to an unbelieving 
bridegroom who upon hearing his 
bride say, "Now I lay me down to 
sleep," said to himself, "Oh yeah?" 

Teacher (to small pupil) : "Spell 
straigl:t." " . , 

Pupil: S-t-r-a-I-g-h-t. 
Teacher: "Correct; what does it 

mean?" 
Pupil: "Without seven-up." 

eld 
ts 
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"I wonder why there are so many more auto wrecks 
than railway accidents?" 

"That's easy. Did you ever hear of the fireman hug
ging the engineer?" 

® ® e 
A miss in the car is worth two in the engine. 

@ @ @ 

She: "You certainly do keep your car nice and clean." 
He: "It's an even deal - my car keeps me clean, too." 

0 ~ ~ 

The two men were adrift in an open boat and it looked 
bad for them. Finally one of them, frightened, began 
to pray. 

"0 Lord," he prayed, ''I've broken most of Thy com
mandments. I've been a hard drinker, but if my life 
is spared now I'll promise Thee never again -" 

"Wait a minute, Jack," said his friend. "Don't go 
too far. I think I see a sail." 

~ ~ @ 

Guard: "Sir, the prisoners are rioting again." 
Warden: "What's the matter now?" 
Guard: "The chef used to cook for a fraternity." 

~ ID Ql 

A stranger mistook an insane asylum for a college. 
Realizing his mistake he said to a guard: 

"I s~ppose after all there isn't much difference between 
them. 

"Oh yes, there is," replied the guard. "In this place 
you've got to show improvement before you can get 
out." 

«:> ~ ® 

A party of visitors was being shown over a large 
lunatic asylum. The doctor who acted as guide paused 
before a cell in which a man sat nursing a large doll 
which was dressed in the gay and gaudy costume of an 
up-to-date young lady. 

"This poor fellow," explained the doctor, "has a very 
sad history. See how he is bending over that doll and 
fondling it so tenderly. He spends most of his time 
like that. He was engaged to a girl, of whom he was 
very fond. She jilted him, however, and married another 
man, while this one lost his reason over the affair." 

The visitors were much touched and uttered various 
expressions of sympathy. 

They passed to the next cell, which was barred and 
thickly padded. 

"And this," resumed the doctor, "is the other man." 
~ * @ 

"I left a bottle of Scotch in the train this morning." 
"Was it turned into the lost and found deparhnent?" 
"No, but the fellow who found it was." 

liD liD II' 

Two parsons were having lunch at a farm during the 
progress of certain anniversary celebrations. The farmer's 
wife cooked a couple of chickens, saying that the family 
could dine on the remains after the visitors had gone. 
But the hungry parsons wolfed the chicken bare. 

Later the farmer was conducting his guests round 
the farm, when an old rooster commenced to crow ad lib. 
"Seems mighty proud of himself," said one of the guests. 

"No wonder," growled the fanner, "he's got two sons 
in the ministry." 

liD • @ 

Recent reports from the authorities show that seventy
five per cent of the accidents in automobiles are due 
to drivers hugging too close to the curves. 

MINNESOTA TECHNOLOG 

"I managed to get drunk on cider last night." 
"You must have found the stuff rather hard." 

0 @ @ 

The guy was doing his best, leading a goat with one 
hand, carrying a cane with the other, and ·loaded down 
with a laundry basket on his back and a chicken under 
his arm. · 

His girl hesitated when they c.1me to the woods, 
saying, ''I'm afraid to walk with you in there. You 
might try to molest me." 

"How could I?" the guy assured her. "Look at all 
the stuff I'm carrying." 

"But you could put the chicken under the laundry 
basket, stick the cane in the ground, and tie the goat 
to it." 

CUl \1 
TO ~00 
LOVE M£ 
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Dr. Bruce Rotten botch is today one of the most suc
cessful men of medicine. Dr. Rottenbotch is in his 
12th year of internship at the U of M Health Service. 
These 12 years have been marked by highly visible 
and offensive scars, two teeth marks in numerous jugular 
veins, and a long list of unexplained withdrawals from 
the narcotics supply. While Bruce is justifiably con
cerned over these accusations, he feels he is innocent 
and will be exonerated from all charges made against 
him. 

Recently Dr. Rottenbotch was singularly honored by 
receiving a special award from his fellow doctors. Bruce 
was voted: "The Man Whom We Would Like Most to 
See on the Stage" - because the curtain is burning. 
Expectedly after receiving such an award Dr. Rotten
botch was moved. In fact he was moved out of town 
that very night by the med. students of Dunwoody 
Institute. Bruce managed to save the day, however, 
when he discovered that the head of his department 
was having an affair with an electroencephalograph 
( EEG) machine. Needless to say this brought Bruce 
back to the Health Service. This time as a patient. He 
was found to have multiple cuts and bruises about the 
entire body and a serious head laceration. Bruce plans 
to resume his internship after the pain leaves, which 
should be in about two years. 
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Hi, out there sports fans, this is your old sports an
nouncer Mel Pell here with another giant of the sports 
world. I am very happy to have an interview with 
next year's star halfback for the Minnesota Gophers, 
Ralph "Cry Baby" Querio. We'd like to thank Ralph 
for taking time out of his busy schedule (Ralph is a 
recreation major) to let us talk to him about football. 
"Well, Ralph last year you played left end and you were 
pretty bad. And if the truth be known, you were terrible. 
You were thrown 73 passes and didn't catch one. How 
do you explain that?" 

"Well Mel, I just got some bad breaks." 
"But 73 bad breaks?" 
"Would you believe 50?" 
"I really don't think I could." 
"How about 12?" 
"No, not even 12." 
"How about my eyes being bad?" 
"Well let's not quibble. How do you feel the Gophers 

will do in the Big Ten next year?" 
"I think we ought to be able to drink the place dry 

in a couple of hours." 
"No, no. I mean the Big Ten football conference." 
"Oh, with me at half and Tyborski at quarter, we 

have high hopes of not finishing in the cellar." 
"Come now. Can't you be any more optimistic than 

that?" 
"Not really; all our best players will probably be 

declared scholastically ineligible by Labor Day." 
"How about that. One final question, Ralph. Why 

do they call you 'cry baby'?" 
"You'd cry too if the coach always made you he the 

practice dummy." 
"Well, Ralph, I can see you've had a lot of practice." 

1\pril. \966 
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Now glass can do what metals can't. Add sharpness and dis
tinction to printing by ftexography and simplify the whole 
process as well. Ask your printer. 

Flexography is the art of printing with rubber plates on flex
ible materials, such as the paper, film and foil used for packag

. ing. Conventionally the rubber plate is prepared from a metal 
engraving. Trouble is, rubber tends to exaggerate the tiny irreg
ularities found in etched metal. 

Then Corning came along with a remarkable method for 
engraving on glass, every particle of which is photosensitive. 
The image to be etched is developed all the way through the 
glass. 

So the etch is deep. Clean. Diamond-sharp. The reproduc
tion sparkles. Type glitters. The blurred look of rubber plate 
printing is gone. 

Photosensitive glass was developed by Corning. It opens up 
a world of unprecedented applications, like the discovery of 
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a major new basic material. Yet it is only part of the enormous 
promise in glass. 

Today, glass can be made six times stronger than steel. Or 
as soft as silk. It can bend or not bend. Break or not break. 
Melt or not melt. It can be molded, cast, machined, drawn and 
pressed. In short, it possesses more useful capabilities than any 
other known material. 

For solutions to their materials problems, industry and gov
ernment are coming to Corning. Because Corning is the glass
master. It's a broad, international company, with one of the 
most daring, expert and imaginative research and engineering 
staffs in the world. Plus a marketing principle that commits 
them to developing products only in areas where a need exists 
and no product does. 

Young engineers seeking challenge, opportunity and ad
vancement are invited to write to Career Development Man
ager, Corning Glass Works, Corning, New York. 

I 
CORNING GLASS WORKS 
AN EQUAL-OPPORTUNITY EMPLOYER 
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Golly Gee Whiz! I've never been propositioned by 
a deaf-mute before! 

Yes, Madam, Johnny's class has 36/'0 fewer ears. 

Who put starch in my robe? 

mmm •.. made in union shop. 
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You say satisfaction or double my what back? 

I knocked on your front door but nobody answered. 

I know you all want to be E-Day queen, but I.T. 
girls just aren't eligible. 

MINNESOTA TECHNOLOG 

Gee, you feel 9 months heavier. 

So, how come brotherhood button sales are down? 

Gosh! I thought all I was sending in for was a book. 
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... AT BRUCE PUBLISHING COMPANY! 
This is the "horne of good printing" in Minneapolis 

and St. Paul! From this ultra-modern plant, convenient
ly located in the Twin Cities' midway, come more than 
fifty outstanding national and regional publications. Also, 

quality job printing! 

Bruce Publishing Company has been a leader in the 

graphic arts for over fifty years. The main reason is that 
this office and plant house one of the finest editorial and 
production staffs in the Upper Midwest ... employing 
only the latest techniques and equipment. 

8 PUBLISHERS 

8 JOB PRINTING 

The name, BRUCE PUBLISHING COMPANY, on 

a magazine or other printing means QUALITY AND 
SATISFACTION to discriminating buyers. Check with 
any Bruce customer. You'll see what we mean. 

BRUCE PUBLISHING COMPA='JY is especially well 

equipped to handle the complete production of your 
publication, brochure, or general printing job. BRUCE 
offers full-service printing, from idea, through layout, 
to delivery. 

Suggest you call BRUCE PUBLISHING COMPANY 
for help with your next project. 

8 OFFSET 

8 LETTERPRESS 

BRUCE PUBLI HI G COMPA y 
2642 UNIVERSITY AVENUE 
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Prepare now for your future in highway 
engineering ... get the facts on The Asphalt 
Institute's new computer-derived method 
for determining structural design of Asphalt 
pavements for roads and streets 
Today, as more and more states turn to modern Deep
Strength* Asphalt pavement for their heavy-duty highways, 
county and local roads, there is a growing demand for engi
neers with a solid background in the fundamentals of Asphalt 
technology and construction. 

Help to prepare yourself now for this challenging future by 
getting the latest information on the new Thickness Design 
Method developed by The Asphalt Institute. Based on exten
sive statistical evaluations performed on the IBM 1620 and 
the mammoth IBM 7090 computers, accurate procedures for 
determining road and street structural requirements have 
been developed. 

All the facts on this new method are contained in The As
phalt Institute's Thickness Design manual (MS-1). This help
ful manual and much other valuable information are included 
in the free student library on Asphalt construction and tech
nology now offered by The Asphalt Institute. Write us today. 
*Asphalt Surface on Asphalt Base 

THE ASPHALT INSTITUTE 
College Park, Maryland 
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Thickness Design Charts like this (from the MS-1 manual) 
are used in this new computer-derived method. This chart 
enables the design engineer quickly to determine the 
over-all Asphalt pavement thickness required, based on 
projected traffic weight and known soil conditions. 

r------------------------, 
I THE ASPHALT INSTITUTE 
~ College Park, Maryland 

1 Please send me your free student library on Asphalt con
I struction and technology, including full details on your 
1 new Thickness Design Method. 

I Name Class. __ _ 

I School _______________ _ 

I Address _______________ _ 

I City State _____ _ 

L------------------------J 
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arterly inancial Report 
by DONALD D. SCHAEFER 

The Minnesota Technolog is operated by I. T. undergraduates and is published every so often by engine,e:rs 

who cannot think of any other reason for a beer blast. We are a non-profit organization (unintentional) and exist 

for the sole purpose of keeping the Dean of Students, SAB, and other campus censors employed. 

INCOME 

Subscription Drive ................ $ 
Paid on blackmail operations: 

From faculty ................ . 
From students .............. . 

Income from staff members winning Brain 
Teasers ................... . 

Sale of 1984 & Tropic of Cancer to fac-
ulty ...................... . 

Income from sale of fake CLA tally res-
ervations .................. . 

Advertising ..................... . 
Business Manager's hobby (printing $10 

bills) ..................... . 
Renting technolog office as contract lot 
Commission on customers sent to the 

Big Ten ................... . 
Renting of faculty member's car during 

school hours ................ . 
Income from the sale of the 'Log to CLA 

students ................... . 
Gift from 'Log ·board for having Novem-

ber issue out in November ..... . 
Bets on the Michigan game ........ . 
Found in the Architecture Court ..... . 
Sale of 9 stolen books to Perine's .... . 
Pin-up photos to Playboy ........... . 
Sale of Physics 11 exams to Freshmen 

(and some Soph.) ........... . 
Income from the sale of beer & cigarettes 

to orientation groups ......... . 
Sale of fake AICHE membership cards for 

tour of Hamm's brewery (free sam-
ples) ...................... . 

