


Westinghouse is building a remarkable craft, a free-roaming explorer 
of the underseas. Unlike the famous bathysphere, which dangled at the end 

of cables, Deepstar has no strings attached. She will rise, dive, turn and back 

at will, self-propelled and independent. Her 3-man crew will be able to 

set instruments, sample the bottom at depths of two miles, salvage, photograph, 
and most of all, explore the vast oceanic world that has hidden itself so long from man. 

Captain Jacques-Yves Cousteau, the undersea pioneer who created 
the basic concept, is collaborating with Westinghouse on the vehicle. Deepstar will be equipped 

with the controls, instruments, mechanical "hands" and everything else 
needed for the deep swim. You can be sure ... if it's Westinghouse 

New Undersea Craft: 

For information on a career at Westinghouse, an equal opportunity employer, 
write to L. H. Noggle, Westinghouse Educational Dept., Pittsburgh 21, Pa. 



Floating on air ... cushioned in foam 

Sleeping is like floating on air, when the mattress is made of urethane foam ... a mattress that "breathes" 
air through every cell, and weighs so little that a housewife can lift it over her head! ~ By combining 
exact proportions of five chemicals from Union Carbide, this versatile foam can be made soft, firm, or rigid. 
Mattresses, upholstery, and pillows can be given their own degrees of resilience. Other formulations pro
duce superior insulation in the form of prefabricated rigid panels or foamed in place. In a refrigerator trailer 
body, this insulation can be used in much thinner sections than conventional materials, so cargo space is in
creased substantially. ~ Recently, Union Carbide introduced "climate-controlled" polyether, which results 
in uniform foam properties despite such curing variables as summer heat and humidity. Another Union 
Carbide development is production of the first polyether for flame-lamination of thin foam sheets to cloth, 
adding warmth without noticeable bulk. ~In their work with chemicals, the people of Union Carbide have 
pioneered in developing polyethers and silicones for urethane foam, found new uses for the foam, 
and shown customers how to produce it. 

A HAND IN THINGS TO COME 

WRITE for booklet DD, "The exciting Universe of Union Carbide," which tells how research in 
the fields of chemicals, carbons, gases, metals, plastics, and nuclear energy keeps bringing new wonders into your life. 
Union Carbide Corporation, 270 Park Avenue, New York 17, N.Y. In Canada: Union Carbide Canada Limited, Toronto. 
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Result: All 3~~~speed manual 
transmissions in 
Ford~~~built cars with Vmm8's 
now are fully synchronized 
in each forward gear 

To get more "go" in low, Ford engineers 
were asked to upgrade the conventional 
3-speed transmission to give drivers 
more control in all three forward gears
to make "low" a driving gear-and they 
tackled the problem imaginatively. 

Their achievement, another Ford First, 
is the only U.S. 3-speed manual trans
mission with all three forward gears 
fully synchronized I No need now to come 
to a complete stop when you shift into 
low-and no clashing gears I It lets you 
keep more torque on tap for negotiating 
sharp turns and steep grades. It makes 
driving more flexible, more pleasurable. 

Another assignment completed and 
another example of how engineering 
leadership at Ford provides fresh ideas 
for the American Road. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE EINGINEERSNG LEADERSHIP 

BRBNGS YOU BETTER .. BUU .. T CARS 

Shown: 1964 Ford Galaxie 500/XL two-door hardtop 

OCTOBER. 1963 



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

C~VER: Portrayed on our cover is one of the forty-one girls in the Institute of Technology. 
D1ann~ Christensen is one of five girls in Physics. There are also twelve girls in Chemistry, 
three m Chem. Eng., four in E.E., ten in Math, five in Arch., and one each in M.E. and Aero. 

Caught by our photographer while studying late one night, Diane was very hopeful that the 
brain models discussed in one of this month's articles would soon be forthcoming thus 
allowing her more time for the boys in I.T. 
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Opportunities at Hughes tor EE's-Physicists-Scientists: 

fr the ocean floor to the 
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: CD 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-1118 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; (f) POLARIS 
Guidance System- guidance components for the long-range POLARIS missile; 
® Hydrospace- advanced sonar and other anti-submarine warfare systems. 

Other responsible assignments include: TOW wire-guided anti-tank missile, VATE automatic check· 
out equipment, Hard Point defense systems .... R & D work on ion engines, advanced infrared systems, 
associative computers, lasers, plasma physics, nuclear electronics, communications systems, microwave 
tubes, parametric amplifiers, solid state materials and devices ... and many others. 

eyo 
B.S., M.S. and Ph.D. Candidates 
Members of our staff will conduct 

CAMPUS INTERVIEWS 

November 4, 1963 
Learn more about opportunities at Hughes, 
our educational programs, and the extra 
benefits Southern California living offers. 
For interview appointment and litera
ture, consult your College Placement 
Director. Or write: College Placement 
Office, Hughes Aircraft Company, P. 0. 
Box 90515, Los Angeles 9, California. 

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

: HUGHES : 
I I 

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

U. S. CITIZENSHIP REQUIRED 
An equal opportunity employer. 



How About a Doughnut? 

Without a doubt you have seen or will be seeing the various societies start their membership 
drives. In fact, you have probably eaten some of their doughnuts or pretzels. You might even 
have paid the membership fee. But while all this was going on did you ever think seriously 
about why you were joining? 

Did you join because it would benefit you professionally-give you an opportunity to meet 
engineers and professional people already in the field of your interest-or do you fall into one 
of the several categories of people that join societies but don't participate? The senior, fur 
example, may figure it is about time to start compiling an attractive interview form because it 
looks pretty bare without at least a couple of societies. Otherwise the companies he is inter
viewing might think he is antisocial or unable to work with others. There is also the freshman 
or sophomore who joins only because his buddy did or because it is the proper thing for people 
in his major to do. He has no plans or ambitions beyond signing the membership application. 

These are the kind of people the technical societies can do without. They don't need a book 
full of names; they need people who are willing to work, to participate, to take an active 
interest in the society and its affairs. They need members who will do more than their share, 
more than eat a bag lunch in the back of the room during meetings and programs. This is 
not to say everyone should devote himself exclusively to one activity, but that any organiza
tion the student joins is entitled to its fair share of his time. 

It is in this interval between high school graduation and your first professional job that you 
must develop a professional attitude. As an engineer with 5 or more years of college behind 
you, you're part of a profession, not just a worker. Half the purpose of your education is 
defeated if after getting a job you become an 8 to 5 man. This is where the technical societies 
can prove to be valuable. They provide your first exposure to many of the situations you'll be 
expected to handle as a professional engineer, while also providing a meeting place for students 
with the same interests. 

Don't think this is just meant for the students, for the faculty should also take a more active 
interest in the technical societies in their field. By calling the student's attention to the meetings 
being held and encouraging attendance the faculty member could be of much help to the 
societies. If the faculty themselves could actually find time to attend a meeting or two, great 
benefits would accrue to both parties. The faculty member could gain more insight into student 
viewpoints and in turn, the student could become better acquainted with his teacher since they 
would become more than the handwriting on the board and a voice which keeps saying "this 
assignment will be due one week from today." So join a society or even two if you feel you can 
handle both; but join with the intention of giving as much as or more than you take. 

WJC,PCH 
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Who is Olin? Olin is a world
wide company with 39,000 
employees developing, pro
ducing and marketing prod
ucts from seven divisions: 
Packaging, Squibb, Win
chester-Western, Chemicals, 
International, Metals and 
Organics. With corporate 
offices in New York City, the 
firm operates 56 plants in 30 
states with plants and affili
ates in 3 7 foreign countries. 
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What does Olin make? Major 
brand names include Squibb, 
Winchester-Western,® Way
lite,® Ramset,® Roll-Bond;® 
with fully integrated product 
lines in industrial and agri
cultural chemicals, medici
nals and pharmaceuticals, 
arms and ammunition, brass 
and aluminum, fine papers 
and transparent films, kraft 
papers, multi-wall bags and 
containers. 
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What are the types of work 
at Olin? Olin's great diver
sity provides a broad range 
of opportunities in the tech
nical 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 develop
ment, quality control, pro
duction and marketing. 
Advanced degree M.S. and 
Ph.D. chemists and metallur
gists work in central research 
and development improving 
existing products and devel
oping new ones. Men with 
liberal arts and business 
backgrounds find rewarding 
career opportunities in the 
administrative functions, 
marketing, and some areas 
of manufacturing. 

li 
460 Park Avenue, New York 22, N.Y. 
"An equal opportunity employer." 
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What are the opportunities 
at Olin? Olin recognizes peo
ple as its greatest asset. Your 
future growth and career is 
as important to the company 
as it is to you. Beginning with 
corporate and divisional ori
entations, you will be given 
thorough on-the-job training 
in your first job. You will 
learn and progress, accord
ing 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. M. H. Jacoby, Col
lege Relations Officer, Olin, 
460 Park Avenue, New York 
22,N.Y. 
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FROM THE LAUNCHING TO THE TARGET, EVERY 
MAJOR U. S. MISSILE DEPENDS UPON SYSTEMS, 
SUB-SYSTEMS OR COMPONENTS DESIGNED, 
DEVELOPED OR PRODUCED BY BENDIX TALENTS 

EVERY TIME YOU BRAKE YOUR CAR, CHANCES ARE 
YOU DEPEND UPON BENDIX. SINCE 1924 BENDIX 
HAS DESIGNED AND BUILT MORE BRAKES FOR MORE 
DIFFERENT VEHICLES THAN ANY OTHER PRODUCER 

The variety of challenges The Bendix 
Corporation offers the college gradu
ate is practically unlimited. Bendix 
participates in almost every phase of 
the space, missile, aviation, elec
tronics, automotive, oceanics and 
automation fields. We employ top
notch engineers, physicists, and 
mathematicians for advanced prod-

FOUR OF THE U.S. SPACE DETECTIVES THAT SPOT, 
SHADOW AND REPORT ON EVERY MAN-LAUNCHED 
OBJECT IN OUTER SPACE DEPEND ON EQUIPMENT 
OR TECHNICIANS, OR BOTH, SUPPLIED BY BENDIX 

TODAY, AUTOMATED TAPE-CONTROLLED MANUFAC· 
TURING AS DEVELOPED BY BENDIX HELPS TURN 
BLUEPRINTS INTO FINISHED PRODUCTS, GETS PROTO
TYPES INTO PRODUCTION FOUR TIMES FASTER 

IN THE CONQUEST OF THE UNKNOWN, BENDIX 
RESEARCH AND DEVELOPMENT IS EXTENDING 
MAN'S ABILITY TO COMMUNICATE THROUGH THE 
OCEAN DEPTHS AS READILY AS THROUGH SPACE 

uct development to further Bendix 
leadership in these fields. 

Bendix operates 32 divisions and 
subsidiaries in the United States, 
and 12 subsidiaries and affiliates in 
Canada and overseas. Our 1950 
sales volume was $210 million. Last 
year it was over $750 million. 

Look over the materials we have in 

AT TAKE-OFF, IN THE AIR, ON LANDING ••. WHENEVER 
MAN FLIES, IT'S LIKELY BENDIX EQUIPMENT MAKES 
HIS TRIP SMOOTHER, SAFER. BENDIX HAS LOGGED 
MORE FLIGHT TIME THAN ANY NAME IN AVIATION 

WHEN SPACE TRAVEL BECOMES A REALITY, PILOTS 
Will RELY ON DEVICES CONCEIVED AND DEVELOPED 
BY BENDIX TO NAVIGATE, GUIDE AND STABILIZE 
THEIR SHIPS, AND RETURN THEM SAFELY TO EARTH 

your school's placement office. Talk 
to our representative when he's on 
campus. If you'd like a copy of our 
booklet "Build Your Career to Suit 
Your Talents," write Dr. A. C. 
Canfield, Director of University and 
Scientific Relations, The Bendix Cor
poration, Fisher Building, Detroit 2, 
Mich. An equal opportunity employer. 

WHERE IDEAS 
UNLOCK 

THE FUTURE 
FISHER BUilDING, DETROIT 2, MICH. 

THERE ARE BENDIX DIVISIONS IN: CALIFORNIA, MISSOURI, IOWA, OHIO, INDIANA, MICHIGAN, PENNSYLVANIA, NEW YORK, NEW JERSEY, MARYLAND. 
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Mathematical Models of Brain Functioning 

The adaptability and richness of human behavior have 
led scholars from diverse fields to attempt to explain the 
functioning of the human brain. Physiologists and psy
chologists have historically dominated these researches, 
but recently mathematicians and engineers have joined 
them, introducing for the first time quantitative models 
backed by rigorous analysis. It is the results of this new 
approach that interests us in this article, and so, after a 
short treatment of the methods of the physiologist and 
the psychologist to the problem of brain functioning, this 
article will examine several recent mathematical models 
of the brain (brain models), paying special attention to 
those of Rosenblatt, Block, and Joseph (references 1, 2, 
and 7). 

VARIOUS VIEWPOINTS 
Physiologists have set the number of nerve cells ( neu

rons) in the brain at approximately ten billion, and have 
been able to determine much about the neuron's struc
ture and means of transmission of electrical impulses. 
Others, working on a grosser scale, have mapped the 
brain by electrically stimulating or by extirpating certain 
portions and noting any changes in behavior. In this 
manner they have found the specific portions of the brain 
which must be intact for the successful utilization of sen
sory input or control of the voluntary movements. How
ever, physiologists have been much less successful in 
establishing a cerebral locality for memory, thinking, and 
learning. Some have reserved for these functions all 
areas unaccounted for in their maps of cerebral localiza
tion (ref. 5, p. 45). As an indication of the difficulties 
encountered in these mappings, the IQ of mature in
dividuals is often unaffected after the removal of sub
stantial sections of the brain, so mem-
ory, thinking, and learning may not 
depend only on a few neurons (ref. 4, 
pp. 1-2). At the same time that they 
are investigating the gross structure 
of the brain, physiologists are also 

I 

brain differs fundamentally from the engineer's black 
box. Given a specific black box and a specific input, 
one expects a determinate response. Ordinary black 
boxes do not possess "moods" or "attitudes" or "at
tention spans" or "motivations" which might modify 
this response. However, John Jones, in response to 
the stimulus "Hello," may not answer, may give the 
response "Hello," or may even attack the speaker with 
his fists, depending upon his mood. An onlooker would 
be startled if a fistfight occurred in this situation and 
might even call it an unprovoked attack because he 
would be unable to determine an overt stimulus for the 
attack. This fanciful example illustrates that the stimuli 
for some responses are difficult to specify because the 
responses are caused primarily by some factor within 
the brain. Clearly the stimuli for abnormal behavior are 
frustratingly elusive. Even in "normal" people non-sen
sory activity plays a crucial role (ref. 4, p. 7), so much 
so that the stimulus-response framework is insufficient to 
account fully for human behavior, whereas it is perfectly 
amenable to the discussion of the "behavior" of the black 
box. 

Though the physiologist has no use for stimuli and re
sponses, many cuiTent psychological theories of learning, 
especially those dealing with that type of learning which 
is much like habit formation, adopt a stimulus-response 
framework, partly because it helps elucidate much exper
imental evidence, and partly because it is convenient. 
The neuropsychologist (the compromise between the 
psychologist and the physiologist) D. 0. Hebb has pro
posed a theory which deals with stimuli and responses 
but also includes non-sensory activity as response in
ducers (ref. 4). The mathematicians have generally 

REINFORCEMENT 

seeking an intracellular explanation of 
learning and memory. Figure 1. An Elementary Perceptron / 
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The psychologist, in contrast to the 
physiologist, tends to examine the 
brain as the engineer examines his 
black box, that is, by controlling the 
input (stimuli), collecting the out
put (responses), and thereby infer
ring the operational characteristics of 
that which he cannot examine di
rectly. However, the psychologist's 
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by MICHAEL P. FROMAN, Mafh '65 

taken the attitudes of the psychologists, but are willing 
to employ physiological evidence in their models (as in 
the use of the McCullough-Pitts neuron described be
lo:V). Yet mathematics is not a panacea, for usually any
thmg complex enough to be a reasonable brain model 
is very difficult to analyze. So at present mathematicians 
and engineers must construct brain models which can 
handle only simple problems and can only suggest that 
their design is physiologically reasonable. However, until 
physiology catches up with the biological evidence, this 
may contmue to be the necessary approach. 

NEURONS AND NERVE NETS 
. Th~ neuron gradually used in brain models is a slightly 
~1mphfied nerve cell suggested by McCullough and Pitts 
m 1943 (ref. 6, pp. 5-6). This neuron receives energy 
from stimuli or from electrical impulses from other neu
ron.s, converts it to an electrical impulse (fires a signal) 
whiCh, after a short transmission time, either arrives at 
the connection with the next neuron or effects a motor 
response. Not every impulse will cause the neuron to fire 
bacause some signals are inhibitory rather than excita~ 
tory, and because the excess of the excitatory over the 
inhibitory signals must exceed a threshold determined by 
the physical characteristics of the neuron. The threshold 
may change with the history of the activity of the neuron. 

It should not be surprising that the development of 
brain models was contemporary with the development of 
digital computers (still called «artificial brains"). Indeed 
the McCullough-Pitts neuron resembles ve1y closely the 
primary computer component. With these temporal and 
inspirational connections, it was not unreasonable that 
the first brain models resembled computers in their de
sign. Early work showed that it was 
possible for any finite number of stim-
ulus-response pairs to be represented 
by such logically-organized (logical 
because each component is designed 
to perform a specific logical opera-
tion) brain model, but did not guar-
antee that there would be enough time 
in a single lifetime to build one such 
machine ( reft. 3 and 6). In contrast 

part of such models, so it may also be necessary to specify 
a reinforcement system. Such a model has many advan
tages over nerve nets assembled in a logical design. The 
logical nerve net can only represent those stimulus-re
sponse pairs for which it was designed. The statistically
assembled nerve net, on the other hand, can handle any 
problem if simple enough and can display behavior 
resembling that of a human. Because of these advantages 
and because it is more reasonable that the neurons in the 
brain are organized by constraints rather than by a com
plete genetic blueprint, we shall confine ourselves in the 
remainder of the article to statistically organized brain 
models, which we shall call perceptrons (ref. 7, chap. 2). 

SOME PERCEPTRONS 
An elementary perceptron is patterned as shown below 

(figure 1) . A stimulus from the environment is shown 
which the neurons in the sensory units pick up. Some of 
the sensory-to-associator (S-A) neurons originating in 
these units fire, sending signals to randomly selected 
associator units at which associator-to-response (A-H) 
neurons originate. The A-H neurons then relay their 
signals to the response units which determine the re
sponse to the current stimulus. The reinforcement con
trol system effects reinforcement after each stimulus is 
shown, by changing the size of the signal transmitted by 
the A-R neurons . 

A more general perceptron is illustrated in figure 2. 
Instead of a single set of ~ssociator units connecting S-A 
to A-H neurons, the more general perceptron may have 
more sets (layers) of associator units and correspond
ingly more neurons connecting the associator units. If 
the network of associator units consists only of a single 
layer, this is just the elementary perceptron described 
above. Two layers of associator units without intercon
nections of units in the same layer give a four-layer 
perceptron. A closed-loop perceptron has only one layer 
of associator units but with interconnections in that layer, 
and a back-coupled perceptron possesses one of the above 
designs, but with feedback from the response units to the 
associator units. It will be shown below that the elemen
tary perceptron can learn a discrimination problem (ref. 
1), the four-layer perceptron can spontaneously general
ize (ref. 2), the closed-loop perceptron can generalize 
and function as a short-term memory, and the back-

(Continued on Page 36) 

REINFORCEMENT 

CONTROL 

to the logical model one can assem- Figure 2. A More General Perceptron 

ble nerve nets ( sets of neurons ) ac-
cording to a probabilistic model and 
then conduct experiments to determ-
ine whether certain stimulus-response 
pairs can be learned after a period 
of time. Heinforcement (punish
ment or reward) may be an integral 
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THESE GR UATES THRIVE ON CREATIVE CHALLENGES ... THEY'R 

PROJECT MANAGEMENT 
V. H. Simson 
Iowa State University-BSEE-1948 

MANUFACTURING ENGINEERING 
R. A. Busby 
University of Michigan-BSME-1952 

K. M. Nelson, Manager-

! ndustrial Control Sales, discusses the functioning of 

Cutler-Hammer's automation teams, and how 

creative graduates contribute to pioneering developments. 

DEVELOPMENT ENGINEERING 
R. P. Potter 
University of lllinois-BSME-1959 

For over sixty years Cutler
Hammer has been a key con

tributor in planning automatic 
systems-now called automation. 

To meet the pressing challenge of 
rapidly expanding industrial auto
mation, we have formed a number of 
automation project teams. These 
teams combine the technical and 
manufacturing talents of versatile, 
seasoned specialists and young, crea
tive-minded engineering and business 
administration graduates. 

Their primary job: to make sure that 
a customer's automation investment 
pays an adequate return. 

How do they meet this challenge? 
By working with customer engineers 
and consultants to isolate cost prob
lems in manufacturing and ware
housing operations. Then, by apply
ing their individual disciplines and 
creative ingenuity to build common-
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MATION PROBLEM SOLVERS 

CONTROl ENGINEERING 
B.O.Rae 
University of Wisconsin-BSEE-1957 

tl 
sense automation proposals that can 
be justified economically. 

Automation teams work together in 
a modern 500,000 square foot plant 
specifically designed to house every 
activity involved in the evolution of 
a system ... in a creative climate 
that is conducive to imaginative 
planning and development. 

This approach has paid off! Though 
industry has barely scratched the sur
face of the automation potential, our 
credentials already are quite impres
sive. Jobs such as the U.S. Post Office 
mail handling systems in 14 major 
cities; a pallet handling system for a 
mail-order firm; data accumulation 
systems for large steel producers; a 
number of automobile body-line 
systems; bundle-handling systems for 
30 major newspaper mail rooms; and 
a package-handling system for a 
prominent publisher are just a few 

MINNESOTA TECHNOLOG 

SAlES ENGINEERING 
J. B. Hewitt 
University of Colorado-BSME-1957 

t 
examples of our automation planning 
skill at work. 

What are the advantages to the 
young, creative-minded graduate? 
Short range, it's an exceptional op
portunity for the man who responds 
to the challenge of finding new solu
tions to tough manufacturing prob
lems. Long range, being a key 
member of a Cutler-Hammer auto
mation team is an excellent way to 
get the diversified experience so 
essential to steady career develop
ment and future advancement. 

WHAT'S NEW? ASK ... 

ANAlYTICAl ACCOUNTING 
D. R. King 
University of Wisconsin-BBA-1957 

t 

Want to know more? Write 
today to T. B. Jochem, 
Cutler-Hammer, Milwaukee, 
Wisconsin for complete infor
mation. And, plan to meet 
with our representative when 
he visits your campus. 

CUTLER-HAMMER 
AN EQUAL OPPORTUNITY EMPLOYER 

Cutler-Hammer Inc., Milwaukee, Wisconsin o Divisions: All; Mu/lenbach; Thayer Scale o Subsidiaries: 
Uni-Bus., Inc.: Cutler-Hammer International, C. A. Associates: Cutler-Hammer Canada. ltd.: Cutler
Hammer, Mexicana, S. A. 
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Attention All ME's and ME-IE 1s ... 

by PETER C. HALDEN, ME-IE '64 

Are you interested in gaining industrial experience, 
learning what best suits your desires and abilities, and 
earning money to help pay your way through school? 
If you are, then you should seriously consider joining 
the Work-Study Program. 

The Work-Study program was established at the Uni
versity of Minnesota in the spring of 1950. It is open 
to all students in the ME and ME-IE curriculum. 

As the name suggests, this program offers you alternate 
quarters of academic study and of industrial work in 
your fourth and fifth years of college. 

WHY? 
The first question you are probably asking is "Why 

shouldn't I just continue going straight through school?~· 
There is no reason why you should not-if you are dead
certain about what you want to do when you graduate, 
have enough money to stay in school, and do not think 
that industrial employment before graduation will be of 
value to you. 

If, however, you lack either knowledge of industrial 
jobs or money for school, then read on and learn more 
about the program. 

Stop and think for a minute. How much thought have 
you given to your career as an engineer? It is doubtful 
that many of you, except for the fortunate few who 
have had some industrial experience, really know what 
kind of work you desire or are best suited for. 

Lef s look farther into the advantages of industrial 
experience. If before graduation you are able to work 
with engineers for a year and observe industry first hand, 
you will be able to choose intelligently from the em
ployment opportunities available to you. It is exactly 
this kind of industrial experience that you can get in the 
Work-Study Program. 

I have just finished my third work period with the 
Trane Company of La Crosse, Wisconsin. The Trane 
Company, an organization of manufacturing engineers, 
designs, manufactures, and sells air conditioning, heating, 
ventilating, and heat transfer equipment. It is one of 
twenty-four companies, listed in Table 1, that co-operate 
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with the University of Minnesota in the Work-Study 
program. Engineers at the Trane Company are employed 
in the following areas: ( 1) engineering (research, devel
opment, and laboratories), ( 2) manufacturing, and ( 3) 
technical sales. 

During my first industrial assignment in the VVork
Study program I worked in the Branch Plants division 
of the Manufacturing Engineering Department. Here, 
while working with engineers on various manufacturing 

The Boeing Company, Seattle, Washington 
Caterpillar Tractor Company, Peoria, Illinois 
Collins Radio Company, Cedar Rapids, Iowa 
Cutler-Hammer, Inc., Milwaukee, Wisconsin 
Deere & Company, Moline, Illinois 
Donaldson Company, Inc., Minneapolis, Minnesota 
The Falk Corporation, Milwaukee, Wisconsin 
Ford Motor Company, Dearborn, Michigan· 
Ford Motor Company, Minneapolis, Minnesota 
Franklin Manufacturing Company, Minneapolis, Min-

nesota 
General Mills, Inc., Minneapolis, Minnesota 
Hobart-Federal Engineering Company, Minneapolis, 

Minnesota 
lntn'l. Bus. Machine Corp., Rochester, Minnesota 
Minneapolis-Honeywell Regulator Co., Minneapolis, 

Minnesota 
Minn. Mining & Manufacturing Co., St. Paul, Minnesota 
Minn. & Ontario Paper Co., International Falls, Min-

nesota 
McQuay, Inc., Minneapolis, Minnesota 
Northern States Power Co., Minneapolis, Minnesota 
Northwest Paper Company, Cloquet, Minnesota 
Northwest Paper Company, Brainerd, Minnesota 
D. W. Onan Company, Minneapolis, Minne·sota 
Rosemount Engineering Co., Minneapolis, Minnesota 
A. 0. Smith Corp., Milwaukee, Wisconsin 
The Trane Company, LaCrosse, Wisconisn 
Whirlpool Corp., St. Paul, Minnesota 
Wood Conversion Company, Cloquet, Minnesota 

Table l. Work-Study Cooperating Companies. 
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problems, I was able to talk with other engineers in dif
ferent areas. I was also introduced to jobs that are not 
even mentioned in school. Have you ever been told 
anything about conferences with vendors (suppliers of 
parts and materials used for manufacturing) or about 
procedures for obtaining bids and buying equipment 
used in manufacturing? Yet it would be to your ad
vantage to know something about these subjects before 
graduating and taking your first full-time job in industry. 

When I returned to the Trane Company-after attend
ing school for one quarter-for my second industrial as
signment, I chose and was permitted to work in an area 
where I was in direct contact with machine1y, personnel, 
and problems of manufacturing. Here I ·was in a posi
tion to see exactly how manufacturing machinery and 
methods were being put into operation. While in the 
Branch Plants division I was an "action at a distance 
force" and did initial work that was necessary before 
production could begin. During my second work period 
I was part of the "force." That is to say, I was required 
to see that the machinery and methods worked properly 
and were applied correctly. Thus I gained experience 
in working with people, adapting machinery to manu
facturing, improving current production techniques, and 
choosing between production methods on the basis of 
particular requirements and conditions. 

During my third industrial assignment I chose to work 
in that group which developed the product being manu
factured by that group in which I had worked during 
my second industrial assignment. Thus I was able to 
see how the product was developed as well as manu
factured. A great many people think that a manufactured 
product is simply designed, manufactured, and then sold. 
Yet the process of design and development alone is very 
complicated. It requires the combined knowledge of 
many engineers who have become proficient in their 
field through many years of experience. 

"Our Work-Study Program," states Mr. Howard Hay 
of Trane's Personnel Department, "aims to aid the young 
engineer in obtaining a practical education while being 
a productive member of the Trane organization." This 
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attitude is typical of the progressive companies that 
hire Work-Study students. 

According to Professor Clarence E. Lund, Program 
Director, the chief aims of the Work-Study Program 
are: 

"I. 

"2. 

"3. 

"4. 

"5. 

To impart firsthand actual knowledge of and ex
perience with the execution in industry of engi
neering design, development, production, and re
search. 
To aid the student in financing the last two years 
of his education. 
To impart understanding of and familiarity with 
the problems and viewpoints of working men and 
women. 
To assist students by direct and personal experi
ence in industry and to test their aptitude for 
engineering careers. 
To enable engineering students to adjust them
selves to engineering employment by gradual and 
easy transitions from academic pursuits and mode 
of life to the requirements and conditions of in
dustry. 

"6. To train and otherwise prepare students especially 
and directly for the administrative and operating 
functions which, to a greater or lesser degree, 
enter into most engineering careers." 

The program has many advantages and few, if any, 
disadvantages. The work you do in industry will enable 
you to link theory and practice and in this way expediate 
your comprehension of both, as well as to· make a tidy 
sum of money. In each work quarter, you will earn 
anywhere from $350 to $500 per month, depending on 
whom you work for and which work period you are in. 
This salary normally increases according to a schedule 
as you complete each quarter. Because of their industrial 
experience, Work-Study students also receive about $25 
more per month on their first job after graduation. 

WHAT? 
Now that you have an idea of the objectives and ad

vantages of the program, you are probably asking, 
"What specific changes will it make in my curriculum, 
and what must I do to be eligible for the program?" 

To be eligible for the program you must meet these 
requirements. First, you must be majoring in either 
mechanical engineering or mechanical engineering with 
the industrial engineering option. Second you must have 
a gradepoint average of 2.00 or better. And, third, you 
must have accumulated 140-170 credits and have been 
admitted to the Upper Division. 103 of these credits 
must be earned in technical subjects according to the 
distribution shown in Table 2. The remaining credits 
are satisfied by additional courses such as: ( 1) engineer
ing graphics, ( 2) machine design, ( 3) materials process
ing, ( 4) English, and ( 5) non-technical electives. 

After being accepted into the program you must choose 
between two schedules. You can go to school during the 
fall and spring quarters and work during winter quarters 
and the first and second summer sessions, or vice versa. 

You are probably wondering how you can finish school 
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in five years if you miss one quarter in each of your last 
two years. 

First of all, you earn four credits each quarter that 
you work. The mark you receive for these credits is 

ME ME-IE 
Mathematics 33 33 
Materials and Mechanics 17 17 
Physics 25 25 
Chemistry 13 13 
Thermodynamics 9 9 
Fluid Mechanics 6 6 

103 103 
Table 2. Technical Credits Required for Qualification. 

based on a formal report you prepare independent of 
your work assignment and submit to the program direc
tor at the end of each work quarter. 

It is also suggested that you take three credits by 
correspondence during each work period. 

Both Work-Study students and regular students must 
have a minimum of 250 credits to graduate. The dis
tribution of credits, however, differs as is shown in Table 
3. During your last two years in school you take courses 
in applied thermodynamics, machine design, instrumen
tation, heat transfer, electrical engineering, and engi-

Required Courses 
Technical Electives 
Non-technical Electives 
Electives 
Industrial Laboratory Reports 

Total 

Regular 
Program 

202 
15 
28 
5 

Work-Study 
Program 
202 

3 
28 

I 
16 

250 250 
Table 3. Comparison of Regular Program and 

W ark-Study Program. 

neering english if you are a straight ME, but with some 
substitutions if you are on the Industrial Engineering op
tion. 

HOW? 
The question I hope you are asking at this point is, 

«How do I go about joining the W01·k-Study Prognzm?" 
If you are starting your third year of engineering, 

contact Professor Lund in 128 Mechanical Engineering 
and tell him of your interest. He will inform you of the 
steps to take. 

The main steps are shown in Table 4. Of the eight 
steps, step 5 is particularly important for the success of 
your participation in the program. 

It is very important that you have some idea of what 
you want to do when you interview the companies of 
your choice. 

Lefs say that you, your friend Clyde, and Ralph are 
strongly interested in working for the Acme Engineering 
Corporation, which plans to hire only two students. 
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Clyde has a strong interest in research and develop
ment work. While interviewing Acme he not only ex
presses this interest but also displays some knowledge 
of the Acme's facilities and products. 

Ralph also shows an interest in, say, the manufacturing 
of Acme's products. Acme manufactures, among other 
things, plastic wastepaper baskets. Ralph, who was am
bitious enough to discover this Acme product, asks the 
interviewer a few leading questions and expresses an 
interest in the problems associated with their manufac
ture. 

Now you enter. You know nothing about the com
pany, less about its product, and are not even sure what 
area you want to work in. 

Who do you think is going to land those two jobs with 
Acme Engineering Corporation? 

No doubt you still have questions that need answers. 
If you have any fellow classmates who are in the pro-

Step I. 
Step 2. 
Step 3. 

Step 4. 

Step 5. 

Step 6. 

Step 7. 
Step 8. 

Contact Professor Lund. 
Attend orientation meetings. 
File a petition in engineering office for ad
mission to the program. 
Of the participating companies, choose 
six whom you would like to work for. 
Interviews are arranged ;with those six com
panies during the week following the close 
of winter quarter. 
Submit your first, second, and third choice 
of companies and your choice of work 
quarter (i.e., summer and winter or fa II 
and spring) to Professor Lund. 
Hope for the best. 
Go to work or school in the summer after 
admission to the program. 

Table 4. Steps to Join Work-Study Program. 

gram now, ask them what they think about it. But re
member that there are good and bad companies to work 
for, and that it is up to you to find the one that offers 
what you are looking for. Good luck! 

The man entered the drug store and said angrily to the 
pharmacist, "I want to close out my account! I'm not 
going to do business with a man who talks to my wife 
the way you did this morning!" 

"Now, look, sir," said the druggist, ''I'm sorry about 
that. Let me tell you about this morning and maybe 
you'll understand why it happened. 

"Right after I opened the store, two men from the Bu
reau of Internal Revenue came in and wanted to check 
my tax returns. My bookkeeper was at home sick so I 
tried to explain the records. At the same time a bunch of 
teenagers ran in and ordered eleven different kinds of 
sodas and sundaes, and I had given the fountain clerk 
the day off. At the other end of the store three elderly 
ladies were trying to buy about thirty assorted magazines 
and postcards. Besides all that, four people were waiting 
to have prescriptions filled-one for a sick child. 

"Just at that moment the phone rang, and it was your 
wife. She asked, 'How do I take my temperature with 
a rectal thermometer?' 

"Now, sir, just what would you have said?" 
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Construction in Blue and Black, Aluminum. Jose de Rivera. Collection of Whitney Museum of American Art, New York. Motion-study photograph by Herbert Matter 

What makes a Company "Modern"? 

Not size. Not capital resources. Certainly not 

age. At Celanese, we believe it is the degree to 

which a company is equipped to meet the present 
and future needs of its customers. 

Efficient plant. Contemporary product. Aggres~ 

sive management. Industrious work force. The 

ability to think ahead of the situation and be ready 
for the problem when it occurs. 

Celanesehappenstobea young company. Much 
more important, it's a modern company. 

Perhaps you're among the men who will help 
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keep us modern. If you are trained in chemical 

engineering, electrical engineering, mechanical 

engineering, chemistry, or physics, we hope you 

will stop in to see our representative when he 

visits your campus. Or write directly to us, briefly 

outlining your background. 

Address your correspondence to: Edmond J. 
Corry, Supervisor of College Relations, Celanese 

Corporation of America, 522 Fifth Avenue, 

New York 36, New York. Celanese@ 

AN EQUAL. OPPORTUNITY EMPLOYER 

CHEMICALS FIBERS POLYMERS PLASTICS 

15 



16 

ng1neer 
In Choosing a Career, 
Consider these 
Advantages-

Location: Fisher is basically an "Engineering" 
company with 1,500 employees located in a 
pleasant midwest community of 22,000. 
It's less than 10 minutes to the Fisher plant 
from any home in Marshalltown. 

Type of work: You'll become a member of 
an engineering team that has produced some 
of the outstanding developments in the field 
of automatic pressure and liquid level controls. 

Growth: Fisher's products are key elements 
in automation which assures the company's 
growth because of the rapid expansion of 
automation in virtually every industry. 

Advancement: Your opportunity is 
unlimited. It is company policy to promote 
from within; and most Fisher department 
heads are engineers. 

If you want to begin your engineering career 
with one of the nation's foremost research and 
development departments in the control of 
fluids, consult your placement office or write 
directly to Mr. John Mullen, Personnel Director, 
FISHER GOVERNOR COMPANY, Marshalltown, Ia. 

If it flows through pipe 
anywhere in the world 
chances are it's controlled by ... 
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WHO DOES THE THINKING FOR THINKING MACHINES? 

Even though we didn't invent it, we at American Oil use the 
computer so extensively in Linear Programming that we often 
think of it as "our baby." And as such it must be spoon-fed 
known data by experts in order to come up with the answers to a 
myriad of refinery operation problems. 

One of the experts at American Oil who helps the thinking 
machine think is Leonard Tenner, 24, a graduate Chemical Engi
neer from M.I.T. His current assignment: prepare a mathematical 
model covering the manufacture of gasoline, home fuel and jet 
fuel from crude oil. 

The fact that many gifted and earnest young men like Len 
Tenner are finding challenging careers at American Oil could have 
special meaning for you. American Oil offers a wide range of new 
research opportunities for: Chemists-analytical, electrochemical, 
physical, and organic; Engineers-chemical, mechanical, and metal
lurgical; Masters in Business Administration with an engineering 
(preferably chemical) or science background; Mathematicians; 
Physicists. 

For complete information about interesting careers in the Re~ 
search and Development Department, write: J. H. Strange, 
American Oil Company, P. 0. Box 431, Whiting, Indiana. 

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS, LUBRICANTS AND PETRO
CHEMICALS, AMERICAN OIL AND ITS AFFILIATE, AMOCO CHEMICALS, ARE ENGAGED IN 
SUCH DIVERSIFIED RESEARCH AND DEVELOPMENT PROJECTS AS: Organic ions under electron 
impact I Radiation-induced reactions I Physiochemical nature of catalysts I Fuel cells I Novel 
separations by gas chromatography I Application of computers to complex technical problems 
I Synthesis and potential applications for aromatic acids I Combustion phenomena I Design 
and economics: new uses for present products, new products, new processes I Corrosion 
mechanisms I Development of new types of surface coatings. 