Sale of Dailys for homecoming bonfire .. 
Sale of 24 dozen hot dog buns given 

'Log by ASME ............... . 
Sale of student telephone directories to 

freshmen .................. . 
Deposit refund on Associate Editor's 

empty beer bottles .......... . 
Sale of articles to Daily ........... . 
Sale of 11Chew Purdue", "Hate State", 

and 1937 E-Day Buttons ...... . 
Sale of photo staff's obscene photo col-

lection ........................ . 
Sale of Physics building to CLA ..... . 
Offerings collected by Office Manager 

posing as Deacon at church .... 

.09 

8,621.44 
4,972.01 

13.00 

67.12 

192.03 
2,741.17 

3,215.00 
15,427.35 

7,210.19 

712.31 

.40 

25.13 
10.02 

5.00 
15.47 

.03 

907.31 

4,321.77 

72.19 
1.17 

.24 

5.00 

4,231.27 
272.00 

7.71 

.11 
12.18 

672.17 

Total Aporoximate Income ... $53,730.88 
Deficit . . . . . . . . . . . . . 16,808.15 

$70,539.03 
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EXPENSES 

Staff penicillin shots for wtr. qtr ....... $ 
Expenses for cleaning up M.E. Building 

basement after staff swimming 
party in November ........... . 

Peanuts for campus squirrels ...... . 
Printing Costs .................. . 
Donation to the 11 Piedges of Theta Tau 

rehabilitation fund" .......... . 
Bail for MSA members ........... . 
Nationa I convention trip .......... . 
Advertising commissions ............ . 
Paid to SAB for services rendered ... . 
Engraving of Dean's signature ...... . 
Bribes to Dean Williamson ........ . 
Paid to P & S for wrecked squad car .. 
Donation to Campus Chest's ~~ugly Man 

Contest" for 'Log's candidate .... 
Football ticket for Business Manager's 

date to M.S.U. game who stood 
hirn up .................... . 

Typing paper ...................... . 
Staff salaries ................... . 
Payment of staff parking tickets for il-

legal parking behind M.E. Building 
Engravings ......................... . 
Vagrancy charges against Humor Editor. 
River banking party for staff 

Beer .......................... . 
Meals ......................... . 

Telephone 
Personal ..................... . 
Business ................... . 

Private secretary for Brain Teasers 
editor ......................... . 

Donation to MSA for the cause of furth-
ering higher education ........ . 

Fee to re-enter school (joke editor) ... . 
Imperial for Business Manager ..... . 
Used tire for Editor's Schwinn bike ... . 
Unsuccessful bribe to local draft board 

to keep Editor from being drafted .. 
Paid to Stub & Herb's for damage 

caused at December Staff meeting 
Fine for false alarm turned in for 

Murphy Ha II ................ . 
Unaccounted for ................ . 

324.70 

1,927.24 
201.64 

7,921.81 

2,711.26 
13,721.76 

1,709.38 
2,740.00 
1,192.17 

9.50 
300.00 

2,371.12 

.11 

4.00 
.20 

8,722.13 

60.00 
792.18 

93.18 

437.01 
1.07 

98.17 
.20 

123.68 

77.00 
300.00 

7,719.29 
.33 

11,927.06 

1,721.08 

120.00 
3,211.76 

Total Approximate Expenditures .. $70,539.03 
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University of Rochester Library Tower as seen by the famed photographer Ansel Adams 

Have your cal<e and eat it 
Suggestion to Ch.E.s, M.E.s, and other engineers: 

The University of Rochester has long com
mitted itself to the pursuit of academic excel
lence and long ago attained success in that 
quest. Likewise, with a somewhat different 
conception of higher education, has the Roch
ester Institute of Technology earned high re
gard. The two institutions are quite unrelated 
to each other or to us, except that their for
tunate presence in Rochester provides oppor
tunity for those who join us with fresh bac
calaureates to proceed right on course with the 
next formal stage of professional or business 
preparation. In Kingsport arrangements are 
offered by the University of Tennessee Gradu
ate School and East Tennessee State University. 

Two big factors make such plans attractive: 

1. Money. It can be a great comfort when supplied regularly by a 
prosperous firm well aware that its fate depends on the intelligence 
and devotion of the people it can lure into its fold. 

2. Direct personal involvement in the realities. The realities en
countered in a company that leans as heavily as we do on engineer
ing, science, and scholarship can be nothing but helpful to one 
whose motivation toward education is genuine and deep. 

There is also a rough side: 

You have to drive yourself pretty hard when you work and study 
at the same time. This shows you up as a candidate for tough 
assignments. 

Ask us about the details of our incentive plans for post-baccalaureate education. 
Eastman Kodak Company, Business and Technical Personnel Department, 
Rochester, N.Y. 14650. An equal-opportunity employer 



SIX IH J93 ENGINES push USAF XB-70 to MACH 3. 

JACK WADDEY, Auburn U., 1965, translates 
customer requirements into aircraft elec
trical systems on a Technical Marketing 
Program assignment at Specialty Control Dept. 

PAUl HENRY is assigned to design and analysis 
of compressor components for G.E.'s Large 
Jet Engine Dept. He holds a BSME from the 
University of Cincinnati, 1964. 

ANDY O'KEEFE, Villanova U., BSEE, 1965, Manu
facturing Training Program, works on fabrica
tions for large jet engines at LJED, Evendale, 
Ohio. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC 

Achieving Thrust for ach 

When the North American Aviation XB-70 established a mile
stone by achieving Mach 3 flight, it was powered by six 
General Electric J93 jet engines. That flight was the high 
point of two decades of G-E leadership in jet power that 
began when America's first jet plane was flown in 1942. In 
addition to the 30,000-pound thrust J93's, the XB-70 carries a 
unique, 240-kva electrical system that supplies all on-board 
power needs-designed by G-E engineers. The challenge of 
advanced flight propulsion promises even more opportunity 
at G.E. GETF39 engines will help the new USAF C-SA fly more 
payload than any other aircraft in the world; the Mach 3 
GE4/ JS is designed to deliver 50,000-pound thrust for a U.S. 
Supersonic Transport (SST). General Electric's involvement 

iNALT£R LIBRARY 
MAIN CAMPUS 

3 COPIES 

in jet power since the beginning of propellerless flight has 
made us one of the world's leading suppliers of these prime 
movers. This is typical of the fast-paced technical challenge 
you'll find in any of G.E.'s 120 decentralized product opera
tions. To define your career interest at General Electric, 
talk with your placement officer, or write us now. Section 
699-16, Schenectady, N.Y. 12305. An Equal Opportunity Em
ployer. 

Progress Is Ovr Mosf lmporlilnf Protlucf 

GENERAL ElECTRIC 
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Westinghouse desalting plants can make the sea an endless source of fresh water 
Where can the earth's expanding pop
ulation get the fresh water it needs? 
We can get it from the endless supply 
in the sea. 

Desalting plants offer one of the 

most practical solutions to the problem. 
Since 1951, 57 Westinghouse de

salting units have been installed around 
the world. They are desalting millions 
of gallons of water a day. 

Westinghouse is prepared to start 
building water-desalting facilities to 
help solve water deficiencies for coastal 
cities of any size-anywhere in the 
world. 

You can be sure if it's Westinghouse 

For information on a career at Westinghouse. an equal opportunity employer, 
write L. H. Noggle, Westinghouse Educational Center. Pittsburgh, Pa. 15221. 
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1. Repairs in space. If something goes 
wrong with a vehicle in orbit, how can it 
be fixed? Answers must be found, if large
scale space operations are to become a 
reality. For this and other assignments Air 
Force scientists and engineers will be 
called on to answer in the next few years, 
we need the best brains available. 

2. Lunar landing. The PI 

exact composition of ~ 
the lunar surface, as 
well as structural 
and propulsion char· 
acteristics of the space 
vehicle, enter into 4n 

this problem. Important study remains to 
be done-and, as an Air Force officer, 
you could be the one to do it! 

3. Life-support biology. The filling of 
metabolic needs over very extended peri
ods of time in space is one of the most 
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fascinating subjects that 
Air force scientists are in
vestigating. The results 
promise to have vital ram
ifications for our life on 
earth, as well as in outer 
space. 

4. Space orientation. The orbital prob
lems of a spacecraft, including its ability 
to maneuver over selected points on the 
earth, are of vital importance to the mili
tary utilization of space. There are plenty 
of assignments for young Air Force physi
cists in this area. 

5. Synergetic plane changing. The abil
ity of a spacecraft to change altitude can 
also be crucial to space operations. Where 
but in the Air force could Sc.B.'s get the 
chance to work on such fascinating proj
ects right at the start of their careers? 

6. Space propulsion. As our 
space flights cover greater 
and greater distances, pro
pulsion-more than any
thing else-will become the 
limiting factor. New fuels * 
and new propulsion tech
niques must be found, if we 
are to keep on exploring 
the mysteries of space. And 
it may well be an Air Force 
scientist on his first assign
ment who makes the big 
breakthrough! 

7. Pilot performance. 
Important tests must still be 
made to determine how the 
pilots of manned aero
spacecraft will react to 
long periods away from 
the earth. Of course 
not every new Air 

-£)""."'·'"'·"'''""" 

Force officer be
comes involved in research and develop
ment right away. But where the most ex-

citing advances are 
taking place, young 
Air Force scientists, 

administrators, 
pilots, and engineers 

are on the scene. 

Want to find out how you fit into the 
Air Force picture? Contact your nearest 
Air Force representative, or mail the cou
pon today. 

.-----------------------------------i 
I UNITED STATES AIR FORCE I 
I Box A, Dept. JCP 64 I 
I Randolph AFB, Texas 78148 I 
l Name I I !Please print) ~ 
! College Class of l 
I I 

l Address l 
I I 

! City State ___ ZIP Code __ l 
I I 

•-----------------------------------~ 

BE PART OF IT-

AMERICA'S AEROSPACE TEAM 
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What kind of engineer will you beE&@~ 
preliminary design, design, development? 
At AiResearch Phoenix, you work as all three 
before you decide~ 

Your future as an engineer is 
strongly influenced by your first 
assignment. What that assign
ment will be, should be, is an 
important decision. 

At Garre·ct you control that 
decision. During an eight-month 
orientation program, you work 
with experienced engineers on a 
variety of assignments in different 
areas. Your permanent assignment 
depends on your own aptitude 
and interest. 

In preliminary design you may 
work on gas turbine engines, jet 
engine starters, or advanced power 
systems for space vehicles. Analy
sis is the key- and the emphasis 
is on thermodynamics, fluids, 
vibration, heat transfer, and math 
to solve today's problems. 

As a design engineer, you see 
your solution to a product design 
problem take shape on the draw
ing board and in fabrication. You 

may work on controls systems for 
turbine drives, engine fuel sys
tems, or a laboratory test system. 
Mechanics is the theme - statics 
and dynamics, materials and pro
cesses, and graphics are your tools. 

In development, you'll test 
designs before they go into pro
duction. Manufacturing processes 
are examined and production 
techniques are explored. Every
thing from nuts and bolts to com
plete power systems are tested, 
and your lab work and practical 
judgement will pay off in this area. 

Your career at AiResearch 
Phoenix can be stimulating and 

rewarding. You can work in all 
three important areas of engineer
ing on diverse aerospace products. 
You can use your total education, 
learn more on top of it, and take 
part in a wide variety of advanced 
engineering. 

At AiResearch Phoenix, the 
product lines include gas turbines 
for auxiliary power, turboprop 
engines for business and military 
aircraft, secondary power equip
ment for aircraft, advanced space 
vehicle nuclear power systems, 
pneumatic and hydraulic control 
systems, as well as a variety of 
related equipment for aerospace, 
ground,and undersea applications. 

Find out the whole story in our 
new booklet, Your Future at 
Garrett. Get it from your cam
pus placement office, or write 
AiResearch Manufacturing Divi
sion, 402 South 36th Street, Phoe .. 
nix, Arizona 85034. 

AiResearch 
is challenge 

An equal 
opportunity employer. 

Los Angeles • Phoenix 
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It started, in fact, the day you 
decided to become an engineer or 
scientist. Along the way, you've 
developed and learned many of the 
things you'll need to accomplish 
the challenging assignments await
ing you at Boeing. 

Why Boeing? Boeing is one of the 
nation's leaders in aerospace. A 
substantial backlog of firm con
tracts and orders-more than $3 
billion as of December 31, 1965-
assures a high degree of career 
stability. Boeing activities range 
from commercial jetliners and 
helicopters through military pro
grams to space flight contracts, 
offering a broadly diversified spec
trum oflong-term assignments. It's 
a good combination. Initiative and 
ability can get you to the top fast. 

This year Boeing celebrates its 50th 
Anniversary. From a small shop 

y 

in 1916, it has expanded into an 
aggressive, eminently successful 
and still growing organization, 
with sales over $2 billion in 1965. 
The power behind this remarkable 
growth has been a forward-striding 
attitude, an orientation toward the 
future which, over the years, has 
produced a steady succession 
of pioneering, years- ahead 
achievements. 

It's a propitious moment, perhaps, 
to consider a Boeing career. For 
further information about career 
opportunities, write directly to: 
Mr. T. J. Johnston, The Boeing 
Company, P.O. Box 3707, Seattle, 
Washington 98124. Boeing is an 
equal opportunity employer, 

Divisions: Commercial Airplane • Missile & 
Information Systems • Space • Supersonic 
Transport • Vertol • Wichita " Also, Boeing 
Scientific Research Laboratories. 
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The Decline of E-Day 
It is apparent that this year's E-Day set a record for lack of participation. Even though 

classes were excused for all the events, only about 5% Qf the students showed up. Even fewer 
came to the dance. 

Is LT. too large a body to organize behind such an event? Obviously, yes. However, one 
could at least expect that most of the societies and fratef]}ities would help. But, no, only about 
6 out of the 18 contributed to any extent. Only three made a large contribution. Part of the 
lack of interest is due to the inability of the societies themselves to gain enough active members. 
In turn, this problem has two causes: student apathy, and a lack, on the part of the societies, 
of anything concrete to offer the prospective member. 

Getting back to the subject at hand, E-Day would have more participants if professors would 
hold back on the homework around E-Day. (Perhaps they didn't know E-Day was taking place 
-too busy doing research.) In other words, don't expect the participating students to be able 
to finish up all the extra assignments on the Wednesday night before E-Day, and then have ev
erything ready to go on Thursday morning. Many days (months, in the long run) are needed 
to set up such an event. 

Another reason fo~~ the lack of interest in E-Day is that there was very little publicity. If 
there had been a few front-page stories in the Daily, maybe more people would have known 
about the various events. (One student even asked Saint Pat why he was wearing the Batman 
cape.) As it was, most students merely left campus after being excused for the day-Dean 
Spilhaus included. Thus, in the future, classes should be excused only when the most important 
events occur: 3rd and 4th hours. Students will still have enough free time to participate in the 
less important events. 

In view of all this lack of participation (and of interest, apparently), it is very probable 
that E-Day will be cut back next year. In other words, there may be no Black Book Dance, 
and no Brawl dinner next year. Perhaps E-Day will continue to decline in future years. With 
the change from five to four years and all the homework that must be done around E-Day, this 
trend will probably continue. Let us hope students get upset enough to do something about it. 
The faculty, if they care, could help things along by 1) participating, 2) assigning less home
work around E-Day, and 3) encouraging, in class, membership in the societies. 

SL, FJM 
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John H. Williams 
Dr. Williams came to the University of Minnesota in 1933 as a Research Assistant to the late Professor 

and Dean John T. Tate. He was appointed Assistant Professor in 1934 and Full Professor in 1946. In 
1937 he and Professor Lynn Rumbaugh constructed the Van de Graaff genera.tor on the east side of the 
Physics Building to study low energy nuclear reactions. During the war, his work concerned problems for 
determination of nuclear parameters necessary for the production and understanding of atomic energy and 
atomic bombs. 

In 1943 Dr. Williams left the University to work at the Los Alamos Scientific Laboratory. In 1945 
he became the Deputy Director for the first atomic bomb test on the Alamagordo, New Mexico, desert. 

In 1949 he assumed responsibility for the design and construction of the 68 MEV proton linear accel
erator located by the river under the Third Avenue Bridge, the John H. Williams Laboratory of Nuclear 
Physics dedicated on May 3, 1966. In the early 1950's he was active in the formation of the Midwest 
Universities Research Association (MURA), an association of scientists from Big Ten schools and other 
large midwest institutions interested in high energy nuclear accelerators and their application to fundamental 
physics problems. During this period he became known as a statesman of science, as well as a scientist, 
and began serving on the Policy Advisory Board of the University of Chicago. He gained national recog
nition for his unselfish interest in the promotion of scientific effort and was asked to serve as Director of 
the Research Division of the AEC in 1958. He held this post for a little over a year when President Eisen
hower appointed him to the five-man Atomic Energy Commission. He served until illness forced him to 
resign in the summer of 1960. After he returned to the University in 1960 he was asked by the govern
ment to serve on the General Advisory Committee to the AEC; he held this position until his death, April 
18, 1966. 

"Dr. Williams," according to Dr. Nier, Professor of Physics, "was active as a teacher, a productive 
research worker, an administrator, and a trusted advisor to the government. He was excellent in all of 
these phases .... It is no wonder that he earned the respect and admiration of so many people both on 
the campus and throughout the nation." 

According to Dr. ]. Blair, Professor of Physics, "Dr. Williams' main contribution to physics lay in his 
service as a general advisor on policy matters. His balanced judgment, insight into both personal and technical 
problems, and his almost boundless energy enabled him to show the way to the solution of many problems." 
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sanitary glazed clay pipe 

If it's made of clay it's good ... if it's made by Dickey it's better 

~ER USED IN ANCIENT GREECE IS 
STILL IN USE TODAY. WATER DRAWN 
FOR OUR BATH MAY HAVE BEEN USED 

PREVIOUSLY BY EARLY AMERICAN 
IND/ANS •.... OR IT RECENTLY MAY HAVE 

BEEN DISCHARGED DOWN OUR NEIGHBOR1S 
DRAIN. NOT A VERY' PLEASANT 

THOUGHT, BUT TRUE, NONETHELESS. 

~-low DO WE KNOW THIS? SCIENCE 
TELLS US THAT WATER NEVER WEARS OUT. 

IT .JUST BECOMES CONTAMINATED. 

A strange paradox. Three-fourths of the earth's sur
face is covered with water. Yet only a small per
centage of this is suitable for human use. And 
each day, that percentage becomes smaller because 
of pollution. Who is responsible? 

All of us. We all use water. Industry demands are 
fantastic. 1400 gallons to produce a dollar's worth 
of steel. .. nearly 200 gallons for a dollar's worth 
of paper ... 500 gallons to manufacture a yard of 
wool ... 320 gallons to make a ton of aluminum ... 
600,000 for a ton of synthetic rubber. 

People use water in homes. Tremendous quanti
ties. Estimates of total usage vary. But it's safe to 
say that when our population reaches 260 million 
in 1980, our supply of fresh, usable water will be 
alarmingly short of even our most basic needs. 

All of this water ... from homes, business and in
dustry ... eventually is discharged into a river, lake 
or stream. A disgracefully large percentage of it is 
raw sewage ... the cause of water pollution. Un
treated sewage is not only destroying our supply 
of fresh water for human use, it also is killing our 
wildlife and robbing us of badly needed recrea
tional facilities. In short, untreated sewage is 
rapidly destroying a priceless natural resource. 

What can be done about it? First, we must realize 
that water must be treated so that it can be used 
... re-used ... and re-used again. The only logical 
way to do this is to construct modern and ade
quate sanitary sewers and treatment plants. Much 
has been done by federal, state and local govern
ment agencies. But the task of cleaning up our 
nation's rivers and lakes is far from finished. 

Our water pollution problem will be checked and 
in time solved only if all of us insist on adequate 
treatment of waste water through modern sanitary 
sewerage facilities. This is the responsibility of 
every citizen. 

w. s. DICKEY CLAY MFG. co. Birmingham, Alabama • Ft. Dodge, Iowa .. Kansas City, Missouri 
Meridian, Mississippi .. St. Louis, Missouri " San Antonio, Texas .. Texarkana, Texas-Arkansas 
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edited by DANIEL KEHRBERG. History '68 

Introduction: This issue will go down (in history) as 
~he l~g's lo~'s last stand (at least for this year). Come 
to thmk of st, we're always the last left standing, for 
what we stand for. When one stands for all that's good 
decent, and normal. ~n an engineering campus, on~ 
en~ounters great duffuculty. Yet, this year we have 
1hl'~han~ly attempted to tell the engineer what's wrong 
wuth hun, and next year this effort will be carried to its 
~ogical conclusion as we attempt to inform him em the 
a~t of i_mprovin~ himself. The endeavor will begin 
w1th a sumple article on "How to Tie One's Shoes" and 
will continue through all the various social graces and 
t:onversation techniques until it is concluded with 
"Be~avior in the Church at Your Weddi·ng." Should any 
~~ngmeer complete all the basic lessons in socialization 
we will offer, he is bound to be declared "human" 
(the highest honor an engineer can receive) and will 
pr~b~bly go ~n into politics or high school teaching. 
rh1s 1ssue, wull show you immediately, that our crazy 
staff ran dry, but then, we've been dry since the year 
bega_n. So, read it and weep, for vou'll be reading 
nothmg but good prose until next October. 

She was young and pathetic, and paramagnetic 
And longed to be paired with a mate· ' 
But he was a devil, of high quantu~ level, 
And doubly degenerate state. 

"C?me let us unit.e,. in a complex delight," 
Sard he, barely htdmg his lechery· 
S~e was under his ~pell, so she 'lept from her shell 
\IVtthout ever suspectmg his treachery. 

In a fair ligand field did she joyfully yield 
And the pair were covalently bonded. ' 
Then, lustfulness sated, he disassociated, 
Repelled her advance and absconded. 

~ismayed and distraught, she distractedly sought 
1 o surrender her separate identity. ' 
In delocalization, she found her vocation 
She ceased to exist as an entity. ' 

-Anonymous 

_The pseudo college students of contemporary Am
enca have the amazing knack C?f ta~in15 a completely 
worthless game and transformmg tt mto something 
resembli_ng a scholastic challenge worthy of their 
progressrve (screwed up) education. We agree. For 
example, the game of trivia, widespread among col
lege campuses, embroiders all of the worthless knowl
edge_ s.o preval~nt in our day. 

Tnyra cor:nbmes the elements of pre-pubic twenty 
questtons ~tth reams of undergraduate lecture notes. 
~he game 1~ played with two or more players. The 
freld of play IS a cafe, over a cup of coffee and a cigar
ett~, or, weather permitting, on the steps of Coffman 
Unto.n. The opponents spew out, in rapid fire suc
cessiOn, questions pertaining to unused knowledge 
g:athered from completed courses of childhood expe
nence. 

The following are some questions which have been 
chosen by our staff of experts and are guaranteed to 
waste hours of your valuable time. 

1. VVhere did the Seven Dwarfs work? 
2. What was the Cisco Kid's sidekick's name? 
3. Where did Lady meet Tramp? 
4. VVhy did the Long Ranger use silver bullets? 
5'. VVho was Captain Hook's alter-ego? 
6. VVhat was "My Little Margie's" boy friend's name? 
7. What is Jimminy Cricket's theme song? 
8. Who was Davy Crockett's sidekick and when did 

Davy kill his first bear? 
9. Who were the two men nominated at the 1964 

Democratic National Convention for Vice-Presi
dent? 

10. Who was the Vice-Presidential candidate of the 
Republican Party in 1948? 

11. What was the sister ship of the German World 
War II battleship "Bismarck"? 

12. Name the 5 five-star generals (or admirals) of 
VVorld War II. 

13. Who played "the Shadow"? 
14. In "Tippecanoe and Tyler too" who was "Tippe

canoe"? 
15. In the movie "Ben-Hur," who played Messa Ia? 
16. Who surrendered to Washington at Yorktown? 
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17. Who surrendered to Sherman on his march to the 
sea? 

18. What is the physical structure in which the 
English Constitution is housed? 

19. Who made George Washington's false teeth? 
20. Who was the second man into outer space? 
21. Who was Flash Gordon's girl friend? 
22. Where was the capital of the Vichy government 

(French collaborative government during World 
War II)? 

Armed with these questions and the answers which 
appear below, you should now be able to astound your 
cultured friends who have been kicking literary sand 
in your face because your I.Q. is a 79 pound weakling. 

'J.:f 'ALI:::>!J\ ·cc ~al80 ·1c ~AOl!l '8 ·oc ~aJaAatf 1n8d 
'61 ~UI:lrJ.!..IMUn S! UO!fnl!fSUO:::> LjS!IgU3 '81 ~spa..tpUnLj 
SSI:lj:j.Uno:::> 'L 1 !8lj:j.J81/\l '91 ~pA08 UI3Ljd13:J.S ',S1 !UOS!J 
-J8H 'H 'M '171 !UO:j.SU8J8 :}.UOW81 '£1 !Z:J.!W!N 'JnLj:}.JV 
-:::>811\l 'PIOUJV 'II8LjSJ81/\l 'JaMOLjU13S!3 'c1 !Z:J.!dJ!li8..1!WPV 
'11 !uaJJ8M IJ83 '01 !sJapU8S IJ88 pu8 Al:lJLjdWnH 
:paqnH '6 !£ 'nassntf agJOa8 ·g !J8lS v uodn LIS!M noA 
ua4M 'L !uosi!M a!ppa..1.:1 ·g !Jol8g!ll8 ·s !auoAu8 IIP1 o+ 
:J.OU S8 os ·17 !Aall8 T !o4:::>U8d ·c !au!w puow8!P ·1 

Have a double on us. 