(I 
~ii~ 
STANDARD 

~~~~~ 

STANDARD OIL DIVISION 
AMERICAN OIL COMPANY 
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As Water Grows More Precious, 

Scientists Work On ... 

t 

' 

by RICHARD SCHAEFER, ChE '67 
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The problem of obtaining an . adequate water supply 
to meet the growing needs of the United States and the 
world has become increasingly important in the past 
three decades. In many cities, especially those in the 
Southwest, water shortages are an annual occurrence. 
At the present time the water potential of the United 
States is 515 billion gallons per day (bgpd) while the 
total consumption is around 310 bgpd. By 1975 the 
total consumption is expected to reach 450 bgpd (refer
ence 3, p. Ill). The potential water supply includes 
both unusable brackish river water and polluted waters. 
Also the water potential is not distributed evenly across 
the United States. Therefore means must be developed 
to provide usable water to arid sections of the country. 

The conversion of saline (salt) water to fresh water 
has proven on a small scale to be the most promising 
for providing the large quantities of water necessary. 
The salts, present in the form of ions, can be removed by 
the following methods: distillation, freezing, and by the 
use of semipermeable membranes. The cost of the most 
economical method must be able to compete with pres
ent sources before these methods will be widely accept
ed. The price of present sources averages 30c per thou
sand gallons in cities and 12c per thousand gallons for 
use in agriculture (ref. 2, p. 114). All of the salt need 
not be removed to make the water safe for human use, 
but the salt concentration must be reduced from 35,000 
parts per million (ppm) to near the U. S. Public Health 
Service standard of 500 ppm. In 1952 Congress set up 
the Office of Saline Water ( OSW) within the Depart
ment of the Interior to coordinate research efforts in this 
field. Since the formation of the OSW, the federal gov
ernment has awarded millions of dollars in research con
tracts to develop efficient, economical processes. In the 
first quarter of 1963 alone the OSvV awarded $2,323,000 
in contracts. 

1. BY DISTillATION 

Distillation of salt water seems to be the most eco
nomically promising. The three processes that have 
been developed furthest are multiple-effect, flash, and 
solar. The difference between the first two is that in the 
former the water is heated to 100° C and evaporated, 
while in the latter the water is heated to a temperature 
below 100° C and injected into a vacuum chamber with 
the pure water going off as steam. The multiple-effect 
process has been in use on ships at sea for many years 
and thus has been well developed. On board ship, boilers 
heat the water to supersaturated steam which is then 
condensed, giving off heat. This heat is absorbed by 
the water, forming more steam. This process can con
tinue, with each step operating at a slightly lower tem
perature. As an example of the use of this operation, 
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the average battleship consumes 300 tons of water per 
day, all produced in the confines of the ship~ 

Most of the saline water conversion plants now in 
operation are of the flash distillation type. In this sys
tem, the heated water is injected into a vacuum. Steam 
is formed and the salt remains in solution at the bottom 
of the chamber. After the steam is drawn off it is put 
under normal pressure and it liquefies. This process has 
has the advantage that less space is necessary and that 
the weight of the machinery is considerably less than 
for the multiple-effect process. The newest plant to be 
put into operation in the United States is a plant at 
Point Lomal, California, near San Diego which produces 
one million gallons per day. The most discouraging fac
tor about the whole plant is the fact that the construction 
costs totaled 1.6 million dollars (ref. 5, p. 165). Many 
Caribbean Islands have been turning to flash distillation 
for their water supplies since the Dutch put into opera
tion their plant on Aruba, off the coast of Venezuela. 
This plant, in operation since 1957, reduces the salt 
concentration from 3.5% to 0.0005% at a cost of $1.75 
per one thousand gallons. The cost is too high for 
American standards but good for such an island. One 
drawback to this plant is that the water is made so pure 
that it must be aerated and passed over coral to make 
it palatable. Other flash distillation plants are used to 
purify brackish river water. A 250,000 gallon per day 
plant is now in operation in Webster, South Dakota, 
and a smaller plant serves the town of Buckeye, Arizona. 
The Arizona plant supplies the water at a higher cost 
than before but the savings in water softeners and in 
plumbing bills mpre than makes up for the difference 
(ref. 4, p. 115). 

The main problem that arises from the use of the 
flash and multiple-effect processes is that some of the 
salts form a hard scale on the heating surfaces in the 
machinery. This scale forms whenever the solution be
comes supersaturated, thus forming clusters of a specific 
species of scale which then adheres to the metal. Much 
research has been done, mainly by the Navy, to discover 
a method of scale prevention because the cost of fre
quent cleaning or replacement becomes quite high. One 
of the most successful methods of scale control has been 
to increase the acid concentration by adding ferric chlor
ide at the rate of 0.18 pounds per ton of salt water. This 
process removes both hydroxide and carbonate scale, 
but sulfate is left in solution. Another method which 
has been successfully used is that of sending seeds 
through the system, having the scale form on them in
stead of on the heating surfaces. At this time, these two 
methods seem to provide the best control. 

A third form of distillation, solar distillation, is useful 
presently only on a small scale and then only when the 
weather conditions permit enough heat from the sun to 
reach the apparatus. The most common system utilizes 
a triangular shaped enclosure with the two top sides con
sisting of glass, either in the form of a lens or plain 
glass, the lens type being more expensive to set up and 
maintain. The bottom consists of a tray, colored black, 
on which the salt water is placed. When the sun's rays 
heat the water, it evaporates, condensing on the glass 
sides. Small troughs are placed at the bottom of each 
side to collect the pure water. The base of the system 
is insulated to avoid undue heat loss. Australian experi-
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ments have shown that the system is most efficient if 
the water is kept at a shallow depth. The output from 
this type of still will be small because the source of 
energy is so widely dispersed. To make up for this 
handicap, methods such as the use of reflectors and the 
use of a large number of small stills can be used to in
crease yield. 

2. BY FREEZING 
By lowering instead of raising the temperature of the 

saline water it is possible to crystallize out pure water. 
The process of lowering the temperature of the saline 
water is somewhat less expensive than raising it because 
the heat of vaporization is 540 calories per gram while 
the heat of crystallization is 80 calories per gram, and 
because the temperature of the water is usually near 
30° C. When the water freezes, the crystal structure ex
cludes all salt ions. The temperature at which the water 
first crystallizes is ....,1 o C, but as the crystals form, the 
salt concentration of the water increases, which neces
sitates a decrease in temperature in order to achieve 
further crystallization. Roughly 88% of the water will 
freeze before the first salt crystallizes at -8.2° C, this 
salt being sodium sulfate. The two main problems that 
arise in this method are the following: the remaining 
salt solution (mother liquor) has an affinity for the ice 
crystals; secondly, it is extremely difficult to make this 
system a continuous process, thereby making the system 
economically feasible. 

The process of freezing must also include a process of 
separation of the crystals from the remaining salt solu
tion. The two have an attraction for each other because 
of the small size of the crystals and because the two sub
stances are actually the same compound. The processes 
of draining, pressing, and centrifuging are somewhat 
effective but their price of operation is excessive. It has 
been found that most of the mother liquor is found at 
the intersections of the crystals. The crystals formed by 
a sharp decrease in temperature are disk-shaped with 
a radius of no more than one-thousandth of an inch, 
while those formed with a slow decrease in temperature 
are needle-like with all branches formed in the same 
plane. These crystals, both of the above, have large 
surface-to-volume ratios which accounts for the large 
quantities of solution that adhere to the ice. Unsuccess
ful experiments have been conducted using traces of se
lected compounds with the hope of forming crystals of 
ice having all dimensions similar, thus reducing the sur
face-to-volume ratio. Attempts to increase the size of the 

(Continued on Page 44) 
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Y~ur life at DuPont I one of a series for technical men 

rDI yourself ~it 
These booklets helped persuade some 700 new B.S. graduates 
to join us in 1963. It was mostly a matter of getting facts. 

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. 
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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 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 LIVING 
••• THROUGH CHEMISTRY 

An equal opportunity employer 

lacts a out u ont 
TECHNICAL MEN WE'Ll NEED FROM THE CLASS OF '64 

Chemists Industrial Engineers 
Chemical Engineers Civil Engineers 
Mechanical Engineers Physicists 

Electrical Engineers 

r--------------------------------------, 
E. I. du Pont de Nemours & Co. (Inc.) I 
2531 Nemours Building, Wilmington, Delaware 19898 l 
Please send me the literature indicated below. 1 
D Du Pont and the College Graduate D Reprint of Saturday l 
D Mechanical Engineers at Du Pont Evening Post article 1 
D Engineers at Du Pont on Du Pont, July, '63. I 
D Chemical Engineers at Du Pont : 
0 Also please open in my name a free STUDENT SUBSCRIPTION 1 

to the award-winning Du Pont Magazine-the official bi-monthly I 
publication of the Du Pont Company. : 

Name. ______________________________________ _ 

Class ______ Major __________ Degree expected _____ __ 

College. ___________________________________ _ 

My address. _________________________________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

City Zone State 1 

L--------------------------------------~ 
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This could be the start of something II m m ' I!! 

If you are completing your BS or MS degree in EE, ME or 
Physics, AC-Milwaukee's "Career Acceleration Program" is the 
perfect way to get your career off the ground ... and keep it 
moving! In just 32 weeks you can become an important member 
in one of the aerospace industry's leading developers of inertial 
guidance and navigation systems. Candidates whd participate 
in Program A will attend formal class two hours a day, have one 
hour of supervised study, and spend five hours in AC-Milwau
kee's Engineering, Reliability and Manufacturing Divisions. 
Candidates who participate in Plan B will spend one hour daily 
in formal class work and the remaining seven hours on the job 
in their home departments. 
Courses include: ADVANCED THERMODYNAMICS, INERTIAL 
INSTRUMENTS, DIGITAL COMPUTERS, GUIDANCE EQUA
TIONS, BASIC ASTRONOMY, TELEMETRY AND DATA ANALY
SIS; mathematics to develop an advanced maturity level and 
undergraduate disciplines, as required. (Judicious selection 
from these courses will be made according to the needs of 
each individual.) 
In addition, AC-Milwaukee has a Tuition Refund Plan which 
enables you to improve your skills through additional education. 
Upon satisfactory completion, you will be reimbursed for all 
tuition costs for courses of study at college level, undertaken 
voluntarily. AC also offers an "in-plant" evening program for 
your personal technical development. 
You will work on these important programs at AC: Titan Ill 
Guidance System, Titan II Inertial Guidance System, Apollo 
Navigation-Guidance System, B-52C&D Bombing-Navigation 
System, Polaris Navigational Components and other guidance 
and navigation projects for space vehicles, missiles and aircraft. 
Positions also exist for recent graduates at AC's two advanced 
concepts laboratories: 
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BOSTON-Advanced Concepts Research and Development On
the-Job Training Program-AC's Boston Laboratory is engaged 
in research projects in avionics, space navigation and inertial 
instrument development. This laboratory works from theory 
to prototype, advancing the state of the art in navigation and 
guidance. 
LOS ANGELES-Advanced Concepts Research and Develop
ment On-the-Job Training Program-AC's Los Angeles Labora
tory is occupied with advanced guidance research for space 
vehicles and ballrstic missiles, plus research and development in 
special purpose digital computers. 
For further information on AC's "Career Acceleration Program," 
contact your placement office or write Mr. G. F. Raasch, Director 
of Scientific & Professional Employment, Dept. 5753, AC Spark 
Plug Division, General Motors Corporation, Milwaukee 1, 
Wisconsin. 
PhDs, please note: Positions are available in all three AC loca
tions for PhDs, depending on concentration of study and area 
of interest. You are invited to contact Mr. Raasch for further 
information. 

INTERVIEWS ON CAMPUS OCT. 23 AND 24. CONTACT YOUR 
PLACEMENT OFFICE FOR APPOINTMENT. 

AC SPARK PlUG ~ 
THE ElECTRONICS DIVISION 
OF GENERAl MOTORS 

MILWAUKEE " LOS ANGELES" BOSTON "FLINT 
An Equal Opportunity Employer 
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In 1961 the Minnesota Society of Professional Engi

neers Student Chapter ( MSPE-SC) was started at the 
U. of M. It is sponsored by the Minnesota Society of 
Professional Engineers, which is in turn affiliated with 
the National Society of Professional Engineers. The pur
pose of the student chapter is to promote the professional 
development of the engineering student. 

The need for a unifying professional group arose after 
the realization that the engineering student has two basic 
areas of interest-one professional and one technical. 
These professional interests are common to all engineers; 
therefore, engineering students are urged to join MSPE
SC besides their respective technical societies. A student 
chapter of a professional society offers personal participa
tion in a comprehensive program for the advancement of 
professional ideals and concepts. 

Some of the major objectives of the MSPE-SC are to 
stimulate the professional development of the engineering 
student and to explain the importance of taking the 
Engineer-in-Training ( EIT) examination prior to gradu
ation as an initial step toward registration. Each monthly 
meeting is centered around a certain aspect of profes-

E 
The Theta Tau's at the University of Minnesota are 

proud to belong to the founding chapter of the Nations 
largest and oldest Professional Engineering Fraternity. 
The Alpha Chapter of Theta Tau was founded here at 
Minnesota on October 15, 1904, and since that date, has 
grown into a national fraternity with over 16,000 mem
bers. Alpha Chapter moved into its new home in J anu
ary of 1958. The new home provides spacious, comforta
ble living for 28 men with excellent dining facilities and 
fine food. The spacious lounging area also provides an 
ample place for impromptu parties and other social 
events, as well as speakers and films sponsored by our 
P.L.&D. (Professional Leadership and Development) 
program. The Chapter also sponsors two formal dinner 
dances each year and participates in E-day and intra
mural sports on campus. 

As a professional fraternity Theta Tau differs from 
the academic fraternity in one important respect, in that 
it selects its members from students pursuing the same 
professional or vocational course, and organizes their 
social life in harmony with their specific and common 
educational interest. The atmosphere of association with 
fellow engineering students is beneficial because of the 
inexhaustible source of help that exists in the close asso
ciation with engineering students of every year and 
major field. To preserve this atmosphere it is required 
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sionalism which is pertinent to the development of both 
the engineering student and the graduate engineer. 

Many benefits are available to MSPE-SC members. 
The most outstanding of these is that the student gets an 
insight into the benefits of ·becoming a registered Pro
fessional Engineer, thus being one step ahead of the 
average engineering graduate. Secondly, he has a chance 
to become familiar with such topics as professional 
engineering ethics. A topic such as this is rarely dis
cussed in the classroom. Thirdly, the member has a 
chance to meet and talk with engineering students and 
registered Professional Engineers who are in fields other 
than the student's chosen field. MSPE-SC offers to all 
of its members 9 monthly issues of the American Engi
neer, a magazine that has practical and informative ar
ticles pertaining to all phases of engineering. The chapter 
also has a life insurance policy (at approximately half the 
com1nercial rates), limited summer employment oppor
tunities, and an award to the outstanding engineering 
sh1dent. 

Any student enrolled in an engineering curriculum is 
eligible to be a Student Chapter member. You can join 
by signing up in MSPE-SC' s office, room 213 in the 
Mechanical Engineering Bldg., or by attending one of the 
monthly meetings. The annual dues, $2.00, includes a 
subscription to the American Engineer. 

that members of Theta Tau be males at least 18 years 
of age and a candidate for a degree in one of the several 
engineering fields. They must be men of high character 

and in satisfactory academic standing. Membership, of 
course, is by invitation only, requiring a unanimous fav
m·able vote of the active chapter membership. 

vVe at Theta Tau want you to know more about our 
fraternity whether or not you have intentions of becom
ing a member and we very much want to meet you. To 
this end we hold Monday night smokers each quarter. 
You are cordially invited to attend one of these smokers. 
We sincerely hope you will take this opportunity to learn 
more about us. 
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E L LE F E E 
Your Engineer's Guide to Campus Events 

edited by LOIS EMME, CLA, '64 

October 12-19 International Emphasis Week 
October 12-19 Cancer Drive 
October 21-26 Homecoming Week 
October 27-

November 2 Religious Participation Week 
November 3-10 Campus Chest 
November 18-22 CLA Week 
December 6 Study Day 
December 7-13 Fall Quarter Final Exams 

March 12 
March 13 
March 14-20 
March 21 

December 14 Fall Quarter Commencement at 8:00P.M. 

March 24-26 
March 30 
April 3-5 
April 12-18 
April 16-17 
April 24-25 
Apr.il 30 

December 30-31 Orientation and Registration 
January 5-1·1 Blood Drive 
January 6 Winter Quarter Classes Begin 
January 19-25 Book Drive 
January 27-

February I 
January 31 
February 9-15 
February 16-22 
February 24-29 
February 27 

G·reek Week 
Powell Hall Carnival 
Heart Drive 
Brotherhood Week 
U of M Week 
Charter Day Convocation 

Minneapolis Symphony Concerts 

April 30-May 2 
May 8 
May 10-1·6 
May 13 
May 15-16 
June 4 
June 6 
June 8-13 
June 13 

FINE ARTS 

April 17 
April 19 

University Senate 
Study Day 
Winter Quarter Final Exams 
Winter Quarter Commencement at 

8:00P.M. 
Orientation and Registration 
Spring Quarter Classes Begin 
International Spring Festival 
Creative Arts Festival 
All-Campus Elections 
Campus Carnival 
University Senate 
Engineer's Day 
Education Day 
Mental Health Education Drive 
Cap and Gown Convocation 
Minnesota Royal 
University Senate 
Study Day 
Spring Quarter Final Exams 
Commencement at 8:00 P.M. 

Glenn Gould, pianist 
George Shearing Quintet* 

October 18 
October 21,22, 

Opening Concert 
*Sunday Concerts. 

23, 26, 27 
October 25 
November I 
November 10 
November 15 

November 24 
November 29 

December 6 
December 8 
December 13 
December 27 
January 3 
January 5 
January 12 
January 17 

January 24 

January 31 
February 2 
March 13 
March 20 
March 22 
April 3 

April 5 

"The Threepenny Opera"* 
Menryk Szeryng, violinist 
Malcolm Frager, pianist 
Tchaikovsky Program* 
Beethoven: Symphony No. 9-Soloists, 

Macalester Choir 
Peter Nero, pianist* 
Istvan Kertesz, conductor-Norman Carol, 

violinist 
Isaac Stern, violinist 
Rodgers and Hammerstein* 
Claudio Arrau, pianist 
Janos Starker, cellist 
Ann Schein, pianist 
Andre Previn, pianist-conductor* 
Apollo Club, "Songs of Our Country" 
Frederick Fennel, conductor-Anton 

Kuerti, pianist 
Rafael Kubelik, conductor-Edith 

Peinemann, violinist 
Pierre Monteux, conductor 
Ferrante and Teicher, duo-pianists* 
Gina Bachauer, pianist 
Julius Katchen, pianist 
Orchestra* 
Herrera de Ia Fuente, conductor-David 

Abel, violinist 
Norman Carol, violinist* 

MINNESOTA TECHNOLOG 

October 3 
October 28 
November 25 
December 4 
February 5 
February 26 
March 1.1 
April 27 

October 31 
November 21 
January 30 
February 27 

April 16 

October 23 
November 6 
January 21 
February 10 

Masterpiece Series 
Jean Madeira, contralto 
Black Watch, Highland Dancers 
Stars of the Bolshoi Ballet 
David Bar-lllan, pianist 
Mischa Elman, violinist 
Betty All en, mezzo-soprano 
George Loudon, bass 
Rudolf Serkin, pianist 

U of M Theatre 
"The Laugh Makers," Lawrence and Lee 
"Doctor Faustus," Marlowe 
"Antony and Cleopatra," Shakespeare 
"The Zoo Story" and "The American 

Dream," A'lber 
"Time Remembered," Anouild 

Celebrity Series 
Montovanni and his Orchestra 
Norman Luboff Choir 
Mazowsze Dance Company 
Van Cliburn, pianist 
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like everyone else who must meet the 
expanding challenges of science and in
dustry today, IBM banks heavily on 
initiative. By initiative, we mean the de
sire to forge ahead. We believe this kind 
of initiative benefits not only a corpora
tion and its customers, but the individ
ual as well. 

For IBM, the exercise of initiative re
sults in an expanding line of products 
ranging from electric typewriters to 
complete computer systems. It is evi
dent, too, in the advanced systems for 
space programs and national defense 
which IBM also produces. 

For our customers, it brings new 
methods, new efficiencies, and new di
rections for expansion in step with the 
growing economy of our nation. 

For the individual, encouragement of 
initiative means the fullest possible 
growth of personal talent, ability, and 
stature. In the course of building their 
professional careers, IBM's engineers 
and scientists are given all the respon
sibility they are ready for. In fact, IBM 
encourages each individual to tackle 
progressively tougher problems by pro
viding the stimulating associates, pro
fessional atmosphere, and educational. 

opportunities that form a sound basis 
for career growth. There are no barriers 
to individual achievement at IBM. 

For example, the story of Oliver W. 
Johnson, the young engineer pictured 
here, demonstrates how an individual 
can apply his full range of talents and 
interests at IBM to further his profes
sional career. Since he first joined IBM, 
he has been assigned to several differ
ent project areas, including: special 
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transistor circuits, cryogenic develop
ment,· experimental studies on voice 
output from computers. He is now be
ing recognized for his success in devel
oping a new method of compressing 
speech by which time might be saved in 
voice transmission of data. 

His colleagues in development, re
search, and manufacturing are making 
the same kind of individual progress, 

MINNESOTA TECHNOLOG 

for at IBM the accent is on initiative
no matter what type of work, or what 
field of interests. Broad education pro
grams, among the finest to be found in 
industry, enable each individual to study 
in his field of specialization or range be
yond it as he desires. These educational 
programs are designed for the individ
ual's personal satisfaction as well as 
professional advancement. 

IBM offers graduates with degrees in 
Engineering, Mathematics, and the Sci
ences exciting assignments with room 
to move ahead. IBM is an Equal Oppor
tunity Employer. 

Education programs are conducted 
along the following lines: initial training; 
continuous education to stimulate de
velopment and help prepare for ad
vancement; master's and doctoral study 
with company support. 

See your college placement officer to 
determine when we will be interviewing 
on campus. We will be glad to discuss 
typical openings and opportunities at 
IBM. If you prefer, you may write, out
lining your education and interests, to: 
Manager of College Relations, Dept. 915, 
IBM Corporation, 590 Madison Avenue, 
New York 22, N.Y. 
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Football Schedule 
September 28 
October 5 
October 12 
October 19 
October 26 
November 2 
November 9 
November 16 
November 23 

Nebraska (Here} 
Army (Here) 
Northwestern (There) 
Illinois (There} 
Michigan (Homecoming) 
Indiana (Here} 
Iowa (There) 
Purdue (There) 
Wisconsin (Here) 

Basketball Schedule 
November 30 
December 2 
December 3 
December 14 
December 16 
December 19 
December 21 
January 4 
January II 
January 14 
January 18 
January 20 
January 25 
February I 
February 8 
February I.S 
February 18 
February 22 
February 29 
March 2 
March 7 

Kansas State (There) 
Houston (There) 
Iowa State (Here) 
South Dakota (Here) 
Bradley (There) 
Wichita (Here} 
Drake (Here) 
Purdue (Here) 
Ohio State (There) 
Michigan State (Here) 
Northwestern (Here) 
Michigan (There) 
Northwestern (There) 
Wisconsin (Here) 
Iowa (There) 
Illinois (Here) 
Michigan (Here} 
Illinois (There) 
Iowa (Here) 
Wisconsin (There) 
Indiana (There} 

s s 
Hockey Schedule 

November 22 
November 29 
November 30 
December 17 
December 20-

21-23 
December 28 · 
January I 0-1 I 
January 17 
January 18 
January 24-25 
January 31 
February I 
February 7-8 
February 14-15 
February 21-22 
February 28-29 
March 6-7 

Alumni-Varsity Preview 
U.M. Duluth (Here) 
U.M. Duluth (There) 
U.S. Olympics (Here) 
Boston (There) 

Army (Here) 
Michigan (Here) 
U.M. Duluth (Here} 
U.M. Duluth (There) 
Michigan State {Here) 
Michigan State (There} 
Michigan State (There) 
Colorado College {Here) 
Colorado College (There) 
Michigan (There) 
North Dakota (There) 
North Dakota (Here) 

HOLIDAYS 
October 12 Columbus Day 
November II Veteran's Day 
November 28-29 Thanksgiving 
February 12 Lincoln's Birthday 
February 22 Washington's Birthday 
March 27 Good Friday 
May 30 Memorial Day 

TVVIN CITIES AREA THEATER 

Minneapolis Orpheum Theater Series 
(dates to be announced) 

"A Man For All Seasons" 

11 No Strings" 

"A Funny Thing .. 

"Beyond the Fringe" 

"Who's Afraid of Virginia Woolf" 

"A Thousand Clowns" 
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Edyth Bush Theater 
(90S. Cleveland Ave., St. Paul, 8:30 P.M.) 

Sept. 26-28, Oct. 3-5, 10-1·2, 17-19-"The Mouse Trap" 
October 31-Nov. 2, 7-9, 14-16, 21-23-"Adorable Spend

thrift" 

Old Log Theater 
Sept. 11-0ct. 6-"Take Her She's Mine" 
Oct. 9-20-"Come Blow Your Horn" 
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GOLIATH: "You are the meekest, shyest, puniest 
thing I ever saw. What are you stooping over for?" 
DAVID: ''I'm getting a little boulder." 

"Chivalry" has changed since the days of Sir Walter 
Raleigh, but contrary to rumor, it hasn't died out al
together. A man will still lay his coat at the feet of a 
pretty girl; the difference is that nowadays it's intended 
to keep her back from getting dirty. 

The surest sign that a man is in love is when he divorces 
his wife. 

"Your grandma still sliding down the banisters?" 
"We wound barbed wire around them." 
"That stop her?" 
"Nope, but it sure slows her up." 

Then there was the lucky man who had a wife and a 
cigarette lighter-and they both worked. 

They laughed when I stood up to sing. 
How did I know I was under the table. 

The hard-working widow instructed the undertaker to 
cremate her good-for-nothing husband's body. 
Carefully placing the ashes in an hour-glass, she set it 
on the mantel, and announced: "As last, you worthless 
bum, you're going to work!" 

(an 
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The Fire Research Center, with its huge fur .. 
naces, is iust one of the important modern 
facilities at the $10,000,000 Research and 
Development Laboratories of the Portland 
Cement Association. 
Supported by more than 75 progressive (and 
competing) member cement companies, PCA 
research provides America's engineers with 
scientific data and design information that en
ables them to design and build concrete struc
tures of even greater safety, endurance and 
ecomi>my. Research results are freely given 
through PCA"s nationwide district offices. 

PORTLAND CEMENT ASSOCIATION 
1490 Northwestern Bank Bldg., Minneapolis 2, Minn. 

A national organization to improve and extend the uses 
of portland cement and concrete 

!) 

I EER'S B ST RE 
Main Engineering 
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Edited by SANDRA S. SMITH 

American Institute of Industrial 
Engineers 
Address: Industrial Engi

neering office, ME 113 

Who may join: All students 
regis,tered in the Indus
trial Engineering curri
culum or the Industrial 
Engineering option. 

Dues: $5.00 yearly 

Meetings: As scheduled-approx. twice 
monthly 

Officer's: 
Pres.: Paul Lubratt 
V.P.: Richard C. Kotham 
Rec. Sec.: James Newcomb 
Cor. Sec.: Larry Wangberg 
Treas.: George Chesley 

Institute of Aerospace Sciences 
Address: Aeronautical 

Eng. Bldg. 

Who may join: Aeronauti
cal Eng. students. 

Pre's.: James Clausen 
V.P.: Douglas Ness 
Sec.: Keith Goar 
Treas.: Lyle Jacobson 

Architectural Student Association 
Address: School of Architecture 

ASA 
Office 

Who may ]om: Any student 
registered in the School of 
Architecture. 

Dues: None 
Meetings: Twice monthly 
Officer: 

President: Brian Wessel 

American Institute of Mining, 
MetallurgicaL and Petroleum 

Engineers 
Address: Rm. 110, Mines, 

& Metallurgy 

Who may join: Graduate 
or undergraduate in the 
School of Mines and 
Metallurgy. 

Dues: Quarterly, $.50-
yearly, $1.00 

Meetings: Twice monthly 

Officers: 
Pres.: Harold Kokal 
V.P.: DavidS. Anderson 
Sec.: Otto Schumacher 
Treas.: William Shaffer 
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Technical Societies 

Society for the Advancement of 
Management 

Officers: 

Address: TNCE 

Who may join: Any student 
interested in the art and 
science of management. 

Dues: $7.00 yearly 

Meetings: Monthly 

Pres.: Frank Swanson 
V.P.: David Tenquist 
Sec.: LeRoy Peterson 
Treas.: Harvey Peck 

American Institute of Chemical 
Engineers 

Officers: 

Address: Chern. Eng. Bldg., 
Rm. 40 

Who may join: Chemical 
Engineering students. 

Dues: $3.00 yearly 

Meetings: Twice monthly 

Pres.: Phillip Monroe 
V. P.: Gerald Connoy 
Sec.: James Rustad 
Treas.: James Malek 

American Society of Civil Engineers 
Addres's: Main Eng., Rm. 

123 

Who may join: Civil En
gineering undergradu
ate or graduate. 

Dues: $2.00 yearly 
Meetings: Monthly 

Officers: 
Pres.: Dan Bodien 
V. P.: Dennis Palmer 
Rec. Sec.: Donald Walgren 
Cor. Sec.: Pete Fausch 
Treas.: Bob Hoffman 

Minnesota Society of Professional 
Engineers. U. of M. Chapter 

Addre'ss: Mech. Eng., Rm. 
213, c/o Prof. J. J. Ryan 

Who may join: Any Engi-
neering student. 

Dues: $2.00 yearly 

Meetings: Monthly 

Officers: 
Pres.: Henry S. Grothaus 
V.P.: Richard L. Wasser 
Treas.: Raymond A. Janssen 
Rec. Sec.: Charles' R. Bowman 
Cor. Sec: Ronald J. Steblar 
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American Society of Agricultural 
Engineers 

Address: Rm. 204, Ag. 
Eng., St. Paul Campus 

Who may join: Agricul
tural Engineering stu
dents. 

Due's: Local, $2.00 - Na
tional, $3.00 

Meetings: Monthly 

Officers: 
Pres.: Charles Onstad 
V. P.: Merlin Green 
Sec.: David Kill 
Treas.: Richard Nicolai 

American Society of Mechanical 

Officers: 

Engineers 
Address: Mechanical Engi

neering Bldg., Rm. 63 

Who may join: All full-time 
Mechanical Engineering 
students. 

Dues: $7.00 yearly 

Pres.: John . Winters 
V. P.: James M. Werner 
Sec.: Gerald F. Carisch 
Treas.: James 0. Williams 

American Institute of Physics 

Officers: 

Address: 200 TNCE 

Who may join: Any U. of 
M. student, regardless of 
college, with a physics 
major or minor. 

Dues: $3.00 yearly 

Meetings: Twice monthly 

Pres.: Ronald Cain 
Treas.: Raymond Hensler 

Institute of Electrical and Electronic 
Engineers 

IEEE 
Officers.: 

Addre'ss: 210 TNCE 

Who may join: Electrical 
Engineering students. 

Dues: $5.00 yearly 

Meetings: Twice monthly 

Pres.: Ralph Tyler 
Vice Chairman: Lyle Lemke 
Treas.: Tom Chanak 
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Honorary Societies 

EtaKappaNu 
Address: E.E. Dept., Rm. 339-

238 

Who may join: By invitation 
only-Upper Division E.E. 
students with G.P.A. great
er than 3.00 and high char
acter. 

Meetings: Whenever necess.ary 

Officers: 
Pres.: Bruce B. Bartley 
V. P.: Irving L. Miller 
Cor. Sec.: Thomas B. Linnerooth 
Rec. Sec.: David E. Fulkerson 
Treas.: Gerald D. White 
Bridge Cor.: Willard J. Cecchi 

Pi Tau Sigma 
Address: 459 Mech. Eng. 

Who may join: Fourth and fifth 
year engineers. selected on a 
basis of sound engineering 
ability, scholarship, and per
sonality from the fourth and 
fifth year mechanical engi-
neering classes. 

Meetings: Twice monthly 

Officers: 
Pres.: John Evert 
Treas.: Wayne Ebert 

Tau Beta Pi 
Address: M.E. 309 

Who may join: Engineering Junior 
-upper eighth of class'. Engi
neering senior-upper fifth. 

Meetings: Twice monthly 

Officers: 
Pres.: Thomas Lezniak 
Treas.: Darrell Frohrib 

Chi Epsilon 
Address: Office of Civil Engi

neering, Main Eng. Bldg. 

Who may join: Civil Engineer
ing students who have com
pleted one-half the work lead
ing to a bachelor's degree and 
who rank in the upper one

third of their class. They must show out
standing characteristics in scholarship, 
character, practicality, and sociability. 

Meetings: Monthly 

Officers: 
Pres.: Charles Bowman 
Treas.: Clayton L. Anderson 
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Alpha Epsilon 
Address: Rm. 200, Ag. 

Eng., St. Paul campuS! 

Who may join: Agricul
tural Engineering Juniors 
in upper one-fourth of 
class. Seniors in upper 
one-third of class. 

Meetings: When necessary 

Plumb Bob 
Address: 135 Main Engineering 

Who may join: Members are 
selected on the basis of 
character, leadership, and 
scholastic ability. Fourteen 
members from the senior 

class are elected by the actives to serve 
for one year. 

Officers: Membership remains anonymous 
until Engineer's Day. 

Officers: 

Sigma Gamma Tau 
Address: U. of Minn., Aero

nautical Engineering 

Who may join: 3rd year and 
above Aero students with 
GPA of (3rd) 3.25, (4th and 
5th) 3.0 or above. 

Meetings: Monthly 

Pre's.: James C. Brinkman 
Treas.: Lyle Jacobson 

Professional 
Engineering 
Fraternities 

Alpha Chi Sigma 
Address: 613 Oak St. S.E. 

Who may join: Male stu
dents of the chemical sci
ences. 

Meetings: Weekly, Monday 
nights 

Officers: 

Pres.: Jerome Connoy 
V. P.: Beric Christians;en 
Rec. Sec.: Bruce Nelson 
Cor. Sec.: Walter Brunner 
Treas.: Dennis Draper 

Triangle 
Address: 521 12th Ave. 

S.E. 

Who may join: Any 
undergraduate in IT 
that doesn't belong 
to an academic fra-
ternity or any other 

professional fraternity that maintains a 
house. 

Meetings: Weekly, Monday evenings 

Officers: 
Pres.: Robert Noreen 
V. P.: Randall H. Caton 
Rec. Sec.: Jerry M. Dornfeld 
Cor. Sec.: James; R. Baker 
Treas.: John R. Crane 

Theta Tau 
Address: 515 lOth Ave. S.E. 

Who may join: Male stu
dents in Engineering at 
least 18 years of age and 
maintaining a 2.00 G.P.A. 

Meetings: Weekly, Monday 
evenings 

Officers: 
Pres.: Derril B. Pratt 

V. P.: Charles R. Oleson 
Sec.: Peter A. Fausch 
Treas.: Ronald V. Ogren 
Councilor: Lawrence F. Feldsien 

Alpha Rho Chi 
Address: 605 Ontario St. 

S.E. 

Who may join: Architectur
al and students in al
lied fields (Art, Civil Eng., 
etc.) 

Meetings: Every Monday 

Officer's: 
Pres.: Bradley Miller 
V. P.: John Sheehy 
Sec.: Dick Koshalek 
Treas.: George Spilseth 

Offilcers: 

Kappa Eta Kappa 
Address: 901 Washington 

Ave. S.E. 

Who may join: Electrical En
gineering and Physics, Ma
jors. 

Meetings: Weekly, Monday 
evenings 

Pres .. : Michael J. Jensen 
V. P.: Paul Hove 
Sec.: David Harsted 
Trea's.: Lee Sigford 

Sigma Alpha Sigma 
Address: 1416 Russell Ave. N., 

Minneapolis 

Who may join: Any Engineer
ing or Physical Science ma
jor. 

Meetings.: Twice monthly 

Officers: 
Pres.: Charles Reich 
V. P.: Robert A. Buckwald 
Rec. Sec.: Steven Katz 
Cor. Sec.: Jerome Berkman 
Treas.: Kenneth Stein 

33 



34 

Pardon me if I sound as if the 
executive position I've landed 
deals with the whole future of 
the world. It does. 

Certainly, there's no organization today conduct
ing more vital business than the business of the 
United States Air Force. And very few organiza
tions that give a college graduate greater oppor
tunities for responsibility and growth. 

As an Air Force officer, you'll be a leader on the 
Aerospace Team-with good pay, a 30-day paid 
vacation each year, educational opportunities. 

How can you get started? For many, the best way 
is through Air Force ROTC. But if you missed out 
on AFROTC, or if there's no unit on your campus, 
you can still apply for Air Force Officer Training 
School. This three-month course leads to a com
mission as a second lieutenant in the United 
States Air Force. 

For more information about Air Force OTS, see 
your local Air Force representative. 

U. 5. Air Force 
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We cool an astronaut with 
100 times less power than 

it takes to air condition your car 

It takes an average of 7 horsepower to air condition an automobile. You'd think the complexities of 
keeping an astronaut cool and comfortable would require at least as much power. But Garrett-AiResearch 

designed and built a system that requires about the same energy as a 60-watt light bulb. And 
that's important in space, where power is at a premium. o The Garrett system takes advantage of the 

low boiling point of water in space to absorb heat from the astronaut's space suit and spacecraft. The system 
is tiny, lightweight, and works in zero gravity. o This remarkable cooling unit is part of the entire 

environmental control system which Garrett supplies for the NASA-McDonnell Project Mercury missions. 
It not only cools, but provides and circulates oxygen, controls pressure, and removes carbon dioxide, water 

vapor and odors. o For further information about many interesting project areas and career opportunities at 
The Garrett Corporation, write to Mr. G. D. Bradley at 9851 S. Sepulveda Blvd., 

Los Angeles. Garrett is an equal opportunity employer. 

YHE FUTURE IS BUILDING NOW AT 

los Angeles- Phoenix 

MINNESOTA TECHNOLOG 
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(Continued from Page 9) 

coupled perceptron can pay selective attention to parts 
of its stimuli (ref. 7). 

AN ELEMENTARY PERCEPTRON 
Consider in detail now an elementary perceptron. Two 

dimensional, black-and-white stimuli are presented on 
the retina and the stimulated S-A neurons fire. Each 
such neuron transmits a signal of the same magnitude 
(for convenience, of size 1), but some of the connections 
at the associator unit are excitatory ( + 1) and some in
hibitory ( -1). The A-R neurons each have a constant 
threshold, say H (greater than 0). The A-R neuron ai 
fires with a value vi if the sum of the values of the input 
signals from the S-A neurons equals or exceeds the 
threshold H. The output of the response unit is positive, 
if the sum. of the values of the input signals from the 
A-R neurons is positive, and negative, if this sum is 
negative. The stimuli that constitute the environment are 
split into two classes, with members of the first class 
coded with a+ and the remainder coded with a-. Each 
stimulus produces a response if it is presented to the 
perceptron. If the sign of the response agrees with the 
sign of the stimulus coding, that response is considered 
correct. When the perceptron reaches a state in which 
every stimulus elicits the correct response, it has achieved 
a solution. The reinforcement procedure is as follows: 
after every stimulus to which an in-
correct response is given the value of 
the signal of every A-R neuron which 
was active when the current stimulus 
was presented is incremented by an 
amount + k or -k, with the sign 

positive and negative stimuli will be reinforced in both 
directions. Those A-R neurons excited by either E's or 
X' s predominately can expect to build up large positive or 
negative signals, respectively, while the values of those 
neurons activated equally by both kinds of stimuli will 
tend to oscillate about zero. In view of the reinforcement 
system, once a perceptron learns the generalization, no 
more reinforcement can take place, so this solution is 
stable. However, it is not clear that a solution will ever 
be achieved, for the reinforcement which corrects the 
response to one stimulus may make the response to 
another stimulus incorrect, while the reinforcement 
which conects the second stimulus's response may make 
the first response incorrect. Happily Rosenblatt and as
sociates have proved a theorem which makes the above 
impossible under quite general conditions (refs. 1 and 
7). 

Theorem: If it is possible to arrange the values 
of the signals fired by the A-R neurons so as to 
achieve a solution for a particular set of stimuli 
(that is, if the problem is not too difficult), then 
an elementary perceptron will learn a discrimi
nation based on these stimuli in finite time, in
dependently of the order of presentation of the 
stimuli. 

Thus large enough perceptrons will be able to discrimi
nate E's from X's. 
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To see how the perceptron behaves 
consider the following experiment. 

Experiment 1: An elementary perceptron is 
shown the letters E and X, translated (without 
rotation) throughout the retina, in a random 
order and in required to learn to discriminate 
between the E' s and the X' s. 

Assume for definiteness that the E's are coded + and 
X's are coded -. For the sake of the discussion call the 
set of A-R neurons activated by at least one of the E's U 
and the set of A-R neurons activated by at least one of 
the X's V. If U and V are disjoint (that is, have no A-R 
neurons in common) then the analysis is tlivial since 
after a short period of reinforcement all of the neurons 
in U will emit positive signals, while all of the neurons 
in V will· emit negative signals. Thus all E' s will elicit 
positive responses, all the X' s will elicit negative re
sponses, and the discrimination will have been learned. 
The difficulty comes that U and V can hardly be expected 
to be disjoint. The neurons which are excited by both 
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S-A1 NEURONS 

Different experiments show that both during and after 
training, the perceptl·on is fairly insensitive to the loss of 
neurons or the introduction of random noise (randomly 
distributed spots of light on the retina), due to the fact 
that the response depends on the sum of the input sig
nals, and therefore only in a small way on the signal 
from an individual neuron. 

Although there are individual differences among per
ceptrons, and some may be weaker than others in their 
ability to learn, the perceptron is limited in the problems 
it can tackle primarily by the nature of the problem. 
However, even though a solution will eventually be at
tained, the perceptron may take an inordinately long 
time to reach the solution, particularly if it "sees" some 
of the stimuli very infrequently. If a perceptron is pre
sented with a stimulus for the first time after being 
trained on a number of similar stimuli, its response will 
be predictable only if there is considerable overlap with 
a previously learned stimulus. Other characteristics, such 
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as geometrical similarity, will not influence the response 
of the perceptron. An E on the right side of the retina 
will not necessarily be labeled as such by a perceptron 
trained on E' s and X' s on the left side of the retina. In 
this sense the perceptron cannot extend a previously 
learned stimulus classification to a new stimulus which 
"obviously" belongs in only one of the classes if there is 
not considerable overlap, that is, it cannot generalize. 

OTHER PERCEPTRONS 
An elementary perceptron has the potential to learn 

a discrimination under suitable reinforcement, but its 
only basis for assigning similarity to two groups of stimuli 
is reinforcement from the environment or similarity of 
position. We now examine a perceptron which not only 
can learn a discrimination problem more efficiently (than 
a comparable elementary perceptron) but which is capa
ble of self-classification of stimuli without interference 
from the experimenter on the basis of contiguity of the 
stimuli in time-a four-layer perceptron (figure 3). The 
major changes are a second set of associator units and a 
system of reinforcement which is response controlled and 
time dependent. The units and neurons are named anal
ogously to those of the elementary perceptron. Stimuli 
are shown at times t, t + 6.t, t + 26.t, ... As before the 
S-A1 neurons fire depending on the current stimulus, 
sending their signals to randomly chosen associator units 
in the first set. Corresponding to each associator unit in 
the first associator set is exactly one associator unit in 
the second associator set. There is a neuron ai .i between 
every associator unit in the first set mi and every associ
ator unit in the second set n.i. An active neuron ai i (con
necting mi and n; ) fires a signal equal to the threshold 
value H of the AII-R neurons while an active neuron ai.i 
( ij) delivers a signal vi .i ( t) (not necessarily equal to H). 
If the neuron aPP is active at timet and the neuron arr is 
active at time t + Llt, then Vnr is incremented by a quan
tity k (greater than 0). At the same time all vi.i are dec
remented by a quantity (a) ( vi.i). These two effects 
represent facilitation of active pairs of neurons and 
decay of all couplings, respectiveiy. The A1I_R neurons 
are reinforced according to our previous system of rein
forcement. 

As an illustration of the method by which the four
layer perceptron generalizes, we consider the following 
experiment. 

Experiment 2: A's and B' s are presented to a 
four-layer perceptron. Both the ,A's and B's are 
shown in different forms, positions, and sizes. 
They are arranged in a random order such that 
an A is much more likely to be followed by 
another A than by a B, with a similar restriction 
on the B's, so that the perceptron tends to see 
rows of A's and B's. 

The reinforcement used on the A1I_R neurons is not im
portant, for the crucial behavior is determined by the 
AI_ AII neurons. After a period of time (if the parameters 
of the system satisfy certain inequalities) the facilitation 
and decay interconnect the set of neurons which respond 
to any of the A's to each other, and also interconnect the 
set of neurons which respond to any of the B's to each 
other, while temporal connections between A's and B's 
disappear. Thus the presentation of any A will activate 
the same set of A1r_R neurons as will any other A, and so 
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the A's as well as the B's become as far as the AII-R 
neurons are concerned, only two distinct stimuli. Only 
a single reinforcement on the AII_R neurons will be 
sufficient to assign a desired coding to the A and B re
sponses, since the coupling of associator neurons can 
spontaneously dichotomize the stimuli. 

More complicated preceptrons can even exhibit a mem
ory. If the network of associator units in figure 2 is a 
single layer but every unit is connected to every other 
unit, closed loops will be formed, and reverberation is 
likely to occur. Depending on the design of the system, 
such reverberations may die out, stabilize, or activate 
every unit. If the design is such that these reverberations 
stabilize, such a perceptron cannot only replicate the 
performance of the other perceptrons, but can reproduce 
a sequence of stimuli. Thus if the sequence presented is 
Sl, S2, Sl, S2, S3 , S4, S3 , S4 , and if this is repeated until the 
machine learns the discrimination, after the stimuli are 
withdrawn, the perceptron will continue to respond as 
if the above sequence of stimuli were still being shown. 
Thus, under suitable constraints, a closed-loop perceptron 
may be expected to be capable of executing a sequential 
command or acting as a short-term memory. 

One more modification is useful. If in a perceptron 
(either the four-layer or the closed-loop model) the re
sponse units send signals back to the associator units, it 
is sometimes possible for the perceptron to make sense 
of ambiguous stimuli by disregarding part of a complex 
stimulus and responding only to the remainder. If a 
perceptron so designed (a back-coupled perceptron) 
is trained to discriminate between triangles and squares 
at the same time that it learns to distinguish figures 
high on the retina from those low on the retina, then 
upon presentation with a stimulus consisting of both a 
high triangle and a low square, the perceptron will most 
likely respond to part of the stimulus, that is, it will us
ually respond "high triangle" or "low square" but not 
otherwise, indicating that it successfully has "paid at
tention" to only a portion of the stimulus and disregard
ed the remainder. 

Such results as those described above may be some
what unexpected, considering that a perceptron is ba
sically a net of neurons, which are connected together 
subject to a few constraints, and whose signals have val
ues which are functions of time. Yet any two percep
trons, designed similarly but wired differently, can learn 
roughly the same problems and can be guaranteed to 
behave in much the same way. Individual differences 
(among the particular class of perceptrons) are super
imposed on a general pattern of behavior, much as 
among humans. Even more remarkably these percep
trons, under experimentation, behave as if they are learn
ing to discriminate stimulus classes, generalizing these 
classes, and exhibiting both a memory and a selective 
attention. The more complicated perceptron is able to 
replicate behavior related to memory and spontaneous 
learning primarily because of the presence of non-sensory 
activity in the brain model. If perceptron theory and 
the related neuropsychological theory of Hebb (ref. 4) 
are reliable, the essential key to the explanation of com
plicated human behavior is continuing neural activity, 
which becomes a source of non-sensory cues as initiators 
of behavior. 

(Continued on Page 44) 
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New Communications Satellite 
Bell Telephone recently unveiled its Telstar experi

mental communications satellite which serves as a mi
crowave relay in space to transmit tests of telephone con
versations, data, and television programs across oceans. 
The satellite is covered by 3600 solar cells which obtain 
energy from the sun fnr power. At the top, a helical 
antenna transmits a beacon signal for tracking by ground 
stations and transmits information about the condition 
of the satellite for scientific purposes. The helical an
tenna is also used to receive commands to turn on or 
off the satellite transmission circuits. Girdling the center 
of the satellite are two broadband antennas, the upper 
one receiving at 6390 megacycles, the lower used for 
transmitting at 4170 megacycles. 

Inexpensive Computer 
A simple, inexpensive analog computer for the rapid 

determination of the radial characteristics of inhomogen
eous arcs and flames has been developed by J. B. Shu
maker, Jr., and C. R. Yokley of the National Bureau of 
Standards, U. S. Department of Commerce. This com
puter, accurate to within 5 per cent, provides radially 
resolved spectral data from which temperature, electron 
density, and transition probabilities can often be calcu
lated. Its use, which permits the almost instantaneous 
recording of the spectrum at any 4 preselected radial 
positions in the source, makes it as easy and rapid to 
study inhomogeneous as homogeneous sources. 

"Hot-Line" 
American Cable & Radio Corporation, subsidiary of 

ITT, has been awarded the contract to install the vVash
ington-Moscow "bot-line" cable agreed to by delegates 
of the United States and Russia at Geneva on June 20. 

ITT, through its subsidiary, the American Cable & 
Radio Corporation, will provide the U.S. end of a full
time duplex telegraph land-line and cable circuit from 
vVashington to Moscow, through London, Copenhagen, 
Stockholm and Helsinki. 

The «bot-line" will insure that private communications 
channels between the two capitals will be available at a11 
times. 

While both nations agreed in principle to the need 
for a private communications link, the details had to be 
negotiated by technical experts of both nations. 

One of the most important points on which negotiators 
were able to secure Soviet approval was the means of 
achieving privacy. This method takes messages and 
translates them into a private form which is changed at 
frequent intervals, insuring privacy of transmission. A 
message sent in such form would be unintelligible to any 
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unauthorized observer. A portion of the equipment, 
agreed to by both parties at the seven weeks negotiating 
session, is manufactured by an ITT company. 

When the two nations wish to communicate, a mes
sage is sent by the duty operator to his counterpart at 
the other end, advising him that the circuit will be used 
for transmission. He will also inform him as to what 
settings to make on the equipment so that the message 
will be properly received in uncoded form. 

The "bot-line" operator then prepares the message on 
a standard teletype machine with both printed and 
punched tape copies. These are turned over to the duty 
officer, who verifies them against the original copy of the 
message, and if both copies agree, the punched tape is 
transmitted, going first through the privacy equipment, 
then into the "bot-line" itself. 

Brighter Auto Trim 
Your stainless steel automobile trim is brighter, and 

your kitchen pots and pans have more luster because a 
number of stainless steel producers are following the a~
vice of rolling mill engineers and designers using solid 
tungsten carbide rolls. 

Not only does the carbide roll the metal with a higher 
sheen, but the carbide rolls will last up to 50 times longer 
than conventional rolls. 

Tungsten carbide rolls are not new, but advanced 
techniques are new in the making of these ultra hard 
rolls. About a year ago, Carmet, a large tungsten 
carbide Droducer of Ferndale, Mich., announced that it 
was making the solid tungsten carbide rolls from six 
inches in diameter to 60 inches in length. 

Since Carmet began producing the solid tungsten rolls, 
a number of nroducers have increased their use of these 
ultra hard rolls, especially in Sendzimir rolling mills. A 
Sendzimir mill uses ultra-slim work rolls with a number 
of increasingly larger back-up rolls. The work rolls do 
the rolling and take the brunt of the wear, while the 
back-up rolls distribute the pressure to the outside of the 
roll housing. Carbide work rolls are often used in Send
zimir mills;- whereas, the back-up rolls are made of steel. 

Usually carbide rolls are used in the flat cold rolling 
of metals-especially of highly work hardening metals 
like stainless steel, nickel alloys, molybdenum, etc. In 
such rolling, extreme pressure is exerted on the work 
rolls. 

In exerting this tremendous pressure the work rolls 
themselves sometimes deform or flatten to a small degree. 
This has a detrimental effect on the rolling action. Tung
sten carbide is three times more rigid and is much 
harder than steel thereby greatly reducing this flatten
ing e-ffect and permitting bigger percentual reductions, 
especially on thin gauges. 
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An idea grows from one mind to anotherm 

It may begin with nothing important. Just a word. Or a notion. But as each succeeding mind brings a fresh viewpoint, the idea begins 
to grow and mature. 

If you like working in an atmosphere that breeds ideas, you'll like working at Northrop. Stimulating minds and stimulating proj

ects are all a part of the climate here. We have more than 70 active projects in work, and we're constantly evaluating new lines of 

inquiry. Projects cover such fields as interplanetary navigation and astra-inertial guidance, aerospace deceleration and landing, man

machine and life support systems for space, automatic checkout and failure prediction systems, laminar flow control techniques and 
world-wide communications. 

For more specific information, see your placement counselor. Or write to Dr. Alexander 

Weir, Northrop Corporation, Beverly Hills, California, and mention your area of special interest. 

MINNESOTA TECHNOLOG 

AN EQUAL OPPORTUNITY EMPLOYER 
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by DIANNE CHRISTENSON, Physics '66 

While working for a Ph.D. in IE with a minor in metal
lurgy, Jerry Katz is also teaching IE 153 and IE 173 this 
fall. Despite this burden of teaching and research, Mr. 
Katz is a member of many groups and has a wide variety 
of interests. In addition to being faculty adviser to AilE, 
he is a member of BIA, ASM, AFS, ASQC, M-Club, and 
Pi Tau Sigma, an honorary ME fraternity. His interests 
range from jazz-band and hockey appreciation to crib
bage and stamp collecting. His stamp collecting began 
when he swapped ten comic books for a stamp album, 
and as for cribbage, the Technolog staff will remember 
the defeat in cribbage suffered at the hands of Mr. Katz 
and company. 

His students should be informed that Jerry Katz seems 
to enjoy giving difficult finals and having firmly-held 
opinions. Unfortunately the Technolog is unable to re
print one of Mr. Katz's representative tests, but presents 
instead one of his pet peeves. He claims, "Many cunicula 
in non-technical courses are becoming obsolete due to 
the fact that many students are not required to take 
technical courses in a time of rapid technological and 
economic changes. Engineers are required to take 34 
non-technical credits, but psychology majors, business 
administration majors and others have very little encour
agem~nt to gain technical knowledge which they sorely 
need. 

WILLIAM DOLID 
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JERRY KATZ 

Alfred University, in upstate New York, provided the 
higher education which led to a master's degree in 
math for vVilliam Dolid. Right now he is involved aca
demically in writing a Ph.D. thesis on ordinary differen
tial equations and teaching solid geometry, Calculus IV 
and an extension course in elementary arithmetic and 
geometry. 

Mr. Dolid's hobbies are widely varied. His interest 
in music led to participation in the University Chorus 
where his bass voice added to the presentation of the 
Mozart Requiem, the Berlioz Requiem and numerous 
others. Mr. Dolid also wanders around the railroad 
tracks in his spare time; however, he does have a spe
cific purpose in mind, photography. In fact, one of his 
pictures appeared on the 1963 Rail-Fans Calendar. This 
repertoire of interests also includes collecting rare books 
and participating in varied athletic activities. One year 
Mr. Dolid won third, another year fourth place in the 
University ping-pong tournament. This past summer he 
was active as a pitcher for the Wronskians (a name tak
en from a mathematical theory involving determinants ) 
the soft-ball team of the mathematics department. This 
year Mr. Dolid plans to participate in the CAC, Cauchy 
Athletic Club, a newly-formed organization of mathe
matician-athletes. For the benefit of you who don't 
know, Cauchy was a French mathematician. When his 
other activities fail, however, he can always fall back on 
History II, a course which he is now auditing. 
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Spotlight on 
local Industry 

E 
Rosemount Engineering Company is among the fast

est-growing companies in the United States today. 
Founded in 1956, the company has attained dominance 
as the country's leading designer and manufacturer of 
highly accurate instruments for measuring air tempera
tures and pressures on supersonic and subsonic aircraft 
and missiles. Because of its rapid expansion rate, Rose
mount offers many opportunities for top-flight work
study students, graduates, and advanced degree holders 
in engineering. 

When REC was founded in January, 1956, it was situ
ated in a rented apartment unit in Rosemount, Minne
sota. Later, two more units were added. In 1957, Rose
mount outgrew its small space and moved to a new 
plant of 5000 square feet in Bloomington, Minnesota. 
In 1959, the company moved to its present location, a 
brick and concrete block plant of 78,000 square feet, 
also in Bloomington. REC also has a British subsidiary, 

Present work-study students at REC are Jon 
Davison, Dennis Peterson, Ronald Larson, Cornelius 
Krollman, Albert Libke, and Ted Merry. All are 
mechanical engineering majors. 

Research and Engineering Controls, Limited, located at 
Bognar Regis in southern England. This subsidiary, ob
tained in 1960, carries on its own research and develop
ment ( R & D) and sells the same products as REC in 
Europe and the English Commonwealth. Other branches 
of REC are a R & D plant in Mankato, Minnesota, and 
a sales office in Encino, California. 

Initially, Rosemount had only one product, a total 
temperature sensor for high-speed airplanes. This sensor 
was first developed for the United States Air Force in 
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the fall of 1955 by Dr. Frank Werner who was working 
at the Rosemount Aeronautical Laboratories of the Uni
versity of Minnesota. The Air Force wanted Dr. Werner 
to manufacture this product and so Rosemount Engineer
ing Company was organized. The product line of REC 
now numbers over 380, not including specially-designed 
sensors. Products include air data sensors, temperature 
sensors, pressure sensors, and accessory equipment. 

Air data sensors is a common name for the specialized 
instruments which measure temperature and pressure on 
the outside of airplanes. Two of the most fundamental 
are pitot-static tubes and total temperature sensors. 
Pitot-static tubes are the sharp, forward-pointing spike 
on the nose of most high-speed airplanes. A hole in the 
front of the pi tot tube senses a pressure rise (Po) due 
to the high speed of the flight, and holes along the side 
of the tube sense the surrounding air pressure, that is, 
the "static" pressure ( P fl). From these two measure
ments, it is possible to determine the Mach number 
( M ) by means of the following equation: 

Po= Pfl( 1 + .2M2
) 

Using the Mach number and the total temperature 
(To), it is possible to determine the static temperature 
( T,) by the equation: 

To= TR(1 +.2M2
) 

The speed of sound (A) is a function of the static tem
perature: 

A= KVRTs 
and, since the Mach number is the velocity divided by 
the speed of sound, the velocity of the plane can be very 
accurately measured. These measurements are im
portant in bombing, fuel economy, and air transpor
tation timetables, among other things. 

Other temperature sensors produced by REC are im
mersion sensors, surfaces sensors, and temperature stand
ards. These, as well as the total temperature sensors for 
airplanes, are platinum resistance sensors. The electrical 
resistance of platinum wire increases when the tempera
ture rises and decreases when it falls. Therefore, when 
the resistance is accurately measured, temperature can 
be precisely determined. When carefully done, this 
method is the most accurate for temperature measure
ments over a wide range, and is therefore used in tem
perature standards made by Rosemount. These products 
are calibrated and are then used by other laboratories 
as their primary standards for calibrating other tempera
ture measuring instruments and for research work. 

Another product line of REC is pressure measuring 
equipment. An especially accurate pressure sensing ele
ment for dry gases with a range of about 1 to 100 psi 
has been developed which utilizes a variation in elec-
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For Engineers 
mBe~Me 

SHALL IT BE 
#9000 Castell Wood 
Drawing Pencil or 
#9800SG locktite Tel
A-Grade Holder and ? 
#9030 Castell Re· 
fill Drawing leads m 

Perhaps you will 
choose Castell wood 
pencil, because you 
like the feel of wood, 
because you like to 
shave the point to the 
exact length and 
shape you desire. 

Or you may vote for 
Locktite Tel-A-Grade, 
the lightweight bal
anced holder with its 
long tapered, no-slip 
serrated grip that 
soothes tired fingers. 
And its ideal team 
mate, Castell Refill 
leads, of the same 
grading, undeviating 
uniformity and bold 
image density of 
Castell wood pencil. 

Whatever your choice, 
you will be using 
Castell tight-textured 
microlet-milled lead 
that gives you graphite 
saturation that soaks 
into every pore of 
your drawing surface. 

Your College Store car
ries all three famous 
A.W.Faber-Castell 
drawing products, 
backed by over two 
centuries of pencil· 
making experience. 
Start your career by 
using the finest 
working tools money 
can buy. 
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A.W.FABER .. 
CASTELL 

Pencil Company, Inc. 
41-47 Dickerson Street 

Newark 3, N.J. 

Ill 

I 

A little boy went to school for the 
first time and the teacher explained 
that if he wanted to go to the wash
room he should raise two fingers. 

The boy, looking puzzled, asked
"How's that going to stop it?" 

Three French boys from Paris were 
spending their summer on a farm in 
Normandy. One day as they were 
walking near a hay field, they caught 
sight of the milk maid and the farm 
hand in the hay stack and stopped to 
watch. 

"Ah," said the seven year old, "look 
at the grownups fighting." 

"You are in error, my friend," re
plied the sophisticated eleven year 
old. "They're making love." 

"Yes," agreed the thirteen year old, 
"but rather amateurishly." 

The admiral had made himself very 
unpopular and when he fell ill and 
had to go to the base hospital, every
one breathed a sigh of relief. The hos
pital did not improve his temper, 
however, and he made life miserable 
for the staff. One day, one of the 
orderlies put on a surgeon's mask and 
went into the admiral's room, picked 
up his chart and examined it very 
professionally. Then he advised the 
admiral that he would have to take 
his temperature and told him to roll 
over on his stomach. On no account 
was the admiral to turn over, and he 
promised to return to read the ther
mometer as quickly as possible. The 
admiral harumphed but did as he was 
told. About an hour later the floor 
nurse looked in to check on the ad
miral and found him still on his 
stomach. "What on earth are you do
ing, sir?" she inquired. 

"What is the matter with you?" 
growled the admiral. "You've seen 
people having their temperatures tak
en before." 

"But admiral," she cried, "with a 
daffodil?" 

r t 
Said the worried patient to the psy

chiatrist, <'I'm in love with my horse." 
<<But that's nothing," replied the 

psychiatrist. ccA lot of people love 
animals. My wife and I have a dog 
that we love very much." 

ccAh, but doctor, it's a physical at
traction that I feel toward my horse!'' 

ccUmmmm!" said the psychiatrist. 
<<What kind of horse is it? Male or 
female?" 

<<Female, of course!" the gent shot 
back angrilv. <<What do you think I 

?" am, queer. 

The clerk was signing in a new 
group of patients at the state asylum. 

<<Name," he asked one of the new
comers. 

<<Lord Chatteringham, if you please!" 
was the reply. 

<<That's OK by me," said the clerk. 
He assigned the man to a room, 
turned to the next man in line and 
asked him his name. 

<<Lord Chatteringham, of course," 
asserted the patient. 

<<You don't say," replied the clerk 
and assigned the man to the same 
room as the first chap, thinking it 
might prove interesting to have two 
Lord Chatteringhams together. 

The next morning the second fellow 
came to the desk. 

<<Sir, I lied last night," he said to the 
clerk. <1 must confess. I'm not Lord 
Chatteringham at all. I am really Lady 
Cha tteringham." 

<<Mommy, Mommy ... can I wear 
a bra? ... I'm fourteen now." 

<<Shut up, Ralph!" 

The modern young miss was being 
chided by an archaically minded aunt 
for smoking. <<Smoking is a disgusting 
habit," she lectured. <'I'd prefer being 
caught in adultery than found with 
a cigarette dangling from my lips." 

To which the modern girl replied, 
<<Who wouldn't?" 
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Sixty-three years ago Sir Ernest 
Shackleton, the famed polar ex
plorer, placed this ad in London 
newspapers. The response was 
amazing. And the men who an
swered were special. 

There are men like them today 
at Honeywell ... and we'd like 
more of them. They're men who 
feel obligated to answer a chal
lenge. They're motivated by the 
overwhelming urge to be FIRST 
in their field. And, they're willing 
to work hard for that distinction. 
Unlike Sir Shackleton's volun
teers, however, they're well paid 
for their outstanding performance. 

Some of them work on complex 
control systems for the Apollo 
Command and Service Modules, 
Gemini and others. (Honeywell 
has supplied control systems for 
virtually all U.S. manned space 
shots.) These engineers will pro
vide guidance for hazardous jour
neys in the years ahead. 

Some work on weapons systems. 
Others design computers that 
create shortcuts· and quicker an
swers to technical questions. Still 
others design or market the mod-

MINNESOTA TECHNOLOG 

HONEYWELL WANTS THE KIND OF 

MAN WHO ANSWERED THIS AD 

ern systems that control environ
ment and equipment in industrial 
plants, office buildings, schools, 
homes and hospitals. 

Why they stay at Honeywell ..• 
and why we think you will, too. 
Honeywell has one of the lowest 
professional turnover rates in the 
industry ... less than half the 
national average. There are good 
reasons for it. 

Start with growth •.• Honeywell 
has grown steadily since 1885-
now employs 4 7, 700 people in 46 
plants throughout the U.S. and 
foreign countries. We offer the 
stability and variety that go along 
with a broad-based company. 
There's always a chance for change 
and new challenges here. 

Merit Pay and Promotions .•• 
Good men like to set their own 
pace, and we like it that way. We 
pay and promote to recognize 
individual performance and prog
ress. We'll push you along as fast 
as you can handle the work. 

Tuition Aid •.• Honeywell men can 
get advanced degrees at company 
expense. Greater knowledge will 

help both of us become "first in 
the field." 

Finally, Professional Freedom ... 
At Honeywell, you're on your own. 
Tough competition replaces the 
confining supervision you find in 
many companies. You'll work with 
real pro's ... men who recognize 
and respect good work. You'll 
work in a climate of true scien
tific professionalism. 

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 informa
tion on Honeywell products, 
plants and office locations. 

We'd like to learn more about 
you on our next visit to cam
pus. Check the date. Or, write to 
Mr. H. P. Eckstrom, Corporate 
Director of Employment, 
Minneapolis 8, Minnesota. 

FIRST IN CONTROL 

Hont~Ywtrell 
An equal opportuniLy employer. 
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Salt ater 
(Continued from Page 19) 

crystals have shown the following: the temperature of 
the solution must be kept above a certain critical tem
perature or else a large number of crystals will fonn; 
the concentration of salt should be kept as low as pos
sible; agitation must be kept to a minimum; the heat 
flow should be kept in the same direction as the desired 
crystal growth (ref. 6, pp. 324-326). 

The possibility of removing the mother liquor by 
washing with a non-aqueous solution has been investi
gated and it has been found that completely miscible 
liquids are effective in removing the solution but that 
the cost of their recovery makes the process prohibitive. 
Even at the high cost of recovery, there is a large amount 
of solvent lost (ref. 6, p. 330). 

To make the price of water obtained by freezing com
petitive with that of water obtained by other methods, 
an efficient, continuous process must be developed. A 
continuous process, when developed, would probably re
quire less maintenance than a distillation setup and 
would produce more water at a lower price. This lower 
price would be possible because in a freezing setup 
there are no problems with the formation of scale. How
ever, with the freezing process, the initial cost will al
ways be greater than for the distillation setup (ref. 3, 
p. 111). 

3. BY MEMBRANES 
Processes that use semipermeable membranes have 

not been fully developed but look extremely promising. 
In principle these membranes permit the flow of some 
substances while restricting the flow of others. An elec
tric current is used with some types of membranes to 
attract the positively charged ions to the cathode and 
the negative ions to the anode. With the use of the cor
rect membranes, the ions can be confined to the out
sides of a three-compartment unit with pure water re
maining in the middle. 

Since the formation of the Office of Saline Water in 
1952, great strides in research and development have 
been taken toward the development of an efficient, eco
nomical saline water conversion program. With further 
process development all parts of the world should have 
plentiful supplies of pure water at their disposal. Then 
one of the world's most critical problems will have been 
solved. IJ 

Rosemount Engineering 
(Continued ftom Page 41) 

trical capacitance, and a variety of h·ansistorized elec
tronic circuits have been developed for use with this 
sensing element. One of the important applications of 
this device has been on the Beech Aircraft Corporation 
supersonic target drone KD2B. 

Somewhat related instruments have been developed 
for use as pressure measurement standards, principally 
for calibrating other pressure instruments. This product 
line is the Pressure Reference Cell. Each pressure cell 
is somewhat like a gage block in that it shows very ac
curately whether an applied pressure is above or below 
the setting of the instrument. When a group of such 
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cells are assembled in a pressure measuring system, cali
brations are simple, reliable, and fast. 

The Pressure Sensor Department is responsible for the 
development and manufacture of the pressure sensing 
elements. Other departments are the Air Data, Immer
sion Sensor, Aeronautical Research, Military Electronics, 
and Indush·ial Products departments. Each of these de
parhnents is like a small company within the main com
pany, REC. 

Rosemount offers positions to work-study students in 
several of the departments. Assignments may be in 
R & D type work, design engineering, or production en
gineering. Individual preferences of the student weigh 
heavily in determining his assignment. Many of the full
time engineers are former work-study students and most 
of the engineers are University of Minnesota graduates. 

The work-study program at Rosemount is planned so 
that it can be as beneficial as possible to both the student 
and the company. Usually, the student is assigned to 
one of the senior engineers. At first, the student works 
somewhat as an "apprentice" until he becomes familiar 
with the products and operations of the department to 
which he is assigned. As soon as the student demon
strates adequate familiarity with the operations, he is 
assigned responsibilities of his own commensurate with 
his experience and ability. 

Particularly advantageous to work-study students at 
Rosemount are the size and steady growth of the com
pany. The student has a chance to see the company 
develop, and, since REC is small enough, he can become 
acquainted with most phases of the company's activi
ties and thus obtain a comprehensive "taste of industry" 
within a relatively short time. [] 

Brain odels 
(Continued from Page 37) 

Mathematically there can be no doubt that these re
sults are acceptable insofar as they are rigorous. Biolog
ically one has to be more careful. More information is 
needed about the constraints on connections between 
neurons, the mechanisms of short- and long-term mem
ory, and the change (if any) in the physical makeup of 
the neuron after continued activity, to mention just a few 
problems which seem to have special relevance to this 
article. As these are solved by the physiologist, the 
mathematician and engineer can incorporate the new 
facts in new models, thus closing the gap between the 
brain model and the real brain. I] 
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Your future in engineering is his business 
He's a Monsanto Professional Employment repre
sentative ... now also representing the other members 
of the Monsanto corporate family: Chemstrand Com
pany, Shawinigan Resins Corporation, Plax Company, 
Monsanto Research Corporation, Chemstrand Research 
Center, Inc. 

Ask him about the diversity these outstanding or
ganizations offer--in geography, activities, prod
ucts- diversity that offers ever-expanding oppor
tunity to the young man of exceptional promise. 
Ask this expert in futures about the future the 

Monsanto family offers you in research, develop
ment, manufacturing and marketing. 

See your Placement Director to arrange an inter
view when we visit your 
campus. Or write for our 
new brochure, "You and 
Monsanto," to Manager, 
Professional Recruiting, 
Dept. EN -10, Monsanto, 
St. Louis, Missouri, 6 3166. 

AN EQUAL OPPORTUNITY EMPLOYER 
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iracle at spot marked 

It happens every day. Advertising builds mass demand. Produc
tion goes up--- costs come down. More people can buy- more 
jobs are created. These are the ingredients of economic growth. 
Each stimulates the next in a cycle of productivity and plenty 
which constantly creates a better life for you. 

Let's Keep Rolling Ahead 
Published as a Public Service in Cooperation with the ~dverfising Council 

St. Paul BRUCE PUBLISHING COMPANY Minneapolis 

OCTOBER. 1963 



GD/FW is currently engaged in many outstanding projects involving 
atmospheric and space vehicles and systems. Energetic, creative 
engineers and scientists are needed now, to help solve the intriguing 
problems involved in our many ambitious programs. II To take advan
tage of the opportunities offered, contact your Placement Director, to 
determine when a General Dynamics/Fort Worth representative will be 
on campus, or write Mr. J. B. Ellis, Industrial Relations Administrator
Engineering, General Dynamics/Fort Worth, P. 0. Box 748, Fort Worth, 
Texas. An equal opportunity employer. 

GENERAL CVNAMIC:S I FORT \NORTH GIIIIIIIID 
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edited by JAMES McCARVILLE, ChE '64 

1. I am a brazen lion (is some engineer speaking here?), 
a fountain; my sprouts are my two eyes, my mouth, and 
the flat of my right foot. My right eye fills a jar in 2 
days ( 1 day= 12 hours), my left eye in three, and my 
foot in four; my mouth is capable of filling it in six hours. 
Tell me how long all 4 together will take to fill it. 

2. ][ am twice the age that you were when I was your 
age. When you get to be my age our ages will total 63 
years. How old are we? 

3. Find a four-digit perfect square whose first two digits 
and last two digits each represent perfect squares. ( 8 
different possible answers.) 

4. A small railroad coach has 6 seats facing forward c:mcl 
6 facing backwards. In how many ways can 10 pas
sengers be seated in it if 2 of them decline to ride facing 
forwards and one cannot ride backwards? 

5. Suppose that the earth were a perfect sphere 25,000 
miles in circumference, and suppose it is possible to erect 
a telephone line on poles about the equator. Assuming 
that the telephone line would then form a circle con
centric with the equator, would a man be able to crawl 
under it if the total length of the wire exceeded the cir
cumference of the earth by only 100 feet? 

6. Three men play a game with the understanding that 
the loser is to double the money of the other two. After 
three games each has lost just once, and each ends up 
with $24. With how much did each one start? 

7. Find a six digit square such that the numbers repre
sented by the first three digits and the last three digits 
are consecutive. ( 4 possible solutions.) 

I I 
Prepare for your future in highway 

engineering-get the facts about new 
DEEP=STRENGTH (Asphaft ... sase) pavement 
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Modern pavement engineering has taken a "giant step 
forward" with DEEP-STRENGTH Asphalt construction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modern Asphalt technology. So 
prepare for your future now. Write us today_ 

THE ASPHALT INSTITUTE, College Park, Maryland 

~--~------------------~ 
THE ASPHAlT INSTITUTE, College Park, Md. : 

Gentlemen: Please send me your free student I 
library on Asphalt Construction and Technology. I 

I 
NAME-----------CLASS, __ _ 

ADDRESS---------------

CITY _________ STATE ____ _ 

SCHOOL.---------------

I 
I 
I 
I 
I 
I 
I 

L--~-~--------------~~~ 
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WHOS FOR A CARPETED OFFICE? 

A man's first tank car is seldom a piece of gravy 
train. If it were easy, he wouldn't have been needed. 
Goodbye, 5-liter-flask days. In the majors, this is 
how they keep score. The kind of che1nical engineer 
who is fool enough to choke up with sentiment at 
this bittersweet image may look down one day and 
note that there is thick carpet on his office floor and 
that other men take pains to shine their shoes well 
before standing on it. 

We also need chemical engineers who get their 
kicks from very beautiful chains of analytical thought 
wherein differential equations, solved on our analog 
and digital computers and pneumatic simulators, 
link the flows of heat, liquids, solids, gases, chemical 
bonding energy, and money. These chaps may also 
wind up with the same carpet in their offices, along 
with the intellectual satisfaction of having figured 
out how to make the carpet fiber n1ore attractive, 

longer-lasting, and cheaper than anybody else's 
carpet fiber. 

We need all kinds. We need conservatives who 
make their mark by steady progress in one of our 
chemical engineering specialties, such as laying down 
a dozen or so layers of various materials atop one 
another with enormous precision for endless miles 
of color film. We need imaginative ones who will 
thrive in the intricately diversified atmospheres of 
our non-photographic plants by showing us how the 
solution to one problem solves several entirely dif
ferent ones, too. 

Whatever kind you like to think you are, whether 
chemical engineer or other technical graduate, one 
principle seems obvious to us: if you come with us, 
we must do everything in our power to develop the 
very best that lies within you. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N. Y. 

An equal-opportunity employer offering a choice of three communities: Rochester, N. Y., Kingsport, Tenn., and Longview, Tex. 
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An Interview 
with G.E.'s 

F u Ka McCune, 
Vice President, 

Engineering 

As Vice President-Engineering, 
Francis K. McCune is charged with 
ensuring the effective develop· 
ment, use and direction of General 
Electric's engineering talent. Mr. 
McCune holds a degree in elec· 
trical engineering and began his 
career with the Company as a 
student engineer. 

For complete information on 
opportunities for engineers 
at General Electric, write 
to: Personalized Career 
Planning, General Electric 
Company, Section 699-07, 
Schenectady 5, N. Y. 

Industry 
ith 
ood 

e pers 
r ctic 

es1 
Q. Mr. McCune, how do you define engineering design? 

A. First let's look at what engineering really is. The National Society of Profes
sional Engineers calls it "the creation of technical things and services useful to 
man." I would paraphrase that to add an industry emphasis: engineering is linking 
an ability to do with specific customer needs and wants. The link is an engineering 
design of a useful product or service. 

Q, In the light of this definition, how can the young engineer prepare himself 
for industry? 

A. In college he should absorb as much theory as possible and begin to develop 
certain attitudes that will help him later in his profession. The raw material for a 
design, information, flows from three general funds: Scientific Knowledge of 
Nature; Engineering Technology; and what I call simply Other Relevant Informa
tion. Academic training places heavy emphasis on the first two areas, as it should. 
Engineers in industry draw heavily on theorems, codified information, and signifi
cant recorded experience basic to engineering disciplines taught in college. The 
lmdergraduate must become knowledgeable in these areas and skilled in the ways of 
using this information, because he will have little time to learn this after graduation. 
He also must develop a responsive attitude toward the third fund. 

Q. As you say, we learn theory in college, but where do we get the "Other 
Relevant lnformation"-the third fund you mentioned? 

A. This knowledge is obtained for the most part by actually doing engineering 
work. This is information that must be applied to a design to make sure that it not 
only works, but that it also meets the needs and wants that prompted its considera
tion in the first place. For example, we can design refrigerators, turbines, computers, 
or missile guidance systems using only information from the first two funds of 
knowledge-heat flow, vibration, electronic theory, etc.-and they will work! But 
what about cost, reliability, appearance, size-will the prospective customer buy 
them? The answers to these important design questions are to be found in the third 
fund; for example the information to determine optimum temperature ranges, to 
provide the features that appeal to users, or to select the best manufacturing 
processes. In college you can precondition yourself to seek and accept this sort of 
information, but only experience in industry can give you specific knowledge 
applicable to a given product. 

Q. Could you suggest other helpful attitudes we might develop? 

A. Remember, industry exists to serve the needs and wants of the market place, 
and the reasons for doing things a certain way arise from the whole spread of condi
tions which a given design has to satisfy. Learn how to enter into good working 
relationships with people. Much of the Other Relevant Information can be picked 
up only from others. Also train yourself to be alert and open-minded about your 
professional interests. In industry you'll be expected to learn quickly, keep abreast 
in your field, and to grow from assignment to assignment. Industry will give you the 
opportunity. Your inherent abilities and attitudes will largely decide your progress. 

~ress Is Our Mosf lmporfqnf Protlvt:f 

GE ER L ELECTRIC 
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H mv the Gemini Spacecraft ·-u:ill find its target ••• 

Suppose you had to capture ali,·e one little hummingbird 
flying a known course high o\·er the Amazon jungle. 
Difficult? Sure, but no more so than the job assigned to a new 
radar system \Vesting-house is building for the 
1'::\SA-Gcmini space program. 
The bird is an Agena rocket, orbiting the earth at q,soo miles 
per hour. The hunter, in an intersecting orbit, is the 
Gemini two-man spacecraft being built by i\IcDonncll Aircraft. 
And so the hunt begins. The spacecraft radar finds 
the target and starts an electronic question-and-answer game. 
A computer keeps score, giving the astronauts continuous 
readings on angles and approach speeds until the \·chicles are 
joined. The hummingbird is caught. 
The Gemini experiments \vill be a prelude to the first 
moon trip. And YVestinghouse is already working on advanced 
radar systems for lunar landings and deep sp~1ce missions. 
You can be sure ... if it's \Vestinghouse. 

For information on a career at TVestinghousf, an fqual 

opportunity emplo.wr, writf to L. H. Nogglf, Westinghouse 

Educational Dept., Pittsburgh 21, Pa. 



RCA Laboratories located in 
Princeton, New Jersey, is the research 
headquarters for the Radio Corpora
tion of America. The major emphasis 
at the Laboratories is on solving funda
mental problems with a large percent
age of the research program devoted 
to electronic materials and devices. 

The Laboratories' steady rate of 
growth presents an opportunity for 
advanced-degree candidates in Physics, 
·Chemistry, Mathematics and Electrical 
Engineering to take part in research 
in the following areas: 

!Iii MATERIALS SYNTHESIS-Explora
tory synthesis and crystal growth of 
new electronically active materials. 

Ill! SOLID STATE DISPLAYS-Interdis-

An Equal Opportunity Employer 

MINlliESOTA. TECHNOLOG 

RCA's 
DAVID SARN FF 

RESEARCH 
CENTER 

INVITES INOUIRIN 
SCIENTIFI INDS 

T PROBE INT 
ELECTRONIC 

FUNDA ENTALS 

ciplinary research in image presen
tation, electroluminescence and 
photocond ucti vi ty. 

Ill! PROGRAMMING RESEARCH
Investigation into algebraic ma
nipulation, compiler technique, 
formulation of executive and 
monitor routines. 

Ill! PLASMA PHYSICS-Theoretical 
and experimental studies in the 
gaseous and solid state. 

Ill! THEORETICAL PHYSICS-Funda
mental research in solid state 
physics. 

Ill COMPUTER RESEARCH-Emphasis 
on superconduCtive devices, thin 

films, magnetic devices, solid state 
circuits, and computer theory. 

Ill INTEGRATED ELECTRONICS-In
vestigation of new and novel tech
niques for constructing and using 
integrated circuits and devices. 

Ill LASER COMMUNICATIONS
Fundamental studies in quantum 
noise effects, and complex light 
modulation systems. 

You are invited to investigate these 
and other interesting opportunities 
within RCA Laboratories by either 
writing to the Administrator, Gradu
ate Recruiting, RCA Laboratories, 
Princeton, N. J. or meeting with our 
representative when he visits your 
university. 

THE MOST TRUSTED NAME 
IN ELECTRONICS 
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WHAT YOU COULD BE EN6/NEERIN6 AT 

i It r 

The F-111 (formerly T.F.X.) will use a variable wing which will sweep 
back like the one shown in this artist's drawing of a N.A.S.A. model. 
Hamilton Standard will develop and produce an Air Inlet Control for 
the F-111, similar to the system illustrated. 

One possible assignment: help develop Hamilton 
Standard's Air Inlet Control for the F-111. Utilize your 
training in: 

dynamic analysis compressible flow (pneumatics) 

servomechanisms incompressible flow (hydraulics) 

thermodynamics internal aerodynamics: 
mechanical design boundary layer 

(high-temperature diffusers 
applications) nozzles 

to develop an AIC which will properly position shock 
waves and efficiently provide smooth air flow to engines. 
Pneumatic sensors will measure operational param
eters, transmit signals to a computing device. The 
computer signals actuators which move the inlet spike 
and bypass doors. 

Reliability, proven performance make Hamilton 
Standard a leader in AIC. We have a 14-year experience 
on many vital components. We have outstanding com
petence in pressure-ratio sensors, computing devices, 
and high-performance hydromechanical components 
for high-ram air temperature application. 

See your placement officer for a campus interview, or write: 

SUPERVISOR COLLEGE RELATIONS 

ilt it 
DIVISION OF 

WINDSOR LOCKS, CONNECTICUT 
an equal opportunity employer 

NOVEMBER, 1963 
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~qVER: Short arc consumable-electrode welding, one of the three articles featured this month 
1s lllustrated on our cover. Taken in the Mechanical Engineering welding shops, it shows the 
power of this fastening technique. The capability of short arc consumable-electrode welding 
to be used on aluminum, among other materials, makes it a powerful welding tool. 
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heck the questions 
you want to ask 

D ''What will my first assignment be?'' 

D "How is my starting salary determined?'' 

D " here will I work?" 

D "Would! get'lost'in a big company?'' 

D u On what basis are raises and promotions given?'' 
D "To what extent would I be my own boss?" 

D "Could I 'switch' if my first job proves unsuitable?" 
D ''Why does a chentical co1npany need mechanical engineers?'' 

llied Chemical's represen tive 
will give you the answers 

Looking for answers to questions like these? P1'ovid
ing the answers is the job of the Allied Chemical 

questions you really want to ask. All the questions. 
He'd like to be helpful-to supply you with answers 

campus interviewer. He will be here, on 
your campus, soon -ready to help you 
get the facts you need in order to make 
a sound career decision. 

If we may make a suggestion: Don't 

hesitate to ask OUr representative the BASIC TO AMERICA'S PROGRESS 

that will make your career choice easier. 
Your placement office can tell you 

when our representative will arrive-and 
supply you with a copy of "Your Future in 
Allied Chemical." Allied Chemical Corp., 
Dept. 300, 61 Broadway, N. Y. 6, N.Y. 

DIVISIONS: BARRETT • FIBERS • GENERAL CHEMICAL " INTERNATIOI\IAL " NATIONAL ANILINE • NITROGEN • PLASTICS • SEMET-SOLVAY • SOLVAY PROCESS • UNION TEXAS PETROLEUM 
AN EQUAL OPPORTUNITY EMPLOYER 
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This coming spring we are going to celebrate our fiftieth annual Engineers Day. Sounds 

pretty impressive doesn't it? Looking back in history many traditional foes of E-day are brought 

to light. First the miners before Mines and Metallurgy became part of IT, then the medics: 

lawyers, and foresters. These groups, while foes of E-day, helped make it a success by attempt

ing to fowl it up. But now a new foe has appeared. This new foe is more subtle and effective 

at combating the engineers at play. Known by many aliases-student apathy, lack of interest-

this enemy has greatly hampered E-day in the past and will certainly kill it in the future unless 

it is ruthlessly exposed, fought, and killed. 

As an example of this foe's power consider the case of the 1964 E-day general chairmanship. 

Normally applications for this important job are accepted starting immediately after the peced

ing E-day. One difference-following E-day 1963, there were no applicants. In fact, there were 

no applicants up until this month!!! Tech Commission was seriously considering dropping E-day 

before Bill Carlson, a first year graduate student, offered his services. Had it not been for Bill, 

E-day might have died a painful death on its fiftieth birthday. 

All this can be averted if we, the student body, get behind Bill. Applications are being 

taken now for the various committee chairmanships (see page 31). Look into them, apply for 

one-take an active part, you might have a good time. 

The image of the engineer has slowly changed with time. He is no longer considered to be 

only a walking slide rule, but is now given credit for being pretty much on the ball. If, however, 

this new image includes a facet limiting him from cooperating with his fellow engineeers to plan 

an annual bash, we would prefer the uncultured, loud-mouthed, obnoxious, hard working, fun

loving engineer of the past. 

WJC,PCH 

MINNESOTA TECHNOLOG 5 



6 

Result: A new Fordmbuilt 3mspeed 

torque converter-ideal 

utraveling companion" for our new, 

hotter, mediummdisplacement Vm8 engines 

A completely new Ford Motor Company 3-speed 
automatic drive for 1964 delivers improved 
passing performance ... smoother acceleration 
... better start-ups (up to 35% higher torque 
multiplication in Low) ... more flexible down
hill braking ... quieter operation in Neutral. 

With the introduction of this lighter, highly 
durable and efficient transmission in 1964 
Comet, Fairlane and Ford models, our engi
neers have taken still another step toward 
putting extra pep per pound into Ford-built cars. 

Simplified gear case design and a one-piece 
aluminum casting result in a lighter, more 
compact transmission-one that has fewer 
components and is extremely easy to maintain. 
Built to precision tolerances akin to those in 
missile production, the new automatic trans
mission is truly a product of the space age, 
and is typical of technical progress at Ford. 

Another assignment completed; another case 
of engineering leadership at Ford providing 
fresh ideas for the American Road. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGUNEERING LEADERSHIP BRINGS YOU BETTERmBUBL T CARS 
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Droo Lorenz li. Straub 

On Sunday, October 27, 1963, the Institute of Tech

nology suffered a great loss in the death of Dr. Lorenz G. 

Straub, 62, head of the Civil Engineering Department. 

Dr. Straub joined the University faculty in 1930, be

cmne head of the Hydraulics Lab at St. Anthony Falls in 

1935 and, in 1945, director of the Civil Engineering De

partment. 

He designed and worked on many water projects 

throughout the world and won the Navy Award for 

Distinguished Service in Ordnance Development in 1947. 

On behalf of the students we wish to offer our deepest 

sympathies to Dr. Straub's sister and many friends. 
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by PHILLIP KRUGER, ME '64 

Ever since the introduction into industry in 1948 of 
inert-gas consumable-electrode welding, investigators 
have tried to make such a process suitable for joining 
light-gage materials in all positions and for the vertical 
and overhead welding of heavier sections. However, 
early welding torches were too heavy and welding wire 
diameters were too large, available shielding-gas mix
tures produced unsightly beads or excessive spatter as 
well as low-quality welds, and power supplies were harsh 
and uncontrollable, thereby creating either too much cur
rent surge or virh1ally none at all (ref. 3, pp. 2-3). 

All three of these difficulties were corrected during the 
development of short-arc welding. First came a light
weight, one pound curved torch coupled with a perfected 
drive system for small wires which provided maximum 
operating ease and convenience in reaching the joint. 
Next, to shield the weld, a mixture consisting of 75% 
argon and 25% carbon dioxide was developed, which 
combines the advantages of both gases and eliminates 
their most undesirable characteristics. Finally, the ne
cessity for power-supply conb·ol became recognized and 
with it a method of welding which could produce high
quality welds at high welding speeds without the use of 
flux or the necessity for post -cleaning. 

Short -arc consumable elecb·ode welding is a process in 
which a consumable bare electrode is fed into a weld at 
a controlled rate, while a continuous blanket of inert gas 
shields the weld zone from contamination by the atmos
phere. 

Short-arc welding torches are air-cooled hand-welding 
torches designed to operate at welding currents up to 
200 amps. The torches are designed for use with .020-, 
.030-, .035-, and .045-inch diameter hard wires as well as 
.030- and .045-inch diameter soft wires. Wire is fed 
through a conduit, from a roll of wire on the power 
supply, to the torch. The shielding gases also flow to 
the torch through another flexible hose. Wire feed and 
gas flow are controlled by a hand grip switch on the 
torch. The wire short-circuits to the workpiece an aver
age of 100 times a second. Metal is transferred with 
each short circuit (arc outage) and not across the arc. 

Figure 1 illustrates one complete short-arc cycle, show
ing the short circuit and simultaneous metal transfer fol-
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lowed by re-ignition of the arc. The cycle is completed 
as the wire touches the weld puddle again. 

The short-arc consumable-electrode welding process 
includes two distinctive techniques or process variations, 
known as short-arc and spray-arc welding. Short-arc 

Fig:ure 1 t 
welding operates on generally lower arc voltages and 
amperages than spray-arc welding, pinpointing the arc 
heat and producing a small fast freezing weld puddle. 
The spray-arc process, on the other hand, provides an 
intensely hot, higher voltage arc and high deposition 
rates (ref. 4, pp. 190-193). 

For the spray-arc welding technique the principal 
requirement for the mechanical transfer of metal from 
the wire to the work is high current density. Spray-arc 
welding is a high-deposition-rate technique as compared 
to the short-arc technique. It is recommended for 7~-in. 
and thicker sections requiring heavy, single or multi-pass 
welds or for any filler pass application where speed is 
advantageous (ref. 3, p. 3). 

In electric arc welding, heat is generated by the 
flow of current through the gap between the end of the 
elecb·ode and the workpiece. The voltage which appears 
across this gap is proportional to the length of the gap 
(arc length). To produce a uniform weld, the welding 
voltage (and the arc length) must be maintained at a 
constant value. This may be accomplished in one of 
two ways. 

1. The wire is fed to the weld zone at exactly 
the rate at which it melts. 

2. The wire is melted at exactly the rate at 
which it is fed to the weld zone. 

Arc Length Control 

The method chosen to control the voltage ( arc length) 
depends upon the type of power supply (constant cur
rent or constant potential). The constant-current weld
ing power supply has little tendency to self-correct the 

NOVEMBER. 1963 



/ 
/ 

I 
/ 

/ 

/ 

/ 
/ 

/ 
/ 

\ 
\ 

' ' ' 

Start of short-arc cycle. Arc melts wire electrode 
into a globule of liquid metal. 

Molten electrode moves toward workpiece. 
Argon gas mixture shields molten wire 

and seam. 
/ 

/ 
/ 

Electrode makes contact with workpiece, 
creating short circuit. Arc is extinguished, 

allowing puddle to cool. 

Globule of molten wire breaks contact with 
electrode causing arc to re-ignite. 

/ 
/ 

\ 
\ 

\. 

' ' 
With arc renewed, short-arc cycle begins again. 
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arc length at current densities normally used. It is there
fore necessary to adjust the wire feed speed within rea
sonable narrow limits to prevent the wire from plunging 
into the plate or burning back to the nozzle. Electronic 
speed controls are used to drive the wire feed motors in 
short-arc manual welders at a regulated speed in order 
to keep the arc length constant. However, when the 
nozzle-to-work distance is changed, the arc length (volt
age) changes. Since this instability is undesirable for 
many critical applications, constant voltage (potential) 
power supplies were developed. 

The constant-potential power supply has only been 
in use a few years and is inherently self-correcting with 
respect to arc length. The wire feed speed which the 
operator selects can be changed over a considerable 
range without either stubbing or burning back the wire. 
The arc length (voltage) is set on this power supply in 
contrast to setting the current on the constant current 
power supplies. Since the arc is self-correcting, the con
stant potential setup requires less operator skill. If the 
arc length becomes shorter than the pre-selected value, 
the current automatically increases and the wire turns 
off faster than it is fed. If the arc becomes too long, the 
current will automatically decrease and the wire will be 
feeding faster than it is burned off and the arc length 
\Vill become shorter (ref. 3, pp. 3-5). 

Power Source Control 

A good short-circuiting characteristic cannot be ob
tained \Vhen ordinary welding power supplies are used. 
Special power units with adjustable slope, voltage, and 
inductance characteristics are capable of producing the 
current surges required for the successful application of 
short-arc welding. When these three variables are con
trolled, the best possible welding arc may be obtained for 
any given wire and shielding gas. 

The slope is the slant of the "volts vs. amperes" char
acteristic curve. It is generally referred to as "volts 
change per 100 amperes." Figure 2 illustrates slope and 
voltage ranges typically obtainable. 

The control of slope conh·ols the amount of pinch force 
available on the consumable wire and thereby controls 
the spatter. "Pinch" is the term used to describe the 
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TYPICAL SHORT 
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Figure 2. Slope and Voltage Ranges 

squeezing force in a current-carrying conductor due to 
the current flmving through it. In any conductor the 
pinch force- is proportional to the square of the current 
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through it. If the conductor is molten, the pinch effect 
will cause the molten conductor to neck down as soon 
as the pinch force exceeds the surface tension force which 
attempts to maintain the shape of the molten conductor. 

Increasing the slope reduces the short circuit current 
and thus limits the final amount of pinch force and spat
ter. However, enough pinch force must be applied by 
control of the slope so that the arc is cleanly ignited after 
each short circuit. The optimum slope, as measured by 
the short circuit current for short-arc welding, varies with 
the type and diameter of the wire. 

The amount of inductance in the power supply con
trols the rate of rise of current (without affecting the 
final amount of current) and, hence, the rate of applica
tion of pinch force. If the pinch force is applied rapidly, 
the spatter will be great. Greater inductance slows down 
the rate of current rise and thereby reduces spatter. 

In short-arc welding an increase in inductance \vill 
decrease the number of short-circuit metal transfers per 
second (provided no other changes are made) and in
crease the "arc on" time. The increased "arc on" time 
makes the puddle wetter and more fluid, which is desira
ble in many applications. 

A decrease in inductance will increase the number 
of short circuits per second and decrease the "arc on" 
time. The decreased "arc on" time makes the puddle less 
fluid. 

In spray-arc welding, increasing the inductance will 
produce a softer, more usable start without reducing the 
final amount of current. If the slope is also increased 
to reduce the violence of the start by limiting the short
circuit current, it is not possible to get the full constant 
potential output of the power source. The use of in
ductance to control spray-arc starts permits the operator 
to use the full constant potential output of the power 
source as required by many spray-arc applications. 

Figure 3 illustrates how control of the rate of current 
rise, by use of the inductor, in a power supply set for 
constant potential can affect a spray-arc start. vVhen the 
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Figure 3, Spray Arc Starts 

current rises rapidly (Fig. 3-A), the arc start \Vill be 
harsh and, in some cases, the end of the electrode \Vill he 
blasted off. When the speed of current rise is reduced 
by increased inductance (Fig. 3-B), the start is soft and 
blasting of the electrode is minimized or eliminated. 

Thus, by judicious adjustment of the slope, voltage, 
and inductance, it is possible to achieve the optimum 

(Continued on Page 43) 
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from the 

You may already be familiar with one or more of the Navy's research and 
development organizations in suburban Washington and nearby communi
ties. But this will be your first contact with all EIGHT as an entity ... the 
first in a series of personal messages frankly intended to acquaint engineers 
and scientists of almost all disciplines and levels of experience with the un
usual advantages offered in common by the U. S. Naval Laboratories of the 
Potomac-in the heartland of the nation's research effort. 

Now here else can you find .•• 

8 The opportunity, not occasionally 
but constantly, to work on and contrib
ute to large-scale programs of national 
significance. 
8 Outstanding-and oftentimes 
unique-facilities and equipments, 
backed up by the vast resources of the 
Navy itself. 
8 Broad-ranging responsibilities-far 
beyond what you're likely to find else
where-for a number of programs, or 
in a variety of study areas. (Your best 
way to know what's going on, and to 
become widely known yourself.) 
8 The stimulation of the Nation's 
Capital, but in suburban areas, out of 
traffic and congestion. 

8 The freedom to think and act on 
your own initiative, unfettered by the 
corporate "profit-motive" limitation. 

8 A nice blending of stability and op
portunity, enhanced by the fact that 
the Washington area has grown to be
come one of the four largest private 
research centers in the nation. 

8 Career Civil Service-up to 26 days 
paid vacation and 13 days sick leave 
per year, partly-paid insurance pro
gram, a new inflation-proof retirement 
policy, etc.-and a variety of graduate 
education programs for advance de
grees. 

Send your qualifications and career interests direct to the 
Employment Officer (Dep't C) of the activity in which you are 

interested, or watch for laboratory representatives to interview on campus. 
If no local address is given, send your inquiry 

c/o Department of the Navy, Washington 25, D. C. 

MINNESOTA TECHNOLOG 

NAVAl RESEARCH 
lABORATORY (NRl) 
-heavy emphasis on pure and basic research 
into all the physical sciences under sponsor
ship of various government agencies in order 
to increase knowledge of these sciences them
selves . . . as well as to improve materials, 
techniques, and systems for the Navy. 

NAVAl ORDNANCE 
lABORATORY (NOl) 
-conducting ROT & E of complete ordnance 
systems, assemblies, components and ma
terials pertaining to existing, advanced, and 
proposed weapons ... principally to missiles 
and underseas ordnance. located at White 
Oak, Silver Spring, Md. 

NAVAl WEAPONS 
lABORATORY 
-engaged, first, in studying ballistics, astro
nautics, and advanced weapons systems 
through research in mathematics, physics, 
and engineering ... and, second, in working 
on various classified DOD projects with the 
latest computer technology and systems. NWl 
is located at Dahlgren, Virginia. 

NAVAl OCEANOGRAPHIC 
OFFICE 
-growing programs involving environmental 
investigations of, and new developments, 
methods, techniques, and equipment in ocea
nography, hydrography, gravity, magnetism, 
instrumentation, and related navigational sci
ence ... including charts and publications. 
Was the Navy's Hydrographic Office. 

DAVID TAYLOR 
MODEl BASIN 
-a complex of four laboratories (Hydrome
chanics, Aerodynamics, Structural Mechanics, 
and Applied Mathematics) conducting funda
mental and applied research into submarine, 
surface ship, aircraft, and missile design 
concepts ... applied mathematics ... and 
related instrumentation. 

NAVAl PROPEllANT PlANT 
-conducts studies in chemistry, chemical 
engineering, chemical process development 
and pilot plant operation for solid and liquid 
propellants ... as well as manufactures, tests, 
and delivers missile propulsion units from 
their Indian Head, Maryland, facilities. 

NAVAl AIR TEST CENTER 
-responsible for ROT & E of advanced aircraft 
and airborne weapons systems, with emphasis 
on improving carrier operations (esp. launch 
and recovery), and aircraft radars, radio, 
IFF, data link, computers, ECM, etc. Today, 
nearly half of the professional effort at this 
Patuxent River, Maryland, facility is devoted 
to research. 

NAVAl OBSERVATORY 
-continued fundamental observations of posi
tions and motions of celestial bodies ... 
basic research in positional astronomy and 
celestial mechanics . . . determination of 
precise times and frequencies ... computing 
and pub I ishing astronomical ephemerides and 
catalogs. 
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ng1ne r 
In Choosing a Career, 
Consider these 
.Advantages-

Location: Fisher is basically an "Engineering" 
company with 1,500 employees located in a 
pleasant midwest community of 22,000. 
It's less than 10 minutes to the Fisher plant 
from any home in Marshalltown. 

Type of work: You'll become a member of 
an engineering team that has produced some 
of the outstanding developments in the field 
of automatic pressure and liquid level controls. 

Growth: Fisher's products are key elements 
in automation which assures the company's 
growth because of the rapid expansion of 