* • Well, gang, this is the last Log's Log for the school 
year 1965-66. It also is the last Technolog. We sur
prised a lot of people by being able to finish together. 
From our position (which can't be mentioned here) 
this year was a complete waste of time. But we were 
given the ultimatum of filling up two pages with mate
rial or stamping fee statements on the St. Paul cam
pus. 

So there we were facing an empty typewriter and a 
hostile editor breathing down our necks. After waiting 
the whole summer for some sort of divine guidance, 
we finally had to write something. Fully subscribing 
to that principle known as "shoddy journalism" we set 
to the task. Well, after sitting for forty days and forty 
nights it finally hit us that it would be impossible for 
us to come up with anything half-way decent. Well, 
that was half the battle. We lowered our sights con
siderably with the result that the October Log's Log 
was completed. After that shabby start we gradually 
went down hill~further and further. But did we give 
up? Never! 

After that first month we ran such features as the 
Pam Porn interview, a resume of the Shortest Books 
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in the World, a treatise on Physics labs, a review of 
our trip to Nassau, the Drinking Man's Phonetic Alpha
bet, a form letter home, the inside dope on the draft 
test, the ODB for each month and numerous introduc
tions and conclusions. There was much more but 
we're getting nauseous and undoubtedly dredging up 
unpleasant memories so we will close with the prom
ise that tomorrow is another year and that all of us 
mature at a more or less constant rate so chin up and 
nose to the grindstone and graduate during summer 
school so that you won't have to put up with next 
year's Log's Log. 

Last month we announced that Punchabod Comput
er Dating, Inc. had bought out Playboy, Inc. A mistake. 
Actually Playboy had bought out Punchabod and has 
announced this month that bunnies and past play
mates of the month will be made available to the sub
scribers of Punchabod. This brings us to the Crisis of 
the Month, which is: Technolog loses subscription to 
Punchabod. 

Well, it's almost summer. Soon the birds and the 
squirrels will be sunning themselves on the mall (the 
students having departed). Before you depart we wish 
to be sure that you are fully aware of the many great 
events which have occurred in the past and will be 
celebrated during the summer. 
May 15-3008 B.C., Mars breaks diplomatic relations 

with Earth forever. 
May 31-1162, King Arthur bumps his leg on the cor

ner of his table. 
June 3-2879 B.C., Haglius objects to his seat in the 

Trojan horse. 
June 17-1908, the first air mail service between St. 

Paul and Minneapolis. 
July 15-2017 B.C., Helen of Troy's face launches a 

thousand ships, sinks 3,957 less worthy crafts. 
July 19-1517, Frederick the Wise starts using de

odorants. 
August 10-1964, Juan Valdez is hanged for drinking 

Brazilian coffee. 
August 29-15,72, Conquistadors find Eldorado, the 

City of Gold, to have been built with U. S. for
eign aid. 

Sept. 3-1764, Marquese du Bwong has a stone-throw
ing tantrum in the Palace of Versailles, has 
7894 years of bad luck. 

Sept. 25-1958, Ivory Tower bowling team rolls 53 con-
secutive gutter balls. 

Oct 3-1519, Diet of Worms attacked by hungry robins. 
Oct. 11-0ctober Techno log Distribution. 

Conclusion: 
As the year has passed, 
We've made many attempts 
At wit, at humor, at satire, 
And now even poetry. 

We've made many friends, 
And lots more enemies, 
Many a man, 
But never yet a woman. 

And here at last our secret lies, 
If you won't tell, we'lllet you know; 
The truth is not that we are wise, 
We just all happen to be-sexually deprived. 
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. .. For ext Year 
Staff Positions Open Include: 

• Feature riters 
• Photo Staff Workers 
• Advertising Salesmen 
• Humor riters 

We offer you: 

ADVENTURE ROMANCE 

DRAMA TRAVEL 
If you are a high school graduate with a positive 

G.P.Ae, crawl down to Rm. 2, M. E., and inquire concerning 
this glorious opportunity. 

T E I ES T TEC L 
An Equal O,pportunity Employer 
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e Asph t Jnstitute Suggests ojects G 5 Vit 

Phenomenal advances in roadbuilding 
techniques during the past decade have 
made it clear that continued highway 
research is a must. 

Here are five important areas of 
highway design and construction that 
America's road builders need to know 
more about. 

If you or your department are plan
ning research studies, you can make 
important contributions to highway 
technology through projects in one or 
more of these areas: 

Rational Thickness Design 
and Materials Evaluation. 

Much remains to be done in the re
finement of thickness design concepts 
for asphalt pavement structures. Re
search is required in areas of asphalt 
rheology, behavior mechanisms of in
dividual and combined layers of the 
pavement structure, stage construc
tion and pavement strengthening by 
Asphalt overlays. 

Traffic evaluation, essential for 
thickness design, requires the develop
ment of improved procedures for uti
lizing loadometer and other traffic 
data. These new procedures will more 
adequately permit conversion of mixed 
traffic loads into terms of 18,000-lb. 
single-axle loads as required by de
sign guides of the American Associa
tion of State Highway Officials, The 
Asphalt Institute and others. Also 
needed are better methods for pre
dicting future traffic volumes and 
characteristics. 
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Materials Specifications and 
Construction Quality-Control. 

Needed are more scientific methods 
of writing specifications, particularly 
for determining rejection and accept
ance criteria. Also urgently needed 
are speedier methods for quality con
trol tests at construction sites, such as 
improved air- or water-permeability 
procedures for controlling pavement 
density. 

Drainage of Pavement 
Structures. 

Better and more positive methods are 
needed in this area. Suggested are ex
periments with two-layer systems and 
investigations of differing roadbed 
cross sections. 

Compaction of Pavements, 
Traditional Lifts and 
Thicker Lifts. 

Rolling procedures, compaction equip
ment and compaction testing-methods 
for traditional thin lifts of asphalt 

pavements need further study. There
cent use of much thicker lifts in as
phalt pavement construction suggests 
the need for new studies to develop 
and refine techniques of compaction 
to obtain the densities desired. 

Conservation and Beneficia~ 
tion of Aggregates. 

In light of greatly increased road and 
street construction, in which high
grade materials are being used in 
abundance, the conservation of ag
gregates has become a pressing re
quirement. A study of the use of As
phalt in membrane form to envelop 
low-quality base courses and soils 
would be helpful. Other procedures 
utilizing Asphalt also could be studied. 

For basic background information on 
Asphalt construction and technology 
at no cost, fill in and mail the coupon. 

THE ASPHALT INSTITUTE 
College Park, Maryland 20740 

OFFER OPEN TO CIVIL ENGINEERING STUDENTS AND PROFESSORS 
THE ASPHALT INSTITUTE, College Park, Maryland 20740 

Gentlemen: Please send me your free library 
on Asphalt Construction and Technology. 

NAME _____________________________ CLASSORRANK ______ __ 

SCHOO~--------------------------------------------

ADDRESS ________________________________________ _ 

CITY __________ STATE _______ ZIP CODE ___ _ 
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by JAMES E. HOLTE, Assoc. Prof., EE 

The complexity of the educational process required 
today to prepare and maintain an individual in our tech
nologically oriented society is immense. If the challenge 
of this society is to be met successfully our plans and 
decisions concerning education should be organized with
in a framework that allows both detailed examination of 
individual elements as well as revealing the relationships 
between elements. The following discussion develops a 
simplified version of such a model and examines several 
applications and possible extensions. This paper is meant 
simply as a starting point for what I hope might become 
a meaningful conversation between students, faculty and 
industry. 

It may seem painfully obvious to state the following as 
a principle, but it will serve as a useful point of reference 
for our discussion. 

In a system of high complexity, effective information 
transfer between components is difficult to achieve 
and only through adequate information regarding 
the states of the components and their relationships 
to each other can we best realize the capabilities 
of the system. 

Where the information transfer is incomplete or inade
quate, there is misunderstanding and very soon, mistrust. 
Many views concerning the current educational system 
reflect inadequate information concerning, on the one 
hand, the nature of its many components or, on the 
other hand, the most effective relationship of the com
ponents to each other. The simple model developed in 
the following paragraphs forces us to identify both indi
vidual elements and the complex relations between them 
in discussing the education of the individual. Both fea
tures are of equal importance if we hope to reach useful 
conclusions or plans for action. 

The simplified modell under discussion is illustrated in 
Fig. l. The elements school and employer should be 
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interpreted in a very general sense: School as an institu
tion with a primary educational responsibility and em
ployet· as the user of the individual's professional skills. 
We see immediately that even the task of defining the 
few elements in our simplified diagram is not easy and 
considerable room for interpretation of overlapping func
tions will be needed when a specific case is considered. 
Most undergraduates will think naturally of school as the 
undergraduate curriculum in the college in which they 
are enrolled and for many the tie with employer is one 
to be considered in the future. For the part-time student 
or graduate the formal identification of school as a par
ticular institution could be replaced by the many activi
ties, such as professional society membership and tech
nical conference participation, which comprise, among 
many others, the life-long continuing professional educa
tional activity. 

The two-way links indicated between each of the 
three elements represent both the flow of information 

"It's like the grand-daddy of all 'black box' problems: all the 
components are black boxes and we aren't even sure of the re
lationships between them." 
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and the constraints through which any of a great number 
of forces (economic, social, etc.) are applied and experi
enced. The effectiveness of these channels or the 
strengths of these ties is not and should not be uniform 
and displays an ever-changing pattern in time. It should 
be interesting for each reader to take a moment and 
evaluate his own position in such a diagram-identifying 
the elements and relative strengths of the various ties. 
Note that the channels through which one can communi
cate are not necessarily the same as those through which 
forces are experienced! The theme of this discussion is 
that the many tensions and constraints represented by 
this simple diagram need thoughtful consideration if each 
of the three elements-individual, S'chool and employer
are to operate in a mutually effective manner. Indeed 
the very act of recognizing these relationships in this 
simplified, but formal, fashion is of help in attacking the 
many real or imagined objections and criticisms that 
arise from this system. The following discussion will 
examine several such criticisms from the viewpoint of 
each of the three elements and see whether or not the 
triangular framework of Fig. 1 is helpful in gaining per
spective on the basic issue. 

Before proceeding, note the extreme nature of the 
simplification presented in Fig. 1. In reality, each of the 
three elements is itself a many-compartmented body as 
suggested by the very coarse breakdown by function 
shown in Fig. 2. Even with such a simple breakdown 
there exists a maze of two-way ties between all possible 
elements. There will be internal channels and constraints 
as well as between the major units. Finally, it would be 
foolish to even attempt to illustrate the complexity of 
the situation when we remember that the divisions school 
and employer are themselves made up of the blocks 
labeled individual. Therefore, the usefulness of the 
viewpoint being proposed in this paper will depend on 
our ability to recognize and isolate only a relatively 
small number of essential features from which we can 
proceed systematically to analyze and seek solutions. 
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I would like within the framework of Fig. 2 to discuss 
several of the often-repeated criticisms and arguments 
that I hear in my contact with students, other educators, 
and industrial and governmental employers. These are 
personal views and interpretations and will have value 
only insofar as they serve for a basis for further discus
sion. 

The Individual 
In conversations with both undergraduate and gradu

ate students, I find surprisingly little concern expressed 
about the ties associated with the employer. This may 
not be surprising in that most people, while involved in 
professional preparation, view employment simply as a 
means of acquiring financial support to pursue their edu
cation. However, an effective and full professional life 
after graduation should build upon a careful preparation 
and period of information-seeking while still an under
graduate. I believe that this sort of tie may best be made 
through participation in the professional societies and 
their student chapters, beginning as early as possible in 
one's career. Limited space makes it impossible to dis
cuss here the important question of where these societies 
should be placed in our diagram. For most undergradu
ates the line segment from. school to individual may 
represent the strongest tie of the diagram with a much 
weaker return path. For a few, those who actively par
ticipate in University functions, a more nearly-balanced 

FIGURE I 

relationship may be established. There is no intent here, 
of course, to suggest that all paths should be equally 
weighted. However, the one-way flow from school to 
individual may form some of the basis for the often 
expressed view "I came here to learn, why then must I 
take many additional courses or fulfill many additional 
requirements not in keeping with this objective?" We 
need but examine the inferred ties of Fig. 2 between 
school and the many segments or facets of the individual 
to emphasize the fact that education is not simply train
ing in a single discipline but rather maximum develop
ment of individual capacity and ability in the many areas 
of modem life. I believe this developmt{nt must begin in 
school and cannot be deferred until later life when· we 
naively believe there will be rrwre time. Valid questions 
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for discussion are: which ties are strongest, where the 
emphasis lies, and how the results are achieved. The 
many inferred connections of Fig. 2 also suggest that the 
quality of a school in the area of teaching is not the sole 
measure of its value and effect on the individual. 

Returning to Fig. 1, I would emphasize the importance 

SCHOOL 

INDIVIDUAL EMPLOYER 
FIGURE 2 

of the ties not connected directly to the element under 
consideration. The ties between school and ernployer 
have profound effects on the individual. One can cer
tainly find those who feel school-employer ties should not 
even exist let alone be actively developed. To these 
people the roles of education and employment are in 
some way mutually antagonistic and tend to degrade 
each other. In my opinion it is exactly these channels 
that are needed for a complete development of the in
dividual both in establishing an effective undergraduate 
curriculum and in promoting later study. Neither dictates 
to the other but rather there should be a cooperative 
spirit and recognition of the responsibility to be met 
by each. 

T'he School 

A careful consideration of the many ties, channels and 
constraints suggested by Fig. 2 can be helpful both in 
our development of curricula best suited to the students 
and in realizing the objectives and responsibilities of the 
university beyond the teaching function. The belief that 
the sole tie between school and individual should be that 
between «teaching" and ""professional development" indi
cated in Fig. 2 may represent the source of student out
rage concerning paternalism. Simply drawing a diagram 
does not solve problems but discussion is needed and 
should be directed toward the establishment of an order 
of importance or priority between the various possible 
connections as well as the desirability of various relative 
strengths of each of the possible directions. 

In the case of the 8chool~ the individual-employer rela
tionship represents the indirect ties. The success of 
cooperative academic programs at either the undergrad
uate or graduate level must depend on a realistic evalua
tion of the constraints and forces involved. We· need to 
learn much about how the educational role is shared by 

school and employer if we are making best use of our 
technical manpower. 

The ties between school and employer must be dis
cussed from another viewpoint. The criticism is often 
made, "Why are college professors so divorced from the 
practical applications of the subject matter they teach?" 
or "Teachers must spend time in industry if they are to 
be effective, but they are not doing so." These views 
may be contrasted with those stating, "Teachers have no 
time for the students, they are excessively involved in 
consulting practice and research." The apparent con
tradiction arises from a failure to recognize the com
plexity of the relationships expressed in Fig. 2. The 
problem is not a determination of which activities to 
eliminate or introduce but rather how to establish the 
optimum balance between the many and sometimes con
flicting functions which must be performed. 

The !Employer 

An important set of pressures and constraints are those 
represented by the employer's need to fill specific and 
often highly-specialized job functions immediately and 
the long range need to anticipate and prepare for future 
technology and society. It should be recognized that a 
capable and balanced individual, professionally able and 
personally effective both when he graduates and in the 
years to follow, is the goal of undergraduate and gradu
ate preparation. The question is not one of fundamental 
concept vs. practical skills but rather how to balance im
mediate and long-range demands for professional com
petence against the other important requirements in the 
total education of the individual. From this standpoint 
a program of continuing education becomes much more 
than a fight against obsolescence and unemployment. It 
is rather, the necessary and natural process, using essen
tially formalized means, of extending or filling in what 
conventional degree programs begin. 

"Goals of Engineering Education" 

The relationships outlined in this discussion are the 
object of consideration by schools, industry, government 
and the professional societies. It should be of interest to 
consider in the framework of this discussion several of 
the recommendations of the preliminary report, Goals of 
Engineering Education, of the Goals Committee of the 
American Society for Engineering Education. While this 
report is, as its title states, preliminary, its recommenda
tions serve as a useful starting point for discussion. 

1. The ASEE, educational institutions, and engi
neering faculties should immediately exert a positive 
effort to strengthen and improve the liberal educa
tion of engineering students to enable them to fully 
appreciate and discharge their responsibilities to 
society. 
This point emphasizes (see figure 2) the responsibility 

of the school to the individual to develop a greater seg
ment than that represented under "professional develop
ment." Going beyond the scope of the report, we may 
suggest that the individual-employer ties must also em
phasize and encourage the overall development of the 
individual. 

(Continued on Page 16) 
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Now glass can do what metals can't. Add sharpness and dis
tinction to printing by fiexography and simplify the whole 
process as well. Ask your printer. 

Flexography is the art of printing with rubber plates on flex
ible materials, such as the paper, film and foil used for packag
ing. Conventionally the rubber plate is prepared from a metal 
engraving. Trouble is, rubber tends to exaggerate the tiny irreg
ularities found in etched metal. 

Then Corning came along with a remarkable method for 
engraving on glass, every particle of which is photosensitive. 
The image to be etched is developed all the way through the 
glass. 

So the etch is deep. Clean. Diamond-sharp. The reproduc-
tion sparkles. Type glitters. The blurred look of rubber plate 
printing is gone. 

Photosensitive glass was developed by Corning. It opens up 
a world of unprecedented applications, like the discovery of 
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a major new basic material. Yet it is only part of the enormous 
promise in glass. 

Today, glass can be made six times stronger than steel. Or 
as soft as silk. It can bend or not bend. Break or not break. 
Melt or not melt. It can be molded, cast, machined, drawn and 
pressed. In short, it possesses more useful capabilities than any 
other known material. 

For solutions to their materials problems, industry and gov
ernment are coming to Corning. Because Corning is the glass
master. It's a broad, international company, with one of the 
most daring, expert and imaginative research and engineering 
staffs in the world. Plus a marketing principle that commits 
them to developing products only in areas where a need exists 
and no product does. 

Young engineers seeking challenge, opportunity and ad
vancement are invited to write to Career Development Man
ager, Corning Glass Works, Corning, New York. 

I 
CORNING GLASS WORKS 
AN EQUAL--OPPORTUNITY EMPL-OYER 
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2. More diversity and flexibility should be intro
duced into engineering programs in order to accom
modate the <¥,ffering aims and talents of individual 

students. New kinds of learning experience and 
high-level creative activity are needed at all levels to 
prepare the student for leadership roles. Even the 
doctorate should be recognized as broad preparation 
for many aspects of professional life, and not as 
preparation for research alone. 

·11) 

WORLD'S LARGEST LABORATORIES 

FOR RESEARCH ON 

PORTLAND CEMENT AND CONCRETE 

How PCA helps keep you up-to-date on concrete after 
you leave engineering school. At the $10,000,000 
Research and Development Laboratories of the 
Portland Cement Association is the world's largest 
assembly of scientists, engineers and equipment 
devoted solely to the study of portland cement and 
concrete. The findings benefit all. 

Technical literature, prepared by other PCA engi
neers and specialists is made freely available. PCA 
field engineers regularly inform project engineers 
on advances in concrete construction. 

These services of the Portland Cement Association 
are made possible by the voluntary support of some 
80 member cement companies. 
PORTLAND CEMENT ASSOCUATmON 

MINNESOTA-DAKOTAS DISTRICT 
1490 Northwestern Bank Bldg., Minneapolis. Minn. 55402 

An organization to improve and extend the uses of portland cement and concrete 

This statement reflects the total complexity and per
sonal nature of the patterns suggested bx ~igure 2. 

- 3. _The excellence of faculty is of critical impor
tance in engineering education, and the creation of 
appropriate policies for faculty recruitment, develop
ment, and utilization should be given primary con
sideration by college administrations. 
Here is a plea for ipternal examination within the area 

labeled school to see tl~zt the various wedges in the pie 
have proper emphasis aiidq:elationships to each other. 

4. Cooperation should ge promoted between col-
leges on the one hand and the industry and govern
ment on the other, by encouraging practicing engi
neers to participate directly in academic instruction, 
and by arranging for teachers to gain practical ex
perience in industry and government on a semester
long basis. 
Here is a clear recognition of the ties indicated in 

Fig. 2 between school and employer and emphasizing 
the two-way nature of the ties. 

5. Continuing study by degree holders at all levels 
is a recognized need of learned professions, which 
appears to be inadequately filled in engineering. It 
is hoped that specific recommendations will .. emerge 
from the ECPD-EJC-ASEE-NSPE Joint Advisory 
Committee, which is studying the roles of industry, 
government, academic institutions, and engineering 
societies in continuing education. 
This point effectively summarizes the viewpoint of 

this article. I would only add, in conclusion, the press
ing need for everyone involved to study all phases of the 
educational process. [] 

r;.:" v·+r~ 

WHAT cou~~NBETH:~RE WATER-SKIING? 

- ...,~~ 
, .._~->4 

. p ><>--- ----
DROP IN 
AND SEE! 

-AT-

307 Oak SE (near Washington Ave.) * 331-7331 
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CLEARPRINT IS THEIR COMMON DENOMINATOR 
The reason for that is quality. To do the best work 
you have to start with the best materials. For over 30 
years Clearprint Technical Papers have served stu
dents, educators, and professionals with distinction. 
Ill Clearprint's unchanging character includes 100% 
rag uniformity, permanent transparency, outstanding 
erasing and handling qualities. You get all this in 
addition to Clearprint's ideal ink and pencil surface. 
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Ill Everyone who uses technical papers should try this 
comparative test: Draw, erase, and hold the sheet to 
the light. Not a chance of a ghost! Ill Repeat and re· 
peat this test. The results will amaze you. You will 
agree- Clearprint is America's finest technical pa· 
per. Introduce your students to it today. E Write now 
for Clearprint samples, sizes, and prices. 
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Spotlight on 

Local Industry ... 

Archer 

Daniels 

by JANET SCHWARZ, ME '69 

In 1923, the present Archer Daniels Midland Company 
came into being. With consolidation of Midland Lin
seed Products Company and Archer Daniels, the firm 
became the world's largest processor of linseed oil. 

It was flaxseed which gave ADM its start and built its 
reputation. Flaxseed is the source of linseed oil, a basic 

ADM's Main Office 

ingredient in paint, linoleum, printing inks, oil cloth, 
core oil and dozens of other important products. In 
1902, John W. Daniels, encouraged by George A. Archer, 
came to Minneapolis to found the Daniels Linseed 
Company. The following year, Archer joined Daniels 
and in 1905 the company name was changed to the 
Archer Daniels Linseed Company. 

ADM research activities began in 1923 with the parent 
company's merger with Midland Linseed Processing 

Mtdland 

Company. These early efforts focused on drying oils 
and paint vehicles. ADM research continued to grow 
with the chemical process industries. During the thirties 
and forties, ADM emerged as a major innovator in pro
tective coatings, foundry core oils and fatty chemicals. 

When ADM first began its research work in earnest 
20 years ago, it had 60 people on its research staff. 
Today it has 200 in its laboratories in Newark, N. J., and 
Los Angeles, Calif. 

Of these 200, about 120 have engineering or scientific 
degrees and 40 have doctor of philosophy degrees. 

The technical atmosphere of research is one in which 
basic properties of nature are explored. For intsance, 
studies currently include modification of solid surfaces 
to provide increased lubricity, others to improve corro
sion resistance. Various new chemicals and polymeric 
materials are being synthesized to advance our knowl
edge of fire retardancy. Novel and useful new momomers 
are being created and analyzed. 

Specialized research laboratories generally paralleled 
commercial product lines, and yet are valuable techno
logical springboards for investigating entirely new prod
uct areas, both on behalf of ADM and the client seeking 
research services. A brief sketch of the vmious labora
tories follows: 

Coating Resins. Resins, including water-and solvent
thinned alkyds, acrylics, polyesters, urethanes, synthetic 
Iactices and epoxies. Modified drying oils are obtained 
from linseed, soybean oil and fish oil. 

Foundry Products. Conventional core oils, "no-bake," 
hot box and exothermic resins, factings, and washes. 
Model foundry explores novel processing techniques. 

Plasticizers. With special emphasis on modifying vinyl 
compounds, plasticizers are based on epoxidized soybean 
oil, polyesters, and epoxidized esters. 

Plastics. Polyesters for glass-fiber laminates, polyure-
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thane foams for thermal and impact insulation, and 
urethane elastomers for gaskets, sealants, and coatings. 

Industrial Chemicals. Starting with triglycerides of 
animal, vegetable, and marine origins, fat and oil deriva
tives include saturated and unsaturated fatty acids, 
glyceryl monostearates, butyl stearates, and other de
rivatives based on ester technology. 

Specialty Chemicals. Fatty alcohols and fatty amines, 
amides and quaternary ammonium compounds have been 
developed to serve a wide range of surface active ap
plications, from household detergents, fabric softeners, 
and cosmetics to corrosion inhibitors and ore beneficia
tion. 

Bakery Products. Development of enriching ingredi
ents, emulsifiers, dough conditioners based on soy pro
tein. 

Textured Vegetable Protein. Chemical and physical 
modification of vegetable proteins to give meat-like tex
ture and food values. 

Pasta. Modifying macaroni and spaghetti products to 
increase nutritional value and cooking tolerance via pro
tein additives. 