automation in virtually every industry. 

Advancement: Your opportunity is 
unlimited. It is company policy to promote 
from within; and most Fisher department 
heads are engineers. 

If you want to begin your engineering career 
with one of the nation's foremost research and 
development departments in the control of 
fluids, consult your placement office or write 
directly to Mr. John Mullen, Personnel Director, 
FISHER GOVERNOR COMPANY, Marshalltown, Ia. 

If it flows through pipe 
anywhere in the world 
chances are it's controlled by .•• 
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0 the onsanto 

also represents ~ ~ ~ 

He's ready to answer your career questions about 

any or all of these outstanding organizations 

Their products range from chemicals to chemi
cal fibers ... from plastic bottles to nuclear 
sources. Their diverse activities create oppor
tunities in research, development, engineering, 
manufacturing, and marketing. Yet, because 
each is an important member of the Monsanto 
corporate family, the Monsanto Professional 
Employment representative coming to your 
campus is fully prepared to give you complete 
facts on any or all of them ... show you where 
you may fit in. 

You will have a better opportunity to learn 
more about us ... in a single interview. See 

your Placement Director now to set up that 
interview when we visit your campus soon. 
Or, write for our new brochure, "You And 
Monsanto," to Manager, Professional Recruit
ing, MONSANTO, St. Louis, Missouri 63166. 

® 

AN EQUAL OPPORTUNITY EMPLOYER 
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T SE GRADUATES THRIVE ON CREATIVE CHALLENGES ... TH 'RB 

SALES ENGINEERING 
R. J. Hummer 

DEVELOPMENT ENGINEERING 
J. H. Trumble 

University of Toledo-BSEE-1961 University of Dayton-BSEE-1960 

PROJECT MANAGEMENT 
R. J. Hayes 
Indiana Tech-BSME-1956 

er 's 

C. W. Ludvigsen, Manager-Systems Sales, 
tells how creative graduates contribute to 
pioneering, automation developments. 

Now, to meet the pressing challenge 
of industrial automation, Cutler
Hammer has formed a number of 
automation project teams. 

These teams combine the techni
cal and manufacturing talents of 
versatile, seasoned specialists and 
you, creative-minded engineering 
and business graduates. 

Their primary job: to make sure 
that a customer's automation in
vestment pays an adequate return. 

How they work 
How do they meet ·this challenge? 
By working with customer engineers 
and consultants to isolate cost 
problems in industrial process, 

manufacturing, and warehousing 
operations. Then, by applying their 
individual talents and creative 
ingenuity to develop, design, build, 
and install practical automation 
systems that will insure good return 
on investment. 

Where they work 
Automation teams work ·together 
in a Milwaukee-based, modern, 
500,000 square foot plant specifi
cally designed to house every 
activity involved in the evolution 
of a complex system ... in a creative 
climate that is conducive to imagi
native planning and pioneering 
development. 

t r fo~ 

What they have 
done already 
This approach has paid off! Thougl 
industry has barely scratched thJ 
surface of the automation potential 
our credentials already are quit 
impressive. 

Profit-making automation sys 
terns such as ... a bundle-handlin 
system for 30 major newspaper rna: 
rooms ... a package-handling sys. 
tern for a prominent publisher .. · 
U.S. Post Office mail-handlin 
systems in 14 major cities ... pallet 
handling systems ... more than l 

score of major steel-mill finishin 
lines ... automatic warehouse con 
trol systems ... and auto body-lin 
handling systems are just a fei 
examples of our creative plannin 
and developmental skill at work. ' 

What is your opportunity; 
What are the advantages to yo: 
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~UTOMATION PROBLEM SOLVERS 

MANUFACTURING ENGINEERING 
R. H. Menzel 
Michigan Tech-BSME-1955 

ro ,to ,0 

s a young, creative-minded grad
ate? Short range, it's an exceptional 
pportunity-if you spark to the 
hallenge of finding new solutions 
~ tough manufacturing problems. 
,n unusual opportunity to get 
eeply involved in problem solving 
ight from the start! 
Long range, being a key member 

f a Cutler-Hammer automation 
:~am is an excellent way to get the 
:iversified experience so essential 
) continuing career development 
hd future advancement. It's parti
ularly beneficial if you have 
spirations to move into manage
lent ranks. 

:vant to know more? 
flrite today to T.B. Jochem, Cutler
[ammer, Milwaukee, Wisconsin, 
•r complete information. And, plan 
• meet with our representative 
hen he visits your campus soon. 

MINNESOTA TECHNOLOG 

CONTROl ENGINEERING 
l. Gall 
University of lllinois-BSEE-1960 

er 

WHAT'S NEW? ASK ... 

t 

ANAlYTICAl ACCOUNTING 
A. E. Morgan 
University of Wisconsin-BA-1960 

tio te 

A CUTlER-HAMMER AUTO
MATION TEAM helped the 
WALLSTREET JOURNALsolve 
major production and distribu
tion problems of a national 
newspaper by designing and 
building control systems for 
two new, highly automated 
printing plants. Controls per
mitthe world's fastest presses 
to produce newspapers at the 
rate of 70,000 per hour. 

Cutler-Hammer is an equal 
opportunity employer. 

Cutler-Hammer Inc., Milwaukee, Wisconsin • Divisions: All; Thayer Scale • Subsidiaries: Uni-Bus, Inc.; Cutler
Hammer International, C.A. • Associates: Cutler-Hammer Canada, ltd.; Cutler-Hammer Mexicana, S.A. 

15 



I 

by ROGER A. GRUENKE, EE '63 

This article, the winner in the local and regional IEEE 
student paper contest is one example of the type of 
articles which can be both fun and p1·o-{itable for the 
author. For instance, this paper won twenty-five dollars 
at the local level and a conesponding amount at the 
regional level. 

Entering a paper in a contest, be it technical or non
technical, is also a good method of calling attention to 
work you are doing or are interested in doing. 

The original role of the electrical engineer in medical 
technology was that of instrumentation systems designer. 
As the trend toward more sophisticated techniques in 
bio-medical research continued, it became evident that 
closer cooperation between engineers and medical re
searchers was needed. This need was the motivating 
factor in the development of bio;..medical electronics 
enginee1ing as a profession. One of the very interesting 
facets of this profession is the present development in 
cardiography. 

Cardiography is the science of the measurement of the 
physiological activity of the heart. At some time most 
people will have a cardiogram taken by one of two 
general means. The first, and less frequently used, 
method utilizes mechanical devices which, through elec
tromechanical transducers, present visual or auditory 
representation of cardiographic activity. 

The more frequently used method is generally known 
as electrocardiography, which consists of measuring the 
electrical activity of the heart directly, eliminating the 
transducer and its errors. Before discussing the actual 
details of this method, it might be interesting to examine 
the physiological mechanism making it possible. 

Potentials From The Heart 
The muscles of the heart, as they contract and relax, 

generate electrical signals, or action potentials. Due to 
the cyclic nature of the bloodpumping process, these 
potentials also have a cyclic variation with respect to 
time. The average period of a normal human electro
cardiogram is approximately one second. 

IS 

I 

To utilize this signal for electrocardiographic purposes, 
it is necessary to detect the potential variations. Ideally, 
one electrode would be placed inside the heart, and an
other outside but still within the body of the subject. 
This normally cannot be done with human beings, so 
small metal electrodes with a surface area of approxi
mately 4 square centimeters are applied to the surface 
of the skin with the aid of an electrically conductive 
paste to insure good contact. 

Because the signals must pass through living tissue, 
which has a finite resistance and reactance, to reach the 
skin of the subject, measurement and analysis indicates 
that the electrocardiographic signal source may be repre
sented by a Thevenin equivalent generator. 

The magnitude of the voltage source is a function of 
both time and placement of electrodes, while the magni
tude and phase angle of the series impedance are gen
erally functions of electrode positioning alone. Adding 
to this series impedance are the electrode-skin contact 
resistances which may vary from 2 kilohms to greater 
than 100 kilohms. The peak magnitude of the electro
cardiographic signals may range from 200 microvolts to 
greater than 5 millivolts with 1 millivolt typical, depend
ing on the mientation of the heart and the placement of 
electrodes. 

Due to the usually low sensitivity of display devices, 
the signals are amplified before further processing. A 
typical amplifier has a differential input for rejection of 
common mode signals such as 60 cycle hum, and a volt
age gain of 1000 to provide direct voltage scaling be
tween input and output. The use of these amplifiers also 
helps to isolate the source from the load to reduce load
ing errors. 

Display Devices 
We have discussed the migin of the signal-now let us 

consider some of the display devices and techniques used. 
At least three different methods are employed to study 
electrocardiographic activity. We can briefly classify 
them by mode of display. 

In the first, or common electrocardiography, where the 
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Figure L VCG Coordinate Axis and VCG Display 

only independent variable is time, heart signals are dis
played on a strip chart recording or as traces on an oscil
loscope. This visual record is used for diagnosis by clini
cal personnel. 

A second method called the vectorcardiographic (VCG) 
display is related to the Lissajous patterns of sinusoidal 
motion and is the result of displaying the signal from one 
set of electrodes as a function of the signal from an
other set of electrodes whose electrical axis is perpendic
ular to the first set, both the subject and the display 
device (figure 1). 

This method is based on the principle that the signal 
source (heart and body tissue) is not a point source but 
is represented by a spatial superposition of several sepa
rate sources. Each of the muscle action potentials origi
nates from a different point within the region of the heart. 

Since the electrocardiographic signal originates in 
spatially distributed sources and this distribution is a 
function of time, the resulting display is the plane pro
jection of the cyclic time variations in magnih1de and 
phase of a vector voltage (figure 1). 

The third and most informative display mode is used 
in stereovector-electrocardiography ( SVEC). The SVEC 
system makes use of the vee techniques but introduces 
a third channel of electrocardiographic information. 

By proper placement of the electrodes, at least 7 in 
number, a nominally orthogonal three-dimension coordi
nate system (figure 2) is established in the subject. The 
three components of the spatial vector voltage are pro
cessed by an analog computer after suitable amplifica
tion and presented stereoscopically on a pair of cathode 
ray tubes through the use of optical geometry properties. 
By adding a specialized analog computer, called a stereo 
vector resolver, which elech·ically rotates the coordinate 
axes, this three dimensional loop may be viewed from all 
angles. When techniques are perfected and a truly 
orthogonal set of electrodes and mixing networks is 
found, the SVEC system will most likely ·be the most 
promising electrocardiographic system in terms of utility 
and quantity of information presented for diagnosis and 
research. 

In any of these systems, it is common practice to make 
permanent recordings by means of a multi-channel FM 
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magnetic tape recorder. From magnetic tape, the data 
can be fed into a digitizer which converts it into digital 
form which may then be further processed by a digital 
computer. 

Engineering Achievements 

The work of the electrical engineer in bio-medical tech
nology is important. Most of the medical personnel have 
had little background in electronics. It is the engineer's 
responsibility to solve the problems of instrumentation 
and data processing systems. Perhaps a few examples 
will help to illustrate this point. 

Since an orthogonal set of coordinate axes are desired 
for use in SVEC and no simple set of electrodes will 
furnish the required signals, the electrode systems com
monly used today are composed of 13 or more electrodes, 
the outputs of which are combined by resistive networks 

Figure 2, SVEC Coordinate Axes 
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into 3 separate signals and then amplified. By making the 
resistances high, loading of the source is reduced but hum 
and noise pick-up is increased. Low values of resistance 
decrease the hum and noise pick-up but increase loading 
errors. 

In the Biophysics Laboratory at the University of 
Minnesota where electrocardiographic research is being 
conducted, a cascaded complementary pair d-e common
collector amplifier (figure 3 ) has been developed for use 
in each electrode lead before connection to the mixing 
network. Use of this buffer amplifier permits use of low 
resistance mixing networks without introducing loading 
errors. 

A lead box (figure 4) containing 16 of these units, 
five switch-selected mixing network cords, a calibrator, 
and a telephone dial coding system has been designed 
and built to pennit rapid interchange of lead systems 
during a recording and to facilitate operation by clinical 
personnel. 

Extending this buffer amplifier concept one step 
further, these same amplifiers have been further minia-

Outp~ 

Figure 3, Cascade Common-Collector Amplifier. 

turized and built directly into the electrodes. In this 
manner, the input capacity of each electrode is constant 
regardless of cable length between electrode and mixing 
network. 

Some of the engineering problems which we en
countered in the design of this circuit were the selection 
of proper transistors and "de-bugging." The design cri
teria specified that the unit be d-e coupled with no output 
offset voltage and that the unit have less than 6 milli
volts change in d-e output level for change in tempera
ture from 0° C. to 40° C, less than 20 microvolts RMS 
noise, and an input impedance greater than 1 megohm 
with approximately unity voltage gain. The amplifier now 
meets all of the specifications and has an input imped
ance greater than 3 megohms with a voltage gain of 0.99. 

Another instrument engineered at Minnesota is the 
transistor version of the stereo vector resolver ( SVR) 
used in the SVEC system. The resolver carries out elec
trical rotation of coordinate axes as determined by the 
setting of two two-ganged sine-cosine potentiometers giv
ing rise to an apparent shift of viewpoint of the heart. 
Six common-collector amplifiers along with seven differ
ential operational amplifiers are used to provide gain 
adjustment and isolation of channels. 

These three examples indicate some of the many 
interesting and challenging aspects of bio-medical engi-
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Figure 4, Lead Box Block Diagram. 

neering and, in particular, vector- and stereovector-elec
trocardiography. 

Continuing research has such rich prospects as the 
development and application of high speed digital com
puters giving immediate aid to diagnosis, serving as oper
ating room monitors, and providing post-operation patient 
observation. Sophisticated mathematical techniques such 
as Fourier analysis and averaging techniques add intrigu
ing possibilities to the engineering challenges. (] 

Splinters ... 
"Uncle Morris! Shirley ate a poison mushroom!" 
''I'm busy, Sheldon." 
"Uncle Monis! Now Shirley's fallen in the river! She's 

drowning!" 
"The mushroom would have gotten her anyway." 

Lament of the E.E. 
I love life and life loves me 
I'm as happy as can be 
A happier man nowhere exists ... 
I think I'll go and slash my wrists. 

Pupil: "Me slept with Daddy last night." 
Teacher: "No, I slept with Daddy last night." 
Pupil: "Must have been after me fell asleep, teacher." 

"How can you stand it?" the young psychiatrist- asked 
the old psychiatrist. "Day in, day out, year in, year out, 
listening, listening, listening!" 

"Who listens?" 

A really good salesman is one who can make his wife 
sympathize with the girl who lost her compact in his car. 

A young husband received a telegram stating that his 
mother-in-law's body had been found floating at the sea
shore, a lobster attached to each toe. He was asked to 
telegraph instructions for disposition of the body. 

He wired back: "Sell the lobsters and set her out 
again." 
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ERE'S R R E T? EVERYWHERE! Garrett-AiResearch makes life safer, 

more comfortable and more efficient for millions of people every day. Here are a few of the ways: 
IN SPACE- Environmental control systems for astronauts, research in life sciences, advanced space power 

systems and cryogenic systems. IN THE AIR- Pressurization and air conditioning for most of 
the world's airliners and military aircraft, central air data systems, heat transfer equipment and hundreds of 

components. ON LAND- Gas turbine ground support for aircraft; heating, refrigeration and electrical 
power for buildings; emergency standby power; turbochargers. ON THE SEA- Secondary electrical power and 

pneumatic power for ships; inflatable survival gear for commercial aircraft. UNDER THE SEA-Environmental 
systems for submarines and deep-diving research vehicles; pressurization systems, computers 

and control systems for submarines and underwater missiles. 

THE FUTURE 15 BUILDI1NG NOW AY 

Los Angeles • Phoenix 
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edited by SANDRA S. SMITH 

pp E 
Kappa Eta Kappa would like to ask you, a student in 

Electrical Engineering or Physics, to do them a small 
favor. Think, if you will, of the excitingly fast develop
ments that have taken place in the past few years: the 
almost exponential expansion in the number and types 
of employment, ranging from basic research in biological 
electronics to interstellar communication. Now project 
your thoughts a few years into the future; imagine your
self playing some role in this dynamic .industry. If you 
think about it for a moment, you will s~e that there is a 
need for a binding force, in addition to a similar aca
demic background, to maintain the professional aspects 
of Electrical Engineering. 

KHK feels that an active professional fraternity will 
supply part of the answer. The national organization 
was founded in 1923 with the idea that a brotherhood of 
Electrical Engineering students, men with similar ideals 
and goals, would go a long way toward providing the 
collegiate associations which are of unquestionable value 
in later life. 

The Beta chapter, on this campus at 901 WaShington 
Ave. S.E., is the second chapter in the fraternity and was 
founded on February 26, 1924. 

e 

p 
It is the function of KHK to help span the gaps in its 

members' education. Its parties, sorority exchanges, 
tours, and speakers help to accomplish this. In addition, 
there is the usual function of a professional fraternity
to help its members l~am as much as they can about 
their field. Test and problen1 files, as well as upperclass
men who have been "through it all," aid the underclass
men in problem solving. 

Of course, KHK participates in E-day activities. The 
members sponsor a queen candidate eve1y year, have 
open house exhibits-a computer that plays tic-tac-toe, 
and closed circuit television, and radioteletype-and won 
the all-pa1ticipation trophy in 1961. 

There are also employment opportunities for KHK 
members. Many have found part-time jobs in local elec
tronics firms and permanent jobs through KHK after 
graduation. 

Although membership is by invitation only, with 
unanimous consent of all actives, all interested EE and 
Physics majors are invited to attend any of the Monday 
night meetings and especially the smokers. 

American Society of Mechanical Engineers 

There is no better time to join a professional society 
like ASME than while in college. Student members re
ceive benefits for which they otherwise would not be 
eligible, and their investment of time and interest will 
pay rich dividends in later life. 

ASME is a non-profit organization composed of more 
than 59,000 members (including approximately 10,000 
Student Members) devoted to advancing the profession 
of mechanical engineering. Members, many of whom aTe 
self-employed, represent every major segment of the 
profession in industry, in goven1ment, and in education. 

Membership enables the student to begin his profes
sional development and to build important social and 
professional contacts at an early date. 

A Student Member shares fully in the activities and 
privileges of membership, but pays dues of only $7.00 
per year with no initiation fee. Among the Student Sec
tion activities are monthly meetings with guest speakers 
from school and industry, and tours of local industly. 

After graduation, the Student Member is promoted to 
Associate Member without further application or pay
ment of an initiation fee. Associate Members are wel
comed into the ASME Section in which they locate, and 
may indicate an interest in one or more of the Society's 
Professional Divisions which are composed of ASME 
members who share common technical interests. Thus, 
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membership in ASME helps an engineer gain early rec
ognition in his chosen field of specialization and to con
tinue his education after college through association with 
established engineers. 

In addition to Tong range benefits, Student Member
ship in ASME brings immediate returns. Members re
ceive twelve monthly issues of MECHANICAL ENGI
NEERING and information regarding meetings and 
activities of his local Section. He also receives a Student 
Member pin, membership card, and coupons which en
title him to five teclmical papers free of charge. Student 
Members in their senior year will receive "The Unwritten 
Laws of Engineering," and after graduation a copy of "A 
Professional Guide for Young Engineers." 

Student Members may compete for cash awards total
ing $550 and a trip to the vVinter Annual Meeting of the 
Society with expenses paid by the Old Guard. They may 
also borrow, if necessary, from several student loan 
funds. 

Special publications and technical papers of the Soci
ety may be purchased at reduced prices, and the services 
of the Engineering Societies Library in New York are 
available at members discount. 

Any student in good standing enrolled in any ap
proved engineering curriculum may apply for member
ship in the Society. 
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Tau Beta Pi 

Prize Winning Essay ... 

E I LIFE 
by ROGER A. GRUENKE. EE '63 

In my fourth year of college, as I look back on my past three years, some thoughts come to 
mind which should be expressed. Much of the subject matter taught in my classes up to this 
time has concerned the study of the ideas, procedures, and investigations of the important men 
who contributed to branches of physical science and mathematics. The problems encountered 
have, to a great extent, been based on application of these tried, proven, and accepted methods. 
And this is undoubtedly necessary. 

But one basic criticism of such procedure cannot I feel be avoided-a lack of overall 
expression of originality on the part of the student. He primarily studies other people's ideas, 
and undertakes physical problems whose solutions are oriented only to these ideas. That this 
is necessary is not my complaint, but that there should be no concurrent training in developing 
one's own ideas, in all spheres of life, not only the professional sphere. For students in mathe
matics and the exact sciences, this may pose a particular problem. 

Both aspects of a scientist's life are of equal importance to him: his professional life, and his 
personal life. 

In his professional life, the scientist may not encounter extreme difficulty in attaining his own 
convictions and in producing ideas which prove to be to some extent valuable. For four years 
he has been trained in the methods of technology and scientific procedure. His thoughts, his ideas, 
his conclusions may be proven or disproven by exact, demonstrable facts which are the direct or 
indirect products of experimentation. In this way his claims may be established or shown to be 
false. And fortunately as a rule tangible evidence is obtainable to support or refute one's ideas, 
and so provide one with an estimation of his professional self. In other words, one may obtain 
a measure of the worth of one's originality in this sphere of his life, and from such measurement 
derive comfort and satisfaction for a job well done, or indication that more work is necessary 
before he can stop and take pride in his efforts. 

But the scientist is not merely a professional being; he talks, he thinks, he reasons about 
things other than just the physical make-up of the universe-he is a man with a personal life which 
demands that he make judgments about things other than force, time, and energy. Has he been 
trained to perform this role adequately? Does he have and is he capable of developing mean
ingful ideas and convictions with regard to his personal life? 

In his personal life he is faced with a difficult question indeed: Can a man trained for four 
years in statistical mechanics, theory of complex variables, introductory quantum mechanics, and 
vector calculus make rational and valid judgments concerning God, death, and the value of human 
life? Can this man produce a fruitful originality of ideas in his own life concerning good and 
bad, morality and immorality, religion and irreligion? Can he find a method of validation for 
his beliefs other than that which relies on demonstable facts and exact proofs? How does he 
obtain an estimation of self, and a measure of his success or failure in a world of intangibles? 
In this new sphere of life, he faces new procedural methods of problem solving. Is scientific 
procedure applicable or advisable? May he make approximations in life's problems similar to 
those made in the solution of physical problems, and if so to what extent? When does he come 
to realize people are different from exact equations and massless strings and frictionless pulleys? 
When does he realize that for people one employs a criterion developed in part by the heart and 
not solely by the mind? 

To an older person of much experience these questions may seem close to absurd. But to a 
young physicist graduating at this time they are real. My complaint must now be obvious. For 
the past few years we have been trained to understand physical complexities and abstractions 
that people one hundred years ago never dreamed existed. But have we been taught in equal 
proportion to understand life, its values, and the people who fill the world? 
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by JOHN WINTERS, ME '64 
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Figure 1, Seebeck Effect 
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Thermoelectric phenomena were first observed by T. J. 
Seebeck in 1822. He described them as "the magnetic 
polarization of metals and ores produced by a tempera
ture difference" (ref. 4, p. 3). His description shows that 
he did not consider these phenomena to be electrical in 
nature. In fact, he rebelled against the idea that he 
might have found another source of electricity in that 
period of many electrical and magnetic discoveries. See
beck went so far as to try to prove that the earth's mag
netic field was due to the temperature difference between 
the polar ice caps and the equator. Nevertheless, he did 
perform a large amount of experimental work with many 
different materials including solid and liquid metals, their 
alloys, minerals, and semiconductors. As a result, he 
compiled an extensive list of materials that exhibited 
thermoelectric effects. 

If Seebeck had tried to generate electricity with the 
best of the materials with which he had worked, he 
could have obtained an efficiency of approximately 3%, 
which is about the same as the efficiency of the best 
steam engines of his day. 

An effect, named after Seebeck, is the existence of a 
current How in a circuit of two different conductors when 
their junctions are at different temperatures (figure 1). 

Several years later, in 1834, a French watchmaker, 

N TYPE SEMICONDUCTOR 
HIGH ENERGY ELECTRONS 

CURRENT FLOW 

N TYPE 

+ 
D.C. POWER 

SOURCE 

- P TYPE SEMICONDUCTOR 
LOWER ENERGY ELECTRONS 

WATER FREEZES 

D.C. POWER 

REVERSED 

P TYPE 

~ICE MELTS 

Figure 2, Peltier Effect 
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Peltier, described temperature differences at the junc
tions of different conductors when a current flowed 
through them. This is now referred to as the Peltier 
effect, and the phenomenon consists of the generation or 
absorption of heat at a junction of two different con
ductors when a current flows through them (figure 2). 

In 1857, W. Thomson found a relation between the 
Seebeck and Peltier effects from a thermodynamic analy
sis. This type of analysis also led him to the discovery of 
a third phenomenon which has been named after him. 
Although this effect had been experimentally observed 
by Seebeck, Thompson described it in mathematical 
terms. The Thomson effect is the generation or absorp
tion of heat caused by a current through a homogenous 
conductor in which there is a temperature gradient. 

To sum up, the most important of the thermoelectric 
phenomena are the Seebeck effect, the Peltier effect, and 
the Thomson effect. The Seebeck effect is the production 
of power by a temperature difference at the junctions of 
two dissimilar conductors. The Peltier effect is the con
sumption of power to produce a temperature difference 
at the junctions. The Thomson effect is the production 
or absorption of heat from a current How in a single 
conductor which has a temperature gradient. All three 
effects are reversible. 

The feasibility of Generators 
Thermoelectricity has been used for many years in the 

form of thermocouples for temperature measurement. If 
one junction of a circuit of two different conductors is 
placed at the point whose temperature is sought, and the 
other junction at a point of known temperature, the emf 
produced will be proportional to the temperature differ
ence. Thus, the unknown temperature can be deter
mined. A thermoelectric generator follows the same 
arrangement on a larger scale. One junction is heated, 
and the other is cooled. 

The first generators which were made around the turn 
of the century used conventional conductors. Little work 
was done with them because of their low efficiency, 
about 0.1% to 0.6%. However, in the late 1920's and early 
1930's, calculations were made which showed that an 
efficiency of about 2.5% could be reached by using semi
conductors. In 1940, a thermoelement with an efficiency 
of about 3% was described. Today new materials for 
thermoelements have theoretical efficiencies of 8% to 10%. 
Efficiencies of 18% to 20% are expected in the next five to 
ten years. 

At present, generators are made with an overall 
efficiency of about 4%. They use p-type and n-type ele
ments which are electrically in series and thermally in 
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fr . (Auburn) t (Yale) 
This recent Bethlehem Loop Course class includes 202 
graduates of 78 colleges and universities .. They are fresh from 
campuses in 32 states and the District of Columbia ... from Maine 
to California, from Minnesota to Georgia. 

If you are interested in a career in the management of a diversified 
and growing industrial corporation, and if, in all modesty, you consider yourself 
qualified to meet the challenge-consider the Bethlehem Steel Loop Course. 

Most loopers are Engineers 
All the technical degrees indica ted here are represented in this Loop class, and in 

virtually every Loop class. Of the 202 members, 154 are engineering graduates; 
twelve have non-engineering technical degrees; and 36 possess business administration, 
liberal arts, or other non-technical degrees. 

Your career at Bethlehem Steel might be in steelmaking operations, research, 
sales, fabricated steel construction, mining, shipbuilding, or other activities 
depending on your specific interests. All require the talents of college trained men. 

You can get a copy of our booklet, "Careers with Bethlehem Steel and the Loop 
Course," at your Placement Office, or by sending a postcard to our Personnel 
Division, Bethlehem, Pa. 

An equal opportunity employer 
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parallel. A p-type element conducts electricity by the 
movement of positive holes. It has a positive voltage at 
the cold end with respect to the hot end when there is 
a temperature difference between its ends. An n-type 
element conducts electricity by movement of electrons. 
It has a negative voltage at the cold end with respect to 
the hot end when there is a temperature difference be
tween its ends. 

There are three main components in a thermoelectric 
generator. They are: 

1. heat source, 
2. thermopile, 
3. cooling apparatus. 

Each will be discussed as far as the present state of the 
art is concerned. The thermopile is the heart of the 
system and is where great advances in thermoelectric 
generators will probably occur. It has been under devel
opment for the shortest period of time in comparison 
with the other components. 

Heat Source 

Almost any combustible material could be used for 
fuel for a heat source; however, the most practical and 
economical are liquid and gas fossil fuels. The most effi
cient heat sources are radioactive isotopes and nuclear 
reactions. 

The temperature on the hot side of the thennoelements 
of a thermoelectric generator is limited by the melting 
point of the elements or the thermopile casing. Normal 
operating hot side temperatures are in the range of 900-
12000 F. 

In the laboratory, electrical heaters are used to obtain 
a uniform temperature distribution and a fairly accurate 
measure of the heat input. 

The most common heat sources are burners which use 
liquid and gas fossil fuels. Practical burners for solid 
fuels have not been developed. The main fuels used are 
propane, butane, natural gas, white gasoline, leaded gaso
line, kerosene, diesel fuel, and JP4. When used with suit
able burners these fuels produce hotside temperatures of 
about 1100° F. 

Nuclear heat sources have been used very successfully. 
They have several advantages over combustible fuels. 
Heat losses are reduced because there are no paths for 
heat transfer through the insulation other than the ele
ments themselves. No fuel inlet or exhaust holes are 
needed in the insulation. Since air is unnecessary, opera
tion in space is quite feasible. A long maintenance-free 
life is very probable. 

The disadvantages of nuclear heat sources are cost and 
availability. The initial fuel cost for a strontium 90-fueled 
10-watt generator is about $30,000. Strontium 90 with a 
27-year half-life is one of the cheapest radioisotopes. One 
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half-life is usually the design life of a nuclear-fueled 
generator. The cost per kilowatt-hour is $12.70. A typi
cal propane-fueled generator will supply electricity at a 
cost of $1.60 per kilowatt-hour. 

Tests have shown that lead-telluride elements do not 
suffer any radiation damage. Several nuclear-fueled gen
erators have been operating continuously for the last 
four years. 

Thermopile 

The thermopile contains the thermoelements which 
convert heat directly to electricity. The thermopile can 
have three general shapes: a flat plate, a cylinder, or a 
sphere. The sphere is the most efficient shape as far as 
heat source utilization is concerned; however, it is the 
most difficult to fabricate. A cylindrical shape is much 
easier to make and is still quite efficient as a heat collec
tor. The most economical form is a flat plate which is 
usually circular. If weight is not an important design 
factor, and economical manufacture is desired, then a flat 
plate is the best shape. 

Most thermopiles contain both p-type and n-type ele
ments arranged in pairs. The hot ends of the element 
pairs must be electrically in contact with each other, 
electrically insulated from the heat source, and thermally 
in contact with the heat source. High-density vitreous 
ceramics seem to be the answer to the low thermal im
pedance-high electrical resistance problem at the inter
face between the hot end of the element and the heat 
source wall. Thin coatings of these ceramics will provide 
electrical insulation, yet allow high heat flow to the 
elements. Mica sheet has also been used successfully. 

The area of greatest possible development is the ther
moelement materials field. The criteria for materials in
clude: a high electrical conductivity with a low thermal 
conductivity and a high thermal emf. Naturally, metals 
and insulators are ruled out. Semiconductors, however, 
exhibit these properties and have been found to be fairly 
effective. Lately, materials whose properties are be
tween those of metals and the semiconductors commonly 
employed in transistors have been used. These are usually 
referred to as «semi-metals." They are obtained from 
semiconducting crystals by doping them more heavily 
than transistor materials are doped. Doping materials 
gives these materials a higher electrical conductivity. 
They have much lower thermal conductivity than metals 
and higher thermal emf. 

Many materials have been tried for thermoelements. 
Until there is a much better understanding of the trans
port phenomena involved, the «cut-and-try" method will 
be the means of discovering better materials. 

The binary compound lead telluride is the most com
monly used material because it has the best overall char
acteristics. It is chemically stable at hot-junction tem
peratures of 1200° F. The compound melts at 1692° F. 
With suitable doping agents, it can be prepared in both 
n-type and p-type form. The carrier concentration in 
either type can be varied over approximately two orders 
of magnitude by doping. An ideal element would have a 
doping concentration gradient along its length corres
ponding to the temperature gradient so as to obtain maxi
mum efficiency at all points along the element. Because 

(Continued on Page 28) 
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Our world-recognized trademark-uthe P&WA eagle"-has been 
identified with progress in flight propulsion for almost four decades, 
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of the difficulties involved in making such an element, 
composite elements are made in two sections. Each sec
tion is doped with a concentration suitable for the tem
perature range in the section. Segmented elements can 
show approximately 95% of the theoretical efficiency of an 
ideal element whereas elements of homogeneous com
position show about 85% of the ideal efficiency. 

Semiconductors in general are brittle. They will shatter 
easily under tension or shear but will take a moderate 
compressive load. The elements, therefore, should only 
be loaded in compression. A common practice for mount
ing elements in a thermopile involves a spring-maintained 
pressure contact for the hot end and a solder contact 
for the cold end. The spring is against the cold end. 
Differences in thermal expansion between the elements 
and their surroundings are absorbed by the springs. Thus, 
non-compressive sh·esses are eliminated. Partial bonding 
of PbTe to the hot shoes occurs at temperatures above 
900° F. because of plastic flow and the spring pressure. 

Moderately successful attempts have been made to 
bond contacts at the hot end or both ends of the ele
ments. Bonding reduces contact resistance. Difficulties 
may arise from bonding, however, because of the brittle
ness of the element material. 

Sublimation of the hot end of the PbTe element occurs 
at temperah1res above 1000° F. Pressure contacts assure 
continuity of the circuit. If an element does sublime, it 
will remain in contact with the hot shoe. 

Contamination or poisoning is another problem with 
PbTe. The elements may be contaminated at tempera
tures above 700° F. by diffusion of the metals and ther
mal insulation used in construction of the thermopile. 
Contaminants may lower the Seebeck coefficient and 
cause increases in contact resistance and sublimation rate. 

Experimental work has shown that iron, molybdenum, 
alumina, carbon and mica are suitable materials for hot
end contact. They cause insignificant contamination. 
Good cold-end materials are aluminum, tin, copper, and 
steel. 

Element oxidation occurs at temperatures above 500° 
F. Since PbTe is stable at higher temperatures, and a 
greater temperature difference between hot and cold 
ends means a greater Carnot efficiency, methods are 
needed to prevent oxidation. A high vacuum could be 
used; however, this presents many problems in fabrica
tion of the casing. Also, in a vacuum at higher tempera
hues, the sublimation rate of the elements is increased 
significantly. A vaccum does, however, reduce heat losses 
between the elements. A more practical approach is a 
hermetically sealed casing with a reducing or inert 
ahnosphere such as hydrogen or methane. These gases 
protect the elements against oxidation and reactive con
taminants in the gaseous state. 

The thermoelements are the core of the generator. 
They have been under detailed study for much less time 
than any of the other generator components. Materials 
research is the area in which significant advances will 
be made. 

Cooling Apparatus 

The normal cold-end temperahtre is between 200° F 
and 300° F. Several methods are available to maintain 
this range. The use of fins is the most common approach. 
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Copper fins are used where weight is not a critical factor. 
Free convection will usually be sufficient. If minimum 
weight is an objective, the fins can be much smaller and 
made of aluminum; however, in this c::tse a blower must 
be used. It is possible to use a fan powered from the 
generator itself. This is only practical, however, when 
the output of the generator is more than fifty watts. 

For more efficient operation a water jacket can be 
used. In this type of arrangement, the cold-end tempera
ture is more uniform than it is in an air-cooled generator. 
In the laboratory, a water jacket is used to determine the 
efficiency of a thermopile. 

In space applications, cooling would have to be 
achieved entirely by radiation. 

Applications 

The first practical application of thermoelectric power 
generation was a nahtral gas-safety valve. The pilot light 
of nearly every gas furnace, gas heater, and gas appliance 
burns across an encapsuled thermoelement. Enough cur
rent is produced to keep a solenoid valve open. If the 
flame goes out, the gas will be shut off. This is the first 
and one of the few commercially feasible uses of thermo
electricity. 

The first functional generator made in this country was 
for the Subsystem for Nuclear Auxiliary Power (SNAP) 
program of the Atomic Energy Commission. These 4-
pound generators produce 5 watts of power continuously 
for several years. In comparison, some of the early 
United States satellites had a twenty-one day power sup
ply of batteries which weighed twenty pounds. 

The Coast Guard is considering the use of thermo
elech·ic generators to charge a battery for powering flash
ing light buoys and other battery-operated aids to naviga
tion. The lighted buoys under consideration are 8 feet in 
diameter and 26 feet high. They have batteries which 
last one year and which weigh 2,542 pounds. The battery 
cost, including maintenance, recharging, and amortiza
tion is about $500.00 per year (ref. 3, p. 32). 

A 5-watt thermoelectric generator will power a flash
ing light buoy for an annual cost of $70.00, which in
cludes fuel cost and amortization based on an estimated 
ten-year generator life. The body of the buoy, with 
minor modifications, can hold a three-year supply of 
propane. This example of a battery charging application 
sho-ws the practicality and economy of a thermoelectric 
generator. 

One of the most recent developments has been the use 
of thermoelectric power supplies for pumps and blowers 
on household furnaces. Heat from the source flows 
through the thermoelements to the fins which are nor
mally used for heat transfer. Since little heat is converted 
to electricity, there is an insignificant loss of fun1ace 
heating capacity. The electricity is essentially free. Also, 
the furnace is independent of line power, so that a power 
failure will not affect it. 

A great amount of work has been done on the develop
ment of thermoelectric generators. Ideas and concepts 
have been translated into practical physical forms. Much 
more work is needed to realize the potential of thermo
elech·ic power sources. Eventually, thermoelech·ic gen
erators will have common use because of their practical
ity and economy. [] 
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Whether a simple voice circuit for a small trunk line, or 
a complex high-speed data circuit for the Strategic Air 
Command, Northwestern Bell Engineer Warren Roske gets 
the nod. Warren (B.S.I.E., 1959), and the three engineers 
who work under him, design telephone facilities for private 
line customers. 

On earlier assignments, Warren engineered communica
tion lines through the famed Dakota Black Hills, helped in 
the Mechanized Teletypewriter cutover in Sioux Falls, S.D., 
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and contributed a unique application of statistics to a 
Plant Engineering study. 

But Warren's greatest success has come in the Trans
mission field where, after only seven months, he was pro
moted to his supervisory engineering position. 

Like many young engineers, Warren is impatient to 
make things happen for his company and himself. There 
are few places where such restlessness is more welcomed 
or rewarded than in the fast-growing telephone business. 

BELL TELEPHONE COMPANIES 
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Back in the March 1957 T echnolog, ·Eugene Dushek, .in response to the 
apathy of engin.eers, offered his solution, which he called the "Battle 
Hymn of the Institute." In the belief that he was correct the Minnesota 
Technolog here reprints his article. 

I 

I have noticed during my last eight years as a profes
sional junior, a declining esprit de corps among engin
eering students. I devoted my every wakened hour 
during winter quarter towards the analysis and solution 
of this grievous problem and I concluded that this in'
creased apathy is due to the lack of a rousing engineer's 
song. 

How morale building it would be to have a lusty song 
we could burst forth with as we are dragged to the 
whipping post and whipped into a frenzy for turning in 
a lab report a day late. 

How inspiring it would be if we had a golden song to 
sing as we burn down the entire St. Paul campus in a 
spirit of friendly rivalry and then roast foresters over 
the glowing em hers. 
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Let us lift our glasses and give rise to rousing 
cheers, 

Salute a strange humanity, the noble engineers. 
Let us give the college motto and a great 

tumultuous yell, 
We're not so very smart but we try like hell. 

We'll build airplanes that taxi with a speed 
approaching sound, 

But they'll probably be too heavy to ever leave 
the ground. 

Our planes look good on paper but they never 
fly so well, 

We're not so very smart but we try like hell. 

The voltages we generate will never win your 
praises, 

They will fluctuate from day to day and have 
too many phases. 

Our volts look good on paper but they never 
work so well, 

We're not so very smart but we tty like hell. 

How encouraging it would be if we had a bawdy song 
to gasp out as we are stoned to death by disgruntled 
S.L.A. students while standing in the S.L.A. tally line. 

How quaint it would be if we had a tender song to 
sing as we walk arm in arm, six abreast, down the halls, 
kicking everyone we see who doesn't carry a slide rule. 

How appropriate it would be if we had a swan song 
we could burst forth with during final exams as we slash 
our wrists to the very marrow of the bone with the cursor 
glass from our slide rules. 

Yes, I have decided we need a song and I have taken 
it upon myself to write a few lyrics for it. I am now 
living in hope some musical genius will supply the proper 
music. 

We'll build bridges that will buckle and build
ings which will fall, 

And build mighty dams of concrete where no 
water flows at all. 

We will live in mass confusion, our thoughts 
will be pell-mell, 

We're not so very smart but we try like hell. 

We will build a great react01' which will stop 
the atom cold, 

Then blow the thing to pieces changing com
mon lead to gold. 

Alchemistic engineering doesn't seem to wOtk 
too well. 

We're not so very smart but we try like hell. 

Abolish all of nature's laws; they only make us 
think. 

Who wants to fight with formulas when there 
is booze to drink. 

That's the only kind of engineering which we 
all do well, 

We're not so very smart but we drink like hell. 
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SIGN UP NOW TO BE A COMMITTEE CHAIRMAN OR TO 

WORK ON THE FOLLOWING COMMITTEES: 
BLACK BOOK 
BUTTONS 
TOURNAMENTS 

OPEN HOUSE PARADE 
E-D A Y BRAWL QUEENS 
ADVERTISING POSTERS & DECORATION 

FILl OUT AND BRING TO THE E-DAY OFFICE, ROOM 135 E. 

PICNIC 
TICKETS 

KNIGHTING 

NAME _________________________________________ PHONE __________ _ 

ADDRESS _______________ MAJOR _____ YEAR. __ _ 

COMMITTEE PREFERRED ____________ ~---------

DERGR TES m m m m 

YEAR ROUND POSITION WHILE IN SCHOOL 

e Editors 

e Copy Readers 

e Layout 

e Writers 

e Models (Girls only Please) 

e Ad Salesmen 

e Circulation 

e .Artists 

On Campus . . . Always in Rm. 2, M.E. 

Stop in to Discuss your Future Now!!! 

s t 
An Equal Opportunity Employer 
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Freedom Discipline 
Modern physics has identified 34 elementary 

particles of matter-each with its twin anti-parti
cle. The inevitable two opposing forces that keep 
the universe in balance. 

We think at the heart of most well-run modern 
companies there are also two opposing and equally 
important forces-freedom and discipline. 

Freedom to innovate, to change, develop and 
invent. Plus the discipline to stick to the facts, to 
stick to the problem, to stay within the budget. 

At Celanese we try to combine freedom and dis· 
cipline to better serve our customers, our shareq 
holders, and our employees. 

Perhaps we are the company at which you can 
best pursue your career. If you are trained in 
chemical engineering, electrical engineering, me
chanical engineering, chemistry or physics, we 
hope you will stop in to see our representative 
when he visits your campus. Or write directly to 
us, briefly outlining your background. 

Address your correspondence to: Mr. Edmond 
J. Corry, Supervisor of College Relations, Celanese 
Corporation of America, 522 Fifth Avenue, 
New York 36, New York. Celanese® 

AN EQUAL OPPORTUNITY EMPLOYER 

CHEMICALS FIBERS POLYMERS PLASTICS 
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Spotlight on 
local Industry 

E E 

1963 marks the beginning of the second half century 
of the Trane Company, which was incorporated in 1913. 
Trane designs, manufactures, and markets products which 
we use in countless applications in the fields of air condi
tioning, heating, ventilation and heat transfer. 

Actually, the Trane company began when James A. 
Trane opened a small plumbing shop in 1886 in La 
Crosse, Wisconsin. In 1910 his son, Reuben, newly grad
uated with a degree in mechanical engineering from the 
University of Wisconsin, joined his father in the plumb
ing business. During the next three years, they invented 
and perfected the Trane Vapor Heating System, and in 
1913, the Trane Company was incorporated with a capi
talization of $20,000. By 1916, they found it necessary 
to drop their plumbing business in order to devote full 
time to the new heating system. 

From this unpretentious start, Trane has advanced to 
become the growth leader in its field. From a modest 

Present work-study students, the T rane Company, 
are Peter Halden, James Lang, and Donald Schaefer. 

first year sales of $50,000, Trane has grown to a sales 
volume of over $117.5 million in 1962. Since 1947, the 
average rate of sales growth has been over 10% per year. 

Trane's physical facilities have also been expanded. 
At present, there are six manufacturing plants located in 
La Crosse, Wisconsin; Clarksville, Tennessee; Salt Lake 
City, Utah; Scranton, Pennsylvania; Lexington, Kentucky, 
and Toronto, Canada. A seventh manufacturing plant is 
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by Jacquie E. lander, Math 65 

scheduled to begin operations near Edinburgh, Scotland, 
early in 1964. Total floor space exceeds 2,000,000 square 
feet. Trane' s customers are served by 144 sales offices of 
which 114 are in the United States, twenty in Canada, 
five in Europe, four in England, and one in the Caribbean 
area. In addition, there are distributors in principal cities 
throughout the world. 

Headquarters of the Trane network is La Crosse, Wis
consin, where the main plant, administrative offices and 
research and development center are located. La Crosse 
is located on the banks of the Mississippi, Black, and La 
Crosse Hivers. It is 140 miles southeast of the Twin 
Cities and 200 miles west of Milwaukee. 

Research and development at Trane is focused in the 
165,000 square-foot Technical Center. Here engineers 
undertake problems from the cooling of tiny transistors to 
the air conditioning of skyscrapers. Working in the Cent
er's Research and Testing Laboratories, also known as 
the "House of Weather Magic," Trane engineers create 
temperatures from -65° F. to 2500° F. to pre-test prod
ucts under any temperature which might be encountered 
in actual operation. Air tunnels produce a wide range of 
velocities and pressures for performance testing of fans, 
coils, and other equipment. Technicians in sound rooms 
study the problem of noise so that it can be minimized in 
Trane's designs, and there are rooms-within-rooms for 
special critical testing. 

One result of Trane's extensive R & D program has 
been the introduction of over twenty-five new products 
since 1960. One of the major new products is the Trane 
line of lightweight military air conditioners. These 
compact units are ideal for portable applications under 
non11al military environmental conditions. Other research 
contributions include a brazed aluminum process which 
permits compacting 450 square feet of lightweight heat 
transfer surface into one cubic foot, a commercially suc
cessful hermetic centrifugal compressor, and a completely 
packaged reciprocating water chiller. 

Trane' s products can be found in use throughout the 
world, and even out of this world. For example, Trane 
equipment air conditions the First National Bank Build
ing at St. Paul, Minnesota, the Space Needle Hestaurant 
at the Seattle World's Fair, the Rochdale Village co-oper
ative apartment community in New York City, and the 
United States Embassy at Lima, Peru. Trane equipment 
is also used on Convair 880 jet liners, in gold mines in 
South Africa, on dome-cars of the Canadian Pacific Rail
way, on missiles like Titan, Atlas, and Polaris, and in 
many homes throughout the world. 
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in Engineering 

edited by LARRY NIMMERFROH, EE '67 

Critica I V2 Second 

Less than 3~ second is the expected life duration for a 
Fairchild 3S-G transducer during critical stage separa
tions of the Air Force Titan II launch vehicle for the 
National Aeronautics and Space Administration's Project 
Gemini. 

During that infinitesimal span of time, however, data 
will be telemetered which could affect the entire Gemini 
mission and the lives of the astronauts riding the capsule. 

Before it is consumed in the super heat of Aerozene 50 
and nib·ogen tetroxide igniting to separate the first and 
second stages of Titan II, the Model 990S63 High Fre
quency Response Pressure Transducer will telemeter on 
a 70 kc subcarrier oscillator the shock pressure encoun
tered during separation firing. By utilizing this data 
in conjunction with other information, the performance 
of the Gemini launch vehicle's 100,000-pound-thrust sec
ond stage and its adherence to the programmed flight 
plan can be accurately determined. 
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General Motors Research Laboratories engineers have, 
in effect, created a portable crosswind to determine ef
fects of wind disturbance on automobile handling. It is 
a rocket engine powered by hydrogen peroxide and ca
pable of a 50 to 200-lb. thrust. Instrumentation in the 
back seat records the car's motion in response to the 
"crosswind" which can be accurately controlled and 
timed. 

New "Ray Gun" 
Engineers at Westinghouse Research Laboratories 

have developed an extremely powerful and hot continu
ous light beam which can burn through an automobile 
fender in two or three seconds. The light source em
ploys a high-pressure plasma jet, hotter than the sun's 
surface, sealed inside a stainless steel vessel designed to 
operate at pressures up to 600 psi. A deep elliptically 
shaped mirror inside the vessel collects three-fourths of 
the jet's radiation and beams it through a quartz lens. 
A plasma jet forms between the water-cooled cathode 
and the anode. An inert gas, such as argon or xenon, 
streams continuously through the device, forming a 
plasma jet and flushing out evaporated metal which 
would blacken the mirror. A new radiation source, de
signed for an input power of 50 kilowatts, will concen
trate about 15,000 watts of radiant energy on a spot a 
half-inch in diameter. Westinghouse engineers predict 
that the device will be used for re-entry heating studies, 
high-intensity searchlights, laser pumping, solar radiation 
simulation, furnaces for melting metals and ceramics, 
welding, and airport illumination. 
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Laser Analyzes Gold 

Newtonville, Mass .... A spectograph using a unique 
Laser device has been used successfully for instant quali
tative as well as quantitative analyses of gold alloys used 
in .002-inch diameter, 0.1-inch long diode wires, accord
ing to the Jarrell-Ash Company, Newtonville, Massachu
setts, manufacturers of the instrument. The accompany
ing photo is a greatly magnified view of a Laser crater 
burned in the gold diode wire. Equal division on the 
microscope scale represents five microns. The sample 
mass is one microgram. 

Called a Laser Microprobe, the instrument can per
form non-destructive spectral analysis of any pre-selected 
50-micron diameter spot, without regard for electrical 
conductivity, or sample size or configuration. The sam
ple need not have physical contact with electrical sourc
es, and can have components of any atomic number. 

Successful analytical applications of the Laser Micro
probe include: Analyses of non-metallic impurities in a 
metal matrix; analyses of separate phases in mixtures; 
identification of micro-inclusions; analyses of inclusions 
in glass; analyses of segregates and of mineral and geo
logical samples; analyses of photo emulsions and other 
thin films; and analyses of biological samples. 

The Laser Microprobe is a complete apparatus capable 
of use with any conventional spectrograph. The device 
consists of a laser head associated with an inverted metal
lurgical microscope. The sample is placed on the micro
scope stage, and the area of interest is selected by adjust
ment of the cross slides as the sample is viewed through 
the microscope eyepiece. 
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The World's second largest excavator is this Bucyrus
Erie Model1850-B stripping shovel with a dipper capaci
ty of 90 cubic yards, which is owned by Pittsburg & 

Midway Coal Mining Company, Kansas City, Mo., and 
strips coal in a P & M mine in southeastern Kansas. The 
only larger shovel in existence is the Bucyrus-Erie 3850-B 
with 115 cubic yard capacity. 

Floating On Air 
Although it weighs three-fourths of a ton, a satellite 

motion simulator floats on air at the Air Arm Division of 
Westinghouse Electric Corporation's Defense Center in 
Baltimore. 

The unit was built to imitate the movements of a satel
lite orbiting the earth. The simulator is attached to a 12-
inch stainless steel ball bearing which floats on a cushion 
of air. The equipment is so delicately balanced that air 
movement in a normal room would disturb it. For this 
reason, the simulator is mounted inside a special air
conditioned room where a constant temperature is main
tained. The room is shielded to prevent radio-frequency 
signals generated in other plant areas from interfering 
with experiments. 

To simulate the earth about which the satellite equip
ment is "orbiting," engineers suspended a large aluminum 
dish from the ceiling of the simulator room. Heating the 
dish to a temperature of 150 degrees Fahrenheit causes 
satellite control devices to respond as though they are 
"seeing" the earth from a distance of 500 to 1,000 miles. 
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Starting in a single 1956 
automotive engine, pearlitic 

Malleable crankshafts are cur~ 
rently used in eight passenger car 
enginesand one truck engine; With 
more than 3,800,000 .now in serv
ice, these pearlitic Malleable iron 
castings have compiled an excel
lent record for field reliability. 

Car 
anufacturers' 
Extended 
arranties 

Rely on 273 
alleable 

Casting Designs 
Each of the five major automobile com
panies is represented by these examples. 

Not one service failure has<been 
reported in the perio<:lnow covered 
by the warranty (two years) on 
these pearlitic Malleable rocker 
arms. U~ed since 1955, field prob· 
lems are termed "insignificant'' by 
the automotive manufacturer. 

The extended warranties now being given by 
automobile manufacturers are not sales gim· 
micks. They are based on exhaustive statistical 
studies that conclusively demonstrate the reli
ability of each component involved. 

warranties will cover 90,000,000 individual Mal
leable iron parts of 273 different designs. The 
confidence which automotive companies have in 
Malleable's quality is responsible for the use of 
Malleable castings for more and more applications 
on cars and trucks ... and throughout industry. 
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During a single model year, these two to five year 

Send for your free copy of this 16-page 
~~Malleable Engineering Data File." You 
will find it is an excellent reference piece. 

For further information on Malleable castings, 
call on any company that displays this symbol-

MEMBER 

Malleable Founders Society. Union Commerce Building, Cleveland 14. Ohio 
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by DIANNE CHRISTENSON. Physics '66 

Dr. Peter Signer, a 34-year-old, pipe-smoking, German 
born, Swiss citizen, is an assistant professor of physics 
who is also involved in research with meteorites. 

Dr. Signer dreamed at one time of becoming an air
plane pilot. However, the influence of :h{s father, profes
sor of Chemistry and director of the Institute of Organic 
Chemistry at the University of Bern, and the influence of 
his science teachers led him from flying to physics. Dr. 
Signer was one of the group which assembled the first 
mass spectrometer at Bern in order to run experiments 
on decay constants, find extinct radioactive isotopes, de
termine the age of natural occurrences of lead sulfide, 
and further develop mass spectrometry. 

Dr. Signer's first hobby became his occupation but he 
is also interested in skiing and mountaineering, especially 
in Switzerland. He is a member of the Swiss Alpine 
Club. While here in Minnesota, where skiing doesn't 
offer as great a challenge, his activities include canoeing, 
photography, reading, music, and work with the Boy 
Scouts. 

When Dr. Signer returned from his honeymoon, he was 
very pleased to receive a letter from Professor Nier offer
ing him a job in America. Dr. Signer and Gerty, his wife, 
arrived here in 1958; they now have a 5-month-old 
daughter, Gabrina. 

DR. NEAL AMUNDSON 

MINNESOTA TECHNOLOG 

DR. PETER SIGNER 

For the last ten years Dr. Neal Amundson has been 
carrying on research in chemical reactor analysis and 
synthesis. The object of this research is a rational ap
proach to the design of chemical reactors. The solutions 
of problems dealing with chemical reactions, and heat 
and mass transfer are coupled leading to a highly non
linear system finally involving computer summation. 

Dr. Amundson, head of the Chemical Engineering 
Department since 1949, views the success of that de
partment and especially the success of the graduating 
chemical engineers who have been hired as the high 
points of his career. 

The Twin City area is more than Dr. Amundson's pres
ent home. He was born in St. Paul in 1916, attended St. 
Paul Central High School, and graduated from the Uni
versity of Minnesota. His academic and scholastic abili
ties won him the Industrial and Engineering Chemistry 
Award in 1960 and the William H. Walker award grant
ed by the American Institute of Chemical Engineers in 
1961. 

Dr. Amundson presently is teaching a graduate course, 
Advanced Mathematics for Chemical Engineers and is 
active in the American Institute of Chemical Engineers. 

In his leisure time Dr. Amundson, his wife, Shirley, 
Greg, 16, Beth, 12, and Erik, 7, enjoy a summer home 
on Lake Cornelian near Stillwater where he can catch 
up on his fishing. 
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More than ever 1n the Space Age . .. 

All the way from the down-to-earth task of high-speed cutting of adamant metals to the 
performance of such a dramatic test as simulating atmospheric re-entry heat for testing 
nose cone design- the plasma arc torch is truly a versatile space age tool. Here it is pic
tured cutting through stainless steel at a rate of five feet per minute. It out-performs any 
previously known cutting method for any metal, including refractory and exotic metals. Its 
flame speed is 10,000 miles per hour at temperatures from 20,000 to 60,000 degrees F. 

Only electric power can supply the energy requirements of space age tools like the 
plasma arc torch. One of the jobs of our power sales engineers is to add these new appli
cations to the seemingly unlimited uses for electricity. 

As a power sales engineer, you can grow with the electric power industry as you play 
a vital role in technological progress. Investigate a career with us where engineering and 
sales ability are limited only by your imagination. Look forward to personal progress 
through power. 

ISC NSIN lectric po rc PA 
SYSTEM 

Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 
MILWAUKIEIE, WIS. APPLETON, WIS. RACINE, WIS. 
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TOP ROW (left to right): Australia,Switzerland, Great Britain, India, Mexico, New Caledonia, Venezuela, Panama, Italy, Japan, Puerto Rico, British Guiana, Canada, France, Ghana, 
M I DOLE ROW: Thailand, Malaya, Philippines, South Africa, Brazil, Pakistan, Hong Kong. BOTTOM ROW: Argentina, Norway, Indonesia, Greece, Sweden, New Zealand, Colombia, Nigeria. 

Meet the ambassadors 
Around the world, Union Carbide is making friends for America. Its 50 affiliated companies abroad serve 
growing markets in some 135 countries, and employ about 30,000 local people . ...,. Many expressions of 
friendship have come from the countries in which Union Carbide is active. One of the most appealing is this 
collection of dolls. They were sent here by Union Carbide employees for a Christmas display, and show some 
of the folklore, customs, and crafts of the lands they represent. "We hope you like our contingent," said a 
letter with one group, "for they come as ambassadors from our country." ...,. To Union Carbide, they also 
signify a thriving partnership based on science and technology, an exchange of knowledge and 
skills, and the vital raw materials that are turned into things that the whole world needs. 

A HAND IN THINGS TO COME 

WRITE for the booklet, "International Products and Processes," which tells about 
Union Carbide's activities around the globe. Union Carbide Corporation, 270 Park Avenue, New York, N. Y. 10017 
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lili! 

I fir 
Some fires make newspaper headlines. Others barely 
make the back page. And a fire sprinkler system can 
make the difference! 

Sprinklers are the first line of defense against fire. And 
Grinnell, pioneer in sprinkler protection, is today's lead
ing sprinkler manufacturer. Grinnell systems - includ
ing systems engineered for such special hazards as solid 
propellant manufacture- protect lives and property 
the world over. 

Fire protection is only one reason industry looks to 
Grinnell. Whenever piping is involved - from prefab
ricated assemblies for power plants to valves for food 
process piping - Grinnell can meet the need. 

Grinnell is piping. The company offers industry the 
engineering (from basic metallurgy to piping systems 

t r 
design and prefabrication); the production facilities 
(eight large plants in the U.S. and Canada); the product 
line (everything in piping); the experience (over 100 
years of leadership in the field) to solve the toughest 
piping problems. 

Worth remembering- against the day you may have 
piping problems to solve. And worth investigating now if 
you're looking for the unusual in an engineering career! 
Write Grinnell Company, Inc., 277 West Exchange St., 
Providence 1, Rhode Island. 

WHENEVER PIPING IS INVOLVED 

Grinnell Company, Inc., Providence, R. I. Warehouses and distributors coast to coast. Representatives throughout the Free World. 
pipe and tube fittings .. welding fittings • engineered pipe hangers and supports • Thermolier unit heaters .. valves 
Grinnell-Saunders 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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Roswell E. Cutler (left), U. of Illinois '40, 
chief project engineer for regenerative engines, 
discusses the T78 program with 
Gordon E. Holbrook, M.I.T. '39, chief engineer 
for product design and development at Allison. 

I 

Allison-long-famous leader in the development and 
production of aircraft engines-is pacing state of the 
art advancement in the turboprop area. 

A regenerative turboprop engine-embodying con
cepts further advanced than in any known turboprop 
in the world today-is being developed for the U. S. 
Navy by Allison ... The Energy Conversion Division 
of General Motors. 

Featuring a regenerative cycle which transfers heat 
from exhaust gas to compressor discharge air, Allison's 
T78 will extend long-range and on station capabHities 
of anti-submarine warfare through greatly improved 
fuel economy . . . thus projecting the usefulness of 
turboprop engines well into the future. 
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Too, hollow, air-cooled turbine blades-under de
velopment at Allison for the last 5 years-will permit 
higher inlet temperatures for a major improvement in 
engine performance. Greater reliability and simpler 
maintenance will be achieved with a unique, unitized 
propeller-reduction gear box. 

Perhaps there's a place for you in our long-range 
engineering program here in the creative environment 
at Allison. Talk to our representative when he visits 
your campus. Let him tell you what it's like at Allison 
where Energy Conversion Is Our Business. 

An equal opportunity employer 

li on 
THE ENERGY CONVERSION DIVISION :>F 

GENERAL MOTORS, INDIANAPOLIS, INDIANA 

GENERAL 
MOTORS 
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MIDDLE GAME 
Without in the least decrying the importance of the opening and the end
ing, which are vital and integral parts of chess, it is safe to say that the 
heart and drama of the battle are concentrated in the middle game. 

Here is the arena where an opening advantage may be pressed home to 
victory or where the foundation may be laid {or a winning ending. Here 
is the backdrop of thrust and riposte, sacri{lcial brilliancy, tactical sur
prise, masterly combination, attack against the King, grand over-all 
strategy, all occurring in the wealth and complexity possible only on a 
board full of pieces. 

I. A. Horowitz, How To Win in the Middle Game of Chess 
David McKay Co., Inc. 

The contest between East and West is 
now in its middle phase -tense, subtle, 
complex, and infinitely challenging. 

At MITRE, the work concerns develop
ment of command and control systems 
vital to our country's defense -vital to 
the "middle game." The strategy is to 
stay always a move or more ahead of the 
other side ... to counter the threat, 
anticipate future threats and even pose 
the threat of surprise. Our success or 
lack of it today will greatly influence the 
end result of the struggle. 

Like any important job, what we do is 
satisfying from a personal point of view. 
It is also extremely interesting profes
sionally. Consider the possibility of 
joining us. 

You would find yourself working on the 
leading edge of your own field - but 
your work would probably require you to 
become familiar with the state of the art 
in other fields, as well. You cannot 
create a system of many parts without 
learning something about each part. 

Your colleagues would be talented, 
stimulating, and capable -engaged in 
technology, rather than production. 

You would work on one or more projects 
like these for which MITRE has been re
tained by the Air Force as scientific and 
technical advisor: 

BUIC (back-up interceptor control) for 
the SAGE system; NORAD combat op
erations center; SAC control system; 
Nuclear detection and reporting system; 
Post-attack command and control sys
tem; and many other projects we can
not mention. 

MITRE always has openings for quali
fied men and women in every level from 
recent graduate to senior project di
rector. Minimum requirement, B.S. The 
greatest need is for scientists and en
gineers in the areas of electronics, 
physics and mathematics. 

Your move. 

Address inquiries in confidence to Vice 
President- Technical Operations, The 
MITRE Corporation, CP-5, MC Square, 
Bedford, Massachusetts. 

THE------~~ MITRE 
13Jelel41oi;;W·Wiillelgl 

An Equal Opportunity Employer 
Pioneer in the design and development of command and control systems, MITRE was 
chartered in 1958 to serve only the United States Government. The independent nonprofit 
firm is technical advisor and system engineer for the Air Force Electronic Systems Division 
and also serves the Federal Aviation Agency and the Department of Defense. 

Splinters ... 
Duties are things we look forward 

to with distaste, perform with reluc
tance, and brag about afterwards. 

Gill • * 
A young man much given to study 

who had never gone out with girls or 
participated in block parties finally 
reached the stage where he found 
himself about to be married. 

Nervously, he a p p r o a c h e d his 
father. 

"Dad," he said. ''I'm going to be 
married and I'm scared stiff. I never 
went out with girls. I haven't even 
kissed a girl and I don't know what 
I'm supposed to do on my wedding 
night." 

"Don't worry," his father said. "It 
will come naturally to you. You must 
remember, however, that your wed
ding night is a romantic occasion. If 
you get nervous, sing a love song to 
your wife. That will help." 

So the son got married and that 
night he and his bride retired. As 
they lay in bed, he reached over and 
began caressing his wife's stomach 
with his hand. Embarrassed, he sang 
in a high voice, "I love you truly." 

"Lower honey," his wife whispered 
in a husky voice. 
• "I love you truly," the young man 

then sang in a deep, base voice. 

* e * 
Sign on Sorority Row: "Please drive 

slowly. ~,he child on the street may 
be yours. 

One day while we were eating, our 
waitress asked what he thought of the 
new uniforms that the girls had been 
outfitted with. They were black with 
white trimmings around the neck, the 
sleeves and the pockets; and across 
the left breast pocket each waitress 
had her name embroidered in white. 

After pirouetting for our benefit she 
faced us and asked, "Well, how do 
you like it?" 

Jerry, my dinner partner, convulsed 
the house by staring at her embroid
ered name and dryly answering, "I 
like it very much, but tell me, what 
are you going to name the other one?" 

HAVE YOU HEARD ABOUT: 
... the girl who was a wallflower 

at the dance, but a dandelion in the 
grass? 

. . . the fellow who descended 
from a long line his mother once 
heard? 
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Splinters ... 
HAVE YOU HEARD ABOUT: 

the pregnant nurse whose 
theme song was witch doctor? 
... the farmer's daughter who was 

sent home from the fair-she couldn't 
keep her calves together? 

. . . the man who saw his girl 
friend in a sack dress and said "Honey 
are you in fashion-or ar~ we i1~ 
trouble?" 

. . . two old maids--one was trying 
to diet-the other was dying to try it. 

. . . the fellow who got up feeling 
like a 20 year old, but couldn't find 
one that early in the day. 

. . . the nearsighted girl who could 
not tell her friends until they were 
right on top of her. 

. . . the lament of the pregnant 
ballerina: "I should have danced all 
night." 

Girl, writing to her college student 
sweetheart -"Thought you would like 
to know that I haven't been sick for 
three months." 

Pickett Slide Rules 
MODELS FOR EVERYONE 

8 Lifetime Guaranteed 

8 All-Metal Accuracy 

8AII-American Made 

incorporaf.<Jd INC. 

315 14th Ave. S.E. 
College student, answering-"That's 

fine. \Ve've all had the flu here." Downstairs Perines Bookstore a FEderal gA 0397 

Welding 
(Contirtued from Page 10) 

short-arc or spray-arc welding conditions. All three fea
tures are necessary to achieve the optimum weld quality 
and power source utility. 

Choice of Inert Gas 

The primary function of the shielding gas is to exclude 
the surrounding air from the region of the molten weld 
metal. Pure argon, argon-helium, argon-oxygen and 
argon-carbon dioxide mixtures are commonly used with 
the short-arc welding process. 

The voltage relationships for the short-arc welding 
process using helium and argon are much the same as 
for the inert-gas-shielded tungsten-arc process, but with 
smaller percentage differences in voltage. Though high
er voltages are possible using helium, this advantage 
can seldom be practically exploited because of the un
desirable mode of metal transfer in helium. At all currents 
in the normal operating range, helium shielding produces 
globula~· metal transfer with all metals, resulting in high 
rates of spatter evolution and inferior weld appearance. 

Of the various active gases which are the most likely 
additives to argon or helium for inert-gas-shielded con
sumable-electrode welding, only oxygen and carbon 
dioxide additions have proved to be beneficial. Even 
very small additions of oxygen to argon substantially im
prove the mechanism of metal transfer making possible 
the smooth, spray-type arc at ClJITents considerably be
low those possible in pure argon. Increased additions of 

MINNESOTA TECHNOLOG 

oxygen to argon provide no further improvement in the 
metal transfer, but additions up to about 5% do improve 
the coalescence of the weld metal \vith the base metal, 
and increase the speed at which undercutting occurs 
without producing adverse oxidation effects. 

Although the addition of hydrogen or nitrogen does 
increase the arc voltage as might be expected, it has ad
verse arc stability effects which make their use impracti
cal. The addition of carbon dioxide to argon in various 
amounts has been explored, and a mixture of 25% carbon 
dioxide and 75% argon was found most useful for short
arc welding of carbon and low alloy steels. This mixture 
improves arc stability and minimizes spatter. Other mix
tures containing greater percentages of carbon dioxide 
are also used (ref. 4, pp. 3-8 ) . 

Short-arc consumable-electrode welders have in the 
last few years contributed significantly to the progress 
of industry. In some instances, new fields for electric 
welding have opened up in that the short-arc process 
has proved to be the only electric-welding method that 
could be applied. In other instances, the introduction of 
short-arc welding has led to substantial operating econ
omics. [] 

Bl BLIOGRAPHY 
I. Rossi, B. E. "Inert-Gas Metal-Arc Welding with Consumable Elec

trode." Welding Engineering. McGraw Hill Book Company, Inc. 
1954, pp. 191-196. 

2. Udin, H., Funk, E. R., and Wulff, J. "Consumable-Electrode Proc
esses." Welding for Engineers. John Wiley and Sons, Inc. 1954, 
pp. 170-181. 

3. Union Carbide Corporation. "Manual Sigma Welding." Linde 
Electric Weldi1ng. 51-1 I 0, pp. 3-26. 

4. Union Carbide Corporation. "Shielding Gases for Inert-Gas Weld
ing." Linde Electric Welding. 52-512, pp. 3-8. 
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Sixty-three years ago Sir Ernest 
Shackleton, the famed polar ex
plorer, placed this ad in London 
newspapers. The response was 
amazing. And the men who an
swered were special. 

There are men like them today 
at Honeywell ... and we'd like 
more of them. They're men who 
feel obligated to answer a chal
lenge. They're motivated by the 
overwhelming urge to be FIRST 
in their field. And, they're willing 
to work hard for that distinction. 
Unlike Sir Shackleton's volun
teers, however, they're well paid 
for their outstanding performance. 

Some of them work on complex 
control systems for the Apollo 
Command and Service Modules, 
Gemini and others. (Honeywell 
has supplied control systems for 
virtually all U.S. manned space 
shots.) These engineers will pro
vide guidance for hazardous jour
neys in the years ahead. 

Some work on weapons systems. 
Others design computers that 
create shortcuts. and quicker an
swers to technical questions. Still 
others design or market the mod-

HONEYWELL WANTS THE KIND OF 

MAN WHO ANSWERED THIS AD 

ern systems that control environ
ment and equipment in industrial 
plants, office buildings, schools, 
homes and hospitals. 

Why they stay at Honeywell ... 
and why we think you will, too. 
Honeywell has one of the lowest 
professional turnover rates in the 
industry ... less than half the 
national average. There are good 
reasons for it. 

Start with growth ... Honeywell 
has grown steadily since 1885-
now employs 47,700 people in 46 
plants throughout the U.S. and 
foreign countries. We offer the 
stability and variety that go along 
with a broad-based company. 
There's always a chance for change 
and new challenges here. 

Merit Pay and Promotions ..• 
Good men like to set their own 
pace, and we like it that way. We 
pay and promote to recognize 
individual performance and prog
ress. We'll push you along as fast 
as you can handle the work. 

Tuition Aid •.. Honeywell men can 
get advanced degrees at company 
expense. Greater knowledge will 

help both of us become "first in 
the field.'' 

Finally, Professional Freedom ... 
At Honeywell, you're on your own. 
Tough competition replaces the 
confining supervision you find in 
many companies. You'll work with 
real pro's ... men who recognize 
and respect good work. You'll 
work in a climate of true scien
tific professionalism. 

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 informa
tion on Honeywell products, 
plants and office locations. 

We'd like to learn more about 
you on our next visit to cam
pus. Check the date. Or, write to 
Mr. H. P. Eckstrom, Corporate 
Director of Employment, 
Minneapolis 8, Minnesota. 

FIRST IN C()NTROL 

n II 
An equal opportunity employer. 
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ENGINEERS 

SCIENTISTS 

Career mobility, based on the ability to 
develop in the direction of your best 
talent or interests, is made possible 
for you at Sylvania Electronic Systems. 

ELE 

You will actively contribute to advanced work 
spanning disciplines and areas such as earth;space 
communications; electronic reconnaissance, detec
tion, countermeasures; radar; information handling; 
aerospace; and complex systems for military com
mand and control. 

Nineteen interrelated research and advanced de
velopment laboratories throughout the country, as 

well as sites around the world, provide 
an environment permitting planned 
growth- personally and professionally. 

Three parallel paths of advancement 
offer the opportunity to progress as a technical 
manager, technical specialist or program/project 
manager- all with equal rewards. 

Sylvania Electronic Systems is a major division 
of Sylvania Electric Products Inc., supported by the 
impressive technical and financial resources of the 
parent company, General Telephone & Electronics 
Corporation. 

For further information see your college placement officer or write to Mr. Robert T. Morton 
40 SYLVAN ROAD-WALTHAM 54, MASSACHUSETTS 

An Equal Opportunity Employer 
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For Engineers 
mm fO .. BBs~• 

SHALL IT BE 
#9000 Castell Wood 
Drawing Pencil or 
#9800SG locktite Tel
A-Grade Holder and 
#9030 Castell Re
fill Drawing leads 

Perhaps you will 
choose Castell wood 
pencil, because you 
like the feel of wood, 
because you like to 
shave the point to the 
exact length and 
shape you desire. 

Or you may vote for 
locktite Tel-A-Grade, 
the lightweight bal
anced holder with its 
long tapered, no-slip 
serrated grip that 
soothes tired fingers. 
And its ideal team 
mate, Castell Refill 
leads, of the same 
grading, undeviating 
uniformity and bold 
image density of 
Castell wood pencil. 

Whatever your choice, 
you will be using 
Castell tight-textured 
microlet-milled lead 
that gives you graphite 
saturation that soaks 
into every pore of 
your drawing surface. 

Your College Store car
ries all three famous 
A.W.Faber-Casteli 
drawing products, 
backed by over two 
centuries of pencil· 
making experience. 
Start your career by 
using the finest 
working tools money 
can buy. 
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A.W.FABER .. 
CASTELL 

Pencil Company, Inc. 
41-47 Dickerson Street 

Newark 3, N.J. 

Splinters m • D 

Sign in a funeral parlor window: 
«We give Green Stamps." 

0 0 G 

"I was abroad myself for two years, 
but a psychiatrist fixed me up." 

G G G 

Notice on the bulletin board of the 
zoology department: 

«We don't begrudge your taking a 
little alcohol, but please return our 
specimens." 

G G G 

Little Sheldon seemed to be enjoy
ing himself thoroughly at the zoo with 
his father. As they were looking at the 
lions, however, a troubled look came 
over the boy's face and his father 
asked him what was the matter. 

«I was just wondering, Daddy. In 
case a lion breaks loose and eats you, 
what number bus do I take home?" 

G G G 

The weird scientist looked over re
ports on his life-preserving tonic. 

"Hmmmmm," he mused, "I see 
where my elixir has had its first fail
ure-a ninety-eight-year-old woman. 
Ahhhh, but what's this? They saved 
the baby." 

G G G 

A student in our night-school class 
protested to the instructor that, al
though he hadn't missed a class, a no
tice had been mailed to him stating 
that he had been absent for three 
nights. After checking his records, the 
instructor agreed that an error had 
been made and assured the student he 
would straighten it out with the dean. 

"It's not the dean I'm worried 
about," said the sh1dent. "Who's go
ing to explain it to my wife?" 

G G G 

After a freshman economics lecture, 
a student came up to the instructor. 

"Gee, Mr. Fieser," he said, "you've 
certainly got a swell vocabula1y. Gol
ly, all those big words." 

"Well, thank you," the instructor 
said with an amused smile. "I have 
al":~ys considered it rather meager 

"There you go again!" caroled the 
student. 

As the supercarrier Saratoga, one of 
the two largest warships ever built, 
steamed through the Straits of Gibral
tar on her way to join the Sixth Fleet, 
she failed to identify herself to the 
British Station at Gibraltar-a breach 
of naval etiquette. Semaphore flags 

flew and she received this message: 
"What ship?" 

The proud lady's reply: "What 
rock?" 

G G G 

A driver tucked this note under the 
windshield wiper of his automobile: 
"I've circled this block for 20 minutes. 
I'm late for an appointment and if I 
don't park here I'll lose my job. For
give us our trespasses." 

When he came back he found a 
parking ticket and this note: <Tve 
circled this block for 20 years and if 
I don't do this I'll lose my job. Lead 
us not into temptation." 

G G 0 

"Oh, doctor," the young lady asked, 
"will the scar show?" 

"That, madam," said the doctor, "is 
entirely up to you." 

G '* G 

He: "Do you know the difference 
between being good and being bad?" 

She: "What's the difference?" 
He: "That's what I say. What's the 

difference?" 

Marcella: "You've been stenograph
er for nearly all the big shots in this 
department, haven't you?" 

Beverly: "Yes, I'm just about on my 
last lap now." 

"I can't think of anything but 
dames," said Profumo broadmindedly. 

G 0 G 

"We will bury you," said Nikita 
Khrushchev gravely. 

G G G 

The old lady bent over the car
riage: "Oooooo, you sweet little thing. 
I could eat you." 

"The hell you could. You haven't 
got any teeth." 

The moon was yellow, the lane was 
bright, as she turned to me in the 
night: And every gesture and every 
glance, gave hint that she craved ro
mance. I stammered, stuttered, and 
time went by-the moon was yellow 
and so was I. 

Mary had a little wolf. 
She fleeced him as white as snow. 

Sign over an electric chair: 
"You can be sure. It's vVesting

house." 
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ou never sto gro"'ing at ont 
Growth is a 160-year habit with us. Take sales. Since 1937 
they've increased 750%-to $2.4 billion in 1962. 

We spend more than $90 million a year in R&D. In fact, 
there are at least 200 new products under investigation at this 
writing and more being developed each day. 

What could DuPont's growth mean to you? Since we always 
fill important positions from within, it could mean fast advance
ment, new responsibilities, new horizons-growing financial and 
creative satisfaction. 

It could mean, too, more numerous and more varied oppor
tunities. The new DuPont engineer is likely to move from his 
original assignment to one or two others in the course of his 
first five years. This gives him a chance to "change jobs" right 
inside DuPont. 

In 1963, more than 700 new B.S. graduates planted their 
feet at DuPont. Perhaps you'd like to join us, too. Write today. 

BETTER THINGS FOR BETTER UVING ••• THROUGH CHEMISTRY 

An equal opportunity employer 

MINNESOTA TECHNOLOG 

TECHNICAL MEN WE'll NEED FROM THE ClASS OF '64 
Chemists 
Chemical Engineers 
Mechanical Engineers 
Electrical Engineers 

Industrial Engineers 
Civi I Engineers 
Physicists 
Metallurgists 

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

When I'm graduated, I'll be a _________ _ 
(List profession) 

Please send me more information about how I might fit 
in at Du Pont. 

Name, _________________________ ___ 

1 Class Major Degree expected ___ _ 
I 
: College, ____________________ _ 

I 
: My address. _______________________ _ 

I 
I City Zone State ____ _ 

L--------------------------------------~ 
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edited by JAMES McCARVILLE, ChE '64 

1) Write the number one ( 1) using three fives ( 5). 

2) Write zero ( 0) using three fives. 

3) Write the number 100 using the digits 1, 2, 3, 4, 5, 
6, 7, 8, 9, (each digit to be used once and only once) 
and the symbols "+" and "-" a total of three times 
only. 

4) If we move the digit which is at the extreme left of 
a number to the extreme right, the number remains 
unchanged. What is the number? 

5) Write the fraction 1~, using all the digits 1 through 9, 
by using only one division and no other computation. 
For instance, 1/9=6381/57429. In like manner, com
pute each 1/n where n is a single digit. 

, 
Sc ms 

COLLEGE MATHEMATICS 

TRIGONOMETRY 

CALCULUS 

DIFFERENTIAL EQUATIONS 

ABSTRACT ALGEBRA 

6) Using the binary number system, add 101,011,110,111 
and 10,000,110,011. 

7) Anderson, Barnes, Coleridge, Dickens, and Emerson, 
five EE freshmen are taking final exams and they are 
ranked after the exams in the above order. The stu
dents are taking ITM 24A, Phys. 13, Eng. Graphics, 
English Ic, and German. Marks are awarded as fol
lows: The students are scored on an honor point basis 
with the student who placed first scoring 5 points, the 
second student scoring 4 points, etc. The final plac
ings depend on the aggregate marks scored. 

Anderson, a good student, scores 24 points in all. 
Coleridge scores the same in each of four subjects. 
Emerson is top in English 1c and German. 

What mark does Barnes score in English 1c? 

8) The Daily made a specialty of cross words with one 
alternative solution for each of several letters so 
cunningly devised that the resulting words all seemed 
equally reasonable. In one contest, 1,287 solutions 
were submitted with three errors each. Curiously 
enough this number was exactly that which might be 
expected from the number of solutions submitted. 

How many solutions were submitted? 

Answers to the October and November Brain Teasers 
may be picked up in the Technolog office, Rm. 2 ME. 

tli es f 
COLLEGE ALGEBRA 

ANALYTIC GEOMETRY 

ADVANCED CALCULUS 

MATRICES 

STATISTICS 

VECTOR ANALYSIS 

COLLEGE PHYSICS COLLEGE CHEMISTRY 

DESCRIPTIVE GEOMETRY 

MACHINE DESIGN 

ENGINEERING MECHANICS 

STRENGTH OF MATERIALS 

FLUID MECHANICS & HYDRAULICS 

E EER'S B 
Main Engineering 

KST RE 

NOVEMBER, 1963 



This kind if chemical engineering 
is not as easy as it looks 

An outmoded stereotype should not 
scare a good Ch.E. off from a highly 
satisfactory career in marketing. We 
are proud to say that the job calls for 
more than a collection of shaggy dog 
stories plus a convincing manner of 
taking two more strokes than the 
customer on that dogleg 14th hole. 

Often a marketing career in our 
non-photographic operations starts 
out much like the traditional concept 
of chemical engineering, except that 
you work on the customers' production 
problems instead of our own. Then 
you get to meet a few live customers 
who come to see what you are up to. 
Maybe you are sent to a trade con
vention where you meet more than a 
few customers. To your amazement, 
they seem to regard you as a foun
tainhead of valuable technical infor-

mation in a given area. To your further 
amazement you realize it's true-they 
do badly need to know exactly what 
you are being paid to tell them and 
show them. (Willy Loman never had 
it so good.) By and by, you may do a 
tour of duty in one of our field sales 
offices, or even get into the advertising 
end. As another course, you may settle 
down into liaison with manufacturers 
of equipment that needs to be fed with 
our plastics, fibers, solvents, chemical 
intermediates, or fine chemicals. 

We define the chemical marketer as 
a chemical engineer who forges the 
most rational links between what we 
can most efficiently turn out and what 
other companies can most efficiently 
use. He is a hero of the chemical 
industry today. 

As for the chemical engineer of 

different personality bent who, early 
in his career, prefers to put down roots 
in one of the three communities where 
we manufacture-Rochester, N. Y., 
Kingsport, Tenn., Longview, Tex.-we 
need him too. And of course, diversi
fied as we are, we also need engineers 
of other than chemical persuasion, to 
say nothing of scholarly chemists and 
physicists to lay down good, solid 
foundations for all that engineering 
and creative salesmanship. 

EASTMAN KODAK COMPANY 
Business and Technical Personnel 
Department, Rochester 4, N.Y. 

An equal-opportunity employer 
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An Interview 
with G.E.'s 
l S. Smith, 

Vice President, 
Marketing and 

Public Relations 

Mr. Smith is a member of General 
Electric's Executive Office and is 
in charge of Marketing and Public 
Relations Services. Activities report
ing to Mr. Smith include marketing 
consultation, sales and distribution, 
marketing research, marketing per
sonnel development, and public rela
tions as well as General Electric's 
participation in the forthcoming 
New York World's Fair. In his 
career with the Company, he has 
had a wide variety of assignments 
in finance, relations, and marketing, 
and was General Manager of the 
Company's Outdoor Lighting De
partment prior to his present ap
pointment in 1961. 

for more information on a 
career in Technical Marketing, 
write General Electric Company, 
Section 699-08, Schenectady, 
New York 12305. 

COULD YOU OUT-THINK A COMPETITOR? 

onsider a areer 
echnical arketin 

li!l 

1n 
Q. Mr. Smith, I know engineering plays a role in the design and manufacture 
of General Electric products, but what place is there for em engineer in 
marketing? 

A. For certain exceptionally talented individuals, a career in technical market
ing offers extraordinary opportunity. You learn fast what the real needs of 
customers are, under actual industrial conditions. You are brought face-to-face 
with the economic realities of business. You participate in some of the most 
exciting strategic work in the world: planning how to out-engineer and out-sell 
competitors for a major installation. 

Q. Sounds exciting. But I've worked hard for my technical degree. I'm worried 
that if I go into marketing, I won't use it. 
A. Don't worry-you'll use all the engineering you've learned, and you'll go 
on learning for the rest of your life. In fact, you'll have to. You see, the basic 
purpose of business is to sense changing customer needs, and then marshal 
resources to meet them profitably. That means that you must learn to know 
each customer's operations and needs almost as well as he understands them 
himself. And with competitors trying their best to outdo you, believe me
every bit of knowledge and skill you've got wil1 be called into play. 

Q. Is that why you said you wanted "exceptionally talented people"? 

A. Technical marketing is not everybody's dish of tea. It takes great personal 
drive and energy, and a talent for managing the work of others in concert with 
your own. It takes flexibility ... imagination ... ingenuity •.. quick reflexes 
. . . leadership qualities. If you're nervous with people or upset by quick
changing situations, I don't think technical marketing's for you. But if you are 
excited by competition, like to help others solve technical problems, and enjoy 
seeing your technical work put to the test of real operation-then you may be 
one of the ambitious men we're looking for. 

Q. Now what, actually, does a man do in technical marketing? 

A. Let me describe a typical situation in General Electric. A field sales 
engineer is in regular contact with his customers. Let's say one of them makes 
an inquiry, or the sales engineer senses that the time is right for a proposition. 
With his field application engineer, he determines the basic equipment needed. 
Then he contacts the marketing sales specialist in the G-E department that 
manufactures that equipment. The sales specialist, working closely with his 
department's product engineers, specifies an exact design-realistic in function 
and cost. Then the sales engineer and his supporting team try to make the 
sale, changing and improving the proposition as they get cues from the competi
tive situation. If the sale is made-a very satisfying moment-then the installa
tion and service engineers install the equipment and are responsible for its 
operation and repair. With the exception of the product design engineers, all 
these people are in technical marketing. Exciting work, all of it. 

Q. In college we learn engineering theory. How do we get the sales and busi
ness knowledge you mentioned? 

A. At General Electric, a solid, well tested program of educational courses will 
quickly advance both your engineering knowledge and your sales capacities. 
But perhaps even more important, you'll be assigned to work with some of the 
crack sales engineers and application and installation men in the world, and 
that's no exaggeration. A man grows fast when he's on the sales firing line. As 
a FORTUNE writer once put it, the industrial sales engineer needs "that prime 
combination of technical savvy, tactical agility, and unruffled persuasiveness." 
Have you got what it takes? 699-0B 
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Because it is leading to new discoveries in physics, electric power and space travel. 
The little coil is made with a most remark
able wire. Cooled to 452°F below zero, it 
becomes a super-powerful magnet. 

In labs all over the country, scientists are 
using the Westinghouse super-magnet to 
explore ideas like generating electric power 

directly from a stream of hot gases; build
ing new kinds of atom smashers; develop
ing power systems for long-distance space 
travel and communications. 

The Westinghouse super-magnet oper
ates on less power than an ordinary light 

bulb. But it has twice the strength of an 
electro-magnet weighing 20 tons and us
ing 100,000 watts of electricity. 

That's why this little Westinghouse mag
net is a bargain at $4100. 

You can be sure ... if it's Westinghouse. 

For information on a career at Westinghouse, an equal opportunity employer, 
write to L. H. Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa. 



Research at R Laboratories 

Superconductive Computer Memory 
Pictured above is a radically new type of 

thin film superconductive array capable of 
storing 16,384 bits of data in an area smaller 
than a playing card. This array is a step toward 
a high-speed all electronic memory of hundreds 
of millions or billions of bits, which is a 
storage capacity now attainable only in slow 
electro mechanical devices. 

The structure becomes superconducting with 
its immersion in liquid helium; two pulses of 
positive or negative electric current are sent 
through the selection trees to a selected inter
section. Their combined effect at the chosen in
tersection produces a "normal" or non-super
conducting area in the tin layer directly beneath. 

When this occurs, a microscopic ring of 
electric current is induced and instantly trapped 
in the tin at this point. As the pulses cease, 
the area again becomes superconductive, and 
the stored current remains, moving in its micro
scopic circle in either a clockwise or counter
clockwise direction according to the positive 
or negative character of the pulses that induced 
it. In computer language, this stored current 
represents one bit of information-a "zero" 
or a "one," depending upon its direction. 

When the information is to be recalled by 
the computer, two pulses are again sent to 
the same intersection. If their polarity (positive 
or negative) is the same as that of the stored 
current, nothing happens. If it is opposite, the 
direction of the stored current will be reversed 
and a read out voltage will be induced in a 
simple box-like structure extending under the 
whole memory plane. The presence or absence 
of this signal is part of a code which is deci
phered electronically to obtain the desired 
information. 

Reference-L. L. Burns, Paper presented at the 
Fall Joint Computer Conference, Las Vegas, 
Nov.12-14, 1963 and published in the Proceed
ings of the Fall Joint Computer Conference. 

Sun-Pumped Continuous Laser 
Laser (optical-maser) action has been 

achieved in CaF2:Dy2+ at liquid neon tem
perature (27° K) using the sun as the pumping 
source. The minimum power required to obtain 
laser oscillations could be supplied with a 
10-inch-diameter condensing mirror. Laser 
action at liquid-nitrogen temperature is antici
pated using a 20-inch-diameter condensing 
mirror. 

Laser action in the CaF2:Dy2+ system was 
reported at 2.36 microns. The laser oscillation 
takes place in the sharp s~r ~ 5Is 4f- 4f 
transitions, and it is pumped in broad 4f- 5d 
absorption bands starting at 10,000 cm-1 and 
extending throughout the visible region of the 
spectrum. The low pulsed laser threshold, the 
long lifetime (10 msec for a 0.05 molar % 
DyH in CaF2) and the convenient location of 

the broad pumping bands of this system make 
it especially suitable for sun-pumped operation. 

The photograph shows the experimental 
arrangement. A l-inch long, ~-inch-by-Vs-inch 
cross-section CaF2: 0.05 M % DyH; laser 
crystal is placed in a dewar filled with liquid 
neon just outside the focal point of a 14-inch 
spherical mirror. The dewar was wrapped with 
aluminum foil except for the area of illumi
nation to insure better optical coupling. 

From the known values of the pulsed laser 
threshold at 27° K and at 78° K, we estimate 
that a 20-inch-diameter condensing mirror will 
be sufficient to operate the laser at liquid 
nitrogen temperature. Experiments using much 
larger mirrors are in progress to evaluate the 
high power output capabilities of the sun
pumped laser. 

Reference-Z. J. Kiss, H. R. Lewis, R. C. 
Duncan-Applied Physics Ltrs. 2, 93, 1963. 

To learn more about these research programs you are invited to meet our 
representative when he visits your university or write to the Administrator, 
Graduate Recruiting, RL 9, RCA Laboratories, Princeton, New Jersey. 
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Beam Plasma 
An experimental RCA tube which may open 

new communication and radar channels near 
the frequencies of infrared light is shown being 
prepared for test at RCA Laboratories. The 
device uses the interaction of an electron beam 
with a cesium plasma to amplify 23 Gc micro
wave power. 

The device consists, basically, of an electron 
gun, input and output helixes and a cesium 
plasma. The gun sends an electron beam 
through the input helix where the input signal 
impresses a space-charge wave on the beam. 
The beam then traverses a three centimeter 
length of plasma. The plasma is generated by 
a cesium Penning-type arc. The resonant fre
quency of the plasma electrons, which is pro
portional to the square root of the plasma 
density, is set equal to the signal frequency. 
Interaction occurs between the space-charge 
wave and the plasma oscillations which results 
in an amplification of the space-charge wave. 
In the above tube, power in the space-charge 
wave is amplified ten thousand times. The 

amplified signal is delivered to the load by the 
output helix as the beam passes through the 
helix. 

Reference-G. A. Swartz and L. S. Napoli, 
Proceedings of Conference on Wave Inter
action and Dynamic Non-linear Phenomena 
in Plasmas, Pennsylvania State University, 
February 1963. 

These are only a few of the recent 
reports by Members of the Tech
nical Staff of the David Sarnoff 
Research Center. Many scientific 
challenges await the advanced 
degree candidate in Physics, Elec
trical Engineering, Chemistry and 
Mathematics. 

An Equal Opportunity Employer 

The Most Trusted Name 
in Electronics 
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HOW WELL DO YOU KNOW SANDIA? 
0 Sandia is a prime contractor of the Atomic Energy Com
mission with laboratories in Albuquerque, New Mexico, 
and Livermore, California. 

• Sandia is engaged in research and development on 
ordnance phases of nuclear weapon design. 

0 Sandia scientists and engineers are doing related work 
in fields such as solid state physics, plasma physics, mate
rials research, explosives technology, pulse phenomena, 
radiation damage, systems and component design, and test 
and development. 

e Our $140 million laboratory offers the latest in scientific 
equipment. 

e Sandia as a subsidiary of the Bell System draws upon the. 
technical and industrial know-how of Western Electric, the 
Bell Telephone Laboratories, and other organizations with
in the System. 

Albuquerque, New Mexico, a cultural center of 250,000, is 
sunny and dry with year-round recreational opportunities. 
The University of New Mexico is located here. 

Livermore, California, offers the unlimited advantages of 
living in the San Francisco Bay area. 

If you are graduating with outstanding scholastic achieve
ment in engineering or the physical sciences, the Sandia 
Corporation would like to arrange an interview. 

ALBUQUERQUE, NEW MEXICO 
L I V E R M 0 R E, C A L I F 0 R N I A 

lll!lll!!lliB!IIiB!IIIIi!i!ilii!ll!l!lllli!i!IIIIIIIII!!IIThe Sandia representative will be on campus Jan. 21, 22, 23, 24.1111!!1111111!11iB--~~~~~~~-
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COVER: Lawrence M. Timmons, on the left, the author of the article on page ten (Supersonic 
Parachute Design) is shown with Darrel F. Caleman operating the water flow analogy table 
in the Aeronautical Engineering research labs. This piece of equipment provides a simple, 
graphic means of viewing complex air flow patterns. 
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Result: Allegro, an ... experime.nt: in ad.;lu1ced automotive ideas 

that are practical for the near future 

Allegro means "brisk and lively," which certainly 
describes Ford Motor Company's new dream car, 
a handsome fastback coupe. More than that, Allegro 
has unique functional features that could be adapted 
for future production cars. (This has already occurred 
in the case of retractable seat belts!) 

A major innovation is a cantilever-arm steering 
wheel with an electronic "memory." The steering 
wheel is mounted on an arm that extends from a 
center-mounted column. The wheel swings upward 
for easy exit, returns automatically to its former 
position at the touch of a button. Power adjustment 
enables it to be moved three inches fore and aft and 
five inches vertically. This, plus power-adjustable 

foot pedals, permits use of a fixed seat design for 
low overall height. 

Basically a two-seater in present form, Allegro has 
rear floor space that could be converted to carry 
two additional passengers. The car could be powered 
by either a V-4 made by Ford of Germany or by the 
domestic 144- or 170-cubic-inch Sixes. 

Allegro is one of a series of Ford-built dream cars 
which will be shown at the New York World's Fair 
to test consumer reaction to styling and mechani
cal innovations. This will help determine which of 
their forward-looking features are destined for the 
American Road-as further examples of Ford Motor 
Company's leadership in styling and engineering. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGUNEERUNG LEADERSHIP BRSNGS YOU BETTER-BURL T CARS 
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The hole of the Doughnut 

In October we urged you to join an organization, but to do so only if you had an interest 
and desire to participate. However, a little more thought brings to light the other side of the 
doughnut. Maybe it is not "Student Apathy" that is hindering the various social and technical 
organizations in IT. Maybe, and some careful thought is needed here, some of these groups are 
the source of their own problems. 

Has it ever occurred to the members of these organizations that the reason people are not 
flocking to their doors with money and membenhip forms is that the prospective members have 
taken a close look and decided that there is no reason for them to join. If you, as a group 
president or officer, were asked what your group did that made it an organization worth 
joining, what would you say? Would you quote a few fancy, idealistic phrases from the group 
constitution, throw in a little arm waving, and finish by handing the man an application 
form? Or would you be able to proudly list a few accomplishments of your group and 
convince the man on the basis of present and past projects that this is the organization to be
long to. 

Perhaps two examples of what we mean would clarify the point. Consider the Technolog 
Board, "the owners" of the Technolog. We have not seen hide nor hair of any member since the 
annual banquet last spring when the food and honor keys were free, and fancy phrases were 
plentifuL 

Another example is the Tech Commission, "a federation which enables the students of the 
various departments to act as a unit on all matters of general interest." Do you know what the 
general interest was last year? It consisted of putting up a book rack (yes a book rack) in the 
men's room in the Main Engineering building and placing ash trays and waste baskets in the 
Main Engineering study hall. What an impressive list of accomplishments. Sure makes you 
want to join, doesn't it. 

We feel that it is about time a few groups, and not just those mentioned, set aside a few 
minutes to run a self evaluation. With this in mind, we suggest the following questions: 

1. What are the goals of my organization? 
2. Is this the best available organization to accomplish these goals? 
3. Are these goals worth accomplishing? 
4. How might I improve my organization? 

It would seem that the lack of student participation in a given organization might be some 