Animal Feeds. Upgrading by-products from milling 
and grain handling. Drying and storing dehydrated al
falfa. 

Bacteriology and Fermentation. Putting microorgan
isms to work in modifying starches and proteins to pro
duce synthetic gums, food concentrates, and animal feed 
additives. 

When ADM was founded it had just two products: 
linseed oil, then the principal vehicle for paints, and 
linseed meal for livestock and poultry feeds. Since then 
ADM has diversified into many new fields. In spite of 
its size and diversity, however, it is virtually unknown 
in the consumer field. Only one ADM product, canned 
linseed oil, is sold in retail stores. 

Just as ADM pioneered in the processing of flaxseed, 
so was it a leader in developing new products from the 
soybean. ADM produces soybean oil for both edible 
and industrial purposes. In the edible field, soybean oil 
is widely used as a salad and cooking oil and in the man
ufacture of margarine and vegetable shortenings. In 
the industrial area, soybean oil goes into protective coat
ings, putty and calking compounds, linoleum, core oils, 
printing inks, synthetic rubber and plasticizers. Licithin, 
another soybean derivative, has industrial, edible and 
pharmaceutical applications. 

ADM also is a leading producer of soy flours, which 
are used in wood glues, coatings for fine papers and 
wall paper, and in breads, pasteries and other food prod
ucts. Isolated proteins extracted from the soybean are 
ingredients of many other food and industrial products, 
going into replacements for milk solids in bread baking, 
into protein supplements for macaroni and spaghetti and 
into new foods that have the nutritional value of beef 
but are far less costly than meat. 

The Minneapolis company is a major processor of high 
quality dehydrated alfalfa, an important ingredient of 
livestock feeds. It is a leading processor of seed flax 
straw into materials used in the manufacture of cigar
ette paper, air mail stationery, fine printing papers, 
United States currency, wallboard, livestock feeds and 
for other industrial purposes. 
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One of the largest flour millers in the country, ADM 
manufactures wheat flour for the baking and macaroni 
industries. 

Among ADM's products are many for the chemical 
industry, including fatty acids, fatty alcohols and hydro-

Artist's conception of solar collector, such as ADM is develop
ing for the Air Force, attached to a space vehicle to provide 
in-flight energy ·From the sun's rays. 

genated oils. These materials, derived from vegetable 
and marine oils, have uses in such end-products as rub
ber, lubricants, textiles, leather, cosmetics and deter
gents. 

More than 300 resins and chemically modified oils 
are manufactured by ADM's Chemical Group for the 
protective coatings industry. It produces plasticizers, the 
materials which give vinyl plastics for the repair of 
freight car interiors. ADM also manufactures resins for 
laminating plastics and for plastic foams. ADM does 
not manufacture paint but it is one of the United States' 
leading suppliers of resins and oils for paints. ADM re
search is responsible for the high gloss automobile fin
ishes and for the new water-thinned industrial finishes. 

The company also is a leader in the development of 
chemicals for the foundy industry. ADM core-making 
materiflls can reduce the production time for foundry 
castings· from hours to minutes. 

The ~bclpany' s grain merchandising operations girdle 
the globe and include terminal elevators with 71 million 
bushels of storage capacity. 

The largest producer of core oils and other additives 
for the foundry industry, ADM also has bentonite mining 

(Continued on Page 38) 
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Expanding ilitary and co ercial business 
Iii!! has created even ore opemngs. 

As you contemplate one of the most important decisions 
you have yet had to make, we suggest you consider 
joining us at Pratt & Whitney Aircraft. Like most every
one else, we offer all of the usual "fringe" benefits, 
including our Corporation-financed Graduate Education 
Program. But, far more important to you and your 
future, is the wide-open opportunity for professional 
growth with a company that enjoys an enviable record of 
stability. You will be working on challenging new prob· 
!ems of propulsion. 

And make no mistake about it .•. you'll get a solid 
feeling of satisfaction from your contribution to our 
nation's economic growth and to its national defense 
as well. 

Your degree can be a BS, MS or PhD in: MECHANICAL 
~ AERONAUTICAL ~ ELECTRICAL ~ CHEMICAL EN· 
GINEERING ~ PHYSICS ~ CHEMISTRY~ METALLURGY 
~ CERAMICS ~ MATHEMATICS ~ ENGINEERING SCI· 
.ENCE OR APPLIED MECHANICS. 

For more specific information (and immediate action) 
concerning a career with Pratt & Whitney Aircraft, write 
today (or use coupon) to Mr. William L. Stoner, Engineer
ing Building 1-A, Pratt & Whitney Aircraft, East Hart· 
ford, Connecticut 06108. 

hitn ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

fi.ORUDA OPERATIONS WEST PALM BEACH, FLORIDA 
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r ........................... .............................. , 
NAME-------------------------------

STREET ADDRESS-------------

CITY & STATE--------------

I SCHOOL---------------- I 
I I 
I I 
I DEGREE(S) _____ GRADUATION DATE I 
I I 
I I 
~---~- --~---~ 

SPECIALISTS IN POWER ••• POWER FOR PROPULSION
POWER FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS 
INCLUDE MILITARY AND COMMERCIAL AIRCRAFT, MISSILES, 
SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIONS. 

An Equal Opportunity Employer, M &. f 
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We have just marked the close of the 52nd 
annual E-Day at the University of Minnesota. In order to 
fully present the highlights of this year's festivities, it is 
only fitting that we include some of the tradition behind 
it all. 

Engineer's Day had its humble beginnings at the Uni
versity of Missouri in 1905. The Engineering students 
decided to skip classes on St. Patrick's day and hold 
some sort of a formal celebration. In 1906, they held the 
first E-Day parade and knighting ceremony in which the 
senior Engineers were knighted into the "Grand Order 
of the Guard of St. Patrick." 
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The Technolog had a real winner of a 
queen in the parade-too bad the float 
wasn't just as much a winner. 

The E-Day tradition spread to the University of Iowa 
in 1909, from whence it was brought to the University 
of Minnesota by Mr. George Pries,ter, an Iowa graduate, 
in 1910. It didn't really catch on until 1914, when the 
seniors staged the first E-Day with Mr. Priester as St. 
Pat. Mr. Priester held this title for five years, and then 
the honor went to other distinguished faculty members 
and grad students. The St. Patrick tradition evolved to 
its present form in 1924, when Archie Rowland McCrady, 
a senior in Civil Engineering, was named the first student 
St. Pat. 

The odginal rivals of E-Day were the Miners, who 
tried to steal the Blarney Stone from the shed of Prof. 
Frank Rowley which stood on the site of the present 
library. A handful of Engineers held them off while an
other went for reinforcements from the Main Engineer
ing building. When the army of Engineers arrived on 
the scene, the Miners had the stone in a wheelbarrow 
and were racing madly for the river. The Engineers 
caught up with them, and a bloody battle ensued. The 
stone was saved. 

Plumb Bob was up to its usual antics-trying to 
come up with the weirdest looking float. It looks 
as though they succeeded. 
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In 1916, the Med students carried a banner in the 
E-Day parade which read: 

St. Patrick was a medic, 
He flunked out on his ear, 
That's the only reason 
He became an Engineer. 

The Engineers tolerated this until the parade rounded 
the corner of 15th and University. There they fell out 
of ranks and waited along the sidewalk while the un-

Fred got Sally jealous by riding with the former 
queen. 
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Believe it or not, Theta Tau got first prize for their 
version of the Batmobile ( ?) 

suspecting Medics marched into their midst. When the 
dust had settled, there was no trace of the banner, and 
the Medics limped back to the University Hospital. 

In 1918, the Miners again stole the Blarney Stone and 
put it through the rock crusher at the Minneapolis Stone 
Company, sending the remains back to the Engineers 
in a sack. But the Miners had been tricked and the real 
Blarney Stone was safe and sound. It has remained a 
point of contention ever since. 

Now that the School of Mines has been admitted to 
the Institute of Technology, the Foresters have taken 
over the chore of opposing the Engineers. They have 
made several attempts to relieve us of the Blarney Stone. 
In turn, their statue of Paul Bunyan has taken its annual 
stroll. 

There have been other minor uprisings, such as in 
1954 when the Lawyers bombarded the parade with 
plastic bags full of water. Nothing has ever really damp
ened the spirits of the Engineers, however. 

Photos by Marlin Rekow, Roger Whipple, and Steve 
Lindfors. 
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Th • • • 

Ken Fletcher, Tony Hoffman, Pete Blomberg, Jerry Johnson, and JoAnn 
Werner help to pull the 'Log's float in the parade. 

Two MSPE members somehow cornered a girl 
to ride in their float. 

The Civils weren't very as they contributed to 
the pollution problem by dumping dirty water 
on the street. 
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A ards 
and ni htin • • • 

Professors Sloan of Geology, Goodman of 
Civil Enginering, and Cameron of Math all re
ceived awards for their superior teaching skills. 

Associate Dean Verbrugge knights St. Pat, 
Fred Merry, as he kisses the Blarney Stone. 

Sal and Fred presided over the cere
monies after the knighting. 

Dean Verbrugge presents Sally with the Hamil
ton watch award. 

25 



The Coronation ... 

The moment of coronation. 

26 

Miss E-Day 1966, Jeanne Stine, and the five can
didates. From left, they are: Nancy Arntsen, Janet 
Schwarz, Judy Evans, Diane Buer, and Margaret Shaw. 

Jan, who couldn't believe it, is applauded by the 
other candidates. 

MINNESOTA TECHNOLOG 



Jan, our Queen, is a freshman in M.E .• and is also very 
active in the YWCA. 

Fred is knighted St. Pat. 

May, 1966 

And now, a few kind words for the audie·nce ... 

Our float was almost crowned, too. 
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Th a I • • • 

One engineer didn•t know what he was getting into 
at the Brawl's wedding ceremony. 

28 

Daddy Chuck (Strand) with ring. 

The E-Day trophies, supplied by Minnesoti· Mining & 
Manufacturing Co., were presented at the brawl. 

MINNESOTA TECHNOLOG 
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Want to know how much oil is in your Dallas tanks while 
you're sitting in Tulsa? Push a button. 

Making salad dressing? Not at home by the spoonful-but 
industrially by enormous vats-full. No more hand pouring 
or mechanical dumping. Hit the vinegar button and it's 
measured precisely. The oil- to the drop. Lace the con
coction with zesty oregano? Just push a button. 

Load a gas truck with gasoline, check the gallons left in 
the storage tanks, make out the statement, give the driver 
a receipt, and then record the whole transaction. Tough? 
Just have the driver push a button (or a lever). You don't 
even have to be there. 

So goes the lively art of solid state electronics. Remote 
Control, Data Acquisition Systems, and Process Control 
Systems. All available right now for modern industries
control devices for- you name it. 

Tomorrow? Around the world automation systems. Remote 
control devices-you name it. 

And who's got the button? Why Motorola of course ... 
they've been button-contrail i ng for years! 

TRUST THIS EMSIGNIA W.HEREVER YOU FIND IT 
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Ill 
I 

t 
by DAVID E. ENGEN, Pol Sci '67 

"I was quite upset when Jack kissed 
me." 

"Oh, I say! You'd been kissed be
fore." 

"Yes, but never in a canoe." 
~ ~ . 

She: "All my life I have been saving 
my kisses for a man like you." 

He: "Prepare to lose the savings of 
a lifetime." 

~ @ @ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ She: "Daddy ~ so pleased to hear 
you are a poet." 

He: "Fine. He likes poetry then?" 
-viktas et crudus semper eternam 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ She:"Not~~L Buttheh~friend 

'Tm not the happiest person in the 
world, but I'm next to the happiest," 
murmured the supreme egotist as he 
took the sweet young thing into his 
arms. 

@ • • 

Betty: "What do you mean by kiss
ing me?" 

Frank: "I just couldn't help myself." 
Betty: "But you just did." 

li!ll • • 

Accepted Suitor: "I know I'm not 
much to look at." 

The Girl: "Still, you'll be at work 
all day." 

@ @ 0 

1vf.E. (having just kissed her): "Ah! 
That was in,?eed a triumph of mind 
over matter! 

She: "Yes, I didn't mind, because 
you didn't matter." 

o Cill e 
Him: "Say, do your eyes bother 

you?" 
Her: "No-why?" 
Him: "Well, they bother me." 

@ • @ 

Eva: "Did you enjoy your ride last 
evening vvith that young doctor?" 

Edith: "Indeed I did. He has a most 
charming roadside manner." 

e 0 0 
"Fred, stop!" 
"You don't mean it, Nancy?" 
"You just kiss me again and see." 

® @ @ 

Fair Young Thing (to friend): "Not 
only has Jack broken my heart and 
wrecked my whole life, but he has 
spoiled my entire evening." 

e e e 
King Farouk is dead ... now they're 

going to name a college after him ... 
Farouk U. 

o e 0 

They arrested her for soliciting, but 
she pleaded not guilty, claiming she 
was only calling her dog Tiz. 
"Here Tiz, Here Tiz." 

0 ® • 
"My mother always told me to be 

be good .... Was I?" 

30 

Generally speaking, women are. 
® ® liD 

One good turn usually gets most of 
the blanket. 

0 0 • 

Bigamist: Large fog over Italy. 
e e e 

Steam: Water crazy with heat. 
e e e 

Engineer: "Is this dance formal or 
do I wear my own clothes?" 

• ~ e 
INTERLUDE: Times between 

times. 
e • e 

IVIINUTE MAN: A fellow who 
double parks in front of a house of ill 
repute. 

@ e o 
Buck, pouring drinks: "Say when." 
Flo: "Right after this drink" 

@ e e 
Girl home from a date with an over

sexed ME to her mother: "Oh, I had 
to slap him a couple of times, but it 
was only because I thought he was 
dead." 

o e e 
Cannibal King: "What am I having 

for lunch?" 
Cook: "T,~ro old maids." 
Cannibal King: "Ugh! Leftovers." 

e e e 
Some girls are music lovers. Others 

ca-:.1 love without it. 
e o 11 

In addition to the A.C.T. and math 
test, I.T. now has a new entrance 
exam. They send you to a magic 
show. If you sit there and take it all 
in, you pass. If you ask questions and 
try to figure it out, you can still come 
to I.T. but you can't major in physics. 

• • e 
The inebriated university professor 

staggered into the bar and asked the 
bartender for a dry martinus. 

"Beg your pardon, sir," the bartend
er replied, "but do you mean a dry 
martini?" 

"Now see here, my good man," ex
claimed the 90-proof prof. "If I want 
two, I'll ask for them." 

of mine he tried to throw out was an 
amateur boxer." 

e e ® 

Alma: "I think Arthur is horrible. I 
asked him if he had to choose between 
me and a million dollars which would 
he take, and he said the million." 

Amelia: "That's all right. He knew 
if he had the million you'd be easy." 

Gill e Gill 

"Cheer up, old man! There's other 
fish in the sea." 

Rejected suitor: "Yes, but the last 
one took all my bait!" 

e G G 

11ay: "So you told Charlie you loved 
him after all?" 

11ary: "I didn't want to but he just 
squeezed it out of me." 

e 0 0 

He: "There are an awful lot of girls 
who don't want to get married." 

She: "How do you know?" 
He: ''I've asked them." 

o e 0 

The beaver is the engineer of the 
animal world; the I.T. man is the ani
mal of the engineering world. 

0 0 e 
Q: Who put the last 15 bullets in 

1ilussolini's head? 
A: 273 Italian sharpshooters. 

e e e 
Dianne: "I shudder every time I 

thin,~< of some handsome man kissing 
me! 

M:.E.: "And here I've been thinking 
you had St. Vitus dance all year." 

Gill @ @ 

Woman: A rag, a bone, and a hank 
of hair. 

@ @ ® 

Pants are made for men and not for 
women. Women are made for men 
and not for pants. When a man pants 
for a woman and a woman pants for 
a man, they are a pair of pants. Such 
pants do not always last and then they 
are called breeches of promise. This 
often turns into a suit. When two 
couples are mixed up in a suit, all 
panting, it is a suit with two pair of 
pants. 
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The young kindergarten teacher had 
just instructed her charges to come 
forward as their names were called 
and be prepared to draw something 
on the blackboard that had been the 
cause of excitement in their homes 
during the previous week. One by one 
the pupils came forward and sketched 
such items as report cards, television 
sets, mother's new hats, and the like. 
When it came time for Johnny, the 
class cutup, to comply with the as
signment, however, he walked to the 
board and simply made two white 
chalk dots before returning to his 
seat. Suspecting that he was up to 
one of his usual pranks, the teacher 
advised Johnny that he had better be 
able to explain why those two dots 
were exciting if he didn't want to be 
kept after school. 

"Well," said Johnny, "the other day 
you told us that those dots are also 
called periods-" 

"That's correct," the teacher inter
rupted. "But what could possibly be 
exciting about two periods?" 

"Beats me," replied Johnny, "But 
that's how many my sister in high 
school says she's missed and they're 
causing an awful lot of excitement 
around our house!" 

The percentage of alcoholics in the 
United States is staggering. 

II II II 
Jessie: "Her husband didn't leave 

her much when he died, did he?" 
Jennie: "No; but he left her very 

often when he was alive." 
II II II 

Nell: "Oh, he's so romantic. When 
~e .address~~' me he always calls me 
Fmr Lady. 

Belle: "Force of habit, my dear. 
He's a street-car conductor." 

II II II 
"Was Phyllis a success at Palm 

Beach?" 
"Oh, yes, she got along swimming

ly. In fact, she managed to outstrip 
all the other girls." 

Ql II II 

Karon: "In the bus, this morning, 
three men jumped up and offered me 
their seats." 

Bob: "Did you take them, dear?" 
II II II 

"What are the young man's inten-
tions, daughter?" 

"Well, he's been keeping me pretty 
much in the dark." 

0 • ® 

He: "I could go on loving you like 
this forever!" 

She: "Oh, go on!" 

Professor of Economics: "You boys 
of today want to make too much 
money. Why, do you know what I 
was getting when I got married?" 

Voice from rear: "No, and I'll bet 
you didn't either." 

G II II 
M.E.: "You once told me there was 

something about me you loved." 
Sue: "There was, but we've spent it 

all." 
liD • • 

At last I've found my soul mate, 
One could not ask for more . . . 
She's deaf, and dumb, and oversexed, 
And owns a liquor store. 

@ Gill • 

"Broken off your engagement to 
Mary?" 

"She wouldn't have me." 
"You told her about your rich 

uncle?" 
"Yes. She's my aunt now." 

CD ® II 
If her lips are on fire, and she 

trembles in your arms, give her up 
man ... she probably has malaria. 

• • • 
"Why did you break your engage-

ment with that high school teacher?" 
"I didn't show up one night, and 

she wanted me to bring a written ex
cuse signed by my mother." 

+ + + + + + + + + + + + + + + + + + + + + + 
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FULL INTO 1HE Nf)(T 

STAN\JARD STATION. 
~ I'VE GOT A. FLI\1 f 

·~ 
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RIGHT: St. Pat and the queen try to dance. CENTER 
RIGHT: Three brawny guards watch for foresters. LOWER 
RIGHT: Art Brickman and lovely Joe BeVier try their hand 
at blowing bubbles. LOWER LEFT: A gluttonous character 
(obviously not an engineer) tries his hand at gobbling pies. 
BELOW: St. Pat and queen are saluted by fellow engineers 
in front of the physics building. 



One of the outstanding properties 
of Malleable Iron Castings 

reputation. Malleable can be cast close 

to finish shape, thereby reducing or elim
inating machining operations. What ma
chining must be done can be accom
plished quickly because Malleable iron is 
the most easily machined of all ferrous 
metals of comparable hardness. 

One of the first considerations in design
ing a metal part is its strength to perform 
a given function. 

In most instances, the second question 
is always how to provide the necessary 
strength ... at the lowest possible fin
ished cost. On both counts, Malleable 
iron castings offer exceptional advan
tages. Here is why: 

Malleable castings are available in two 
general types (ferritic and pearlitic) and 
in 9 ASTM grades that range in tensile 
strength from 50,000 to 100,000 PSI. 
Tensile strength figures represent the 
load at which materials fail. Yield strength 

and fatigue strength are among the more 
important engineering yardsticks. 

Yield strength represents the point at 

which materials exceed the elastic limit. 
Fatigue strength is the greatest stress 
which can be sustained when the load is 
applied repeatedly. As indicated by the 
table below, Malleable has an advantage 
over steel in fatigue strength and yield 
strength when grades of identical tensile 
strength are compared. 

TIENSRLIE YiELD FATIGUE 

1020 Steel 75,000 PSI 48,000 PSI 34,000 PSI 

50007 !Pearlitic 75,000 PSI 50,000 PSI 37,000 PSI 
Malleable Iron 

Strength and Cost- Malleable iron has 
been described as providing more strengh 
per dollar than any other metal. There 
are many factors which contribute to this 

MALLEABLE FOUNDERS SOCIETY • UNION COMMERCE BUILDING 
CLEVELAND, OHIO 44115 

This is a pearlitic Malleable iron universal 
joint yoke for an automobile. Subjected 
to repeated torque as the car reverses, 
speeds up and slows down, these high 
strength parts have an enviable record 
for reliability and service. One automaker 
reports no warranty claims on this part 
for the past seven years! 

If you are an electrical engineer, or a mechanical 

engineer, and you want to stay in Minneapolis o o o 

May, 1966 

E L LIKE LK T 

• E-M builds large rotating electrical motors and generators 
..... up to 20,000 HP and 38,000 KVA ..... and, we build 
controls for these machines, too. 

• E-M has opportunities in engineering, research, and sales. 

8 Our Mr. Green is as near as your telephone - call him at 
339-6751. 

Electric Machinery Mfg. Company 
800 Central Avenue 

Minneapolis~ Minnesota 55413 
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in En Elt Ell zneerzn 

edited by JERRY BRAUN, Chem. '68 

Two-Color Holograms 

Scientists at Bell Telephone Laboratories report a two
color (red and blue) picture was achieved through the 
use of two different lasers as source of coherent light. 
In experiment, red light from helium-neon laser and blue 
light from argon laser were combined in a single beam. 
The beam was then split into two parts: one part scat
tered directly from the object or color transparency onto 
photographic plate; the other part reflected from a mirror 
to the same photographic plate. Action of two beams 
striking plate formed interference patterns throughout 
emulsion. \;vhen the original red and blue beams were 
shown on holograms, a single two color image emerged. 
It is believed multiple colors may increase potential 
storage capacity of holograms used in memory systems 
for data processing. 

JTF17 A 
Shown for the first time is this mockup of Pratt & 

\;vhitney Aircraft's JTF17 A engine designed for the 
U. S. supersonic transport. P & WA's Florida Research 
and Development Center at West Palm Beach, Florida, 

is currently engaged in the development of the engine in 
Phase IIC of the Federal Aviation Agency's SST pro
gram. It is expected that initial running of the JTF17 A 
will be accomplished in the late spring. The FAA's Phase 
IIC program calls for 100 hours of development testing 
by December 31, 1966. 

Like Pratt & Whitney Aircraft's JT3D and JT8D sub
sonic commercial engines, the JTF17 A is a twin-spool 
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turbofan. However, since the performance requirements 
of the SST airplane require thrust augmentation for 
take-off under certain flight conditions, a duct heater 
arrangement is used. Fuel is injected and burned in the 
full length fan exit duct. A variable convergent nozzle 
is incorporated in the fan air stream just before it rejoins 
the main jet stream frmn the gas generator. The reverser
suppressor includes the variable exhaust ejector and the 
thrust reverser mechanism. Indicated on mockup's re
verser-suppressor section are blow-in door flaps, reverser 
air exit ducts, and variable flap mechanism. 

Compatibility 
Corning Glass Works and its European associates

Electrosil, Ltd., and Sovcor Electronique, S. A.-are 
planning to supply glass ultrasonic delay lines in quan
tity for European color television. 

Although no firm decision as to which system of com
patible color television has been made by the Interna
tional Consultative Radio Committee of the International 

Telecommunications Union, the two most likely con
tenders are modified versions of West Germany's PAL 
(phase alternation line) and France's Secam (sequence 
and memory). 

In each system, television receivers will contain a 
glass delay line. Corning delay lines are designed to be 
interchangeable and compatible with both systems. 

Corning's glass delay lines are made of the company's 
Code 8875 glass, a unique transmitting medium with a 
nominal temperature coefficient of time delay of zero. In 
the United States, where it is known as "Zero TC" glass, 
it has been used chiefly as a medium of computer mem
ories, although in different configurations. 

In the Secam system the delay line is utilized because 
the receiver receives only two signals at a time but needs 
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three to reconstruct a color picture. To obtain three 
signals, use is made of the two signals received at any 
instant plus a chrominance signal from the preceding 
scan line. To obtain all three at once, information trans
mitted in this preceding scan line is stored in the delay 
line for the duration of the scan, which is 64 microsec
onds. 

In the PAL receiver, where three signals are received 
simultaneously, the delay line is utilized to store one 
chrominance signal for 64 microseconds. This color in
formation is added or subtracted from the next signal to 
reconstruct a color picture. 

Beads '0 
High-strength glass beads are being marketed in seven 

sizes ranging from 1/64-inch to 3/8-inch. Crushing 
strengths of the hard, inert glass spheres are as high as 
125,000 p.s.i. The beads have a wide range of applica-

tions in the chemical, metals finishing and plastics indus
tries as well as other fields. Typical applications are as 
grinding and burnishing media or as filler material. 