indication of the organization's value to'the student. 

WJC, PCH 

MINNESOTA TECHNOLOG 5 
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Harlan Baxter is with Olin's Chemi
cals Division, developing commercial 
applications for the new wonder-fuel, 
hydrazine. 

(We're working on new products that 
would make an alchemist scoff in 
disbelief.) 

Jerry Shay was recently promoted to 
Technical Advisor in Olin's Metals 

n dt f' ? • ss 

Division. Supervisorin 
(We're moving so rapidly, we haven't (Research gets a .&~~··,··J 

had time to master the art of red tape.) research people, a healthy '-'AJLUJ.cu;c;., 

Jim Silver is designing ammuni- Right now, Olin is looking for 
tion processing machinery for Olin's class of the Class of '64. For complete 
Winchester-Western Division. information, the man to contact is 

(Oneof6diversifieddivisions e Monte H. Jacoby, College 
in 6 major growth industries.) I Relations Officer, Olin, 460 

Richard Seiler is a Research Park Ave., New York 22, N.Y. 
"An Equal Opportunity Employer'' 
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How do you guide a manned, maneuverable re-entry vehicle 
to a routine landing ... from 200 miles up, 10,000 miles out? 

What are the basic system requirements, the operational con
cepts of a Recovery Control Center? What limits and tolerances 
will exist for each stage of the recovery process (re-entry, hyper
sonic flight, terminal approach, etc.)? What are the flight param
eters, the human factors? What is needed in the way of vehicle 
energy management, ground guidance, range instrumentation, 
data processing, data handling, display, communications, tra
jectory analysis, information flow analysis? 

These are typical of the problems challenging young engineers 
and scientists at Raytheon in an exciting variety of advanced 
projects. ForEE's, math, and physics majors- in all the varied 
fields of engineering and science - Raytheon offers unlimited 
opportunity for growth and continuous advancement. 

Personal career development is encouraged by a wide variety 

MINNESOTA TECHNOLOG 

of educational assistance ... seminars, special courses to meet 
individual needs, and work-study programs leading to advanced 
degrees from renowned universities are all available. 

you may well qualify for one of the exciting, s~reer-building 
projects underway at Raytheon. Originality, ima_gination, and 
high technical competence are your tools - the rewards are 
prompt and appropriate for success. 

For detailed information, arrange an on-camp_1;1s interview 
through your placement director or write G. W. Lewis, Manager 
of College Relations, Raytheon Company, Executive Offices, 
Lexington, Mass. 02173. An Equal Opportunity Employer. 

Raytheon offers opportunities for BS, MS, and 
Ph.D. levels In Solid State I Microwave Electronics I 
Infrared I Lasers I Commu.micath:ms & Data Processing I Radar 
I Missile Systems I Sonar I Electron Tube Technology I 
Underwater Technology 
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In Choosing a Career, 
Consider these 
Advantages-

Location: Fisher is basically an "Engineering" 
company with 1,500 employees located in a 
pleasant midwest community of 22,000. 
It's less than 10 minutes to the Fisher plant 
from any home in Marshalltown. 

Type of work: You'll become a member of 
an engineering team that has produced some 
of the outstanding developments in the field 
of automatic pressure and liquid level controls. 

Growth: Fisher's products are key elements 
in automation which assures the company's 
growth because of the rapid expansion of 
automation in virtually every industry. 

Advancement: Your opportunity is 
unlimited. It is company policy to promote 
from within; and most Fisher department 
heads are engineers. 

If you want to begin your engineering career 
with one of the nation's foremost research and 
development departments in the control of 
fluids, consult your placement office or write 
directly to Mr. John Mullen, Personnel Director, 
FISHER GOVERNOR COMPANY, Marshalltown, la. 

If it flows through pipe 
anywhere in the world 
chances are it's controlled by ..• 
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Engines of the future ... engines of today. Low compression 
engines ... high compression engines. Air-cooled engines ... 
water-cooled engines. Four, six and eight cylinder engines. 
And all he has to do is figure out which gasolines we should 
produce to make them all happy. 

One of the key scientists in American Oil's Road Anti
knock Quality Program is Charles Karabell, 31, B.S., 
Chemical Engineering, PhD, Mechanical Engineering from 
Purdue University. To say that his job of establishing and 
predicting fuel characteristics for today's and tomorrow's 
automobile engines is a challenge, is a vast understatement. 

If you're thinking about a career with a future, think 
about us. American Oil offers a wide range of new research 
opportunities for: Engineers-chemical, mechanical, and 
metallurgical; Chemists-analytical, electrochemical, phys
ical, and organic; Masters in Business Administration with 
an engineering· (preferably chemical) or science background; 
Mathematicians; Physicists. 

For complete information about interesting careers 
in the Research and Development Department, write: 
J. H. Strange, American Oil Company, P. 0. Box 431, 
Whiting, Indiana. 

iN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS, LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS SISTER COMPANY, AMOCO 
CHEMICALS CORPORATION, ARE ENGAGED IN SUCH DIVERSIFIED RESEARCH AND DEVELOPMENT PROJECTS AS: Organic ions under electron impact/Radiation
induced reactions/Physiochemical nature of catalysts/Fuel cells/Novel separations by gas chromatography I Application of computers to complex 
technical problems/Synthesis and potential applications for aromatic acids/Combustion phenomena/Design and economics: new uses for present 
products, new products, new processes/Corrosion mechanisms/Development of new types of surface coatings. 

STANDARD Oil DIVISION AMERICAN OIL COMPANY 
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r n1 

Analogies often prove to be of use in the solution 
of engineering problems. Complex mechanical prob
lems, for example, are often simplified by applying the 
electro-mechanical analogy. In aerodynamics there are 
several analogies which may be applied to different 
problems. Perhaps one of the most useful of these is 
the hydraulic analogy to compressible gas flow. The fact 
that the equations governing the flow of a liquid with a 
free surface in a gravity field and the coiTesponding two
dimensional gas flow .· equations are similar was first 
presented in 1932 by Riabouchinsky. Since that time, 
the theoretical and experimental basis for the analogy 

. has been enlarged upon and refined by numerous 
people. By 1955 experimental work involving the hy
draulic analogy was being conducted in what was then 
the Aeronautical Engineering Department. Since then, 

r h t 

I n 
by LAWRENCE M. TIMMONS, Aero. '64 

the analogy has been applied, under the direction of 
Dr. H. G. Heinrich and S. K. Ibrahim, to basic research 
into the nature of flow fields about supersonic para
chutes of both conventional and unconventional design. 

The Analogy 

The similarity between the flow of shallow water 
and the flow of a compressible gas is almost beautiful 
in its simplicity. 

In the analogy the waves formed by disturbances in 
the water coiTespond to the shock waves formed by 
bodies moving at supersonic speeds in air. The equations 
of the analogy are such that the depth of the water is 

proportional to the density of the gas 

HYDRODYNAMICS 

CONTINUITY: 

GAS DYNAMICS 

CONTINUITY: 

which is being simulated-in this 
case, air. It follows then that when 
there is an appreciable decrease in 
the depth of water as it flows around 
an object) there would be an appre
ciable decrease in the density of air 
flowing around a similarly-shaped 

10 

D,~= D2V2 

'MOMENTl)M: 

ENERGY: 

v,'J. v.2 
2~ + D, + E, = 2~ + Da + Ez . 

FROUDE NO. 

v 
F=-

=vgr) 

MOMENTUM: 

MA~H NO 

TABLE 1. HYDRAULIC ANALOGY EQUATIONS 

body moving at a supersonic speed. 
The mathematical basis of the an

alogy may easily be seen from the 
formulation of the continuity, momen
tum and energy equations for flow 
across a simple hydraulic jump and 
a two-dimensional shock wave. Shown 
in Figure 1 is the nomenclature used 
in the equations which are presented 
in Table 1. 

From a comparison of the equa
tions it may be seen that an analogy 
exists if the depth is made propor
tional to the density of the gas, and 
the square root of the pressure. In 
addition, the gas law shows that the 
temperature .. ratio must be propor-

DECEMBER, 1963 



tional to the density ratio. In writing the equation, sev
eral assumptions were made which somewhat restrict 
the usefulness of the analogy. Strictly speaking, the 
analogy holds for a two-dimensional, frictionless gas 
having a ratio of specific heats equal to 2.0. Likewise, 
the hydraulic equations were written with several as
sumptions the most important of which were friction
less flow, negligible surface tension forces and small 
vertical accelerations. In general, however, the restric
tions are not too serious for the low supersonic speed 
range. 

Facilities 

In the Fluid Dynamics Laboratory of the Department 
of Aeronautics and Engineering Mechanics there are 
two Hydraulic Analogy facilities, a water tow channel 
and a water ·flow channel. In the water tow channel 
the model is towed at constant velocity through a 
thin (approximately ~4 inch) layer of water. This could 
be thought of as the counterpart of testing on a 
rocket sled. The second facility makes use of a sta
tionary model and circulating water. Figure 2 is a 
photograph of the water flow channel in operation with 
the flow going from upper left to the lower right por
tion of the photo. The apparatus on top of the table 
is a Schlieren system used to photograph the shock 
patterns around models. It may be rioted that the floor 
of the channel is ~~" plate glass which provides a 
smooth surface and makes possible photographing di
rectly through the water surface. 

The Hydraulic Analogy facilities in the Department 
of Aeronautics and Engineering Mechanics are used 
both for instructional purposes and as research facilities. 
For instructional purposes the analogy has its greatest 
value in visualizing the flow patterns around bodies 
moving at supersonic speeds. Such unseen things as 
shock waves and expansion fans are made clearly visible 
by associating them with the simple waves and depth 
changes around a model in the water channel. A few 
days spent "playing" with various 
models in the water channel can give 
the student a firm grasp of the physi
cal concepts of two-dimensional area
dynamics. Everything from Mach 
lines to detached shock waves may 
be easily demonstrated with a few 
simple models. 

When used in research, the Hy
draulic Analogy facilities not only 
give a general picture of the flow 
field around an object, but actual data 
may be obtained which aTe directly 
applicable to the actual flow problem. 

Under the diTection of DT. Hein
rich the water analogy has played 
a significant role in the development 
of a parachute configuration which 
operates successfully at Mach num
bers as high as 4.5. 

The data taken in analyzing a 
model in simulated supersonic flow Te
lates to the overall flow field. There 
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TWO DIMENSIONAL COM,PRESSION SHOCK 

Fig. I. Notation used in Hydraulic Analogy Equations. 

are four basic types of data taken in the water analogy 
experiments: 

I. Schlieren photos. 
2. Pressure distribution on the surface of models. 
3. Depth surveys of the flow field. 
4. Confetti photos. 

A Schlieren system is one in which the light is passed 
through a flow field and is refracted in such a way that 
what we see is the rate of change of the pressure 
gradient. A Schlieren photo of a 12° half-angle dia
mond, at a simulated Mach number of 2.0, is shown in 
Figure 3. The light portions in the photo are regions 
of constant pressure gradient. From the figure it may 
be noted that the shock pattern has the same form 
as predicted by thin airfoil theory for this profile and 
Mach number. 

Usually a photo such as this is used to calibrate the 
water flow channel. By measuring the angle which the 
shock wave makes with the freestream direction and 
knowing the deflection angle, the corresponding Mach 
number may be obtained from a set of shock tables 

Fig. 2. Water Flow Channel. 
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Fig. 3. Schlieren Photograph of 12° Diamond Airfoil at a Simulated 
Mach No. = 2.0. 

such as the NACA Report Number 1135. This method 
of calibration has been found to yield data which closely 
correspond to compressible gas theory. 

The second method of obtaining data by use of the 
water analogy is to measure the depth distribution on 
the surface of the model. The depth distribution can 
be converted into pressure coefficients which may be 
used in calculati()n of a drag coefficient for the body. 
To find the depth distribution, a water soluble dye is 
painted on the surface of . the model. When dry, the 
model is placed onto th~ table and the flow started. 
After a short run time, the flow is stopped and the 
line of dye which remains on the model reveals the 
level of water at each location. Readings are then made 
of the depths at each station on the model and convert
ed to density ratios. The corresponding density ratios 
for air are then found in the NACA 1135 Tables and 
the appropriate pressure ratios determined. Pressure 
ratios could be found directly from the square of the 
depth ratios, as the analogy indicates, but the agree-

Fig. 4. Lines of Constant Pressure in One Half of the Flow Field 
of a Supersonic Parachute, Model A. 

ment with air flow is reduced when found in this 
manner. 

Once the pressure ratios are determined for each 
station on the model, they are used to calculate pres
sure coefficients. Thus one can determine the Cp dis
tribution on a 12° half angle diamond airfoil at a sim
ulated Mach number equal to 2.0 and can compare it 
to the theoretical Cp distribution for air at a Mach num
ber equal to 2.0 ( NACA 1135). As expected the an-
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alogy yields values which are reasonably close to the 
actual value? for air. The greatest discrepancy lies in 
the regions around sharp corners. This is due to the 
fact that the pressure in a gas may change almost in
stantaneously ( shock wave) whereas it takes a finite 
length of time for the depth of water to change. 

A third technique used in obtaining data from the 
water analogy is the plotting of lines of constant pres
sure for the entire flow field. Since the pressure is pro
portional to the depth, lines of constant pressure form 
a "topographical map" of the flow field. Shown in 
Figure 4 is such a flow field survey superimposed on a 
Schlieren photo of the model. The model is an early 
configuration of a supersonic parachute. 

Fig. 5. Confetti in the Flow Field of a 12 o Diamond Airfoil. 

Plotting of the lines of constant pressure is a useful 
technique in visualizing the flow field, but it tells little 
about the direction of flow. To make the actual direc
tion of flow at each point visible, a method was bor
rowed from the Civil Engineers at the St. Anthony Hy
draulic Laboratory. They often make use of confetti 
(small pieces of paper) spread over the water surface 
to tell the direction and velocity of the flow at each 
point in their models of rivers and dams. Confetti was 
likewise used in the water flow channel to visualize the 
flow. Since the water is moving with a given velocity, 
a short time exposure will show the confetti as a streak. 
Shown in Figure 5 is a photo of confetti in the flow 
field around a 12° half-angle diamond airfoil. 

The simple diamond airfoil is used as an example 
many times because it is very easy to analyze and is a 
well-known problem. It should not be inferred that the 
analogy is limited to that shape. More complex shapes 
may be tested using the analogy as long as they do not 
violate the assumptions regarding the flow. By far the 
most easily violated assumption is the one concerning 
the vertical accelerations in the flow. It is this assump
tion which usually lilnits the usefulness of the analogy 
to Mach numbers below 3. 

The hydraulic analogy has proven to be of value both 
for instructional purposes and as a research method. 
By using the analogy as a first approxilnation, a test 
program on a great number of possible configurations 
can be made ·at a fraction of the cost and time of a 
single supersonic wind tunnel run. The limitations of 
the analogy must be kept in mind, however, so that the 
data obtained are recognized as an approximation only. 

[] 
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re you interested in a career in mana e ent? 
The key words are "career" and "management." 

The Bethlehem Loop Course is designed not to place a 
man in a job, but to start a man on a career. Although we 
have a specific initial job assignment in mind for every 
man we recruit for the Loop Course, that assignment is 
just the first step toward increasing levels of responsibility. 

The Bethlehem Loop Course is designed to train men for 
management. We select men whom we feel have the po
tential; we start them out with an intensive five weeks' 
course that gives them a comprehensive knowledge of the 
Company's operations; we follow this up with a training 
program at the facility or within the department to which 
he is first assigned. A steel plant man, for instance, will 

E L 
An equal opportunity employer 
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be given general plant training for a number of weeks; a 
sales looper trains for a full year before he starts actual 
selling. 

Think it over. It should be abundantly clear that we 
have a big stake in our loopers. We do everything in our 
power to assure that you make good progress-the rest 
is up to you. 

If you are interested in a career in management with 
one of the nation's largest and most dynamic industrial 
concerns, we urge you to read our booklet, "Careers with 
Bethlehem Steel and the Loop Course." You can get a 
copy at your Placement Office, or by sending a postcard 
to our Personnel Division, Bethlehem, Pa. 

EEL 
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During fine weather conditions, that is, when the sky 
is clear, a persistent vertical potential gradient and cur
rent exists at the earth's surface. The direction of the 
potential gradient implies that the earth carries a neg
ative charge on its surface and the upper layers of the 
atmosphere carry a positive charge. The magnitudes of 
the quantities involved are such that the average poten
tial gradient is 125 volts/meter and the average charge 
density is 10-9 coulombs:jmeter.2 This leads to a total 
negative charge on the earth of about 500,000 coulombs .. 

The fact that a current is measured indicates that air 
is not a perfect insulator, but that it has an electrical 
conductivity due to the presence of ions in the atmos
phere. Atmospheric ions are of two types; one type is 
a small fast ion which is an ionized molecule and the 
other type is a large, relatively slow ion formed by the 
capture of a small ion by some atmospheric impurity 
such as dust, salt, or very small drops of water. Small 
ions are produced by cosmic radiation and by radiation 
from radioactive substances in the earth and atmosphere. 
Both types of ions usually carry one fundamental unit 
of charge. 

The atmosphere is assumed to obey Ohm's law and 
consequently the current density, that is the current per 
unit area, can be written as 

j = cE 

where j is the current density, c is the conductivity of 
the air, and E is the electric field strength (the negative 
of the potential gradient). The conduction current den
sity is equal to the product of the number of ions, n, 
per liter of air, the charge on each ion (assumed to be 
e), and the velocity, v, with which the ion moves. The 
ability of an ion to move under the influence of an elec
tric field is represent~ by its mobility, k. Mobility is 
defined as the velocity with which an ion moves in a unit 
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electric field and has the units m2 /volt-sec. 
These ideas allow the conductivity to be written as 

c = j/E = nek. 

showing its dependence on the numbers and mobilities 
of ions present. 

PoTENTIAl... OtFFE.RENGE 
........, 4x 10'3 VoL-T~ 

The fair weather current which flows between the earth 
and the ionosphere. This current is due to the motion of 
atmospheric ions. 

Measurements which give current density at various 
heights above the ground show that it remains constant 
with increasing height. The constancy of the current 
density with increasing height suggests that its origin is 
the potential difference between the earth and the upper 
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by FRANCES J. ANDERSON, Grad. 

layers of the atmosphere. The resistance of the upper 
part of the atmosphere ( 15-30 km.) is dependent mainly 
on the cosmic radiation and is quite constant. This re
sistance is low enough that for purposes of atmospheric 
electricity the upper layer can be considered to be an 
equipotential surface. In the air within two kilometers 
of the earth the conductivity (and therefore the resis
tance) depends on the amount of radioactive matter pres
ent, geographic conditions, and atmospheric pollution 
and therefore may vary considerably. The resistivity of 
air below 100 meters is found to be about 8 x 1017 

ohm/m. This means that the total resistance of a column 
of air 100 meters high and having an area of one square 
meter would be 8 x 1019 ohms. The resistance of a 
column of air 18 km. high having an area of one square 
meter has been found to have a value of 1021 ohms. 

The total resistance of the atmosphere could be con
sidered as the series combination of the resistance of 
all of the layers. Consequently, doubling the conductiv
ity of the air in the first 100 meters above the earth, 
which would correspond to cutting the resistance in 
half, would have little effect on the current since . 1019 

ohms is small compared to 1021 ohms. However, the 
electric field would double because the current density 
remains constant. 

During fine weather the conduction current over the 
earth remains approximately constant, although the elec
tric field and the conductivity may change by factors of 
two or more. These variations are dependent on the 
number and kind of ions present in the atmosphere, and 
in general the electric field is a maximum when the 
atmospheric pollution by industrial wastes is a max
imum. This result is to be expected, for in these cases 
the number of large immobile particles available to 
capture small ions is large, thus making the conductivity 
low and the electric field high. An annual variation is 
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observed over land in both hemispheres which is at
tributed to different amounts of convective mixing in 
winter and summer. Thus the electric field shows a 
maximum in local winter and a minimum in local 
summer. 

Over the oceans the number and kind of ions present 
are controlled mainly by cosmic radiation and there is 
little or no variation with locality. Any variations in the 
conductivity or electric field observed over the ocean 
are thus considered to have a real significance. It has 
been found that there is a diurnal (daily) variation in 
the earth's electric field with maxima and minima which 
occur at the same moment over all parts of the earth. 
The maximum occurs at about 1800 GMT (Greenwich 
Mean Time) which corresponds to 1200 CST. Although 
the magnitudes of the maxima and minima are not large 
enough to be seen through the daily variations of the 
earth's field at land stations, these diurnal variations 
occuring at the same instant over all of the earth's 
oceans are assumed to be of fundamental importance. 
Any theory of the origin and maintenance of this po
tential difference must explain this diurnal variation. 

Foul Weather Currents 
Up to now, all the fields and currents have been de

scribed for fine weather conditions. In this case the 
field is directed downwards from the positively charged 
upper atmosphere to the negatively charged earth. This 
direction is defined as the positive field direction of the 
atmosphere. One might wonder how the fields and 
currents are affected by disturbed weather such as rain 
or snow. 

During light or steady rain from stratus type clouds, 
the field generally becomes negative indicating that 
there is negative charge in the lowest parts of the 
clouds. During thunderstorms, extremely high electric 
fields are observed which may reach field strengths of 
10,000-20,000 volts/meter. The sign of the fields depends 
upon the position of the observer with respect to the 
clouds, but negative fields predominate for observers 
near the thunderclouds. Both the magnitude and sign 
of the field fluctuate considerably if the storm is pro
ducing lightning. Electric fields equally as large as 
those observed in thunderstorms are also observed in 
heavy rainstorms which do not produce lightning. In 
general, rain itself carries a positive charge. In heavy 
thunderstorms the charge per cc of rain may average 
1 to 1.3 x 10-9 coulombs. Snowstorms usually produce 
a large positive field which in a heavy snowstorm may 
be as large as 10,000 volts/meter. Snow generally car
ries a negative charge to earth. 

In the presence of the strong electric fields encoun
tered under disturbed weather conditions, charge may be 
transported by another mechanism. This phenomenon, 
known as point or corona discharge, occurs when a 
pointed conductor is placed in a sufficiently strong elec
tric field. Point discharge consists of streams of ions 
carrying the same charge as is on the point. The fields 
in thunderstorms and rainstorms are so strong that the 
pointed conductor need not be very pointed and hence 
point discharge occurs from trees, tall buildings and 
even blades of grass. The curious phenomenon known 
as St. Elmo's fire is visible point discharge from ship's 
masts or mountains. Measurements show that point dis
charge currents carry an excess of positive charge up-
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wards. This result is to be expected because most of 
the strong fields observed are the negative fields directly 
below the cloud which are produced during disturbed 
weather and consequently makes this region of the 
earth's surface carry an induced positive charge. 

Atmospheric Charge 
At this point let us stop and consider what we have 

learned about the properties of the atmosphere. The 
negatively charged earth and the positively charged 
upper atmosphere can be said to form two plates of 
a spherical condenser with the lower air as tl1e dielectric. 
The average charge density on earth is 9 x 10-10 cou
lombs/m2. However, air is a conductor of electricity with 
an average current density of 2 x 10-12 amp/m2 (total 
cl.llTent over the earth is 1000 amps) so that the spher
ical condenser has a leakage current. A condenser with 
the charge density of the earth and the leakage current 
given above would be discharged in 4.5 x 102 sec. Be
sides this leakage current the net charge transfeiTed by 
precipitation produces a current in the same direction 
whose net magnitude is about 400 amps over the entire 
earth. Therefore there is a total current of 1400 amps 
trying to neutralize the earth's negative charge of 500,000 
coulombs. 

However, as has already been pointed out several 
times, the earth's conduction current remains almost 
constant. This implies the existence of some mechanism 

Maintenance of the earth's charge. The earth loses elec
trons through the fairweather current and precipitation and 
gains electrons from lightning and point discharge. The 
arrows show the direction of electron travel. 

which is constantly replenishing the earth's charge. C. 
T. R. Wilson suggested in 1922 that regions of disturbed 
weather might supply a replenishment mechanism since 
under rain and thunderstorms there are usually negative 
fields. There are two processes which would operate 
under such conditions and carry negative charge to the 
earth. One such process is the loss of positive charge 
from the earth by point discharge during disturbed 
weather. 
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The other mechanism of replenishing the earth's nega
tive charge is the lightning stroke. Although thunder
storms at any one point are relatively rare, there are 
about 1800 thunderstorms occuring over the earth at 
any one instant, producing 100 flashes of lightning per 
second. The charge transferred by a lightning stroke is 
on the order of 30 coulombs and is generally negative. 
If it is assumed that one stroke in four strikes the earth 
and that all the charge is transferred to the earth, then 
lightning accounts for a replenishment current of about 
500 amps. 

If thunderstorms are the charge replenishment mech
anism as Wilson suggested, then the overall picture of 
the electrical structure of the atmosphere is in agree
ment with our previous discussion where we found the 
negatively charged earth and the positively charged up
per layers of the atmosphere creating a fair weather 
electric field. In addition to the conduction current due 
to the atmospheric ions and precipitation conducting 
negative charge away from the earth there are thunder
storms replenishing the charge by constantly causing 
negative charge to be conducted towards the earth. The 
positive charge in tl1e upper layers would then be due 
to the fact, which will be discussed later, that thunder
storms actually separate charge so that negative charge 
is transferred to earth and positive charge is trans
ferred to the highly conducting upper layers. Because 
the earth and the upper atmosphere are good conduc
tors, opposite charges placed at any location on them is 
quickly spread over the whole surface. Therefore, any 
variation in the thunderstorm activity is seen as a varia
tion in the potential difference, and the fair weather 
electric field, over the entire earth at the same instant. 

Measurements of the replenishment currents due to 
point discharge and lightning indicate that these cur
rents are of the right order of magnitude to maintain 
the earth's charge. A good test of this theory is the 
diurnal va1iation in the elech·ic field over the whole 
earth which was observed over the oceans as mentioned 
before. Since both point discharge and lightning occur 
under disturbed weather conditions and particula1·ly dur
ing thunderstorms, one would expect that there would 
be some correlation between diurnal variations in 
thunderstorm activity over the entire earth and the di
urnal variations in the potential gradient. This correla
tion does exist and in fact there is almost perfect agree
ment in both phase and magnitude between the diurnal 
variations in thunderstorm activity over the entire earth 
and in the fair weather electric field. The evidence dis
cussed above makes it very probable that the replenish
ment theory given by Wilson is correct. 

Charge Replenishers 
Since thunderstorms are the primary mechanism of 

the maintenance of the earth's potential gradient, the 
rest of this article is devoted to a discussion of their 
properties and causes. Thunderstorms are characterized 
by two main features, very strong updrafts sometimes 
reaching velocities of 65 mph and the usual existence of 
a freezing isotherm or layer in the cloud. The freezing 
layer exists in almost all thunderstorms observed and 
in all violent thunderstorms. Some thunderstorms have 

(Continued on Page 36) 
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Instant portable power ...... any time, any place 

In this battery-sparked new world of portable convenience, hand tools are driven by their own re
chargeable batteries ••• toys perform their tricks by remote control . . . a hearing aid with its 
button-size power cell can be slipped into the ear •. , cordless radios and television sets are lively 
companions in the home or outdoors ... missiles and satellites are guided through the vastness of 
space. J!;l- Developments like these have brought more than 350 types of EvEREADY batteries into 
use today, 73 years after Union Carbide produced the first commercial dry cell. Ever-longer service 
life with power to spare is opening the way for portable power sources, such as the new alkaline, 
nickel cadmium, and silver batteries, to serve hundreds of new uses. J!;l- For the future, along with 
their research in batteries, the people of Union Carbide are working on new and unusual power 
systems, including fuel cells. And this is only one of the many fields in which they are meeting 
the growing needs of tomorrow's world. 

A HAND IN THINGS TO COME 

LooK for these other famous Union Carbide consumer products
LINDE Stars, PRESTONE anti-freeze and car care products, "6-12" Insect Repellent, DYNEL textile fibers. 

UnionCarbideCorporation,270 Park Ave., New York,N. ¥.10017. In Canada: Union Carbide Canada Limited, Toronto. 
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I 
by DR. E. P. NEY, Physics Prof. 

Since 1959 a group at the University of Minnesota 
has been engaged in experiments to study the solar 
corona and the zodiacal light. This work has been joint
ly sponsored by NASA and the Office of Naval Re
search. The first experiments were carried out in the 
Sahara Desert during the eclipse of October 2, 1959, 
and were motivated by a theory of the corona proposed 
by Professor Paul Kellogg and myself. vVe believed that 
one might see appreciable intensities of synchrotron 
radiation arising from electrons trapped in Van Allen
like radiation belts in the solar magnetic field. Previous 
experiments on the direction of polarization of the 
coronal light, principally by Vashehakidse in Russia, 
indicated large deviations of the polarization from the 
radial direction such as might be obtained if synchro
tron radiation from electrons were of importance. As 
a consequence, in 1959 we constructed infra red and 
visible television scanning systems which measured the 
intensity and polarization of the corona at approximate
ly a thousand raster points throughout the television 
pattern. Three pieces of equipment were built and 
placed roughly eight hundred miles apart in the Sahara 
Desert. The reason for the multiplicity of equipment 
was to guarantee that the chances of meteorological 
failure would be less than one per cent. In the desert 
it turned out that two of the three sites were clear and 
the measurements that were made constitute probably 
the most accurate measurements of absolute intensity 
and polarization of the solar corona. They showed that 
the polarization was accurately radial to within a de
gree and made it seem extremely unlikely that synchro
tron radiation from electrons is an important source of 
light in the solar corona. These experiments showed 
clearly, as earlier work had done, that the polarization 
drops very rapidly beyond two solar radii, indicating the 
presence of dust scattering along the line of sight due 
to the so-called «F Corona" of Allen and Van de Hulst. 
The «F Corona" is not really a corona at all but is a 
manifestation of the presence of the dust which is orbit
ing in the solar system. This dust is also presumed to 
be responsible for the zodiacal light and it has been a 
goal for some time to link the measurements of the 
inner corona with the measurements of the zodiacal 
light. The difficulty in closing the gap between the 
corona and zodiacal light may be appreciated when 
one realizes that in an eclipse viewed from the ground, 
the intensity of the solar corona becomes equal to the 
brightness of the scattered light from the sky at approxi
mately four solar radii. The zodiacal light, on the other 
hand, can only be observed when the evening or morn-
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ing twilight has receded to the point that the zodiacal 
light appears. This occurs with a solar depression of 
approximately twenty degrees and with the ecliptic 
vertical could correspond to an elongation of twenty 
degrees or approximately eighty solar radii. The gap 
could be closed in principle by photographing the zodi
acal light at smaller elongations or by photographing 
the solar corona at larger ones. In the eclipse of Febru
ary 4, 1962, we made balloon observations with cameras 
which photographed the zodiacal light when the shadow 
of the moon decreased the intensity of the horizon light 
during totality .. (See Sky and Telescope, May, 1962.) 

This experiment, however, showed that the technique of 
photographing the zodiacal light at smaller elongations 
in the presence of the earth's atmosphere leads to a 
negligible gain. With these very favorable conditions 
it was possible to measure zodiacal light at an elonga
tion of nineteen degrees before the twilight scattering 
from the eclipsed horizon made the measurements 
impossible. 

A much more feasible way of closing the gap is to 
photograph or measure the solar corona from high alti
tude during an eclipse where the sky brightness is much 
less than on the ground. This was first attempted by 
Blackwell from an airplane in the 1954 eclipse at an 
altitude of approximately thirty thousand feet. Black
well tried to measure the intensity of the corona to ap
proximately fifty solar radii in this experiment, but be
cause of the residual skylight at thirty thousand feet, 
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the intensity of the corona at forty solar radii was only 
two per cent of the brightness of the sky in which it 
was immersed. Accurate measurements in emulsion of 
such a small difference in brightness are essentially 
impossible. 

The Obiectives of the Expedition 

The University of Minnesota expedition to the eclinse 
of July 21, 1963, therefore, had two objectives. The 
first of these was to repeat the ground-based experi
ments on the inner corona using the television-scanning 
telescopes and the second was to fly balloon-borne tele
scopes at an altitude of a hundred and ten thousand 
feet to photograph the corona to the greatest possible 
elongations, both in color and in black and white. In 
addition, it was considered valuable to relate the sky 
brightness at sea level, forty-two thousand feet, and 
one hundred and ten thousand feet for the planning 
of future experiments. 

The ground-based equipment was placed at two sites 
separated by five hundred miles. One was in Canada 
near Sennetere, Quebec, where three colleagues and I 
watched totality through heavy clouds. The second site 
was at The Forks, Maine. At this site, although it had 
been cloudy up to the time of totality, a clear spot 
opened up just in time so that both visible and infra
red measurements of the polarization and intensity of 
the corona were successfully carried out. The data from 
the ground-based equipment in Maine have already been 
studied by Wayne Stein and Fred Gillett, Ph.D. students 
at Minnesota, and the conclusions regarding the radial 
nature of the polarization deduced from the experiments 
in 1959 are accurately confirmed by them. The group 
at The Forks, Maine, consisted of twelve people who 
manned the ground-based equipment and launched 
and prepared the telescopes which were flown on two 
balloons. The delicate operational program was orga
nized by Bill Huch. The balloons were launched in 
such a way and at such a place as to be floating at 
ceiling in the path of totality at the balloon altitudes. 
The launching site was Hogan Airfield at North New 
Portland, Maine. Each of the two balloons carried a 
total of eight telescopes, four uppers and four lowers. 
The upper telescopes had focal lengths of 189 mm and 
locked at a field of view of 7~4 degrees. The lower tele
scopes had focal lengths of 35 mm and a field of view 
of 38 degrees and were equipped with occulting bands 
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to remove the inner corona and the bright earth belO\v 
as sources of scattered light. The method of obtaining 
stopped pictures of the solar corona is the same as 
that devised by Bill Huch and used extensively in our 
balloon experiments on zodiacal light. It consists of ro
tating the telescope assembly at a constant angular 
velocity below the balloon and moving the film in the 
camera at such a rate that the image of a star or of the 
sun remains fixed in the same position on the film. 
One, therefore, gets a panoramic view of the sky through 
three hundred and sixty degrees of azimuth and an 
altitude range corresponding to the angular size of the 
telescope field. This technique as applied for zodiacal 
light flights results in an equivalent exposure of one 
minute but in the eclipse experiment in the upper cam
eras results in an exposure time of one second at f/6 
and in the lower cameras an exposure time of five sec
onds at f/2. Half of the cameras used Ansco color 
film type H 529 and the other half utilized Tri-x. The 
design and preparation of these many telescopes was 
carried out by Wayne Stein and Fred Gillett. Fifteen 
of the sixteen telescopes worked properly and each 
camera took at least one photograph of the solar corona. 
Many of these pictures look as steady as if the telescopes 
had been mounted on a solid base on the ground. 

An eclipse experiment in itself represents a formidable 
logistics problem. By introducing the additional ne
cessity of flying a balloon in such a way that it reaches 
the center line of totality with all the telescopes operat
ing compounds the difficulties enormously. The timing 

(Continued on Page 32) 

The initial stages of inflation of the balloon with the tr.ipods holding 
the telescopes in the background. The New York Times hanging from 
the top of the balloon serves the function of overturning the balloon 
after the load is released, removing it from the atmosphere as a hazard 
to air traffic. Photo by Joseph Zimbrolt. 
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Our world-recognized trademark-"the P&WA eagle"-has been 
identified with progress in flight propulsion for almost four decades, 
spanning the evolution of power from yesterday's reciprocating 
engines to today's rockets. Tomorrow will find that same Pratt & 
Whitney Aircraft eagle carrying men and equipment to the moon and 
to even more distant reaches of outer space. 

Engineering achievement of this magnitude is directly traceable to 
our conviction that basic and applied research is essential to healthy 
progress. Today's engineers at Pratt & Whitney Aircraft accept no 
limiting criteria. They are moving ahead in many directions to advance 
our programs in energy conversion for every environment. 

Our progress on current programs is exciting, for it anticipates the 
challenges of tomorrow. We are working, for example, in such areas 
as advanced gas turbines ... rocket engines ... fuel cells ... nuclear 
power-all opening up new avenues of exploration in every field of 
aerospace, marine and industrial power application. 

The breadth of Pratt & Whitney Aircraft programs requires virtually every tech
nical talent . .. requires ambitious young engineers and scientists who can con· 
tribute to our advances of the state of the art. Your degree? It can be a B.S., M.S. 
or Ph.D. in: MECHANICAL e AERONAUTICAL e ELECTRICAL e CHEMICAL and 
NUCLEAR ENGINEERING e PHYSICS e CHEMISTRY e METALLURGY e CE· 

RAMICS o MATHEMATICS e ENGINEERINGSCIENCEorAPPUED MECHANICS. 

Career boundaries with us can be further extended through a corpo· 
ration-financed Graduate Education Program. For further information 
regarding opportunities at Pratt & Whitney Aircraft, consult your col
lege placement officer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 
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tel'hit~ 
edited by SANDRA S. SMITH 

IEEE 
The Institute of Electronics and Electrical Engineers 

(IEEE) is a professional organization for the electrical 
engineer. The IEEE was founded to give the electrical 
engineer an awareness of his profession and its require
ments and responsibilities. It also acts as a base for all 
new technical material in the electrical engineering field. 
The recent merger of the Institute of Radio Engineers 
( IRE) and the American Institute of Electrical Engineers 
(AlEE) makes the IEEE the world's largest technical 
group. 

Your contribution to the profession of electrical engin
eering can begin right now. By joining the IEEE you 
secure for yourself not only the benefits offered by your 
student branch, but insurance that your professional 
development will continue after your formal schooling 
is over. Some of the student member privileges offered 
by the IEEE are: a free subscription to the Student 
Oum·terly, reduced prices for bimonthly technical pub
lications, student prize paper competition, opportunity to 

riangle 
Triangle is a national fraternity of engineers, archi

tects, and scientists. Founded at the University of Il
linois in 1907 by a small group of Civil Engineers, it has 
since grown to a stature of 21 chapters stretching from 
Cornell in New York State to UCLA. In its embryo 
stage Triangle existed strictly as a fraternity of Civil 
Engineers, but broadened quickly to include all of the 
engineering fields, and in 1921 brought in the closely 
related field of architecture. The Fraternity then re
tained this status until as recently as 1962 when, by 
unanimous consent of all the chapters, it was agreed 
to incorporate the fields of physics, chemistry, and 
mathematics, and the related sciences so that at the 
present time, Triangle holds the distinction of being the 

22 

iet~ e 

become a student branch officer, free registration at gen
eral and district meetings, and an IEEE membership 
card and pin. 

Our student branch at Minnesota is directed by the 
students through the executive committee to promote 
the technical ideas and interests of the IEEE. This 
year we are looking forward to compelling talks by high
ly qualified men in industry on topics such as "What 
Does Industry Expect of Engineering Graduates," "Tech
niques of Employment Interviews," and "Masers and 
Lasers." Also, events such as field trips to local indus
tries-Honeywell, IBM, and Rosemount-are being con
sidered. Our meetings, held monthly, normally consist 
of a short business meeting followed by a talk and/ or a 
movie. 

Any student enrolled in the electrical engineering cur
riculum is eligible to become a student member. You 
may join now by contacting our very able advisor, Prof. 
Albertson, by contacting a member of the executive com
mittee, or by attending one of our monthly meetings. 
Join now and become a part of your profession. 

only Professional Fraternity on the U. of M. campus 
allowed to pledge its members from any part of the 
Institute of Technology. 

You know what Triangle is, now you may wonder 
what does it do? Since its installation at the University 
of Minnesota in 1922, the Minnesota Chapter of Triangle 
has established and maintained a chapter house on cam
pus, offering to the student of I.T. a chance for mem
bership in a brotherhood of men all similarly oriented 
and striving for the same goals, where friendship and 
the advancement of professional interests will thrive. In 
addition, to keep the engineer physically fit while at 
school we participate actively in intramural sports: 
football (Class B Professional Fraternity champions, 
1962 and 1963), basketball, volleyball, and slow-pitch 
softball. We play for the fun of playing; championships 
are secondary. To be sure that the engineer-in-making 
remains of sound mind we have an all-fraternity party 
once a month. Of course, in the Spring there is E-Day, 
when all Triangles work for the glory of the Minnesota 
engineer and present our candidate for Queen Colleen 
(who is picked during our annual queen contest, Winter 
quarter). 

Why do we do all of this? We at Triangle believe in 
mental awareness: that reading a text book and push
ing a slide rule is not a complete life. We believe you 
need some kind of outside interest and some form of 
social contact with the University also. But since we 
are here to go to school first, Triangle is a fraternity of 
students-students in I.T., studying the same subjects; 
students who must have time to study most of the week. 
vVe think it works out vmy well. If you want to find 
out more about us, stop by any Monday night for dinner 
at 6:00 P.M. Our address is 521-12th Avenue S.E.; our 
telephone number-FE. 1-7969. 
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John La ost 

e has it at 
John LaCost received his B.S.E.E. from the University 
of Illinois in 1962. One of the factors which influenced 
him to join Western Electric was the quick manner in 
which new engineers become operational. 

During the short time John has been with us, he 
has worked in several areas which are vital to the 
nation's communications complex. And with his future 
development in mind, John attended one of our Grad
uate Engineer Training Centers where he studied the 
front-line Electronic Switching System. He is current
ly working as a systems equipment engineer on such 
projects as crossbar switching and line link pulsing. 

John's future at Western Electric looks promising 
indeed. He knows he will be working with revolutionary 
and advanced engineering concepts like electronic 
switching, thin film circuitry, computer-controlled 

art in scientific pr gress 

stern lectric 
production lines and microwave systems. He is also 
aware of the continued opportunity for advanced study 
through the company-paid Tuition Refund Plan, as 
well as through company training centers. 

How do you see your future? If you have high per
sonal standards and the qualifications we are looking 
for, we should talk. Opportunities for fast-moving 
careers exist now, not only for electrical, mechanical 
and industrial engineers, but 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 
Officer. Or write: Western Electric Company, Room 
6405, 222 Broadway, New York 38, N. Y. And be sure 
to arrange for a personal interview when the Bell Sys
tem 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 • Operating centers in many of these same cities plus 36 others throughout the U. S. • Engineering Research 
Center, Princeton, New Jersey • Teletype Corporation, Skol1ie, Illinois, Little Rock, Arkansas • General headquarters, 195 Broadway, New York 7, New York 
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Sixty-three years ago Sir Ernest 
Shackleton, the famed polar ex
plorer, placed this ad in London 
newspapers. The response was 
amazing. And the men who an
swered were special. 

There are men like them today 
at Honeywell . . . and we'd like 
more of them. They're men who 
feel obligated to answer a chal
lenge. They're motivated by the 
overwhelming urge to be FIRST 
in their field. And, they're willing 
to work hard for that distinction. 
Unlike Sir Shackleton's volun
teers, however, they're well paid 
for their outstanding performance. 

Some of them work on complex 
control systems for the Apollo 
Command and Service Modules, 
Gemini and others. (Honeywell 
has supplied control systems for 
virtually all U.S. manned space 
shots.) These engineers will pro
vide guidance for hazardous jour
neys in the years ahead. 

Some work on weapons systems. 
Others design computers that 
create shortcuts and quicker an
swers to technical questions. Still 
others design or market the mod-
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HONEYWELL WANTS THE KIND OF 

MAN WHO ANSWERED THIS AD 

ern systems that control environ
ment and equipment in industrial 
plants, office buildings, schools, 
homes and hospitals. 

Why they stay at Honeywell •.. 
and why we think you will, too. 
Honeywell has one of the lowest 
professional turnover rates in the 
industry . . . less than half the 
national average. There are good 
reasons for it. 

Start with growth ••. Honeywell 
has grown steadily since 1885-
now employs 4 7, 700 people in 46 
plants throughout the U.S. and 
foreign countries. We offer the 
stability and variety that go along 
with a broad-based company. 
There's always a chance for change 
and new challenges here. 

Merit Pay and Promotions ••• 
Good men like to set their own 
pace, and we like it that way. We 
pay and promote to recognize 
individual performance and prog
ress. We'll push you along as fast 
as you can handle the work. 

Tuition Aid ... Honeywell men can 
get advanced degrees at company 
expense. Greater knowledge will 

help both of us become "first in 
the field.'' 

Finally, Professional Freedom .•• 
At Honeywell, you're on your own. 
Tough competition replaces the 
confining supervision you find in 
many companies. You'll work with 
real pro's ... men who recognize 
and respect good work. You'll 
work in a climate of true scien
tific professionalism. 

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 informa
tion on Honeywell products, 
plants and office locations. 

We'd like to learn more about 
you on our next visit to cam
pus. Check the date. Or, write to 
Mr. H. P. Eckstrom, Corporate 
Director of Employment, 
Minneapolis 8, Minnesota. 

FIRST IN CONTROL 

II 
An equal opportunity employer. 
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Spotlight on 

Local Industry 

E 

Minneapolis-Honeywell Regulator Company, with 
nearly 17,000 Twin Cities employees, is Minnesota's 
largest private employer. Altogether, Honeywell em
ploys about 48,000 people. From the Minneapolis home 
office, the enterprise has grown to include factories in 
seventeen American cities and six foreign countries, 
almost two hundred sales and service offices throughout 
the world, subsidiaries in fifteen foreign countries and 
disnibutors in forty-five others. 

Honeywell started out as the Consolidated Tempera
ture Control Company, formed to market the "damper 
flapper." Al Butz, a young Minneapolis inventor, devised 
the "damper flapper" seventy-eight years ago when he 
grew tired of running up and down stairs to adjust the 
damper on his furnace. This invention was the world's 
first automatic control system for home heating. 

In its early years, the company drifted close to bank
ruptcy until manufacturers were persuaded to design 
furnaces to make use of automatic controls. Later, the 
company name was changed to Minneapolis Heat Regu
lator Company, and, in 1927, a merger with Mark Hon
eywell's Heating Specialties Company of Wabash, Indi
ana, marked the beginning of the current organization. 
Sales presently exceed the $600 million per year level. 

For the purposes of administration and marketing, 
Honeywell is organized in four broad product groups, 
each with a corporate officer as operation head. The 
groups are military products, indusmal products, elec
tronic data processing, and temperature controls. 

Honeywell's Military Products Group is the nation's 
largest supplier of automatic Hight control systems. The 
first electronic automatic pilot was built by Honeywell 
back in the early days of World War II, and since that 
time the company has produced more electronic auto
matic pilots than any other company-40,000 to 50,000. 
Today Honeywell supplies control systems for every 
major space program, including Apollo, Gemini, Polaris, 
and Minuteman. The company is also a leading pro
ducer of precision gyroscopes for use in aircraft and 
missiles. Inertial guidance systems, low-altitude bomb
ing systems, tank gun-stabilizing equipment, missile 
arming devices and nose cones, fuses, and infra-red 
"seekers" are other products of the Military Products 
Division. 

The Industrial Products Group produces highly com
plex measuring, recording, and controlling instruments 
which are used widely in such processing industries as 
chemicals, steel, paper, and food. The trend is toward 
advanced multi-functioning systems that enable a great-

MINNESOTA TECHNOLOG 
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by JACQUIE E. LANDER, Math '65 

er number of operations within a given industrial activ
ity to be integrated under centralized control. New 
concepts in this field of centralized control are systems 
engineering, which involves the development of com
plete instrumentation and control systems, and indus
trial data handling, which is the technique of collec
ting data, automatically converting it to digital form 

The work-study students currently working for 
Honeywell are: Curtis Barseness, Stanley Borman, 
Thomas Canfield, William Edlund, Michael Koleh
mainen, and Michael Shackleton. 

and printing it out in the form of automatically-typed 
log sheets or tape recording. 

The Electronic Data Processing Division is one of 
the nation's largest makers of solid-state computers and 
related equipment for business, science, and govern
ment use. A full line of peripheral devices, including 
high-speed magnetic tape drives, optical symbol and 
character recognition units, data communications de
vices and high-speed printers, has also been developed. 

Temperature Control Group products range from 
thermostats to room-sized centralized control centers 
that provide pushbutton control over heating and air 
conditioning in wide areas of even the largest skyscraper. 
One example of a Honeywell temperature control device 
in operation is the system used to keep the cage of the 
Bronx Zoo's cobra at precisely 85° F.-:-his preference. 

(Continued on Page 27) 
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The manager of the supermarket 
was so touched by the hard luck story 
of the man with all the children and 
no job that he filled a cart of groceries 
and said: 

"These are on me; I hope they help." 
Misty-eyed, the man started out, but 

turned around. 
"Need something else?" the manager 

asked. 
"How about my stamps?," the man 

asked. 

A spinster rushed home excitedly 
and confided to her elder old-maid 
sister. 

"Oh, Eletha, I'm going out tonight 
with a used car salesman." 

"What's the difference?" her sister 
said, "so long as he's healthy." 

A slightly hilarious guest at a party 
embraced a strange woman by mis
take. He apologized, "Excuse me, 
madam, but I thought you were my 
wif " e. 

"You're a fine sort of husband for 
any woman to have, you stupid, 
drunken lout," the woman said angrily. 

"There you see?" exclaimed the 
tipsy one triumphantly. "You even talk 
like her." 

The young father-to-be, registering 
his wife in the maternity ward asked 
anxiously, "Darling, are you positive 
that you want to go through with 
this?" 

Definition of a Drive-in movie: 
Wall-to-wall carpeting. 

e e 4!11 

Little Boy: "We've got a new baby 
down at our house." 

Neighbor: "How nice. Did the stork 
bring him?" 

Little Boy: "No, he developed from 
a unicellular amoeba.'' 

First engineer to second engineer: 
<'You drive. You're too drunk to sing." 
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Two old friends drove up North for 
a weekend of fishing. While driving 
along a country road one night their 
car staiied and after a long walk they 
came to a lighted house in the woods. 

A comely woman answered their 
knock but informed them she was a 
widow and it would not be seemly if 
the two men stayed at her house over-
night. After long pleading, explaining 

.------------------,

1 

c they had no way of getting to town, 
she consented to put them up for the 
night. Quote of the Month 

Roxy: Skiing is even more fun than 
sex. 

Bill: How do you know? 
Roxy: (Blush) 

A little man was strolling down the 
street when suddenly he encountered 
a big guy with a huge bulldog. "Keep 
your dog away from my dog," shouted 
the little man. "I warn you!" 

The big guy snorted and said: 
"That's a laugh. What could a little 
yellow dog like that do to my big 
bulldog?" 

And bang! The fight started. Just 
when it looked as if the big bulldog 
would chew up the little yellow dog, 
the little dog opened its mouth and 
whammo! ... that was the end of the 
big bulldog. 

Well, naturally, the big guy was 
flabbergasted and he screamed at the 
little fellow: "Say, what kind of a dog 
do you call that?" 

"Well," said the little man, "before 
I cut off his tail and painted him yel
low, he was an alligator." 

lt ®lbt ]nkt nf )mtnntfr 

The snow was falling softly. Po
etically the young engineer spoke 
as he helped his girl into the car: 

"Winter draws on." 
Girl: "It's none of your business." 

He: "Why do the most important 
men on campus always get the pretti
est girls?" 

She: "Oh, you conceited thing you." 

"Did you hear about the wreck?" 
"No." 
"Yeah, four professors and one en

gineer were killed." 
"Poor fellow.'' 

Nine months later, one of the men 
got a legal notice. He called up his 
friend: 

"Say, Jack, remember that fishing 
trip we took several months ago and 
stayed with the widow when our car 
went on the blink?" 

Jack said he well remembered and 
suggested they take another trip since 
the last one was so enjoyable. 

"Well, Jack," the friend said. "After 
we went to sleep that night did you 
get up and go down stairs to visit the 
widow?" 

Jack replied that he couldn't sleep 
that night so he went down stairs 
where the widow offered him coffee, 
they talked, one thing led to another 
and an enjoyable time was had by all. 

"Well, Jack," the friend said, "did 
you use my name instead of yours?" 

"Well, to tell the truth I did," Jack 
said. "But there was no harm in that, 
was there? Anything happen?" 

<'Yes, Jack," the friend said. "She 
died last week and left me $50,000." 

e e e 

The Kinsey Report proves just one 
thing: women like to talk. 

e 4!11 e 

"So your husband is one of the big 
guns of industry." 

"Yes, he's been fired eight times." 
e 4!11 e 

Two sexy young starlets were sip
ping drinks in a Hollywood bar. 

"You remember that backless, front
less, sideless evening gown I wore to 
the sneak preview last week?" one 
asked. 

<Til say," the friend replied. "It was 
a sensation." 

"Well," the first said, "I just found 
out it's only a belt." 

Papa Robin: What's this strange 
looking egg doing in our nest? 

Mama Robin: Oh, I did it just for 
a lark. 

Now go back and read the rest 
of this magazine. 
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(Continued from Page 25) 

Outside the four broad product groups are four other 
operating divisions. These are the Micro Switch Di
vision, producer of precision electrical switches for in
dustrial and military applications; the Denver Division, 
which manufactures data handling equipment; the Semi
conductor Division, which makes high-power germa
nium transistors, silicon power transistors, and cryogenic 
thermometers; and the Precision Meter Division, which 
produces a wide array of electrical panel meters for 
industry. 

Altogether, Honeywell manufactures over 13,000 prod
ucts. These range in size from a sub-miniature switch 
which weighs 1/28 of an ounce to room-filling com
puters. Specific examples which show the wide variety 
of Honeywell's products include a gadget used in steel
making which looks through a window into a blast 
furnace and figures out how hot the flame is-usually 
about 3000° F. A thermoelectric generator made entirely 
of ceramics can convert white-hot rocket exhaust into 
usable electricity. A pressure-sensing device sunk in 
Lake Erie helps maintain a Canadian-United States 
treaty. It measures and reports instantly as little as 
an eighth inch fall in water level. This prevents using 
too much water for power and keeps the flow over 
Niagara Falls at treaty-specified 100,000 cubic feet per 
second. An ultra-violet sensitive tube, no larger than a 
finger, uncannily distinguishes between smoke, vapor, 
and flame to make possible fire- and explosion-warning 
systems for industry. A photographic-type oscillograph 

1 

recorder writes with light at 20,000 inches per second. 
Its uses range from monitoring nuclear reactions to re
cording electrocardiograms. A medical instrumentation 
system enables a lone nurse to keep constant check on 
the temperature, pulse, respiration, and blood pressure 
of a number of critically ill patients. An infra-red car
counter shepherds rush hour traffic through a busy 
intersection by controlling semaphores in accordance 
with the volume of cars. And America's astronauts 
spot their location over the earth by glancing at a 
Honeywell path indicator, a sort of space compass. 

The common denominator of all Honeywell products 
is automatic control. Reduced to its simplest terms, an 
automatic control is a device that measures a change and 
transforms the change into some useful work. Nearly 
anything that changes-no matter how slightly-can be 
controlled automatically. 

Designing, developing, and producing automatic con
trols today is a highly specialized and complex business 
that requires an unusually large amount of engineering 
and development. Honeywell's policy is «engineering 
for tomorrow while producing for today." Therefore, 
applied research and engineering is carried on in all 
of the company's divisions. In addition, there is a Cen
tral Research Laboratory in the Minneapolis suburb 
of Hopkins which serves the entire corporation. There, 
150 scientists and engineers are engaged in basic re
search in solid-state physics, mertallurgy, chemistry, 
lasers, electronics and many other fields in their search 
-for new areas in which a formerly hand operation 
can be improved by being made automatic. 

SIGN UP NOW TO BE A COMMITTEE CHAIRMAN OR TO 

BLACK BOOK 

BUTTONS 

TOURNAMENTS 

WORK ON THE FOLLOWING COMMITTEES: 

OPEN HOUSE 

E-DAY BRAWL 

ADVERTISING 

QUEENS 
PARADE 

POSTERS & DECORATION 

Fill OUT AND BRING TO THE E-DAY OFFICE, ROOM 135 E. 

PICNIC 

TICKETS 

KNIGHTING 

NAME ______________________________________ ~ ____ PHONE __________ __ 

ADD:RESS ________________ MAJOR _____ YEAR __ _ 

COMMITTEE PREFE~RED ____________________________ ~ 
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by DIANNE CHRISTENSON, Physics '66 

Can you imagine having a wine cellar in the basement, 
and having your landlord's approval? Associate profes
sor of chemistry C. Alden Mead and a friend share one, 
the best on Franklin Terrace. (Incidentally, Franklin 
Terrace is only one block long.) Other hobbies include 
golf and music, especially opera. Last spring Dr. Mead 
attended all of the operas, except the Wagner, when the 
Metropolitan Opera was at Northrup. Unlike many 
Minnesotans, Dr. Mead is not a Twins fan, but his base
ball interests lie in the St. Louis Cardinals. Besides these 
hobbies, Dr. Mead is also a member of the American 
Chemists Society, American Physical Society, and the 
Federation of American Scientists. 

Dr. Mead was born and grew up in St. Louis, Mis
souri. He did his undergraduate work at Carleton but 
returned to Missouri to do his graduate work. He earned 
his Ph.D. from Washington University in 1957. Dr. 
Mead was thrilled when he got the degree; he considers 
it a high point of his career, however, "the thrill does 
wear off." 

The theory of optical absorption line shapes has been 
the subject of Dr. ··Mead's theoretical research since he 
came to the University of Minnesota in 1958. Presently 
he is also teaching P-Chem 101, through which he is 
experiencing some of his first contact with undergrad
uates. Until last year he taught only graduate courses. 

DR. GEORGE U. BRAUER 
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DR. C. ALDEN MEAD 

Dr. George Ulrich Brauer, Assistant professor of math
ematics, was born in Konigsberg, Germany. At the age 
of seven he and his family fled as Jewish refug€es. He 
then lived in Kentucky; Princeton, New Jersey; and Tor
onto, Canada. Dr. Brauer's undergraduate work was 
done at the University of Michigan where he received 
an Arts degree with honors in math. He came to Min
nesota in 1953 and received his Ph.D. in 1954 for a thesis 
on Linear Summability Methods of the Hausdorff type. 
Cmrently Dr. Brauer is engaged in research on functional 
inequalities and infinite series with functional analysis. 

Dr. Brauer is a member of numerous societies; he 
holds membership in the American Mathematical Society, 
and a similar organization, the Canadian Mathematical 
Congress, the Mathematical Association of America, Phi 
Beta Kappa, and he occasionally writes articles in Sigma 
Psi, a scientific journal. Presently, Dr. Brauer is teaching 
ITM 174, a course in elementary themy of complex 
variables. 

A brisk hike to Minnehaha Falls or a quiet period 
spent in appreciation of classical and jazz records ap
pealinost to Dr. Brauer in his leisure time. 

Dr. Brauer considers coming to the University of Min
nesota and the Navy Grant he received for research in 
the summer of 1956 as his highest achievements. In the 
future Dr. Brauer is looking forward to more results in 
research in Quantum Theory. 
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"3M Company has traditionally 
reinvested approximately fifty 
percent of earnings in research 
and the capital investment re
quired to produce and market 
the products of research." -3M 
Annual Report. 

MINNESOTA TECHNOLOG 

® 1ne r car er 

Best career advice we know is to "make 
no little plans". If you're the kind who 
measures the outer dimensions of the 
future with the divider's legs standing 
in a giant stride, we think you'll be 
interested in the 3M Company. 

This unusually fast-growing company 
encompasses a wide world of products 
and fields of interest that leave plenty 
of room for growth-yours and ours. 

Take our measure ... in terms that are 
vital to your career. 3M earnings and 
dividends have just about doubled in 
the last five years. Fact is, nearly 20% 

of our sales come from products intro
duced in the last five years ... exciting 
products like Video Tape and Nuclear 
Fuel Elements-Copying machines and 
Epoxy resins. 

Of course, 3M people are responsible for 
this growth . . . through new ideas and 
creative engineering. And it means that 
they are growing, too ... in responsi
bilities, earnings, opportunities. 

Write now for full information to John 
DePauw, 3M Company, St. Paul, Min
nesota 55119. 

mmm= miNNESOTA miNING E ANUFACTURING CD .. 
• • • WHERE RESEARCH IS THE KEY TO TOmORROW 
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Sensitive Temperature Control 
A new low-cost electronic temperature controller with 

unusual sensitivity has been developed which can hold 
a desired setting within a fraction of one degree Fahren
heit. The new time-proportioning controller is designed 
to maintain temperatures of a gas or liquid. Thermistor 
sensing elements give an over-all range from -60 to 550 
degrees Fahrenheit. 

Two knobs control temperature and cycling rate. The 
temperature knob, scaled to match the specific thermistor 
selected, controls the desired temperature setting. The 
cycler knob controls a rate from 0 to 300 cycles an hour. 
With the cycle rate set at 0, maximum temperature dev
iation from the setpoint is 1 degree. As the cycling rate 
is increased, the deviation becorpes smaller and smaller, 
giving increasingly precise temperature control. The 
new conh·oller operates on 120-, 208- or 240-volt, 50- or 
60-cycle alternating current. Ambient operating temp
erature is 20 to 125 degrees Fahrenheit. 

Fireproofing in Space 
Carbon, universally burned as a fuel here on earth, 

may turn out to be an important structural material in 
space. The reason? Under certain space conditions it 
is more "fireproof" than such well-known space-age 
metals as tungsten and molybdenum. 

This seemingly contradictory information comes from 
an almost "atom-by-atom" study of how oxygen combines 
with high-temperature structural materials at tempera
tures up to 3000 degrees Fahrenheit and pressures down 
to 1/40th that of the atmosphere at sea level. 

These temperature-pressure conditions are comparable 
to those encountered by space vehicles during high
speed re-entry into the earth's atmosphere. 

In precise experiments, the actual and theoretical ox
idation rates of structural carbon (graphite), tungsten 
and molybdenum were compared. Some of the results 
were described as "surprising." 

Under simulated space conditions the scientists found 
that carbon theoretically should burn three times faster 
than tungsten or molybdenum. But what actually hap
pens is something different. 

Carbon's theoretical rate turns out to be 22,000 times 
faster than its measured speed of burning; tungsten, 
however, comes within 590 times of its calculated value. 
As a result, tungsten actually burns 12 times faster than 
carbon in the same simulated space environment. 

lethal Gases Monitored 
Many potentially lethal gases and deadly dust particles 

can now be safely monitored by a device developed by 
liT Research Institute for Edwards Air Force Base. 
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Designed to detect poisonous boron compounds used 
extensively in NASA and Air Force rocket propulsion 
research, the monitor can also be adapted to measure 
minute quantities of other toxic or flammable vapors such 
as chlorinated hydrocarbons, nitrogen dioxide and pet
roleum fuels. 

The toxic level for pentaborane is only 10 parts in a 
billion parts of air for an eight-hour period. The moni
tor, working continuously, will sense this level within a 
few seconds, providing a safety margin of several hours 
to those in the contaminated area. 

Operating on a simple principle, the monitor pumps 
air through a self-contained gas pilot light. The flame is 
colorless until a contaminant passes; the;n. a characteristic 
color is observed, in the case of pentaborane, faint green. 
A standard vacuum tube, called a photomultiplier, meas
ures the intensity of green, which is then translated elec
tronically to a meter display. An alarm switch will close 
when the meter reading reaches a preset point. 

Another poisonous compound, beryllium oxide, is also 
being monitored by a new device developed under the 
same project. Beryllium compounds, which cause a dan
gerous respiratory disease called beryllosis, are used as 
rocket fuel additives. The instrument monitors these 
compounds when they are released during rocket firing. 

Detecting as little as two micrograms of beryllium 
dust in a cubic yard of air, the monitor will sound an 
alarm long before lethal concenh·ations exist. The beryl
lium monitor bombards an airborne dust sample with 
alpha rays. Gamma rays result from a nuclear reaction 
of the alpha particles with beryllium carried through 
the target area by a continuously moving tape. 

Tapped Football Players 

A football player crashing into an opponent on a 
Saturday afternoon subjects his helmet to blows of more 
than 5,000 times the force of gravity, an impact 15 times 
greater than previously estimated by medical science, a 
study now in progress at Northwestern University has 
revealed. 

The impacts that a college varsity player absorbs on 
the gridiron were described by Dr. Stephen E. Reid, 
an associate professor of surgery at the Northwestern 
University Medical School and a former All-America 
lineman. It was the first public report by Dr. Reid on 
his two-year-old study of the problem of head injuries in 
football. 

Dr. Reid told how each Saturday afternoon either 
Steve Murphy or Bill Swingle, Northwestern's star full
backs, becomes an electronic "laboratory" transmitting 
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a stream of data to researchers high up in the press box. 
Whenever Swingle or Murphy, whether carrying the 
ball, blocking or tackling, smacks into an opponent, a 
sensitive device measures the impact of blows on his 
helmet. These blows are converted into electrical im
pulses which are broadcast by an FM radio in his 
shoulder pads to a telemetry station in a press box 
booth. There a high-speed, direct-writing oscillograph 
records the impacts at the very moment they are felt 
by the ballplayer. . 

The oscillograph "writes" the impact as a series of 
irregular-shaped waves which can be "read" immediately. 
In appearance, they resemble the wave patterns of heart 
pulsations recorded by an electrocardiograph. 

The objectives of the study are: 
1. The determination of the forces transmitted to the 

helmet, their frequency, intensity and direction. 

2. With the actual forces determined, the study of 
existing energy absorbing systems to determine the rela
tive efficiency of each helmet and design safer helmets. 

3. A further sophistication of the telemetering equip
ment to make possible the incorporation of an electro
encephalograph to record the effects of football impacts 
on the player's brain during an actual game. 

The study uses Big Ten football as its source of im
pact data, Dr. Reid said. This leaves unanswered the 
question of how the results compiled will apply to the 
high school player, for instance. 

Although the younger boy lacks the size and speed 
of the college player and would, therefore, theoretically 
not be subjected to these great forces of impact, "he 
also lacks the coordination and experience which enable 
him to avoid danger making him, therefore, susceptible 
to severe blows on the head," Dr. Reid explained. 
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This drawing charts the course of the ApoHo Project's 
manned lunar landing and return to earth. Two NASA 
astronauts will make the descent to the Moon's surface in 
the LEM (Lunar Excursion Module). top center. A third 

crewman will remain in the command module as it orbits 
the Moon awaiting rendezvous with the l£M as it and the 
spacemen return from the Moon's surface. The trip is 
scheduled to take place before 1970. 
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Solar Eclipse 
(Continued from Page 19) 

problem is worse than being sure one photographs to
tality on the ground because everything must be set to 
start and run at exactly the right time at ceiling to 
utilize the limited quantity of film that can be carried 
in the cameras. In order to obtain the coronal photo
graphs, balloon flights were made on the days before 
the eclipse in order to determine exactly where the 
winds would carry the balloon from the launching site. 
Finally, the equipment had to be recovered as soon as 
possible. For the latter purpose each balloon carried a 
radio transmitter which was b·acked by an airplane 
during the flight and also by a ground crew in a truck 
using a direction-finder. The tracking vehicle was sup
plied by Commander Walt Martin of ONR and operated 
by Mike Evanick. 

No small part of the problem in the case of the 
July eclipse was the fact that the sky was completely 
overcast in the area in which the balloons were flown. 
Professor Homer Mantis supplied the meteorological 
counsel and continually plotted the balloon positions 
during the experiment. He was in constant communF 
cation via a "hotline" telephone with the Air Traffic 
Conb·ol Center at Boston in order to keep them advised 
of the exact location of both balloons so that the hal-

A young amateur, Theodore Webb, from Troop 499, Caratunk, shows 
the pro·jected image of the partially eclipsed sun after third contact. 
This youn:g man volunteered to· work around the camp and was a great 
help. Photo by Joseph Zimbrolt. 

loons would not become a hazard to air traffic. Mr. Ray 
Maas handled the radio tracking responsibility in addi
tion to fixing many pieces of equipment which went in 
and out of operation because of rain and the complexity 
and multiplicity of the apparatus. Another of his prob
lems was the design of the many timers which had to 
operate on schedule to perform operations such as open
ing the shutters of the cameras which had to be closed 
before totality in order to keep the sunlight from damag
ing the cameras. Both sets . of telescopes were returned 
to the ground by parachute, one landing relatively near 
the road. The other, however, came down in almost 
inaccessible country and had to be recovered by the 
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ground crew who traveled on foot, guided by the radio 
signal from the direction-finder ·transmitter. I wish I 
had been in Maine to participate in the celebration 
which occurred after each camera was examined and 
was found to have performed perfectly. . 

It is still somewhat early to say what the results 
of the densitometry of the balloon negatives will re
veal. However, preliminary measurements show that 
the corona in the equatorial direction is twenty per 
cent brighter than the residual skylight at approximately 
thirty-five solar radii. This excess brightness is enough 
so that accurate measurements of the intensity will be 
possible. The study of these films is being carried out 
by Mr. Stein and Mr. Gillett and the first mappings of 
equal intensity lines reveal that the inner corona has 
symmetry about the equator of the sun, presumably 
because the inner corona is dominated by the electrons 
present in the solar atmosphere. However, in the outer 
corona, which is shaped more or less like a lemon, the 
axis of symmetry shifts to the ecliptic; this is strong 
evidence that this corona represents the same physical 
phenomena as the zodiacal light. A striking feature of 
the balloon pictures is the presence of four very long, 
straight streamers which are present to the ,outer limits 
of the negatives and seem to be connected with the 
active regions in the inner corona shown by the ground
based telescopes and cameras. 

Another collaborator in our experiment was astronaut 
Scott Carpenter who made photographs from the Doug
las APEQS airplane. These pictures were to measure 
the sky brightness at forty-two thousand feet for com
parison with the brightness. at one hundred thousand 
feet. The sky was much brighter at the lower altitude 
but Scott's pictures show the corona to about ten radii 
before it merges into the sky. It is worth pointing out 
that Scott took his complete program of eighteen stepped 
exposures according to an agreed schedule without a 
slip; a performance that none of us matched on the 
ground. 

It was our desire, in addition to carrying out the 
high ~titude experiments on the corona, to couple it 
with the zodiacal light measured as nearly at the same 
time as possible. To this end our colleagues, Professor 
V. D. Hopper and Jim Sparrow, University of Mel
bourne in Austr·alia, made and recovered successfully 
two balloon flights which show their morning zodiacal 
light in fine detail. Since all of our cameras are inter
calibrated, it will be possible to compare measurements 
of tl1e zodiacal light from the Australian films with the 
measurements of the corona from the balloon-borne 
telescopes and, finally, to relate these balloon-bon1e tele
scope observations with those made electronically on 
the ground by the scanning polarimeters. It seems that 
when all this connection is complete there will still 
exist a gap between about forty and eighty solar radii. 
However, the brightness of the sky which was measured 
in this eclipse at the balloon altitude indicates that if 
one studied an eclipse which occurred near zenith, 
one would be able to bridge completely the gap between 
the inner corona and· the zodiacal light. We hope, 
however, that the accuracy of the measurements from 
this eclipse . will leave little doubt about the form of 
the curve in the interpolated region between .forty and 
eighty solar radii. .~. [] 
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field. The current in such a field will be carried by 
negative ions moving upwards and positive ions moving 
downwards. Since the drop is in an electric field, there 
will be a negative charge induced on the top of the 
drop and a positive charge induced on the bottom of 
the drop. Now as the drop starts to fall, it will meet 
the small negative atmospheric ions moving upwards and 
overtake the small positive ions moving downwards. 
The drop is assumed to be large so that its terminal 
velocity in free fall is much greater than that of the 
small ions. The small negative ions moving upwards will 
be attracted to the water drop because of the positive 
charge induced on the drop's lower surface and some 
of these ions will be captured by the drop. The positive 
ions, on the other hand, will be repelled away from the 
drop by its lower surface. The upper part of the drop 
will not capture positive ions even though it has a nega
tive charge induced on it because the positive ion was 
already repelled by the drop and the drop is moving 
downwards much faster than the positive ion. Hence 
as the drop falls it will acquire a net negative charge 
and the excess positive charge will be absorbed by small 
water droplets or ice crystals existing in the ·top part 
of the cloud. This process will give a dipole with the 
negative charge at the bottom of the cloud and the pos
itive charge at the top. Since the process will also work 
with large ice particles, it can operate at temperatures 
below freezing. 

lon Production 
Theories which depend on the number of ions already 

present in the atmosphere have the drawback that this 
number is limited by the amount of ionizing radiation 
available from cosmic rays and naturally occurring radio
active materials These sources produce an ion density 
in the air of about 3 x 10n ion pairs/liter. If charge sep
aration is assumed to take place in the volume within 
the updraft and between the poles of the dipole, the 
magnitude of the volume actively producing charge is on 
the order of 10 cubic kilometers. If the charge separa
tion process is 100% efficient, the maximum charge that 
can be separated is about 480 coulombs, enough for 
only a few lightning strokes. If the dissipation currents 
trying to destroy the dipole are also considered, the 
amount of charge available for lightning discharges 
would drop by at least a factor of three. T. W. Wormell 
calculated in 1953 that it would be necessary to sepa
rate about 60 times the charge discharged by a lightning 
stroke in order to produce the stroke. It was mentioned 
earlier that regeneration of the electric field takes place 
rapidly. The observed rate of ion production by cosmic 
radiation is not large enough to account for this rapid 
regeneration unless the equilibrium density of ion pairs 
is small, in fact much less than 1.5 x 106 ion pairs per 
liter. However, if the concentration of ion pairs is down 
as little as a factor of two from this number, production 
of lightning flashes would become a marginal operation. 

If the only ions appearing in charge separation pro
cesses were those already present due to the sources men
tioned in the preceding paragraph then one would ex
pect a con-elation between cosmic ray activity and thun
derstorm activity along with a correlation between geo
magnetic latitude and thunderstorm activity. Neither 
correlation is observed. 

MINNESOTA TECHNOLOG 

Apparently there must be ion production in the thun
derstorm itself as evidenced by the high conductivity 
implied by electric field regeneration in the core where 
charge separation takes place, since otherwise there 
would not exist enough ionized particles. An obvious 
potential source of ions in the thunderstorm is water 
itself, since the storm is mainly water in several different 
forms. It is well known that water ionizes according to 

2 H 20 ~ H 30+ + OH-. 
The concentration of hydronium and hydroxyl ions in 
water is 10-7 moles per liter or 6 x 1016 ion pairs per 
liter of water. The normal amount of moisture in the 
air in the form of water drops is about one gram of 
water per cubic meter of air. This implies that the 
moisture in the air causes an ion concentration in the air 
of 6 x 1010 ion pairs per liter. These ions are not separ
ated however, for they are trapped in the water droplets. 
The number of ion pairs potentially available if all of 
these ions can somehow be separated in the thunder
storm is greater than 104 times that available due to 
production by cosmic radiation. An ion concentration of 
6 x 1010 ion pairs per liter would be more than enough 
to account for observed lightning discharges and electric 
field regeneration in thunderstorms. In most thunder
storms both poles of the dipole are at temperah1res 
below freezing which suggests that the process of charge 
separation is connected with the freezing process or at 
least with the solid state of water. 

One process of charge separation depends on fric
tional effects during impact of ice particles on one an
other. Experimental measurements show that two col
liding ice crystals at different temperatures will transfer 
charge so that the warmer particle will acquire a neg
ative charge and the colder particle will acquire a pos
itive charge. Mature thunderstorms contain an assort
ment of hard and soft hail (graupel), snow, small ice 
crystals, glazed ice on hail, and water droplets, many 
of which may coexist at various levels and stages of the 
storm. Worlanan and Reynolds suggest that graupel 
forming by accumulation of cloud droplets and ice 
crystals growing by sublimation may exist at the same 
level in the storm. The graupel will be at a temperature 
a few degrees above that of the surrounding air because 
of the latent heat released during the freezing of the 
droplets while that of the ice crystals will be the tem
perature of the surrounding air. The larger graupel 
pellets will fall carrying the negative charge to the bot
tom of the cloud and the small positive ice crystals will 
remain at the top of the cloud. Estimates of the charge 
separated obtained by this method show that it is of 

. about the right order of magnitude. 

Various other processes, which depend on interactions 
between the various forms of water and ice existing in a 
thunderstorm which have been proposed have had 
varying degrees of success. The other mechanism which 
will be discussed is that suggested by Mason and May
bank Suppose falling hail collides with supercooled 
water droplets which are being carried towards the top 
of the cloud by the strong updraft present in all thun
derstorms. The hail is warmer than the supercooled 
droplets due to the latent heat released during freezing. 
On collision with the hail the outside of the droplet 
freezes immediately. Dming the subsequent freezing of 
the inside of the droplet expansion occurs and splin-
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ters the droplet, leaving small positive fragments in the 
upper part of the cloud. 

An interesting feature of this process, and probably 
all other collision type processes, although perhaps to a 
lesser extent, is that ions may also be ejected into the 
air. Due to the strong electric fields present and the 
sharp comers which would be formed during the splin
tering, point discharge from the separated particles 
may occur. The presence of the ions would account 
for the high conductivity of the air in the core of the 
thunderstorm, as implied by the regeneration rate of 
the electric field after a lightning stroke. Ions produced 
in this manner could then be separated by the falling 
drop mechanism proposed by Wilson to increase the 
field. In fact, the collison processes may chiefly pro
duce ions and any separation due to falling hail may just 
be an additional effect. 

Experiments being carried out at present at the Uni
versity of Minnesota are directed towards finding mech
anisms for producing high conductivity air such as would 
be found in the volume where the charge separation is 
produced. Present results indicate that the conductivity 
of air increased while the process of condensation of 
water vapor is taking place. If condensation is not 
occmTing, the conductivity of high moisture content air 
decreases. The ions produced during condensation have 
a very low mobility, hence the observed high conduc
tivity means that great numbers of such ions are created 
by the process. The immobility of the ions produced 
implies that they are large. Consequently the process 
of charge separation suggested by Wilson could prob
ably operate very well with these ions. So far, the ex-

---·-------------·-------~-

periments have been carried out at temperatures above 
freezing. Perhaps this mechanism could explain those 
thunderstorms observed in which no freezing layer 
exists, since the other mechanisms depending on the 
production of ions in the storm assume temperatures 
below freezing. 

Presently the gross features and many of the fine 
features of the earth's electric field can be explained 
by variations in the conductivity of the air and the 
diurnal variation of thunderstorm activity. The large 
amounts of charge pumped to the earth and the upper 
atmosphere by thunderstorms appear to account for the 
maintenance of the earth's electric field. 

Many details about thunderstorms are not known, 
chiefly because it has not been possible to get inside 
a mature storm and make measurements. In particular 
the conductivity of the air in different regions of the 
cloud should be measured directly. Such measurements 
could shed considerable light on the charge separation 
process. In many thunderstorms a small positive charge 
has been observed below the negative charge of the 
dipole. It still remains to be determined if the charge 
exists in all thunderstorms, what caused it, and what 
effect, if any, the charge has on the initiation of light
ning strokes. 

The origin of the charged dipole in thunderstorms 
is still quite open to question. It seems probable in 
view of the accumulated evidence that some process 
or combination of processes which are connected with 
the production of ions inside the cloud is the correct 
mechanism. 

[] 
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Modern pavement engineering has taken a "giant step 
forward" with DEEP-STRENGTH Asphalt construction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modern Asphalt technology. So 
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edited by JAMES McCARVILLE. ChE '64 

1. How many sheep jump over a fence in an hour if 
ten sheep jump over a fence in ten minutes. Be Careful! 

2. An engineering student who was going hunting in 
Canada wished. to take his gun with him on the train. 
The ticket agent told him he could not take the gun 
with him in the coach, while the baggage man would 
not take it because of its excessive length ( 1.7 yards), 
since he was f(}rbidden to accept for shipment any ar
ticle whose gre?-test dimension exceeds 1 yard. How was 
the student abl~ to take the gun on the train with him? 

3. A tank has;three drains. If no. 1 is open the tank 
will drain in 15 minutes. If no. 2 is open the tank will 
drain in 30 minutes. If no. 3 is open the tank will drain 
in 45 minutes. How long would it take if all three drains 
were opened? 

4. A psychologist places a white rat in a box. On each 
of the opposite walls of the box there is a hole just 

large enough for the rat to stick his head through. The 
rat is taught to run from one wall to the other. As soon 
as it reaches one wall, it sticks its head through the hole, 
then runs to the opposite wall and sticks his head 
through the second hole. At the start, it takes the rat 
one minute to get from one wall to the other. The return 
trip, however, consumes half a minute. The next trip 
requires only one-fourth of a minute, the next one-eighth 
of a minute, and so on. Every time the rat makes a hip, 
the following trip requires half the time consum.ed for 
the previous trip. This goes on indefinitely. Theoreti
cally, how long will it take the rat to have its head stick
ing out of both holes at the same time? 

5. What is the smallest number in which the digits are 
reversed when two is added to its double. 

6. In practicing billiards, one professional does it this 
way. He has a rack on the wall with one place for each 
ball. There are, of course, fifteen balls, so the slots on 
the rack are numbered from one to fifteen consecutively. 
The player is permitted to pocket any ball he pleases 
on the first shot. As each ball is pocketed, it is placed 
in its proper slot on the rack The trick is that there 
must never be a space between two balls on this rack. 
Thus if the 6 and 7 have been placed on the rack, the 
next ball must be either the 5 or 8. The player has been 
trying to figure out how many ways he can play so as 
to put all 15 balls on the rack according to the rules of 
the game. How many ways are there? 
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TURN OUT THE LIGHTS AND PRESS THE BUTTON 

No preconceptions, please. Too often they point you 
away from the buried treasure. Because Kodak is 
properly known as a grand place for chemical engineers 
and chemists, fledgling electronic engineers may over
look us. All the better for those who don't. Particularly 
for those who would rather apply ideas than dream 
them, unfashionable as candor compels us to sound. 

It takes all kind of electronic engineers to make to
day's world, but we think we clearly see the ones likely 
to wind up nearer the helm here 25 years hence: 

When his projects are evaluated, he'd rather be right 
than ahead of his time. 

He works few if any miracles with sealing wax, old 
shoestring, and new developments in plasma harmonics, 
but when they turn off the lights in the big darkroom, 
his machine from the very first crack starts inspecting, 

processing, or otherwise handling light-sensitive prod
uct smoothly, bugless, and at the miraculous rates he 
had promised in the preliminary design report. He ac
complishes this by keeping abreast of the state of his 
art instead of considering his diploma an exemption 
from learning anything new. 

He deals with people as smoothly as with things. 
He would rather put his roots down in the community 

where he lives than root himself in one narrow box of 
engineering specialization. He welcomes changes of pace 
more than of place. 

He finds it cozy to know that if times change, our 
diversification leaves dozens of directions to go without 
fighting the cold world outside. 

Care to talk to us? Above remarks apply to more than 
just electronic engineers. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N.Y. 

An equal-opportunity employer offering a choice of three communities: Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 
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An Interview 
with G.E.'s 
l Smith, 

Vice President, 
Marketing and 

Public Relations 

Mr. Smith is a member of General 
Electric's .Executive Office and is 
in charge of Marketing and Public 
Relations Services. Activities report
ing to Mr. Smith include marketing 
consultation, sales and distribution, 
marketing research, marketing per
sonnel development, and public rela
tions as well as General Electric's 
pcntidpation in the forthcoming 
New York World's Fair. In his 
career with the Company, he has 
had a wide variety of assignments 
in finance, relations, and marketing, 
and was General Manager of the 
Company's Outdoor Lighting De
partment prior to his present ap
pointment iirl 1961. 

For more information on a 
career in Technical Marketing, 
write General Electric Company, 
Section 699-08, Schenectady, 
New York 12305. 

COULD YOU OUT-THINK A COMPETITOR? 

on ider areer 
m 

1n arketin 
Q. Mr. Smith, I know engineering plays a role in the design and manufacture 
of General Electric:: products, but what place is there for em engineer in 
marketing? 

A. For certain exceptionally talented individuals, a career in technical market
ing offers extraordinary opportunity. You learn fast what the real needs of 
customers are, under actual industrial conditions. You are brought face-to-face 
with the economic realities of business. You participate in some of the most 
exciting strategic work in the world: planning how to out-engineer and out-sell 
competitors for a major insta1lation. 

Q. Sounds exciting. But I've worked hard for my technical degree. I'm worried 
that if I go into marketing, I won't use it. 
A. Don't worry-you'll use all the engineering you've learned, and you'll go 
on learning for the rest of your life. In fact, you'll have to. You see, the basic 
purpose of business is to sense changing customer needs, and then marshal 
resources to meet them profitably. That means that you must learn to know 
each customer's operations and needs almost as well as he understands them 
himself. And with competitors trying their best to outdo you, believe me
every bit of knowledge and skill you've got will be called into play. 

Q. Is that why you said you wanted "exceptionally talented people"? 

A. Technical marketing is not everybody's dish of tea. It takes great personal 
drive and energy, and a talent for managing the work of others in concert with 
your own. It takes flexibility ... imagination ... ingenuity •.. quick reflexes 
... leadership qualities. If you're nervous with people or upset by quick
changing situations, I don't think technical marketing's for you. But if you are 
excited by competition, like to help others solve technical problems, and enjoy 
seeing your technical work put to the test of real operation-then you may be 
one of the ambitious men we're looking for. 

Q. Now what, actually, does a man do in technical marketing? 

A. Let me describe a typical situation in General Electric. A field sales 
engineer is in regular contact with his customers. Let's say one of them makes 
an inquiry, or the sales engineer senses that the time is right for a proposition. 
With his field application engineer, he determines the basic equipment needed. 
Then he contacts the marketing sales specialist in the G-E department that 
manufactures that equipment. The sales specialist, working closely with his 
department's product engineers, specifies an exact design-realistic in function 
and cost. Then the sales engineer and his supporting team try to make the 
sale, changing and improving the proposition as they get cues from the competi
tive situation. If the sale is made-a very satisfying moment-then the installa
tion and service engineers install the equipment and are responsible for its 
operation and repair. With the exception of the product design engineers, all 
these people are in technical marketing. Exciting work, all of it. 

Q. In college we learn engineering theory. How do we get the sales and busi
ness knowledge you mentioned? 

A. At General Electric, a solid, well tested program of educational courses will 
quickly advance both your engineering knowledge and your sales capacities. 
But perhaps even more important, you'll be assigned to work with some of the 
crack sales engineers and application and installation men in the world, and 
that's no exaggeration. A man grows fast when he's on the sales firing line. As 
a FORTUNE writer once put it, the industrial sales engineer needs "that prime 
combination of technical savvy, tactical agility, and unruffled persuasiveness." 
Have you got what it takes? 699-08 
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Urban planners figure the only way to solve the big-city traffic jams is to develop some 
method of mass transit that will be so frequent, so fast, so convenient that people will turn to it 
as their No. I choice, as they did years ago. The key to this kind of rider convenience is a 
computer-controlled system. 
Westinghouse has developed such a system. It is called the Transit Expressway. It looks so 
promising the government has approved a demonstration project near Pittsburgh, through the Port 

Authority of Allegheny County. 
The system uses its own private roadway. Silent, rubber-tired, comfortable vehicles will 
operate on the two-minute schedule, day and night. A computer will schedule as many as I 2 of these 
cars together into a train during peak periods. You can be sure ... if it's vVestinghouse. 

For information on a career at Westinghouse, an equal opportunity employer, 
write to L. H. Noggle, TVestinghouse Educational Dept., Pittsburgh 21, Pa. 
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when the Bell System Recruiting Team will be here 

The Placement Office is now making appointments for in
terviews with representatives from the following companies: 

AMERICAN TElEPHONE AND TElEGRAPH COM
PANY-Long Lines Department-builds, operates 
and maintains the world's largest communications 
network 

NORTHWESTERN BEll TElEPHONE COMPANY
an operating company of the nationwide Bell Sys
tem-and your representative for all other Bell 
Telephone Companies 

BEll TElEPHONE lABORATORIES-world center 
of communications research and development 

WESTERN ElECTRIC COMPANY-the nation's 
largest manufacturer and supplier of communica
tions equipment 
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MINNESOTA TECHNOLOG 1 



2 

Involvement is what you are offered at want the man who can come to grips 

Collins. A chance to work on projects with a problem and solve it .. Sometimes 

you can get your teeth into. A chance alone. Using his knowledge, his inida

to work with .some of the best engineers tive, his imagination, his creative talent. 

in the business. A chance to learn, to de- The scope of our work-Data Process

velop your talent and ability with guid- ing, Space Communications, Avionics, 

ance from experienced, creative profes- Microwave, Antenna Systems and HF, 
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An equal opportunity employer 
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Student~ very rarely ask a campus interviewer ques
tions like these. But they should. The answers will re
veal a great deal about a company. Allied 
Chemical has the answers. Ask our repre
sentative next time he visits your campus. 

representative's business. He's on your campus to be 
helpful-to give you all the facts you need in order 

to make a sound career decision. 
Your placement office can tell you when 

our representative will arrive-and sup
ply you with a copy of "Your Future in 
Allied Chemical." Allied Chemical Corp., 
Dept. 200, 61 Broadway, N.Y. 6, N.Y. 

When: you talk with him, be sure to ask 
the questions you want to ask. Answering 
your questions is an important part of our 

BASIC TO AMERICA'S PROGRESS 

DIVISIONS: BARRETT " FIBERS • GENERAL CHEMICAL " INTERNATIONAL • NATIONAL ANiliNE • NITROGEN • PLASTICS • SEMET-SOLVAY • SOLVAY PROCESS • UNION TEXAS PETROLEUM 
AN EQUAL OPPORTUNITY EMPLOYER 
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Construction in Blue and Black, Aluminum. Jose de Rivera. Collection of Whitney Museum of American Art, New York. Motion-study photograph by Herbert Matter 

What makes a Company "Modern"? 
Not size. Not capital resources. Certainly not 

age. At Celanese, we believe it is the degree to 

which a company is equipped to meet the present 

and future needs of its customers. 

Efficient plant. Contemporary product. Aggres

sive management. Industrious work force. The 

ability to think ahead of the situation and be ready 
for the problem when it occurs. 

Celanesehappenstobeayoungcompany. Much 

more important, it's a modern company. 

Perhaps you're among the men who will help 

MINNESOTA TECHNOLOG 

keep us modern. If you are trained in chemical 

engineering, electrical engineering, mechanical 

engineering, chemistry, or physics, we hope you 

will stop in to see our representative when he 

visits your campus. Or write directly to us, briefly 

outlining your background. 

Address your correspondence to: Edmond J. 
Corry, Supervisor of College Relations, Celanese 

Corporation of America, 522 Fifth Avenue, 

New York 36, New York. Celanese® 

AN EQUAL OPPORTUNBTY EMPLOYER 

CHEMICALS FIBERS POLYMERS PLASTICS 
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From the ocean's depths 

The scope of projects under development at the Bendix 
Corporation ranges from advanced oceanics to a landing 
gear for lunar surface vehicles and countless things in 
between. College graduates find depth of technological 
challenge in their assignments; whether it be in the space, 
missile, aviation, electronics, automotive, oceanics or 
automation fields. Bendix employs top-notch engineers, 
physicists, and mathematicians at all degree levels. They 
enjoy the prestige of Bendix achievement and challenge. 

Bendix operates 26 divisions and 8 subsidiaries in the 

to outer space~~ 

United States, and 12 subsidiaries and affiliates in Canada 
and overseas. Our 1950 sales volume was $210 million. 
Last year it was over $750 million. 

Look over our materials in your placement office. Talk 
to our representative when he's on campus. If you'd like 
to have your own copy of our booklet "Build Your Career 
to Suit Your Talents," write to Dr. A. C. Canfield, Director 
of University and Scientific Relations, The Bendix Cor
poration, Fisher Building, Detroit 2, Michigan. An equal 
opportunity employer. 

THERE ARE BENDIX DIVISIONS IN: CALIFORNIA, MISSOURI, IOWA, OHIO, INDIANA, MICHIGAN, PENNSYLVANIA, NEW YORK, NEW JERSEY, MARYLAND. 

WHERE IDEAS 
UNLOCK 

THE FUTURE 
CREATIVE' ENGINEERING FOR: SPACE 0 MISSILES 0 AVIATION 0 AUTOMOTIVE 0 OCEANICS 0 AUTOMATION 
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nnkee er, n er un '' 
One evening while discussing possible editorial subjects at one of the local establishments, 

we decided it was time someone pointed out the dangers of consuming alcohol to engineering 
students. 

"Innkeeper, another round." 

We had before us statistics which, upon interpretation, led us to believe that 78.317629 per 
cent of engineering students are potential alcoholics. Alas, this tragic news caused an air of 
gloom to settle over our table. Thinking something must be wrong with our calculations, we 
picked our sliderules out of the pool of liquid, which somehow always seems to accumulate on top 
of the table, and started over our figures again. Many hours and six trips to the men's. room 
later the answer remained the same but several probable factors behind this alarming figure 
were revealed ... "Innkeeper, another round." ... foremost among these was drinking. Other 
causes, not quite as obvious, also brought to light were: 

1. Unannounced quizzes. 

2. Lecturers who mumble. 

3. Insufficient notice before an exam. 

4. Hans Aus. 

5. Advisers who don't care. 

6. Lab instructors who grade reports on neatness rather than content. 

7. CLA students who think Physics 1 is hard. 

8. Lecturers who read the text to the class. 

9. Illegible handwriting on the board. 

10. Having to get your date back to the dorm by midnight. 

"Innkeeper, another round." 

11. Twelve-dollar textbooks used only one qumter. 

12. Instructors who are not in their office during office hours. 

13. Problem assignments the instructor can't do. 

14. One hour quizzes which couldn't be finished in three hours. 

15. Girl friends who claim skiing is better than sex. 

16. Profs who want a four year liberal arts degree as a prerequisite to engineering. 

17. Lab manuals costing fourteen dollars. 

18. IT instructors who have class on E-day. 

19. Instructors of fourth and fifth year courses who grade strictly on a curve. 

"Innkeeper, another round." 

At this point we felt additional research was necessary, so finishing the last round, we paid 
the innkeeper for the coffee and proceeded to the local college bar. 

WJC, PCH 
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This 600 horsepower turboprop engine is designed to power the new generation of light, fixed wing 

aircraft for both civil and military applications. o The Garrett-AiResearch TPE-331 has a specific 

fuel consumption of .62 pound per shaft horsepower-hour, and a weight to power ratio of .45 pound per 

horsepower. The engine has a response rate from flight idle to full power of approximately 1/3 of 

a second. A military version has been designated the T76 by the U.S. Navy. o Designed specifically as a 

prime power plant, the model 331 is backed by the company's e)(perience in producing over 10,000 gas 

turbine engines. o The Model 331 engine is programmed for additional performance growth. The turboshaft 

ver!?ion (TSE-331) has been flight tested as a power plant in rotary wing and vertical lift vehicles. 

For further information about many interesting project areas and career 
opportunities at The Garrett Corporation, write to Mr. G. D. Bradley at 
9851 S.Sepu/vedaB/vd., Los Angeles. Garrettisan equal opportunity employer. 

THE FUTURE IS BUILDING NOW AT AI RESEARCH 

Phoenix • los Angeles 
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ust a big company be impersonal? e think not. 

In fact, we go to great lengths to make 
certain that no one is ever "lost" at Dow. 
From the day a man first joins us, we 
follow his career with interest, make · 
certain that his assignments give him 
every opportunity to develop and display 
his talents, and encourage him to accept 
ever-increasing responsibilities. 

Because Dow is organized much like a 
group of small companies rather than a 
vast corporate complex, recognition 
comes quickly. Our transfer policy 
encourages lateral moves which aid the 
development and growth of the indi
vidual as well as the Dow organization. 
Promotions are made from within. Your 
future with Dow is virtually limitless. 

Whether you're a chemist, engineer, 
biologist, mathematician, physicist-or 
student of any of a hundred other educa
tional disciplines, you'll find that Dow 
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respects and values you as an individual, 
encourages independent thinking and 
independent research. 

Yes. People are the important figures at 
Dow. And, working together, they've 