Magnetic Color 
The development of a home tape recorder for color 

television was announced by John P. Skinner, Manager 
of Magnetic Recording, liT Research Institute. A proto
type unit has been demonstrated at IITRI by the in
ventor, Marvin Camras, IITRI Scientific Advisor and a 
recognized pioneer of modern recording techniques. 

The new color television recorder, an outgrowth of 
earlier IITRI work in the field of black and white tele
vision recording, is being licensed to industry. The pro
totype uses a standard 7-inch spool of %-inch tape to 
record both picture and sound. The completely transis
torized unit uses only twelve transistors. 

The recorder has a stationary recording and playback 
head and in appearance and complexity it is similar to a 
conventional sound recorder. The simplicity and relia
bility of the system are factors pointing toward low 
manufacturing cost, Skinner said. 

The basic use of the home video recorder is to record 
color television programs for later playback. The unit 
could also be used in conjunction with an inexpensive 
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color television camera, currently under development at 
IITRI, to obtain home movies in color which can be 
played back immediately on a television screen. 

IITRI has several hundred United States and foreign 
patents in the magnetic recording field. These patents 
are the result of research dating back to 1939. Currently, 
there are more than 100 licensees throughout the world 
using IITRI patents in the production of magnetic re
corders. 

Four Speed LEM 
The first developmental model of the engine that will 

soft-land the Apollo astronauts on the lunar surface is 
shown being delivered to Grumman Aircraft Engineering 
Corp. by TRW Systems, Redondo Beach, California. 
The lunar excursion descent engine, sometimes called 
LEMDE, will be integrated into Grumman's Lunar Ex
cursion Module (LEM) now being readied for systems 
testing at the site on NASA's White Sands Proving 
Grounds. 

TRW Systems is a subcontractor to Grumman, which 
is building the LEM for NASA's Manned Spacecraft 
Center. 

Delivery of this engine marked an important milestone 
in the development of the new variable thrust engine. 
Conceived by TRW Systems, the LEMDE incorporates a 
new concept that allows the astronaut to control the 
descent of the LEM as smoothly as he would the acceler-

ation of his automobile. Using a new propellant injection 
technique, the engine has demonstrated dynamic stability 
characteristics over the 1000 to 10,000 pound range 
unlike any other in the U. S. arsenal of bipropellant 
rocket engines. 
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Photos by Marlin Rekow 
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We are especially proud over this month's pin-up. 
Miss Janet Schwarz, your newly-crowned E-Day 
Queen, has been and still is, for some unknown reason, 
a member of the Technolog and this past year she 
has written "Spotlight on Local Industry." While not 
wishing to rub it in, we make note of the fact that 
the Ivory Tower has never had a member of its staff 
hecome queen of anything. 

Jan, a freshman in M. E., was very active in high 
school and this year is on the Frosh-Council of the 
Campus YWCA and will be treasurer of that organiza
tion next year. She hasn't thought much of her future 
beyond getting that old B.S. and maybe marriage. 

When asked about her hobbies Jan said that she 
does "a lot of things lousy." While not wishing to 
contradict Her Royal E-Dayness, we do feel that she 
is being much too modest. She especially likes bowl
ing, sewing, and water skiing. She enjoys dates, but 
she is not too crazy about figs and olives. 

We close with this final thought. Next year as you 
I. T. sophomores put in your time in physics, math, 
and graphics, console yourselves with the thought that 
your E-Day Queen is right there along side you, en
countering the same impossible problems, writing the 
same dull lab reports and attending the same dull 
lectures. So if she happens to be in one of your 
classes, go up to her and ask her if you could do her 
lab reports or give her your early lab section or if you 
could be of any service. Gracious as she is, Jan will 
no doubt accept your kind and generous offer, leaving 
you with a warm glow in your heart and a tenth 
hour lab. 
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SJ;>otlight on ... 
(Continued from Page 19) 

and processing operations in Wyoming. Bentonite, a 
clay, has uses in oil well drilling and also is used as the 
bonding agent in the processing of iron ore pellets from 
taconite. 

You could go on with such a list, for ADM, a leading 
processor of industrial materials, supplies more than 
1,000 products to industries on the five continents. It's 
90 plants, elevators and mines are located in 20 of the 
50 United States. 

Thomas L. Daniels Research Center is located in 
Bloomington, Minnesota. The main building consists of 
two offset wings, three stories high, which are connected 
to a one-story administration wing. The site covers 75 
acres on a wooded bluff overlooking the Minnesota river 
valley. In Minneapolis proper, not far from the loca
tion of ADM's first research operations, an additional 
key arm of research continues to flourish-the pilot plant. 
Its 12,000 square feet of floor space permits semi-works 
production of most types of products. 

The job of translating chemical processes from bench
top to plant production is but one responsibility of the 
engineers in ADM's process research group. This team 
is also concerned with production optimization, trouble
shooting, and plant operations, or a thorough investiga
tion of alternate processes with the aid of a digital com
puter. The same device also is used for statistical an
alysis and correlation of experimental data, as well as 
for storage and retrieval of technical data and informa
tion. 

The ability to "know more and more about less and 
less" is one way of defining ADM's analytical group. 
Infinitesimally small samples of a material are evaluated 
with analytical tools such as the gas-liquid chromato
graph, the infrared spectophotometer, nuclear magnetic 
resonance ( NMR), differential thermal analysis and 
others. ADM pioneered the use of GLC in defining the 
precise components of its wide range of triglycerides, 
fatty acids, fatty alcohols, and related derivatives. 

In addition to technical service functions carried out 
in laboratmies at the main research center, customer 
service laboratories are maintained at Los Angeles, New
ark and at Cleveland: Additional service and quality 
control ]laboratories are operated at most ADM plants. 

In recent years ADM has extended its manufacturing 
operations to Europe, Latin America and the Far East. 

Foreign affiliates and licenses include formula feed 
and chemical plants in Mexico; plastics and resin plants 
in Italy, The Netherlands, West Germany, Sweden and 
Colombia; chemical plants in Spain, Belgium and Aus
tralia; foundry chemical manufacturing plants in India 
and Great Britain; a resin and foundry chemical manu
facturer in the Philippines and a chemical plant in 
Canada. A subsidiary trading in fats and oils through 
the world is located in The Netherlands. 

In Peru, ADM and a group of Peruvians operate a 
land-based whaling station and a fleet of whaling vessels. 
The Minneapolis concern is the world's largest processor 
of sperm whale oil, which is used in cosmetics, automatic 
transmissions for automobiles, metal working, fine lub
ricants and many other industrial applications. (] 

F T E I STIT TE F 
IS T T K 

• RD 
for contributing our E-Day queen' s wardrobe, 

and sponsoring her in the Queen of the Lakes 

competition at this summer's Aquatennial. 
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I E DT I I 
I:TURI G [0 

for donating the impressive E-Day 

trophies shown on page 28. 
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... AT BRUCE PUBLISHING COMPANY! 
This is the "home of good printing" in Minneapolis 

and St. Paul! From this ultra-modern plant, convenient
ly located in the Twin Cities' midway, come more than 
fifty outstanding national and regional publications. Also, 

quality job printing! 

Bruce Publishing Company has been a leader in the 
graphic arts for over fifty years. The main reason is that 
this office and plant house one of the finest editorial and 
production staffs in the Upper Midwest ... employing 
only the latest techniques and equipment. 

8 PUBLISHERS 

8 JOB PRINTING 

The name, BRUCE PUBLISHING COMPANY, on 

a magazine or other printing means QUALITY AND 
SATISFACTION to discriminating buyers. Check with 
any Bruce customer. You'll see what we mean. 

BRUCE PUBLISHING COMPANY is especially well 
equipped to handle the complete production of your 
publication, brochure, or general printing job. BRUCE 
offers full-service printing, from idea, through layout, 

to delivery. 

Suggest you call BRUCE PUBLISHING COMPANY 
for help with your next project. 

8 OFFSET 
• LETTERPRESS 

BRUCE PUBLI HI G COMP y 
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1. If a man up in a balloon, 
Should fire a level gun at the moon: 
How high is he if the bullet and the sound 
At the same time hit the ground? 

2. A man is going hunting and wishes to take his gun 
with him on the train. His gun is too long, however. 
It is 150 em. in length and the maximum length of any 
article that will be accepted for shipment on the train 
is 1 yard. How can he take the gun with him? 
3. Find the specific gravity of a sphere which sinks 
14 of its diameter under the water. 
4. I placed a bowl in a storm, 

To catch the drops of rain; 
A half a globe was just its form, 
Two feet across the same. 
'l;'he storm was o'er, the tempest past, 
I get the bowl repaired; 
Six inches deep the water stood, 
It being measured fair. 
Now, suppose the bowl had been, 
A cylinder, two feet across within, 
And again had stood exactly in that place: 
What would the depth have been? 

Answers to March Brain Teasers 
1. The fine was in the magnitude of 10 trillion dol

lars. 

2. The average speed of the truck was 24 mph, not 25 
mph. 

3. 

Average speed = total distance/total time 
total distance = two sides of a hill 

(i.e., two hillsides, abb. his.) 
total time = one hls. /20 mph + one hls. /30 mph 

= five hls.j60 mph 
average speed = (two hls.jfive hls.) · 60 mph 

= 24 mph 

4. Since the radius of the Earth is just the distance of 
the joule above Delta Field's home plate it is made 
easier to determine how long it is made by the clever. 
For clearly the ten ton clever has a mass of 36,148 
kilograms because of where it is. It follows that the 
joule is very short, about 62 micro-meters. 

5. After 2n games he will have 
A(1 + 1/m) • (1-1/m) = A(1-1/m2

) <A. 
A being the amount with which he began. He 
always loses. 

Answers to May Brain Teasers 
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Caps and gowns are ready at 
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The business press reports that many outstanding members of 

the Class of '66 have balked at entering industry. 

Are we then to lie down and die for lack of smart new talent? 
No, thank you. We shall succeed in attracting high-ranking 
people from the Class of 1967 as we did from its predeces
sors on the country's campuses. We have no fear. 

High-rankers are those who have demonstrated good 
grasp of the subject matter that scholars have gathered for 
them. The gathering must continue. Professors have an ob
ligation to hang on to good gatherers. They are discharging it 
well. We too have an obligation. Ours is to Jure high-rankers 
with their well grasped subject matter out into the world to 
put it to use. "Use" means tying it to the needs and desires 
of all kinds of people, everywhere. Which is what, at this 
particular stage in history in this particular land, business 
is all about. 

Enough members of the Class of '67 will grasp that 
principle along with all the other principles they have grasped. 

They will therefore seize the opportunity to take over the 
mighty machinery built by charter-writers with 19th century 
minds and convert it to late-20th century needs. Who else 
is there to put in charge? 

Those who feel motivation in that direction and want to 
taste the realities without, before, or during pursuit of ad
vanced degrees will find Kodak a sound choice among the 
blue chips. 

We do indeed fill genuine needs-teaching, recording facts, 
improving the effectiveness and efficiency of health services, 
putting better clothes on more backs and better food on more 
tables, and all the rest of the long, long chain of technological 
consequences from our well known original and still flourish
ing involvement with Sunday afternoon snapshooting. 

Let's get together and talk over the more personal details. 

EASTMAN KODAK COMPANY 
Business and Technical Personnel Department/ Rochester, N.Y. 14650 

An equal-opportunity employer offering a choice of three communities: Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 



A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC 

DEFENSE-G-E engineers designed and produced six J93 engines to push USAF XB-70 to Mach 3. 

CONSUMER-Nickel-cadmium batteries for cordless prod
ucts were created by G.E. for new business demands. 

ElECTRIC UTiliTY-Built by G.E., the Dresden Station pro- INDUSTRIAl-G-E knowledge and skills contributed to auto-
duces commercial electric power from the atom. mation of new Bethlehem Steel mill. 

nly 
t 

m offers you tlhree routes 
four usiness areas 

ENGINEERING, MANUFACTURING AND TECHNICAl MAR
KETING-these are:ithe career routes open to you at General 
Electric. G.E.'s activities in the defense, electric utility, 
industrial and consumer business areas demand experts 
skilled in these three fields. At G.E., you'll be part of a 
uniquely decentralized organization with more than one 
hundred departments that design, manufacture and sell 
thousands of products. Whether it's automating a complete 
steel mill, achieving thrust for Mach 3, producing power 
from the atom, or creating new growth businesses, this is 
the fast-paced challenge you'll find at General Electric. To 

define your career interest with G.E. see your placement 
officer or write: General Electric Company, Section 699-17, 
Schenectady, N. Y. 12305. 

l?ogress Is Ovr Mosf lmporlanf Prodve:f 

GENERAl ELECTRIC 
An equal opportunity employer 

WALTER LtSRARY 
MAiN CAMPUS 