compiled some impressive statistics. 
Research is continuous at 50 separate 
Dow laboratories. We manufacture at 30 
locations· in the U.S. Abroad, our manu
facturing and marketing operations are 
located in 26 different countries. We 
serve more than 200 industries with some 
700 items-ranging from chemicals and 
plastics to new consumer products. 
Sales have increased eightfold since 
World War II. Present plants are being 
expanded, new ones built. 

And Dow offers not only a stimulating 
future, but a rewarding one as well. Many 
of our employee benefit plans are indus
try models, including our periodic stock 

purchase plans, sickness and accident 
benefits, life insurance, hospitalization 
insurance, annual salary review, pension 
and profit-sharing plan, and our educa
tional assistance plans. 

If you're looking for unlimited opportu
nity, look to Dow. For more information 
about us, see your College Placement 
Director, or write the Technical Place
ment Manager at any of our locations 
listed below. The Dow Chemical Com
pany, Midland, Michigan. An Equal 
Opportunity Employer. 

California-Pittsburg .. Colorado-Rocky Flats 

" Illinois-Madison • Indiana-Pitman-Moore Divi

sion, Indianapolis " louisiana-Plaquemine " 

Massachusetts- Framingham " Michigan-Mid· 

land " Ohio-Packaging Division, Cleveland " 

Oklahoma-Dowell, Tulsa • Texas-Freeport " 

Virginia-Williamsburg. 
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The object .of bionics research is to investigate the 
structures, functions, and mechanisms of plants and ani
mals to gain design information for analogous man
made systems. 

The -bionicist seeks to incorporate into man-made 
systems such characteristics of living things as self
adaptability, self-recognition, self-organization, and learn
ing. He hopes' to make possible the design of machines, 
vehicles, and systems with greater reliability, sensitivity, 
selectivity, strength, maneuverability, speed, and ac
celeration, with reduced size, weight, and power re
quirements. 

The bionics approach involves three steps: 
1) Study · and description of the biological 

model; 
2) Translation of the biological description 

into 1Ilathematical or biological models; 
3) Devel,opment of hardware models. 

As bionics grows out of its adolescent stages, three 
trends stand ()ut: first, research is becoming less hap
hazard in its: areas of concentration and methods of 
attack; second, objectives and problems are becoming 
well enough known to be fully stated; and third, interest
ing hardware is beginning to appear. 

Bionics has ·had its share of critics; some feel that 
it is attempting to take a short-cut that may prove waste
ful in the end. J. R. Pierce of Bell Laboratories is op
posed to the 'whole concept of designing machines to 
imitate biological systems. A more sensible approach 
in his mind would be to study the abilities and needs 
of humans for the purpose of designing machines to 
serve them. He cites as an example the fact that attempts 
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by JAMES McWETHY. EE '65 
Illustrations From IEEE Student Journal 

have been made to design airplanes with flapping wings. 
However, today we understand a great deal about flight 
and aerodynamics through building and studying ma
chines not at all birdlike. Mr. Pierce says, "So far, we 
have gained little through imitation, but much through 
clever exploration of machines. The problem that faces 
man in possible engineering applications of biological 
systems is that of understanding the world of biological 
systems as deeply and thoroughly as possible, and then 
finding out how the machines can best serve man in a 
man's world" (reference 6) . 

Despite the doubts expressed by Mr. Pierce, however, 
hardware undeniably superior to existing products, which 
has resulted from bionics research, is beginning to appear 
on the market. One inducement to bionicists is the 
discovery of natural systems similar to man-made ones. 
After the development of radar and sonar, for instance, 
it was discovered that bats have similar systems. More
over, various living organisms possess characteristics 
definitely superior to those of related machines. The 
sensors which we share with animals are often more 
sensitive or selective in animals. Some animals have 
sensors we do not possess at all, and some have sensors 
whose functions we do not fully understand. 

The name «bionics" was coined by Dr. J. Steele of 
the Office of Naval Research ( ONR) and was made 
official at the first Bionics Symposium, held at Wright 
Field in September, 1960. A second symposium was 
held at Wright Field in September, 1962. The papers 
presented at both of those meetings have been pub
lished (ref. 7). 

Approximately $15 million was spent last year on 
bionics projects. At least 100 projects are being carried 
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on at more than 50 institutions. It would be impossible 
to list all of these-many projects are, in fact, confidential. 
But the studies discussed here represent some of the 
more recent, more fascinating, and less confidential de
velopments in bionics research. 

Recent bionics research on animals . may be divided 
into two general categories: first, research on the organs 
and nervous systems of animals, and second, research 
on the structural characteristics of animals. The first 
category may be further divided on the basis of the man
made devices toward which the studies lead: 1) optical 
-recognition devices; 2) radar-sonar hardware; 3) 
communication equipment; 4) sensors and detectors; 
and 5) guidance-navigation devices. 

Sensory mechanisms in both animals and machines 
detect energy and convert it into a form suitable for 
processing. Thermal, electrical, and chemical forms of 
energy are converted to nerve impulses or electro
mechanical energy in living systems. In man-made sys
tems, energy inputs of all types are converted to electro
magnetic energy. 

Optical-Recognition Devices 
The frog's eye has some remarkable abilities. It re

ceives, processes, and relays information important to 
the frog, and filters out everything else. In operation, 
the eye does not respond to the overall background, 
moving or still, but responds only to specific moving 
objects (potential "bugs"). If an object flying toward 
the frog is about "bug-sized," its speed and range are 
automatically sent to the brain by the eye; everything 
else is ignored. If the object is flying away, the eye 
does not alert the brain. Ranging and rate information 
are determined by eye nerves, so that the sticky tongue 
receives all required tracking information directly from 
the eye. The only response the frog must make is, "Yes, 
I'll eat that bug" (ref. 1). 

RCA, working under an Air Force contract, has built 
a model of the frog's retina with the same information
screening abilities. RCA's version is 3~f feet square by 
6 feet long; it has 33,000 electronic components, more 
than most computers. Six retinal layers process informa
tion. Photocells on the outside of the first layer receive 
the light signals. These signals are fed into printed 
circuits which duplicate the frog's ganglion-cell logic 
functions. An edge is detected if one horizontal recep
tor in a cell group is exposed to light, and the other is 
darkened. Neurons in the frog's eye signal the detection 
of this edge by a synaptic response; the man-made model 

Johns Hopkins University is working on a machine patterned after a frog's eyes. 
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detects the edge with a balanced-bridge circuit, and 
signals by lighting a neon lamp on the back side of the 
first layer. The neon lamp activates other photocells in 
the second layer, more logical operations take place, 
lamps are lit on the back of the second layer, and so on 
(ref. 2). 

Model performance has been so satisfactory that the 
Air Force is already thinking of a version which could 
assist air-traffic controllers to guard against mid-air col
lisions, or applications in which the computer-like eye 

The bat is able to avoid wires as fine as 0.5 millimeter in diameter. 

would detect and help direct an attack against hostile 
targets. 

M.I.T. and Bell Laboratories have also constructed 
electronic analogs of the frog's eye. Martin-Orlando 
expects to complete a frog's eye analog soon. The Applied 
Physics Lab at Johns Hopkins University is working on 
a machine interpretation of radar displays using pro
cesses patterned after the frog's eye. An experimental 
machine has already demonstrated the ability to dis
tinguish targets from background noise on a radar screen 
(ref. 3). 

This type of work may eventually lead to a method 
of accurately prescreening shapes and sizes, and even
tually details, which can be used to improve moving
target detectors. 

Physiological studies of inhibitory influences in the 
eye of the limulus (crab) by Hartline and his associates 
at the Rockefeller Institute have been followed up at 
the GE Advanced Electronics Center in Ithica, N. Y., 
resulting in an electric-eye model that sharpens con
trasts, which might be applicable in a target recogni
tion system (ref. 4). The device could be used to ac
centuate edges in the pattern from an array of infra
red detectors, or to sharpen and refocus image edges 
and contours on a TV or radar system by operating 
on the video signal. 

The crab, like the frog, relies on inhibitory reactions 
that have been found to exist in multi-faceted eyes. In its 
model, G.E. has used ten summing amplifiers, the out
puts of which are changed in magnitude and sign, and 
fed back as inhibitory inputs to other • amplifiers. Vari
ous weightings of inhibitory effects can be achieved by 
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interchanging connections. So far, experiments have been 
conducted with a linear array of ten units, but work is 
going on to develop a two-dimensional planar array of 
mutually inhibitory units. 

Other work in the G.E. Bionics Engineering Section 
influenced by t~is work includes the Visilog (visual ana
log), a device that calculates slant angles to a textured 
surface, a function which might be useful in a recognition 
machine for nbnnalizing figures in the third dimen
sion (ref. 4). Conceivably, this device could be used for 
landing unmanned vehicles upright on another planet. 

Fundamentalresearch is being carried on by Werner 
Reichardt at the Max Planck Institute fur Biologie in 
Tiibingen, Germany, on how the beetle Chlorophanus 
reacts to changing optical stimulation (ref. 5). One of 
the first devices developed through bionics research re
sulted from thi$ study: a ground speed-altitude indica
tor for aircraft. It is based functionally on just two of 
the hundreds of facets that compose the beetle's eye. 

After a series of experiments, it was concluded that 
the beetle lives .in a world of shadows; it perceives mo
tion by gathering light signals on each facet of its 
retina, correlating their times of arrival at the brain 
center, and integrating the information to judge speed 
and direction (ref. 3) . 

The ground speed-altitude indicator uses two photo
cells, one in the nose, the other in the tail of the air
craft. It measures speed by measuring the time it takes 
for the photocell in the tail to receive the same changing 
light pattern that the cell in the nose has recorded 
(ref. 3). In application, this device will be used to 
advance film at the proper rate in airborne cameras. 

Radar-Sonar Hardware 

Bats navigate by means of a sonar system that has 
been the envy of military tacticians since it was discov
ered in 1938 (ref. 1). The bat's ear and larynx provide 
it with a sonar system for detecting food and finding 
its way in the dark. 

In night flight the bat is able to avoid wires as fine 
as 0.5 millimeter in diameter, and to catch mosquitoes 
at the rate of ten per minute. It is apparently not dis
turbed by the sounds of rain or by a cave full of other 
bats. It can pick up the echoes from· a mosquito in a 
background 2000 times stronger than the signal, yet 
its auditory system weighs less than a gram (ref. 2). 

Bats of the family Vespertilionidae beep 10 to 100 
times a second at frequencies which begin at 30,000 to 
120,000 cps, and drop almost linearly during the 1 to 4 
millisecond duration of the beep. Bats can hear sounds 
up to 200,000 cps; the human threshold is only 17,000 
to 20,000 cps >(ref. 10). It is hoped by engineers at 
Bell Labs that a radar anti-jamming device may be based 
on the bat's ear. 

One species of bat of special interest can actually 
function over two mediums; it locates fish by skimming 
over the surface of the water. This is the Noctilo Lepo
rinus, a tropical bat exhibiting a natural radar-sonar 
system. ONR .is sponsoring studies on this bat by biolo
gist D. R. Griffen of Harvard (ref. 2). 

In a joint effort, researchers at Birmingham University 
and Ultra Electronics Ltd. are also studying this tropi-
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cal bat. They are designing an imitation of its radar~ 
sonar system which will allow blind people to "see." 
The innovation which gives their product a greater poten
tial than previous attempts is the use of periodic beeps 
which start at a high frequency ( 60,000 cps) and de
scend linearly to 30,000 cps in 1.5 to 4.0 milliseconds. 
When the signal is reflected back, there is a frequency 
difference between the outgoing and reflected echo sig
nals because of the time delay which is proportional to 
the distance to the reflecting object. 

The lecropia moth has an unusual hearing system. 
Scientists at the Air Force Cambridge Research Center, 
studying moth systems for application to computation 
and communication equipment, have discovered that 
only three neural fibers connect the moth's ear to its 
brain. Two fibers terminate in acoustic sensing cells, the 
third goes to a non-acoustic cell believed to be a syn
chronizing cell. The moth's ear, which consists of only 
two cells, is able to separate the almost imperceptible, 
but hostile, high-frequency sonar of bats from back
ground noise (ref. 2). This requires greater selectivity 
than the best microphones. 

Other Sensory Devices 

One of the discoveries reported at the 1962 Bionics 
Symposium was that honeybees "talk." It has long been 
known that "scouts" pedorm a complicated figure-8 
dance when informing their brethren of a plentiful food 
source. However, researchers at the University of Cali
fornia and at Servomechanisms, Inc., suspected that this 
intricate dance did not tell the whole story; for one 
thing, it is dark inside the hive. Researchers, working 
under an ONR contract, recorded the sounds. Sonograms 
showing pulse-modulated 250 cps descriptions of a food 
source location by worker bees suggest that the length 
of the pulse train probably indicates distance, and the 
basic 250 cps carrier wave may be frequency modulated 
to show bearing. 

The Massasauga rattlesnake has an infrared heat sens
ing organ in the pit between his nostril and eye that 
responds to a temperature change at its surface of 0.001 

(Continued on Page 62) 
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The rattlesnake has exotic sensors which humans don't possess. 
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This could be the start of something . fil • 

If you are completing your BS or MS degree in EE, ME or 
Physics, AC-Milwaukee's "Career Acceleration Program" is 
the perfect way to launch an exciting career .•. and keep it 
moving! You will work on important inertial guidance and 
navigational system projects for Titan II and Ill, the Apollo 
Navigation-Guidance System, B-52C&D Bombing-Navigation 
Systems and other guidance and navigation projects for space 
vehicles, missiles and aircraft. 

In AC's "Career Acceleration Program," you will spend one 
hour daily in formal class work, the remaining seven hours on 
a specific project. Courses include: ADVANCED THERMO
DYNAMICS, INERTIAL INSTRUMENTS, DIGITAL COMPUTERS, 
GUIDANCE EQUATIONS, BASIC ASTRONOMY, TELEMETRY 
and DATA ANALYSIS, plus mathematics and undergraduate 
disciplines, as required. 

In addition, AC-Milwaukee's Tuition Refund Plan enables you 
to improve your skills through additional education. You will be 
reimbursed for all tuition costs on satisfactorily completing 
college-level course of study when undertaken voluntarily. 
AC also offers an "in-plant" evening educational program for 
additional technical improvement. 

Positions also exist for recent graduates at AC's two advanced 
concepts laboratories: 

BOSTON-Advanced Concepts Research and Development 
On-the-Job Training Program-AC's Boston Laboratory is 
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engaged in research projects in avionics, space navigation and 
inertial instrument development. This laboratory works from 
theory to prototype, advancing the state of the art in navigation 
and guidance. 

LOS ANGELES-Advanced Concepts Research and Develop
ment On-the-Job Training Program-AC's Los Angeles Labora
tory is occupied with advanced guidance research for space 
vehicles and ballistic missiles, plus research and development 
in special purpose digital computers. 

For further information on AC's "Career Acceleration Pro
gram," contact your placement office or write Mr. G. F. Raasch, 
Director of Scientific & Professional Employment, Dept. 5753, 
AC Spark Plug Division, General Motors Corporation, Milwaukee 
1, Wisconsin. 

PhDs, please note: Positions are available in all three AC 
locations for PhDs, depending on concentration of study and 
area of interest. You are invited to contact Mr. Raasch for 
further information. 

AC SPARK PLUG 
THE ELECTRONICS DIVISION 
OF GENERAL MOTORS 
MILWAUKEE .. LOS ANGELES • BOSTON • FliNT 
An Equal Opportunity Employer 
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History of Measurement 

From the micro-second that infamous cave man of the 
past, fir~fconstn:Lcted a new club by comparing its length 
to t~~ r~tnains of the old, man has been on the road of 
progr{§ss in the,,field of measurement. 

The first recorded linear standards were employed by 
the ancient Sumerians and Egyptians. Their standards of 
me~~lirements, a~ well as those of many other civilizations, 
were based on ~arious parts of the human body. They 
defined a cubit as the length of a forearm from the point 
of the elbow to,the tip of the 1niddle finger, about 20 
modem inches. :The digit was the width of a finger, or 
about .75 inches'. The palm was the width of a hand at 
the base of the fingers, or about three inches. The 
Chaldean, Babylonian, Persian, Greek, and Roman sys
tems that followed seem to have had tolerable standards, 
but after the "(Rise and) Fall of The Roman Empire" 
seem to have been forgotten or disregarded. 

In the sixteenth centu1y the human body, as well as 
barley com, again became the standard for the now 
crude gauging methods. When William the Conqueror 
came to the throne of England, men had adopted such 
unsatisfactory standards as the width (not length) of 
four barley corns, which equaled a digit; four digits being 
a palm, measured not at the base of the fingers as did 
the Sumerians and Egyptians, bu~ at the middle joint of 
the fingers; four palms equal to one foot; the length of 
the legendary human foot, of course, equalling one foot 
measure; ten palms equal to a step; two steps equal to a 
pace, etc. 

These "standards" were unsatisfactory primarily be
cause of the variance in the length of the various body 
parts between men. The "foot" (measure, that is), for 
instance, at this time varied between ten and twenty
seven modern inches. Even this difference could not be 
disregarded then, since its extremes differed by a factor 
greater than two. "Even in our own century, in Brooklyn, 
New York, there was a time when the city surveyors 
recognized as legal, four different 'feet': The United 
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States foot, the Bushwick foot, the Williamsburg foot, 
and the foot of the twenty-sixth ward." This led, after 
several surveys, to strips of real estate that did not exist 
and consequently were not taxable. , 

Sometime after the signing of the Magna Carta, King 
Edward I created the first, at least semi-permanent, 
measuring standard. The «Iron Ulna" was made from 
steel, the toughest and hardest mate1ial of the day, and 
was approximately the same length as our modem day 
yard. The King also established that one·third of this 
length should be the foot measure and that one thirty
sixth its length should be known as the inch. 

King Edward II, the next English King, returned to 
the barley corn definition of the inch. The probable 
reason for this was the inability of many to refer con
veniently to the Iron Ulna in London. 

In considering the progress of standardizing measure
ment we may safely confine ourselves to the English and 
French systems since they have been practically the only 
ones used in science for the last tWo hundred and fifty 
years. 

The meter, unlike the foot from the "human body part" 
system, was originally defined as a fraction of the Earth's 
circumference. Even today, although both systems have 
reached a high degree of formal definition, there is much 
controversy over whether or not the metric system should 
be made universal. It is the system used by -science and 
is generally accepted as the more formal system. 

One of the major difficulties with measurement sys
tems of the past was the necessity to rely on a standard 
length inscribed on a bar of some supposedly indestruct
ible material. In addition to being destructible the 
"standard" was also affected by changes in temperature 
and air pressure. 

The answer to this problem was supplied by Professor 
A. A. Michelson. Upon invention of the interferometer 
he was able to measure physical standards in terms of 
wavelengths of light. This, in addition to supplying a 
non-destructible standard, provided the world with a 
method of duplicating the standard at any time or place 
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by PETER C. HALDEN, ME-IE '64 

without reference to the physical standards, which then 
became obsolete. 

Measurement and Industry 

The only thing that makes mass production possible is 
the ability to make many pieces so alike that any one 
will replace another. In manufacturing, on the highways 
and seas, in the skies and fields, or in the daily operation 
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Figure I. The size of gage blocks are calculated from the 
number of interference bands between' the top of the gage block 
and the reference surface. Fringe displacement (f) must be 
calculated for final size determination. 

and maintenance of our homes, metrology is the basis of 
interchangeability. 

The evolution of interchangeable parts has passed 
through several distinct cycles. The pioneer of inter
changeable parts, Eli Whitney, was convinced that ma
chines, powered by water, could forge, roll, bore, grind, 
and polish ten to fifteen thousand arms so identical any 
one's parts would replace those of any other. Whitney, 
however, achieved interchangeability of parts only for 
his own products within the range of the measuring 
standards employed in his own plant. 

MINNESOTA TECHNOLOG 

Progress, as is so often the case, again was slow until 
the 1900's. 

Henry Ford, the recognized father of mass production 
and the assembly line, contributed greatly to the ad
vancement of the interchangeable parts concept. His 
first attempt at what is now termed gauging consisted of 
building a pilot model of the car to be manufactured and 
then completely disassembling it and using the pieces for 
masters. This system had the shortcoming of tending to 
make manufacturing concentrated and cumbersome. Al
though the procedure was inefficient, wasteful, and in
accurate by modem standards, it was one gigantic step 
of progress. 

World War I caused yet another · large step in the 
field of progress toward interchangeability. Individual 
plants could not produce, efficiently and economically, 
all the parts of a complete implement of combat. Thus 
the sub-contract came into importance and brought with 
it the necessity of standardization of measurement be
tween plants and companies widely separated. 

Although the National Bureau of Standards originally 
had the responsibility of checking all master gauges used 
in industry on government work, it is now the respon
sibility of industry to prove that its product is correct by 
having it inspected by the bureau. 

The larger the nwnber of components, the more likely 
a machine will fail. The Atlas Rocket, for instance, 
(which has approximately three hundred thousand com
ponents) must be constructed of parts that will function 
correctly 9,999,996 times out of a 10,000,000 if nine out of 
ten of the rockets are to hit the target. 

If the designers of the Atlas Rocket had settled for the 
Ivory Soap standard of 99.44% (not 99.99996%), only one 
rocket out of 5 x 10730 would be successful. Reliability, 
which is based on the mathematics of probability, is im
portant not only to those in the missile field, but is also of 
great concern to manufacturers of consumer products. 

An automobile builder, for example, figures that if it 
costs him two cents to put a part on in assembly, it would 
cost eight dollars to replace it while the car is on the 
production line and nearly one hundred dollars to re
place it under a dealer warranty. 

When looked at from the dollars and cents standpoint, 
it becomes readily obvious why tolerances, quality con
trol, reliability, and gauging, which makes the previous 
three possible, are important. 

Mass production, in conclusion, could not exist as we 
know it today if it were not for our ability to measure 
accurately. 

Gauging 

There are basically four kinds of gauging, classified by 
their means of operations. These four kinds are optical, 
mechanical, pneumatic, and electronic gauging. 

Optical gauging originated with the interferometer de
veloped by Professor A. A. Michelson in 1892 and 1893. 
The interferometer and other similar devices depend on 
the various phenomena associated with the interference 
bands of monochromatic light. To this type of gauging 
also belong microscopes, optical comparators and auto
colliminators. 

Mechanical gauging can be subdivided into three 
classifications: gauges that magnify motion through a 
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gear train or reed system, screw-displacement gauging, 
and single dimension gauging. The many styles of dial 
indicators are examples of the first classification; microm
eters represent the screw-displacement variety; and 
gauge blocks, go no-go gauges, ring gauges, and the 
various other geometric configurations of precise dimen
sion represent single dimension gauging. 

Pneumatic gauging systems essentially rely on air flow 
rate and pressure differentials. This type of gauging, 
which is very common in the automotive engine field, has 
the ability to check many dimensions quickly. 

Electronic gauging systems depend on the movement 
of an arm in contact with the piece being measured. The 
arm in tum produces an electrical signal (such as cur
rent, voltage, resistance, or reactance) which after ampli
fication is read on a meter, go no-go lights, or some other 
device. 

Optical Gauging 

The interferometer, although not yet commonplace i:v 
industry, is becoming more popular as companies findit 
necessary to install precision calibration facilities. The 
primary advantage of the interferometer (shown in 
Figure 1) is its ability to measure to a reproducible ac
curacy of two millionths without gauging pressure. 

The optical flat, a simplified form of the interferometer, 
is commonplace in industry. It is an optical glass or fused 
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Figure 2. Autocollimators, the standard device for measuring 
angles precisely, funcHon by comparing the displacement be
twee.n reflected and projected images. 

quartz disc whose faces are lapped to a flatness in the 
neighborhood of one millionth of an inch. The principle 
is identical to that of the interferometer. Optical flats can 
also be used to compare flatness, and parallelism between 
known and unknown gauge blocks. 

A great variety of microscopes, from toohnaker' s eye 
pieces to universal microscopes with built-in optical scales 
or micrometer stages, are available from manufacturers. 
Microscopes can be used to measure any geometric con
figuration, such as a hole diameter, hole spacing, tapers, 
angles of inclination, or a variety of other linear and 
angular relationships. For all practical purposes, the 
reading accuracy limit is about one ten-thousandth of an 
inch on linear measurements and a fraction of a minute 
on angular measurements. 

An optical comparator is an instrument that projects 
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magnified outlines on a ground glass screen. Although it 
can be used for checking many combinations of linear 
and angular dimensions, it is primarily used for checking 
gear teeth, thread form, and other contours of all types. 
Plastic graduated scales and contour drawings are placed 
on the ground glass screen for checking parts. Because 
of this the optical comparator is very versatile. It is 
available with calibrations to one ten-thousandth of an 
inch and one minute of arc. 

The autocollimator, the latest development in optical 
gauging, uses light rays for measuring (see Figure 2). 
It, like the interferometer, is gaining in importance to 
industrv. 

First: a beam of light is split into two parts. Then, 
after one beam has been reflected off an inclined surface, 
the displacement of the two beams serves to measure the 
angle at which the reflecting surface was inclined. It 
can also be used for measuring flatness, squareness, and 
parallelism. Accuracy of .5 seconds of arc can be ob-

Figure 3. The "supermike," as shown in this picture, is used 
for calibrating or checking other less accurate gauging methods. 

tained by a trained operator. With the aid of a photo
electric reading device accuracy to .1 seconds of arc is 
standard. 

Mechanical Gauging 
Dial indicators, which represent one of the four types 

of mechanical gauging, depend on either a gear-train or 
reed system for their magnification. These gauges come 
in a variety of size, styles, ranges, and magnifications. 
They, therefore, are adaptable to many jobs and are very 
common. The gear-train type is not applicable where 
readings are required to have an accuracy greater than 
one ten-thousandth of an inch. The reed type magnifica
tion, on the other hand, is capable of measuring in the 
one-half millionths range. In addition to being very sen
sitive, it has a high level of accuracy and requires a rela-

(Continued on Page 51) 
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Sixty-three years ago Sir Ernest 
Shackleton, the famed polar ex
plorer, placed this ad in London 
newspapers. The response was 
amazing. And the ·men who an
swered were special. 

There are men like them today 
at Honeywell ... and we'd like 
more of them. They're men who 
feel obligated to answer a chal
lenge. They're motivated by the 
overwhelming urge to be FIRST 
in their field. And, they're willing 
to work hard for that distinction. 
Unlike Sir Shackleton's volun
teers, however, they're well paid 
for their outstanding performance. 

Some of them work on complex 
control systems for the Apollo 
Command and Service Modules, 
Gemini and others. (Honeywell 
has supplied control systems for 
virtually all U.S. manned space 
shots.) These engineers will pro
vide guidance for hazardous jour
neys in the years ahead. 

Some work on weapons systems. 
Others design computers that 
create shortcuts· and quicker an
swers to technical questions. Still 
others design or market the mod-

MINNESOTA TECHNOLOG 

HONEYWELL WANTS THE KIND OF 

MAN WHO ANSWERED THIS AD 

ern systems that control environ
ment and equipment in industrial 
plants, office buildings, schools, 
homes and hospitals. 

Why they stay at Honeywell ..• 
and why we think you will, too. 
Honeywell has one of the lowest 
professional turnover rates in the 
industry ... less than half the 
national average. There are good 
reasons for it. 

Start with growth •.. Honeywell 
has grown steadily since 1885-
now employs 4 7, 700 people in 46 
plants throughout the U.S. and 
foreign countries. We offer the 
stability and variety that go along 
with a broad-based company. 
There's always a chance for change 
and new challenges here. 

Merit Pay and Promotions ••• 
Good men like to set their own 
pace, and we like it that way. We 
pay and promote to recognize 
individual performance and prog
ress. We'll push you along as fast 
as you can handle the work. 

Tuition Aid •.. Honeywell men can 
get advanced degrees at company 
expense. Greater knowledge will 

help both of us become "first in 
the field." 

Finally, Professional Freedom •.• 
At Honeywell, you're on your own. 
Tough competition replaces the 
confining supervision you find in 
many companies. You'll work with 
real pro's ... men who recognize 
and respect good work. You'll 
work in a climate of true scien
tific professionalism. 

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 informa
tion on Honeywell products, 
plants and office locations. 

We'd like to learn more about 
you on our next visit to cam
pus. Check the date. Or, write to 
Mr. H. P. Eckstrom, Corporate 
Director of Employment, 
Minneapolis 8, Minnesota. 

FIRST IN CONTROL 

w II 
An equal opportunity employer. 
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A photograph o·f the Minnesota Glacier 
onto Filchner ice shelf from a major survey 
point. 
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u F 1962-1963 

• 
I 

The 1962-1963 University of Minnesota Geologic Ex
pedition to Antarctica reh1.med recently with much val
uable scientific data gathered from the Ellsworth Moun
tains. These mountains lie near the base of the Antarctic 
(Palmer) Peninsula. This strategic position makes them 
very significant geologically in determining 1) the ex
tension of the Andes Mountains of South America into 
Antarctica, 2) if the circum-Pacific volcanic belt extends 
across Antarctica, and 3) the nature of the link between 
the younger rocks of West Antarctica and the older 
shield area of East Antarctica. 

The Minnesota expedition's major tasks were to map 
the bedrock geology of the mountains and to study the 
geomorphology and glaciation of the region in order to 
reconstruct the geologic and glacial history of these 
mountains. Most of the area studied last year was pre
viously unexplored. A four-man geologic field party 
from Minnesota had spent the previous Antarctic sum
mer in the northern part of the mountains and in 1959 
Dr. Campbell Craddock and the late Dr. Edward Thiel 
had visited a small nunatak in the Heritage Range on 
a trans-Antarctic airborne traverse. Last year's program, 
the University's fourth Antarctic geologic expedition, 
was under the direction of Dr. Craddock, associate pro
fessor of geology at the University, who has led three 
of them in the field personally; deputy leader was Gerald 
Webers, doctoral student in geology at the University. 

Two topographical engineers from the U.S. Geological 
Survey were with the group to secure the ground control 
necessary for accurate mapping of these mountains. Pri
mary stations were established with star shots for hori
zontal position and barometric altimetry for elevation. 
The principal geographical features were then located 
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using theodolites for triangulation and tellurometers 
(very accurate electronic instruments) for distance meas
urements. This control is then used in the compilation 
of accurate topographic maps from aerial photos taken 
this season and in previous seasons by the U. S. Navy. 

At the beginning of the season a semi-permanent sum
mer base camp was established with the erection of two 
small J amesway huts on the edge of the Minnesota 
Glacier-a ten-mile wide stream of ice which separates 

the Sentinel and Heritage Ranges of the Ellsworth 
Mountains. This science station was named Camp 
Gould in honor of Dr. Laurence M. Gould, distinguished 
Antarctic geologist and former president of Carleton 
College. From this centrally-located camp, surface par
ties then traveled on exploration trips of approximately 
one month's duration to map the mountain ranges. 

The mountains in the Sentinel Range, which lie north 
of Camp Gould, are the highest and most rugged known 
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Trail camp and sled train in Heritage range . 

by Donald Soholt 

in Antarctica; 16,000-foot peaks rise up in steep 10,000-
foot escarpments from the ice of the polar plateau. The 
total relief locally is greater than the Grand Tetons of 
the Rocky Mountains. The Sentinels, which are 120 
miles long and 40 miles wide, could only be studied by 
skirting the outer fringes due to the extreme ruggedness 
of the central part. The Heritage Range south of Camp 
Gould is 100 miles long and 50 miles wide. It consists 
of a series of individual valley glaciers and snow fields 
·separating smaller and less rugged mountain groups. 

The Minnesota Glacier, between the two ranges, origi
nates from a series of ice falls twenty miles wide where 
the ice from the polar plateau flows over a buried ridge; 
it continues 50 miles eastward into the Filchner Ice 
Shelf. A staked trail across this crevasse-riddled glacier 
was established to provide access to the Heritage Range 
from Camp Gould. A stake survey was conducted on the 
Minnesota Glacier to determine its rate of flow, and 
gravity readings were taken to establish the cross
sectional profile of the ice stream. Preliminary calcu
lations show that the maximum horizontal movement is 
about a foot per day. 

An area of approximately 5,000 square miles was 
mapped on a reconnaissance basis. Aerial photos were 
used extensively to plot field data and to determine 
possible travel routes. A stratigraphic section of ap
proximately 40,000 feet of sedimentary rocks, consisting 
of at least five major geologic formations, was mapped. 
The lowermost group of strata consists of at least 3,000 
feet of carbonate rocks; these now occur chiefly in the 
form of marble. Lying conformably on the carbonate 
is a very thick pelitic unit, most of which is phyllite. 
The thickness of this unit is imperfectly known, but is 
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at least 16,000 feet. Above the phyllite is about 15,000 
feet of quartzite. It is this erosion-resistant unit which 
makes up the high peaks of the Sentinel Range. A 
3,000-foot conglomerate unit overlies the quartzite; the 
rounded pebbles and cobbles of the conglomerate are 
composed of a wide range of igneous and sedimentary 
rocks. The youngest unit mapped is a dark shale at least 
3,000 feet thick found in the northern Sentinels. 

Discovery of Fossils 

A major accomplishment of the ·expedition was the 
discovery of fossils near the center of the stratigraphic 
column. These are the oldest fossils found to date in 
West Antarctica and are roughly 500 million years old. 
Several forms, all of marine origin, have been identified. 
The fossils are predominantly trilobites, but mollusks, 
brachiopods, echinoderm columnals, and several forms 
of uncertain affinities are also present. VVhen a thorough 
study of these fossils is completed, the precise geologic 
age of this formation can be established. The fossils 
also provide information about the environment of depo
sition of these strata and about the paleogeographic 
relationship of Antarctica to the other southern conti
nents. 

Another significant discovery was fossil plant material 
in the youngest known rocks of the Ellsworth Mountains. 

February 4, 1963, folds in Christmas rock from a southeast view 
near the entrance to Dry Valley. 
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Although the age of these fossils cannot be as accurately 
determined as the age of the others, it is hoped that they 
will establish a maximum age for this uppermost for
mation. Fossils were also found in limestone pebbles 
of the thick underlying conglomerate; if they prove 
identifiable, the maximum age for this formation will be 
established. 

In the southern part of the Heritage Range, mountains 
made up entirely of marble were sighted. These ghostly
white peaks stand above widespread rock pavements un
covered by deglaciation. Locally the marble has been 
polished to a gloss by wind-blown ice grains. 

Much of the rugged nature of the terrain is attributed 
to glacial action. Cirques are forming at the heads of 
many valleys and in places have reduced the divide 
between two glaciers to a thin wall. Most peaks in these 
mountains are distinctly angular and many are true 
glacial horns. Aretes and long narrow spurs are com
mon, and many are too narrow and jagged to traverse. 
Ice free or "dry" valleys up to five miles in length are 
present in parts of the Heritage Range. These are kept 
free of snow by wind blowing down them. 

It is evident in the Ellsworth Mountains that the ice 
was 1,000 to 1,500 feet higher at some time in the past 
than it is today. Glacial-striated surfaces were found 
1,000 feet above the present glaciers, and erratic boulders 
( some of which were originally in areas many miles 
away) are found on mountain peaks as much as 1,500 
feet above the present snow surface. 

Other effects of the solar heating of the rocks during 
the Antarctic summer were observed. Vacant spaces 
about six inches wide and several feet in extent are 
frequently seen next to outcrops within originally wind
packed snow. Downward sinking of boulders on ice 
fields is common, and some rocks disappear, leaving only 
a pipe of clear ice above them. Meltwater is almost 
non-existent, but a few small puddles were found next 
to north-facing rock exposures. 

An unusual feature commonly observed is the presence 
of large moats adjacent to· many nunataks and peaks. 
These moats are characteristically bordered by a steep 
rock wall on the inside and a near vertical wall consist
ing of blue glacial ice on the outside. They are up to 
50 feet wide and may be close to 100 feet deep with 
snow cornices locally forming at the upper rim. Turbu
lent wind currents occur in these moats and wispy snow 
can be observed moving horizontally along the icy face 
and being blown out up over the outer rim. This wind 
action maintains the moats by preventing fresh snow 
from settling in them, but solar heating of the adjacent 
rocks probably causes the moat to form originally. 

No animal life was observed in the mountains except 
for two snow petrels. The only plant life was in the 
form of a few lichens found growing on the rock out
crops. 

Tough Sledding 

The snow surface commonly shows a wind-carved 
feature known as sastrugi. These can he very rugged 
and angular-up to four feet high-and so hard that a 
man will not leave a footprint when walking over them. 

(Continued on Page 60) 
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FOR OUTSTANDING FACILITIES, DIVERSIFIED AEROSPACE SYSTEMS . .. IT'S 

MINNESOTA TECHNOLOG 

t n rd 
United Aircraft's Hamilton Standard Division is in the 
midst of a major planned expansion program. In the 
heart of Connecticut, our million and a half square-foot 
plant with its complex aerospace-product facilities pro· 
vides top-flight career potential. 

ENGINE CONTROL LABORATORIES-In this High-Temperature Labora· 
tory, an advanced turbine pump can drive a fuel control 
in ambient temperatures up to 1,000°F. A 60-point 
data logger presents a typewritten display of product 
performance in terms of pressure, flow, speed and 
temperature. The facility handles up to 60,000 pph of 
fuel at temperatures to 500°F. Other fuel control test 
facilities simulate altitudes to 80,000 feet, refrigerate 
fuel to -70°F, control relative humidity from 20% to 
95%, subject hardware to salt water spray, sand and 
dust conditions, shock loading, and simulated vibration 
and "g" acceleration loading. 

PROPELLER TEST LABORATORIES-In this Vibration Lab 
are motors capable of vibrating full-scale propellers 
from 20 to 500 cycles per second. During full-scale 
testing of advanced design integral gear box propellers, 
a special data acquisition facility automatically records 
steady-state and transient performance data. 

UFE SUPPORT SYSTEMS LABORATORIES-This new, highly ad· 
vanced, man-rated space simulator will help develop 
Project Apollo Moon Suit. Chamber is designed to 
attain a vacuum of 1 x 1o-s torr in 10 hours when empty, 
5 x 10-5 torr in 1% hours with two astronauts in space 
suits. Other problems under investigation: improved 
cryogenic storage systems for zero "g" applications, 
carbon dioxide removal and reduction, two-gas at
mosphere pressure control systems, and rejection of 
metabolical equipment heat via space radiators. 

See your placement officer for a campus interview, or write: 

SUPERVISOR COLLEGE RELATIONS 

mil to 
tand r 

DIVISION OF 
nit 
i 

WINDSOR LOCKS, CONNECTICUT 
an equal opportunity employer 
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Spotlight on 

Local Industry 

E 

Northern States Power Company, the tenth largest 
electric utility in the nation, began as the Washington 
Light and Power Company on June 16, 1909. The name 
was changed to Consumers Power Company later that 
year. In the beginning, the company had nineteen em
ployes and provided electric service to 771 customers in 
Stillwater, Minnesota. Gross revenues for the first year 
were $71,000. By 1910, construction was already under 
way on a 12-mile, 15,000-volt line connecting Stillwater 
with White Bear, Minnesota. Other lines followed. By 
1915, the company was serving St. Paul, Minneapolis, 
Faribault, and Mankato through connecting transmis
sion lines. 

In those early days, electricity was generated and dis
tributed principally for industrial, lighting and trans
porta-tion purposes. Although several electric appliances 
had been demonsh·ated in the very early 1900's, the real 
swing to electric living did not come until the mid-

Northern States Power Company high bridge plant in St. Paul, 
Minnesota. 

twenties. It was also in the twenties-1923-that NSP 
built the first two rural experimental lines in the world, 
one at Red Wing, Minnesota, and the other at Renner, 
South Dakota. NSP is now one of the nation's largest 
suppliers of electricity to farms. It serves more than 
25,000 rural customers directly and, through nineteen 
rural electric co-operatives, serves an additional 100,000 
rural customers. 

Altogether, NSP serves more than 900,000 customers 
in 628 communities in four states-Minnesota, Wisconsin, 
North Dakota, and South Dakota. The company has 
about 7,000 employes. Gross revenues for the fiscal year 
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by Jacquie E. lander, Math 65 

ending September 30, 1963, were $214,810,010, up. 5% 
over the previous year. Earnings were $1.69 per share 
compared with $1.62 a year ago. 

NSP's present generating capability is more than 
1,800,000 kilowatts. The total number of plants is 
seventy-two, including seventeen steam, twenty-one 
diesel, and thirty-three hydro plants. 

NSP has three power plants and plans for another in 
the Twin Cities area. The largest of these three, and the 
largest in the whole NSP power system, is the High 
Bridge Plant in St. Paul, which has a capability of 
500,000 kilowatts. The first unit in this plant was in
stalled in 1924. In May, 1949, ground was broken for 
the Black Dog Plant (which was named for a Sioux 
Indian chief) in Burnsville. Black Dog is the second 
largest plant in the NSP system, and has a capability of 
485,000 kilowatts. The third plant is the Riverside Plant 
in central Minneapolis. Present capability of this plant is 
215,000 kilowatts, hut construction now under way will 
bring the capability up to 504,000 kilowatts by June. 
Engineering studies for the new 500,000 kilowatt Red 
Hock Plant, to he built south of St. Paul, are under way. 
If studies show that the power is needed for 1967, con
struction will start next summer. 

NSP's construction policy is plan-, and build-, ahead. 
Construction is planned more than ten years in advance 
so that power will he ready, wherever and whenever it 
is needed. Other examples of new construction are a 
230-kilovolt line connecting the NSP system with that of 
the Minnesota Power and Light Company of Duluth 
which was completed this summer, and a 345-kilovolt 
line connecting the Twin Cities with Milwaukee and 
Chicago which is expected to he in operation in 1966. 

The 345-kilovolt line is the first of the lines to be built 
as part of the extra high voltage ( EHV) system planned 
by Mid-Continent Area Power Planners ( MAPP), an or
ganization of twenty-two power suppliers in ten states. 
MAPP members presently serve a combined total of 
more than 3,000,000 · consumers and have a combined 
peak demand for electricity of about 6,500,000 kilowatts. 
The primary objective of MAPP is to promote integrated 
planning among its members to form the basis for a 
large, regional power pool that will assure consumers the 
best possible electric service at the lowest possible cost. 
MAPP plans call for: 

1. Creation of a 5,400-mile network of EHV 
transmission lines costing about $280 mil
lion that will link the Twin Cities with Chi
cago, Milwaukee, Duluth, Minot, Omaha, St. 
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Louis, and Kansas City. 
2. Integrated operation of the systems of the 

member power suppliers. 
3. Further co-ordination with adjacent power 

suppliers, including Federal agencies. 

As a result of being a MAPP member, NSP will realize 
great savings since integrated operations make possible 
sharing of reserve requirements, construction of larger 
electric generating units, and full use of the newest and 
most economical plants. 

The third ingredient for the best electric service, along 
with construction and power pooling, is research. NSP's 
Testing Laboratory is nationally recognized for its leader
ship in testing of materials. Examples of NSP research 
projects are investigations of high-frequency lighting and 
the effects of unusual weather conditions on transmission 
lines. 

Most important of NSP' s current research projects is 
the Pathfinder Plant, the world's first all-nuclear electric 
generating station. At Pathfinder, near Sioux Falls, South 
Dakota, nuclear energy will be used not only as the pri
mary source of fuel, but also to fuel the superheater 
which steps up the temperature of the steam as it leaves 
the boiler and enters the turbo-generator. In other atomic 
plants, as in all conventional plants, the superheater is 
fired by coal or gas. Testing of components is now almost 
completed, and Pathfinder is scheduled to go critical this 
month. The development of Pathfinder is a joint under
taking of ten Midwest utility companies and the Atomic 
Energy Commission. However, the new plant, rated at 
66,000 kilowatts, will be owned and operated by Northern 
States Power Company. 

LECT. /CIT 

MINNESOTA TECHNOLOG 

Splinters ... 
Two hunters in Africa were caught by cannibals and 

put in a large cooking pot. One man laughed hysterical
ly. Annoyed, the other man asked, "What's so funny?" 
The first one replied, "If they only knew what I was 
doing in their soup!" 

A young British gentleman was visiting America and 
was invited to a formal dance. Half way through one 
number, the necklace of the girl he was dancing with 
broke and slipped down the back of her low cut dress. 

He was very embarrassed when she asked him to go 
fishing for it, but he followed her instructions. While 
still feeling for it he happened to look up and see every
body on the dance floor watching him with utmost in
terest. 

"Oh I say," he protested, "I feel a perfect ass!" 

"Just get the necklace," replied the girl tartly, "and for
get about the compliments." 

How many magazines does it take to fill a baby car
riage? 

One Mademoiselle, one Country Gentleman, a Look, 
a few Liberties ... and a little Time. 
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If I join 

1m en 
omp y 

after 
gra atio , 

at 
ill t ey do 

for me? 

Every man with any job hunting experience knows not to ask that que-stion~ 
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 from one to four years in one of 
22 individualized training programs. 

Extensive training 

Instruction takes place on the job and in training sessions. Later 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 company 

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 equalopportunity employer. 

e Timken Roller Bearing Company Canton, Ohio 44 706 
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0 the onsanto an 1m m m 

also represents ... 

He's ready to answer your career questions about 

any or all of these outstanding organizations 

Their products range from chemicals to chemi
cal fibers ... from plastic bottles to nuclear 
sources. Their diverse activities create oppor
tunities in research, development, engineering, 
manufacturing, and marketing. Yet, because 
each is an important member of the Monsanto 
corporate family, the Monsanto Professional 
Employment representative coming to your 
campus is fully prepared to give you complete 
facts on any or all of them ... show you where 
you may fit in. 

You will have a better opportunity to learn 
more about us ... in a single interview. See 

your Placement Director now to set up that 
interview when we visit your campus soon. 
Or, write for our new brochure, "You And 
Monsanto," to Manager, Professional Recruit
ing, MONSANTO, St. Louis, Missouri 63166. 

AN EQUAL OPPORTUNITY EMPLOYER 
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Progress in the Bell System . ... 

MINNESOTA TECHNOLOG 

SWIMS ..... ORBITS .... 

BEAMS ..... 

PUSHES ...... 

PULSES ...... 

BURROWS ..... WINKS ...... 

AND LIVES AND BREATHES ...... 

Progress takes many shapes in the Bell System. And among 
the shapers are young men, not unlike yourself, impatient 
to make things happen for their companies and themselves. 
There are few places where such restlessness is more wel
comed or rewarded than in the fast-growing phone business. 

Bell Telephone Co 
llill 

pan1es 

FLASHES ...... 

TALKS ...... 

BLINKS ...... 
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ng1ne r 
In Choosing a Career, 
Consider these 
.Advantages-

Location: Fisher is basically an "Engineering" 
company with 1,500 employees located in a 
pleasant midwest community of 22,000. 
It's less than 10 minutes to the Fisher plant 
from any home in Marshalltown. 

Type of work: You'll become a member of 
an engineering team that has produced some 
of the outstanding developments in the field 
of automatic pressure and liquid level controls. 

Growth: Fisher's products are key elements 
in automation which assures the company's 
growth because of the rapid expansion of 
automation in virtually every industry. 

Advancement: Your opportunity is 
unlimited. It is company policy to promote 
from within; and most Fisher department 
heads are engineers. 

If you want to begin your engineering career 
with one of the nation's foremost research and 
development departments in the control of 
fluids, consult your placement office or write 
directly to Mr. John Mullen, Personnel Director, 
FISHER GOVERNOR COMPANY, Marshalltown, Ia. 

If it flows through pipe 
anywhere in the world 
chances are it's controlled by .•• 
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Mu'ltiply 

abamperes ....................... . 
abamperes/sq em ........... . 
abampere-turns ............... . 
abampere-turns/em ......... . 
abcoulombs ..................... . 
abcoulombs/sq em ......... . 
abfarads ........................... . 
abhenries ......................... . 
abmhos ............................. . 
a,bmhos/cu em ................. . 
abohms ............................. . 
abohms/cu em ................•... 
abvolts ................... . 
acre-s 
acres ... 
acres . 
acres .... 
acre-feet 
acre-feet 
amperes 
amperes ........................ . 
amperes/sq em ....•......•••.• 
amperes/sq inch ...............• 
amperes/sq inch ..............•• 
ampere-tums ...................• 
ampere-turns ...................• 
ampere-turns/inch ........... . 
ampere-turns/inch ...........• 
amp-webe.rs/meter .........• 
Angstrom units ..............•• 
Angstrom units ............... . 
are·s ................................... . 
astronomical units .........• 
atmosp·heres ..................... . 
atmosp·heres ..................... . 
atmospheres ..................... . 
atmospheres ..................... . 
atmospheres ..................... . 
atmospheres ..................... . 
atmospheres ..................... . 
bars ................................... . 
board feet ....................... . 
British thermal 11.mits ......... . 
Br,itish thermal units .........• 
BrHish thermal units ......... . 
Br.itish therma I units .........• 
Br.itish thermal units ......... . 
Br.itish thermal un:its ......... . 
Br.itish thermal units ......... . 
BTUs/minute .....................• 
BTUs/minute .................... . 
BTUs/minute .................... . 
BTUs/minute .....................• 
BTUs/cu1 ft ...................... . 
13TUs/pound .................... . 
BTUs/sq ft ....................... . 
BTUs/(sq H) (min) ......... . 
BTUs/(hr) (sq ft) (deg F) 

BTUs/ ( hr )( sq ft )( deg F 
/i-n) ································ 

bushels .............................. . 
bushels .............................. . 
bushels .............................. . 
bushels ............................... . 
bushels ............................... . 
bushe·ls ............................... . 
bushels ............................... . 
calories ............................ . 
centimeters ....................... . 
centimeters ..................... .. 
centimeters ....................... . 
centimeter-dynes 
ce·ntimeter-dynes ............. . 
centimeter-dynes ............. . 

MINNESOTA TECHNOLOG 

By 

10 
6.452 X 10 
1.257 X 10 
2.540 X 10 

10 
6.452x 10 

109 
I0-9 
I0-9 

1.662 X 102 
I0-9 

6.()15 X I0-3 
J0-8 

4.047 X I0-1 
4.356 X 104 
4.047 X J03 
4.840 X J03 
4.356 X J04 
).259 X J05 

J()-1 
3.00 X J09 
6.453 
1.550 X 10-2 
4.650x 108 

1()-1 
1.257 
3.937 X J0-2 
4.950 X J0-1 
I 

10-8 
i()-4 
102 

9.3 X 107 

7.60 xiO 
0.013 X 1()6 
2.992 X 10 
3.390x 10 
L033 X 104 
1.470 X 10 
1.058 

106 
L44 X !()2 
2.520 X IQ-1 
7.775 X 1()2 
J.927x I0-4 
1.054 X J03 
1.075 X J02 
2.928 X IQ-4 
2.52() X 1()2 
1.296 X 10 
2.356 X 10-2 
8.757 X I0-2 
6.757x 10 
8.899 
5.556 X J()-1 
2.712 
1.220 X IQ-1 
4.88 

1.240 X 10 

1.244 
2.150 X J03 
3.524 X I0-2 
3.524 X J()-1 
4 
6.4 X 10 
3.2 X 10 
4.184 
3.937 X IQ-1 
3.937x 102 

108 
1.020 X 10-3 
1.020 X I0-8 
7.376 X I 0-8 

I 
Compliments of the Minnesota Technolog 

Ed. by MICHAEL P. FROMAN, MATH '64 

To Obtain Mu'ltiply By To O'btain 

amperes C·entimeter-grams .... 9.807 X J02 centimeter-dynes 
amperes/sq inch centimeter-grams J0-5 meter-kilograms 
gilberts centimeter-grams 7.233 X 10-5 pound-feet 
ampere-turns/inch ems of mercury ................ 1.316 X I o-2 atmospheres 
coulombs ems of mercury ................ 4.461 X 10-1 feet of water 
coulombs/sq inch ems of mercury ................ 1.360 )( 102 kgs/sq meter 
farads ems o-f mercury ................ 2.785x 10 pounds/sq foot 
henries ems o·f mercury ................ 1.924x 10-1 pounds/sq inch 
mhos ce-ntimeters/sec ················ 1.969 feet/minute 
mhos/mil foot centimeters/ sec 3.281 X I0-2 feet/second 
ohms centimeters/sec . ............... 3.6 X J0-2 ki I ometers/hour 
ohms/mil foot ce,nti meters/ sec 6 X I0-1 meters /minute 
volts centimeters/ sec 2.237 X I 0-2 miles/hour 
hectares ce,ntimeters/sec ................ 3.728 X 10-4 miles/minute 
square feet circular mils . ................ 5.067 X IQ-6 square centimeters 
square· meters circular mils . .................... 7.854 X 10-7 square inches 
square yards circular mils ················ 7.854 X I0-1 square mils 
cubic feet cords ................... 1.28 X J02 cubic feet 
g~alloms coulombs ......... ·················· 10-1 abcoulombs 
abamperes coulombs ............................ 3.00 X 109 statcoulombs 
stat amperes coulombs/sq inch 1.550 X I0-1 coulomb/sq em 
amperes/sq inch coulombs/sq inch 4.650 X J08 statcoulombs/sq em 
ab,amperes/sq em cubic centimeters .............. 3.53J X J0-5 cubi'c feet 
statamperes/sq em cubic centimeters .............. 6.10 X (0-2 cubic inches 
abampe·re-turns cubic centimeters .............. 1.308 X I 0-6 cubic yards 
gilberts cubic centimeters .............. 2.642 X 10-4 gallons 
abampere-h..11ms/ em cubic centimeters .............. I0-3 liters 
gilberts/em cubic centimeters .............. 2.113 X I0-3 pints ( liq) 
newtons cubic centimeters .............. 1.057x I0-3 quarts (liq) 
centimeters cubic feet ........ ................. 2.832 X 104 cubic ems 
microns cubic feet .......................... 1.728 X I 03 cubic inches 
square meters cubic feet .......................... 2.832 X I 0-2 cuhic meters 
miles cubic feet .......................... 7.481 ga:llon.s 
ems of merc11.1ry cubic feet .......................... 2.832 X 10 I Hers 
dynes/sq em cubic feet .......................... 5.984 X 10 pin,fs (licij) 
inches of merc11.1ry cubic feet .......................... 2.992 X 10 quarts ( liq) 
feet of water cub.ic feet/min ............... - 4.720 X J02 cubic ems/sec 
~g/sq meter cubic feet/min ................ 1.247 X I0-1 gallons/sec 
pounds/sq inch cub.ic feet/min 4.720 X J0-1 liters/sec 
tons/ sq fooil· cubic feet/min ................ 6.24 xiO lbs of water/min 
dynes/sq em cubic ·inches ...................... i.639 X 10 cubic centimeters 
cubic inches cubic ·inches ...................... 5.787 X I0-4 cubic fee-l!· 
"ilogram-calories cubic inches ...... i .639 X I 0-5 cubic meten 
foot- pOiuinds cuhic in,ches ...... 2.143 X I0-5 cubic yards 
horsepower-hours cubic in·ches . 4.329 X J0-3 gafl.ons 
ioules cubic ·inches ····················· 1.639 X I0-2 Hters 
kilogram-meters cubic meters . ···················· 3.531 X 10 cubic feet 
ki I owatt-hollllrs cubic meters . . ·················· 6.102 X J()4 cubic inches 
gram-calories cubic mete,rs .. ................. 1.308 cubic yard!!i 
foot-pounds/sec cubic meters .... :2.642 X 102 gal·ions 
horsepower cubic meters ...................... 103 liters 
~ilowatts cubic yards ........................ 4.666 X 104 cubic inches 
Wlatts cubic yards ........................ 7.646 X I0-1 cubic .meters 
kg-cals/c:IJI meter cubic yards ........................ 2.020 X J02 g·allons 
kg-cals/lcg cubic yards ........................ 7.646 X J02 liters 
~g-cals/sq meter cubic yards/min ................ 4.5 X J()-1 cubic feet/sec 
watts/sq ilndn cubic yards/min ................ 3.367 gallons/sec 
lcg-cals/(·hr) (sq m) cubic yards/min ................ 1.274 X 10 liters/sec 

(deg C) da.ys .................................... 1.440 X 1()3 minutes 
kg-cals/ ( hr) (sq m) (deg days ................ ...................... 8.640 X J04 second's 

C/cm) degrees (angle) ................. 1.745 X 10-2 radians 
cubic feet degrees/sec ........................ 1.667x I0-1 revol ufions/min 
cub'ic inches degrees/sec ........................... 2.778 X JQ-3 revolutions/sec: 
cubic meters dyn,es ...................... JJ)20 A. J0-3 grams 
hectoliters dyn;es .... .................... I0-5 newtons 
pecks dynes ....................... 7.233 X I 0-5 pound a Is 
pints {dry) dynes .................................. 2.248 X J0-6 pounds 
quarts (dry) dynes/sq em ..................... 9.870 X J0- 7 a.tmospheres 
joules dynes/sq em ........................ 10•6 bars 
inches dynes/sq em ...................... 1.020 X I0-2 kgs/sq meter 
mils dynes/sq em ...................... 2.089 X 10-3 pounds/sq foot 
Angstrom un-its dynes/sq em ...................... 1.450 X I0-5 pounds/sq inch 
centimeter-grams electron volts .................... 1.602 X I 0-12 ergs 
meter-kilograms electron volts .................... 1.602 X I 0-19 joules 
pound feet ev/molecule .......................... 2.306 X 10 kg-eialories/mole 
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Our world-recognized trademark-"the P&WA eagle"-has been 
identified with progress in flight propulsion for almost four decades, 
spanning the evolution of power from yesterday's reciprocating 
engines to today's rockets. Tomorrow will find that same Pratt & 
Whitney Aircraft eagle carrying men and equipment to the moon and 
to even more distant reaches of outer space. 

Engineering achievement of this magnitude is directly traceable to 
our conviction that basic and applied research is essential to healthy 
progress. Today's engineers at Pratt & Whitney Aircraft accept no 
limiting criteria. They are moving ahead in many directions to advance 
our programs in energy conversion for every environment. 

Our progress on current programs is exciting, for it anticipates the 
challenges of tomorrow. We are working, for example, in such areas 
as advanced gas turbines ... rocket engines ... fuel cells ... nuclear 
power-all opening up new avenues of exploration in every field of 
aerospace, marine and industrial power application. 

The breadth of Pratt & Whitney Aircraft programs requires virtually every tech
nical talent . .. requires ambitious young engineers and scientists who can con
tribute to our advances of the state of the art. Your degree? It can be a B.S., M.S. 
or Ph.D. in: MECHANICAl e AERONAUTICAl e ElECTRICAl e CHEMICAl and 
NUClEAR ENGINEERING e PHYSICS e CHEMISTRY e METAllURGY e CE· 
RAMICS e MATHEMATICS e ENGINEERINGSCIENCEorAPPliED MECHANICS. 

Career boundaries with us can be further extended through a corpo· 
ration-financed Graduate Education Program. For further information 
regarding opportunities at Pratt & Whitney Aircraft, consult your col
lege placement officer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 

it ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FlORIDA OPERATIONS WEST PALM BEACH, FLORIDA 

SPECIALISTS IN POWER ••• POWER FOR PROPULSION-POWER 
FOR AUXIliARY 'S'YSfEMs. CURRENT UTILIZATIONS INCLUDE 
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND IN· 
DUSTRIAL APPLICATIONS. 

MINNESOTA TECHNOLOG 

An Equal Opportunity Employer 

33 



Multiply 

ergs 
ergs 
ergs 
ergs 
ergs 
ergs 
ergs 
ergs 
ergs/second 
ergs/second 
ergs/ second 
ergs/second 
ergs/second 
ergs/second ................... . 
farads ...... . 
farads ..... . 
farads 
Faraday ... . ................ . 
fathoms ......... . 
feet .................................. . 
feet ................................... . 
feet of water .. 
feet of water... . ............. .. 
feet of water .. 
feet of water .................... . 
feet of water .................... . 
feet/minute ................... . 
feet/minute ................... . 
feet/minute ................... . 
feet/minute ..................... . 
feet/minute .................... . 
feet/ second ..................... . 
feet/second ..................... . 
feet/ seeond ..................... . 
feet/second .................... .. 
feet/ se·cond ..................... . 
feet/ I 00 feet ................... . 
foot-pounds ....................... . 
foot-pounds ....................... . 
foot-pounds ....................... . 
foot-pounds ...................... . 
Foot-pounds ....................... . 
Fo-ot-pounds ....................... . 
fo-ot-pounds ....................... . 
foot-pounds/min. 
foot-pounds/min. 
foot-pounds/min. 
foot-pounds/min. 
foo·t-pounds/min. 
foot-pounds/sec 
foot-poun•ds/se·c 
foot-pounds/ sec 
foot-pounds/sec 
furlongs ............................ . 
gallom .... . . ............... . 
gallom .. .. .................... . 
gallons ... 
gallo•ns .. .. .................. . 
gallons ............................ . 
gallo•ns . .. ....................... . 
gaJio,ns .. .. 
gallo•ns ... . 
gall-ons/min. .. ................... . 
gaHons/min. .. ................. . 
gauss ......... 
g·auss 
gilberts ............................. . 
gilberts ............................ .. 
gilberts/em ..................... . 
gills ................................... . 
gills .................................. . 
grains ...................... . 
grains .. .. ................... . 
g·rams. 
g·ra.ms ................................ . 
g·ra.ms ................................ . 
g·rams ... 
grams 
g·ra·ms ................................. . 
gram-calories ................... . 
gram-centimeters 
gram-centimeters 
gram-centimeters 
gram-centimeters 
gram-centimeters 
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By 

9.486 X I o-n 
I 
6.242 X 1011 
7.376 X I0- 8 

1.020 X 10-3 

I o-• 
2.390 X I 0-11 
1.020 X I0- 8 

5.692 X 10·9 

4.426 X lO-G 
7.376 X I 0-8 
1.341 X I0-10 
1.434 X 10-9 

I0-10 
I0-9 
JOG 

9.0 X I0-11 

9.648 X 104 

6 
3.048x 10 
3.048 X 10·1 

2.950x I0- 2 
8.826 X JQ-1 

3.048 X 102 

6.243 X 10 
4.335x 10-1 

5.080 X I0-1 

1.667 X I0- 2 

1.829 X 10·2 

3.048 X JQ-1 

1.136 X 10·2 

3.048 X 10 
1.097 
1.829 X 10 
6.818 X I0-1 

1.136 X I 0-2 

I 
1.286 X 10·3 

1.356 X 107 

5.050 X I0-7 

1.356 
3.241 X I0-4 

1.383 X 10-1 

3.766 X I 0-7 

1.286 X 10·3 

1.667x I0-2 
3.030 X 10·5 
3.241 X I0- 4 

2.260 X I0-5 
7.717 J( 10-2 
1.818xi0-3 

1.945 X I 0-2 

1.356 X I 0-3 

1.25 X J0-1 

3.785 X I 03 

1.337 X 10-1 

2.31 X I 02 
3.785 X I o-3 

4.951 X 10-3 
3.785 
8 
4 
2.228 X I 0-3 
6.308 X I0- 2 

6.452 
I0-4 

7.958 X J0-2 
7.958 X IQ-1 
2.021 
1.183 X I0-1 

2.5 X 10-1 
6.48 X I 0- 2 

4.167 X IQ-2 
9.807x 102 
1.543xl0 
3.527 X I 0-2 
3.215 X J0-2 
7.093 X I 0-2 
2.205 X 10-3 
3.968x 10-·3 

9.302 X I0-8 
9.807 ;( 102 
7.233 X I 0-5 
9.807 X I0-5 
2.344 X I 0-8 

To Obtain 

BTUs 
dy11<e-centimeters 
electron volts 
foot-pou,nds 
gram-centimeters 
joules 
kilogram-calories 
kilogram-meters 
BTUs/minute 
foot-pounds/min 
foot-pounds/sec 
horsepower 
kq-ca lories/min 
kilowatts 
abfarads 
microfarads 
sta.tfarads 
coulombs 
feet 
centimeters 
meters 
a+mosphere·s 
inches of mercury 
kgs/ sq meter 
pounds/sq H 
pounds/sq inch 
centimeters/ sec 
feet/sec 
kilometers/hour 
meters/ m·i·nute 
miles/hour 
centimeters/sec 
kilometers/hour 
meters I minute 
miles/hour 
miles/minute 
per cent grade 
BTUs 
ergs 
horsepower-hours 
i·oules 
kilogram-calories 
kilogram-meters 
kilowatt-hours 
BTUs/minute 
foot-pounds/sec 
horsepower 
kg-calories/min 
kilowatts 
BTUs per minute 
horsepo·wer 
kg-calories/min 
kilowatts 
miles 
cubic centimeters 
cubic feet 
cubic inches 
cubic meters 
cubic yards 
l.iters 
pints{ liq) 
quarts (Hq) 
cubic feet/sec 
liters/sec 
lines/sq inch 
webers/sq meter 
a bam p ere-tu r·ns 
ampere-turns 
ampere-turns/in 
liters 
pints(liq) 
grams 
pennyweights (troy) 
dynes 
grai'ns 
ounces 
ounces {troy) 
poundals 
pounds 
BTUs 
BTUs 
ergs 
foot-pounds 
joules 
kilogram-calories 

Multiply 

gram-centimeters 
grams/em ......... .. 
grams/cu em 
grams/cu em ................... . 
grams/cu em 
hectares . 
hectares ... . 
hectares ...... . ............... . 
hecto-liters . 
hemisphere•s (solid angle) 
henries ....... 
henries .. 
horsepower 
ho·rsepower 
horsepower 
horsepower 
horsepower 
horsepower 
horsepower 
horsepower (boiler) 
ho·rsepowe·r (boiler) 
horsepower-ho-urs 
horsepower-hours 
horsepower-hours 
horsepower-hours 
horsep·ower-hours 
horsepower-hours 
hours .................. . 
inches ............... .. 
in1ches ................ .. 
inches of mercury. 
inches of mercury ..... .. 
inches of mercury ..... .. 
inches of mercury ...... .. 
inches of me·rcury. 
inches o-f water. 
inches o.f water. 
inches o·f water .. 
inches o-f water .... 
inches o·f water .. 
inches o-f water ... 
joules .. 
joules 
joules 
joules . 
joules . 
joules . 
joules . 
joules 
joules. 
joules .............. . 
joules . . ............... .. 
joules/second ... 
joules/sq amp sec .. 
kilograms ... .. 
kilograms ... . 
kilograms ... .. 
kilograms .. . 
kilograms 
kilogram-calories 
kilogram-ca lodes 
kilogram-calories 
kilogram-calo·ries 
kilogram-calories 
kilogram-calories 
kg-ca Is/ cu meter 
kg-cals/kg 
kg-cals/minute ............... .. 
kg-ca Is/minute ................ .. 
kg-cals/minute ................ .. 
kg-cals/minute ................ .. 
kg-cals/sq meter ............ .. 
kg-cals/(hr) (sq m) {deg 

C) 
kg-cals/(hr) (sq m) (deg 

C/cm) 
kg-ems squared .............. .. 
kg-ems squared .............. .. 
kilogram-meters .............. .. 
kilo·gram-meters ............... . 
kilogram-meters .............. .. 
kilogl'lam-meters .............. .. 
kilogram-me·ters .............. .. 
kilogram-meters ............... . 
kg-meters/sq sec ............ .. 

By 

I0-5 

5.600 X I0-3 
6.243 X 10 
3.613 X I0-2 
3.405 x I0- 7 

2.471 
1.076 X (Q5 

104 

2.838 
6.283 

109 
1.111 X I0-12 

4.244x 10 
3.3 X 104 

5.5 X 102 

1.014 
1.070 'l{ 10 
7'.457 X I Q-1 
7.457x 102 
3.352 X 104 

9.804x 103 
2.547x 103 
1.98 X 106 

2.684 X 106 
6.417xl02 
2.737 X J05 
7.457 X I0-1 

3.6 X 103 

2.540 
103 

3.342 X 10-2 
1.133 
3.453 X I 02 
7.073 X. 10 
4.912x I0-1 
2.458 X 10-3 
7.355x I0-2 
2.540 X 10 
5.781 X I0-1 

5.204 
3.613 X JQ-2 
2.390 X 10-1 
9.846 X I0-4 

6.242 X 1018 
107 

7.376 X 10-1 
2.390 X I0-4 

1.020 :< I 0-1 

I 
I 
2.778 X I0-4 

I 
I 
I 
9.807 X JQ5 
7.093 )( 10 
2.205 
2.679 
1.102 x I0-3 

3.968 
3.086 X 103 
1 .. 588 X J0-3 
4.184xl03 
4.266 X 102 
1.162 X I o-3 

1.124 X J0-1 
1.80 
5.143 :< 10 
9.351 X IQ-2 
6.972 X I0-2 

3.087 X J03 
3.688 X 10-1 
2.05 X I0-1 

8.06 X 10-2 

2.373x I0-3 
3.417 X 10-1 

9.302 X IQ-3 
9.807:x 107 
2.344x I0-3 
2.724 X I0-6 
7.233 
9.807 
I 

To Obtain 

ki logram-met·ers 
pounds/inch 
pounds/ cu foot 
pounds/cu' inch 
pounds/mil foot 
acres 
square feet 
squa·re meters 
bushels. 
steradians 
abhenr.ies 
stathenries 
BTUs/min 
foot-pounds/min 
foot-pounds/sec 
horsepower (metric) 
kg-oa lories/m.in 
kilowatts 
watts 
BTUs/hour 
kilowa.tts 
BTUs 
foot-pounds 
joules 
kilogram-calo•ries 
kilogram-meters 
kilowatt-hours 
seconds 
centimeters 
mils 
atmospheres 
fee+ of water 
kgs/sq meter 
pounds/sq ft 
pounds/sq in 
atmospheres 
inches ·of mercury 
kgs/sq meter 
ounces/sq in. 
pounds/sq ft 
pounds/sq •in 
calories 
BTU's 
electron volts 
ergs 
foot-pounds 
kilogram-calories 
ki I o•gram-me-ters 
ne·wton-meters 
volt-co·ulombs 
watt-hours 
watt-seconds 
watts 
ohm~ 
dynes 
pound a Is 
pounds 
pounds (troy) 
tons (short) 
BTUs 
foot-pounds 
horsepower-hours 
io·ules 
ki I og ram-meters 
lei I o·watt-hours 
BTUs/cu ft 
BTUs/pound 
foot-pounds/sec 
horsepower 
kilowatts 
ft-pounds/min 
BTUs/sq foot 
BTUs/{hr )(sq ft}(deg F) 
~~-:_:_:.:~::::::.... ~ --··-

BTUs/(hr}{sq fi-){deg F 
/in} 

pound-feet squared 
pound-inches squared 
·BTUs 
e-rgs 
kilogram-calories 
kilowatt-hours 
foot-pounds 
joules 
newtons 
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At Sylvania Electronic Systems you can achieve both these objectives. To begin with, diverse programs 
give you a chance to enter practically any field in electronics: space-earth communications; electronic 
reconnaissance, detection, countermeasures; information handling; and complex systems for military 
command and control. 

Here you can move about within the community of 20 interrelated research and advanced development 
laboratories located in a number of different locations including suburban Boston, Buffalo and San Fran
'cisco. Or you may prefer SES's Product Support Organization at sites throughout the world. Furthermore, 
three parallel advancement paths provide ample opportunity to further your career as a technical manager, 
technical specialist, or program/project manager-with equal rewards. 

This major electronics division of Sylvania Electric Products Inc. coordinates for defense all technical 
personnel and facilities for General Telephone & Electronics Corporation. 

For the talented young engineer or scientist eager to progress, career opportunities are now open. For 
further information see your college placement officer or write to Mr. Robert T. Morton. 

MINNESOTA TECHNOLOG 

40 Sylvan Road-Waltham 54, Massachusetts 
An Equal Opportunity Employer 
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in Engineering 

edited by STEVE LINDFORS, PHYSICS '67 

Ideal Study? 

Panel in curved walnut wall slides open to reveal 
General Electric Sight & Sound Center and transfonn 
dining room into a comfortable study. The practicality 
of the room and carpeting, lighting and color scheme 

are all carefully chosen to create an atmosphere con
ducive to home study. Dining room table, a new 
boomerang shape, stands on a single pedestal of cast 
aluminum and turns to several positions. Besides TV, 
the unit has a Vidacom for two-way video communica
tion, a Videcorder to permit the taping of lessons or 
programs for convenient playback, home study with 
programmed material to reinforce and expand classroom 
work. 

CW Uncooled laser Crystal 

The only laser crystal guaranteed for continuous wave 
( CW) operation at room temperature by optical pump
ing is now available. The neodymium doped calcium 
tungstate (Nd:CaW04 ) laser crystals are 3mm diameter 
by 30mm long, with coated, confocal ends. 

Nd:CaW04 is capable of higher output and more 
efficient operation than any other optically pumped solid
state material. This material lases continuously at room 
temperature because Nd+3 is a 4-level system with the 
most intense laser h·ansition to a terminal state of lm:v 
thermal population and 2000cm-1 above the ground state. 

Because of the .57-.60 micron absorption band, which 
is in the output bands of comn1ercial xenon and mercury 
arc lamps, and an emission wavelength of 1.06 microns, 
high peak pulse power laser action is being investigated. 
Also of significance for high peak power operation is the 
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broad linewidth of Nd:CaW04 • 

With the availability of these new larger and more 
perfect CW crystals, high output CW devices of 
Nd:CaW04 may now be possible, and only await higher 
output, durable lamps or improved pumping techniques; 
for example, electro-luminescence. Several laser systems
oriented organizations are actively pursuing this pump
ing problem and an early solution is predicted. 

"Hourglass" Uses Silicone Oil 
The constant viscosity exhibited by silicone fluid is 

employed to good use in a new specialty item designed 
to help the businessmen hold the line on overtime long 
distance phone charges. 

The fluid is employed in a new variation on the old 

hourglass-a timer which· consists of a clear plastic 
cylinder three inches in height with a plastic base. 

Immersed in the silicone fluid inside the cylinder is a 
small colored plastic ball which, depending on the 
particular model, either rises or falls when the timer is 
inverted. When the ball reaches the end of the cylinder, 
it's time to hang up. Due to its relatively constant vis
cosity, the silicone fluid regulates the movement of the 
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ball up or down according to a prescribed timetable. 
The most popular standard unit is one in which the 

ball completes its pass in three minutes. However, for 
those employers who take a more liberal attitude toward 
the overtime long distance phone call, there is a second 
standard unit which is set for five minutes. 

Called the Bali-A-Float Phone Timer, it is available 
with a company message on each end for good will gift 
giving purposes. 

Saturn Engines 1n Production 
This is first photograph of thrust chamber production 

line for hydrogen-fueled J-2 rocket engine, which will 
supply thrust in upper stage of Saturn IB vehicle to 
launch the first orbital flights of three astronauts. Later, 
in Saturn V, it will fly the Apollo spacecraft on its jour-

ney to the moon. J -2 produces 200,000 pounds of thrust. 
It is in production by Rocketdyne, a division of North 
American Aviation, Inc., under the technical direction of 
NASA's Marshall Space Flight Center. Engine simulators 
with operating electrical-mechanical systems have been 
delivered to Douglas Aircraft Company and North 
American's Space and Information Systems Division for 
advanced phases of Saturn S-IVB and S-II stage devel
opment, respectively. 

Queueing Problem Simplified 
Queues form at supermarket check-out stations or at · 

bank-teller windows when the number of individuals 
seeking service temporarily exceeds the number that 
can be served by the available facilities. The facilities 
may be more than adequate for the average demand, but 
the uneven distribution of arrivals brings about tempor
ary congestion. 

Queueing problems of increasing complexity pose 
problems of constructing appropriate mathematical 
models that simulate real situations. Activities such as 
take-offs and landings at airports and the crossing of 
main highways by traffic arriving on crossroads present 
intricate problems in higher mathematics. In these cases 
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there are two intersecting lines of traffic flow, each of 
which is subject to varying degrees of irregularity. 

Two measures of congestion caused by a stream of 
traffic are the delay to a pedestrian trying to cross the 
stream and the number of pedestrians waiting to cross. 
Several authors have considered the problem of calcu
lating pedestrian delay. Recently, G. H. Weiss of the 
National Bureau of Standards ( U. S. Department of 
Commerce) analyzed the statistical properties of the 
number of queueing pedestrians. 

Previous work on this type of problem included two 
assumptions: that the spacing between two cars in the 
main stream had a negative exponential distribution, and 
that each pedestrian made a decision to cross on the 
basis of whether the gap exceeded a fixed distance. By 
using renewal theory, Dr. Weiss was able to consider 
more general situations in which any distribution of 
spacings between cars can be used and in which the 
criterion for acting on a gap allows a pedestrian to once 
reject a gap of a given size, but to accept it at a later 
time. This type of situation is realistic and accords with 
experimental evidence. 

The Bureau study has resulted in a characterization 
of the statistical properties of the pedestrian queue with
out the restrictions imposed by the earlier analyses. The 
calculations include such statistics as the average num
ber of pedestrians waiting to cross, the average number 
crossing behind a given vehicle, and other moments of 
the distributions. 

Further experimental work would be required before 
these theoretical results could be applied to actual traffic 
situations. Some of this work is presently being con
ducted by the automotive industry. 

How Do They Do It? 
The old sea dog who spends his leisure hours build

ing a ship in a bottle has nothing on the men who must 
put a 128-in. diameter screw through a 36-in. diameter 
opening. 

Called an impeller, this variation of the ribbon flight 

screw is inserted vertically inside a glass-lined steel ves
sel. The impeller mixes high viscosity materials. 

To get it through the small opening, workmen detach 
the outer flighting. Each section is then threaded 
through the opening and reassembled inside. The men 
work inside the vessel on padded scaffolds, being care
ful not to drop a bolt on the breakable glass lining. 
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Opportunities at Hughes {or EE's-Physicists-Scientlsts: 

fro th c an fl r t t e 0 
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: CD 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 8 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 3D 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; G) POLARIS 
Guidance System- guidance components for the long-range POLARIS missile; 
® Hydrospace- advanced sonar and other anti-submarine warfare systems. 

Other responsible assignments include: TOW wire-guided anti-tank missile, VAT£ automatic check
out equipment, Hard Point defense systems .... R & D work on ion engines, advanced infrared systems, 
associative computers, lasers, plasma physics, nuclear electronics, communications systems, microwave 
tubes, parametric amplifiers, solid state materials and devices ... and many others. 

n e ond 
B.S., M.S. and Ph. D. Candidates 
Members of our staff will conduct 

CAMPUS INTERVIEWS 
February 20 & 21,1964 

learn more about opportunities at Hughes, 
our educational programs, and the extra 
benefits Southern California living offers. 
For interview appointment and litera
ture, consult your College Placement 
Director. Or write: College Placement 
Office, Hughes Aircraft Company, P. 0. 
Box 90515, Los Angeles 9, California. 

Creating a new world with electronics 
r------------------~ 
I I 

: HUGHES ~ 
I I 

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

U. S. CITIZENSHIP REQUIRED 
An equal opportunity employer. 
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I 

California's far-flung state engineering proiects are no boom-time enterprises. 
They are sustained, long-range operations planned to keep pace with the 
continued growth of the West. We offer employment stability, good salaries, 
iob rotation and professional advancement. let us send you illustrated litera
ture and campus interview schedule of our representatives. Please state your 
field. State Personnel Board, 801 Capitol Mall, Sacramento, California 95814 .. 
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by DIANNE CHRISTENSEN, Physics '66 

The first thing Dr. Ernst Eckert purchased after his 
arrival in America in 1945 was six sets of skiis and the 
necessary complementary accessories for his family and 
himself. The Austro-Hungarian born head of the Me
chanical Engineering Department of Thermodynamics 
and Heat Transfer is a skiing enthusiast, who, like many 
of us, has suffered a broken thumb and arm from skiing 
misfortunes. Sailing and swimming are also included in 
his hoJ;,bies along with classical music that is "not too 
far up. 

Dr. Eckert received his Diploma of Engineering in 
1927 and his Dr. Ing. habil in 1931 from the German 
Institute of Technology in Prague. In 1945 he left 
Europe and worked at Reid Field in Ohio until 1949 
when he joined the staff of NACA, now NASA. He 
joined the University Faculty in 1951 and serves now as 
professor and researcher. 

Dr. Eckert's pet projects are carried over from his 
work with NACA. He and his four other colleagues are 
concerned with heat transfer with respect to the re
entry problem, temperature control within a satellite as 
determined by radiation, and their attempt to coordinate 
scientific work between America and the rest of the 
world through the Hill Family Foundation which awards 
grants to foreign scientists which enable them to come to 
America to work with American scientists. 

DR. MORRIS NICHOLSON 

MINNESOTA TECHNOLOG 

DR. ERNST ECKERT 

Dr. Morris E. Nicholson joined the University faculty 
in 1956, nine years after he obtained his Ph.D. from 
MIT. Before corning to Minnesota he spent three years 
in Industrial Research for Standard Oil followed by five 
years at the Institute for the Study of Metals at the Uni
versity of Chicago. For the past three years he has com
bined his professorship with research dealing with the 
cause of the decrease in electrical resistivity of certain 
alloys when they are plastically deformed. 

His greatest satisfaction here was obtained through 
his share in developing "a first rate curriculum." His 
research interests lie in the relationship between micro
structure and the properties of metals and alloys. 

The importance of student-professor relationship is a 
primary aspect of Dr. Nicholson's academic life. His 
goals include getting a student to do his best by develop
ing motivation through organization of the subject mat
ter rather than the subject. This drive is also carried into 
his hobby; work with the Boy Scouts. He presently is 
the district commissioner for the North Star District in 
St. Paul. In this capacity he helps bring the scouting 
program to boys through his association with their adult 
leaders. 

Dr. Nicholson hopes to work with programmed learn
ing in the future through which he hopes to develop a 
program for professional fields of metallurgy. 
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icture of 
a ommittee 

at work! 
The man in the picture is a committee of 
one having a big meeting- with an idea. 

He is working independently in one of 
nine modern engineering and research cen
ters established by International Harvester 
-a company which has doubled its re
search and engineering budgets in the past 
ten years. 

Few other companies have created so 
many new opportunities for college gradu
ates with scientific ambitions. 

If you are a mechanical, industrial, elec
trical, agricultural, chemical, ceramic, met
allurgical, general or civil engineer ... or a 
mathematician, computer technologist or 
program analyst, you are invited to learn 
more about new and challenging engineer
ing assignments at IH now. 

We are now interviewing men interested 
in careers in the design, development, engi
neering, manufacturing and testing of more 
than a thousand different I H products. 

The men chosen will be recognized 
members of a team that is first in world 
production of heavy-duty trucks, farm trac
tors and agricultural equipment, a world 
leader in the manufacture of earthmoving 
and construction equipment and a pioneer 
in gas turbine development. 

Would you like to get better acquainted? 
Just send the coupon below. 

Using a mile of wire and 320 strain gages, a 
young engineer sets up static stress tests in the 
new IH Construction Equipment Laboratory. 

Internatio11al Harvester Company 
An Equal Opportunity Employer 

® 
New booklet describes our engineering and research 
centers. For your copy, mail this coupon to: General 
Supervisor of Employment, International Harvester 
Company, 180 N. Michigan A venue, Chicago 1, Ill. 

AN INTERNATIONAL HARVESTER 
REPRESENTATIVE WILL BE ON YOUR CAMPUS 

SOON. IF YOU WOULD LIKE A PERSONAL 
INTERVIEW, PLEASE CHECK HERE 0 
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NAME--------------------------------------------------
(Please Print) 

ADDRESS _____________________________________________ __ 

CITY ____________________ STATE _______ _ 

MAJOR---------------------------------------------
SCHOOL ____________________________________________ ___ 

YEAR GRADUATING---------------------------------------------
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Your first job ... will it be all you hope for? 

MINE WAS, and it has never ceased to be. I joined 
United States Rubber as a chemical engineer right after 
my graduation in 1952, and the years since have held a 
series of stimulating challenges. Why U.S.? A lot of 
things influenced my choice. I knew there'd be a variety 
of projects there, the programs you'd find only in a large 
company with great diversification. I'd heard that U.S. 
encouraged individual responsibility in an atmosphere of 
freedom. I knew of the Company's record for leadership 
in technical advances. At U.S. Rubber I've learned that 
the Company regards men of industry and imagination 
as their most valuable asset. 

HOW ABOUT YOURS? We hope that you, too, will 
find the opportunity you're looking for at United States 
Rubber. If so, you'll be part of a team that, in the last five 
years, obtained over .500 patents-more than our two largest 
competitors combined. You'll join a select group of 2,000 engi
neers and research personnel, working for one of America's 
largest industrial companies operating 7 4 plants at home and 
abroad. You'll join a company that makes 33,000 products. 
Less than half of our business is in tires, and U.S. is one of 
the nation's largest producers of textiles and chemicals. You'll 
join a Company that, more than 100 years ago, made the first 
manufactured vulcanized rubber product and where, today, 
we contribute our resources and skills to atomic research, 
oceanography, the latest designs in space stations and 
hundreds of other exciting projects. 

UNITED STATES RUBBER 1230 Avenue of the Americas, New York 20, N.Y. 

An Equal Opportunity Employer 

THE FIEIL..D IS WIDE "U.S." offers a comprehensive variety of career opportunities to Chemical, Electrical, Mechanical, Indus
trial and Textile Engineers as well as to those with degrees in Physics, Mathematics and Chemistry. Contact your placement office 
to determine when a U.S. Rubber recruiter will visit your campus. Before you decide on your first job, J1ove a talk with him. 
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Did you know that on Nove1nber 30, 
1960, the boys on the Daily staff shov
eled 10 inches of partly cloudy off of 
their door-steps? 

The fanner had been to the big city 
on business for a couple of weeks. 
Getting off the train at his home town, 
he happened to run into his hired 
hand. 

"Hi, Zeb! What's new?" 
"Not much." 
"That's fine, boy did I . . ." 
" 'Ceptin' we buried your dog." 
"You buried my dog? Why?" 
"'S daid." 
"I figured it was if you buried it. 

How~ d it die?" 
"Hoss kicked it." 
"Why'd the horse kick it?" 
"Spark fell on it." 
"Spark-Where did the spark come 

from?" 
"From the barn." 
"From the barn? What happened 

to the barn?" 
"Burned down." 
"How' d the barn catch fire?" 
"S'pose it was sparks from the 

house." 
"You mean the house burned, too?" 
''Yep." 
"How'd that start?" 
"Figure the candles caught the 

drapes." 
"Candles? VVhat · candles?" 
"The ones around yer wife's coffin." 

He: That's a pretty dress you have 
on. 

She: Yes, I wear it to teas. 
He: VVho? 

''You didn't think these were fal
sies?" she asked flatly. 

Visitor (at asylum): "Do you have 
to keep the women inmates separated 
from the men?" 

Attendant: "Sure. The people here 
ain't as crazy as you think." 
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A young couple about to be manied 
were shopping for a house in the 
counltry and after satisfying them
selves· that they'd found a likely spot, 
drove back to town. A short time 
later, however, the girl realized that 
their new home had no "water closet," 
or at least they hadn't noticed one. 

They wrote their landlord asking 
where that most necessary of conveni
ences was located, but shyly referred 
to the water closet as a "W. C." 

Of course, Pinch-penny Perry didn't 
have the foggiest notion what a "W. 
C." ~ras, but he asked some friends 
who responded with this dilly: "W. 
C." stood for Wesleyan Church! The 
landlord thus wrote this letter: 

"In reply to your letter, the 'W. C.' 
is situated about nine miles from your 
house. I'll admit the distance appears 
to be great but if you're in the habit 
of gating regularly you'll be glad to 
know a large number of people take 
.their lunch along and make a day of 
it. Others who don't have cars take 
chartered buses which arrive just in 
time. The last time my wife and I 
went was six years ago, and attend
ance was so good we had to stand. 
Of course it pains me not to be able 
to go more often. It's really a charm
ing place with a seating capacity of 
300 and standing room for 50 more. It 
may also interest you to know that a 
bazaar is going to be held to raise 
funds for furnishing the "W. C." with 

· plush seats, a long-felt need. 
Respectfully yours, 

Perry Pinkham." 

The neighborhood's most notorious 
tippler, making his way unsteadily 
homeward, encountered the parish 
priest who inquired about the suspi
cious bulge in his coat pocket. "It's 
holy water, Father," the culprit pro
tested piously. The priest removed 
the bottle, sniffed at it and announced 
that it contained whiskey. 

"Glory be," cried the dnmk, "A 
miracle!'' 

The Dean of Women at a ritzy girls' 
college was lecturing the freshmen on 
morals and behavior. 

"In moments of temptation," she 
said, "ask yourself just one question
is an hour of pleasure worth a life
rune of shame?" 

A demure young thing in the back 
of the room raised her hand. 

"Tell me, Dean, how do you make it 
last an hour?" 

Heard about the poor snake that 
didn't have a pit to hiss in? 

Definition of a two-story outhouse: 
Big John. 

There is this little Spanish town 
where the population never changes. 
Every time a baby is born somebody 
leaves town. 

In her opinion, Jane was everything 
a man could want. "VVhen I get mar
ried," she bragged, "a lot of men are 
going to be miserable." 

"Really?" said her date. "How many 
are you going to marry?', 

Lady to police department: "Come 
quick. I just ran over an Engineering 
student.~' 

Police Department: "Sony, lady, 
this is Sunday. You will have to wait 
'til tomorrow to collect the bounty." 

"She isn't my best girl-just necks 
best." 

Whereas the old-fashioned girl took 
two ddnks and went out like a light, 
the modem girl takes two drinks and 
out goes the light. 

"Have you seen Lucille's new eve
ning gown?" 

"No, what does it look like?" 
"Well, in most places it looks quite 

a lot like Lucille." 

The American tourist was ~xpound
ing upon his theory of British humor 
to an obviously bored Englishman. 

"You see,'' the American said, "all of 
you are so drab and somber because 
you are from just one race and nation
ality, instead of a homogenous mixture 
like most of us. Take me, for example. 
I'm part German, part Italian, part 
French, part Swedish, and part 
Dutch." 

"Really," replied the Londoner, 
"damn sporting of your mother." 
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THROUGH 

e MANAGEMENT 

8 ADMINISTRATION 

e PROJECT LEADER 

e PROJECT TEAM 

e CADET 

E DON'T HAVE TO LABEL EN ITH ANAGE ENT POTENTIAL ... - -
. . . At Wisconsin Electric Power Company, young engineers reach their management 
potential more quickly because we are quick to recognize and reward ability. Our dy
namic rate of progress demands men with strong engineering skills plus vision and drive 
-men who can rise to administrative and management positions. 

INVEST YOUR MANAGEMENT POTENTIAL WITH US 

WISCONSIN ELECTRIC PO ER COMPANY 
SYSTEM 

Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 
MILWAUKEE, WIS. APPlETON, WIS. RACINE, WIS. 

~tNNESOTA TECHNOLOG 
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... In the fields of 
AERONAUTICS, ASTRONAUTICS and AUTOMATION, 

Engineers and Scientists at McDonnell 
have the experience which can 

give impetus to your professional goals. 

For two decades, McDonnell engineered-and-built jet fighter air .. 
craft have held prominent roles in America's Armed Forces. Today, 
four versions of the McDonnell Phantom, with 15 world speed and 
climb records, have been selected and are being built in great quan .. 
tity for three air arms of our Nation. 

In manned spaceflight, America's experience and McDonnell's 
are the same. The engineers who built the successful Mercury Space
craft are now devoting their energy and experience to the prime 
contract for the Gernini two-man rendezvous spacecraft. ASSET, a 
winged glide vehicle built of exotic metals for research in the reentry 
regime made its first flight frorn Cape Canaveral last September. 

If you would work with Men of Experience; if you would find 
stirnulation in projects of great national importance; if you have a 
background of top scholastic achievement; and if you have the energy 
and drive to work your way to the top, investigate your opportunities 
with McDonnell. 

For additional information about 
McDonnell Opportunities, send 
your educational resume to: 

An Equal Opportunity Employer 

Mr. D. F. WATERS 
McDonnell Employment 
Dept. 62 CEM, Box 516 
St. Louis, Missouri 63166 

ON CAMPUS INTERVIEWS: February 6, 7, 1964 
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Splinters ... 
"Sir, I pulled your daughter out of 

the water and resuscitated her." 
"Then, by George, you'll marry her!" 

~ ~ ~ 

"W eU, you certainly made a fool 
out of yourself tonight. It's a good 
thing those, people didn't realize you 
were sober. 

" e Ei!l 

A certain young lady was invited 
up to her boy friend's apartment the 
other evening to look at his etchings. 
When they arrived at his aparbnent, 
she was surprised to find no etchings. 
In fact, to her amazem.ent, she discov
ered he had no chairs, no tables, no 
furniture at all. 

She was floored. 

Tolerance is that uncomfortable feel
ing that the other fellow might he 
right after all. 

ill!l ill!l Ell 

"What a splendid fit," said the tailor 
as he carried the epileptic out of his 
shop. 

Did you hear about the millionaire 
who had his swimming pool filled with 
martinis? It was impossible to drown 
-the deeper you sank, the higher you 
got. 

A yachtman we know bought his 
girl a bikini bathing suit because he 
hoped to see her beam with delight. 

A girl who commonly sleeps with
out pajamas awoke one morning and 
found herself fully clothed. "Good 
heavens," she exclaimed, ''I've been 
draped!" 

Co-Ed: "What takes 10 seconds and 
lasts nine months?" 

E.E.: "Aero-Wax?" 

She was bragging to her girl friend 
about her new mink coat. 

"How do I look?" she asked. 
"Guilty," said her friend. 

She was the kind of a girl you'd like 
to bring home to mother, if you could 
trust father. 

"I wouldn't mind making a little 
dough," said the stag from a grassy 
shelf. 

The doe looked coy and said, "Oh 
boy, I wouldn't mind making a buck 
myself." 

MINNESOTA TECHNOLOG 

A lecturer, talking on the population 
explosion to a woman's club stated: 
"Do you realize, that somewhere in 
the world a woman is giving birth to 
a baby every second?" 

The audience gasped. 
The lecturer asked: "What do you 

think we should do about it?" 
A woman rose to her feet and de

clared: "Find her and make her stop!" 

An E.E. prof was asked to give a 
speech before a women's club meet
ing. At a loss to what he should use 
for a subject, he chose sex. 

Not wishing to let his wife know his 
topic he told her he was going to tell 
of his experience as a flier. The day 
after the meeting, his wife ran into one 
of the club members. "Say," she said, 
"that speech your husband gave was 
wondedul. He really has had a lot of 
experience, I guess." 

"Oh, I don't know," replied his wife. 
"He only did it twice. The first time 
he lost his hat and the second time he 
got sick to his stomach." 

ill!l .ill!l ill!l 

"May I take you home? I like to 
take experienced girls home." 

"I' · d" " m ,not expenence . . , 
You re not home yet, e1ther. 

Then there was the Egyptian prin
cess who was laid in a tomb. Now 
she's a mummy. 

The sun shines on the wicked just as 
it does on the good, but not as long. 
The wicked get up latrn-. 

@ ill!l ill!l 

A Russian soldier arrived home after 
an absence of four years at war. He 
found his wife with a newborn baby, 
whereupon he began to question her: 
"Was it my friend Ivan?" "No"- "Was 
it my friend Nicolas?" "No"- "Maybe 
my friend Petrov?" But all she could 
say was "no." "Well, then, who was 
it?" She answered, "Dont you think I 
have friends of my own?" 

ill!l ill!l ill!l 

One friend said to another: "Say, 
how did you get that scar across the 
bridge of your nose?" 

"From glasses." 
"Well, why don't you get contact 

lenses?" 
"They don't hold enough beer." 

W oilf (to cute young thing) : ''You're 
a wonderful little angel." 

Cute Young Thing: "Well, if it's my 
wings you're looking for you're search
ing on the wrong side." 

The girl on the bus was reading 
about birth and death statistics. Sud
denly she turned to a male beside her 
and said, "Do you know that every 
time I breathe a man dies·?" 

'~Very interesting," he returned, 
"Why don't you try some mouth
wash?" 

"But you said we'd be allowed ONE sheet of notes." 

49 



Your life at Du Pont I one of a series for technical graduates 

o~ to tell a career lroiD a Jo 
A job is a job. A career is a place to grow. A career has a future. 
A job lives from day to day. In a job you get what you can, do 
what you must. In a career, rewards parallel your contributions. 

We're a career company. More than a third of our 90,000 
employees have been with us at least 15 years; 10,000 for more 
than 25 years. There are reasons for this. To assure growth we 
invest over $90 million a year in research. Fifty percent of last 
year's sales ($2.4 billion) came from products unheard of just 
28 years ago. Because customers like these products, we've 
grown 750% since 1937. -

Our career men share in this growth because we fill virtually 
all responsible positions from within. Our young men work in 
several areas to develop their capabilities. This way they can 
change positions without leaving the company. 
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There are job men and career men. If you seek a career, we'd 
like to tell you about an interesting and rewarding one at 
DuPont. Write us a letter or clip and mail our coupon today. 

BIETTIER lHBNGS FOR BEiTlER LIVING ••• THROUGH CHEMISTRY 

An equal opportunity employer 

TECHNICAl MEN WE'll NEED FROM THE ClASS OF '64 
Chemists 
Chemical Engineers 
Mechanical Engineers 
Electrical Engineers 

Industrial Engineers 
Civil Engineers 
Physicists 
Metallurgists 

,--------------------------------------~ 

: E. I. du Pont de Nemours & Co. (Inc.) I 
l 2519-A Nemours Building : 
1 Wilmington, Delaware 19898 1 
I I 
1 When I'm graduated, I'll be a 1 
I (list profession) I 
I Please rush me more information about how I might fit l 
I in at Du Pont. I 
I I 
I I 
1 Name 1 
I I 
I I 
1 Class Major Degree expected 1 
I I 
I I 
1 College 1 
I I 
I I 
1 My address 1 
I I 
I I 
1 City Zone State 1 

L--------------------------------------~ 
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(Continued from Page 16) 
tively low gauging pressure. Because of this, it is the 
type of instrument employed in gauging laboratories. 

The screw-displacement type of mechanical gauging is 
represented by the micrometer. This instrument is as 
familiar as the common ruler to anyone associated with 
gauging and its refinements. The micrometers accuracy 
depends on the amount of precision with which its 
threads are cut. The common hand "mike" can measure 
to a split thousandth with a reasonable degree of repro
ducibility. The super micrometer, or "supermike," as it 
is better known, is a refined model of the hand microm
eter and can measure to a hundred-thousandth of an 
inch directly (see Figure 3) . 

Single dimension gauging, like the two previous clas
sifications of mechanical gauging, is very common in in
dustry today. This sub-class of gauging can be classified 
still further. Although there is a small amount of overlap, 
single dimension gauges for all practical purposes can 
be divided into those used for calibration and those used 
for inspection on production lines. 

Those used strictly for calibration consist of gauge 
blocks, ring masters, and plug masters. Gauge blocks 
and ring and plug masters come in various grades, the 
more accurate naturally being more expensive. A good 
grade of gauge block is flat, parallel, and within dimen
sion to a millionth of an inch. The extent of this accuracy 
is probably not immediately obvious. Imagine an aver
age hair (approximately .003 inches), and then imagine 
dividing it across its width 3,000 times. One of these 
slices would be a millionth of an inch. Ring and plug 
gauges are ground to within plus or minus a hundred
thousandth of their nominal size. They, unlike gauge 
blocks, are used for production inspection in addition to 
calibration but nevertheless are considered to be among 
the calibration type gauges. 

Single dimension gauging used strictly for part inspec
tion is less accurate than gauging used for calibration be
cause the accuracy is not needed. The "rule of ten" used 
in gauging states that each subsequent step of inspection 
should have an accuracy of ten times the preceding step. 
Thus if a given part has a tolerance of + .001 inch, then 
the dial indicator that checks this should be accurate 
to at least + .0001 inch, and the master that checks the 
dial indicator should be accurate to at least + .00001 
inch. Since most machining tolerances are in the thou
sandths range, inspection gauging must be within the 
ten-thousandths range. It is this gauging within the 
ten-thousandths range of accuracy that is defined as 
part inspection gauging. The overlap between inspection 
gauging and calibration gauging is a result of part tol
erances in the ten ... thousandths range, thereby requiring 
calibration gauging for inspection. 

Pneumatic Gauging 
This classification of gauging which depends on flow 

rate and pressure differential consists of three basic 
types: Those gauges operating strictly on flow rate 
differentials, those operating strictly on pressure differen
tials, and those operating on both flow rate and pressure 
differentials. 

The circuit diagram for a typical pneumatic gauge (or 
air gauge, as they are better known) utilizing flow rate 
differentials is shown in Figure 4. Air travels into the 

MINNESOTA TECHNOLOG 

circuit from air lines through the filter and regulator, 
up the tapered tube, past the indicator, and out the 
metering orifice. This method derives its measuring 
ability by comparing flow rates·. Say, for instance, a 

INDICATOR 

' REGUlATOR 

METERING 
ORIFICE 

DEVElOPED 
GlASS TUBE 

Figure 4. Flow Rate Differential Air GaUige. 

given hole is to be .539 + .003 inches in diameter. 
First the tapered tube with correct magnification must 
be determined. Then one master gauge measuring .536 
is used to determine the lower tolerance mark. The 
upper tolerance is now determined by placing another 
master gauge having an inside diameter of .542 on the 
metering orifice. The increased flow rate caused by the 
larger opening between the metering orifice and master 
forces the indicator to rise in the column. Now good 
parts can be told from bad merely by placing them on 

Figure 5. Pressure Differential Air Gauge. 

the metering orifice and noting the position of the indi
cator. The primary characteristics of this type of system 
are the absence of any kind of mechanical wear, inabil
ity to change magnification without changing the tapered 
tube, versatility, immediate system response, and a wide 
variety of amplifications (up to 50,000 to 1). 

Those air gauges utilizing pressure differentials, better 
known as back-pressure gauges, are capable of magnifi-
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cations from 10,000:1 to 50,000:1. Air, as shown in 
figure 5, enters the gauge from factory air pressure lines, 
passes through a filter and pressure regulator, past an 
adjustable restriction, past a port entering the pressure 
sensing unit, and out the metering mifice. By placing 
masters representing the part tolerance extremes on the 
metering orifice and adjusting the pressure regulator 
and restrictor, the indicator can be made to va1y be
tween two readings representing the parts tolerance 
range. The disadvantages of this system are frictional 
wear of parts and speed of response. The speed of re
sponse, however, is a factor to consider only when the 
volume of air in the indicating portion of the instrument 
becomes appreciable. It does not affect "off the shelf" 
gauging bought by industry. 

The third classification of air gauging consists of two 
subtypes, the venturi gauge and the differential gauge. 
Both of these types are a combination of the flow rate 
and pressure types. 

In the venturi type, Figure 6, air passes through the 
filter and regulator, into the large chamber of the ven
turi, past the first passage to the bellows, into the small 
chamber of the venturi, past the second passage to the 
bellows, past the indicator adjusting orifice, and out 
through the meeting orifice. The different pressures in 

LARGE VENTURI 
CHAMBER 

Figure 6. Venturi Air Gauge. 

the two sections of the venturi, caused by the higher 
flow rate in the small venturi chamber, actuates the 
bellows which actuates the indicator. This gauge at
tempts to eliminate the slowness of back-pressure re
sponse by including a flow loop. It does this to a cer
tain extent, at the expense of simplicity and ruggedness. 

The speed of response of the differential type air 
gauge is better than the venturi type, but still does not 
have the response of the flow type guage. The air, after 
passing through the filter and regulator, divides into tvvo 
passages, one passing through a fixed restrictor and out a 
bleed valve on the line leading to one side of the bel
lows, the other passing a second fixed restrictor and the 
second side of the bellows and then out the metering 
orifice. The pressure differential actuates the bellows, 
which in turn actuate the indicator through a mechani
cal amplifying device. 

Electronic Gauging 
In electronic gauging, motion of a stylus or spindle 

resulting from contact with the part being checked pro-
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duces aH electrical signal. After being amplified, this 
signal can be readily fed without transducers to a 
variety of read-out systems such as meters, digital dis
plays, oscilloscopes, or indicator lights. 

Most electronic gauges are comparato~s. That is to 
say, the signal depends on the size difference between 
the unknown part and the dimension against which the 
gauge is zeroed. 

One type of electrical (not electronic) gauge uses 
highly sensitive electrical limit switches that can be set 
to actuate at the high and low ends of the intolerance 
range .. 

Electronic gauging takes on several forms. These are 
"run of the mill" and "specials." The "run of the mill" 
or standard line consist of a sensing head and amplifier
readout system. "Specials" are systems built to gauge 
one particular part. These are generally multiple set ups 
that check many dimensions simultaneously. 

High magnifications, a variety of magnifications in a 
single instrument, fast measurement speed, and great 
flexibility are the advantages of electronic gauging. 

Standard height gauge equipment is available with 
magnifications up to 50,000: 1 ( 1 millionth per scale 
division). Magnifications of 100,000 and 200,000: 1 are 
also available for high precision comparators. 

The size of standard sensing heads is electronic gaug
ing's most serious drawback. This factor limits it to 
bores over one inch O.D., unless the bore can be reached 
by the probe tip. 

In many electronic gauges, the magnification can be 
changed by a selector switch. Gauges with up to five 
different magnifications can be obtained. These gauges 
give a total spread of magnification of 1000:1, thus en
abling one gauge to measure thousandths, ten thou
sandths (commonly referred to as tenths), and mil
lionths. 

In standard instruments, total error is about one or two 
percent of full scale reading, but can be reduced to 
}4% if special attention is paid to circuihy and meter 
accuracy. 

Conclusion 
Gauging and measurement are of vital importance to 

man. U nchangirig standards based on the wavelengths 
of light make a millionth of an inch a reasonable unit. 
At the sanw time gauges of many kinds are available 
or are being developed to ensure that tolerances smaller 
than ten-thousandths of an inch are reliably maintained. 

[] 
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:sY/:Jfz:J! •-: ExcmNG lHrNGs HAPPEN AT RD OTOR CoMPANY ! 

It began September 21 in Florida, when a team of four 
1964 Comets, specially equipped and prepared for 
high-speed driving, set out to do the equivalent of four 
earth orbits at Daytona International Speedway-1 00,000 
miles at speeds well over 100 miles an hour, round 
the clock for 40 days, through weather fair and foul. 

They..; did it, all four of them, and they made history! 
They did it in the full glare of pub I icity. In semi-tropical 
heat. In the teeth of torrential squalls that fringed two 
hurricanes. Including time out for refueling and mainte
nance, the lead car averaged over 108 miles an hour, 
toppling over 100 national and world records!* 

For all practical purposes this was an engineering trial 
-the most grueling test of staying power and durability 
ever demanded of a new car. Only near perfection 

:MINNESOTA TECHNOLOG 

could stand the punishment dished out to parts and 
components hour after hour, mile after mile. Brakes, 
engines, transmissions, ignition systems-every single 
part a pawn in a grim game of truth or consequence, 
with total product quality the stake. And they all came 
through hands down! 

Now that it's over and in the record books, what does 
it mean? New proof of Ford-built stamina and dura
bility! New evidence that Ford-built means better built! 
Yes-and more, it is a direct reflection of the confidence 
and creative know-how, the spirit and spunk of Ford 
Motor Company's engineering, styling and manufac
turing team-men who find rewarding adventure in 
technical breakthroughs. 

More proof of the exciting things that happen at Ford 
Motor Company to bring brighter ideas and better
built cars to the American Road. 
"'World Unlimited ond Class C records, subject to FIA approval 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGINEERING lEADERSHIP BRINGS YOU BETTER·BUILT CARS 
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Attention! Seniors! 

As A Service To You 

We Present The ... 

Tuesday, January 14 
American Can Company 
Bendix Corporation 
Dow Chemical (2nd Day) 
Firestone Tire & Rubber (2nd Day) 
General Motors Corporation 
Martin Company (Baltimore-Denver) 
Minnesota Mining & Manufacturing 

Co. 
Univac 

Wednesday, January 15 
American Can Co. (2nd Day) 
Bureau of Redamation 
Continental Oil Company 
General Motors (2nd Day) 
Martin Company (2nd Day) 
Minnesota Mining ~ Manufacturing 

Co. (2nd Day) 
Univac (2nd Day) 

Thursday, January 16 
Babcock & Wilcox Company 
General Motors ( 3rd Day) 
Hazeltine Corporation 
Martin Company ( 3rd Day) 
Space Technology Labs 
Univac ( 3rd Day) 
West Bend Company 

Friday, January 17 
General Motors (4th Day) 
International Minerals & Chemical 

Corp. 
Mobil Oil Company 
Sinclair Refining Company 
Space Technology Labs. (2nd Day) 
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INTER QUARTER 
INTERVIEWING 

SCHEDULE 
Monday, January 20 

American Air Filter 
Fisher Governor Company 
Jet Propulsion Laboratory 
Monsanto Chemical Company 
National Cash Register Co. 
S.C. Johnson (Johnson's Wax) 
Sinclair Research 
Timken Roller Bearing Company 

Tuesday, January 21 
Bell System 
Jet Propulsion Laboratory (2nd Day) 
Linde Company 
Monsanto Chemical (2nd Day) 
Timken Roller Bearing Co. (2nd Day) 
Walker Manufacturing Company 
Wisconsin Power and Light Co. 

(Summer) 
Wood Conversion Company 

Wednesday, January 22 
Argonne National Laboratory 
Bell System (2nd Day) 
Falk Corporation 
Grede Foundries 
Linde Company (2nd Day) 
Mitre Corporation 
Trane Company 
U.S. Army Materiel Command 
Wisconsin Power and Light Company 

Thursday, January 23 
Beckman Instruments 
Bell System ( 3rd Day) 
Goodyear Aerospace Corporation 
Goodyear Tire & Rubber Company 
Northern States Power Company 
Raytheon Company 
Trane Company (2nd Day) 
United States Steel Corporation 

Friday, January 24 
Beckman Instruments (2nd Day) 
Bell System (4th Day) 
Campbell Soup Company 
General Telephone Co. of Wisconsin 
Goodyear Tire & Rubber Co. 

(2nd Day) 
Goodyear Aerospace Corp. (2nd Day) 
Inland Steel Company 
Raytheon Company (2nd Day) 

Monday, January 27 
American Telephone & Telegraph 

(Summer) 
Archer-Daniels-Midland Company 
Green Giant Company 
Line Material Industries 
Procter and Gamble Company 
Red Jacket Manufacturing Company 
U.S. Atomic Energy Commission 
Wisconsin Electric Power Company 

Tuesday, January 28 
Caterpillar Tractor Company 
Control Data Corporation 
Hamilton Standard 
Mallinkrodt Chemical Company 
Procter and Gmnble (2nd Day) 
U. S. Forest Service 
Viron, Div. of Geophysics Corp. of 

America 

Wednesday, January 29 
Caterpillar Tractor ( 2nd Day) 
Control Data (2nd Day) 
Great Lakes Steel Corporation 
Hamilton Standard (2nd Day) 
Mallinkrodt Chemical (2nd Day) 
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Procter and Gamble (Summer) 
Westinghouse Electric Corporation 

Thursday, January 30 
Continental Can Company 
Globe-Union, Inc. 
Great Lakes Steel (2nd Day) 
G. T. Schjeldahl Company 
Ingersoll-Rand Company 
International Business Machines 

Corp. 
Motorola, Inc. 
Westinghouse Electric (2nd Day) 

Friday, January 31 
B. F. Goodrich Company 
Ingersoll-Rand (2nd Day) 
International Business Machines 

(2nd Day) 
Maytag Company 
Motorola, Inc. (2nd Day) 
Naugatuck Chemical Div.-U. S. 

Rubber Company 
Westinghouse Electric ( 3rd Day) 

Monday, February 3 
Allegany Ballistics Laboratory 
Chmmin Paper Products Company 
Eastman Kodak Company 
Fairbanks, Morse (Beloit Division) 
General Mills, Inc. 
Honeywell 
Pittsburgh Plate Glass Co. (Chemical 

Div.) 
Sun Oil Company 

Tuesday, February 4 
Allegany Ballistics (2nd Day) 
Eastman Kodak (2nd Day) 
Ford Motor Company 
General Mills (2nd Day) 
Hercules Powder Company 

(Summer) 
Honeywell (2nd Day) 
Sun Oil Company (2nd Day) 

Wednesday, February 5 
Allegany Ballistics ( 3rd Day) 
Ford Motor Company (2nd Day) 
General Electric Company 
Hercules Powder Co. (2nd Day) 
Kimberly-Clark Corporation 
Mead Corporation 
National Security Agency 
Oscar Mayer and Company 
Whirlpool Corporation 

Thursday, February 6 
Amphenol-Borg Electronics 

Corporation 
Corning Glass Works 
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General Electric (2nd Day) 
International Milling Company 
McDonnell Aircraft 
Northwest Paper Company 
Pratt and Whitney Aircraft 
Warner Electric Brake & Clutch Co. 

Friday, February 7 
American Oil & Amoco Chern. 

(Res. & Dev.) 
Federal Aviation Agency 
General Electric ( 3rd Day) 
McDonnell Aircraft (2nd Day) 
Pratt & Whitney Aircraft (2nd Day) 
Rohm & Haas Company 

Monday, February 10 
Beloit Corporation 
Boeing Company 
Collins Radio 
NASA-Ames Research Center 
Olin Mathieson Chemical Co. 
Phillips Petroleum (Atomic Energy) 
Xerox Corporation 

Tuesday, February 11 
Aluminum Company of America 
Boeing Company (2nd Day) 
Collins Radio (2nd Day) 
Cutler-Hammer, Inc. 
Olin Mathieson (2nd Day) 
Square D Company 

Wednesday, February 12 
Holiday 

Thursday, February 13 
Abbott Laboratories 
Boeing Company ( 3rd Day) 
Hewlett-Packard Company 
International Harvester Company 
Kennecott Copper Corporation 
Radio Corporation of America 
Union Carbide Chemicals Company 
Universal Oil Products Company 

Friday, February 14 
Boeing Company (4th Day) 
Hewlett-Packard (2nd Day) 
Radio Corporation of America 

(2nd Day) 
Rosemount Engineering 
Texaco, Inc. 
Union Carbide Chemicals (2nd Day) 

Monday, February 17 
American Oil Company 
Detroit Edison Company 
Douglas Aircraft Company 
Lockheed Missiles & Space Company 

Melpar, Inc. 
Mobil Oil Company 
Shell Companies 
Standard Oil Company of California 

Tuesday, February 18 
Allis-Chalmers Mfg. Company 
Armour Research Foundation of 

Illinois Institute of Technology 
Chicago Bridge & Iron Company 
Douglas Aircraft (2nd Day) 
Lockheed (2nd Day) 
Pittsburgh Plate Glass Company 
Shell Companies (2nd Day) 
Standard Oil Company of California 

(2nd Day) 

Wednesday, February 19 
Allis-Chalmers (2nd Day) 
California State Personnel Board 
Douglas Aircraft ( 3rd Day) 
Dow Corning Corporation 
Esso Research and Engineering 
Humble Oil & Refining 
Lockheed ( 3rd Day) 
Consumers Power Company 

Thursday, February 20 
Chrysler Corporation 
Civil Engineering Lab.-Port 

Hueneme 
Dow Corning (2nd Day) 
Esso Research & Engineering 

(2nd Day) 
Humble Oil & Refining (2nd Day) 
Hughes Aircraft Company 
Northrop Corporation 
Rural Electrification Association 

Friday, February 21 
American Motors (A.M. only) 
City of Milwaukee 
Hughes Aircraft (2nd Day) 
Naval Ordnance Laboratory 
Northrop Corporation (2nd Day) 
Phillips Petroleum Company 
Pillsbury Company 
Sundstrand Corporation 
Washington State Highway 

Commission 

Monday, February 24 
Aeronautical Systems Division-

Wright-Patterson Air Force Base 
Bemis Bro. Bag Company 
Chain Belt Company 
Detroit Civil Service Commission 
NASA-Flight Research Center 
Naval Research Laboratory 
Timken Roller Bearing Company 

Tuesday, February 25 
Amsted Industries, Inc. 
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EE's, E's, 

P, YSICISTS, E 

SICS 

R s 

Rosemount Engineering Company is a 

small growing company which designs and 

manufactures precision temperature and 

pressure sensors. Although small (presently, 

we employ 400) REG's excellent growth offers 

opportunity and broad practical experience in 

RESEARCH and DEVELOPMENT, DESIGN 

ENGINEERING, PRODUCT ENGINEERING and 

a chance to work with other top notch engi

neers in an engineering minded company. 

REC provides a continuing educational pro

gram for all engineering graduates who wish 

to continue their education. As part of this 

program, we recently became a co-sponsor of 

"The Evening Graduate Program in Electrical 

Engineering" at the U. of M. 

If you're looking for opportunities, respon

sibility and a chance to retain your individu

ality, we invite you to pick up our informa

tion sheet-"This Is REC" and arrange for 

an interview in the IT placement office. 

® 
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ROSEMOUNT 
ENGINEERING 
COMPANY 

Bell Aerosystems Company 
E. I. Dupont 
General Foods Corporation 
Goodrich-Gulf Chemicals, Inc. 
NASA-Flight Research Center 

(2nd Day) 
Naval Research Laboratory 

(2nd Day) 
Republic Steel Corporation 
Timken Roller Bearing Co. 

(2nd Day) 

Wednesday, February 26 
Allied Chemical Corporation 
Bell Aerosystems Company 

(2nd Day) 
Carrier Air Conditioning Company 
E. I. Dupont (2nd Day) 
General Dynamics Corporation 
Nordberg Manufacturing Company 
Powers Regulator Company 
Standard Oil Company (Ohio) 
\tVyoming State Highway Commission 

Thursday, February 27 
E. I. Dupont ( 3rd Day) 
General Dynamics (2nd Day) 
Harnischfeger Corporation (Summer) 
Los Angeles County Civil Service 

Commission 
North American Aviation 

( 5 Divisions) 
National Bureau of Standards 
Outboard Marine Corporation 

Friday, February 28 
American Electric Power Service 

Company 
Bethlehem Steel Company 
General Dynamics ( 3rd Day) 
Ceo. A. Harmel & Company 
Harnischfeger Corporation 
North American Aviation (2nd Day) 
Northern Natural Gas Company 

_Monday, March 2 
Aerojet-General Corporation 
Allen-Bradley Company 
Armco Steel Company 
CBS Laboratories 
Mechanical Handling Systems 
NASA-Lewis Research Center 
Texas Instruments, Inc. 

Tuesday, March 3 
Aerojet-General Corporation 

(2nd Day) 
Allen-Bradley Company (2nd Day) 
Armco Steel Corporation (2nd Day) 
Chicago, Rock Island & Pacific RR Co. 
Consolidated Papers, Inc. 
Deere and Company 

Emerson Electric Manufacturing 
Company 

NASA-Lewis Research Center 
(2nd Day) 

Wisconsin State Highway Commission 

Wednesday, March 4 
Cornell Aeronautical Laboratory, Inc. 
Deere and Company (2nd Day) 
Louis-Allis Company 
Northern Indiana Public Service Co. 
Skidmore, Owings & Merrill 
State of Minnesota-Dept. of 

Highways 
Sylvania 
U. S. Gypsum Company 

Thursday, March 5 
Economics Laboratory, Inc. 
Fabri-Tek, Inc. 
NASA-Goddard Space Flight Center 
Nekoosa-Edwards Paper Company 
Sylvania (2nd Day) 
U.S. Corps of Engineers 
Central Intelligence Agency 

Friday, March 6 
Barton-Aschman Associates, Inc. 
Interstate Power Company 
McQuay, Inc. 
U. S. Rubber Co. (Research Center) 
Central Intelligence Agency 

(2nd Day) 

Monday, March 9 
Allen-Bradley 
Geophysical Service, Inc. 
Institute of Paper Chemistry 
Lawrence Radiation Laboratory 
Lockheed (Burbank) 
Marquardt Corporation 

'Tuesday, March 10 
Allen-Bradley (2nd Day) 
Automatic Electric Company 
Lockheed (Burbank) (2nd Day) 
NASA-Manned Spacecraft Center 
NASA-Marshall Space Flight Center 
United States Navy 

Wednesday, March 11 
Aeronutronic 
AiResearch Manufacturing Company 

of Arizona 
AiResearch Manufacturing Company 

(Los Angeles) 
Edgerton, Germeshausen & Grier, Inc. 
U.S. Department of Commerce

Patent Office 
United States Navy (2nd Day) 

JANUARY, 1984 



ARE YOU INTERESTED IN u m m 

I 

IN THE GEOGRAPHICAL AR OF YOUR CHOICE 
WITH THE CORPS OF ENGINEERS 

DIVERSITY OF ACTIVITIES 
The Corps of Engineers embraces virtually the entire range of modern 
engineering in the construction field. Projects include research into 
basic science, engineering investigations 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 launch
ing sites. In addition are the allied fields of cartography, geodesy and 
engineer intelligence. 

OPPORTUNITY 
Opportunity is provided for progressive movement toward top positions 
for men with ability. You learn from top calibre professionals who 
have had many years of high quality experience .. 

LOCATION 
Projects are located in every State and in many foreign countries. 

A CAREER NOT A JOB 
The Corps offers a. well defined 18-month rotational training program 
for young graduate engineers covering all facets of the varied work 
program. This is followed by planned career development assignments. 
These assignments enable a young man to develop his special aptitudes 
in the engineering field. As he progresses, special attention is given 
to the development of managerial and executive abilities .. 

ADVANCED EDUCATION AVAILABLE 
Attendance at special seminars, symposiums, and university courses 
and participation in professional societies and activities are encour
aged, and sponsored when possible. Fellowships for advanced study 
and awards for outstanding achievement are also available. 

FOR ADDITIONAL INFORMATION ... and an illustrated 
brochure "Your Career", write to the Chief of Engi .. 
neers, Department of the Army, Washington, D.C. 
20315 

CORPS OF ENGINEERS 
DEPART ENT OF AR Y 

AN EQUAL OPPORTUNITY EMPLOYER 

MINNESOTA TECHNOLOG 
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The 1964 GOPHER YEARBOOfi Has 
Substantially Increased Its Coverage Of IT. 

Activities And Organizations. 

FOR AS liTTLE AS ONE DOLLAR DOWN 

nesota 

I t u~©rxJ~©r1©® ffi 
OR MURPHY HALL 13 

A New Mexico Senator, seeking re-election, was out 
campaigning around an Indian reservation. He came 
upon a group of squaws and proceeded to solicit their 
votes. 

«Now, if you squaws will vote for me," he said, ''I'll 
guarantee you full benefits of Social Secmity ." 

An interested squaw asked what Social Security was. 
In explaining, the Senator replied, "Well, that's a plan 

whereby you get about 80 bucks a month when you're 
sixty years old." 

"Ugh!" muttered the squaw, «when sixty years old, one 
buck a month do fine." 

One evening a man picked up his paper and saw in an 
ad that a used car dealer in town was offering an almost
new car for only $150, plus a blonde. He hurried to the 
car lot the next morning. 

After he had bought the car he asked about the blonde. 
The proprietor whistled and a well-stacked blonde came 
out of the office and climbed into his car. He drove off 
and passing through a park, stopped the car. 

"How about a kiss?" he asked. 
«Sure," she answered. "That's part of the deal." 
Congratulating himself, he waited a while and asked: 
"How about a little squeeze?" 
"Sure," the blonde replied, "that's part of the deal." 
Becoming a little bolder, he leaned over and whispered 

something into her ear. 
"Oh, :;o," she replied. "You got that when you bought 

the car. 
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I 
A Y DEPE D UP N HIS EDUCATION 

The young mind which today discovers an old 
principle may someday reveal a new one capable 
of revolutionizing your business and creating 
undreamed of growth. But this is possible only 
if he gets the finest education we can offer. 

By the time today's youngsters are ready for 
college, business and industrial technology will 
be even more complicated and will require many 
more trained specialists. To fill this order we 
must provide our young people with the best 
possible college educations. 

Unfortunately many colleges are already over
crowded. In ten years applications are expected 
to double. We will need more and better college 
classrooms and libraries, more efficient college 
laboratories, and additional top-quality profes
sors. You can help assure your own future by 
helping the college of your choice. 

If you want to know what the college crisis means to you, 
write for a free booklet, 110PEN WIDE THE COllEGE 
DOOR,

11 
to Higher Education, Box 36, Times Square 

Station, New York 36, N.Y. 

Published as a public service 

MINNESOTA TECHNOLOG 

in cooperation with The Advertising Council and 
the Council for Financial Aid to Education 

St. Paul BRUCE PUBLISHING COMPANY Minneapolis 
IKIIII!!P IT BRIGHT 
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Expedition 
(Continued from Page 20) 

Fields of sastrugi many miles across hamper travel and 
are very wearing on equipment. 

The author and Jerry Weber, another member of the expedition, 
shown in an emergency cooking shelter. 

Field parties traveled with motor toboggans, small 
machines driven by a single continuous cleated track 
which are capable of pulling sled trains totaling 2,000 
pounds in weight. The Minnesota expedition was gen
erally divided into three field parties of three or four 
men, with each group using two motor toboggans for 
transportation. The individual parties generally stayed 
on the trail about a month, traveling several hundred 
miles before returning to Camp Gould. While on the 
trail, the men slept in pyramid tents and used Coleman 
stoves for cooking and melting water. A common prac
tice was to set up a camp for three or four days while 
visiting rock exposures within a radius of 10 to 15 
miles, then to break camp, travel about 25 miles, and 
set up another tent camp from which to work. Gen
erally, the outcrops studied were accessible by motor 
toboggan and climbing of steep mountain slopes was not 
required. On occasions, however, it was necessary to 
hike several miles up barren mountain valleys or to 
traverse steep ridges and peaks to acquire critical 
geologic data. In these instances survival equipment 
was packed along to avoid being stranded away from 
camp by storms which may arise quickly and without 
warning. 

"Mush" by Remote Control 
Crevasses pose a continuous threat and are the chief 

hazard during travel by a field party. They may attain 
widths of 40 feet and depths of over 100 feet (a depth 
of 95 feet was measured on the Minnesota Glacier). 
The crevasses are commonly bridged by snow, making 
them impossible to observe from the ground. On the 
larger crevasses the snow bridge may become quite 
thick and sag under its own weight, developing a sur
face impression which can be readily seen. The smaller 
ones, however, may only have a thin crust over them. 
On several occasions crevasse bridges collapsed under 
foot, and once one of the men went in up to his waist, 
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fortunately catching himself with his arms while his 
feet treaded thin air. For this reason, the toboggans 
were normally driven by remote control with the aid 
of a series of guide ropes attached to the steering skis 
and the throttle. The driver sat on the rear sled, follow
ing some 50 feet behind the front of the train to have 
time to jump should the toboggan drop into a crevasse. 

In most areas the larger crevasse fields could be 
avoided, but in one place on the Bastien Glacier 50 small 
crevasses-ranging in width from one foot to four feet 
-had to be crossed perpendicularly in a distance of one 
mile. At another locality on the same glacier a forty
foot crevasse had to be crossed after probing of the 
snow bridge indicated that it was probably strong 
enough to support the train. When approaching an out
crop on foot, it was customary to rope the party mem
bers together as the danger of encountering a bergs-
chrund was great. 

Temperatures ranged from -20oF. to +30°F. during 
the Antarctic summer. A brisk wind is commonly pres
ent which proved to be troublesome while traveling or 
studying outcrops. Occasional winds of up to 60 knots 
caused severe ground blizzards and confined trail parties 
to their tents. Numerous instances of minor frostbite 
occurred (usually of the nose or cheeks), but no one 
suffered any of serious consequence. The heavy beards 
grown by most members of the group provided good 
protection from the elements. 

A phenomenon known as "whiteout" also hampered 
travel. At these times a low cloud layer descends onto 
the snow surface. Light becomes greatly diffused, all 
surface expression is lost, and one has the feeling of 
"floating" in a dense white fog. 

On clear days mirages are common. Many times 
mountains or hills that are over the horizon can be seen 
as upside-down mirror images of the actual outcrop. 

Although several incidents occurred which could have 
had unfortunate outcomes, no serious casualties were 
experienced. A plane bringing one of the field parties 
into the northern Sentinels at the beginning of the sea
son crashed while landing· due to failure of the landing 
gear. The aircraft was wrecked beyond repair, but for
tunately no one was seriously injured. 

One tent was destroyed by fire in a matter of seconds 
after a faulty stove started spurting burning gasoline. 
Both occupants escaped unharmed but appeared rather 
destitute standing in their underwear while all their 
possessions were going up in flame. As extra clothing 
had been brought along and the four men of the party 
were able to share the remaining two-man tent, opera
tions were continued without a special trip hack to base 

camp. 
One geologist developed appendicitis near the end 

of the season, but radio contact with Byrd Station was 
successful, the weather stayed clear, and the ruptured 
appendix was successfully removed at McMurdo Sound 
following a 1300-mile evacuation flight. 

Recently a six-man field party led by Robert Rutford 
and Torn Bastien, under the direction of Dr. Craddock, 
left for the Antarctic to complete the major part of the 
geologic work in the Ellsworth Mountains. This group 
will have the support of turbine helicopters . operating 
from Camp Gould to gain access to some of the remote 
and difficult peaks in the mountains. (] 
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Reuben C. Gooderum, BSME 
Wisconsin, 1962, is shown examining 
combustion liners after a thermal 
paint engine test at Allison Division, 
General Motors, Indianapolis, Indi
ana. Thermal paint, developed by 
Allison, is used to determine temper
ature gradients existing on engine 
parts. 

Gooderum is one of the young engi
neers at Allison assigned to design 
and development of air-cooled tur
bine engine hardware. This work in
volves rig testing of turbine engine 
parts to determine optimum configu
rations. Parts later are endurance
tested on engines to prove the design. 

New, air-cooled turbine blades de
veloped by Allison engineering have 
permitted more than 250 °F higher 
turbine inlet temperatures on turbo
prop engines, providing as much as 
63 °/o increased horsepower for the 
same engine envelope. 

We think you, too, will like the 
creative climate at Allison, as well as 
the advantages of being associated 
with a long-established leader in the 
design, development and production 
of high performance aircraft engines. 
Talk to our representative when he 
visits your campus. Let him tell you 
what it's like at Allison where Energy 
Conversion Is Our Business. 

An equal opportunity employer 

GENERAL MOTORS, INDIANAPOLIS, INDIANA 
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(Continued from Page 12) 
deg. C. Dr. Theodore Bullock, working at UCLA, experi
mented with the rattler by showing it two spheres of 
the same size, but differing by 0.1 deg. C in temperature. 
The snake invariably struck at the warmer (ref. 5). 
By learning how the snake's sensing organ works, scien
tists should he able to improve infrared detectors like 
that used as a homing device in the sidewinder missile. 

Fish emit pulses of low voltage with frequencies char
acteristic of each species, ranging from 50 to 1600 cps. 
Several varieties of fish have electroreceptors. At Cam
bridge, England, fish have been tested which are sensi
tive to electric potential gradients in the range of one 
micro-volt per foot. This sensitivity is adequate to de
tect the lines of force of the earth's magnetic field when 
the fish is swimming at a rate of 0.25 ft. per sec. They 

MAN
1 
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can detect an alteration in the pattern of the electric 
fields resulting from objects, apertures, or other fish in 
the surrounding waters. Some fish will respond to a comb 
run through the hair and placed in front of their tank. 
They can distinguish between conductors and non-con
ductors, or respond to a pennanent magnet outside the 
tank (ref. 2). 

Some fish are extremely sensitive to odors; one type 
tested could detect 10-11 milligram per liter of odorant 
(ref. 5). 

The spider, it has been found, detects victims in his 
web through vibration sensors in his legs whose fre
quency sensitivity can apparently be modified by his 
engaging in a characteristic bouncing walk (ref. 12). 

It has recently been discovered that at least one spe
cies of the sand flea Talitrus can direct himself to the 
sea on the basis of the moon's position. For his size, 
this tiny creature performs ahnost unbelievably complex 
navigational computations. Research on the sand flea 
is being caiTied out at the Armour Research Foundation 
in an effort to design simplified and miniaturized navi-
gation devices (ref. 11). 

At the California Academy of Sciences in San Fran-
cisco, biologists are studying bird navigation. They 
theorize that the European warbler, for example, navi
gates by the sun during the day and the stars at night 
(ref. 2). They are trying to discover principles applica-
ble to navigation aids. 

American Electronics Laboratories in Philadelphia has 

62 

developed a bird-tracking system for ONR, for compil
ing information on the navigational habits of birds (ref. 
6). The system features a powerful miniaturized radio 
beam transmitter which may he mounted on the bird' s 
back and which will not hinder flight in any way. 

Researchers at the Carnegie Institute of Technology 
have been studying the steering mechanisms of animals 
and their applications to man-made vehicles. Two types 
of steering in particular have been under study: dif
ferential-drive steering and rudder-type steering (ref. 
8). It is felt that such a study can contribute to the 
simplification and improvement of existing steering 
mechanisms in man-made vehicles. 

Structural Research 

While the study of the neurons and sensory systems 
of men and animals constitute about 90 per cent of pres
ent bionics research, and electronic hardware is the goal 
of most of this effort, bionics is not restricted to these 
areas (ref. 6). As an example of how marine engineer
ing has benefited from a bionics study, the drag of a ship 
due to turbulence has been reduced using boundary 
layer control techniques which were copied from the 
porpoise and whale. 

Researchers are investigating the very low resistance 
and high propulsive efficiency exhibited by the whale and 
porpoise. Their unusual capabilities are attributed to 
the laminar flow condition which exists at the skin
water interface. This "streamlined" flow is believed to 
be the result of oily skin, elastic and damping charac
teristics of the skin, and undulating motion of the crea-
ture's body (ref. 3). 

Studies of the skin and shapes of the whale and por-
poise may improve marine propulsion systems, particu-
larly in the case of submarines. 

Though bionics is still quite young, its beginning has 
been auspicious and, whether the animals and insects 
concerned like it or not, they are liable to serve as pro
totypes for coming machines which are more sensitive, 
efficient, and capable than those presently available. (] 
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You'll find that at least a few of 
these six advantages are exclusive 
with the civilian Navy generally, 
and especially with the world
renowned Naval Ordnance Labo
ratory because of its perenially 
powerful role in government weap
onry research. No "Blue Sky" 
promises here-you'll soon see 
why these advantages make sense 
individually, and why collectively 
they represent a career develop
ment opportunity you really 
should consider. 

1 Vital assignments of national 
importance 

Whatever programs you may work 
on ... missile guidance, weapons 
systems, re-entry components, 
underwater ordnance, fire control, 
sonar, fuzes, sonobuoys, nuclear 
explosives, propellants, solid state, 
acoustics, infrared . . . you see 
and follow the big picture, from 
initial concept to fleet acceptance. 
More than 95 major weapons de
vices developed at NOL are in 
fleet use today. 

2 Training programs encourage 
Breadth of Experience 

During your first year you will 
rotate through four assignments 
in research, engineering, and 
evaluation. This enables you to 
understand the whole and to help 
select a permanent assignment 
area. 

3 Wholly- or Partly-Paid 
Graduate Education Programs 

Various accredited graduate pro-

MINNESOTA TECHNOLOG 
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grams, both with local institutions 
or the university of your choice, 
permit you to attain your ad
vanced degrees. Many courses are 
held right at NOL, and enable 
young professionals to work full 
time while participating. Most 
such programs provide for reim
bursement of tuition. Stipends, in 
some cases, are available. 

4 Professional Stature and 
Future Opportunity 

NOL retains patents in the em
ployee's name for professional 
purposes, and for commercial 
rights in some instances. Attend
ance at professional meetings is 
encouraged, and there is ample 
opportunity to conduct founda
tional research. At the end of 
these four years, many doors to 
the future will be open to you ... 
as a professional engineer with an 
unusually strong R & D back
ground. 

5 Top-Flight Equipment & 
Facilities 

Because so much in-house work 

I 

-$30 MILLION annually-goes 
beyond the existing and known, 
NOL has many of the finest re
search and development facilities 
available anywhere. NOL head
quarters spread over nearly 1,000 
acres of suburban Maryland just 
outside Washington, D. C. (now 
one of the nation's leading R & D 
centers). You may also work at 
NOL test facilities elsewhere in 
Maryland, in Virginia, and Florida 
... as well as with the operating 
units of the fleet. 

6 Reach the $10,000 to $12,000 
level within 4 years 

New and virtually unknown is 
the fact that the new government 
salary structure lets you earn more 
than $10,000 within four years ... 
PLUS all the benefits of Career 
Civil Service. 

Watch for the NOl 
representative on campus 
If you would like to contact NOL 
directly, write to Mr. Emil Kranda, 
Personnel Officer. 

NAVAL ORDNANCE LABORATORY 

SILVER SPRING, MARYLAND 

An Equal Opportunity Employer 

WHITE 
OAK 
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1. Last quarter a smoking student became short ~f 
that green stuff and discovered that he could save h1s 
cigarette butts and roll another cigarette from three of 
them. What was the total number of cigarettes that he 
could smoke from a new pack of twenty? 

2. A C.E. has been asked to lay out a road around 
a new townsite on a ten-mile square plot of land. The 
town's developers have two requirements for the road; 
it must be as short as possible but must also enclose as 
much of the townsite as possible. Also the road is to be 
entirely within the townsite. What shape must the road 
have? 

3. Write 100 by using four nines. 

4. Here is a question from the ancient philosophers 
to test your ability in logic. If half of five were three, 
what would be a third of ten. 
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5. A circular table is pushed into a corner so that it 
touches both walls. A point at the extreme edge of the 
table on the side nearest the comer is precisely eight 
inches from one wall and nine inches from the other. 
What is the diameter of the table. 

6. There are four homing missiles located originally 
in the corners of a square twenty miles on a side. Each 
missile homes on another missile with a velocity of 
5,280 feet per second. Each of the missiles will turn 
to the right immediately after launch. If they are 
launched simultaneously, they will ultimately collide in 
the middle of the square. How long will it take for the 
collision to occur? 

7. Three Dutchmen and their wives go to market, 
and each individual buys some hogs. Each buys as 
many hogs as he or she pays in shillings for one hog. 
Each husband spends altogether 3 more guineas than 
his wife. The men are named Hendrick, Elas, and Cor
nelius· the women are Gu.rthrun, Katrun and Anna. 
Hend;ick buys 23 more hogs than Katrun, while Elas 
buys 11 more than Gurthru.n. What is the name of 
each man's wife? 

8. A circular wall of radius A stands in a large field. 
A cow is tied to the outside of this wall ·by a rope the 
length of which is equal to half the circumference of the 
wall. Find the area over which the cow can graze. 

G·l EER'S B KST RE 
Main Engineering 
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We are the chemical company that an electromechanical 
designer might be operating some day 

The chemistry of photography is far from being all of 
chemistry that concerns us. Actually, it is rapidly going 
into hiding inside such machines as these automatic x-ray 
processors for hospitals, seen here under construction. 

We need electromechanical engineers to design all 
kinds of automatic photographic apparatus that we have 
ideas for-big ones, little ones, simple ones, super-sophisti
cated ones, inexpensive ones to sell by the millions, very 
expensive ones for maybe internal use only. 

We need process engineers, by which we mean those 
who figure out the best way to make what the designers 
have dreamed up. 

EASTMAN KODAK COMPANY 

We need industrial engineers, who work out the most 
rational relationships between apparatus and people-the 
people who work in the plants and even on occasion the 
people who buy or use our products. 

This is a great place for all categories of engineers. How
ever, we think in categories largely for hiring purposes. 
There is such a thing as mobility, and it doesn't have 
to be geographical. 

Incidentally, we still need chemical engineers. Maybe 
you are one and maybe you join us and maybe you turn 
out to be such a whiz at your profession that after a while 
we ask you to operate an electromechanical plant for us. 

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. 
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An interview 
with G.E. 's 

Dr. George la HaU¢r 
Vice~· Pres~_ nt

Advanced 
Tee ology 

As Vice President-Advanced Tech
nology Services, Dr. Haller is 
charged with coupling scientific 
knowledge to the practical operat
ing problems of a Company that 
designs and builds a great variety 
of technical products. He has been 
a radio engineer, both in industry 
and the armed services (legion of 
Merit for development of radar 
counter-measures); physics profes
sor at Penn State and dean of its 
College of Chemistry and Physics; 
and a consulting engineer·. With 
G.E. since 1954, he has been man
ager of its Electronics laboratory, 
and general manager of the De
Fense !Electronics Division. He was 
elected a vice president in 1958. 

For complete information on op

portunities for engineers at 

General Electric, write: Person

alized Career Planning, General 

Electric Company, Section 699-

09, Schenectady, N. Y. 12305 

GROWTH THROUGH TECHNOLOGICAL CHANGE 

I f 
II 
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Q. Dr. Hailer, how does General Electric define that overworked term, Re

search and Development? 
A. At General Electric we consider "R&D" to cover a whole spectrum of 

activities, ranging from basic scientific investigation for its own sake to 
the constant efforts of engineers in our manufacturing departments to 
improve their products-even in small ways. Somewhere in the middle 
of this range is an area we call simply "technology", the practical know
how that couples scientific knowledge with the engineering of products 
and services to meet customer needs. 

Q. How is General Electric organized to do research and development? 
A. Our Company has four broad product groups-Aerospace and Defense, 

Consumer, Electric Utility, and Industrial. Each group is divided into 
divisions, and each division into departments. The departments are like 
separate businesses, responsible for engineering their products and serving 
their markets. So one end of the R&D spectrum is clearly a department 
function-engineering and product design. At the other end is the Re
search Laboratory which performs both basic and applied research for 
the whole Company, and the Advanced Technology Laboratories which 
also works for the whole Company in the vital linking function of putting 
new knowledge to practical use. 
Having centralized services of Research and Advanced Technology does 
not mean that divisions or departments cannot set up their own R&D 
operations, more or less specialized to their technical or market interests. 
There are many such laboratories; e.g., in electronics, nuclear power, space 
technology, polymer chemistry, jet engine technology, and so on. 

Q. Doesn't such a variety of kinds of R&D hamper the Company's potential 
contribution? Don't you fincll yourselves stepping on each other's toes? 

A. On the contrary! With a great many engineers and scientists working 
intensively on the problems they understand better than anyone else, we 
go ahead simultaneously on many fronts. Our total effort is broadened. 
Our central, Company-wide services in Research and Advanced Tech
nology are enhanced by this variety of effort by individual departments. 

Q. How is Advanced Technology Services organized? 
A. There are three Advanced Technology Laboratories: Chemical and 

Materials Engineering, Electrical and Information Engineering, and Me
chanical Engineering; and the Nuclear Materials and Propulsion Opera
tion. The Laboratories do advanced technology work on their own, with 
Company funds, and on contract to product departments or outside customers 
and government agencies. NMPO works for the AEC and the military to 
develop materials and systems for high-temperature, high-power, low
weight nuclear reactors. ATS is the Company's communication and in
formation center for disseminating new technologies. It also plans and 
develops potential new business areas for General Electric. 

Q. So R&D cat General Electric is the work of a great many men in a great 
many areas? 

A.· Of course. The world is going through a vast technological revolution
in the ways men can handle energy, materials, and information. Our 
knowledge is increasing exponentially. In the last five years we have 
spent more than half the money ever spent for research and development. 
To keep competitive, and to grow, industry must master that mountain of 
new knowledge and find ways to put it to practical use for mankind. Only 
by knowing his field well and keeping up with the rush of new develop
ments, can the young engineer contribute to the growth of his industry
and society as a whole. 

~ress Is Our Mosf lmporiC~nf Protluc.f 

GE ER ELECTRIC 
An Equal Opportunity Employer 
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It can replace all these wires and electronic parts 

"With fewer parts and connections," 
Westinghouse scientists decided, "we'd 
have a much more reliable amplifier." 

So they developed a new kind, using 
techniques called "molecular electrorlics." 
The device is a functional electronic block, 
one quarter-inch square. (That's the cap-

sule. Actually, the electronics are on a bit 
of specially-treated silicon the size of a 

chip diamond.) 
Other Westinghouse functional elec

tronic blocks are just as small. They're 
used in experimental products like a 
pocket-size TV camera and a radio receiver 

that's half an inch square and an inch long. 
Today, Westinghouse makes these ultra

reliable little devices mostly for military 

applications. 
One day, you'll find them in electronic 

products everywhere. 
You can be sure ... if it's Westinghouse. 

For information on a career at Westinghouse, an equal opportunity employer, 
write to L. H. Norwle, Westinghouse Educational Department, Pittsburgh 21, Pa. 



Sixty-three years ago Sir Ernest 
Shackleton, the famed polar ex
plorer, placed this ad in London 
newspapers. The response was 
amazing. And the men who an
swered were special. 

There are men like them today 
at Honeywell ... and we'd like 
more of them. They're men who 
feel obligated to answer a chal
lenge. They're motivated by the 
overwhelming urge to be FIRST 
in their field. And, they're willing 
to work hard for that distinction. 
Unlike Sir Shackleton's volun
teers, however, they're well paid 
for their outstanding performance. 

Some of them work on complex 
control systems for the Apollo 
Command and. Service Modules, 
Gemini and others. (Honeywell 
has supplied control systems for 
virtually all U.S. manned space 
shots.) These engineers will pro
vide guidance for hazardous jour
neys in the years ahead. 

Some work on weapons systems. 
Others design computers that 
create shortcuts. and quicker an
swers to technical questions. Still 
others design or market the mod-

MINNESOTA TECHNOLOG 

HONEYWELL WANTS THE KIND OF 

MAN WHO ANSWERED THIS AD 

ern systems that control environ
ment and equipment in industrial 
plants, office buildings, schools, 
homes and hospitals. 

Why they stay at .Honeywell •.• 
and why we think you will, too. 
Honeywell has one of the lowest 
professional turnover rates in the 
industry ... less than half the 
national average. There are good 
reasons for it. 

Start with growth ••. Honeywell 
has grown steadily since 1885-
now employs 4 7, 700 people in 46 
plants throughout the U.S. and 
foreign countries. We offer the 
stability and variety that go along 
with a broad-based company. 
There's always a chance for change 
and new challenges here. 

Merit Pay and Promotions ••• 
Good men like to set their own 
pace, and we like it that way. We 
pay and promote to recognize 
individual performance and prog
ress. We'll push you along as fast 
as you can handle the work. 

Tuition Aid ••. Honeywell men can 
get advanced degrees at company 
expense. Greater knowledge will 

help both of us become "first in 
the field." 

Finally, Professional Freedom ... 
At Honeywell, you're on your own. 
Tough competition replaces the 
confining supervision you find in 
many companies. You'll work with 
real pro's ... men who recognize 
and respect good work. You'll 
work in a climate of true scien
tific professionalism. 

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 informa
tion on Honeywell products, 
plants and office locations. 

We'd like to learn more about 
you on our next visit to cam
pus. Check the date. Or, write to 
Mr. H. P. Eckstrom, Corporate 
Director of Employment, 
Minneapolis 8, Minnesota. 

FIRST IN CONTROL 

An equal opportunity employer. 
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Freedom Discipline 
Modern physics has identified 34 elementary 

particles of matter---'-each with its twin anti-parti
cle. The inevitable two opposing forces that keep 
the universe in balance. 

We think at the heart of most well-run modern 
companies there are also two opposing and equally 
important forces-freedom and discipline. 

Freedom to innovate, to change, develop and 
invent. Plus the discipline to stick to the facts, to 
stick to the problem, to stay within the budget. 

At Celanese we try to combine freedom and dis
cipline to better serve our customers, our share
holders, and our employees .. 

Perhaps we are the company at which you can 
best pursue your career. If you are trained in 
chemical engineering, electrical engineering, me
chanical engineering, chemistry or physics, we 
hope you will stop in to see our representative 
when he visits your campus. Or write directly to 
us, briefly outlining your background. 

Address your correspondence to: Mr. Edmond 
J. Corry, Supervisor of College Relations, Celanese 
Corporation of America, 522 Fifth Avenue, 
New york 36, New york. Celanese® 

AN EQUAL OPPORTUNITY EMPLOYER 

CHEMICALS FIBERS POLYMERS PLASTICS 
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A common complaint among interviewers on college campuses is that the coming graduate 
is not prepared for the job interview. In fact he often comes to an interview knowing only 
the name of the company and without a glimmer of an idea about what type of job he wants 
within the company. Because getting a job is the climax of four or five years of schooling, the 
best approach, it would seem, would be for each individual to sit down and decide just what 
a job would have to offer to be acceptable. In other words, some self-analysis is needed. 
For example, if a company offered you a job with high starting pay, good opportunity for ad
vancement, but required living in a tent in the middle of the Sahara Desert would you accept 
it? If not, why not? Would you have to be located in a large or small town? Are you willing 
to do a lot of traveling? What state or part of the country do you want to be located in? 
Do you expect many fringe benefits? What kind of salary do you expect now and in the future? 
What kind of job do you expect to have twenty years from now? Do you want to work in 
research, design, manufacturing or marketing? 

By asking yourself these and other pertinent questions and by doing a little independent re
search on various companies and types of jobs open to a person with your education, you can 
gain much insight into a company and thus eliminate many companies from your prospective 
interview list. Personal research will answer questions about a company's sales record and its 
research budget; company literature often tells about the positions available and their various 
training programs-thus leaving the interview to answer specific questions you may have con
cerning· your personal relationship with the company. 

When first starting to interview, we suggest that you choose fifteen to twenty companies that 
seem to meet your specifications. Then, after investigating brochures and other company litera
ture and talking to people who have first-hand knowledge of the companies, choose six to ten 
of these for interviews. Then go to the interview prepared to ask questions whose answers 
will tell you whether or not this company has a job which offers you what you want. 

Considering that the job you choose means your livelihood and possible success or failure as 
an individual, it doesn't seem at all unreasonable to devote as much time as possible to 
seeing that you get the right one. 

WJC, PCH 

MINNESOTA TECHNOLOG 
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MANAGER 
We have an openin~ for 
a registered p~ofess1o~al 
electrical eng1neer w1th 
10-15 years extensive ex
perience in all p~ases .of 
engineering des1gn, . ln
cluding system plann1ng, 
electronic controls, r.e
lays, transmission & dls
tribution systems, etc. 
Applicant sho~ld . also 
have experience 1n ~uect
ing the work of engmeers 
& technicians, and be 
willing to assume full re
sponsibility for the de
velopment, planning a~d 
organization of ~ ~~Jor 
engineering d1 v1s1on. 
Only recognized experts 
in the field of power en
gineering need apply. 
Salary commensurate 
with experience and past 
record. 
POSITIONS OPEN 
AFTER JANUARY 

1975 

YOUNG 
ENGINEERS 

We have several openings 
for recent college grad';l
ates who have degrees 1n 
electrical engineering for 
assignment. t? a compre
hensive tra1n1ng program 
in the field of engineer
ing design: Qua~ified ~p
plicants w1ll rece1ve tr~un
ing in system plannu~g, 
station design, transmls
sion and distribution de
sign, etc., and wil~, up?n 
completion of thelf ~r~~
ing, assume respons1b1hty 
for the direction, organl
zation and completion of 
engineering projects in 
the utility indufltry · Start
ing salary will be d~
pendent upon the quah
fications of the apphcant. 

POSITIONS NOW 
AVAILABLE 

ISCONSIN ELECTRIC PO 
SYSTEM 

ER COMPANY 

Wisconsin Electric Power co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 
MILWAUKEE. WIS, APPLETON. WIS. RACINE, WIS. 

FEBRUARY, 1964 



Let's face it. Production is the very heart of a 
billion-dollar producer like Monsanto. Here's where 
the young engineer meets technical challenges 
second to none. Here's where he can display his 
talents daily ... helping increase 
yields, improve processes, raise 
efficiency, lower costs, boost 
profits. Here's where Monsanto's 
on-the-job training can help him 
move ahead faster ... personally 
and professionally. 

Monsanto production men are 

MINNESOTA TECHNOLOG 

known by many titles-Maintenance Staff 
Engineer, Plant Technical Services Engineer, 
Production Supervisor ••. to name a few. Try 
one on for size now ... then see your Place-

.® 

ment Director to arrange an 
interview when we visit your 
campus. Or write for our new 
brochure, "You and Monsanto," 
to Professional Recruiting Man
ager, MONSANTO, St. Louis, 
Missouri. 63166 
An Equal Opportunity Employer 
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r sist r 

by ARTHUR E. KEMPCKE. EE '64 

The sources of noise in transistors are similar to the 
sources of noise in other current-carrying devices. There
fore, a complete understanding of transistor noise re
quires some background knowledge of the causes of noise 
in current-carrying devices and an understanding of 
the way in which a transistor operates. 

The noise generated in current carrying devices is of 

Device 

Device 

i=4kTRAf. 

a) Noise Voltage 
Source 

k =Boltzmann's Constant 
T·=Temperature (degrees Kelv.in) 
R= 1/G=Resistanc:e of Oevice 
Llf = Frequency Range 

Fig. 1-1. Thermal No·ise Sources 

kTGllf 

b) Noise Current 
Source 

two general types. The first type of noise is the thermal 
noise caused by the random motion of charge carriers 
in the device. The magnitude of this noise can be rep
resented by either a noise-voltage source in series with 
the device or a noise-current source in parallel with the 
device as shown in figure 1. Since the power delivered 
by a noise source is most important, the noise sources 
are given as the root mean square ( RMS) value squared. 
The second type of noise is caused by the independent 
random motion of charge carriers across a potential bar-
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rier. This type of noise is called shot noise, and its 
(RMS) 2 value is F=2qi6f, where q is the electron 
charge, I is the current flow across the potential banier, 
and L:: f is the frequency range (ref. 2, p. 52). 

Theory of Transistor Noise 

The operation of a transistor involves many processes 
which are too complicated to explain here, so a simpli
fied description is all that will be given. The basic 
materials used in making transistors are pure germanium 
or pure silicon which have been «doped" with certain 
impurities. The type of impurity added to the genna
nium or silicon determines the type of charge carriers 
present in the material, since the pure germanium and 
pure silicon have no free charge carriers. If there are 
negative charge carriers present in the doped material 
( n-type material), the impurity is an element which 
has five electrons in its uncompleted outer shell. Four 
of these electrons are used to make covalent bonds with 
the germanium or silicon atoms, and the fifth electron 
is loosely bound to the nucleus and can serve as a con
duction electron. If the impurity has only three elec
trons in its uncompleted outer shell, there will be 
unfilled spaces (holes) in the covalent bond structure. 
It is then possible for an electron in another covalent 
bond to break this bond and move into the vacant 

~ 

I ~ t 
Emit.ter Transition Base Collector 

Regions 
Fig. 2 Diagrammatic representation of a PNP trans'istor 

space. Thus the hole can migrate to a different location. 
Therefore, the holes behave as positive charge carriers. 
Material doped this way is called p-type material. In 
both the n-type and the p-type materials, the nuclei of 
the impurity atoms must have a charge of opposite 
polarity to the mobile charge carrier, so that the material 
will be electrically neutral. 

A transistor is made by placing a very thin piece of 
one type of material between two pieces of the other 
material as shown in figure 2 for a p-n-p transistor. 

MINNESOTA TECHNOLOG 

When the materials are placed together, the electrons in 
the n-type material that are near the junction with the 
p-type material will migrate into the p-type material 
and combine with the hole near the junction. The mate
rial will no longer be electrically neutral in this region 
because there are no mobile charges to balance out 
the charge on the nuclei. Therefore, the nuclei are 
"uncovered" and an electric field (E) results. The elec
trons and holes keep combining until the electric field 
is so great that the holes and electrons no longer have 
enough energy to go through the barrier caused by the 
electric field. These two barriers are called the transition 
:regions of the transistor. One is at the emitter-base junc
tion and the other is at the collector-base junction. 

In normal operation, the biasing voltages Veb and Vch 
are applied with the polarities shown in figure 2. The 
polarity of the voltage Veb (forward bias) causes the 
emitter-base transition region to get narrower since this 
voltage opposes the electric field in that transition region. 
Conversely, the polarity of Vcb (reversed bias) causes the 
collector-base transition region to get wider. The nar
rower emitter-base transition region allows holes to 
migrate across the region into the base. Because the base 
is narrow, most of these holes diffuse across the base 
before they can recombine with the mobile electrons in 
the base. When these holes reach the base side of the 
collector-base transition region, they are accelerated 
through this transition region into the collector by the 
electric field because this electric field is in the opposite 

Emitter Collector 

Base 
Fig. 3. Equivalent circuit for transistor with Flicker noise 

generators 

direction. Since there is very little current flowing across 
the collector-base transition region because of the re
verse bias, the current due to these holes, which origi
nates in the emitter, causes a large change in the current 
through this transition region. Thus a small change in 
emitter-to-base current causes a large change in the col
lector-to-base current, so the transistor behaves like a 
current amplifier. 

As stated previously, the preceding discussion is high
ly simplified, partly because it was assumed that holes 
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were the only charge carriers in p-type material and that 
electrons were the only charge carriers in the n-type 
material. At room temperature this is not the case be
cause the thermal agitation of the atomic nuclei causes 
a certain percentage of the covalent bonds to be broken. 
Thus there is a relatively s1nall number of conduction 
electrons in p-type material and a small number of 
conducting holes in n-type material. These conducting 
electrons and holes in the p-type and n-type material, 
respectively, are called the minority carriers of that 
material. Therefore, the holes injected into the base 
from the emitter are minority caniers while in the base 
region. 

The noise generated in transistors is divided into two 
categories. These are called the flicker noise and the 
shot noise. 

Flicker Noise 
Flicker noise is a combination of surface noise and 

leakage noise. The existence of two energy states ("fast" 
and "slow") on the surface of a semiconductor is the 
cause of the surface noise. The "fast" energy state causes 
a fluctuation in the rate of recombination at the surface. 
This results in a fluctuating current across the junction 

Emitter Collector 

Base 
Fig. 4 Simplified equ.ivalent circuit with noise generators 

because of the disappearance of the charge carriers at 
the surface. The "slow" energy states are responsible 
for a variation in the size of the capture-cross-section of 
the recombination centers. This also causes a variation 
in the recombination rate at the surface. Surface noise 
is largest in forward-biased junctions, and it is strongly 
dependent upon the current flow across the junction
increasing with increased cunent. A humid atmosphere 
will also cause an increase in surface noise (ref. 3, 
p. 1026). 

Leakage cunent across a junction causes leakage noise. 
It is most predominant in junctions with large leakage 
currents and/or in reverse-biased junctions (ref. 1, p. 
52). Leakage noise is also dependent upon the ambient 
atmosphere, and it can be reduced by proper heat treat
ment (ref. 3, p. 1026). 

The total effect of flicker noise can be represented on 

10 

the equivalent circuit of a h·ansistor by adding the sur
face- and leakage-noise generators shown in figure 3. 
In this equivalent circuit, is1 and is2 are the emitter-base 
junction and collector-base junction surface-noise gen
erators, respectively. IL is the collector-base junction 
leakage-noise generator. Reo and Zc are the emitter-base 
junction resistance and the collector-base junction resist
ance, respectively. Rb is the d-e base resistance, and 
Rmh is the change in Rb due to the change in base cur
rent, e.g. Rmh is the base current Ib times the partial 
derivative of Rb with respect to IJJ. The noise generated 
in the base resistance is represented by the voltage 
source eb as described above. 

Deb and Daw simplified this circuit and ran some 
experiments to determine an expression for the flicker
noise figure. They assumed that eh was small and that 
IL was much larger than ls 2 because the collector-base 
junction is reverse biased. Therefore, they eliminated 
the eb and is2 noise generators. The equivalent circuit 
is then as shown in figure 4. 

Deb and Daw connected an audio oscillator to the 
input of the transistor and connected a high-gain ampli
fier with a bandpass from 300 cycles per sec to 1000 
cycles per sec to the transistor's output. The amplifier's 
output was measured by a device which gave the tran
sitor's output power proportional to 4kTRsFA2l:J where; 

k = Boltzman' s constant 
T =Temperature (degrees Kelvin) 

Rf; =Source resistance 
F =Noise figure 
A= Voltage gain of transistor and amplifier 

Df =Equivalent noise band width of the system. 

The output power was measured with the audio oscilla
tor off. This power was proportional to 4kTRsFA2 Df. 
The oscillator was then turned on and a 1000 cycle per 
sec signal was fed into the transistor. The magnitude 
of this input signal ( Ve) was adjusted until the output 
power was equal to twice the output power previously 
measured without Ve· Then, 

Ve2 A2 = 4kTRsFA2 Df 
so that 

F = Ve2
/( 4kTRsDf). 

This noise is due to both flicker and shot noise. ·vvhen 
the value of the shot noise is subtracted from this noise 
figure, the flicker noise figure is: 

F =l• (Rb +Rmb +Rs}
2 1.1 _ Rmb ]1.2 ·2( I )(l Reo )2l 

4kTRs L Rb +Rmb +Rs lat'2 DC: + Rs +Rb +Rmb J 
(ref. l, p. 52) 

Shot \Noise 
The shot noise in transistors includes the shot noise 

defined earlier and also includes the noise generated by 
the random motion of the charge carried through the de
vice. Therefore, the noise current generator in parallel 
with each of the transistor's junctions has an ( RMS) 2 

magnitude of i2 =4kTGDf-2qiDf, where G is the junction 
conductance, I is the current through the junction, and 
the other terms are as defined above. 

In a p-n-p transistor with a forward bias on the emitter
base junction and a reverse bias on the collector-base 
junction, there are five groups of holes entering or leaving 
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the base region ( see figure 5) . 
According to van der Ziel and Becking, these five 

groups are: 
( 1) The holes injected by the emitter and col

lected· by the collector, 
( 2) The holes injected by the emitter and dying 

in the base region, 
( 3) The holes injected by the emitter and re

turning to the emitter, 
( 4) The holes generated in the base region and 

collected by the emitter, and 
( 5) The holes generated in the base region and 

collected by the collector (ref. 4, p. 591). 
Let group ( 4) contribute -lee to the emitter current 

Bose Collector 

.. 
• 5 

p p 
Fig. 5. Hole currents .in a PNP transistor 

(IE), and group ( 5) contribute Icc to the collector cur
rent ( Ic). With a d-e collector efficiency of f3o, group ( 1) 
contributes f3o( Ie +lee) to the emitter current, and group 
( 2) contributes ( 1-(3o) ( Ie +lee) to the emitter current, 
Group ( 3) gives no contribution to the emitter because 
the current flow of these holes is the same in each direc
tion. The only groups flowing into the collector are 
groups (I) and ( 5). The collector current is then: 

lc = f3o( le +lee)+ Icc= f3ol~Ht'o 
where 

leo= f3oleeJcc 
is the collector saturation current. 

The number of holes in groups (I), ( 2), and ( 3) are 
modulated by an a-c voltage ( Ve) applied across the 
emitter-base junction, but those of group ( 3) contribute 
very little to the emitter admittance ( Ye) at low fre
quencies. Group (I) and ( 2) contribute to the d-e 
emitter conductance (Ceo= 1/Reo), because the hole den
sity on the base side of the emitter-base transition region 
follows the applied voltage, Ve, instantaneously. The cur
rent due to groups (I) and ( 2) is 

f3o( le +lee)+ ( 1-(3o) ( le +lee)= le +lee 
This current varies exponentially with the emitter-base 
voltage, Ve, so 

Ie +lee= exp ( q Ve/kT) . 
Since Ceo is the partial derivative of Ie with respect to V "'' 

Ceo= ( q/kT) ( Ie +lee ) • 
The emitter-base transition region capacitance ( CTe) 
also contributes to the emitter admittance, Ye. The small 
contribution to Ye by the holes of group ( 3) is then equal 
to (Ye-Geo-jwC're)=Ge-Geo, where Ge is the total emit
ter conductance. 

With this background, the emitter-base and collector
base shot-noise current generators can be calculated. The 
noise generators for the emitter junction are due to the 
holes of groups ( I ) , ( 2), ( 3 ) , and ( 4) . The noise cur
rent generator for groups (I) and ( 2) is: 

MINNESOTA TECHNOLOG 

ie/+ie2 + = (2q/kT) (le+ lee) 

since i1 + i2 = le +lee· The noise current generators for 
groups ( 3) and ( 4) are: 

i83
2 =4kT(Ge-Geo)6f 

and 
ie 4

2 = (2q/kT)Iee6f 
The total emitter-junction shot-noise generator (ie2 ) is 
the sum of these four noise currents. Therefore, 

le 2 = ( 2q/kT) ( le +lee) 6f+4kT( Ge-Geo) 6f-f- ( 2q/ 

kT)Iee6f. 
If the equation previously given for Geo is substituted 
into this equation, 

ie2 =4kTGe6f-2qle6f. 
The collector-base shot-noise results from the hole cur
rents of groups (I) and ( 5). The noise-current genera
tors for these two groups are: 

ie1
2 = (2q/kT)f3o(Ie+ lee)6f 

and 

Emitter Collector 

Base 
Fig. 6. Equivalent circuit for transistor with flicker noise and 

shot noise generators 

ie 5
2 =2qlee6f. 

Therefore, the collector noise-current generator is the 
sum of these two currents. So, 

ie 2 = ( 2q/kT) {3 0 ( le +lee) 6f + 2qlcc6f 
=2qlc6f (ref. 4, p. 592). 

Flicker noise and shot noise are the only two types of 
noise generated in a transistor. Of the two, shot noise is 
the hardest to control since it is caused by the process 
which makes the transistor operate. The combined ef
fect of both types of noise generators is shown in figure 
6. n 
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What's new at Bethlehem teel? 

On a Pennsylvania mountaintop, new research laboratories ... 
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On the Indiana lakefront, we're building a new steel plant 
Looking for real opportunity? On the crest of South Mountain, in 
Bethlehem, Pa., we have recently completed the industry's newest research 
laboratories, a $40-million investment aimed at making Bethlehem the 
leader in steel technology. And, at Burns Harbor, Indiana, we're building a new 
plant at an initial investment of $250 million. It will incorporate 
the latest advances known to metalworking science. 

At Bethlehem Steel we have our sights set on continuous growth 
and modernization; constant development of new and improved products. 
This means career opportunities for alert and aggressive college graduates ... 
in steel plant operations, sales, research, mining, shipbuilding, fabricated 
steel construction, and many other activities. 

You can get a copy of our hooklet, "Careers with Bethlehem Steel 
and the Loop Course," at your Placement Office, or by sending a 
postcard to our Personnel Division, Bethlehem, Pa. 

E L E L An equal opportunity employer 
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WHAT YOU COULD BE EN61NEER!N6 AT 

t 
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ilt n t d 

Shown with an artist's conception of proposed Lunar Excursion 
Module, a mockup of a typical spacecraft Environmental Control 
System currently under development at Hamilton Standard. 

One possible assignment: participate in the advanced 
development program to produce the environmental 
control system for the Lunar Excursion Module. Utilize · 
your training in: 

heat transfer 
thermodynamics 
control dynamics 

fluid dynamics 
atmospheric supply for 

human life 
(flow, temperature, contamination control for 
pressure) human life 

to develop a regenerable system to provide for life sup
port on long-duration space flights. 

Other ECS activities: optimization of atmospheric stor
age methods e development of pressure control con
cepts for two-gas atmosphere e testing of catalytic 
oxidizers as a method of eliminating atmospheric con
taminants e reclamation systems for water and oxygen 
e fabrication and testing of heat exchangers, water 
boilers, etc., under manned spacecraft conditions. 

See your placement officer for a campus interview, or write: 

SUPERVISOR COLLEGE RELATIONS 

i It 
orvosooN OF 

WINDSOR LOCKS, CONNECTICUT 
an equal opportunity employer 
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As scientists probe matter 
to smaller and smaller 
distances, they finally reach 

ELE 

by STEVE UND,FORS, Physics '67 

Physicists consider energy to be one of the most basic 
quantities in the universe. If mass is regarded as a form 
of energy, as suggested by the theory of relativity, then 
no evidence is available to suggest that energy is not 
conserved. In such a situation, it is more useful to as
sume the conservation of energy than not to assume 
such a law. 

This philosophy, dating from the time of Newton, 
makes possible research in the field of elementary par
ticles. When such particles interact, all energy must be 
accounted for, either in electromagnetic waves or changes 
in the kind of particles or their kinetic energy. Often 
it is assumed that not only energy is conserved, but also 
a host of other properties which characterize elementary 
particles. When, on significant occasions, one or an
other of the conservation laws is seemingly violated, 
physicists either look for new particles in the reaction 
or redefine their conservation laws. To date little re
definition has been necessary. 

The conservation laws have played important roles in 
the investigation of neutrinos, strange particles, nuclear 
forces-the forces responsible for the atomic and hydro
gen bombs-and antimatter. In order to discuss these 
topics, it is first necessary to examine some useful facts 
about the behavior of elementary particles. 

Properties of Particles 

These particles have some very interesting proper
ties. One of these is spin, or angular momentum, which 
most of the particles have. A particle with spin does not 
rotate about .an axis, for there is no axis. Further, being 
a point, it cannot rotate. The particle only behaves as if 
it is spinning-it has properties analogous to those of a 
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spinning top. But the spin of an elementary particle can 
never vary. 

Angular momentum is measured in terms of Planck's 
constant h ( h = 6.6252 x 10-27 erg-sec) divided by 27C, or 
h/27C. The spin of a particle can be equal to only h/27C, 
or 7~h/27C, or zero (commonly given as 1, 7f, 0, respec
tively). 

The spin of two particles near each other is not neces
sarily equal to the sum of their spins. Say, for example, 
that there are two particles, each with a spin of K If 
the spins of the two particles are oriented in the same 
direction, the spins will add, giving a spin of 1. If they 
are oriented in opposite directions (revolving in opposite 
directions) , their spins cancel, with a total spin of zero. 

Particles are often divided according to spin. All par
ticles with spin 7f are known as Fermions. If the spin is 
1, the particle is a Boson (see table). Spin is more im
portant than just the nature of angular momentum, for 
spin is conserved in all interactions among elementary 
particles. 

Another principle is that of conservation of energy, 
which states that energy cannot be created or destroyed 
in reactions of elementary particles. 

Any particle has a rest energy of mc2
• Conversely, an 

electromagnetic wave with energy E has an effective 
mass of E/ c2

• This is true for the photon, even though it 
has no rest mass. 

The approximate kinetic energy of a moving particle 
is given by E=7fmv2 at small velocities. In a similar 
manner, its total energy is given by E=7fmv2 +mc2 • 

Therefore, if it has sufficient kinetic energy, it can give 
rise to a particle of mass greater than its own in an inter
action. On the other hand, if a particle interacts to yield 
a particle of smaller mass, the remaining energy must be 
carried off by some particle or as electromagnetic radia-
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tion. Further, electromagnetic radiation of energy E can 
produce a particle of mass m. 

A third concept is that of the uncertainty principle. 
Tllis states that if the location of a particle, x, is known 
exactly, it is not possible to know the momentum, p, and 
vice versa. This can be expressed as 

6p6x>h. 
where h is Planck's constant. And, since px = mvx = Et, 
where E is energy and tis time, 

6E6t>h. 
Tills need not be considered for ordinary bodies, for the 
mass is so large that the other uncertainties, being in
versely proportional, are insignificant. 

For example, if we know the velocity of a proton to 
be exactly 104 em/sec, the uncertainty in location is 10-7 

em, which is approximately 10 times the diameter of an 
atom. 

Finally there is the conservation of charge in inter
actions. That principle states that charge cannot be cre
ated or desh·oyed, i.e. the total charge before an inter
action must be equal to that after the interaction. 

Antiparticles 
Before 1932, physicists were wondering why the par

ticles with opposite charges (protons and electrons) had 
such widely differing masses. They theorized that there 
should be a particle with a mass the same as that of the 
electron, but with a positive charge. Such a particle, the 
positron, was discovered in 1932 by Anderson in experi
ments with cosmic rays. 

It was found that the positron can be produced from 
photons, but only along with an electron, as follows: 

2j~e-+e+. 

But, to achieve that reaction, the photons must have a 
total energy of at least one million electron volts (Mev). 
By the principle of reversibility of reactions, the elec
tron and positron can combine to produce photons: 

e·+e+~2j. 

This is an annihilation reaction and similar reactions 
occur whenever a particle meets its anti-particle-in this 
case, the positron. However, it is just as sensible to say 
that the electron is the anti-particle of the positron, since 
they mutually destroy each other. An anti-particle can 
be thought of as the mirror-image of the particle. 

The discovery of the positron led physicists to predict 
that, according to the principle of charge conjugation, 
every particle has an anti-particle. An anti-particle is the 
charge conjugate of the particle; and thus has an op
posite charge. Charge conjugates of neutral particles 
have the same neutral charge. In fact, the anti-particle 
of the photon (neutral) is the photon itself. 

Every existing particle, then, is predicted to have its 
own anti-particle. Anti-nucleons have a high mass com
pared to the positron. The energy equivalent of the 
nucleon mass is about 940 Mev, almost a billion electron 
volts. Thus anti-nucleons could not be produced until 
high-energy accelerators were built. In 1955, the anti
proton was finally proven to exist using the bevatron at 
Berkeley, California. 

Chen Ning Yang and Tsung-Dao Li, Chinese physi
cists, lately found an apparent contradiction of mirror
symmetry (see the section on strange particles). They 
investigated the decay of Cobalt-60 and found that mir
ror symmetry (equivalence of right to left and vice-
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versa) is not conserved in weak interactions (reference 
7, pp. 54-62). That is, the mirror-image of the decay 
interaction was found to be different from the appear
ance of the actual decay. Similar results were found for 
other weak interactions. The conclusion was that mirror 
symmetry is not conserved when particles decay. 

A new picture of symmetry emerged from those decay 
experiments. The mirror-image of weak interactions is 
actually a picture of the way the anti-particles would in
teract. Thus, left in our world is equivalent to right in 
the world of anti-particles. For example, the right foot 
of a mirror-image man would look the same as our left 
foot. 

Anti-particles, as you might expect, can, as far as is 
known, combine to produce anti-atoms, giving rise to 
anti-matter. This feat, however, is almost impossible to 
perform for it requires the fusion of nucleons, or rather 
anti-nucleons, in turn requiring temperatures of the range 
of the hydrogen bomb. 

A very interesting atom, halfway between matter and 
anti-matter, has been made to exist for a short time. A 

Decay of a neutral elementary particle produces charged par
ticles which ionize the atoms in photographic emulsion. The 
charged, part!~les leave in tracks that form what is often, referred 
to as a star. 

physicist at MIT combined a positron and an electron 
to form an atom analogous to normal hydrogen, but with 
the positron as a nucleus (ref. 5, pp. 10-11). The atom, 
called positronium, soon decays since the two particles 
annihilate each other. 

Anti-particles may, according to relativity, be particles 
that are going in a reverse direction in time (ref. 1, p. 
122). 

The Wild 'Neutrinos 
An even more intensive field of research is that of the 

neutrino. This particle, a very elusive object, is one of 
the most interesting of the elementary particles. It has 
no charge, almost no mass and would be absorbed only 
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after passing through about 13.6 light years of matter of 
the density of the earth. 

At first, the theory of the neutrino was nothing more 
than a catch-all for certain loopholes in physical laws. 
Specifically, physicists found they had to "invent" a new 
particle when they could not explain the difference be
tween the expected and actual energy given off in the 
decay of the proton inside the nucleus. The theoretical 

Cloud chamber photograph of high energy electrons inter
acting with lead atoms. The electron coming in near the upper 
right corner indirectly produces more electrons which leave 
tracks in the shape of a V. 

neutrino was thought to carry off the excess in the form 
of kinetic energy, as follows: 

p+~n°+e++ve 

The significance of the subscript e will be explained later. 
Another discrepancy was cleared up by the theory of 

the neutrino. The nucleus, being a collection of particles, 
has a certain spin, which varies according to whether the 
number of nucleons is even or odd. All the particles 
originally thought to be involved, nucleons and positron, 
have a spin of K If the proton did decay only into a 
neutron and positron, there would be another particle 
with a spin of ~~' which cannot happen with isolated par
ticles. Spin would thus not be conserved; To conserve 
spin, it was postulated that a neutrino, having a spin of 
Jf, was also emitted in the reaction. 

In 1956 the neutrino came out of theory and into real
ity. Since the elusive particle had no charge and no 
mass, its existence had to be proven indirectly-through 
interaction with some other particle. It was thought that 
neutrinos were emitted when nuclei underwent fission in 
a reactor. The stream of neutrinos from the reactor could 
then be made to interact with protons, yielding neutrons 
and positrons: 

vfL+p+~n°+e+. 

A reaction such as this would occur only a few times an 
hour due to the elusiveness of the neutrino. 
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The experiment was conducted near the Savannah 
River reactor of the AEC. Shielding of lead and paraffin 
surrounded the site of the neutrino interactions and, for 
further protection, the whole apparatus was buried un
derground. A tank of water containing cadmium chlor
ide was used as a source of protons. 

The positron of the predicted reaction revealed its 
existence when it interacted with an electron of a nearby 
atom to form photons, made visible as light. Gamma rays 
were given off when the neutron interacted with a cad
mium nucleus. 

Soon after the discovery of the neutrino, there was 
found to be a slight discrepancy in theory. The muon, a 
particle very similar to the electron, can decay into an 
electron, neutrino, antineutrino, and photon: 

fL-~e-+v+v+j. 

The two neutrinos, being anti-particles, should anni
hilate each other, leaving only the electron and photon to 
carry off the energy and momentum. However, this sec
ond type of interaction was never observed-four par
ticles were always given off. 

Physicists suggested that the two neutrinos were 
actually two different particles, and not anti-particles at 
all. 

The theory was based on more than one reaction. It 
was known that the muon and electron are similar in 
almost everything except mass. It seemed strange, that 
with a difference in mass of about 200 times, there should 
not also be other basic differences. An electron is pro
duced along with a neutrino in the decay of a neutron. 
Similarly, a muon is produced along with a neutrino in 
the decay of a pion. But it was never proven that these 
two neutrinos were identical (ref. 3, pp. 64-68). 

A monumental experiment was conducted to test this 
theory. The 30-billion electron volt ( Bev) alternating 
gradient synchrotron at the Brookhaven National Labora
tory was used as a source for high energy neutrinos. The 
neutrinos would be produced along with muons in the 
decay of pions, and they would thus be of the type re
lated to the muon. These neutrinos would then be made 
to interact with nuclei, producing electrons and/ or 
muons. Few of the electron type neutrinos would be 
produced by the accelerator. The results would occur 
in one of two ways. If the neutrinos were all alike, they 
should react with neutrons yielding equal numbers of 
negative muons and electrons. If there were two differ
ent types of neutrino, the muon type should react with 
a neutron to yield only muons. 

After a year and a half of preparation and nine months 
of experimenting, 5000 photographs were obtained, 51 
of them involving the neutrino. None of them showed 
any tracks of electrons. There are thus two types of 
neutrinos, since no electrons were produced. A lone type 
of neutrino should produce both electrons and muons. 

The reactions of the neutrino involve only weak forces. 
On the high end of the scale we find the strongest known 
forces-those of the nucleus. 

The Forces of the :N udeus 
Physicists discovered that they could not explain the 

forces holding the nucleus together in terms of the forces 
known at the time of the discovery of the positron, i.e. 
electromagnetic and gravitational. For one thing, the 
electrical forces in the nucleus would be between similar
ly charged particles, and thus the nucleus would tend to 
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fly apart. Further, gravitational forces, even between 
ordinary bodies, are negligible. Between elementary 
particles they can be neglected entirely. 

Theoreticians had earlier explained how particles can 
react electromagnetically. The theory says that inter
action between two charged particles must take place 
through the interaction of fields. Every charged particle 
has a field, and when two particles interact, this occurs 
by means of their electromagnetic fields. Charged par
ticles emit photons, which give rise to the field. Thus 
particles interact electromagnetically by exchanging 
photons of their respective fields. 

However, the conservation of energy theory says that 
a particle standing still and thus having energy equiva
lent only to its rest mass cannot give rise to another 
particle without giving up some of its mass (energy), 
thereby changing to another particle. This seeming con
tradiction of theory is explained by the fact that the 
particles exchanged in electro-magnetic interaction are 
.. virtual" photons. These are imaginary particles pro
duced from imaginary reactions as follows: 

e- ~ e- + y. 
If virtual photons actually existed, and the particle 
producing them was not moving, they would violate the 
law of energy conservation. These virtual particles 
have never been observed, so the conservation law still 
holds. But energy is still not conserved in virtual 
reactions. 

Now you may be wondering, do these interactions take 
place or don't they? The uncertainty principle allows for 
such happenings. By that rule, 

h 
At?"--. 

AE 
Therefore, an electron can have a difference in energy 
for a short time, and during that time the "virtual" 
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reaction can take place. 
This same type of theory was first suggested by 

Soviet physicist I. E. Tamm in 1934 to explain the 
forces in the nucleus (ref. 4, p. 91). Such a particle 
would have to have a fairly small mass compared to 
that of nucleons. Since the particles would have to be 
exchanged between a particle with charge and one 
without, the particle could not be a photon-a neutral 
particle. The only remaining particles were the electron, 
positron and neutrino. But interactions with these par
ticles involve forces too small to hold the nucleus 
together. 

The Japanese physicist Yukawa proposed that new, 
undiscovered particles of about 200 times the mass of 
an electron are the particles exchanged within the 
nucleus. He further postulated that the energy range 
of nuclear interactions is dependent only on the mass 
of the particle being exchanged. Specifically, the range 
is inversely proportional to the mass, as follows: 

h 
R~---. 

me 
The mass of the particle needed can be calculated by 
the formula 

h 
m~--. 

cR 
Plugging in the values, the mass equals approximately 
200 electron masses. A particle with the right properties 
was discovered in 1937 by Anderson and N eddermeyer 
after experimenting for several years with the particles 
in cosmic rays (ref. 7, p. 19). The particles, called me
sons, had the predicted mass, 200 me, and charged states 
were detected. The charged forms of the particle are not 
stable and decay in the manner 

(Continued on Page 28) 

MASS MEAN LIFE 
(:MEV) {SECONDS) SPIN STRANGENESS 

<.0005 3.6? STABLE 'h 0 

.51 STABLE 'h 0 

105.66 2.2 X I0-6 'h 0 

0 STABLE 0 

135 2.3 X I 0-16 0 0 

139.6 2.6 X I0-8 0 0 

494 1.2 X I 0-8 0 +1,-1 

497.8 6 X IQ -8 I X I0-10 0 +1.-1 

938.2 ST A:BLE 'h 0 

939.5 I X 103 'h 0 

1115.4 2.5 x 1 o-10 'h -I, +I 

1189.4 .8 X ro-lo 'h -1, +I 

1191.5 <·' X 10-10 'h -I, +I 

1196 1·.6 X I 0-10 'h -1, +I 

131 ,, 1.5 X I0-10 'h -2, +2 

1318.4 1.3 X I 0-10 'h -2, +2 

Reprinted by permission from Scientific American 
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Come in-and bring your career questions 

··civing you the answers" is the job of the 
Allied Chemical campus interviewer. He will 
be here, on your campus, soon. He would like 
to talk with you-to answer your questions
to help you get the facts you need to make 
a sound career decision. When you see him, 
feel free to ask him all the questions that are 

important to you. And remember, the more 
definite your questions, the more career help 
he can give you. Your placement office can 
tell you when he will arrive-and supply you 
with a copy of "Your Future in Allied 
Chemical." Allied Chemical Corporation, 

BASIC TO AMERICA'S PROGRESS Dept. 100, 61 Broadway, New York 6, N.Y. 

DIVISIONS: BARRETT " FIBERS " GENERAL CHEMICAL ".INTERNATIONAL " NATIONAL ANILINE • NITROGEN " PLASTICS " SEMET-SOLVAY " SOLVAY PROCESS " UNION TEXAS PETROLEUM 
AN EQUAL OPPORTUNITY EMPLOYER 
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EVERYWHERE! Here are a few of the ways U.S. defense and space progress are being helped 
by Garrett-AiResearch: IN SPACE- Environmental control systems; auxiliary power systems; advanced 

space power systems; research in life sciences. IN THE AIR- Pressurization and air conditioning 
for most of our aircraft; prime power for small aircraft; central air data systems; heat transfer equipment 

and hundreds of components. ON LAND-Auxiliary power systems for ground support of 
aircraft and missiles; standard generator sets; cryogenic systems; ground support instrumentation and controls. 

ON THE SEA-Auxiliary, pneumatic and electrical power for ships; auxiliary power systems 
and air conditioning for hydrofoil craft. UNDER THE SEA-Environmentai systems for submarines 

and deep diving research vehicles; pressurization systems, computers 
and control systems for submarines and underwater missiles. 

For further information about many interesting project areas and career 
opportunities at The Garrett Corporation, write to Mr. G. D. Bradley at 
9851 S. Sepulveda Blvd., Los Angeles. Garrett is an equa/opportunityemp/oyer. 

THE FUTURE IS BUILDING 

Los Angeles • Phoenix 
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Search For A ... 

An artificial .heart to permanently replace the living 
heart sounds like a device from science fiction. Never
theless, five laboratories in the United States are cur
rently working on total replacement of the heart; and 
it is believed that the prosthetic heart stands today where 
the artificial kidney stood twenty years ago and where 
the heart-lung machine stood ten years ago. Some of 
the general considerations in artificial heart design and 
some of the most obvious general problems are discussed 
below. 

A blood pump must be "gentle, forceful, non-heating, 
non-traumatic, inert, adjustable for rate and volume" 
(ref. 3). But must the pump be pulsile? Must the 
ventricles beat synchronously? Is the natural pressure
flow curve necessarily , ideal? Possible blood pump 
designs include ventricles activated by compressed air 
or hydraulic fluid as well as those activated mechani
cally by pistons, plates, or rollers .. A muscle could be 
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by IRVING L. MILLER, EE '64 

wrapped around the heart and driven with a pace
maker. Continuous flow pumps with roller vanes or 
with Archimedes-screw impellers might be feasible. 

Problems arise which are related to the physiologi
cal prope1ties of blood. These include .. clot forma
tion, red blood cell destruction, platelet destruction, 
fibrin formation, trauma, turbulence, and foreign body 
reaction" (ref. 3). Materials and designs used in blood 
pumps must be selected with full recognition of these 
physiological factors. 

A wide variety of experimental mechanical blood 
pumps have been designed. These pumps were built 
for and were tested on dogs. The longest reported sur
vival time of a dog with one of these pumps was 34 
hours. The pumps are either 1) self-contained electro
mechanical pumps, 2) fluid-activated pumps, or 3) a 
myocardial support pump. 
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An electro-mechanical pump incorporates a solenoid 
or an electric motor as an integral part of its construc
tion. A pair of conductors passing through the chest 
wall provides the power and transmits the "intelligence" 
for the pump's action and control. 

A pump built around a solenoid is inherently a recipro
cating pump. The action of a solenoid is rectilinear, and 
few additional parts are necessary to apply this motion 
to blood activating chambers. This is to be contrasted 
with an electric motor's circular motion which must be 
converted by gears and cams to rectilinear motion to 
operate the same blood-chamber mechanism. Because 
reliability is of paramount importance, a design with few
er moving parts has a definite advantage. 

Kusserow has used a single-chambered, cup-diaphragm, 
movable-core-solenoid pump to assist right or left heart 
action in a dog for over 12 hours. Norton has designed 
a four-chambered pump around "five coordinated sole
noids arranged in a rosette." The efficiency (useful work 
done in pumping blood/ electrical energy expended) of 
both of these devices is less than one per cent. Some of 
the requirements of a solenoid for artificial heart appli
cation are discussed by Bindels, who has calculated 
theoretical efficiencies based on a mathematical model. 

Other pumps, such as reciprocating-piston pumps, al
ternate-ventrical-compression pumps, centrifugal pumps, 
and roller-vane pumps, are built around small electric 
motors. Pierce has designed a d-e motor-driven, cam
operated, reciprocating-piston pump whose output is con
trolled by a servomechanism acting on a signal derived 
from a Statham strain gauge which measures venous 
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pressure. Akutsu describes a roller pump in which a d-e 
motor-driven roller rotates in a housing and alternately 
compresses two polyurethane ventricles. Houston de
scribes a "pendulum-type" pump in which a d-e motor, 
by pivots and cam-action, rocks in a housing to produce 
a similar effect (ref. 3). These are examples of pumps 
which supply pulsile flows to the greater and lesser cir
culation in an alternate fashion and should be contrasted 
with the physiological synchronous action of the ven
tricles of a living heart. 

Saxon contrasts centrifugal pumps with reciprocating 
pumps on the basis of hydrodynamic characteristics of 
the mammalian heart. The fanner supply a continuous 
rather than a pulsile flow. The principal disadvantage 
is the high rate of destruction of formed elements of 
blood by the high-speed impeller. Pierson conducted an 
"exhaustive study" of a light-weight, high-speed, roller
vane pump. He reached a mechanical efficiency of 16 
per cent and predicts the possibility of reaching the 
practical goal of 40 per cent. 

Electro-mechanical pumps incorporate the 'prime 
mover (motor or solenoid) within them. This requires 
that the prime mover be extremely reliable since replace
ment is difficult and failure may be catastrophic. Direct
current motors contain brushes which need periodic re
placement. Brushless alternating-current motors with the 
same output are heavier than direct-current motors and 
are less susceptible to speed control. Solenoids are not 

The longest reported survival time of a dog with a mechanical 
blood pump was 34 hours. 
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efficient when activated slowly. Therefore their "snap
action" energy is usually stored in a spling and subse
quently released to reproduce a pumping action cor
responding to the physiological cardiac cycle. This calls 
for additional parts which affect the reliability and size 
of the device. In addition, an inefficient electro-mechan
ical hemt produces excessive heat inside the chest. 

Fluid .. activated Pumps 
Fluid-activated pumps receive their energy via an in

termediate activating fluid whose pressure is controlled 
by an auxiliary pressure system outside the body. The 
total pump consists of 1) a blood-pump system and 2) a 

Bolie has designed a device that attaches to an inactivated 
living dog heart and operates on the principle of direct cardiac 
massage. 

pump-activating system. All pumps of this type produce 
a pulsile flow. 

Blood-pump systems range from simple, sack-like, plas
tic devices to intricate, reciprocating-piston devices. 

The shnplest, and one of the earliest, of these pumps 
was devised by Saxon. Saxon's pump contains a flexible
plastic inner casing with two flap valves. This casing is 
enclosed in a rigid-plastic outer casing. Saline is con
ducted, by means of a thin tube, from a pump activating 
system, through the chest wall, to the chamber between 
the inner and outer casings. A pressure wave, transmit
ted by the saline, activates the inner casing (ventricles). 
Saxon uses two of these pumps in tandem, one for right 
and one for left hemt action. McCabe describes an arti
ficial heart which differs from Saxon's by the incorpora
tion of both flexible right and left ventricular chambers 
in a common outer casing. 

Norton has designed an air-driven, reciprocating-piston 
pump that features an "anti-vacuum bellows." This bel
lows "prevents the creation of a vacuum (below atmos
pheric pressure) which leads to total collapse of the atria 
and big vessels." Kolff describes a reciprocating-piston 
''bellowframs heart" in which the blood piston and air 
piston are of different area permitting a higher pressure, 
lower flow-rate pneumatic system. 

22 

Pump-activating systems described in the literature use 
either air or saline as an activating fluid. Saxon's artifi
cial heart is activated by a piston-type saline pump 
driven by a ~ hp electric motor. The mechanical linkage 
from the motor to the saline pump provides a 2: 1 back to 
forward stroke ratio, giving a diastolic time of twice that 
of the systolic time. 

Barila has developed an air-activated blood pump. 
The activating system contains a fluid-amplification 
system which permits pulse-shaping of the power wave. 
Kolff describes an elaborate, room-filling, activating 
system designed by Hiller of N.A.S.A. and used with the 
bellowframs heart. Hiller's machine produces an electric 
function that can be varied at will and is reproduced in 
air pressure, which, in tum, controls the ventricular pres
sure. This system is useful in determining which type of 
driving function is best for fluid-activated hearts. 

The fluid-activated pumps described above all have 
their pump-activating systems located outside the chest 
wall. This has given designers an opportunity to concen
trate on the internal blood-pump system, and many of 
the problems of weight, bulk, insufficient power, and 
heat inside the chest, which are present in electro-me
chanical hearts, have been eliminated (ref. 4). However, 
the external pump-activating systems have been designed 
to produce desired driving function without regard to 
size, weight, or efficiency. These factors must eventually 
be considered in an approach to a completely portable 
artificial heart. 

yocardial Support Pump 
There is one artificial heart design that is unique in 

that it provides for total support of heart function with
out the surgical process of substitution. Bolie has de
s:lgned a device that attaches to an inactivated living dog 
heart and operates on the principle of direct cardiac mas
sage (ref. 1). This device circumvents many of the ma
terials problems that are encountered in pumps that have 
parts which are in direct contact with blood. However, 
special problems arise that concern the viability of an 
inactivated heart and its resiliency to trauma (ref. 2). 

Several experhnental blood pumps designed to com
pletely replace a living dog heart have been built. These 
are of two general types: 1) self-contained electro-me
chanical blood pumps and 2) fluid activated blood 
pumps. A myocardial support device operating on the 
principle of direct cardiac massage has also been at
tempted. The longest survival time of a dog with any of 
these artificial hearts was 34 hours. A permanent pros
thetic heart for a laboratory dog seems feasible. I] 
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Multiply 

kgs/cu meter ................... . 
kgs/cu meter ................... . 
kgs/cu meter ................... . 
kgs/ cu meter ................... . 
kgs/ meter ....................... . 
kgs/sq centimeter ........... . 
kgs/sq meter ................... . 
kgs/sq meter 
kgs/sq meter 
kgs/sq meter .. 
kgs/sq meter ... . 
kgs/sq meter .. . 
kilolines ......... . 
kilometers ............... .. 
kilometers .................. .. 
kaomete'rs ................. . 
kilometers ...................... .. 
kilometers/hour ............... . 
kilometers/hour 
kilometers/hour 
kilometers/hour 
kilometers/hour 
kilometers/hour 
kilometers/min ................. . 
kilowatts ........................... . 
kilowatts ........................... . 
kilowatts ........................... . 
kilowatts ........................... . 
kilowatts ................. . 
kilowatt-hours ................... . 
kilowatt-houn ................... . 
kilowatt-hours ................. . 
kilowatt-hours .. 
kilowatt-hours 
kilowatt-hours .................. . 
knots ................................. . 
knots ................................ . 
knots ................................. . 
light ye:cl'i's ....... . 
lines/sq em ..................... . 
lines/sq inch .................. .. 
links .................................. . 
liters ..... . 
liters 
liters 
liters 
liters 
liters 
liters 
liters 
liters .... 
liters 
liters 
liters/minute ... .. 
liters/mi·nute ...... .. 
log (·base 10) N 
log (base e) N .. 
lumens/sq foot 
maxwells ............ . 
megaHnes ......................... . 
megmhos ...................... . 
megmhos/cu em .. . 
megohms ....................... .. 
meters 
meters 
meters ...... . ............... . 
meters ................ . 
meter-~ilograms 
meter-kilograms 
meter-kilograms 
meters/minUite 
meters/minute 
mefe•rs/minute 
mete·rs/minurte .............. . 
meters/minl.l!te 

MINNESOTA TECHNOLOG 

By 

10-s 
6.243 X I 0-2 
3.613xi0-5 
3.405 X I 0-10 
6.720 X I0-1 
1.422 X 10 
9.678 X I0-5 
9.807 X JO 
3.281 X I0-3 

2.896 X I 0-3 
2.048 X I0-1 
1.422 X I0-3 

103 

1()5 

3.281 X 103 

6.214 X 10·1 

1.094 X 103 

2.778 X 10 
5.468 X 10 
9.113 X J0-1 
5.396 X I 0-1 
1.667 X 10 
6.214x 10-1 
3.281 X 103 

5.692 X 10 
4.425 )( 104 

7.376 X 102 

1.341 
1.434 )( 10 
3.415 X 103 
2.655 X 106 

1.341 
3.6 X 106 

8.605 X 102 

3.67 )( 105 

1.689 
1.853 
1.152 
5.88 X I 012 

I 
1.550 X J0-1 

7.92 
103 

3.531 X I0-2 

6.102 X 10 
I0-3 

1.308 '( I0-3 

2.642 X 10-1 
1.135xi0-1 
1.816 
2.113 
9.081xi0-1 
1.057 
5.855 X I o-4 

4.403 X 10-3 
2.303 
4.343 X I0-1 
I 

I0-3 

106 

J06 
1.662 X J0-1 

106 

3.281 
3.937 X 10 

J0-3 
1.094 
9.807 X (07 

(05 
7.233 
1.667 
3.281 
5.468 X J0-2 
6 X 10·2 

3.728 X I 0-2 

I 
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To Obtain 

grams/cu em 
pounds/ cu fo·o't 
pounds/cu inch 
pot.mds/mil foot 
pounds/foot 
pounds/sq inch 
atmospheres 
dynes/sq em 
feet of water 
i1'11ches of mercu1ry 
pounds/sq fo·ot 
pounds/sq inch 
maxwells 
centimeters 
feet 
miles 
yards 
centimeters/ sec 
feet/minute 
feet/second 
lcnots 
meters/minute 
miles/hour 
feet/m'inute 
lnUs/minute 
foot-pounds/min 
foot-pounds/ sec 
horse powe•r 
lcg-calol'ies/min 
·BTUs 
foot-pounds 
horsepower-hours 
joules 
lcilogram-calor.ies 
kilogram-meters 
feet/second 
kilometers/hour 
mile•s/hour 
miles 
gauss 
gauss 
inches 
cubic cenHmeters 
cubic feet 
cubic inches 
cubic meters 
cuhic ya.rds 
g:allons 
pecks 
pints (dry) 
pints ( liq) 
quarts f.dry) 
quarts ( liq) 
cubic feet/sec 
gallon.s/sec 
log (base e) N 
log (base 10) N 
foot-candles 
kilo lines 
maxwells 
mhos 
mhos/mil foot 
ohms 
feet 
inches 
kilometers 
yards 
celntimeter-dynes 
centimeter-grams 
pound-feet 
cenrtimeters/sec 
feet/m,inute 
feet/second 
kilometers/hour 
kilometers/min 

Mu'ltiply 

meters/second ................. . 
meters/second ................. . 
meters/second ................. . 
meters/second ................. . 
meters/second ................. . 
meters/second ................. . 
mhos ................................ . 
mhos ................................. . 
mhos/mil fo·o-t ................ .. 
mhos/mil foot ................. . 
mhos/mil fo•ot ................. . 
mi-cro-Farads ........ . 
micrograms ....................... . 
microhms ......................... . 
m!croh.ms/cu em ............ .. 
mu:rol&ters ...................... .. 
microns 
microns 
microns 
microns ............................. . 
miles ................................. . 
miles ................................ .. 
miles ................................ .. 
miles ................................. . 
miles ................................. . 
miles/hour ....................... . 
miles/hour ....................... . 
miles/hour ....................... . 
miles/hour ...................... .. 
miles/hour ....................... . 
miles/hour ....................... . 
miles/minute ................... . 
miles/minute .................. .. 
miles/minute ................... . 
millihenries ...................... .. 
millimeters ....................... . 
millimeters ....................... . 
millimeters ...................... .. 
mils .................................. .. 
mils ................................... . 
minutes (angle) ............ .. 
molecules ........................ .. 
moles ................................. . 
myriagrams ....................... . 
myriameters .................... .. 
myri;awatts ...................... .. 
newtons 
newtons ....... . 
newtons ......... . .............. . 
newton~mefe·rs ................ .. 
oersteds ........................... . 
ohms ................................. . 
ohms ................................. . 
ohms ................................. . 
ohms ................................. . 
ohms ................................ .. 
ohms/ mil foot .. .. 
ohms/ mil foo-t ..... .. 
ohms/ mil foot ... 
ounces ............................... . 
ounces ............................... . 
ounces ............................... . 
ounces (fluid) ................. . 
ounces (fluid) ................. . 
ounces (troy) ................... . 
ounces (tro-y) ................. .. 
ounces ( tro·y) ................... . 
ounces (troy) ................... . 
ounces/sq inch 
parsecs ............................. . 
parsecs ............................. . 
pecks ................................. . 
pecks ................................ .. 
pecks ................................. . 
pennyweights (tro·y) ....... . 

By 

1.968 X I 03 

3.284 
3.6 
6 X I o- 2 

2.237 
3.728 X I 0-2 

I0-9 

I0-6 

6.015 X I 0-3 
6.015 
1.528 X 10 

6.015 

J0-6 
I0-6 
10-6 

10-6 
104 

3.937x I0-5 
10-6 
I o-a 

1.609 X 10" 
5.280 X J03 
6.336 X 104 

1.609 
1.760 X I 03 

4.470 X 10 
8.8 X 10 
1.467 
1.609 
2.682xl0 
4.770 X I0-1 
2.682 X 103 
8.8 X 10 
1.609 

10-3 
3.937 X I o-2 
3.937 X 10 

103 

2.540 X (0-3 

I0- 3 

2.909 X I0-4 
1.660 X I 0- 2'1 

6.023 X 1023 

I 

10 
10 
10 

105 

2.24 X I 0-1 
7.958 X 10 

109 

I0-6 
106 

1.1 II X I o-12 

1.662 X I 02 

1.662 X I 0-1 

6.524 X I 0-2 
4.375 X 102 

2.835 X 10 
6.25 X I 0-2 

1.805 
2.957 X I0-2 
4.80 X 102 

3.110x 10 
2.0 )( 10 
8.333 X I0-2 
6.25 X J0-2 

3.26 
1.92 X 101 3 

2;5 X I0-1 

8.810 
8 
2.4 X 10 

To Obtain 

miles/hour 
feet/minute, 
feet/second 
kilometers/hour 
mile·s/hour 
miles/mi,nute 
abmhos 
megmho·s 
abmhos/cu em 
megmho·s/cu em 
megmhos/cu inch 
farads 
grams 
ohms 
ohms/mil foot 
Hters 
Angstrom units 
inches 
meters 
millimeters 
cen1timeters 
fee-t 
inches 
kilometers 
)l'ard:s 
cen.ti meters/ sec 
feet/minute 
feet/sec 
kilometers/hour 
me•ters/ minute
meters/ second 
centimeters/sec 
feet/second 
kil-ometers/min 
henries. 
in,ches 
mils 
microns 
cen.timeters 
inches 
rad'ians 
moles 
molecules 
kilograms 
ldlome,ters 
kilowatts 
amp-webers/meter 
dytnes 
kg-meters/sq sec 
po•unds 
amperes/meter 
abohms 
jou1les/sq amp sec 
mego·hms 
microhms 
statohms 
abohms/ cu em 
mi•crohms/ cu em 
microhms/cu inch 
grains 
grams 
pounds 
cubic inches 
IHers 
grains 
grams 
pennyweights (troy) 
pounds (troy) 
poun,ds/sq inch 
light years 
~niles 
bushels 
lite.rs 
quarts (dry) 
grai11s 
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••• 
Our world-recognized trademark-11the P&WA eagle"-has been 
identified with progress in flight propulsion for almost four decades, 
spanning the evolution of power from yesterday's reciprocating 
engines to today's rockets. Tomorrow will find that same Pratt & 
Whitney Aircraft eagle carrying men and equipment to the moon and 
to even more distant reaches of outer space. 

Engineering achievement of this magnitude is directly traceable to 
our conviction that basic and applied research is essential to healthy 
progress. Today's engineers at Pratt & Whitney Aircraft accept no 
limiting criteria. They are moving ahead in many directions to advance 
our programs in energy conversion for every environment. 

Our progress on current programs is exciting, for it anticipates the 
challenges of tomorrow. We are working, for example, in such areas 
as advanced gas turbines ... rocket engines ... fuel cells ... nuclear 
power-all opening up new avenues of exploration in every field of 
aerospace, marine and industrial power application. 

The breadth of Pratt & Whitney Aircraft programs requires virtually every tech· 
nical talent . .. requires ambitious young engineers and scientists who can con· 
tribute to our advances of the state of the art. Your degree? It can be a B.S., M.S. 
or Ph.D. in: MECHANICAL e AERONAUTICAL o ELECTRICAL e CHEMICAL and 
NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY e METALLURGY • CE· 
RAMICS • MATHEMATICS • ENGINEERINGSCIENCEorAPPUED MECHANICS. 

Career boundaries with us can be further extended through a corpo· 
ration-financed Graduate Education Program. For further information 
regarding opportunities at Pratt & Whitney Aircraft, consult your col
lege placement officer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 

itn ir 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

flORIDA OPERATIONS WEST PALM BEACH, FLORIDA 

SPECIALISTS IN POWER ••• POWER FOR PROPUlSION-POWER 
FOR AUXILIARY ~S. CURRENT UTILIZATIONS INCLUDE 
ABRCRAF'T, MISSilES, SPACE VEHIClES, MARINE AND IN· 
DUSTRIAl APPLICATIONS. 

MINNESOTA TECHNOLOG 

An Equal Opportunity !Employer 
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Mu'ltiply 

pennyweights (troy) ....... . 
pennyweights l troy) 
perches (masonry) 
pints (dry} 
pints (dry) ..... 
pints (dry) 
pints (dry) 
pints (liq) 
pints (liq) 
pints (liq] 
pints (liq) 
pints (liq) ....................... . 
poundals ... . 
poundals ......................... . 
poundals 
pourids 
pounds 
pounds 
pounds 
pounds (force) 
pounds (troy) 
pound-feet .... . 
pound-feet ..... . 
pound-feet ........ . 
pound-feet squared ....... . 
pound-inches squared ..... . 
pound-inches squared ..... . 
pounds of water 
pounds of water 
pounds of water 
lbs of water/min 
pounds/cu fo·o+ 
pounds/cu foot 
pounds/cu foo+ 
pounds/cu foot 
pounds/cu inch 
pounds/cu inch 
pounds/cu inch 
pounds/foot ......... . 
pounds/inch 
pounds/mil foot ............. . 
pounds/sq fo-ot 
pounds/sq foo-t 
pounds/sq fo-ot 
pounds/sq i·nch 
pounds/sq inch 
pounds/sq inch 
pounds/sq inch 
poun·ds/sq inch 
quarts (dry) .................. . 
quarts (dry) ................. . 
quarts (dry) 
quarts (dry) ................. . 
quarts ( liq J 
quarts ( liq l ................. . 
qu'arts (liq) ..................... . 
quintals ............................ . 
quires .............................. . 
radi·ans 
radi-ans ............................ . 
radian!'; ........................... . 
radians 
rad'ians/sec 
radians/sec 
radians/sec 
radians/sec2 
reams ............ . 
revolutions 
revolutions/min 
revolutions/min 
revs/min2 
revs/min2 
rods .................................. . 
seconds (angle) 
slugs ......... . 
slugs 
slug-ft/sec2 ..................... . 
spheres (soiid angle) 
spherical rt angles 
square centimeters 
square centimeters 
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By 

1.555 
5 X JO-Z 
2.475 X 10 
1.563 X I 0-2 

3.360x 10 
5.506 X I 0-1 

5 X I o-1 

2.887 X 10 
1.25 1. I 0- 1 

4.732 X J0-1 

1.6 X 10 
5 X I o-1 

1.383 X 104 

1.410 X 10 
3.108x 10-2 
4.448 X 105 

7 X 103 

4.536 X IQ2 
3.217 X 10 
I 
8.229 X I0-1 
1.356 X 107 

1.383 X 104 

1.383 X I0-1 

4.213 X 102 

2.926 
6.945 X I0-3 
1.602 X I0-2 

2.768 X 10 
1.198 X J0-1 
2.669 X J0-4 
1.602 X I0- 2 

1.602 X 10 
5.787 X I 0-"1 

5.456 X I0-9 

2.768x 10 
2.768 X J04 
9.425 X 10-6 

1.488 
1.786 X J0 2 

2.306x 106 
1.602 x I 0-2 

4.882 
6.944 X J0-3 

6.804 X J0-2 

2.307 
2.036 
7.031 X I O-:! 
7.031 X I 02 
3.125 X I 0- 2 

6.720x 10 
1.101 
2 
5.775 X JO 
2.5 X I 0-1 

9.464x 10-1 

102 

2.5 X JO 
5.730 X JO 
3.438 X I on 
1.592 X JO-l 
2.069 X I 05 
5.730x 10 
1.592 X J0-1 

9.459 
5.730x 102 

5 X 102 

6.283 
1.047 X I 0-1 

1.667 X I 0- 2 

1.745 X J0-3 
2.778 l( J0-4 

1.65 X I 0 
4.848 X J0-6 
1.46 X 10 
3.217xl0 
I 
1.257 X I 0 
1.571 
1.973xl05 
J.076 X J0-3 

To Obtain 

grams 
ounces (troy) 
cubic feet 
bushels 
cubic inches 
liters 
quarts (dry) 
cubic inches 
gallons 
liters 
ounces (flu.id) 
quarts ( liq) 
dynes 
grams 
pounds 
dynes 
grains 
grams 
poundals 
slwg-foot/sec2 

pounds {avdp) 
ce-ntimeter-dynes 
centimeter-grams 
meter-kilograms 
kg~cms squared 
kg-ems squared 
pound-feet squared 
cubic feet 
cubic inches 
g·allons 
cubic feet/sec 
grams/cu em 
kgs/ cu meter 
pounds/cu in-ch 
pounds/mil foot 
grams/cu em 
kgs/cu meter 
pound/mil fo-ot 
kilograms/meter 
grams/centimeter 
grams/cu em 
fee-t of water 
kgs/sq meter 
pounds/sq inch 
atmospheres 
feet of water 
inches of mercury 
kgs/sq em 
kgs/sq meter 
bushels 
cubic inches 
liters 
pints (dry) 
cubic inches 
gallons 
liters 
pounds 
sheets 
degrees 
minutes 
revolutions 
seconds 
degrees/sec 
revoluHons/sec 
revolu+ions/min 
revs/min 2 

sheets 
radians 
radians/second 
revolutions/sec 
rad,ians/sec2 

revs/sec2 

feet 
radians 
kilograms 
pounds (mass) 
poutnd<; (force) 
stera&ians 
sterad1i,ans 
circular mils 
squ'are feet 

Multiply 

square centimeters 
square feet ....................... . 
square feet .. . .................. . 
square feet ..................... . 
square feet .. 
square inches 
square inches ................. .. 
square inches 
square kilometers 
square kilometers 
square kilometers 
square kilometers 
square meters 
square meters 
square meters ............... . 
square meters .............. . 
square miles .................. .. 
square miles .. 
square miles ................... .. 
square miles .. 
square millimeters 
square millimeters 
square mils ..... . 
square mils ......... . 
square mils ... . 
square yards ................. . 
square yards 
square yanls .................. .. 
stat amperes ................... . 
statcoulombs .................. .. 
sta&rads ......................... . 
stathenries .. . 
statmhos 
statohms ... . 
sta+volts ...... . 
steradians 
steradians . . . . .............. .. 
steradians ................... . 
steres ................................ . 
temp (degs C) + 273 ... . 
temp (degs C) + 17.8 ... . 
temp (clegs F) + 460 ..... . 
temp (dregs F) - 32 .. . 
tons (long) ................... . 
tons (long} .................... . 
tons (metric) .................. . 
tons {metric) .................. .. 
tons (short) ........... . 
tons (short) .................... .. 
tons (short)/sq ft ........... . 
tons (short)/ sq ft ........... . 
tons (short)/sq in .......... .. 
tons (short)/sq in .. . 
volts ................................ .. 
volts ................................ .. 
volt-coulombs ................. . 
volts/inch ......................... . 
volts/inch ........................ . 
watts ................................. . 
watts ................................. . 
watts 
watts 
watts 
watts ................................. . 
watts ................................. . 
watt-seco-nds .............. . 
watt ... hours ............ . 
watt-hours ................. . 
watt ... hours ................ . 
watt ... hours ........................ .. 
watt-hours ......................... . 
watt-hours ......................... . 
webers ............................... . 
webers ............................... . 
webers/sq meter ... . 
weeks ............................... .. 
weeks ................................ . 
weeks ............................... .. 
yards .............................. . 
years 
years 

By 

1.550 X I 0-1 
2.296 j{ J0- 5 

9.290 l( 102 

1.44 X I 02 

9.290 X I0- 2 

1.273 X 106 

6.452 
6.452 X 102 

2.471 X JQ2 

1.076 X 106 

3.861 X J0-1 
Ll96x 106 

2.471 X J0-4 

1.076 X JO 
3.861 X I0-7 
1.196 
6.40 X 102 

2.788 X JQ7 

2.590 
3.098 X 106 

1.973 X 103 
1.550 X I0-3 
1.273 
6.452 X J0- 6 

10-6 
2.066 X I0-4 

9 
8.36 I X 10-1 

3.333 X I 0-1° 
3.333 X I0-10 

1.1 II X I 0-12 

9 X 1011 

1.111 X I0-11 
9 X 1011 

3 X 102 

1.592 X I 0-1 
7.958x I0-2 

6.366 X 10-l 

I 
1.8 
I 

103 

5.556 X J0-1 
1.016 x JOB 
2.240 X JOB 

103 

2.205-x 10:{ 
9.072x 102 

2 X 103 

9.765 X 103 

1.389 X 10 
1.406 X 106 

2 X 103 

108 
3.333 X J0- 3 

I 
3.937 X I 07 
1.312 X JO-:l 
5.692 X I o-2 

107 
4.426 X JO 
7.376 X J0-1 
1.341 x 1 o-s 
1.434 X J0- 2 

I 
I 
3.415 
2.655 X (03 
1.341 X I0-3 

8.605 X I o-1 
3.671 X I 02 

I o-s 
108 

(04 
1.68 X I 02 

1.008 X I 04 

6.048 X 105 
9.144x 10-1 
5.256 X J05 
3.154x 107 

To Obtain 

square inches 
acres 
square centimeters 
square inches 
squa-re meters 
circular mils 
square centimeters 
square millimeters 
acres 
square feet 
square miles 
square yards 
acres 
square feet 
square miles 
square yards 
acres 
square feet 
square kilometers 
square yards 
circular mils 
square inches 
circular mils 
square ce-ntimeters 
square inches 
acres 
square feet 
square meters 
amperes 
coulombs 
far:ads 
hen~ies 
mhos 
ohms 
volts 
hemispheres 
spheres 
spherical rt 'angles 
liters 
temp ( degs K) 
temp (degs F) 
abs temp (degs F) 
temp (degs C) 
kilograms, 
poun,ds 
kHograms 
pounds 
kilograms 
pounds 
kgs/sq meter 
pounds/sq inch 
kgs/sq meter 
poundsjsq inch 
abvolts 
statvolts 
joules 
abvolts/em 
statvolts/cm 
BTUs/minute 
ergs/second 
fo,ot-pounds/min 
foot-pounds/sec 
ho·rsep,ower 
kg-calories/min 
joules/see 
joules 
BTUs 
foot-po,unds 
horsepower-hours 
kilogram-calories 
kilogram-meters 
kilowatt-hours 
maxwells 
newton-meters/ amp 
gauss 
hours 
min;utes 
seconds 
meters 
minutes 
seco-nds 
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J hn Lauritzen 

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 essential 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 Indus
trial Management at Brooklyn Polytechnic Institute. 
He is currently a planning engineer developing test 
equipment for the Bell System's revolutionary, new 

her kno le e 

estern lectric 
electronic telephone switching system. 

If you set the highest standards for yourself, both 
educationally and professionally, we should talk. West
ern Electric's vast communications job as manufactur
ing unit of the Bell System provides many opportunities 
for fast-moving careers for electrical, mechanical and 
industrial engineers, 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. Or write: Western 
Electric, Room 6405, 222 Broadway, New York 38, 
N. Y. 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 • Operating centers in many of these same cities plus 36 others throughout the U.S. • Engineering Research 
Center, Princeton, New Jersey • Teletype Corporation, Skokie, Illinois, .Little Rock, Arkansas • General headquarters, 195 Broadway, New York 7, New York 
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(Continued from Page 17) 
f.L+ ~ e+ + V fL + Ve• 

Mesons, however, were found to interact only weakly 
with nuclei. In the upper atmosphere mesons were pro
duced quickly and in large numbers through the inter
actions of cosmic rays. By the principle of reversibility 
of reactions, they should be absorbed just as quickly, 
but they weren't. Mesons were found to stay near the 
nucleus 1012 times longer than expected. 

In 1947, a new type of meson was discovered-one 
that explains the apparent contradictions (ref. 5, pp. 
100-101). This new particle, the TC meson, is the par
ticle predicted by Yukawa's theory. It reacts strongly 
with the nucleus, and is unstable, decaying into a muon 
(the meson described above) and neutrino: 

'lt+ ~ f.L+ + Vf.L 

and the muon decays further, as previously described. 
Both positive and negative pions were discovered, but 
the neutral pion was ve1y hard to detect since it leaves 

A high energy primary cosmic ray electron enters from the 
upper left and passes throu•gh the horizontal lead plates, giving 
rise to secondary electrons, forming "cones." The other lines 
in the picture are from extraneous cosmic rays. 

no track, and was proven to exist only after it became 
possible to produce mesons artificially. 

These particles are exchanged, as was predicted, 
between the protons and neutrons of the nucleus to 
provide a binding force. However, since the neutrons 
and protons are at rest in the nucleus, their only energy 
is their rest mass. They thus do not have the energy to 
produce mesons without changing their mass-changing 
into a different particle. It was theorized that the parti
cles being exchanged are virtual mesons. Real Pi-mesons 
were proven to exist within the nucleus. They did not 
violate the physical laws, since the uncertainty principle 
allows for their existence, although only for a very short 
time. 

Inside the nucleus, a proton can emit a Pi-meson in 
a virtual reaction, as follows: 

p+ ~no+ TC+ 

and the neutron decays similarly: 
n° ~ p+ + TC-. 
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The entire reaction, leading to an exchange of charge 
by nucleons, proceeds as follows: 

p+ + no ~ no + TC+ + no ~ no + p+ 
or they can exchange a neutral Pi-meson and retain 
their charge: 

p+ + no ~ p+ + 'lto + no ~ p+ + no. 
Identical particles can also interact virtually in this 

manner: 
no + no ~ no + 'lto + no ~ no + no 

or p+ + p+ ~ p+ + TCo + p+ ~ p+ + p+. 
A lone nucleon can interact with itself, continuously 

emitting and absorbing TC-mesons in virtual reactions. 
Theory predicts that a nucleon can emit many mesons 
at once. Continuous emission and absorption of 7t-mesons 
makes the nucleon appear as if it is surrounded by a 
cloud of virtual mesons. In fact, since it is impossible 
to make the nucleon not interact with mesons, nucleons 
are always surrounded by a meson cloud. 

Strange Particles 
In 1947, when physicists thought they had discovered 

all the elementary particles, cosmic rays began to re
veal a new flood of particles. They were named, ap
propriately, strange particles, since they had unusual 
properties and were not predicted by theory. Strange 
particles can be divided into two groups according to 
their properties. 

Particles in the first group have a mass of about 965 
me and are called K-mesons ( kaons). Their average 
lifetime is 1.2 X 10-s seconds and all are lighter than 
nucleons. Originally known as the V.,.particle, the kaon 
was discovered by the English physicists Rochester and 
Butler while they were experimenting with cosmic 
rays. The neutral kaon, the V0

, decayed into two 
charged particles, leaving tracks in the form of a «V." 

The disintegration of the kaon seems to be different 
from all other charged particles. A positive K-meson 
decays into a muon and neutrino: 

K+ ~ f.L+ + v f.L· 

Another disintegration of the same particle has also 
been observed: 

K+ ~ 'lt+ + 'lto 

In fact, many different methods of decay are observed 
for the K+ particle. It disintegrates into three TC-mesons: 

K + ~ 'lt+ + 'lt+ + 'lt
K+ ~ 'lt+ + 'lto + 'lto. 

, These two interactions, along with the preceding one, 
posed a very difficult problem, known as the "theta-tau" 
puzzle. According to the- principle of parity conservation, 
a particle that disintegrates into two pions cannot also 
disintegrate into three pions. The Chinese physicists 
Li and Yang worked on this problem, studying many 
weak interactions, and concluded that parity cannot 
be conserved in weak interactions. 

Particles having masses of 2180 to 2600 me, called 
hyperons, form the other group of strange particles. 
Hyperons have a spin of ~~' and they exist for about 
10-10 seconds. They seem to be related to nucleons, 
since they are all heavy particles-baryons: Another con
servation principle, that of conservation of baryons, states 
that in an interaction, the number of baryons (nucleons 
and hyperons) involved will remain the same. 

(Continued on Page 37) 

FEBRUARY, 1964 



G DUATING ENGINEERS SCIE ISIS: 
Some sound reasons why you should consider General Dynamics I Astronautics 
for a challenging and rewarding aerospace career are pictured below. 
We urge you to learn still more about Astronautics-the important completely 
space-oriented division of General Dynamics Corporation-by listening to the 331;3 rpm 
recording offered below and by following news of Astronautics' activities and 
accomplishments in your newspaper, trade magazines and technical journals. 
For more information and a personal interview, visit the Astronautics representative 
who will be on your campus soon. 

Ideal Location San Diego, California is the capital of moderate 
climate in the nation. Outdoor sports and recreation are year-round 
activities for enjoyment of your leisure hours. There is an abundance of 
academic and cultural opportunity in this city of more than 600,000- a 
vigorous and growing community. 

Modern Facilities More than $50 million have been invested in Astro
nautics' plant and equipment. Complete laboratory, test and computer 
facilities are established in-plant to enhance the performance of Astro
nautics' engineering tasks. 

Inspiring Achievements The reliable Atlas, first ICBM in the free 
world, has also established a remarkable record as a launch vehicle
boosting more pounds of payload from the earth than any other vehicle 
in the free world to date. The impressive list of Atlas achievements in
cludes a perfect performance in the Atlas-Mercury series-four for four! 

WE WILL VISIT YOUR CAMPUS FEBRUARY 26, 27 AND 28 
HEAR "THE GENERAL DYNAMICS I ASTRONAUTICS STORY" as told by the men who have had major 
responsibilities in the direction of such dramatic technological advancements as the Atlas
Mercury manned orbital flights and Centaur, the free world's first liquid hydrogen-fueled space 
vehicle. See your placement office for your personal copy of this 331;3 rpm recording, or write 
to Mr. R. E. Sutherland, Chief of Professional Placement and Personnel, Dept. 130-90, General 
Dynamics/ Astronautics, 5882 Kearny Villa Road, San Diego, California 92112. 

GENERAL DYNAMICS I GIIIIIIIID 
An Equal Opportunity Employer 
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Production Superintendent Carl W.Yost, 
B.S. Chemical Engineering, U. of Alabama, 
is now supervising Glycols and Polyols 
Production, Organics Division. 

Assistant to Vice President Thomas E. 
Watson, B.A., Earlham College, is currently 
helping to run Brass Sales, Metals Division. 

Senior Research Scientist Malcolm H. 
Von Saltza, Ph.D., U. of Wisconsin, is cur
rently working at the Squibb Institute for 
Medical Research, Squibb Division. 

eysta ed it 

These men, and a great many of their colleagues, 
have come a long way in 5 years. And they can 
expect to go a great deal further. Because at 
Olin, how well a man does depends entirely on 
his own character and abilities, not on age or 
politics or length of company service. (That's one 
of the reasons these men and others came to Olin 
in the first place.) 
These men think a great deal; they 
wonder, they explore, they try. When 
they succeed, they're rewarded. When 

0 ·n5yearsa o. 

an idea doesn't pan out, they're encouraged to try 
and try again. Because here at Olin we believe 
that trial and failure are integral parts of every 
important success. 
These are the kind of men we need, and we're more 
than willing to go a long way to get them. If you're 
our kind of man, the same goes for you. Can we 

talk about it? Say when. 
Call or write Mr. Monte H. Jacoby, 
College Relations Officer, Olin, 460 
Park Ave., New York 22, N.Y. 

"An equal opportunity employer" 
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The Pillsbury Company 
offers career opportunities in the Chemical, Electrical, 

Industrial and Mechanical Engineering fields 

FOR INFORMATION, WRITE: 

H. A. BROWN, Employment Manager 

The Pillsbury Company 

Minneapolis 2, Minnesota 

E I EE 
The 

as Su stantially Increase Its overage 
f I.T. ctivities and rganizations 

FOR AS LITTLE AS ONE DOLLAR DOWN 

In th ffi nesota 

IJ~©[XJ~©~©® 

OR MURPHY HALL 13 

.MINNESOTA TECHNOLOG 31 



Spotlight on 

local Industry 

E 

Minnesota Mining and Manufacturing Company, home 
office, St. Paul, Minnesota, is one of the ten best-managed 
companies in American industry. According to a poll of 
the President's Panel, a group of nearly three hundred 
presidents and chairmen, 3M's management is among 
the top ten not only because of its ability to see new 
products which will gain a large market, but because it 
remains ready to pour in the funds that are necessary 
to develop those products so that they will neatly fit the 
market. 

Two well-known products which originated and were 
developed at 3M are masking tape and Thermo;.Fax. In 
the 1920s, only two pressure-sensitive tapes were in 
everyday use: black "friction" tape for electrical wiring, 
and white adhesive tape for holding bandages. Enter 
Richard Drew, a young 3M technician. While visiting 
an auto repainting shop in St. Paul in 1925, Drew heard 
a painter spout a string of colorful curses. The trouble 
was caused by a new fad: two-tone cars. In trying to 
repaint a two-tone car, auto repainting shops w_ere 
finding it almost impossible to keep the edges of the two 
colors separate. Adhesive and friction tapes had been 
tried, but the paint often seeped through or the other 
color peeled off when the tape was removed. Drew set
tled down in his laboratory and began testing a long 
series of backings and adhesives. Six months later, he 
came up with a tan paper-backed tape. To determine the 
amount of adhesive needed for sticking on a car, Drew 
sent a sample of the tape with only a small amount of 
adhesive to an auto shop. The tape fell off the car, but 
with more adhesive added, the new tape worked so 
well for auto repainters that a whole line of masking 
tapes was developed at 3M for covering anything 
from wood to glass to stone. 

The idea for another 3M product, Thermo-Fax, 
popped up in the late 1930s. At that time, Dr. Carl 
Miller was a graduate student at the University of 
Minnesota. "I was lazy," he says, "and it occurred to 
me one day that I could save a lot of time copying 
if I could use the heat absorbed by the black letters 
on a page to transfer an image to a sheet of paper." 
Thus, the idea for a product: heat-sensitive paper. 
Though Miller played with the idea while he fin
ished graduate school and as a 3M researcher, it was 
not until 1948 that management decided to give the 
idea a try. After over $1 million had been invested, 
and several problems had been overcome, including 
the unwieldy size of the machine, a desk-top model 
of the copy •"machine was shown to dealers in Febru
ary, 1955. It was an instant success. 
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by JACQUIE E. LANDER. Math '65 

Among the new products which 3M added 11:o its 
inventory in 1963 are the following: 

-"Action" paper, based on a new concept in paper 
chemistry, eliminates the need for carbons, inks and 
ribbons in copying operations. The impact of a ma
chine key or other marking device on the paper trig
gers a chemical reaction, producing an image on the 
paper without intermediate devices such as carbons. 
· -"Thermo-Beacon" is a flashing beacon light that 

will operate unattended for long periods of time. It 
is powered by a propane-fired thermoelectric genera
tor. 

Present work study students at 3M are: Vincent P. Teuber, 
James C. Rothman, John D. Brecht, Ronald C. Geurts, Greggory 
J. Juettner, Stanley L. Nylund, John C. Winters. 

-3M brand model 209 automatic dry photo-copier 
will make multiple black-on-white copies from origi
nals of all colors at costs as low as 33~ cents a copy. 

(Continued on Page 44) 
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Would you like to be the man who masterminds the computer? 

Settling on your first important job is a big step. And 
nobody can make the final decision but you. If you are 
looking for a company that encourages-and rewards 
-individual contributions, give serious thought to a 
career with United States Rubber. We offer you the 
security of a company that is growing, and growing 
fast in fields that present great opportunities to qualified 
graduates. 

Less than half our business is in tires. Our 70,000 em
ployees in 74 plants, here and abroad, produce more 
than 33,000 different consumer and industrial products. 

Spearheading our growth is a vast and complex research 
and development program. Some of the exciting projects 
in work are solid rocket fuels and the application of 
atomic radiation to form revolutionary new types of 
rubber, plastics and chemicals. Oceanography and the 
latest designs in space stations are also high on our 
agenda. 

It is only in such a large and stable company such as 
United States Rubber that you will find the diversity, 
the facilities, the opportunity-and the appreciation that 
challenge men of skill, industry and imagination. 

UNITED STATES RUBBER 1230 Avenue of the Americas, New York 20, N.Y. 

An Equal Opportunity Employer 

THE FIELD IS WIDE "U.S." offers a comprehensive variety of career opportunities to Chemical, Electrical, Mechanical, Indus
trial and Textile Engineers as well as to those with degrees in Physics, Mathematics and Chemistry. Contact your placement office 
to determine when a U.S. Rubber recruiter will visit your campus. Before you decide on your first job, have a talk with him. 
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(Continued from Page 28) 

When the cosmotron at the Brookhaven National Lab'
oratory was completed, experiments were begun with 
strange particles. They were produced from pions and 
protons in this reaction: 

7t'- + p+ ~ K0 + A 0 • 

The reaction was found to be strong ( of the type involv
ing nuclear forces), since it occurred very quickly. 
However, the decay of the A 0 -particle 

A 0 ~ 7t'- + p+ or A 0 ~ n + 'it' 0 

took 3.1 X 10-10 seconds, 1013 times as long as the pro
duction of the lambda. It should have taken just the 
time of the production of the A, since pions a"nd pro
tons (particles of strong reactions) are involved in 
each. 

It was discovered that the decay interactions of almost 
all sb·ange particles take place only as weak interactions. 
Strange particles are produced only in strong interactions, 
and then only in pairs. Production of strange particles 
is as different from their decay as the reactions hold
ing the nucleus together are from the decay reaction 
of the neutron. Thus, the production and decay of 
strange particles occur in entirely different types of 
interactions. 

Physicists began trying to find some way of classifying 
the strange particles. They found that ordinary prop
erties of particles could not be used. As a solution, 
Cell-Mann, an American physicist, and Nishijima, a Jap
anese physicist, suggested that a certain relationship of 
charge of ordinary particles to that of strange particles 
be taken as a special property of strange particles. 
This is a pure number, designated by "S," and is called 
strangeness number. 

Ordinary particles, not being strange, have a strange
ness number of zero. 

Strangeness numbers are conserved in all strong and 
electromagnetic interactions. You may remember that 
strange particles can be produced only in pairs. This 
is now fairly obvious, for if a single strange particle were 
produced, the strangeness number could not be con
served, since the non-strange particles from which it was 
produced would have a strangeness number of zero. 
Another strange particle must therefore be present in 
order to conserve strangeness. For instance, in the reac
tion 

7t'- + p ~ ~- + K+ 
strangeness totals zero on both sides, since the ~- has 
a strangeness of -1 and the K + has a strangeness of + 1. 

Not all strange particles disintegrate in weak inter
actions. The particle ~o decays in a strong interaction 
to yield a lambda particle and a photon: 

lo ~ Ao + 'Y· 
Strangeness on both sides totals -1. Thus, strangeness 
is conserved. All other strange particles decay in weak 
interactions, such as 

Ao ~no+ 7t'o 

in which strangeness is -1 on the left and 0 on the right. 
But strangeness does not apply to weak interactions, 
as you may remember, so it is not conserved. 

Composition of Particles 

Thus far, we have not mentioned what elementary 
particles might actually consist of. The average diameter 
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of these particles is about I0-13 em. According to Planck, 
the smallest dimension in which changes of geometry 
can take place is I0-33 em (ref. 6, p. 63). At this dis
tance, Einstein's theories of space-time (relativity) indi
cate that all the universe takes on the appearance of 
foam, made up of so-called wormholes. The theory 
predicts that these wormholes, since they are the very 
basis of matter, can combine to produce the elementary 
particles. Accordingly, elementary particles may be only 
areas where the density of the foam is just slightly 
greater than normal. A vacuum may therefore be more 
elementary than any elementary particle. The compo
sition of the foam? It is highly improbable that science 
will ever be able to probe the foam, for a wormhole is 
at least 1019 times smaller than any elementary particle. 

[] 
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The fire Research Center, with its huge fur .. 
naces, is iust one of the important modem 
facilities at the $10,000,000 Research and 
Development Laboratories of the Portland 
Cement Association. 
Supported by more than 75 progressive (and 
competing) member cement companies, PCA 
research provides America's engineers with 
scientific data and design information that en
ables them to design and build concrete struc
tures of even greater safety, endurance and 
econQmy. Research results are freely given 
through PCA~s nationwide district offices. 

PORTLAND CEMENT ASSOCIATION 
1490 Northwestern Bank Bldg., Minneapolis 2, Minn. 

A national organization to improve and extend the uses 
of portland cement and concrete 
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'S 
in En liD liD zneerzng 

edited by DENNIS L. KURSCHNER, EE '68 

Machine "Fractures" Metals 
Specimens of metals which may be used in supersonic 

airliners are being pulled apart under million-pound 
( 453,000 kg) forces in laboratories at Renton, Washing
ton. 

At the same time, other specimens of the metals are 
being tested to assure they will not "creep," or change 
shape, under the forces and temperatures to. be experi
enced at 1,800 miles an hour ( 2896 km/h), the speed of 
planned supersonic transports. 

Some specimens of stainless steel alloys and titanium 

are being tested in a fracture machine that can exert 
1,000,000 pounds ( 453,000 kg) per square inch per sec
ond. The tests determine the metals' resistance to tearing. 

Present tests are being conducted with sheets as large 
as 72 inches ( 182.8 em) long, 24 inches ( 60.9 em) wide 
and .2 inches ( 5 em) thick. Each specimen contains a 
previously prepared crack. The fracture machine rips 
the specimen across the crack, and the fracture-strength 
and tear-resistance are recorded. 

The creep tests are carried out in a specially-de~ 
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signed battery of 27 test furnaces which simultaneously 
can subject 216 metal specimens to exh·emes of tempera
ture while imposing a variety of stresses. Creep tests 
enable engineers to predict a material's condition after 
several years of service through knowledge of what 
metallurgists call ~ntergranular distortion, or "creep." 
Typical tests continue 24 hours a day for many months. 

Some of the creep tests in progress simulate actual 
supersonic flights. A test cycle begins as a · specimen is 
subjected to stresses. Furnace heat rises to the tempera
ture which would be caused by air friction at flight 
speed. These conditions are maintained for the duration 
of what will be an average supersonic transport flight; 
heat is then reduced to simulate conditions during land
ing approach and landing and when the aircraft is at 
rest on the ground. 

Other supersonic transport materials tests are being 
conducted. One is carried out on a device which places 
stress on the material and periodically exposes it to a 
corrosive environment simulating salt spray, fumes and 
cleaning fluids. 

Freight loaded On Air 
A new freight handling system makes it possible for 

one man to load a 140,000-pound-capacity freight car in 
thirty minutes. An air film system permits loads to be 
literally floated in or out on air. The system can be ap
plied to other transportation and plant uses. Loaded 
pallets depress valves in the surface of a hollow alumi
num floor, releasing a film of air, which creates a nearly 
frictionless bearing on which freight can be moved in 
any direction. Flooring is divided into fifteen sections 
for random control in loading and unloading. The system 
works on an intake ·of 270 cubic feet of air per minute 
with 10 pounds of pressure per square inch to support 
4000 pounds of weight on a 40 by 48 inch pallet. Ac
cording to the developer, 20 pounds of force are ample to 
move loaded pallets. 

Automatic Film Reader 
A film reading system using three major elements: A 

medium price digital computer with visual display scope; 
a film reading device; and computer programs for using 
the computer and film reader, has recently been an
nounced. 

The film reading system is used as a means . of quickly 
and automatically reading scientific data which has been 
recorded on film ( 16, 35, or 70 mm). The film reading 
process involves the scanning of film by a rapidly moving 
light point on a visual display scope. The output from 
this scanning operation is detected by a photosensitive 
device in the film reader. This is then relayed to the 
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digital computer for further processing and analysis. 
This completely automatic computerized film reading 

system eliminates the need for a human operator. Avail
able forms of output include: a print-out or listing of 
data on paper; a record of the data in digital form on 
magnetic tape; or visual representations of data. These 
may take the form of a continuous graph (using a digital 
x-y plotter). Or they may take the form of photographs
still or motion-of computer-generated scope displays. 

Due to the flexibility of the film reading system, almost 
any form of data on film can be read, with appropriate 
modifications to the basic computer program. This in
cludes data in the form of lines, graphs (e.g., radar 
pulses), points, and other similar forms of data. Data 
recorded on paper (for example, in the form of strip 
charts) can also be read. 

Applications of the film reading system include: read
ing of radar and other data produced by oscillographs 
and other types of graphic recorders; tracking and an
alysis of objects for which motion pictures are available 
(e.g., missile or aircraft theodolite tracking studies); 
reading of astronomical or astrophysical data recorded on 
film (e.g., analysis of star patterns); reading photographs 
of cloud chambers, bubble chambers, and spark cham
bers; counting of particles ( such as blood cells or bac
teria) in photographs; and character recognition. 

Accelerometer Measures Shock 
A new self-generating, subminiature accelerometer for 

high shock, low sensitivity vibration measurement in 
laboratories and operational installations has been intro
duced. The device weighs 0.8 grams and represents one 
of the smallest accelerometers ever produced. 

The new accelerometer is suitable for checking vibra
tion and shock on small components such as amplifiers 
and transmitters and so-called black-box components for 
missiles and other aerospace applications. In such in
stallations, measurement with a heavier instrument might 
change the vibration characteristics of the tiny com
ponents and result in misleading test data. 

Axial sensitivity of the device is two microvolts ( rms) 
per g ( rms) minimum while lateral sensitivity is five per 
cent, or less, of direct output. Dynamic range of the new 
model is rated to 10,000 g, though reports from field use 
indicate satisfactory results with shocks ranging up to 
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20,000 g. The new subminiature model has a frequency 
response ranging from one cps to ten kcps, with a vari
ance of plus or minus five per cent and also has a mini-

- mum capacity of 320 picofarads. 
Engineers have pointed out that because of the new 

model's relatively low sensitivity and high shock capabil
ity, it is also useful in measuring shock and vibration on 
larger components. In such an application, they said, the 
less volts per g output results in a smaller but clearer 
signal. 

An exclusive heavy shield of corrosion-resistant, non
magnetic steel makes this unit virtually impervious to 
environmental conditions, the manufacturer said. The 
accelerometer has a micro S-50 series connector as well 
as an adaptor to fit almost any type of cable or laboratory 
instrument. 

Safer Landings? 

Powerful, flashing strobeacons, such as the installation 
shown above, form the heart of the Electronic Flash Ap
proach System ( EF AS) now in use at more than 300 
military and commercial airports throughout the world. 

The lighting network helps to guide pilots to the 
proper approach path even in fog, mist, rain and snow. 
Twenty-eight of the strobeacons, installed on the center
line of the approach path, are synchronized to flash swift
ly in sequence, producing the effect of blue-white fire
balls streaking toward the landing area. 

Each strobeacon unit is installed in front of a horizon
tal bar of five steady burning white incandescent lamps. 
Two of the incandescent lamps are visible (above) flank
ing the strobeacon as a landing airplane sweeps over the 
system. 
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A rather undersized EE student at 
his first college dance walked over to 
a beautiful and over-sophisticated girl 
and said, "Pardon me, l\1iss, but may 
I have this dance?" She looked down 
at his small size and lack of a frater
nity pin and said, "I am sorry, but 
I never dance with a child!" The EE 
bowed deeply and said, "Oh, I'm 
sorry, I didn't know your condition." 

~ ® e 

The Ski Trooper had just returned 
from the war, and was being inter
viewed. "How does it ·feel to be 
home?" queried the interviewer. 

"Tell me, what was the very first 
thing you did when you got home?" 

"Well, you know, I'm a married 
n1an." 

"Oh, I see. 'Nell, then, what was 
the second thing you did after you 
got home?" 

"I took my skis off." 
® ~ ® 

Did you hear about the man who 
dreamed he was forced to eat a six 
pound marshmallow? When he woke 
up his pillow was missing. 

® ® ® 

Student nurse: "Eve1y time I bend 
over to check his heart, his pulse rate 
goes up alarmingly. What shall I 
do?" 

Intern: "Button up your collar." 
~ ® ® 

A honeymoon couple made up their 
minds that no one was going to find 
out that they were newlyweds. They 
carefully removed all the rice from 
their hair and clothing, removed the 
just-married sign from the car, and 
went so far as to scuff their brand 
new luggage on the pavement to give 
that traveled look 

The thing was working out fine-no 
one in the hotel lobby had the slight
est notice of them-until the groom 
stepped up to the desk and said in a 
loud voice, "We'd like a double bed 
with a room, please." 

® e e 

"So you had a date with an engi
neer." 

"No, I tore my dress on a nail." 
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The clerk was helping the man fill 
out his marriage license. "Your age, 
please," he asked. 

"Eighty-four," replied the old gen
tleman. 

"Eighty-four! That's pretty old to 
be wanting to get married." 

"Listen, Bub," barked the old fel
low. "It ain't what I WANNA do
It's what I COTTA do!" 

A male patient went to his psychiat
rist and told the doctor that all he 
ever dreamed about was baseball. 
The doc asked, "Don't you ever dream 
about a beautiful girl ... wining her, 
dining her and holding her tight-lis
ten, don't you ever dream about girls?" 

"What?" screamed the patient, "and 
lose my turn at bat?" 

Wife: "You know, I suspect that 
my husband has a love affair with his 
stenographer." 

Maid: "I don't believe it. You're 
just trying to make me ]ealous." 

Life Insurance Salesman: "At the 
age of 75 there are 18 per cent more 
women than men." 

Prospect: "At the age of 75, who 
cares?" 

EE: That's a nice suit; how much 
was it? 

ME: A hundred ten dollars. 
EE: That's kind of expensive, isn't 

it? 
ME: Oh, I don't know, I got 15 

pairs of pants with it. 

Scene: A stagnant water hole in 
the heart of the Congo. It is 120 de
grees in the shade. There is an un
usual hush over the usual busy water
ing place. In the center of the water 
hole are two hippopotamuses with 
only their eyes above the water. One 
hippo turns to the other and says: 
"Gee, I can hardly believe it's Thurs
day." 

He: "If I had a million dollars, do 
you know where I'd be this minute?" 

She: "I sure do. You'd be on your 
honeymoon!" 

Frosh: "Why do janitors wear uni
forms?" 

Senior: "So we can tell them from 
the administration." 

® ~ ® 

"Wanna sell that horse?" 
"Sure I wanna sell the horse," the 

farmer replied. 
"Can he run?" 
"Are you serious? Watch." 
The farmer reached over and 

slapped the horse on his posterior and 
the animal went galloping away. 

As the horse reached full speed, he 
ran smack into a tree. 

"Is he blind?" the buyer gulped. 
"Hell no," the farmer said easily, 

"he just don't give a damn." 
e e o 

He drove qt1ite a distance into the 
country, stopped the car and asked 
the girl, "Are you a Chesterfield or 
a Camel girl?" 

Somewhat confused, she asked, 
"What do you mean?" 

He said, "Would you rather satisfy 
or walk a mile?" 

® 0 ® 

Bess, Harry, and Margaret Tru
man were sitting in the parlor of the 
VVhite House one afternoon, when 
Bess said to Harry: 

"Harry, dear, I think that you ought 
to have something done to our front 
lawn. It's all dried up and turning 
brown." 

Harry replied, "I guess that you're 
right, dear. I'll have the men spread 
some manure on it tomorrow." 

Just then Harry was summoned to 
the telephone, and after he had left, 
Margaret said to Bess, "I wish that 
you would teach daddy to say 'fer
tilizer' instead of that awful word 
'manure'. After all he is the President, 
now." 

Bess replied, "Daughter, I believe in 
letting well enough alone. It took me 
27 years to teach him. to say 'manure'." 

~ ® ~ 

Prof: "When this room settles 
down, I will begin my lecture." 

ME: "Why don't you go home and 
sleep it off?" 

You've undoubtedly heard about 
the top-salaried movie director who 
was always trying to make a little 
extra. 
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We enjoyed a luncheon date the 
the other day with a lovely Broadway 
showgirl who confessed she was un
successful in show business until she 
had her "no's" fixed. 

The husband who knows where his 
wife keeps her nickels and dimes has 
nothing on the husband who knows 
where to find the maid's quarters. 

''I'm sorry, George," she said, "I 
can never learn to love you." 

"Gee, that's too bad," said George, 
"and after I'd saved nearly ten grand, 
too." 

"Give me one more lesson." 

The connoisseur sat down at the 
bar and ordered a martini. "Very 
dry," he insisted. "Twenty parts gin 
to one part vermouth." 

"All right sir," said the bartender. 
"Shall I twist a bit of lemon peel over 
it?" 

"My good man, when I want lem
onade, I'll ask for it." 

Two guinea pigs stood watching a 
rocket thunder off the pad carrying 
their friend guinea pig to certain 
death. 

Guinea pig 1: "Isn't it awful?" 
Guinea pig 2: "Don't feel so bad, 

it beats cancer." 

Little girl: "Mom, are there sky
scrapers in heaven?" 

Mother: "No, dear, it takes engi
neers to build skyscrapers." 

Confucius say: "A bosom com
panion sometimes turns out to be a 
false friend." 

The young man addressed his pros
pective father-in-law: "Sir, I would 
like to marry your daughter." 

''I'm afraid, son," the older man 
replied, "that you couldn't support 
her in the manner to which she is ac
customed." 

"Your daughter and I have talked 
it over, and she has consented to live 
on what I earn." 

"That's fine. But remember that 
after a while a little one may come 
along, and that will mean added ex
pense." 

"Well, that's true, sir," the youth 
agreed, "but we've been lucky so far." 

A man was complaining to a friend 
about an uncle who was staying with 
him: "I didn't mind when he wore 
my suits, I didn't object when he 
smoked my best cigars, drank my 
bourbon and borrowed my car every 
night. But when he sat down at the 
dinner table and laughed at me with 
my own teeth-that was too much!" 

"He tried to integrate Mississippi .. 
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Rosemount Engineering Company is a 

small growing company which designs and 

manufactures precision temperature and 

pressure sensors. Although small (presently, 

we employ 400) REC's excellent growth offers 

opportunity and broad practical experience in 

RESEARCH and DEVELOPMENT, DESIGN 

ENGINEERING, PRODUCT ENGINEERING and 

a chance to work with other top notch engi

neers in an engineering minded company. 

REC provides a continuing educational pro

gram for all engineering graduates who wish 

to continue their education. As part of this 

program, we recently became a co-sponsor of 

"The Evening Graduate Program in Electrical 

Engineering" at the U. of M. 

If you're looking for opportunities, respon

sibility and a chance to retain your individu

ality, we invite you to pick up our informa

tion sheet-"This Is REC" and arrange for 

an interview in the IT placement office. 

® 

ROSEMOUNT 
ENGINEERING 
COMPANY 
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by DIANNE CHRISTENSEN, Physics '66 

Dr. GlennE. Bowie, Assistant Professor of Aeronautics 
and Engineering Mechanics, considers work with stu
dents rather than symbols as his job. Canadian-born, 31-, 
year-old Dr. Bowie attended Scarbora Collegiate Insti
tute from 1945-1950, the University of Toronto from 1950-
1953, Columbia University from 1953-1956; he came here 
in 1958 as a research fellow and attained the status of 
assistant professor in the spring of 1962. 

Although Dr. Bowie has not yet reached the high.: 
point of his career, he would like to escape to the 
Antarctic as soon as possible. This desire to escape 
results from a combined love of the out-of-doors, tech
nical work as a cover of this love, and his past experience 
in this region. Dr. Bowie spent last winter in the Ant
arctic as a part of the expedition with the geology 
department. According to Dr. Bowie the greatest danger 
in the cold of the Antarctic is getting too warm! The 
existence is a selfish one; one seems to become a part 
of the cosmos. 

Dr. Bowie's hobbies include annoying the administra
tion with student projects. He is a member of the Engi
neering Institute of Canada and is the advisor for 
AIAA. Presently he is teaching lab and design courses 
in aerodynamics. 

Dr. Bowie has been married 11 years and has 3 chil
dren-Bonnie 10, Stephan 8, and Guaffrey 6. 

DR. ARNOLD FREDRICKSON 

42 

DR. GLENN E. BOWIE 

If you happen to see a flashy Jaguar with a real leopard 
skin seat cover driven by a bachelor zooming around 
campus you probably saw Dr. Arnold Fredrickson, Asso
ciate Professor of Chemical Engineering. Dr. Fredrick
son mentioned that the car was purchased partially to 
relieve the monotony of a previously dull life. It may 
also have something to do with one of his hobbies
girls. He is also interested in records, folk songs and 
Beethoven, and books dealing with history and especial
ly with archeology. He would like to do some non-pro
fessional archeological work in Palestine or Crete. 

Dr. Fredrickson was educated for the most part here 
in Minnesota but did his doctoral work at the University 
of Wisconsin. He is presently involved in projects in two 
areas. He is working in rheology, the study of deforma
tion of materials, especially in the areas not covered in 
fluid mechanics. His other research is with ·biological 
problems. He and Dr. Tsuchiya are working to develop 
an ecological system for use in space and lunar systems. 
This system would involve the use of algae in liquid to 
regenerate oxygen from carbon dioxide. Space men with 
strong stomachs would be able to eat this algae, thus 
saving in weight of the system. 

Dr. Fredrickson wonders if the high point of his career 
was reached when his students clapped for him at the 
end of last quarter or if it was because he had just an
nounced that they would have no final exam! 
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An idea grows from one mind to anotheru 

It may begin with nothing important. Just a word. Or a notion. But as each succeeding mind brings a fresh viewpoint, the idea begins 
to grow and mature. 

If you like working in an atmosphere that breeds ideas, you'll like working at Northrop. Stimulating minds and stimulating proj

ects are all a part of the climate here. We have more than 70 active projects in work, and we're constantly evaluating new lines of 

inquiry. Projects cover such fields as interplanetary navigation and astra-inertial guidance, aerospace deceleration and landing, man

machine and life support systems for space, automatic checkout and failure prediction systems, laminar flow control techniques and 
world-wide communications. 

For more specific information, see your placement counselor. Or write to Dr. Alexander 

Weir, Northrop Corporation, Beverly Hills, California, and mention your area of special interest. 

MINNESOTA TECHNOLOG 

AN EQUA~ OPPORTUNITY EMPLOYER 
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(Continued from Page 32) 

-"Tartan" brand surfacing material is an all-weather, 
non-slip surfacing for athletic tracks, playgrounds, run
ways and other uses. Installed in 1963 were track 
runways and basketball courts at the University of Min
nesota, an outdoor running track at Macalester college, 
and a ~~-mile harness racing track in Washington, Penn-
sylvania. 

Although 3M now manufactures over 27~000 products, 
the company was founded-at Two Harbors, Minnesota, 
in 1902-to mine corundum, an abrasive mineral which 
the founders believed would find a ready market among 
manufacturers of grinding wheels. They struggled near
ly two years to get their plant in operation, only to find 
that the quality of the mineral was so poor that grinding 
wheel manufacturers would not buy it. In 1904, they 
made their first, and last, sale-a ton of the crushed ma
terial. It was at about this time that stock in 3M was 
informally traded in the mining towns of northern Min
nesota at two shares for one shot of bar whiskey. 

3M's founders, however, refused to admit defeat. They 
decided to enter the abrasives field as a manufacturer of 
sandpaper and in 1907, rented an abandoned Duluth 
flour mill for that purpose. Unfortunately, they knew 
little more about manufacturing sandpaper than they 
had known about grinding wheels. By 1910, 3M was 
teetering on the edge of bankruptcy and was still able 
to offer customers only a poor quality sandpaper. The 
outlook was particularly discouraging for Lucius P. Ord
way, a St. Paul businessman, who had been persuaded 
to pour tnore than $200,000 into the struggling young 
venture. Ordway nevertheless was willing to give the 
firm one last chance. He agreed to invest another $35,-
000 to build the company a new plant in St. Paul, where 
he could keep a closer eye on his investment. 

With the move to St. Paul, 3M's fortunes began to 
tum. By 1916, 3M was finally out of debt and standing 
on its own feet. The directors voted their first quarterly 
dividend to the stockholders-6 cents a share-and 3M 
has not missed paying a quarterly dividend since. The 
move to St. Paul did not, however, solve 3M's biggest 
problem-quality. Therefore, in 1916, the firm invested 
$500 to set up its first laboratory. That tiny, one-man 
laboratory turned out to be one of the wisest investments 
the company was ever to make. Through experiments 
and testing, more exacting quality control was begun on 
raw materials, at each stage of the production process, 
and on finished goods. 

Improved quality, forceful sales direction, the stimu
lus of World War I, and the development of a faster, 
more durable abrasive, and flexible abrasive cloth for 
the rapidly expanding automobile industry-all helped 
improve 3M's financial position. Dming World War I, 
the company passed the million-dollar mark in annual 
sales. 

Meanwhile, a price war that hampered 3M's efforts 
to get a firm foothold in the sandpaper industry had 
started the company's leaders thinking of diversification. 
The initial step was taken in the early 1920s when 3M 
purchased the patent application of a Philadelphia in
ventor and took its first real plunge into product develop
ment. The result was the first waterproof sandpaper. 
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3M, however, was still exclusively an abrasives manufac
turer. Real diversification came in 1925 with Drew's in
vention of masking tape, and, in the early 1930s, cello
phane tape. These two tapes led to the development of 
more than 400 varieties of pressure-sensitive tapes which 
3M produces. The tape line often has been cited as a 
good example of 3M's policy of "offshoot and divide"
the process of continuing lateral product development 
which remains important to its growth. 

The Central Research Laboratories were established 
in 1937 to explore long-range problems beyond the scope 
of the divisional laboratories. Three years later the New 
Products department was set up to start new businesses 
for the company; and in 1943, a Products Fabrication 
Laboratory was organized to develop ways of manufac
turing the stream of new products. By the late 1940s, 
the St. Paul research facilities had become inadequate, 
and the company decided to establish a central complex 
at which its entire research activities would eventually 
be concentrated. Accordingly, land in Maplewood, a 
suburb of St. Paul, was purchased. Now the center con
sists of nine major structures, containing about 1,400,000 
square feet, and construction continues. 

The most spectacular growth of 3M has occurred since 
World War II, partly through acquisitions and through 
rapid expansion of 3M international operations. Growth, 
however, has been primarily the result of the continuing 
flow of new products from the company's research and 
development laboratories. In recent years, the firm has 
been able to report to stockholders that from· 20 to 25 
per cent of annual sales came from products not on the 
market five years earlier. About $34 million was spent 
last year for research and development. Until after 
World War II, 3M maintained the practice of diversify
ing only into fields where its technical ''know-how" was 
unsurpassed-that is, when the product was coated with 
a material or had sealing, gripping, or abrasive qualities. 
Such products still constitute the bulk of the company's 
business. 3M manufactures surgical tapes and masks, au
tomobile undercoating, materials for the printing indus
try, office copying paper, package-decorating tapes and 
ribbons, recording tapes, reflective materials and thou
sands of similar items. In the last few years, however, 
3M has entered wholly new fields. Some of the result
ing products are fluorochemicals, cameras, electrical con
nectors, thermoelectric power units and devices using 
radioisotopes. 

3M's International Division was created in 1951, 
launching the company directly into major world mar
kets. The division consists of twenty-two subsidiary man
ufacturing plants in thirteen countries and subsidiary 
sales facilities in fourteen other countries. 

By the late 1950s the concept of the research center 
in Maplewood had been expanded to include plans for 
3M's administrative headquarters, which had outgrown 
its offices in St. Paul. Construction of a 14-story 500,000 
square foot building began in 1960 and was completed 
in 1962. 

Altogether 3M has thirty-eight plants located in nine
teen states, and more than 35,000 employees throughout 
the free world. Sales in 1963 are expected to be about 
$760 million. Net income for 1962 was $83,690,090. 
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Industrial piping runs big ... up to 30" in 
diameter and more. And its weight is meas
ured in tons. 

Piping like this poses critical stress prob
lems ... especially where there are high tem
peratures and high pressures. 

Grinnell Pipe Hangers and Supports, engi
neered to keep stress within safe limits, are 
industry's answer to pipe support problems. 
They compensate for heat expansion, and for 
pressure surge, vibration and a variety of other 
complex service conditions. It's another reason 
why industry looks to Grinnell when piping is 
involved. 

Grinnell is piping . . . from hangers that 
support pipe to prefabricated systems for 
power and process plants and sprinklers for 
fire protection. 

Grinnell offers industry the engineering 
(from basic metallurgy to piping systems 
design and prefabrication); the production 
facilities (eight large plants in the U.S. and 
Canada) ; the product line (everything in pip
ing); the experience (over 100 years of leader
ship in the field) to solve the toughest piping 
problems. 

Worth remembering- against the day you 
may have piping problems to solve. And worth 
investigating now if you're looking for the un
usual in an engineering career! Write Grinnell 
Company, Inc., 277 West Exchange Street, 
~rovidence 1, Rhode Island. 

WHENEVER PIPING IS INVOLVED 

Grinnell Company, Inc., Providence, R. I. Warehouses and distributors coast to coast. Representatives throughout the Free World. 
pipe and tube fittings • welding fittings • engineered pipe hangers and supports .. Thermolier unit heaters " valves 
Grinnell-Saunders diaphragm valves .. prefabricated piping .. plumbing and heating specialties .. industrial supplies 
water works supplies " Grinnell automatic sprin~ler fire protection systems " Amco air conditioning systems 
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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. 

e PUBLISHERS 

e 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 

RUCE PUBLI HI G CO p 
2642 UNIVERSITY AVENUE 
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Result: More rust-resistant steel than 
ever before on 1964 Ford~~~built bodies! 

Ford Motor Company, pioneer in the use of galvanized 
(zinc-clad) steel, long noted for its ability to fight off 
rust, is using increased amounts of this superior 
material in 1964 car models. This marks further 
progress in our continuing efforts to solve the prob
lems of metal corrosion in car bodies. 

Other Ford-developed rust fighters include special 
zinc-rich primers ... aluminum and stainless steels 
in mufflers, moldings and body fasteners ... quality 
baked-enamel finishes-all powerful barriers against 
rust in Ford-built cars and trucks. 

A new process, now in limited test production, is the 
electrocoating of entire car bodies. This involves 
electrical attraction between positively charged metal 
surfaces and negatively charged paint particles. When 
the body is dipped in an aqueous solution containing 
the paint particles, a form of "electroplating" occurs, 
the paint seeking those areas with the least coverage, 
until a complete and uniform coating is deposited. 

More examples of engineering leadership at Ford 
Motor Company bringing better products to the 
American Road. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE EINIIGDNEERBNG LEADERSHDP BRONGS YOU BETTERaiEUJU .. T CARS 
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edited by RICHARD ANDERSON, Chem '67 

1. Joe, Jack, John, and Tom, four chemistry students, 
live one on each floor of a four-story apartment. Their 
ages are 21, 20, 19, and 17, but not necessarily in that 
order. Joe lives directly above the 20-year-old and di
rectly below the 19-year-old. Jack has to pass by the 
17 -year-old to leave the building from his apartment. 
Jack is more than one floor away from Tom, who is more 
than one year younger than Jack. Find the ages and on 
which floor each of the boys lives. 

2. What is the area of the section cut by a plane 
which is the perpendicular bisector of the diagonal of 
a cube 1 inch on a side? 

3. A certain light signal goes on at precisely noon. 
Thereafter it goes off and on at equal intervals, each 
lasting an integral nmnber of minutes. It is observed 
that at 12:09 the light is off; at 12:17 it is on; and at 
12:58 it is on. Will the light he on or off at two o'clock? 

4. In the series +3-2+3-2+ ... , which continues 

I 

in the same pattern, find a formula for the nth term. 
(i.e., find an expression which equals +3 when n is odd 
and -2 when n is even.) 

5. Seven cross-country runners, each numbered on 
his back from 1 to 7 (no duplicates) cross the tape at 
the end of a race, the first at 12:01, and the others at 
intervals of one minute apart-with no ties. 

From the following facts, determine the order in which 
the runners came in. In each statement "time" means 
the number of minutes after 12:00. 

a) The highest total of runner and his time, viz. 13, 
occurs just once. 

b) The lowest total of runner and his time, that is 
4, occurs just once. 

c) The total 9, of runner and time, occurs just three 
times. · 

d) Just four runners have numbers which exceed their 
times. 

e) The winner's number exceeds that of the second 
to come in. 

6. The speed of a train can be estimated by a passen
ger counting the number of clicks the wheels make on 
the track in a definite period of time. On a certain 
railroad the speed in miles per hour is numerically equal 
to the number of clicks heard in 22.5 seconds. What 
is the length of the rails used on this railroad? 

Answers in the March TECHNOLOG. 

I 
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100 SHEETS 24 LB. 

250fo RAG CONTENT 

81/2 X 11 
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This kind of engineer designs jobs instead of things 

Once upon a time there was a creature known to joke
smiths as "the efficiency expert." When he wasn't being 
laughed at, he was being hated. Kodak felt sorry for the 
poor guy and hoped that in time he could be developed into 
an honored, weight-pulling professional. That was long ago. 

We were then and are much more today a very highly 
diversified manufacturer. We need mechanical, electrical, 
chemical, electronic, optical, etc., etc. engineers to design 
equipment and processes and products for our many 
kinds of plants, and make it all work. But all the inanimate 
objects they mastermind eventually have to link up with 
people in some fashion or other-the people who work in 
the plants, the people who manage the plants, and the 

people who buy the products. That's why we need 
"industrial engineers." 

A Kodak industrial engineer learns mathematical model
building and Monte Carlo computer techniques. He uses 
the photographic techniques that we urge upon other manu
facturing companies. He collaborates with medicos in physio
logical measurements, with architects, with sales executives, 
with manufacturing executives, with his boss (G. H. Gustat, 
behind the desk above, one of the Fellows of the American 
Institute of Industrial Engineers). He starts fast. Don 
Wagner (M.S.I.E., Northwestern '61) had 4 dissimilar 
projects going the day the above picture was sneaked. He 
is not atypical. Want to be one? 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N.Y. 

An equal-opportunity employer offering a choice of three communities: Rochester, N. Y ., Kingsport, Tenn., and Longview, Tex. 
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An interview 
with G.E.'s 

Dr. George L. Haller 
Vice President

Advanced 
Technology 

As Vice President-Advanced Tech
nology Services, Dr. Holler is 
charged with coupling scientific 
knowledge to the practical operat
ing problems of a Company that 
designs and builds a great variety 
of technical products. He has been 
a radio engineer, both in industry 
and the armed services (Legion of 
J'i'.ei·it for development of radar 
ccunter-measures); physics profes
sor at Perm State and dean of its 
College of Chemistry and Physics; 
and a consulting engineer. With 
G.E. since 1954, he has been man
ager of its Electronics Laboratory, 
and general manager of the De
fense Electronics Division. He was 
elected a vice president in 1958. 

For complete information on op

portunities for engineers at 

General Electric, write: Person

alized Career Planning, Genera' 

Electric Company, Section 699-

09, Schenectady, N. Y. 12305 

GROWTH THROUGH TECHNOLOGICAL CHANGE 
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Q. Dr. Holler, how does General Electric define that overworked term, Re

search and Development? 
A. At General Electric we consider "R&D" to cover a whole spectrum of 

activities, ranging from basic scientific investigation for its own sake to 
the constant efforts of engineers in our manufacturing departments to 
improve their products-even in small ways. Somewhere in the middle 
of this range is an area we call simply "technology", the practical know
how that couples scientific knowledge with the engineering of products 
and services to meet customer needs. 

Q. How is General Electric organized to do research and development? 
A. Our Company has four broad product groups-Aerospace and Defense, 

Consumer, Electric Utility, and Industrial. Each group is divided into 
divisions, and each division into departments. The departments are like 
separate businesses, responsible for engineering their products and serving 
their markets. So one end of the R&D spectrum is clearly a department 
function-engineering and product design. At the other end is the Re
search Laboratory which performs both basic and applied research for 
the whole Company, and the Advanced Technology Laboratories which 
also works for the whole Company in the vital linking function of putting 
new knowledge to practical use. 
Having centralized services of Research and Advanced Technology does 
not mean that divisions or departments cannot set up their own R&D 
operations, more or less specialized to their technical or market interests. 
There are many such laboratories; e.g., in electronics, nuclear power, space 
technology, polymer chemistry, jet engine technology, and so on. 

Q. Doesn't such a variety of kinds of R&D hamper the Company's potential 
contribution? Don't you find yourselves stepping on each other's toes? 

A. On the contrary! With a great many engineers and scientists working 
intensively on the problems they understand better than anyone else, we 
go ahead simultaneously on many fronts. Our total effort is broadened. 
Our central, Company-wide services in Research and Advanced Tech
nology are enhanced by this variety of effort by individual departments. 

Q. How is Advanced Technology Services organized? 
A. There are three Advanced Technology Laboratories: Chemical and 

Materials Engineering, Electrical and Information Engineering, and Me
chanical Engineering; and the Nuclear Materials and Propulsion Opera
tion. The Laboratories do advanced technology work on their own, with 
Company funds, and on contract to product departments or outside customers 
and government agencies. NMPO works for the AEC and the military to 
develop materials and systems for high-temperature, high-power, low
weight nuclear reactors. ATS is the Company's communication and in
formation center for disseminating new technologies. It also plans and 
develops potential new business areas for General Electric. 

Q. So R&D at General Electric is the work of a great many men in a great 
many areas? 

A. Of course. The world is going through a vast technological revolution
in the ways men can handle energy, materials, and information. Our 
knowledge is increasing exponentially. In the last five years we have 
spent more than half the money ever spent for research and development. 
To keep competitive, and to grow, industry must master that mountain of 
new knowledge and find ways to put it to practical use for mankind. Only 
by knowing his field well and keeping up with the rush of new develop
ments, can the young engineer contribute to the growth of his industry
and society as a whole. 

~ress Is Our Mosf lmpor111nf Protlvc.f 

GENER L ELECTRIC 
An Equal Opportunity Employer 





And the owner saves at least $1,000,000. 
Westinghouse has developed a computer
controlled system for doing almost every
thing on a cargo ship faster and better. 

It can be made to load and unload cargo 
faster. Control speed directly from the 
bridge with no help from below. Keep the 

ship on course. Steer clear of navigational 
hazards. Navigate so accurately it saves 
fuel. Keep an eye on all dials and gauges. 
Control valves in the engine room. Keep 
records of operations. Analyze emergency 
situations and take corrective action. Even 
check on how the cargo is doing. 

In this day of low-priced competition 
from ships under foreign flags, this de
velopment can add new strength to our 
Merchant Marine. 

The Westinghouse computer-controlled 
system significantly reduces the annual 
cost of operating a ship. 

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 21, Pa. 



·IS it frue that the leading producer of oxygen 
for steelmaking hod o hand in preparing 
Tricio McDonald's orange juice? 

You'd expect that a company with 50 years' experience in ex
tracting oxygen from the air would lead the field. You might 
even assume-and you'd be right-that it knows a lot about 
how oxygen can speed the making of steel. As a result, the 
company sells oxygen by the ton to steelmakers to help them 
produce faster and more efficiently. 

You'd also expect that a leader in cryogenics, the science 
of supercold, would develop an improved process for mak
ing the frozen orange juice concentrate that starts Tricia 
McDonald off to a bright, good morning. 

But there might be some doubt that two such 
activities as helping to speed steel production and 
helping to improve frozen orange juice could come 
from one company. Unless you knew Union Carbide. 

For Union Carbide is also one of the world's largest pro-. 
ducers of petrochemicals. As a leader in carbon products, it 
is developing revolutionary graphite molds for the continu
ous casting of steel. It is the largest producer of polyeth
ylene,. and makes plastics for packaging, housewares, and 
floor coverings. Among its consumer products is "Prestone" 
brand anti-freeze, world's largest selling brand. And it is 
one of the world's most diversified private enterprises in the 
field of atomic energy. 
In fact, few other corporations are so deeply involved in so 

many different skills and activities that will affect the 
technical and production capabilities of our next 
century. 
We're growing as fast as Tricia McDonald. 

UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N.Y. 10017. IN CANADA: UNION CARBIDE CANADA LIMITED, TORONTO 
Divisions: Carbon Products, Chemicals, Consumer Products, International, Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones, Stellite and Visking 
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Something wonderful's happened to Ford Motor 
Company cars! Under the freshest styling seen in 
years, there's a new kind of durability and vigor that 
more than meets the demands of today's and tomor
row's high-speed turnpike driving conditions. 

What's the secret~ Quality engineering for total per
formance. Quality engineering so outstanding that 
Ford Motor Company received the N AS CAR Achieve-

EE THE ALLE E IT 
ment Award for engineering excellence which "superbly 
combines the prime essentials of great automobiles
performance, reliability, durability, comfort and safety." 

Total performance makes a world of difference. Bodies 
and frames are solid and quiet even on the roughest 
roads. The ride's so smooth, so even-keeled, it seems 
to straighten the curves and shorten the miles. And 
nothing matches the spirit, sparkle and stamina of 
advanced Ford-built V -8's and thrifty Sixes. Total 
performance is yours to enjoy in all our 1964 cars-from 
the frisky Falcon to the matchless Lincoln Continental. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGINEERING LEADERSHBP BRU\!IIGS YOU BETTER· BURL T CARS 
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Cover: Electron orbital model of ethane, as described in one of the articles featured 
this month, is illustrated on our cover. Each of the tangent spheres represents a pair of 
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Piping. It is industry's "circulatory system'' ••• the con
veyor of steam, oil, acids, the water you drink, everything 
that flows. 

Piping can be quite simple. Or enormously complex. 
Corrosion, pressure, or temperature, for example, can 
present engineering challenges of the first order. 

That's why industry so often turns to Grinnell when 
piping is involved. 

Grinnell is piping ... piping that ranges from systems 
engineered for pure food processing, to power plant 
piping, to sprinkler systems for fire protection in schools., 
hospitals, factories, buildings of all kindsll 

il 
Iii!! 1n 

tm 's I 
'~ r 
s t 

,, 
• • Ill 

Grinnell· offers industry (1) the engineering (from 
basic metallurgy to piping systems design and prefabri
cation), (2) the production facilities (eight large plants 
in the U.S. and Canada), (3) the product line (every
thing in piping), ( 4) the experience (over 100 years of 
leadership in · the ·field) to solve the toughest piping 
problems. 

Worth remembering - against 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., 
277 West Exchange Street, Providence 1, Rhode Island. 

WHENEVER PIPING IS INVOLVED 

Grinnell Company, Inc., Providence, R. f. Warehouses and distributors coast to coast. Representatives throughout the Free World. 
pipe and tube fittings • welding fittings • engineered pipe hangers and supports • Thermolier unit heaters • valves 
Grinnell-Saunders 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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It is with ee regrets that 

we ex ress our condolences 

to those stu ents who ust 

be told the truth efore they 

in turn can tell the truth to 

others. 
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.uAT 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. 

• OFFSET 

• LETTERPRESS 

BRUCE PUBLI HI G COMP y 
2642 UNIVERSITY AVENUE Ml 6-2641 ST. PAUl 14, MINN. 
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ENGINEERS 

SCIENTISTS 

Career mobility, based on the ability to 
develop in the direction of your best 
talent or interests, is made possible 
for you at Sylvania Electronic Systems. 

ELE 

You will actively contribute to advanced work 
spanning disciplines and areas such as earth/space 
communications; electronic reconnaissance, detec
tion, countermeasures; radar; information handling; 
aerospace; and complex systems for military com
mand and control. 

Nineteen interrelated research and advanced de
velopment laboratories throughout the country, as 

I 

well as sites around the world, provide 
an environment permitting planned 
growth- personally and professionally. 

Three parallel paths of advancement 
offer the opportunity to progress as a technical 
manager, technical specialist or program/project 
manager- all with equal rewards. 

Sylvania Electronic Systems is a major division 
of Sylvania Electric Products Inc., supported by the 
impressive technical and financial resources of the 
parent company, General Telephone & Electronics 
Corporation. 

For further information see your college placement officer or write to Mr. Robert T. Morton 
40 SYLVAN ROAD-WALTHAM 54, MASSACHUSETTS 

An Equal Opportunity Employer 
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by RONALD C. ATTEMA, ME '65 

A governor is a speed-sensitive system used for control
ling the speed of a power-producing system in spite of 
variations in the output load. The advent of the governor 
is almost synonymous with the birth of commercial pow
er. James Watt invented the first governor in 1769; this 
same year he also took out a patent on a steam condenser 
separate from the cylinder of the piston-type steam en
gine. The latter invention made the steam engine com
mercially practical; thus Watt is also credited with the 
invention of the modern engine. Watt's governor em
ployed the principles of centrifugal force and the conical 
pendulum. The vast majority of governors today are still 
designed along these same principles. 

If more fuel is provided than is required for a given 
load, the engine will accelerate and possibly «run away." 
The converse is also true, resulting ultimately in a «stall." 
From this it is seen that the governor has two jobs to do. 
The first function is to measure speed, and the second 
is to provide a positive force of sufficient magnitude to 
move the fuel-control mechanism. These two require
ments are in many ways opposed; i.e., in this case accu-

FLOW 

Figure I. Carburetor-Flow Governor. 

racy and physical size oppose each other. Many of the 
problems encountered in the design of a workable gov
ernor are directly connected with this intrinsic design 
contradiction. 

Governors are necessary in commercial power for many 
reasons. Many types of prime-mover loads require speed 
control far beyond the limits of human ability. In many 
applications the operator is remote from the prime mover, 
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or the complex nature of the load makes too many other 
demands for the operator's attention. Another important 
reason for governing is the heavy loads placed on indus
trial equipment. In comparison with an industrial prime 
mover, the ordinary passenger car-completely operator
controlled-is very lightly loaded; hence the same errors 
in judgment that the operator of the automobile might 
make could be disastrous in an industrial setup. This 
hypothetical catastrophe would then be due to the great
er inertial loads found in a comparable industrial system. 

Speed Regulation 
In the speed control of a prime mover there are three 

interrelated factors which determine the cost and the 
effectiveness of the governing job. They are ( 1) the 
system, ( 2) the speed sensor, and ( 3) the activator. 

In order to achieve satisfactory results, the system to 
be governed must be examined in its entirety. The type 
of load and the characteristics of the load changes must 
also be thoroughly studied. The performance charac
teristics of the prime mover being governed must be 
charted. In most cases the prime mover and its imme
diate load are defined as the system. Some of the factors 
involved are torque, speed, input energy requirements, 
inertial losses, self damping characteristics, time con
stants, and the effects of load changes on the prime 
mover's performance. In every system the prime mover 
and load must be analyzed together. 

The mathematical relations describing the transient 
performance can become extremely complex. For exam
ple, the mathematical analysis of diesel-powered gener
ator sets must establish approximate expressions for time 
lag, signal amplification, throttle movement vs. load 
change, torsional vibration, and generator voltage tran
sients. 

In many systems there is a certain amount of inherent 
self-regulation. In the case of the gas turbine the output 
torque falls as the engine speed increases, and the accele
ration is reduced in proportion to the time-rate of change 
of the torque. Conversely, a supercharged gasoline en
gine actually increases its effective torque with increasing 
speed because the compressor efficiency increases with 
speed. This characteristic is useful in overcoming engine 
losses but makes the governing job more complex. The 
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opposite damping effect is true for the load. If the 
resisting torque increases with speed, this rate of increase 
in torque will help to limit the speed transients. If the 
speed transients go undamped, the governor would be 
unstable and hunting condition would develop. Stability 
is the ability of a governor to maintain a desired engine 
speed without fluctuation, and hunting is a speed change 
without a change in load (i.e., it is usually oscillatory). 
This torque-vs.-load relation can be seen by examining 
an unregulated d.c. generator. If the voltage is allowed 
to increase normally with the speed, a positive damping 
force will result since the resistive load increases with 
increasing speed. The greater resistive torque which is 

PRE:SSURE. lENGiNE
ORIVE.N COMPRE.~SO~ 

Figure 2. Direct Hydrau1lic Governor. 

then applied will tend to limit any further gain in speed. 
If, on the other hand, we held the output voltage con
stant with a voltage regulator, negative damping would 
result. The power absorbed by the resistive load will be 
a constant since: 

(VOLTAGE) 2 

POWER= (RESISTANCE) 

Now, if the power absorbed is a constant, the output 
power from the prime mover must also be a constant 
and: 

Mechanical power = Torque x R.P.M. = Constant 
From the above statements it follows that the torque is 
inversely proportional to the speed of the system. 

MINNESOTA TECHNOLOG 

In general, we can say that, if either the prime mover 
or the load is unstable, then in all likelihood the com
bination will be stable. If neither is stable, the governor 
will have to provide the stability. 

Another factor very important to the stability of a 
system is the response lag. In many instances transients 
occur faster than the prime mover can respond. It is 
evident, then, that the governor must always respond to 
load changes at a somewhat slower rate than that of the 
engine's response. If the governor's ability to respond 
to a load change is faster than the engine's response to 
the governor's command, surge will result and the engine 
will constantly overshoot the required speed. 

Transient speed and torque changes will be slowed 
down by the inertia of the system. The flywheel effect 
provides a positive damping force as is shown by Equa
tion ( 1). 

6 Kinetic Energy = C 8l<U 2 

Where 
I = mass moment of inertia of system 
w = average angular velocity of the system 
Cs = coefficient of speed fluctuation 

(1) 

The sensor and actuator will be examined as a unit 
since they are dependent upon each other. The names 
which are in common use are not necessarily consistent 
with any special part of the governor (i.e., no seemingly 
related system of nomenclature). Instead they tend to 

\IE.NTURI 
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Figure 3. Differential Hydraulic Governor. 

point out in a very general manner what types of com
ponents are involved in the governing system as a whole. 
Examples of this type of nomenclature are: electro
hydraulic and centrifugal-pneumatic. I will attempt to 
cover in a very general manner the main types in popular 
use; however, the names or category given the particular 
governor system will be indicative of the sensor em
ployed. Another method of classifying governors is to 
specify them according to their applications. In other 
words, the type of job the governor is designed to per
form determines its name. On the basis of function we 
distinguish isochronous (i.e., constant engine speed re
gardless of the load), variable-speed, and speed-limiting 
governors. 

Pneumatic Governors 
Pneumatic governors are among the simplest and low

est in cost. They are also among the least accurate; 
however, they are completely adequate for many appli-
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cations. Another name for a pneumatic governor is air
velocity governor. They are principally used in vehicles, 
tractors, and very light engines. The pressure or velocity 
of the intake air stream of the engine is used to measure 
and regulate engine speed. 

In many small air-cooled engines a vane is inserted in 
the vicinity of the engine blower and the force produced 
by the air stream is balanced against a spring at a given 
speed. This arrangement is then linked to the throttle. 

Figure 4. Pulse Counter. 

In larger gasoline engines similar arrangements are used 
except that the vane is placed in the throat receiving the 
incoming air-fuel mixture. In most cases the throttle 
plate, butterfly valve, or vane tends to be pulled open 
(speed advance) by a spring arrangement and closed 
by the incoming fuel stream. V\Then these two forces 
are in equilibrium the engine is running at governed 
speed. Since this type of governor is used mainly as a 
variable speed governor, it is desirable to have a variable 
spring force for reasonable stability. One method of 
achieving stability is through a combination of cams and 
springs as shown in Figure 1. In most of the cases where 
they are used, the governor produces enough force to 
operate the fuel-control mechanism through a mechanical 
linkage. If and when this force is insufficient, hydraulic 
servomotors are used to amplify it. Pneumatic gover
nors can also be of the vacuum or negative pressure type. 
The vacuum governor is widely used in reciprocating 
engines and its operating characteristics are quite similar 
to those of the pneumatic pressure governor. They are 
designed according to the relation between the intake
manifold pressure and the load. The intake-manifold 
pressure always drops as the engine speed increases, 
and rises as the engine load is decreased. This vacuum, 
which is created when the engine accelerates, is balanced 
against a spring-loaded diaphragm or other such control 
element. In a diesel engine a vacuum governor has a 
venturi in the air intake manifold and the governor is 
operated as a differential-pressure governor. 

Hydraulic Governors 
Hydraulic governors usually measure discharge pres

sure from an engine-driven pump. Hydraulic governors 
operate on principles similar to those of many positive
pressure pneumatic governors, and some are also very 
similar in construction. The salient difference between 
the previously mentioned governors is due mainly to the 
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different physical characteristics of the fluids with which 
the respective governors must cope (i.e., the density and 
viscosity of a "hydraulic" fluid are very much greater 
than for air). (See Figures 2 & 3). The variation of the 
discharge pressure with the speed of the pump is depen
dent on the blading and over-all design of the pump. In 
many cases the pressure varies with the square of the 
pump velocity; however, it can be almost any relation. 
These relations can easily be obtained from the pump 
data, or from measured values of speed and discharge 
pressure. 

Since pump design today is very sophisticated, a gov
ernor can be designed almost simultaneously with the 
compressor. The preceding statements are also true for 
turbines since a turbine is the diametric opposite of a 
compressor. In hydroelectric power stations it is extreme
ly expedient to design the governor in conjunction with 
the turbine. 

Electric Governors 
Almost any speed-measuring device can be used as 

the initial part of the sensing system of an electric gov
ernor. These devices can include tachometers, speedom
eters, frequency meters, revolution counters, gear tooth 
counters, pulse counters, vibrating reeds, stroboscopes, 
and others. One of the most popular methods employed 
is the use of the electric tachometer. A tachometer gene
rates a voltage proportional to its speed; the output volt
age is usually connected in some manner to solenoids 
which in turn motivate the fuel control mechanism. Both 
alternating and direct-current designs are available al
though both employ d.c. current to actuate the solenoid. 

The second most common electric governor is prob
ably the frequency-sensing type. In most cases an a.c. 
generator and a frequency-sensing circuit measure the 
speed. One method is to have the sensor compare gen
erator frequency with a reference frequency; the error 
then is amplified for throttle control. (See Figure 4.) 
Some versions of the electric governor use a frequency
and a load-sensing system in combination. The frequency
sensing governors in their more complex form are known 
as actuator governors. 

Centrifugal Governors 
The most widely used speed-sensor is the centrifugal 

type. They are generally simple, quite sensitive (de
pending on the internal friction and inertia) and have a 
high output force. In most applications of the centrifugal 
governor the prime mover is small enough that the output 
force of the governor is sufficient to control the throttle 
mechanism. 

In general principle and in schematic appearance, the 
centrifugal governor of today is easily recognized as a 
direct· descendant of James Watt's first governor. A 
schematic of a typical ballhead centrifugal governor is 
shown in Figure 5. 

The governor shaft is driven from the engine by a 
pulley, gear, spline, or other linking mechanism. As the 
shaft rotates, centrifugal force developed by the weights 
causes them to swing outward. The force of the weights 

(Continued on Page 31) 
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We like to think that American Oil products are 

the best you can buy. And they are. We also like 

to think we can improve the quality of our prod

ucts without increasing the cost to the consumer. 

And we do. Consistently. 

A considerable amount of work is done in 

testing catalysts and searching for those which 

will help produce the types of gasoline our cus

tomers want at the price they can afford. 

One of the people engaged in the research and 

development of our manufacturing processes is 

John Mitchell, 24, a graduate Chemical Engineer 

from the University of Texas. 

The opportunities for bright young scientists 

like John Mitchell are virtually unlimited at 

American Oil. American Oil offers a wide range 

of new research opportunities for: Chemists

analytical, electrochemical, physical, and organic; 

Engineers-chemical, mechanical, and metallur

gical; Masters in Business Administration with 

an engineering (preferably chemical) or science 

background; Mathematicians; Physicists. 

For complete information about interesting 

careers in the Research and Development Depart

ment, write: J. H. Strange, American Oil Company, 

P. 0. Box 431, Whiting, Indiana. 

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS, 
lUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS 
AFFILIATE, AMOCO CHEMICALS, ARE ENGAGED IN SUCH DIVERSIFIED 
RESEARCH AND DEVELOPMENT PROJECTS AS: 

Organic ions under electron impact 0 Radiation-induced reactions 0 

Physiochemical nature of catalysts 0 Fuel cells 0 Novel separations 
by gas chromatography ® Application of computers to complex technical 
problems ® Synthesis and potential applications for aromatic acids 0 

Combustion phenomena ® Design and economics: new uses for present 
products, new products, new processes 0 Corrosion mechanisms 0 

Development of new types of surface coatings. 

STANDARD Oil DIVISION 

AMERICAN Oil COMPANY 
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by KARIN J. BLOMBERG, Chem 165 

Quantum mechanics has been very successful in de
scribing spectroscopic properties of the hydrogen mole
cule ( H 2 ) and the hydrogen molecule ion ( H + 2 ) ·and in 
giving bond dissociation energies. But when it is ap
plied to more complex systems, there is a great loss in 
accuracy. Quantum mechanics has also failed to describe 
stereochemistry or chemical structure. Therefore an
other approach is necessary. 

Dr. H. A. Bent of the chemistry department at the 
University of Minnesota has proposed. the tangent-sphere 
electronic structure of molecules and has constructed 
many compounds using cork balls. It is based in part 
upon electron density distribution in molecules (electron 
clouds) and the Pauli Exclusion Principle. The Pauli 
Principle states that "no two electrons in the same atom 
can have identical sets of four quantum numbers," which 
is roughly analogous to the classical law that "two bodies 
cannot be in the same place at the same time." To retain 
the one-electron orbital pictures, the orbitals should be 
localized, non-overlapping orbitals. 

Consider a cross-section of an electron cloud showing 
the location of one electron. Around this elech·on is an 
excluded volume called a "Fermi hole." Also consider the 
methane ·molecule ( CH4 ) • The carbon atmn has four 
electrons with parallel spin in its outer orbital. Since 
the electrons cannot be in the same place at the same 
time, "the four electrons constitute, in effect, a collection 
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of hard objects in the Aristotelian sense. Would it not 
therefore be physically reasonable to represent each elec
tron of the collection not as a point particle ... but as a 
sphere whose non-vanishing radius represents the effec
tive chemical radius of the Fermi hole of the electron?" 
(p. 448). Then one asks how much of the volume of 
valence shell is occupied by the Fe1mi hole, or what 
volume the Fermi holes of the four valence electrons 
occupy. If one calls the free volume the volume not 
occupied by the Fermi hole, there are three possibilities 
to consider: the sum of the free volumes is greater than 
that of the Fermi holes, the two total volumes are equal, 
or the smn of the volumes of the Fermi holes is greater 
than that of the sum of the free volumes. This third pos
sibility leads to a very useful model of molecular struc
ture. 

To maximize the probability of finding one electron in 
each of the four electron spheres, the centers of the 
spheres should be placed at the corners of a regular 
tetrahedron, and the size of these spheres should be such 
that there is no significant overlapping. This suggests 
using a tangent-sphere model, where each sphere rep
resents the valence electron pair of a combined atom, 
or in other words, each sphere represents a single chemi
cal bond. 

To construct tangent-sphere models of molecules, one 
needs at least twelve small cork balls, about one-half inch 
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in diameter. They are glued together into 4-membered 
or tetrahedral, 3-membered or trigonal, and 2-membered 
or digonal groups. 

Methane is represented by the tetrahedral group. The 
hole of this group, the "tetrahedral hole," represents the 
carbon nucleus, and each sphere represents a C-H bond, 
thus satisfying the octet rule of eight electrons around the 
carbon atom. 

Ethane is a 7-membered model made by placing a 
trigonal group on top of the tetrahedral group. The most 
stable configuration is the staggered form rather than the 
eclipsed form. In this case, the two carbon nuclei are 
each represented by a tetrahedral hole, separated by the 
distance of a sphere representing a C-C single bond 
(Fig. 1). 

Figure I. The staggered and eclipsed confomers 
of ethane. 

Propane requires one tetrahedral group and two tri
gonal groups such that seven balls are in one plane. The 
other balls are projected up or down alternately (Fig. 2). 

Figure 2. The propane molecule. Plus and minus 
signs indicate spheres above and below the plane. 

MINNESOTA TECHNOLOG 

N-butane can exist in two confomers (configurations), 
the trans and the gauche or skew. Both of these require 
thirteen spheres and may be constructed as follows. Nine 
spheres lie in one plane and the other four balls are 
projected up or down alternately in every trigonal for
mation (Fig. 3). By rotating around the central C-C 
bond, one can get the two confomers. 

Figure 3. The skew confomer of n-butane. 

The construction of cork ball molecules is not limited 
to single bonds but can be used to represent double as 
well as triple bonded molecules. Ethylene is the simplest 
double-bonded hydrocarbon. In this case, each sphere 
represents the sharing of two electrons such that a double 
bond would consist of two spheres. Using one tetrahedral 
group and one digonal group, or two trigonal groups, 
join them such that four spheres are in one plane and the 
other two are along the axis perpendicular to this plane, 
thus separating the four balls, two and two (Fig. 4). 

Figure 4. Ethylene 

13 



By adding another tetrahedral group, such that six 
spheres are in one plane and the other four in sets of 
two's perpendicular to this plane, the structure of pro
pylene is the result (Fig. 5). Other additions to this basic 
ethylene model will result in numerous double-bonded 
unsaturated hydrocarbons. 

Figure 5. Propylene 

Perhaps the easiest model to construct and visualize 
is the C-C triple-bonded acetylene molecule which con
sists of a trigonal group and two single spheres. The tri
gonal group is in one plane, and the other two are on the 
axis passing through this plane, one above and one below 
(Fig. 6). The three planar spheres represent the triple 
C-C bond, consisting of six shared electrons. 

Figure 6. Acetylene 

Other applications of tangent-sphere n1odels are to 
strained, bent bonds in such n1olecules as cyclopropane 
and cyclopropene (Fig. 7), and to multicentered bonds 
such as occur in B2H 6 • The acetylene model can well 
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Figure 7. Cyclopropane and cyclopropene. Dotted 
lines represent spheres behind the plane, and heavy 
lines represent spheres in front of the plane. 

be used in the latter case if the two atoms in the tetra
hedral holes are boron atoms rather than carbon atoms 
and if all spheres are protonated (Fig. 8) . 

Figure 8. Boron hydride, B2H 6 • 

(Continued on Page 32) 
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Meteorites are the only samples of extraterrestrial mat
ter which can be examined close at hand. Scientists are 
not restricted to visual observation, as in the case of the 
sun, planets, asteroids, and comets, but have an actual 
chunk of matter to which a whole range of analytical 
techniques may be applied. Possible exceptions are 
cosmic rays, which are certainly of extraterrestrial origin, 
and tektites, small glassy objects whose origin is uncertain 
at present. 

With the increased interest in space sciences which 
has developed in the past decade, it is only natural that 
meteorites have been the subjects of intensive research 
programs. The goals of the various programs fit into two 
general categories. First, one can ask what the meteor
ites can tell about the interplanetary environment through 
which they have passed, and second, what can be learned 
about the history and origin of the meteorites and of the 
solar system of which they are a part. Programs have 
been instituted at the University of Minnesota which at
tempt to answer these questions in part by analyzing with 
mass spectrometers the elemental and isotopic abund
ances of the rare gases (He, Ne, Ar, Kr, and Xe-see 
glossary of symbols in Table 1) contained in the meteor
ites. 

Meteorites are complicated systems with many fea
tures, and an adequate explanation of a meteorite's origin 

Symbol Element Symbol Element 

Ar Argon Ne Neon 
Cl Chlorine Os Osmium 
Fe Iron Pb Lead 
H Hydrogen Rb Rubidium 
He Helium Re Rhenium 
I Iodine Sr Strontium 
K Potassium Th Thorium 
Kr Krypton u Uranium 
Na Sodium Xe Xenon 

Table 1. A glossary of the element symbols. 

and history must take into account many diverse and, at 
times, apparently contradictory facts. Since this article 
will concern itself primarily with the inferences which 
can be drawn from the rare gases contained in the 
meteorites, it should be borne in mind that these con
clusions must eventually be reconciled with additional 
observations. Without further introduction we will turn 
to the question of what meteoritic rare gas concentra-
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tions can tell us about the history of meteorites and the 
solar system. 

Types of Meteorites 

In general there are two types of meteorites, the iron 
meteorites and the stone meteorites. There is a third 
category consisting of the stony-iron meteorites which 
are about half iron and half stone, but this category is 
small and will not be considered here. 

The iron meteorites are classified among themselves 
according to crystal structure, which is related to the 
nickel content. In the order of increasing nickel content, 
the categories are hexahedrite, octahedrite, and ataxite. 
81% of all iron meteorites are octahedrites, 11% are hexa
hedrites, and the remaining 8% are ataxites. There are 
further distinctions within the various categories, but 
the above are the major iron classifications. 

Stone meteorites are more complex chemically and 
mineralogically, and this is reflected in their classification 
schemes. The main distinction rests on whether or not 
a stone meteorite contains chondrules, which are small 
(about 1 mm) spherules of silicates and other minerals 
imbedded in the main mass of the meteorite. A meteor
ite containing such structures is classed as a chondrite, 
the remaining class being called achondrites. It should 
be noted that there is no analogue of chondrules in ter
restrial rocks, and any theory of meteorites must take 
these unique structures into account. Further distinc
tions in the achondrites are made on the basis of calcium 
content and mineralogy, and in the chondrites on the 
basis of total iron content and mineralogy. 93% of the 
stone meteorites are chondrites, and 7% are achondrites. 

One can further compare numbers of iron meteorites 
to the number of stone meteorites. However, one must 
be careful to compare witnessed falls since many more 
irons are found than stones. Stone meteorites deteriorate 
much faster when exposed to the weather. Of the wit
nessed meteorite falls, 94% are stone meteorites and 6% 
are iron meteorites. 88% are chondritic stone meteorites. 

Meteoritic Rare Gases 
The rare gases which are found in both types of 

meteorites can be classified according to their origin: 
radiogenic, cosmogenic, atmospheric, and the so-called 
primordial rare gases. We will consider briefly the origin 
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and nomenclature of each of the categories. 
Certain radioactive nuclides have rare gases as decay 

products, and, if enough of these radioactive nuclides are 
incorporated into the meteorite at the time of formation, 
detectable amounts of the rare gas nuclides will build 
up during the lifetime of the meteorite. Such rare gases 
are termed radiogenic, and the ones of interest are Xe12n 

from the decay of P 20
, Ar40 from K40 decay, and He·t 

from the decay of U and Th. This category of rare gas is 
important for the stone meteorites, but since the concen
trations of the radioactive parent nuclides in iron meteor
ites are initially quite small, the resulting radiogenic rare 
gases are not detectable because they are masked by the 
rare gases of other categories. 

During the time prior to the meteorite's capture by the 
earth and subsequent shielding, the meteorite is exposed 
to high energy cosmic rays. The nuclear interactions be
tween the bombarding cosmic ray particles and the "tar
get" nuclei in the meteorite result in the production in the 

Left-A section of the octahedrite iron meteorite 
Bella Roca which was found in Mexico. The section 
has been etched to show the Widmanstatten patterns 
typical of octahedrites. 

Right-The chondritic stone meteorite Eichstadt 
which fell in Bavaria in 1785. Note the black fusion 
crust. 

meteorite of all nuclides lighter than the target elements. 
In iron meteorites, for example, the mass range of the 
residual nuclides produced by spallation and other nu
clear interactions will extend from one to about fifty-six 
atomic mass units, the mass of the most abundant target 
nucleus Fe56

• This range includes all of the isotopes of 
He, Ne and Ar, and the rare gases produced in this man
ner are classified as cosmogenic rare gases. For all in
tents and purposes, this category of rare gases is the only 
one present in iron meteorites with the possible excep
tion of atmospheric rare gas contamination. Since meteor
ites fall into an atmosphere which contains rare gases, 
and scientists must work with the meteorite samples in 
that atmosphere, it is inevitable that some of the atmo
spheric rare gas will stick to the sample and be measured 
right along with the meteoritic gas. The amount of con
tamination is variable and can be estimated in most cases. 

The last category of meteoritic rare gases are the so
called primordial rare gases. This category is best defined 
as that part of the total rare gas content of a meteorite 
which cannot be accounted for by the other three cate-
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gories. 'fhe presence of these rare gases must in some 
way be intimately connected with the process of forma
tion of the meteoritiC' matter and the origin of the meteor
ites. 

These are the various types of rare gases which can be 
found in meteorites. The different categories can be 
separated from each other on the basis of their isotopic 
compositions, which are as widely varied as the different 
origins they reflect. 

What do the rare gases tell us about the meteorites 
and their history? Some time after the end of the 
nucleosynthesis, or the formation of the elements of the 
solar system, the meteorite parent bodies formed from 
the solar nebula. The parent bodies then cooled to the 
temperature at which the radiogenic gases could be re
tained, and were later broken into pieces small enough 
to be penetrated by cosmic rays. In time, some of these 
pieces collided with the earth to become meteorites as 
we know them. This can be concluded just from the 
presence in the meteorites of the various radiogenic and 
cosmogenic rare gases. However, a history includes times 
as well as events and we must fill in this outline with 
more detailed analysis. First we will consider the radio
genic rare gases He'1 and Ar·10

• 

Gas Retention Ages 
When the meteorite parent body was first formed, it 

received a certain complement of radioactive nuclides 
as well as stable ones. If we let to be the time when the 
parent body became a closed system, retaining both the 
radioactive nuclide R and its stable decay product S, 
then the concentrations of both R and S are described 
by the equations 

R -R -}dt-fo) - oe (1) 

(2) 

where Ro is the concentration of the radioactive nuclide 
at time to, and A is its decay constant. A is inversely 
proportional to the half-life of R. We have used and will 
continue to use the same symbol for a nuclide and its 
concentration. The meaning will be clear from context. 
The ratio of S to R is time dependent and is 

SIR= eH.U-tJ_I ( 3) 
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Figure 1. Gas retention ages of 14 stone meteorites. 
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A measurement of S/R then leads to a value for D..t = t 
- to which tells how long ago, with respect to the time 
of measurement t, the meteorite parent body beeam<:> a 
closed syst<:>m with respect toR and S. 

This is the basis of all radioactive dating techniques 
and can be applied to a number of R - S pairs in meteor
ites in addition to K40 

- Ar40 and U, Th - He4 • Other 
pairs have been used and their results are given in 
Table 2. The event dated by these methods is the last 
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Figure 2. Exposure ages of chondritic stone meteor
ites. 

melting and resolidification of the meteorite parent 
bodies, and it occurred on the order of 4,500 million 
years ( m.y.) ago. The values of 6.t found from these 
pairs are called solidification ages. 

When we apply this method to the U, Th - He4 and 
K40 

- Ar40 pairs, the picture is not so concise. The rare 
gases diffuse through material in a much different man
ner than the ion-forming elements listed in Table 2, and 
systems which may be closed for the pairs in Table 2 
are not necessarily closed to rare gas decay products. 
The event dated by th~ radiogenic gases is essentially the 
last cooling of the parent body below the temperature at 
which gas losses become significant. The ages so de
termined are the gas retention ages. The gas retention 
ages have been determined for a number of stone meteor
ites and are given for some in Figure 1. The data includes 
only meteorites for which the U, Th and K concentrations 
have been measured as well as those of He4 and Ar40

• The 
important features to note are that the U, Th-He4 ages 
are generally smaller than the K 10 

- Ar40 ages, and that 
the ages have a maximum in the region of 4,500 m.y., 
the measured solidification age. 

According to equation ( 3 ), the ages younger than 

R s Half life (m.y.) 
u235 Pb2o1 710 
u2as Pb2on 4,510 
Rbsr srs7 47,000 
Re1sr Qsls7 43,000 

4,500 tn.y. can be accounted for by the loss of the stable 
decay products. Since He4 generally diffuses through 
material faster than Ar<1o, diffusive losses would account 
for the relatively lower U, Th- He4 ages. However, this 
explanation is not consistent with the low but concordant 
gas retention ages. This seems to indicate that in addi
tion to slow mass dependent diffusion losses, we tnust 
also consider episodic losses where the meteorite is almost 
completely outgassed and then both radioactive "clocks" 
must start again. 

There is also the question of when, where, and why 
the losses occUlTed. For example, meteorites thrown into 
orbits which take them close to the sun will lose gas due 
to solar heating. Similar losses will occur if the meteor
ite was stored at moderate temperatures ( 200° C) in the 
parent body. The episodic losses, on the other hand, 
could occur if, at the time of formation of a meteorite 
from its parent body, the mett:oritic matter was heated 
considerably. 

Formation Interval 
It is possible to go even further back in the meteorite's 

history and estimate the time interval between the end of 
the nucleosynthesis of the elements of the solar system 
and the formation of the meteorite parent bodies. For 
the sake of simplicity, let us assume that the elements 
were created according to the "sudden synthesis" or <'big 
bang" model at time t = 0, and that two isotopes of the 
same element, one stable and the other radioactive, were 
created with initial abundances Xso and Xro· If at time tr 
after the synthesis, the parent bodies became closed sys
tems with respect to X andY, the decay product of Xr, the 
isotopic composition of X in the parent bodies will be 

(4) 

If the half life of Xr is short compared to 4,500 m.y., then 
present day investigators will not be able to detect any 
Xr in the meteorite. However, the decay product Y re
mains behind and there should be a definite association 
in a meteorite sample of the element Xs and the stable 
decay product Y, and the concentration ratio should be 

(5) 

where C = ( XrJXs) o is a constant which can be esti
mated. A measurement of the concentrations Y and Xs 
will then give a value of tr, which is defined as the forma
tion interval of the meteorite. In order to contain de
tectable amounts of Y in association with Xs, the parent 
bodies must have a formation interval which is less than 
about ten half lives of Xr, otherwise all the Y is homo
geneously mixed with all matter and we cannot detect 

Solidification age (m.y.) Type of meteorite 

4,600 ± 100 stone and iron 

4,500 -+- 200 stone 
4,000 -+- 800 iron 

Table 2. The solidification age of stone and iron meteorites, determined by various radioactive nuclides. 
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any variations according to the length of the formation 
age. 

In 1960, Reynolds, at the University of California, 
found that some meteorites contain excess amounts of 
Xe129

, and that there was indeed a definite correlation 
in the P 27

- Xe129 pair. This indicates that the excess Xe12n 

is the decay product of the extinct radioactive nuclide 
P 29

, whose half life is 16.4 m.y., and that some parent 
bodies must have formed and cooled to retain Xenon 
within some 100 to 200 m.y. after the end of the nucleo
synthesis. 

A more elaborate analysis based on this method gives 
a value of tr = 51 m.y. for several stone meteorites (A bee 
and Richardton) and an even shorter interval of tr = 34 
m.y. for the stone meteorite Bruderheim. The chondrules 
in Bruderheim have about three times more iodine-asso
ciated Xe129 than the meteorite as a whole, indicating 
that at least some of the chondrules formed from the 
solar nebula before the parent bodies. 

Exposure Ages 
At some time between the final cooling of the parent 

bodies and the present, the meteorites must be formed 
from their parent bodies. Whether this is due to the 
breakup of the entire parent body, collisions which mere
ly knock pieces from the parent body, or a combination 
of procedures, cannot be decided yet, and either alterna
tive is acceptable. Furthermore we have not yet given 
any reason why meteorites have not always been the 
same size, making a «parent body" completely unneces
sary. 

The answer to the last question lies in the cosmogenic 
nuclides in the meteorite. We know that for some time 
before a meteorite's fall it is a small and relatively un
shielded object, and that during this time the meteoritic 
material is subjected to an intensive bombardment by 
energetic cosmic rays. In discussing this period of a 
meteorite's history, it is convenient to make the following 
assumptions: 

I. The meteorite's size and shape remained un
altered during the time of exposure to cosmic 
rays. 

2. The intensity and energy spectrum of the bom
barding cosmic rays stayed constant. 

3. The meteorite was completely shielded before the 
exposure period and after its fall to earth. 

These are not unreasonable assumptions and there is 
evidence that they are indeed valid. 

Under these assumptions, the concentrations of a stable 
cosmogenic nuclide M and a radioactive nuclide N are 
governed by the relations 

M = PM(t-tb) (6) 

N =[PM/AM] [1- e-AN <t- ta,>] (7) 

Pwr and PN are the production rates of M and N, respec
tively, )\N is the decay constant of N, and tb is the be
ginning of the irradiation period. The time interval LH 
= t- t~> is defined as the expos-ute age of the meteorite, 
and as 6.t becomes very large compared to the half life 
of N, the radioactive nuclide approaches an equilibrium 
concentration where the production rate PN is equal to 
the decay rate of N. 

If one knows the relative production rate K = PM/PN, 
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then a measurement of the decay rate of the radioactive 
nuclide N in the meteorite gives a value for the produc
tion rate of M. That is, PM = K (decay rate). The meas
urement of M will then lead to a value of the exposure 
age 6.t by equation ( 6). 

There are several such M- N pairs in meteorites which 
have a cosmogenic rare gas as the stable partner. The 
important ones are He"-H3 Ar38-Ar39 Ar36-C}36 and 
Ne 21

- Na22
• If one chooses pa~·tners that ~re closet~ each 

other in mass number, then K is relatively independent 
of the energy of the incident cosmic rays and the shield
ing of the sample by surrounding material. 

Since iron meteorites are generally larger and of higher 
density than stone meteorites, the shielding and conse
quent depth dependence of the production rates is much 
greater in the case of the irons. From a study of the 
Grant iron meteorite, Nier, Hoffman, and Signer, of the 
University of Minnesota, have developed a general model 
for depth and size-dependent production rates based on 
the distribution of the He\ He'\ Ne21 , and ArRs cosmo
genic nuclides in the meteorite. Combining this with a 
CJ3G measurement for Grant, one can use this model to 
estimate the exposure age and size of any iron meteorite 
as well as the location of the sample within the meteorite 
from a know]edge of the cosmogenic rare gas concen
trations. 

Figure 2 shows the results of He:1 
- H'l measurements 

on a number of stone meteorites of the chondrite cate
gory. They are further separated into the high and low 

(/) 

~ 
OCTAHEDRITES 

w 6 !::: 
a:: HEXAHEDRITES 
0 
w 
1-
w 
::::ii! 

4 
I.L 
0 

0::: 
w 
co 

2 ::::ii! 
:::::> 
z 

0 500 1000 

EXPOSURE AGE ( m.y.) 

Figure 3. Exposure ages of 17 octahedrite and hexa
hedrite iron meteorites. 

iron subgroups. Only witnessed falls are included since 
a stone meteorite which has been exposed to the weather 
may have been changed in some manner. 

Most of the stone meteorite exposure ages are of the 
order of 10 to 20 m.y. and are quite small compared to 
the gas retention ages. For this reason we have to con
clude that the stone meteorites were initially part of a 
larger parent body and were shielded from cosmic rays 
over a good part of their history. 

Since meteorites are gradually swept up by the larger 
members of the solar system, one would expect that a 
sampling would contain more young ones than old ones, 
assuming that the meteorites are being produced from 
their parent bodies at a more or less constant rate. This 
is the picture presented by the high iron chondrites in 

(Continued on Page 39) 
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PROJECT MANAGEMENT 
V. H. Simson 
Iowa State University-BSEE-1948 

DUATES T 

MANUFACTURING ENGINEERING 
R. A. Busby 
University of Michigan-BSME-1952 

K. M. Nelson, Manager

Industrial Control Sales, discusses the functioning of 

Cutler-Hammer's automation teams, and how 

creative graduates contribute to pioneering developments. 

DEVELOPMENT ENGINEERING 
R. P. Potter 
University of lllinois-BSME-1959 

e 
or over sixty years Cutler
Hammer has been a key con

tributor in planning automatic 
systems-now called automation. 

To meet the pressing challenge of 
rapidly expanding industrial auto
mation, we have formed a number of 
automation project teams. These 
teams combine the technical and 
manufacturing talents of versatile, 
seasoned specialists and young, crea
tive-minded engineering and business 
administration graduates. 

Their primary job: to make sure that 
a customer's automation investment 
pays an adequate return. 

How do they meet this challenge? 
By working with customer engineers 
and consultants to isolate cost prob
lems in manufacturing and ware
housing operations. Then, by apply
ing their individual disciplines and 
creative ingenuity to build common-
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TION PROB M SOLVERS 

CONTROL ENGINEERING 
B.O.Rae 
University of Wisconsin-BSEE-1957 

sense automation proposals that can 
be justified economically. 

Automation teams work together in 
a modern 500,000 square foot plant 
specifically designed to house every 
activity involved in the evolution of 
a system ... in a creative climate 
that is conducive to imaginative 
planning and development. 

This approach has paid off! Though 
industry has barely scratched the sur
face of the automation potential, our 
credentials already are quite impres
sive. Jobs such as the U.S. Post Office 
mail handling systems in 14 major 
cities; a pallet handling system for a 
mail-order firm; data accumulation 
systems for large steel producers; a 
number of automobile body-line 
systems; bundle-handling systems for 
30 major newspaper mail rooms; and 
a package-handling system for a 
prominent publisher are just a few 
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SALES ENGINEERING 
J. B. Hewitt 
University of Colorado-BSME-1957 

t 
examples of our automation planning 
skill at work. 

What are the advantages to the 
young, creative-minded graduate? 
Short range, it's an exceptional op
portunity for the man who responds 
to the challenge of finding new solu
tions to tough manufacturing prob
lems. Long range, being a key 
member of a Cutler-Hammer auto
mation team is an excellent way to 
get the diversified experience so 
essential to steady career develop
ment and future advancement. 

WHAT'S NEW? ASK ... 

ANALYTICAL ACCOUNTING 
D. R. King 
University of Wisconsin-BBA-=.1957 

te 
Want to know more? Write 
today to T. B. Jochem, 
Cutler-Hammer, Milwaukee, 
Wisconsin for complete infor
mation. And, plan to meet 
with our representative when 
he visits your campus. 

CUTLER-HAMMER 
AN EQUAl OPPORTUNITY EMPlOYER 

Cutler-Hammer Inc., Milwaukee, Wisconsin ., Divisions: All; Mullenbach; Thayer Scale • Subsidiaries: 
Uni-Bus., Inc.: Cutler-Hammer International, C. A. Associates: Cutler-Hammer Canada. ltd.: Cutler
Hammer, Mexicana, S. A. 
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by DIANNE CHRISTENSEN. Physics '66 

DR. EUGENE R. CHENETTE 

Dr. Peter Gould, a Physics research assistant and lectur
er, has a good reason for giving his well-known difficult 
exams; he has a Ph.D. in mathematical physics from 
Birmingham University in England. Dr. Gould has been 
in America since October, 1962, but only began teach
ing last fall quarter. He is currently teaching Physics 
50. 

This interesting Englishman has divided his pastimes 
into two areas. Dr. Gould and his wife enjoy ballroom 
dancing but have not found a suitable place for serious 
dancing since he feels that America doesn't have hall
rooms which compare with the studios of England. Mod
em dance, according to Dr. Gould, is not skillful or 
beautiful and the twist and other current dance crazes 
are adolescent. Coin collecting is Dr. Gould's other hob
by. He acquired this hobby because it appeared to be 
very popular in America. It seems everyone he met on 
his way to America was a coin collector. 

Presently, Dr. Gould is involved in theoretical nuclear 
research; he assists the various experimental groups with 
their work. He is, however, planning to return to Eng
land in September where he plans to continue, this type 
of work and do some lecturing at an English University. 

Dr. Gould feels that American students are highly un
prepared for university work and that the state should 
support more standardized qual~fications for high school 
graduation, thereby reducing the overcrowded situa
tions at the universities. 
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Eugene R. Chenette, enthusiastic, cheerful associate 
professor of Electrical Engineering, has a diversified 
background. He grew up in Iowa and spent two years 
at \Vartberg College. He then studied liberal arts for a 
year at Bob Jones College in South Carolina. The fol
lowing year he spent teaching 17 students in grades 1-6. 
From there he became a radio operator at KUOM, a 
position he remembers as his most exciting. Dr. Chenette 
served in the Air Force for 18 months and then joined 
the University as a freshman in the fall of 1952. Dr. 
Chenette received a Ph.D. in EE in the fall of 1959 and 
began teaching at that time. 

One of Dr. Chenette's hobbies is playing the bass 
trombone with the Fridley Community Band. His in
terest· in music possibly results from having a cousin in 
a symphony orchestra, a brother who teaches music and 
a father who is a professional musician. Dr. Chenette 
also enjoys hunting and fishing and last fall shot his first 
deer. · 

Presently Dr. Chenette is the Awards Chairman of the 
Executive Committee of IEEE, and teaches a Sunday 
School class. Teaching is one of the things that Dr. 
Chenette tremendously enjoys, and he plans to remain 
here in that capacity. He hopes that the high point of his 
career hasn't been reached yet but he says everything 
this far "has been fun." 

DR. PETER GOULD 
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When a new microwave transmission system was needed 
to connect Detroit, Flint, and Lansing, Bob Buck (B.S.E.E., 
1960) designed it. 

Bob has established quite an engineering reputation in 
Michigan Bell's Microwave Group during his two years 
there. And to see that h!s talent was further developed, the 
company selected Bob to attend the Bell System Regional 
Communications School in Chicago. 

MINNESOTA TECHNOLOG 
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Bob joined Michigan Bell back in 1959. And after 
introductory training, he established a mobile radio main
tenance system and helped improve Detroit's Maritime 
Radio system-contributions that led to his latest step up! 

Bob Buck, like many young engineers, is impatient to 
make things happen for his company and himself. There 
are few places where such restlessness is more welcomed 
or rewarded than in the fast-growing telephone business. 

BELL TELEPHONE COMPANIES 
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E I I E I E E 
NOW THAT WE HAVE WEEDED OUT ALL BUT I.T. STUDENTS 

DO KNOW WHAT FOllOWINfl HA V£ 

GIRLS 

FORESTERS 

BLARNEY STONES 

PICNICS 

IN COMMON WITH BNfl!NBBRINfl?? 
FREE LOVE{S) 

FEMALES 

BRAWLS 

SHA.MROCKS 

ST. PATS 

3.2Cfo C2H50H 

WOMEN 

PARADES 

THAT'S RIGHT-Y U GU~ESSED IT (DIDN'T Y U) 

E 

THEY'RE ALL PART OF THE rc , rc rc re rc 
.... E- .... 

CIT IN ON 1HB FUN ON GROUND FlOOR NO~ 

INFORMA ON £ .. DAY IS A VA!lABll IN J 133 

ENGINEERS: DESIGN OUR PRODUCT 

We need a product which will encourage maximum sup

port and be able to withstand high pressures and rapid 

removal especially when sold. The wearer must feel exhil

arated and proud when using this product. In other words, 

we need a design for the 1964 E-DA Y button. 

The winning design merits a fin ($5.00) and 50 points 

towards the E-day all participation trophy or anything else 

you need 50 points for. The rules, as listed below, give all 

the information necessary to complete your entry. We 

would ask that you give special emphasis to the fact that 

this is the 50th Annual Engineers' Day. We all should do 

that little extra to make E-day really great. 

RULES 

1. Button design should be on 8'~xll paper and must be designed 
within a 7" circle. 

2. Minimum information to appear on button in some form: 

50th Anniversary 
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E-Day 1964, April 30-May 2 
University of Minnesota 

3. Limit of four colors. 
4. Button designs are due by 5:00 P.M., March 24. 
5. Bring all designs to the E-DAY box in 133 Main Engineering. 
6. Prize will be awarded May 2, at theE-DAY BRAWL. 
7. Remember, the button is about 2W' in diameter, so consider 

this in your design. 
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I 

The deans who think our jokes are 
rough 

Would quickly change their views 
If they'd compare the ones we print 
With the ones we're scared to use. 

Answer to a question on a Physics 
test: 

A meter is the distance between two 
bars in Paris. 

Since it's common to call professors 
"profs," you can see what we ought 
to call assistants. 

Wise Guy (Mechanical Engineer 
boarding the street car) : "Well, Noah, 
is the ark full?" 

Conductor: "Nope, we need one 
more jackass, come right in." 

$ $ $ 

Then there was the M.E. who 
stepped up to the bar very opti
mistically, and two hours later went 
away very misty optically. 

The curvy little coed in the tight
fitting cashmere sweater wiggled up to 
the professor after class and mur
mured in a honeyed voice, ''I'm afraid 
I didn't do very well on that quiz to
day, Professor. But I'll do anything 
to pass this course. Just anything." 

The professor raised an eyebrow. 
"Anything?" 

""?,h-huh," she cooed. "Anything you 
ask. 

"Then study," he said dryly. 

22% of England's teenagers do not 
know what premarital intercourse is. 
10% have never indulged in it. 

$ $ $ 

Love makes the world go 'round, 
but then so does a good swallow of 
tobacco juice. 

$ ® ® 

I look at you and suddenly 
Something in your face I see 
Tells me you've got leprosy. 

One prim old lady to another as 
they follow the owner of a dog kennel: 

"Why can't he say female?" 

MINNESOTA TECHNOLOG 

t 
One of the members of the smart 

cabana club asked the lifeguard how 
he might teach a young lady of his 
acquaintance to swim. 

"It takes considerable time and 
technique," the lifeguard said. "First 
you must take her into the water. 
Then place one arm about her waist, 
hold her tightly, then take her right 
arm and raise it slowly ... " 

"This will certainly be helpful," 
said the member, "and I know my sis
ter will appreciate it." 

"Your sister?" said the lifeguard. 
"In that case, just push her off the 
end of the pier." 

$ ® ® 

Little boy to his mother: "Mom, 
can Freddie and I go out and listen 
to Daddy put on the tire chains?" 

M.E.: I think your girl is spoiled. 
E.E.: No, it's just the perfume she's 

wearing. 

M.E.: I like mathematics when it 
isn't over my head. 

E.E.: I feel the same way about 
pigeons. 

So far as is known, Miss Marga
ret Hunter 64, of Manchester, Eng
land, is the world's champion non
passer of driving tests. Miss Hunter, 
who has been taking driving les
sons for 25 years, recently failed 
her 42nd attempt to pass. When 
told she had failed, the white
haired school teacher said, "I 
thought I had done quite well." 
She promised that she would try 
the test again "when I have had a 
little more practice." During prac
tice for her recent test, one driving 
instructor left the car hurriedly, 
muttering "this is suicide!" Under 
the tutelage of a second and more 
heroic instructor, Miss Hunter 
rammed a truck and caused a ma
jor traffic jam. 

Policeman: "Hey you, didn't you 
hear me say 'Pull over'?" 

Driver: "Oh, I thought you said 
'Good morning, Mayor'!" 

Policeman: "It is a nice morning, 
isn't it?" 

In Hungary, a commissar asked a 
peasant how the potato production 
was coming along. 

"Oh, fine," answered the peasant. 
"We have so many potatoes that if we 
put them in a pile, they would reach 
clear up to God." 

"But, you know there isn't any God," 
replied the commissar. 

"Well, there aren't any potatoes 
either," said the peasant. 

® ® ® 

The young husband came from the 
office. "What's the matter dear?" he 
asked his young wife. "You look up
set." "Oh, it's been a dreadful day," 
his wife said. "First the baby cut his 
first tooth, then he took his first step, 
and then he fell and knocked out his 
tooth." 

"Well, then what happened?" asked 
the young pop. 

"Then, darling," cried the young 
wife unhappily, "then he said his first 
word!" 

Newlywed: ''I'm so glad that you 
like it, dear. Mother. says that chicken 
salad and strawberry tarts are the 
only two things that I make correctly." 

Hubby: "Which is this, darling?" 
® ® ® 

Two medical students got bored at 
the hospital the other day. They found 
a stack of diagnosis cards and began a 
game of poker. They picked up their 
hands and looked at their cards. One 
bet, the other raised and re-raised 
until one finally called. 

"Looks like I win. I've got three 
pneumonias and two gallstones:~ 

"Not so fast, I've got four enemas." 
"Well, I guess you take the pot." 

® ® ® 

A Colorado hunter climbed into a 
tree so nobody would take him for a 
deer. It worked too-he was shot by 
mistake for a bear. · 

A little girl mouse and a little boy 
mouse were playing. Said the little 
girl mouse: "Let's play hide and seek. 
You be it. If you find me you can kiss 
me." 

Little boy mouse: "When I find you, 
I'm gonna do more than kiss you." 

Little girl mouse, in an excited 
whisper: ''I'll be in the bread box." 
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It was a bright fall day last Sep
tember when Jeanne Bunde, our 
Miss March, was treed by our pho
tographer. Caught on the horns of 
a dilemma-or was- it our photog
rapher-Jeanne made a wise deci
sion and consented to be photo
graphed. 

A freshman with an art major 
and a possible language minor, 
Jeanne has a variety of interests. 
Among them are water skiing, 
horseback riding and fast cars. A 
stock and drag enthusiast, Jeanne is 
a regular spectator at the local 
tracks during the summer. Jeanne 
also likes to dance and is quite ac
complished in ballroom and inter
pretive dancing. 

Weighing 110 pounds and with 
a 35-24-36 figure, Jeanne has been a 
contestant in several beauty pag
eants. A candidate for Miss St. 
Paul, she was voted Miss Congen
iality. 

Looking toward the future, Jeanne 
would like to travel, especially to 
Europe and Hawaii. 

Photos by Bill Cecchi 
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Spotlight on 
Local Industry 

I 
In 1951, the first Univac (Universal Automatic Com

puter) data-processing system was delivered to the U.S. 
Bureau of the Census. This was the first stored-program 
computer and was able to perform 237,000 additions of 
five-digit figures in one minute. 

The Univac story is that of two corporations, the 
Eckert-Mauchly Computer Corporation of Pennsylvania, 
and Engineering Research Associates of St. Paul, Min
nesota. 

In 1947, the first all-electric computer, called Eniac 
(Electronic Numerical Integrator and Calculator), was 

Univac's plant number one in St. Paul, Minnesota. 

developed by two scientists at the University of Pennsyl
vania, J. Presper Eckert and John W. Mauchly. A second 
computer, Binac, was produced in 1950. This computer 
was the first to use the principle of complete internal 
self-checking. Even before Binac was delivered, Eckert
Mauchly had under construction a completely different 
computing system. Named Univac, this new computer 
was the first that handled both numbers and descriptive 
material equally well. It was also the first to separate 
the complex problems of input and output from the 
actual computational facility. Eckert-Mauchly was ac
quired by Remington Rand Incorporated in 1950. 

Univac's St. Paul history may be traced back to 1946, 
when a small group of former Navy scientists founded 
Engineering Research Associates. This young firm had 
already developed the first Univac Scientific Computer 
when it was purchased by Remington Rand in 1952. 

The Remington Rand Univac Division of Speny Rand 
Corporation came into being in 1954, following the 
merger of Remington Rand and the Sperry Corporation. 
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by JACQUIE E. LANDER, Math '65 

It was also in 1954 that the first Univac computer was 
delivered to a . business concern. The Univac Division 
of Sperry Rand, without the Remington Rand affilia
tion, was formed in 1962. Corporate headquarters is in 
New York City; however, the St. Paul operation is the 
largest in the division. As one of Sperry Rand's auto
nomic divisions, Univac has the advantages of a smaller 
corporation as well as ready access to complementary 
knowledge and developments in other divisions. 

Since the development of Eniac, Binac, and the first 
Univac computer, progress in electronic data processing 
has continued without letup, so that it is now possible to 
speak of «generations" of computers. Newer memory 
systems and newer types of components are the principal 
features differentiating one generation from the other. 
In the Univac line, the first generation employs a mercury 
line memory and vacuum tubes; the second generation, 
magnetic core memory and vacuum tubes; and the third 
generation, magnetic drum memory and solid state com
ponents. 

With each generation have come greater speed of 
operation, greater memory capacity, and smaller size. 
Eniac, for example, weighed 30 tons and occupied 1,500 
square feet of floor space. It required the unfaltering 
performance of 18,000 vacuum tubes. The Univac Solid
State Computer weighs less than four tons and occupies 
only 575 square feet of floor space; yet it has more than 
100 times the capacity of and operates 10 times faster 
than the older computer. 

A dollar basis breakdown of Univac's present products 
shows 60 per cent military and 40 per cent commercial. 
Among the military computers are the Athena, NTDS, 
and the 1206. 

The Athena is a ground-based system the key elements 
of which are solid-state guidance computers with a re
liability record of .9996. Athena computers have guided 
such space vehicles as the Echo C(Satelloon", Tiros, Tel
star, Explorer and Relay satellites, and the Air Force's 
Titan 1 ICBM. 

The NTDS (Naval Tactical Data System) is used in 
naval combat direction. This computing system auto
matically locates and tracks enemy targets, provides 
for their identification, and supplies . high-speed com
putational assistance in the selection of appropriate tact
ical and strategic solutions. It also controls manned in
terceptors by continuously monitoring their missions. 

1206 computers are installed along the Atlantic Missile 
Range as an aid in the tracking of missiles and earth 
satellites launched from Cape Kennedy. 

Last year, three new military computers were an-

(Continued on Page 32) 
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II L. D. Shotts, BSME Univer~ 
sity of Illinois, 1963, inspects 
wear patterns on a herringbone 

gear after dynamometer test

ing. This gear is part of a new 
reduction gear assembly being 
developed for advanced ver
sions of the Allison T56 turbo
prop. 

OPPORTUNITY 
IS YOURS 

AT ALLISON 
Ill For L. D. Shotts, the move from the University of 
Illinois was a natural. L. D. had learned of the work 
Allison is doing in advanced turbine engine develop
ment. Particularly, he was impressed with Allison's as
signment to develop the T78 regenerative turboprop 
engine. 

The T78-selected by the Navy for anti-submarine 
aircraft-utilizes turbine exhaust heat to raise the tem
perature of compressor discharge air, resulting in in
creased fuel economy for extended long-range and on 
station aircraft capability. 

Air-cooled turbine blades, another Allison achieve
ment, mark a significant advance in turbine engine 
state of the art. And, the workhorse of turboprops, the 
Allison T56, continues to set new standards as ·our 

MINNESOTA TECHNOLOG 

engineers find additional means of improving perform
ance and reliability~ 

In addition to leadership in the turboprop area, 
Allison also is making great strides in the development 
of nuclear energy conversion projects, including a com
pact, mobile nuclear reactor and an energy depot con
cept which will permit manufacturing of fuel "on the 
spot" for military field units. 

Well-qualified, young engineers will find unlimited 
opportunities in the long-range, diversified energy con
version programs at Allison. Talk to our representative 
when he visits your campus. Let him tell you what it's 
like in the creative environment at Allison where En
ergy Conversion Is Our Business. 

An equal opportunity employer 

li on 
THE ENERGY CONVERSION DIVISION OF 

GENERAL MOTORS, INDIANAPOLIS, INDIANA 
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EVERYWHERE! Here are a few of the ways U.S. defense and space progress are being helped 
by Garrett-AiResearch: IN SPACE- Environmental control systems; auxiliary power systems; advanced 

space power systems; research in life sciences. IN THE AIR- Pressurization and air conditioning 
for most of our aircraft; prime power for small aircraft; central air data systems; heat transfer equipment 

and hundreds of components. ON LAND-Auxiliary power systems for ground support of 
aircraft and missiles; standard generator sets; cryogenic systems; ground support instrumentation and controls. 

ON THE SEA-Auxiliary, pneumatic and electrical power for ships; auxiliary power systems 
and air conditioning for hydrofoil craft. UNDER THE SEA-Environmental systems for submarines 

and deep diving research vehicles; pressurization systems, computers 
and control systems for submarines and underwater missiles. 

For further information about many interesting project areas and career 
opportunities at The Garrett Corporation, write to Mr. G. D. Bradley at 
9851 S. Sepulveda Blvd., Los Angeles. Garrettisan equa/opportunityemployer. 

los Angeles • Phoenix 
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overning Systems 
(Continued from Page 10) 

increases as the square of the speed according to Equa
tion ( 2). 

Where: 

om 
Fe=--- <U 2r 

gc 

F c = centrifugal force produced by weights 
om = change in mass 
gc = gravitational constant 

<U = angular velocity of weights 
r = radial distance of weights from the shaft 

(2) 

The force developed is normally used to close the 
throttle of the prime mover. This force is then balanced 
against a spring force ( F s) at a predetermined govern
ing speed. When the prime mover is shut down, the 
weights are not developing any force and the spring 

Figure 5. Centrifugal 'Ballhead Governor. 

holds the control mechanism wide open. Now if the 
engine is started, it will accelerate until F c and F s are 
in balance. If the prime mover overshoots, F c overcomes 
F s and the weights move outward. In the figure shown 
the weight-pivot pins move a thrust sleeve which is part 
of the control mechanism. 

A simpler version of the centrifugal governor is shown 
in Figure 6. This type is usually referred to as "the 
tapered-plate governor." The rotating shaft is the cam
shaft itself, since the governor is mounted directly to one 
end of the camshaft. This governor is generally used for 
a steady-state condition and requires speed droop (i.e., 
the increase above steady-state speed when the load on 
an engine is reduced from the rated power output at 
rated speed to zero power output without adjustment of 
the governor ) . 

Although the sensor and the actuating linkage are 
intrinsically related, the actuator itself is also a very 
important aspect of the governing science. The greater 
the force required to move the throttle mechanism, the 
larger the weights or other force-producing device. Re
call that, in general, the larger the governor in physical 
size, the less sensitive the speed control. With the 
enormous size and extreme refinement of some of today' s 
machines, the servomotor, fluid amplifiers, and hydraulic 
servopistons are coming into prominence in the governor 
industry. With extra actuating power, the size of the 
governor can be reduced and the sensitivity increased. 
It follows then that speed droop can be greatly reduced 

MINNESOTA TECHNOLOG 

Figure 6. Tapered Plate Governor. 

and the governor can be made more nearly isochronous. 
In cases where constant speed or very small speed droop 
is required, isochronous governing is desired. In the strict 
sense of the word, isochronous governing can only be 
an ideal. If an isochronous governor were to be designed, 
it would be inherently unstable since engine speed can
not increase instantaneously. The prime-mover speed 
must vary in proportion to the change in fuel-feed rate 
and some change in speed must occur before corrective 
action can be initiated. Some of the time lag for re
sponse is always due to the inertia of the machine's parts. 
In many cases there is also a time lag between opening 
of the throttle and the time it takes for the fuel to reach 
its point of application. Isochronous governing is ob
tained through the use of a temporary speed droop or 
compensation cycle. This effect is accomplished by pro
viding a temporary speed readjustment. The governor 
provides the necessary stabilizing speed droop after a 
change in load, then the speed is allowed to return at 
a relatively slow rate (of the order of }4-f~ sec) to its 
original value. 

It is most convenient during the study of a particular 
unit to analyze engine response to instant load changes. 
It is also expedient to have the engine running at con
stant R.P .M. before the change in load is made, and care 
should be taken to avoid any disturbance during the time 
of engine response. In general, if these transients for 
the engine-governor unit are good, the response of the 
unit will be satisfactory for random load disturbances. 

For many years after the invention of the governor, 
very few innovations were made in speed control. In 
the last thirty years however, the governing science has 
become very sophisticated. Recently acceleration gover
nors have also risen to prominence. 

There are many types of speed control which are not 
discussed in this paper. Some other types of speed con
trol are: maximum speed limiting governors, emergency 
protective overspeed devices, and secondary governors 
used during the warm-up of an engine. I] 
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Electron rbital odels 
(Continued from Page 14) 

In the above models, the octet rule has been obeyed, 
but tangent-sphere models can also be used to get the 
orbital configurations which do not obey this rule, such 
as those having the electron-pair coordination numbers 
1 (He), 2 (BeH2 ), 3 (CH+3 ), 5 (PCl;;), and 6 (SF6 ), 

representing the hybrid orbitals s, sp, sp2
, dsp 3

, and d 2sp3
, 

respectively. The number of nearest electron sphere 
neighbors that an atom has is called the electron-pair co
ordination number of that atom. Helimn has two elec
trons, or one sphere, which gives it a coordination 
number of one; BeH2 has two electron spheres, and there
fore has coordination number of two. A trigonal group 
is representative of the carbonium ion CH+3 , with coordi
nation number three. The two more interesting coordi
nation number representations are PCl5 with coordina
tion number of five, which looks like the acetylene model, 
and SF 6 with coordination number of six, which has the 
six spheres at the corners of a regular octahedron. 

Figure 9. Walden Inversion. 

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: 
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9:00 to 5:30 Weekdays 
9:00 to noon Saturdays 

AMERICANS ABROAD, INC. 
TRAVEL SERVICE 

317 14th Avenue S.E. 
FE 1-7909 

Another interesting aspect of tangent sphere applica
tion is in describing intermolecular interactions, such as 
Walden Inversion. In the reaction HO- + H 3CCl = 
HO-CH3 + Cl, the hydroxyl group is represented by a 
tetrahedral group and the H 3CC1 molecule by the ethane 
tangent-sphere model. The OH- approaches one of the 
external pocket sites of the H 3CC1 molecule, which re
sults in the displacement of the chloride ion (Fig. 9). 

There are still many interesting problems to be con
sidered, such as aromatic systems which have not been 
mentioned in this discussion. Also, these tangent-sphere 
models do work in many cases, but it is not known why 
they do. Furthermore, it should be known that these 
models do not propose a chemical theory, neither do 
they provide a substitute for quantum mechanics, but 
rather, they serve as a supplement. I] 

BIBLIOGRAPHY 
I. Bent, Henry A., .,Tangent.Sphere Models of Molecules: Theory 

and Construction," Journal of Chemical Education, September, 1963, 
40:446-452. 

2. Bent, Henry A., "Tangent-Sphere Models of Molecules: Uses in 
Teaching," Journal of Chemical Education, October, 1963. 40:523-
530. 

Local Industry~ 
(Continued from Page 28) 

nounced. These are the 1218 system, the 1824 micro
electronic aerospace computer and the CP-642B, which 
Univac calls the first large-scale, general purpose mili
tary computer with a thin film memory. 

The 1824 is a suitcase-sized computer weighing less 
than 40 pounds and occupying only 0!5 cubic feet. De
signed originally for advanced missile systems, it com
bines solid state microelectronic circuits and magnetic 
thin film memory elements. 

Although St. Paul operations have always leaned 
heavily toward military production, the commercial side 
has been growing. Commercial computers developeq 
here include the 490 Real-Time System, 1107 Thin-Film 
Memory Computer and desk-sized 422 Training Com
puter. 

Univac has five St. Paul plants: Plant 1 overlooking 
the Mississippi River across from Fort Snelling, the Rose
ville plant and three smaller supporting plants in the 
Midway area of St. Paul. The company is the second 
largest private employer in St. Paul, the third largest in 
the Twin Cities, and the largest computer manufacturer 
in Minnesota. 

Univac contributes nearly $100 million annually to the 
area economy, including over $35 million in salaries to 
its more than 5,300 employees. The balance is spent in 
taxes and for materials. More than 60 products have 
been developed here. I] 
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Rosemount Engineering Company is a 

small growing company which designs and 

manufactures precision temperature and 

pressure sensors. Although small (presently, 

we employ 400) REC's excellent growth offers 

opportunity and broad practical experience in 

RESEARCH and DEVELOPMENT, DESIGN 

ENGINEERING, PRODUCT ENGINEERING and 

a chance to work with other top notch engi

neers in an engineering minded company. 

REC provides a continuing educational pro

gram for all engineering graduates who wish 

to continue their education. As part of this 

program, we recently became a co-sponsor of 

"The Evening Graduate Program in Electrical 

Engineering" at the U. of M. 

If you're looking for opportunities, respon

sibility and a chance to retain your individu

ality, we invite you to pick up our informa

tion sheet-"This Is REC" and arrange for 

an interview in the IT placement office. 

® 

ROSEMOUNT 
E INEERING 
COMPANY 
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Splinters ... 
The Lord's Prayer contains 56 

words, the Ten Commandments 300, 
the Declaration of Independence 3,-
000, and a recent government order 
setting the price of cabbage, 26,911. 

e 9 9 

Two fanners were discussing their 
son's progress in the big-city uni
versity. Ezra said, "I don't rightly 
understand them degrees the boys are 
workin' fer. Do you, Cy?" 

"Reckon so," replied Cy, modestly . 
"First one they get is called a B.S. 
And you know what that means." 

Being a man of the world, Ezra 
knew. 

Cy went on: "Well, sir, they work 
a little harder and they get this here 
M.S. That means More of the Same." 

Ezra nodded. 
"Then comes the hard part. They 

study night and day, put in years of 
readin', write all kinds of papers, and 
then, if they're lucky, they get the 
highest one of 'em all. The Ph.D." 

"And what does that stand fer?" 
asked Ezra. 

"Piled Higher and Deeper." 

The husband came strolling in the 
front door to discover his wife in the 
passionate embrace of his best friend. 

"I love him, John," she said to her 
surprised spouse. 

"See here," said the friend, "we're 
all too sophisticated to let a situation 
like this get out of hand. Tell you 
what let's do-we're both sportsmen
I'lll?,lay you a game of gin rummy for 
her. 

The husband thought about that for 
a moment. "All right," he said, "but 
let's play for a penny-a-point on the 
side, just to keep it interesting." 

Billy's father sat at the edge of his 
small son's bed telling him his nightly 
bedtime story. "Fuzzy Wuzzy was a 
bear; Fuzzy Wuzzy had no hair; Fuz
zy Wuzzy wasn't Fuzzy, was he?" 

"Hey, Mom!" Billy yelled. "The old 
man's on a toot again!" 

The height of bad luck: seasickness 
and lockjaw. 

"For 20 long and wonderful years," 
mused the gentleman at the bar, "my 
wife and I were deliriously happy." 

"Then what happened?" asked the 
baitender. 

"Wernet." 

Corsages 
Our 

Specialty 

Flowers and Gifts 

of 

Distinction 

DISCOUNTS FOR 

CAM'PUS 

ORGANIZATIONS 

HIGHlAND PARK FlORIST 
2075 Ford Parkway 

St. Paul 

Mi 8-3883 

"Daily Twin City Delivery'' 
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in En Gil Gil zneerzng 

edited by DENNIS L. KURSCHNER, EE '68 

Miniature TV Camera 
A "molecularized" television camera that weighs only 

one pound and eleven ounces and is intended for space 
and military application has recently been built. Be
lieved to be the lightest and smallest television camera 
ever built using a one-inch vidicon camera tube, the unit 
is about as long as a two-cell flashlight. Without the 
lens the 27-ounce camera is seven and one-half inches 
long, two inches wide and three and one-quarter inches 
deep. It requires 50 cubic inches of space and four watts 
of power. Comparable space television cameras used 
aboard satellites weigh from four to 15 pounds, occupy 
from 100 to 200 cubic inches of space and require from 
nine to 30 watts of power. 

The key to the camera's light weight, small size and 
low power requirements is an art known to engineers as 
"molecular electronics." Molecular electronics is a con
cept which seeks to integrate into tiny blocks of solid 
materials functions ordinarily performed through the use 
of an assembly of electronic components. 

Built as a developmental model of an advanced com
ponent for use in space or military systems, the camera 
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is not designed for commercial use. Instead, it is intended 
for such space uses as on lunar reconnaissance vehicles, 
satellite inspection and for keeping an "eye" on orbiting 
astronauts or equipment. 

The picture produced by the little camera compares 
favorably with a high quality home television picture. 
The camera includes a "binary countdown synchronizing 
generator" to produce standard interlaced scanning of 
525 lines at 30 frames per second. The "binary synchro
nizing generator" and a circuit to give dynamic picture 
focus are features which are not ordinarily used in sim
plified television cameras. 

There are 197 components in the molecularized TV 
camera including 36 molecular electronic blocks which 
perform such functions as amplification, sync generation 
and scanning. If conventional circuitry and components 
were used in an equivalent camera, 582 individual com
ponents would be required, nearly a three-fold increase. 

Use of the molecular electronic technique not only 
reduces size and weight and power requirements but 
increases reliability significantly because there are fewer 
soldered connections which present more of a collective 
failure hazard than the components themselves. 

World's Most Powerful Light 
Engineers have developed the world's most powerful 

continuous beam of light. It is also the hottest. In two 
or three seconds it can burn through a piece of steel as 
thick as an automobile fender, as shown below. 

Unusual features of the new light source are: 
1) Its radiant energy comes from a high-pressure plas

ma jet, hotter by far than the surface of the sun. 
2) The jet is sealed inside a stainless steel vessel de

signed to operate at pressures up to 600 pounds per 
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square inch-40 tim.es the pressure of the atmosphere at 
sea level. 

3) One-half of the pressure vessel is a deep elliptically 
shaped mirror that collects about three-fourths of the 
arc's radiation and beams it out through a quartz lens
window set into the other half. Conventional light 
sources, such as those used in automobile headlights 
and searchlights, use a parabolic-type mirror. Such a 
system seldom collects more than one-half of the gen
erated light. 

During operation, an inert gas flows continuously 
through the device, entering near the window and leav
ing as a plasma jet through a hole in the anode. The 
gas flow stabilizes the arc and also flushes out vapors 
to prevent mirror contamination. Both cathode and 
anode are water cooled. The cathode is made of tung
sten and the anode either of copper or tungsten. Both 
electrodes can be adjusted for starting and for regulat
ing the length and position of the arc. 

The output of the radiation source is intense in the 
visible light spectrum and very rich in the ultraviolet 
region. The temperature and emissivity of the plasma 
arc are controlled by varying the arc power and the 
chamber pressure. Radiation wave length decreases as 
arc temperature increases, and spectral line widths in
crease with chamber pressure. Any inert gas or mixture 
of inert gases can be used, and the spectral distributions 
radiated are characteristic of the gas used. 

Possible uses of the new light source include simula
tion of re-entry heating, high-intensity searchlights, laser 
pumping, arc imaging furnaces for melting metals and 
ceramics, solar simulation, catalyzing chemical reactions, 
welding, image projection, airport illumination, and ad
vanced military applications. 

'Eye' Scans Electron World 
The period at the end of this sentence is only about one

thousandth of a square inch in area. Yet scientists can 
now map, in the finest detail, areas no larger than that 
on the surfaces of tiny electronic devices. It is done with 
an electronic «seeing eye" called a scanning electron 
microscope. The instrument is the first successful one 
in the United States. 

Like a conventional electron microscope, the scanning 
variety «sees" with a beam of electrons. However, in
stead of taking a single snapshot of an area, the instru
ment scans the surface by repeatedly sweeping the elec
tron beam across it, building up a picture as it goes. A 
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second beam, moving in unison with the first, displays 
the picture on a television picture tube similar to that in 
an ordinary home TV receiver. 

The scanning electron microscope needs only about 
IS-millionths of a square inch of area to yield its extreme
ly detailed pictures. Prime use of the instrument has 
been to study the surface structure (topology) of molecu
lar electronic devices and other microelectronic struc
tures and surfaces. 

The key to success of the scanning electron microscope 
is the tiny pencil of electrons into which the scanning 
beam is formed. The beam may be only 0.1 micron 
( 4 millionths of an inch) in diameter. It can thus be 
focused to probe out the tiniest irregularities in the 
scanned surface. 

Essentially, the instrument works like this: 
The electrons comprising the beam are accelerated to 

high speed by an applied voltage, and focused with mag
netic coils onto the sample. Other magnetic coils guide 
the beam across and down the surface in the scanning 
operation. 

vVhen they strike the surface, the electrons cause 
the sample to emit low-voltage secondary electrons in 
amounts determined by the surface structure. These 
electrons are collected, amplified and fed as an electrical 
control signal to a special television picture tube, where 
a visible image of the surface is displayed. 

The scanning time of the specimen ( and the TV pic
ture) can be varied from ~~ second to 4000 seconds. The 
number of lines composing the picture can be varied in 
steps from 250 lines to 1000 lines. The standard TV 
picture has 525 lines, so with the 1000-line setting the 
scanning electron microscope can produce pictures with 
about four times the picture detail. 
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you may want to give serious consideration to a career in large-scale computer-based military systems 

with UNIVAC in St. Paul 

* new $37 million AF contract for a fleet of 153 computers* major contracts with 

all three military services and with NASA and FAA * upwards of 100 positions 

open on 5 major programs including commercial real-time syst~ms 

Of special interest to new graduates is the TOTAL-SYSTEM 
APPROACH you find at UNIVAC. Since a UNIVAC computer
based command/control network interfaces with all major 
subsystems in the complex, you are afforded broader exposure 
to total defense systems technology than you can gain from 
any subsystem program on the "periphery." (In fact, subsys
tem criteria are often developed by UNIVAC systems people.) 
A MELD OF MANY DISCIPLINES is required for most UNIVAC 
programs. Teamed together are men who understand the 
functioning and capabilities of star-trackers, horizon seekers, 
inertial devices, IR sensors and radars- to mention only a 
few. These men, in turn work closely with a wide range of 
specialists and generalists in computer technology, opera
tions research and broad systems design and analysis. These 

teams include engineers and scientists at all levels of experi· 
ence. THERE IS WIDE DIVERSITY WITHIN AS WEll AS 
AMONG UNIVAC PROJECTS. We are now writing the specifi
cations for a multi-processor system, said by many to have a 
capacity 100 times greater than that of any one of the largest 
single real-time computers in use today. Other projects: ..• 
down-range tracking and control of missiles and satellites 
.•. NTDS- a system in continuous evolution, now moving 
toward assumption of more local and tactical shipboard func· 
tions previously performed by separate communications/ 
computational subsystems ... ballistic missile mid-course and 
re-entry guidance ... advanced studies in associative memo· 
ries and learning techniques. 

The long list of assignments now open with UNIVAC-Twin Cities calls for engineers, scientists and programmers at all levels of 
experience. A number of these positions are available to new engineering and science graduates or men just qualified for a 
Master's. Several require doctorates. 
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Arrange to talk with us about a career with UNIVAC that matches your training and interests. Contact Mr. R. K. Patterson, 
Employment Manager, UNIVAC Division of Sperry Rand Corp., Univac Park, St. Paull6, Minnesota. An Equal Opportunity Employer. 

I 
QBVISION OF SPERRY RAND CORPORATION 
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Your life at Du Pont I one of a series for technical men 

ourself "'it 
These booklets helped persuade some 700 new B.S. graduates 
to join us in 1963. It was mostly a matter of getting facts. 

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 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 
Hke to know about you. 

BEHlER THINGS fOR BETTER UVING 
••• THROUGH CHEMISTRY 

An equal opportunity employer 

MINNESOTA TECHNOLOG 

facts a out u ont 
TECHNICAL MEN WE'll NEED FROM THE CLASS OF '64 

Chemists Industrial Engineers 
Chemical Engineers Civil Engineers 
Mechanical Engineers Physicists 

Electrical Engineers 

~--------------------------------------, 
1 IE. I. du Pont de Nemours & Co. One.) l 

2531 Nemours Building, Wilmington, Delaware 19898 : 

Please send me the literature indicated below. 1 

0 Du Pont and the College Graduate 0 Reprint of Saturday : 
0 Mechanical Engineers at Du Pont !Evening Post article 1 
0 Engineers at Du Pont on DuPont, July, '63. I 
0 Chemical Engineers at Du Pont l 
0 Also please open in my name a free STUDENT SUBSCRIPTION 1 

to the award-winning Du Pont Magazine-the official bi-monthly 1 
pub! ication of the Du Pont Company. l 

Name ____________________________ __ 

Class ____ Major ________ Degree expected ___ _ 

College _______________________ _ 

My address ___________________________ __ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

City Zone ___ State 1 

L--------------------------------------~ 

37 



38 

A little known but extremely valuable property of 
pearlitic Malleable iron is its excellent wear resist
ance. Pearlitic Malleable castings have good natural 
wear resistance and can be selectively surface hard
ened to 60 Rockwell C. Any of the common methods 
of hardening may be used - induction, flame, salt 
or lead bath, or heat-treating furnaces. 

Properties of Three Representative 
Grades of Pearlitic Malleable Iron 

Typical Selectively 
Tensile Yield Brinell Hardenable 

Strength- Strength- Hardness To: 
P.S.I. P.S.I. Range (Rockwell C) 

80,000 53,000 197-241 55-60 
80,000 60,000 197-255 55-60 

100,000 80,000 241-269 55-60 

The current trend from steel to pearlitic Malleable 
castings for automotive crankshafts and connecting 
rods demonstrates the practicality of pearlitic Mal
leable for high wear applications. 

Here are typical comparisons of the wear resistance 
of unhardened pearlitic Malleable crankshafts with 
unhardened steel crankshafts. These figures are 
based on 50,000 mile proving ground tests in 13 
automobiles. 

Wear Comparisons 
Pearlitic Malleable Crankshafts vs. Steel Crankshafts 

Average 
Average Wear 

Wear Reading 
Reading - Pearlitic 

-Steel Malleable 

Wear on Journal Diameter-

Manual Transmission .0004 .0002 

Automatic Transmission .0003 .0001 

Wear on Crankpin Diameters-

Manual Transmission .0005 . 0001 

Automatic Transmission .0001 .0001 

it 
ti 

Other critical wear applications for pearlitic Mal
leable castings include transmission gears, pistons, 
spring hangers, chain links, rolls and rocker arms. 

This pearlitic Malleable transmission gear with 
induction hardened teeth replaces a through
hardened steel gear. Important advantages of the 
pearlitic Malleable are reduced distortion during 
hardening, simpler method of hardening, lower 
purchase cost and lower machining costs. 

Excellent wear resistance, with or without hard
ening, combined with economy, quality, strength 
and machinability, place pearlitic Malleable cast
ings at the top of the list of engineering materials 
for vital parts. Get complete information on how 
you can improve your products with Malleable and 
pearlitic Malleable castings from any company that 
displays this symbol -

MEMBER 

Send for your free copy of this 16 page 
"Malleable Engineering Data File." You 
will find it is an excellent reference piece • 

MALLEABLE FOUNDERS SOCIETY CD UNION COMMERCE BUILDING CD CLEVELAND 14, OHIO 
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eteorites 
(Continued from Page 19) 

Figure 2. The average lifetime of a stone meteorite is 
estimated to be about 15 m.y. 

Applying this history to the low iron group, we see 
that in addition to the continuous creation of these 
meteorites, a large number were produced in a single 
event about 22 m.y. ago. If one assumes that the event 
corresponded to the collisional breakup of a parent body, 
then a rough estimate indicates that the parent body 
was about 3 miles in diameter. Whether or not such a 
collision is unique .cannot be deduced from these expo
sure ages, but the surface of the moon shows signs of 
many more and larger collisions. 

The exposure age determinations for 19 iron meteorites 
are given in Figure 3. The average age is somewhere 
in the range of 500 m.y. and is 30 times larger than the 
average exposure age of the stone meteorites. However, 
the exposure ages are still less than the solidification ages 
and also imply the existence of a parent body which 
shielded the meteorite from cosmic rays for some time. 
Figure 3 also shows that hexahedrites are generally 
younger than the octahedrites. This fact as well as the 
difference of a factor of thirty between the iron and stone 
meteorite exposure ages is of great significance, and any 
completely satisfactory theory of meteorites must take 
these into account. 

We can now give a more complete outline of the his
tory of the meteorite as deduced from their rare gas 
contents. About 100 m.y. after the end of the nucleo
synthesis the meteorite parent bodies formed from the 

solar nebula, and there are indications that some chon
drules were formed earlier than the parent bodies which 
contain them. The parent bodies solidified and cooled 
to moderate temperatures about 4,500 m.y. ago, as indi
cated by the gas retention ages. We know that meteorites 
were formed from these parent bodies at least 1,000 m.y. 
ago, which is the oldest cosmic-ray exposure age, and 
that the production of stone meteorites has been contin
uous for the past 100 m.y. There is some evidence for a 
large event 22 m.y. ago which produced great numbers 
of stone meteorites in the low iron group. We cannot 
draw any conclusions beyond 100 m.y. since the average 
lifetime of a stone meteorite is only 15 m.y. On the 
other hand, the iron meteorites have an average lifetime 
of 500 m.y. and also have a fairly continuous exposure 
age distribution over the past 1,000 m.y. There is the 
possibility that the cluster of octahedrite exposure ages 
at 600 m.y. and of octahedrite and hexahedrite exposure 
ages at 250 m.y. signify major iron meteorite producing 
events. However, better statistics are needed before 
definite conclusions can be drawn. [] 
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I I 
Prepare tor your future in highway 

engineering-get the facts about new 
DEEP-STRENGTH (Asphalt-Base) pavement 

MINNESOTA TECHNOLOG 

Modern pavement engineering has taken a "giant step 
forward" with DEEP-STRENGTH Asphalt construction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modern Asphalt technology. So 
prepare for your future now. Write us today. 

THE ASPHALT INSTITUTE, College Park, Maryland 

THE ASPHAlT INSTITUTE, College Park, Md. 

Gentlemen: Please send me your free student 
library on Asphalt Construction and Technology. 

NAME ___________ CLASS __ _ 

ADDRESS---------------

CITY _________ STATE.------

SCHOOL------------------
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edited by RICHARD ANDERSON. Chern '67 

1. Two squares, each with side 12, are placed so that 
a corner of one lies at the center of the other-as in the 
figure below. Find the area of quadrilateral EJCK. 

A...--------.8 

2. A bakery has a certain number of pies. A customer 
comes in and buys one pie plus 1/13 of the remainder. 
A second customer buys 2 pies plus 1/13 of the remainder 
and so on with a number of customers, each of which 
takes his number plus 1/13 of the remainder, until all of 
the pies are gone. How many customers and pies were 
there? 

3. At a certain scientific institute there are three profes
sors, one of physics, one of mathematics, and one of 
chemistry. Each is the father of a grown son. The son's 
names are Brown, Jr., Smith, Jr., and Jones, Jr. The 
mathematician and Smith, Jr. are each six feet tall. The 
chemist is five feet tall. Jones, Jr. is six inches shorter 
than Smith, Jr. The physicist is five feet nine. The physi
cist has exactly one-third as many books in his library 
as that man among the other five, who is nearest his own 
height. The chemist's son has 61 hard cover books and 
40 paper back editions in his library. Brown, Jr.'s father 
has more degrees than the mathematician. What is the 
name of the physics professor? 

4. What is the smallest number that leaves a remainder 
of one when divided by 2,3,4,5,6,7,8, and 9 but leaves no 
remainder when divided by 11? 

Answers to February Brain Teasers 

1. Jack is 19, Joe is 21, John is 20, and Tom is 17. They 
live on the fourth, third, second, and first floors, respect
ively. 

2. 3y3/4 square inches 
3. The interval can only be 7 minutes; therefore, the 

light is off at 2:00. 
4. (2.5)(-1) n-

1 +.5. 
5. The final placings: 6,3,1,5,4,7,2. 
6. 33 feet. 
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Might as well scare off the ones who wouldn't like it. 
Some of the unscared will in a few years be referred to as 
"they" when people say, "At Eastman Kodak, they can 
afford to do it this way-" 

The reason we can afford to do things the best way is 
that we are successful. The success can be attributed in part 
to a fear worth fearing: of failing to deliver the best possible 
performance that the customer's hard-won dollar can buy. 

Sheer devotion on the part of the work force, though 
beautiful to see, will not of itself deliver the goods. Some
body must first come up with a sensible answer to the 
question, "Exactly what is it you want me to do, mister?" 

Thus a young industrial engineer may find himself acting 
as his own first subject in a study he has set up to find the 
physical and psychological conditions that best favor alert-

EASTMAN KODAK COMPANY, 

ness against film emulsion defects. If he saw the need, sold his 
boss on his approach, and has earned the approbation alike 
of the pretty psychologist who will be running the experi
ment, the industrial physicians (who study what is humanly 
possible, feasible, and healthful muscularly and percep
tually), the cold-eyed man from the comptroller's office, the 
Testing Division chief (who has dedicated his division to 
the descent of an asymptote), and the inspectors (who will 
find a month after switching to the new method that at 
home they are shouting at their kids less often)-then we 
know ways to make him glad he chose to learn the profes
sion of industrial engineering at the company which the 
leaders of the profession often cite as its ideal home. 

Naturally, industrial engineers aren't the only technical 
people we seek. Not by a long shot. 

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. 



efine our areer jectivesl 

111 An interview with W. Scott Hill, Manager-Engineering Recruiting, General Electric Co. 

W. Scott Hill 

Q. Mr. Hill, when is the best time to 
begin making decisions on my career 
objectives? 

A. When you selected a technical 
discipline, you made one of your 
important career decisions. This de
fined the general area in which you 
will probably begin your professional 
work, whether in a job or through 
further study at the graduate level. 

Q. Can you suggest some factors that 
might influence my career choice? 

A. By the time you have reached 
your senior year in college, you know 
certain things about yourself that 
are going to be important. If you 
have a strong technical orientation 
and like problem solving, there are 
many good engineering career 
choices in all functions of industry: 
design and development; manufac
turing and technical marketing. If 
you enjoy exploring theoretical con
cepts, perhaps research-on one of 
the many levels to be found in in
dustry-is a career choice to con
sider. And don't think any one area 

offers a great deal more opportunity 
for your talent than another. They all 
need top creative engineering skill 
and the ability to deal successfully 
with people. 

Q. After I've evaluated my own abil
ities, how do I judge realistically 
what I can do with them? 

A. I'm sure you're already getting 
all the information you can on ca
reer fields related to your discipline. 
Don't overlook your family, friends 
and acquaintances, especially re
cent graduates, as sources of informa
tion. Have you made full use of your 
faculty and placement office for 
advice? Information is available in 
the technical journals and society 
publications. Read them to see what 
firms are contributing to advance
ment in your field, and how. Review 
the files in your placement office 
for company literature. This can tell 
you a great deal about openings and 
programs, career areas and company 
organization. 

Q. Can you suggest what criteria I 
can apply in relating this information 
to my own career prospects? 

A. In appraising opportunities, apply 
criteria important to you. Is location 
important? What level of income 

would you like to attain? What is the 
scope of opportunity of the firm 
you'll select? Should you trade off 
starting salary against long-term 
potential? These are things you must 
decide for yourself. 

Q. Can companies like General Elec
tric assure me of a correct career 
choice? 

A. It costs industry a great deal of 
money to hire a young engineer and 
start him on a career path. So, very 
selfishly, we'll be doing everything 
possible to be sure at the beginning 
that the choice is right for you. But 
a bad mistake can cost you even 
more in lost time and income. Gen
eral Electric's concept of Person
alized Career Planning is to recog
nize that your decisions will be 
largely determined by your individ
ual abilities, inclinations, and am
bitions. This Company's unusual di
versity offers you great flexibility 
in deciding where you want to start, 
how you want to start and what you 
want to accomplish. You will be en
couraged to develop to the fullest 
extent of your capability-to achieve 
your career objectives, or revise 
them as your abilities are more fully 
revealed to you. Make sure you set 
your goals realistically. But be sure 
you don't set your sights too low. 

FOR MORE INFORMATION on G.E.'s concept of Personalized Career Planning, and for 
material that will help you define your opportunity at General Electric, write Mr. Hill at 
this address: General Electric Co., Section 699-10, Schenectady, N. Y. 12305. 

GENERAL ELECTRIC 
An Equal Opportunity Employer 





Polaris subs are powered by Westinghousemdesigned atomic reactors 
Twenty Polaris submarines have gone to 
sea. Each carries 16 Polaris missiles. They 
give the U.S. a deterrent force that no 
enemy can hope to strike out of action. 

These subs can travel to any ocean in the 
world and stay hidden under water for 

months, because they are nuclear powered. 
Their atomic reactors were developed 

and designed by Westinghouse, under the 
direction of and in technical cooperation 
with the Naval Reactors Branch of the 
Atomic Energy Commission. 

The subs can fire their Polaris missiles 
from far below the surface. A remarkable 
deep-water missile launching system, de
veloped and built by Westinghouse, makes 
this possible. 

You can be sure if it's Westinghouse 

For information on a career at Wesiinohouse, an equal opportunity employer, 
write L. H. Noggle, Wc:lslinghouse Educational Deparlmenl, Pittsburgh 21, Pa. 



Is ,it news that a leading maker of 
spacecraft alloys hod a hand in doll in 
up Mildred inn ·s potting shed? 

It isn't really surprising that a single U.S. corporation pro
vided the metal for the outer skin of Mercury space capsules. 
It's perfectly natural to be called in on that kind of a job when 
you lead the nation in developing a line of alloys that resist 
extreme heat, wear and corrosion. 

You'd also expect that a leading producer of petrochemi
cals could develop a new base for latex paint-called "Ucar" 
latex-since paint makers are among its biggest customers. 
Now Mildred Kinne can paint right over a chalky surface with
out priming. It's dry in minutes. And her potting shed will look 
like new for many New England summers and winters. 

But it might indeed be surprising if both these skills 
were possessed by the same company. Unless that 
company were Union Carbide. 

Union Carbide also leads in the production of polyethylene, 
and makes plastics for packaging, housewares, and floor cov
erings. It liquefies gases, including oxygen and hydrogen that 
will power rockets to the moon. In carbon products, it has been 
called on for the largest graphite shapes ever made. It is the 
largest producer of dry-cell batteries, marketed to millions 
under the trade mark "Eveready.(/ And it is involved in more 
atomic energy activities than any other private enterprise. 

In fact, few other corporations are so deeply involved 
in so many different skills and activities that will affect the 

technical and production capabilities of our next 
century. 
It's already making things a great deal easier for 
Mildred Kinne. 

UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N.Y. 10017. IN CANADA: UNION CARBIDE CANADA liMITED, TORONTO 
Divisions: Carbon Products, Chemicals, Consumer Products, International, Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones, Stellite and Visklng 
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At the 1963 stockholders' meeting, Arjay R. Miller, President or 
Ford Motor Company, emphasized the Company's far-sighted recruit .. 

ment program and its accent on developing management talent: 
"Obviously, our long-run future will be determined by the develop

ment of our management. Here, every one of us-at all levels of 
supervision-recognizes this as his most important function. Since 1946, 

the Company has recruited widely varied talent-talent that can be 
blended to give us the required combination of tight administration and 

creative scope. 
"Under a carefully conceived management development program, we try to 

recruit the best personnel available, both in training and experience. Once we 
get them, we have a program for giving them varied opportunities and increasing 

responsibility. This program is in force in all parts of the Company-in manufactur
ing, finance, styling, engineering and marketing. 

"The program is paying off. We have developed a real depth of management talent 
in the Company, and we are dedicated to seeing it continued and reinforced. Because 

of this, I feel not only very fortunate in being associated with this management 
group, but also very confident of its long-run success. We know our goals and how to 

achieve them." 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 
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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 

e LETTERPRESS 

B u E PUBLI HI G CO A y 
2642. UNIVERSITY AVENUE ST. PAUL 14, MINN. 
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I I 
you may want to give serious consideration to a career in large-scale computer-based military systems 

with UNIVAC in St. Paul 

*new $37 million AF contract for a fleet of 153 computers* major contracts with 

all three military services and with NASA and FAA * upwards of 100 positions. 

open on 5 major programs including commercial real-time systems 

Of special interest to new graduates is the TOTAL-SYSTEM 
APPROACH you find at UNIVAC. Since a UNIVAC computer
based command/control network interfaces with all major 
subsystems in the complex, you are afforded broader exposure 
to total defense systems technology than you can gain from 
any subsystem program on the "periphery." (In fact, subsys
tem criteria are often developed by UNIVAC systems people.) 
A MELD OF MANY DISCIPLINES is required for most UNIVAC 
programs. Teamed together are men who understand the 
functioning and capabilities of star-trackers, horizon seekers, 
inertial devices, IR sensors and radars- to mention only a 
few. These men, in turn work closely with a wide range of 
specialists and generalists in computer technology, opera
tions research and broad systems design and analysis. These 

teams include engineers and scientists at all levels of experi· 
ence. THERE IS WIDE DIVERSITY WITHIN AS WELL AS 
AMONG UNIVAC PROJECTS. We are now writing the specifi
cations for a multi-processor system, said by many to have a 
capacity 100 times greater than that of any one of the largest 
single real-time computers in use today. Other projects: ..• 
down-range tracking and control of missiles and satellites 
... NTDS- a system in continuous evolution, now moving 
toward assumption of more local and tactical shipboard func
tions previously performed by separate communications/ 
computational subsystems ..• ballistic missile mid-course and 
re-entry guidance ... advanced studies in associative memo· 
ries and learning techniques. 

The long list of assignments now open with UNIVAC-Twin Cities calls for engineers, scientists and programmers at all levels of 
experience. A number of these positions are available to new engineering and science graduates or men just qualified for a 
Master's. Several require doctorates. 

Arrange to talk with us about a career with UNIVAC that matches your training and interests. Contact Mr. R. K. Patterson, 
Employment Manager, UNIVAC Division of Sperry Rand Corp., Univac Park, St. Paull6, Minnesota. An Equal Opportunity Employer. 
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by DAVID E. ENGEN 

One of the best-known scientists ever to open a physics 
book was Isaac Newton. This man, who reached the 
heights of knowledge, was in reality the most tragic and 
disgusting figure of his time. He was 5' 4", weighed 320 
lbs., and had an acne problem. One might think that with 
this physical handicap Isaac Newton would become a 
liability to society. Well, he did. For years he traveled 
with the well-known English circus "Truss and Crumpet" 
as a fat man. This seemingly legitimate vocation was 
actually a big front for the illicit navy bean traffic so 
prevalent in the seventeenth century. He hid the navy 
beans in a large pouch inside his stomach to escape de
tection. Newton was always full of beans. 

Newton was highly successful, but his smuggling of 
navy beans ended when he became nominally converted 
to snake worship. The nominal conversion changed New
ton's whole life. He decided to dedicate his new life to 
apples. Newton traveled throughout the countryside of 
England trying to convince everyone that he was Johnny 
Appleseed. The counhy folk of England, being very in
telligent, would not believe him. They reasoned that if 
Newton was Johnny Appleseed how come he didn't rob 
from the rich and give to the poor? Newton tried to con
vince them, but the country folk believed that anyone 

_/----~ 

j 

with all that acne was hiding something. Dejected, New
ton left for the city. 

Newton now began the most important phase of his 
life. Having been rejected as the apple king of south 

6 

England because he was too seedy, Newton took up 
scientific investigation. One morning Newton was quiet
ly sitting under an apple tree reading that seventeenth 
century thriller "Sonny Tufts: Man or Legend?" when he 
was hit on the head by an apple. This so startled New
ton that he dropped that seventeenth century thriller 
"Sonny Tufts: Man or Legend?". As soon as he had re
gained his senses, Newton began to run around the 
streets yelling that the sky was falling. This had an im
mediate effect on the people. The English who were in
flamed over their mistreatment by the king thought New
ton was going to storm the Bastille. Everyone dashed out 
of his house and joined Newton in running through the 
streets. But since nobody knew where the Bastille was 
located, the people chose to vent their rath on the physics 
building of South Hampton Institute of Technology. 

After all of the people had vented their raths, Newton 
began to wander around the campus. As he crossed the 
street Newton tripped over an engineering student who 
was sleeping in the gutter. This made the student very 
mad. He told Newton where to go. Taking the student's 
advice, Newton stumbled into the physics building. 
Upon entering, Newton saw a very shabbily dressed and 
unkempt n1an, whom he presumed to be the janitor. 
Newton asked him where the Dean's office is located. It 
turned out that this derelict was not a janitor but a 
graduate student. The graduate student didn't know 
where the Dean's office was, but volunteered the location 
of the nearest on-campus beer cellar. Newton thanked 
him, but declined the invitation. Newton finally found 
the Dean and told him that the sky was falling. The 
Dean believed it immediately and ordered the entire 
faculty and staff into the basement. The news that the 
sky was falling leaked out and spread like wildfire. Soon 
the whole city was under cover. It was a complete 
breakdown of morality. However, the scare was disputed 
shortly, and the city returned to its normal activities of 
shooting, killing, robbing, and stuffing hot tapioca into 
pillow cases. 

As a result of the great apple scare Newton became 
established as one of England's foremost scientists. One 
would think that with this fame Newton would be con
tent to rest on his laurels. He tried, found them too hard, 
and returned to resting under apple trees. 

Newton now turned to problems concerning the uni
verse. Rejecting the Ptolemaic and Copernican systems, 
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Newton put forth the theory that Europa, the first moon 
of Jupiter, was the center of the universe. This revolu
tionary theory shook the world. Everywhere there were 
reactions such as the Boxer Rebellion and the Mau Mau 
uprisings. Next Newton dropped two apples of different 
size off the leaning tower of Pisa and formulated the 
Laws of Disappropriate Gravitation which became 
known as Kepler's Laws (named after Newton's dog and 
only friend Laws) . 

Probably the greatest contributions of Isaac Newton 
were his predictions. Newton predicted, in the seven
teenth century, the fur-lined bathtub, Zev Aelony, the 
recession of 1958, the eighteenth century, the pop-open 
all aluminum beer car, and the jolly green giant. These 
things that we take for granted today were only wild 
dreams in the seventeenth century. 

At this time in England there was a Parliamentary 
election. The Queen, fearful of losing her job and her 
head, was in a conventional dither. It seems the Whig 
party, at their annual convention held twice a year, had 
nominated Sir Malcomb Dither to run for prime minister. 
Now this in itself wasn't very startling, but a scandal 
arose when Sir Malcomb advocated "hankie pankie." 
This had an immediate reaction from the people who ad
vocated "nefarious mischief." The outcry, and the incry 
for that matter, were so great that the Queen had Sir 
J\1alcomb beheaded. Well this infuriated the "hankie 
pankie" people. They now had to find a new leader. 
Well it just so happened that Isaac Newton was nom
inated by the "hankie pankie" party to run for prime 
minister. It was a hard fought campaign, but Newton 
lost because of his acne problem. Well it wasn't his acne 
so much as his liver bile duct which kept emptying onto 
the streets. 

During the election Newton had come to the attention 
of the queen. Unfortunately, it was the queen of the 
Chicago stockyards. She suggested that the English gov
ernment make Newton the ambassador to Serbia. At 
this time the Chicago stockyards and Serbia were fight
ing for control of the Seven Cities of Gold which they 
felt were located in the Okeechobee Swamp, and the 
queen of the stockyards felt that by giving Serbia another 
problem (Newton and his acne), she could gain control 
of Okeechobee. The Queen of England agreed, and 
Newton was shipped out on the next Corvette headed for 
Serbia. 

Now Serbia was one of the trouble spots in the seven
teenth century. It seems the King of Serbia had cornered 
the cookie market and was exacting enormous bounty 
from the rest of Europe. It was Isaac Newton's job to 
steal the secret process for making cookie dough and 
bring it back to England. 

When Newton arrived in Serbia he went immediately 
to the British embassy and showed his credentials. But 
since Englishmen just don't show their credentials in 
public, Newton was called an exhibitionist and thrown 
out of the building. 

t 

lh e 
es ' at u 

MINNESOTA TECHNOLOG 

Alone and unwanted Newton wandered through the 
streets begging for pittance (pittance was the national 
drink of Serbia) . Newton sank deeper and deeper into 
the depths of alcoholism. Things got so bad his acne 
even left. Yet from out of this misery, Newton wrote 
down the secret cookie process he had learned while 
working in the cookie vineyards and sent it back to Eng
land. But the end was near. Newton soon contracted 
beri-beri which was complicated by the D.T.'s and 
croaked. 

So ended the life of one of the greatest physics persons 
the world has ever known. Isaac Newton's life was filled 
with great adventure which did not end until his death. 

When Isaac Newton was 73 he was stolen by gypsies who 
asked a fabulous ransom for his return. But since he had ; 
died at 68 the gypsies didn't get a penny. A great many; 
things have been said about Isaac Newton, but the best 
memorial to him comes from the cookie manufacturers. 
These men who owe so much to Newton named one of 
their cookies after him. The cookie that stands as his· 
greatest monument is, of course, the fig newton. 

Although Isaac Newton's traditional blood and guts 
image has been destroyed, a new image of the great 
scientist has emerged. Isaac Newton has become the 
champion of academic freedom. It is unfortunate that 
this issue is no longer of any great public interest. 

The preceding expose conflicts with a great body of 
information put forth by the anti-vector group. This 
radical faction has always been jealous of Isaac Newton's 
high position, and have sought to replace him with their 
own champion, Lord Kelvin. But these crackpots cannot 
triumph because Isaac Newton shall rise again and van
quish the foes of true science. This belief is shared by 
every citizen in every ding-a-ling ward and by all physics 
majors. Medical science is working day and night to dif
ferentiate between the two. Them fancy doctors can't 
fool us LT. persons. We know there is no difference. I] 

' C(J es 
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"No yearly 'spring breakaup' headaches 
around here since we got concrete streets!" 

No springtime potholes, ruts or washouts on 
modern concrete streets. No bruised tires. No 
patching crews blocking streets. Concrete 
spreads traffic loads across spongy, thawed 
ground beneath it. And concrete's strength 
keeps "frost boils" from working through the 
pavement. 

Upkeep costs stay low. You save money year 
after year with all-weather concrete streets. 

PORTLAND CEMENT ASSOCIATION 
MINNESOTA-DAKOTAS DISTRICT 

1490 Northwestern Bank Bldg,, Minneapolis, Minn. 55402 
A national organization to improve and extend the uses of concrete 

J 
for STUDENTS 

NEW S'64 directory lists 20,000 summer job 
openings in 50 states. MALE or FEMALE. Un
precedented research for students includes exact 
pay rates and job details. Names employers and 
their addresses for hiring in industry, summer 
camps, national parks, resorts, etc., etc., e!c. 
Hurry!! jobs filled early. Send two dollars. S?tls
faction guaranteed. Send to: Summer Jobs Dtrec
tory, Dept. A-5, P. 0. Box 13593-Phoenix, Ari
zona. 

J 
STUDENTS & TEACHERS 

Largest NEW directory. Lists hundreds of perm
anent career opportunities in Europe, South 
America, Africa and the Pacific, for MALE or 
FEMALE. Totals 50 countries. Gives specific 
addresses and names prospective U.S. employers 
with foreign subsidiaries. Exceptionally high pay, 
free travel, etc. In addition, enclosed vital guide 
and procedures necessary to foreign employment. 
Satisfaction guaranteed. Send two dollars to Jobs 
Abroad Directory, Dept. A-5, P. 0. Box 13593-
Phoen ix, Arizona. 

We'll see you at the activities of e 3•912 : 
Black Book Dance (BED) 7:30 p.m., April 18 at the Armory

University and Church Sts. 
Brawl, May 2-Capp Towers 

Dinner 6:00 p.m. 
Dance 9:00 p.m. 
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ontinuing rowth t E 
Rosemount Engineering Company is a fast growing company presently employing over 

400. It has become a recognized leader, as designers and manufacturers of precision temperature 

and pressure sensors, and accessory equipment. It supports a strong research and development pro

gram to insure its continuing growth. 

REC provides a continuing educationa I program for all engineering graduates who wish 

to continue their education. As part of this program, we recently became a co-sponsor of the "Eve

ning Graduate Program in Electrical Engineering" at the University of Minnesota. 

. MINNESOTA TECHNOLOG 

For further information about REC write The Personnel Department. 

® 

ROSE,MOUNT 
E·NGI ERING 
COMPANY . ·. '. 

4900 WEST 78TH ST. 

MINNEAPOLIS 24, MINNESOTA 
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For 
LAST NAME FIRST NAME 

plicatedsota Individual 
ax eturn 

MIDDLE NAME 

AGE SOCIAL . OCCUPATION 
SECURITY 
NUMBER 

PRESENT HOME ADDRESS 

IF THIS IS A JOINT RETURN AND ALSO 
INCLUDES INCOME OF BO:rH HUSBAND AND WIFE, 
ENTER THE NAMES OF THE JOINTS------

CITY, TOWN, OR POST OFFICE 

DID HUSBAND AND WiFE BOTH 
RECEIVE INCOME IN 1963? 

WHY?------------------------

0 YES DNo 
IF YOUR RESIDENCE, MARITAL 
STATUS, NAME OR ADDRESS 
CHANGED DURING 1963. 

FORMER NAME 

D YES 0 NO FORMER ADDRESS 
IS SPOUSE FlUNG A SEPARATE 
RETURN? 

WHY?------------~---------- CLOTHES CHANGE 

MORSE CODE 

DATE OF 
CHANGE 

REASON 

PUTATI N F C PLICATEDS TA INC E T XES 
I. YOUR ADJUSTED GROSS (?) INCOME (from schedule CIX, page 4147) ............................................. . 

2. ADOITIONS: (a) Refunds of Federal Income Taxes during 1918 ............................................................... . 
(b) Profits from sales of tally date reservation slips ......................... : ..................................... . 
(c) Kickbacks for favors to: 

(I) Government officials ............................................................................................... . 
(2) University officials .................................................................................................. . 
( 3) Nonprofit charitable organizations ........................................................................ . 
(4) Unions ..................................................................................................................... . 

(d) Saturday night business activities .................................................................................... . 

Total a, b, c, d ~ 

3. Multip'ly lines I, 2-a, 2-b, 2-c-2, 2-c-3, 2-c-4, & 2-d ............................................ . 

4. SUBTRACTIONS: (a) $600 (not $1500, thanks to Senator Humphrey) .. .. .. . . . .. ................................... . 
( b} Loss in numbers game run by math professor ........................................................... .. 
{c) 'Bribes for: 

( I ) Government officials ........................................................................................ .. 
{2} University officials .............................................................................................. .. 
(3) Union officials ...................................................................................................... . 

(d) Donation to Technolog party fund ........... : ................................................................. . 

Total a, b, c, d ~ 

·5. COMPLICATEDSOTA GROSS INCOME (Subtract line 4 from line 3) ....................................................... . 

6. (a} Taxes withheld during 1963 ........................................................................................................................ . 
(b) Hours required to fill out tax form times $0.475 .................................................................................... .. 

(not to exceed $1 ,000) Total a & b ~ 

1. COMPLICATEDSOTA READJUSTED INCOME (Divide 5 by 6 and add to I) .......................................... .. 

TRY AND FIGURE YOUR TAX BY E~THER 8 OR 9 

8. IF YOU DO NOT ITEMIZE YOUR DEDUCTIONS: 

10 

and your income (line 7} is less than I 0 K$ take the relative humidity on July 18 {It will be high because 
if you wait that long you will be sweating} divide it by your sock size, add your girlfriend's (not 
wife) bust measurement, and divide by the number of speeding tickets you received in the last ten 
minutes ................................................................................................................................................................ . 

(Continued on Next Page) 



'9. If for some reason you choose to itemize your deductions or line 7 is gre·ater than I 0 K$ (lots of luck; 
our new computer is ready) fill out the rest of this form(?) in binary. 

(a) enter deductions as ca'lculated in space below and adjust per instructions on page 44 of the 
1948 instruction book. Receipts are necessary for all deductions except those for which receipts 
are not required. If line 7 is greater than I 0 K$ and you do not itemize enter $5 ......................... . 

(b) Subtract 9-a from 7, figure tax from schedule CMXI on page 4148. add three, and enter results 
on line 10 ................................................................................................................................................. . 

I 0. ENTER TAX FROM 8 OR 9 ABOVE .................................................................................................................. . 

II. ALLOW ~BLE PERSONAL CREDIT (Personally, we don't think your credit is worth much considering 
the trouble we had with you last year) ............................................................................................................. .. 

12. INCOME TAX {Subtract II from 10). If none, we recommend recalculating~ If still none we rec-
ommend that you get a good job, and quick, too ............................................................................................ . 

13. SIRTAX (98'10 of line 12, a lot of SIRS get their hands in this pot) ............................................................ . 

14. To the sum of 12 and 13 add $1 0 ...................................................................................................................... . 

15. CREDIT FOR INCOME TAXES PAY ABt'E TO OTHER ·STATES AND COUNTRIES ................................. .. 

16. Subtract line 15 from line 14: 
If $10.00 or more enter on line 19 (omitting lines 17 and 18) and go out and have another beer ............ . 
If less than $10.00 continue computing you unlucky **4&!?. 

17. ENTER GROSS INCOME. $ ................................ X I~'Yo = ......................................................................... . 
(See gross instruction (c) under income on page 456 of the· Mexican book.) 

18. Add Lines 16 and 17: Enter on line 19 this amount or $10 whichever is greater ......................................... . 

19. 1963 Tax--Enter amount from line 16 or 17, whichever is applicable .......................................................... .. 

20. GO PRAY ........................ . 

PAYMENTS AND CREDITS 

21. (a) COMPUCATEDSOTA INCOME TAX WITHHELD (attach copy B of form IWISHYOULUCK-2) ... 
(b) 1963 Complicatedsota Estimated tax payments (attach form MYTHATSALOT-16.) ... : .................. .. 

Total a & b ~ 

TAX DUE OR REFUND 

22. If payments and credits (line 21) are less than tax (line 19) enter BALANCE DUE here 
IPay in full with this return to Talivaldis lvar. Commissar o·f Taxation. Do not send cash by mail or femail. 

23. If payments and credit ('line 20) are larger than tax (line 19) enter OVERPAYMENT here ~ 

24. line 23 to be: (a) Refunded ................... . 
(b) Credited to 1984 Complicatedsota Estimated Tax Payments ................ . 

Do you owe Talivaldis lvar for any prior years? 0 Yes 0 No 
If yes, list years ............................................................................................................................................................................... . 

TAXPAYER-I declare under the penalty of bribery and extortion for willfu'lly making a false return, that this return is to 
the best of my knowledge written in such a manner that I have understood so little that I will probably be bribed and extorted. 

Sign here . _______________ Date _________ _ 

Mother's signature Date ----------

Girl friend's signature Date, Saturday night? ___ _ 

Dean's Signature Date _________ _ 

Worst enemy's signature Date _________ _ 

Cassius X. Clay's Signature Date ----------

(If no signature possible, mark X). Date----------
Patent Pending 
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by AARON PETERSEN 

My name, for those few of you who do not already 
know it, is Henry Pillsbury Gooch III. Since I am about 
the most interesting EE senior around this campus, I 
have most graciously consented to write what amounts 
to a few short memoirs for this magazine before I go off 
somewhere and get me a high salary job. 

By way of starting, let me first say that I am particular
ly well-suited to this present task. I started out my orig
inal college days in the field of journalism, figuring to be
come some kind of a newspaperman,. but the going soon 
got pretty bad, and I finally saw the light and the hand
writing on the wall and I got out. It just so happens that 
what I took up afterward I am a genius at, and I have 
found my true calling at last. But I really do not want 
to take up your time with a lot of bragging. 

Because I have had some journalistic coursework, I am 
as I said before, about the best prepared of anybody to 
take on the job of writing this particular article. I was 
Professor Haga' s star English pupil right from the very 
start, and I still am, I might say without stretching things 
too much. He has seen my flair at writing all along, but 
he thinks like me that I should properly stick to my true 
calling, which is of course electrical engineering and re
lated matters. 

I am going to be informal about my remarks here, as 
I have found out that is the best way to write things up 
usually. I will tell what makes me so interesting and will 
try hard to avoid a lot of bragging, some of which is all 
right, but most of which is bad and sometimes leaves a 
bad impression. 

I started attending the University here back in 1956, 
when. Ike Eisenhower was still in the White House in 
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Washington and the government and the land and all 
was still in pretty fair shape. Since that time you might 
say things have gone downhill, and I know for a fact 
that a good percentage of the students around here have 
had a lot to do with it .. The Minnesota Daily newspaper, 
which I now publicly disengage myself of completely, is 
filled up to the brim staffwise with a bunch of agitators 
if there ever was one. I know for a fact that four of the 
seven main editors over there are hot-blooded female 
agitators, so is it any real wonder what goes on some
times? I myself predict there is going to be some bad 
trouble there before long, and I am glad the respon
sibility does not rest on my shoulders for handling what 
I am afraid is going to amount to a pretty big stink 

But I should not get too political here, as I rely mainly 
on common sense and there are a good many technical 
points that I do not understand good enough to really 
argue on. That is the main danger of the agitators and 
the beatniks which you hear spouting off-they are so 
perfectly well-trained in spreading their slick propaganda 
materials that the common man is hard put to talk back 
at them. They have to be somehow fought off in other 
ways. 

All this is not my true line, though. I had better stop 
shooting off my mouth so much on political matters, as I 
only get in trouble whenever I start out to do so. 

To get on with what makes me such an interesting 
type of person to know, a£ is the general consensus of the 
opinions around the Institute. Number one-1 always 
make it a special point to dress well enough to give off a 
good impression at first glance. I do not mean I use the 
yellow shirts and the loud ties and the pants without any 
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cuffs like you always see some of the agitators wearing. 
That is not necessary and in fact tends to brand a person 
as an agitator, as you can readily tell by what I have just 
said. No, I dress in nice suits which show that I am 
every bit as sensible as most of the people expect me to 
be. You will carefully notice that I say that I dress in 
suits. This is because I am of the belief that all IT stu
dents should dress in suits in order to wipe out the bad 
reputation they have picked up for "offensive dress," if I 
may quote some of the agitators. This charge is not al
together the truth of course, but I have outlined how 
sneaky some of these agitators are, so take due heed ac
cordingly after this and try to dress proper. 

Reason number two-I am interesting to most of the 
women around partially because I am so sure of getting 
as I said, a high salary job. Naturally what makes this 
possible primarily is my extra fine ability in my chosen 
calling. · 

There have been some reports out now and then which 
I have overheard from time to time to the effect that per
sons like me who are superior in the field of engineering 
can not possibly be interesting and useful otherwise. 

0 0 0 0 
~ ~ ~ [9 
() 0 0 

0 0 0 

0 0 0 

This is not the truth at all. One can be a top-notch en
gineer and still be a genuine live wire elsewhere. A case 
in point (as the agitators would say) is my own personal 
situation. It is true, the ladies go for me due a lot to my 
tremendous earning power, but I most certainly will not 
ever bore any of them if I can help it. There is nobody 
around, for example, who is more of a genuine expert on 
the Minneapolis Twins than I am, and most girls ap
preciate this sort of versatility in their man. It is what 
you would call a sort of a double threat. 

Number three-I am at the present time in charge of 
a special laboratory project the likes of which have never 
been seen around here or anyplace else. This has al
ready made me a noted figure among the Electrical En
gineering faculty professors and now my fame is spread
ing as I knew it would to the rest of the departments 
within the Institute. 

I realize by now that you are sitting on the edge of 
your chairs waiting to hear me explain to you about my 
project. I will certainly try to do so, but I am not sure 
that I can make it clear to a layman, being as it is so ad
vanced in all it means and how it is done and all. 

Really what I am doing is this-I am creating a method 
of electronic disintegration wherein a person will be able 
to carry a large bunch of atoms around in a paper sack 
if he should for some reason desire to do so. The way I 
am doing this is awfully hard to make clear to a layman, 
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but I will do my best. (If these agitators had to worry 
about perfecting such difficult scientific processes as I 
do, they would spend a lot less time continually stirring 
things up and be a whole lot better contribution to their 
country.) 

The way I do it, I set up a circuit fixed in such a man
ner that it is plugged into a wall socket and hooked up 
to a computer all at the same time. At first I used a bat
t.ery for my power source, but some fool (it could easily 
have been one of these agitators I speak of) was always 
turning the machine on and leaving it on and running the 
battery down. Now it does not matter at all how long 
the machine is left running, for nothing happens except 
the electricity bill goes up, and atoms just keep dribbling 
out of a chute at the end and fill up a barrel which I 
have conveniently placed there for that very purpose. 

So I hope you can understand at least in part what I 
am attempting to do in this project. The atoms I get are 
pretty high-priced and have to be used over and over 
again until they finally wear out, so please do not ask for 
any as souvenirs or keepsakes. Our college here operates 
on what you might call a limited budget, and we just do 
not have any extra ones to spare. I did give one to my 
mother once when she was in the hospital with the ap
pendicitis, but that is different. 

However, do not get the wrong impression that I 
would not like to let you have a look at my project. If 
you will come on down some time, I will even gladly 
autograph this article for you if you will just bring a 
copy of the magazine along with you. If you do not have 
a copy of the magazine, I understand they are being sold 
for 35 cents, which is not ve1y high-priced at all, con
sidering what you get from it in return. But now I am off 
the subject at hand, which is sometimes all right to do 
but generally is not to be recommended in case you ever 
want to write something up. 

The last major reason I am so interesting a personality 
is because of a legend which has grown up surrounding 
my activities at the previous E-Day festivities in 1963. 
The main thing actually is that I caught a bad case of 
the mono from kissing the Blarney Stone a year early, 
but that is a very different story and not too pleasant to 
relate, so I will not bother you with it at this time. I will 
just say for the record that I would certainly like to know 

(Continued on Page 28) 
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Ill 

Two goldfish in a bowl were talk~ 
ing. They were discussing religion 
and finally one said in disgust, "But 
if there's no God, who changes the 
water every day?" 

Prof: "Well, is the theory clear to 
you now?" 

Student: "Yeah, just as though it 
had been translated into Hindustani 
by Gertrude Stein and read to me by 
a tobacco auctioneer." 

Jim: "Honey, did that kiss I just 
gave you make you long for another?" 

Coed: "Sure did, but he goes to St. 
Cloud State." 

Alimony: The high cost of leaving. 

Some girls are like cigarettes: They 
come in packs, get lit up, make you 
puff, go out unexpectedly, leave a bad 
taste in your mouth and still they 
satisfy. 

"Who ever told that guy that he 
was a prof? He might know it but 
he can't teach it. The trouble is that 
he is too far advanced. Every time 
he tries to explain something, he gets 
so far off the subject that no one 
understands anything about it. He 
oughta go back to the farm, or try 
teaching a more advanced course." 

"Yeah, I flunked the course, too." 
0 0 0 

The Alabama farmer passed away 
and the preacher came to his wife to 
get some information about the poor 
man to use in his eulogy at the 
funeral. "Is he a Mason, an Elk, a 
Woodsman? Did he belong to the 
Chamber of Commerce, the Ku Klux 
Klan?" 

The bereaved wife asked, "vVhat's 
the Ku Klux Klan?" 

The preacher explained, "vV ell, I 
guess you might say that's the devil 
under a sheet." 

With a timid smile, she said, 
"THAT he was!" 
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Bill collector: "All right, lady. How 

about that next installment on that 
couch?" 

Lady: "Better than having to pay 
cash for it, I guess." 

It was New Year's Eve. A Salvation 
Army lassie was standing on the 
corner testifying. "I was a sinner," she 
said, "who flitted from dance hall to 
dance hall. I drank liquor every night. 
I smoked constantly. I did everything 
bad. But I was saved, and now I 
don't dance, I don't drink, I don't 
smoke, I don't sin anymore at all. In 
fact, I don't do a damn thing but hang 
around here and beat this lousy 
drum." 

Professor: "Are you troubled by the 
thoughts that you might flunk out of 
engineering school?" 

E.E.: "No, I rather enjoy them." 

Integration is a great thing-you 
can't live with it and the NAACP 
won't let you live without it. 

There were mice in the basement, 
so the young married couple decided 
to set traps for the pests. One trap 
was placed by a box of apples and the 
other was placed by a box of nuts. 

Once the traps had been set, the 
man and his wife went up to bed. 
They had just put out the lights 
when they heard a loud "Snap" sound 
frmn the region of the basement. The 
man leaped out of bed and ran down
stairs to inspect the catch. His wife 
followed as far as the top of the base
ment stairs, where she stopped and 
called down: 

"Did you catch him by the apples, 
Darling?" 

Came the answer from the depths of 
the basement: "No, dear." 

"Lips that touch liquor shall never 
touch mine." 

"Your lips?" 
"No, my liquor." 

Dr. --.,.---- was lecturing to his 
9:00 o clock class on the virtues of 
being awake. 

''I've found that the best way to 
start a- day is to exercise for five min
utes after arising, breathe deeply, and 
finish with a cold shower. Then I feel 
rosy all over." 

Just then a sleepy voice was heard 
to mutter from the back of the room, 
"Tell us more about Rosy." 

® 0 0 

They hadn't seen their friend in 
nearly five years-not since he re
ceived a movie contract and went to 
Hollywood. Now he was back visit
ing in the Midwestern town where he 
had lived as a boy. 

His friends were pleased to see him 
and anxious to learn if all the wild 
stories they had heard about life in 
Hollywood were really true. 

"Nonsense," said the film celebrity. 
"Hollywood is no different than any 
other American city. Life out there 
is normal and well-ordered: a movie 
actress isn't very different from a 
working housewife in Minneapolis or 
Milwaukee; a movie director is no 
more eccentric than the office mana
ger of one of the businesses right 
here. 

"Take my own case: I'm up early 
every morning, at the studio by 8:15; 
I work a full, hard day and I'm home 
every evening by six; dinner, after
ward the evening paper, and I'm into 
bed before 10. 

"Why just the other day, I was 
saying to my wife: 'George .. .'" 

0 0 0 

"That man made love to me, 
Judge," said the plaintiff in the 
breach-of-promise suit. "He promised 
to marry me, and then he married an
other woman. He broke my heart and 
I want $10,000." 

She got it. 
The next case was a damage suit 

brought by a woman who had been 
run over by an automobile and had 
three ribs broken. She was awarded 
$300. 

Moral: Don't break their hearts, 
kick 'em in the ribs. 

0 ® ® 

The young ME who had not been 
married long, remarked at the dinner 
table one day: "Dear, I wish you 
could make bread like Mother used to 
make." 

The bride smiled sweetly and an
swered: "Well, I wish you could make 
the dough that Father used to make!" 
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ENGINEERING COLLEGE 

I 1 I 

YOU GET LAST 
REGISTRATION 

PERIOD. GO 
BACK TO START. 

YOU 
FAIL 

ITM II 

I 

I 

I 

YOU FAIL 

PHYSlCS. 

GO BACK 7. 

YOUR GIRL 

MARRIES A 

FORESTER. 
GO AHEAD 6. 

LOSE I 
TURN. 

THEN 
GO BACK 4. 

YOUR FRATERNITY . 

lOSES ITS liQUOR 
liCENSE. 

GO BACK 10. 

YOUR WIFE'S 
PARENTS ANNUL 

MARRIAGE. 
GO BACK 2. 

YOU lOSE 

FEE STATEMENT. 

GO BACK 3. 
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THE EXCITING NEW GAME OF COLLEGE 

Here, for all you students who have not flunked freshman 

orientation, is a game designed to facinate, stimulate, amaze, 

and grow hair on your big toe. The game is somewhat simpler 

to play than Uncle Wiggly, which makes it easily understood 

by the majority of I.T. students. So all you need to play is a die 

(singular for dice) and some playing pieces. Good luck. 

YOU BECOME 
ENGAGED TO 
A GIRL IN LT. 

GO BACK 10. 

YOU FORGET TO 

PICK UP TECHNOLOG. 

ENTER 
PEACE 

CORPS. 
LOSE 2 
YEARS. 

YOUR ROTC UNIT 
IS SHIPPED OUT 

TO VIETNAM. 
GO PRAY. 

YOU TAKE A JOB 
WITH AMALGAMATED 

GRAF ZEPPLIN. 
LOSE I TURN. 

YOU GIVE UP 

DRINKING. 

GO BACK 4. 

I 

YOU GET A 

W.B. CLASS. 

GO BACK 6. 

GO AHEAD 25. 

YOU LOSE YOUR 
DENTURES IN 
VAN DE GRAF 
GENERATOR. 
GO BACK 5. 
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Ill 

I 

Shortly before the invasion started, 
a brigadier general and his staff were 
watching a troop-carrying glider go 
by. From it came a carrier pigeon. 

Powerful field glasses followed the 
bird to a nearby coop. A colonel raced 
over, got the message attached to the 
bird's leg, bounded back breathlessly, 
and handed it to the brigadier. He 
opened it with trembling hands, read 
it, cursed, and threw it away, his face 
a bright purple. 

The colonel waited a moment, then 
picked up the message. It read: "I 
have been sent down for being 
naughty in my cage." 

"It isn't what my girl knows," 
mused the sad ME, "that bothers me, 
if s how she learned it." 

A mixed group was discussing 
beauty and women. "I think the most 
fascinating thing about a woman is 
her lips," said one man. 

"I don't agree," said another: "I 
think it's her hair." 

"Not at all," said a third, "It's her 
eyes." 

A lady at the party sniffed, elevated 
her nose sharply and said, ''I'm going 
to get out of here before one of you 
boys tells the truth." 

Then there was the groom who 
finished his wife's first breakfast; mut
tering, "Can't cook either." 

Then there was the wolf lounging 
in a New York hotel lobby as an at
tractive young lady passed by. When 
his standard come-on brought only a 
frigid glance, he sarcasmed, "Pardon 
me. I thought you were my mother." 

"I couldn't be," she replied. ''I'm 
married." 

The difference between amnesia 
and magnesia is that the person with 
amnesia doesn't know where he is 
going. 
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The English are strange people. 

The Beatles came over here singing 
'T eah, Yeah, Yeah" and made a mint. 
Christine Keeler had the same theme 
song and she got thrown in jail. 

Maurice, a 13-year-old Pari
sian had an occasion to cele
brate. A celebration calls for 
champagne as everybody knows. 
Champagne consumed, Maurice 
decided the next step was a nice 
little drive in Papa's car. The 
drive started on the Left Bank 
(15 cars slightly dented), 
crossed to the Right Bank ( mo
torcycle police in hot pursuit), 
up the Rue de Rivoli (more cars 
dented), across the Seine again 
(more pursuers), up a one-way 
street the wrong way (more cars 
dented), to the busy boulevard 
St. Germain des Pres, where he 
was halted by careening up 
against a bus which severely 
damaged the car. Maurice was 
not scratched. The police took 
Maurice to jail and there asked 
him for the car registration pa
pers. 1v1aurice, who shows a defi
nite talent for understatement, 
said calmly, "I don't think this 
is exactly the right time to ask 
my father for the car's papers." 

A glamorous young lady hit the 
jackpot with her very first novel. With 
part of the proceeds, she indulged a 
childhood fancy, and had her new 
boudoir done in bright yellow-yellow 
drapes, yellow spreads, even yellow 
silk sheets and pillow cases. To make 
the picture complete, she was laid low 
shortly thereafter with a sharp attack 
of yellow jaundice. 

A famous doctor was summoned 
immediately, but when he entered the 
lady's boudoir he ran into an unfore
seen difficulty. 

He couldn't find her. 

Grandmother was walking down 
the street wheeling a baby carriage. 
"Go to sleep, Diploma," cooed Grand
ma to the little tot in the carriage. 
A neighbor friend asked, "That's a 
peculiar name. Why do you call the 
child Diploma?" 

"Well," said the grandmother, "I 
sent my daughter to college and this 
is what she brought back." 

A doctor in a Milwaukee maternity 
ward was making his morning rounds. 
"Nurse," he inquired, "on what day 
does this little lady expect her bundle 
from heaven?" "May fourth," was the 
answer. "And the next lovely patient?" 
"May fourth." "And this one?" "May 
fourth also, Doctor." The doctor ap
peared mildly surprised. "What a 
coincidence," he mused. "Don't tell 
me this other charming soul is also 
expected to be a mother on May 
fourth." "I don't know, Doctor," ad
mitted the nurse. "She wasn't at the 
picnic." 

One of General· Doolittle's intrepid 
flyers was ambling down a Morocco 
street when a veiled beauty, doused 
with a rare, haunting perfume and 
bedecked with diamonds and emer
alds, fell panting into his arms. A 
hundred yards behind. her charged a 
six-foot savage, brandishing a naked 
sword, and howling like a dervish. 
"Queek, queek," whispered the veiled 
goddess, "which way. is the Khan?" 

"Lady," said the aviator, ''I'm sorry 
to say I don't know. I'm a long way 
from home." 

The father had not informed his 
little son of the impending arrival of 
the stork, but as the months passed 
the secret grew more and more diffi
cult to . conceal. Finally the stork 
dropped his bundle from heaven and 
the father broke the news to his son. 
"The stork has been flying over the 
house," explained the father. "He's 
swooping around." 

"I hope he doesn't scare mommy," 
the lad replied, "she's pregnant you 
know." 

The difference between a wife and 
a mistress is night and day. 

Dave: "I went out with a girl last 
night who really had something.'' 

Ralph: "So?" ' 
Dave: "I think I've got it." 



From the Iowa Transit, who got it from the Georgia 
Tech Rambler, comes this unique Date Rater. This has 
been circulating in the college magazine humor pool for 
some time. Noting its practical applications we felt it 
should be brought to the attention of the students at 
Minnesota. This chart will solve the age-old problem 
of finding a good date. Just ask her for the required 
measurements (if she's not willing to give them to you, 
bring her in to the TECHNOLOG office and we'll be glad 
to measure her for you) and plug into the equations. 
Note that this chart also rates dates for their working 
ability, a real asset after you decide to get married and 
enter graduate school. 

( 1) Compute these values: NR, NP, NB, using the 
table of average values below to make sure you are 
in the ball park. 

6 ~ 12000 
R M 
8 ~ 11000 
E R 

10000 

(HXW 9000 

8000 

NR = Hips {in.) X Bust (in.) 
Waist (in.) X 60 

WORKING GIRL 

MINNESOTA TECHNOLOG 

NP= 
Ring Size X Head Diameter (in.) X No. Teeth 
Shoe Size X Wrist (in.) X Grip (lbs.) X No. Chins 

NB:= 
Shoe Size X Wrist {in.) X Grip (lbs.) X No. Chins 
No. Chins X 33.000 

Weight-80-180 lbs. 
Height-58-72 in. 
Waist-20-42 in. 
Hips-26-42 in. 
Bust-26-42 in. 
Wrist-4-8 in. 

Head Diameter-6-8 in. 
Ring Size-5-8 

No. of Teeth-20-35 
No. of Chins-1 (single) 

2 (double) 
Hand Grip-5-14 lbs. 

Shoe Size-4-9 

( 2) Compute date's torque number by multiplying 
height (inches) by weight (pounds). Enter chart at 
upper left, at "Torque Number." 

( 3) Move horizontally across graph until you reach 
the calculated NR ratio. Mark this spot on the graph; 
you will use it later. 

( 4) Move down from this spot, go
ing to the NP ratio you have calcu
lated. NP is the PARTY GIRL rating, 
so move horizontally to the RIGHT 
and read her PARTY GIRL rating. 

( 5) You're not done yet. From the 
same NR ratio (where you marked 
the graph) move down until you 
reach the calculated NB ratio. Move 
horizontally to the LEFT and read 
your date's WORKING GIRL rating. 

Example: 

Cantstandy Face: She weighs 
118 lbs, 64 inches tall, 36 inch bust, 
36 inch hips, 24 inch waist. Her ring 
size is 6, head diameter 6 inches, has 
32 teeth, No. 6 shoe size, 5 inch wrist, 
8 lb. grip, 1 chin. 

TORQUE NUMBER= 7550 

NR = 0.90 
NP = 4.8 
NB= 0.1 

Follow the chart to these readings 
and get her rating: PARTY GIRL-
Good. WORKING GIRL-Poor. 
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Dedicated to the boys 

who proudly(?} wear the 

black, blue and drab 

of the University of 

Cadet Col.: "Does your uniform fit 
satisfactorily?" 

Basic Cadet: "Well, the jacket is 
okay, sir, but the pants are a little 
snug under the armpits." 

During summer training, the 
R.O.T.C. cadets were given parachute 
training. As they were preparing to 
jump, the sergeant was giving the 
cadets their last minute instructions. 
''Your chutes are hooked for auto
matic opening. If your main para
chute does not open, pull your reserve 
chute cord. It will open, and ·a truck 
will pick you up and take you on a 
four day leave." The first cadet 
jumped and his chute opened auto
matically. The next cadet wasn't so 
fortunate. He pulled on the rip cord 
of his reserve chute and still nothing 
happened. As he was passing the first 
cadet, he said, "That sergeant is the 
biggest liar in the world. I bet there 
isn't even a truck down there." 

Captain: "Why didn't you salute me 
yesterday?" 

ROTC Recruit: "I didn't see you, 
sir." 

Captain: "Oh, that's all right then. 

.. 
1nn. 

Inquisitive woman: "Pardon me 
sir, what kind of a uniform are you 
wearing?" 

ROTC cadet: "I am in AROTC." 
Woman: "Oh, I thought you were 

the garbage collector." 

The sergeant was explaining the 
new ammunition to a bunch of ROTC 
cadets like this: "This type of bullet 
will penetrate two feet of solid wood. 
So remember to keep your heads 
down." 

I was afraid you were mad at me." Are you sure Gov. Wallace is expecting us, Mr. McNamara? 
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An ROTC officer approached the 
young man in the neatly fitting olive 
green uniform and asked, "Who is the 
brigade commander?" 

"I don't know," admitted the poor 
fellow. 

"Haven't you ever gone on the drill 
field?" 

"Nope." 
"Don't you know enough to say 'sir' 

to an officer? What company are you 
in, anyway?" 

"Me? I'm the Coca-Cola man." 

During mock maneuvers an army 
ROTC commander ordered a notice 
to be displayed on a bridge stating: 
"This bridge has been destroyed by 
air attack." But to his chagrin, he 
noticed through his field glasses that a 
foot regiment was crossing the bridge 
despite his orders. He sent his adju
tant to the officer in charge post-haste 
to find out how he dared to defy his 
orders. An hour later the adjutant 
was back. "It's all right, sir," he re
ported. "The troops are wearing signs 
saying 'We are swimming'." 

Last summer at one of the ROTC 
summer camps one of the cadets was 
sent down to a stream to get some 
drinking water for the platoon, but 
had not been gone long when he came 
running back to the camp empty 
handed and panting. "Sir," he ex
claimed, "there's a big alligator in the 
stream, and I'm afraid to get the 
water." 

"Don't worry son," said the sym
pathetic officer. "That alligator is 
probably four times as scared of you 
as you are of him." 

"Well sir," replied the cadet, "if 
that alligator's only half as scared as 
I am, that water ain't fit to drink." 

The ROTC cadet didn't salute the 
colonel. "Do you realize who I am?", 
asked the officer. "I run this entire 
camp. I'm in charge of twenty-five 

, thousand soldiers." 
"You got a good job," said the 

cadet. "Don't louse it up." 

Senior: "You forgot to take off your 
pajamas." 

Freshman: "No I didn't, this is my 
ROTC uniform." 

MINNESOTA TECHNOLOG 

A group of NROTC midshipmen 
were gathered dismally. by the rail 
after their first day at sea. An old salt 
joined them and inquired sarcastical
ly, "What's the matter, Jones, got a 
weak stomach?" 

"Hell no," gasped Jones, 'Tm throw
ing it as far as the others." 

A small boy was leading a donkey 
past the Armory. A couple of cadets 
wanted to have some fun with the lad. 

"What are you holding on to your 
brother so tight for, Sonny?" said one 
of them. 

"So he won't join the AROTC," re
plied the youngster. 

The hands you love to touch. 

Damn West bank parking. 
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Love thy neighbor all through the 
day, 

But first make sure her husband's 
away! 

"Why is daddy looking pale?" 
Said little Tommy Wiggin, 
Mother said, "Just shut your mouth 
And keep right on a-diggin' ." 

8 8 8 

I kissed the friendly brown-eyed cow, 
Who gives me milk and cheese, 
I'm lying in my nursery now, 
With hoof and mouth disease. 

If her bosom heaves like the tide of 
the ocean 

And she sighs like she's torn by great 
emotion 

If she sounds like she can hardly catch 
her breath 

Let's face it, Pal, THIS BROAD HAS 
ASTHMA! 

Relax, just relax. 
Though you're feeling tight as a drum. 
Your troubles will fly, 
And you're sure to feel high, 
If you smoke Chinese opium. 

@ @ @ 

Early to bed and early to rise, 
Makes a man healthy, wealthy, and 

wise. 
This thought's wrong today, 
Of that there is no doubt. 
If you don't stay up late, 
You'll never make out. 

There once was a man named 
ROUND, 

While cutting his lawn he drowned, 
'Twas dark and he fell, down the 

shaft of a well, 
Couldn't tell his grass from a hole 

in the ground! 

A bad girl is a good girl, 
Who's had some nasty breaks 

A good girl is a bad girl, 
Without the looks it takes. 
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Don't cry, old lady, I'll buy your tat
tered flowers, 

Don't sob, old girl, I'll buy your pen
cils too, 

Don't weep, old biddy, take o:ff those 
dirty dark glasses, 

Why, hello, Mother, I knew it was 
you. 

It's not the cough 
That carries you off, 
It's the coffin 
They carry you off in. 

Ta ra ra boom de aye, 
Did you get yours today? 
I got mine yesterday, 
That's why I walk this way. 

She took my hands in sheltered nooks, 
She took my candy and my books, 
She took that lustrous wrap of fur, 
She took those gloves I bought for her. 
She took my works of love and care, 
She took my flowers, rich and rare, 
She took my time for quite a while, 
She took my kisses, maid so shy
She took, I must confess, my eye. 
She took whatever I would buy. 
And then she took another guy. 
A miserable chick. 

Hickory, dickory, dock, 
Two mice ran up her sock. 
One stopped at the garter, 
The other was smarter, 
Hickory, dickory, dock. 

Little Bo Peep 
Mislaid her sheep, 
They were eaten by a leopard, 
While what she really meant to keep, 
She was losing to a shepherd. 

Our latest missile is h·im and neat ... 
About as long as a city street .. . 
It generates tremendous heat .. . 
And travels nearly thirty feet! 

Twinkle, twinkle Ringo . Starr 
How I wonder where you are 
Across the sea so far and wide 
I'd like to skin your raunchy hide. 

Eat, drink, and be merry 
For tomorrow Rosen closes us up. 

I think that I shall never win 
A taste as fair as bathtub gin 
Unless, perhaps, that it might be 
A shot of sweet Scotch whiskey 

I think that there could never be 
A taste as sweet as Scotch whiskey 
Unless it might be one 
Made of Kentuck bourbon 

A chance, perchance to dream 
Of stingers and de menthe creme 
And yet I can be only blue 
All I got is three point two. 

I know you'll never love me, dear,. 
To that I'm reconciled, 
For you are old and worldly wise 
While I am but a child. 
So I will wait a few more years 
Until you're ninety-nine, 
And when you're dead and under

ground, 
Then you'll be mine, all mine. 

NO 

u 
TURN 

SINE 180° 
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This 600 horsepower turboprop engine is designed to power the new generation of light, fixed wing 

aircraft for both civil and military applications. • The Garrett-AiResearch TPE-331 has a specific 

fuel consumption of .62 pound per shaft horsepower-hour, and a weight to power ratio of .45 pound per 

horsepower. The engine has a response rate from flight idle to full power of approximately 1/3 of 

a second. A military version has been designated the T76 by the U.S. Navy. e Designed specifically as a 

prime power plant, the model 331 is backed by the company's experience in producing over 10,000 gas 

turbine engines. • The Model 331 engine is programmed for additional performance growth. The turboshaft 

version (TSE-331) has been flight tested as a power plant in rotary wing and vertical lift vehicles. 

For further information about many interesting project areas and career 
opportunities at The Garrett Corporation, write to Mr. G. D. Bradley at 
9851 S.SepulvedaBivd., Los Angeles. Garrettis an equal opportunity employer. 

THE FUTURE IS BUILDING 

MINNESOTA TECHNOLOG 
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Phoenix • los Angeles 
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I don't care if you are a professor, you're not 
starting any of those clubs here. 
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0 uck s ught scientific excite ent 

e's fin it at 
Ohio Untversrty conferred a B.S.E.E. degree on C. T. 
Huck in 1956. Tom knew of Western Electric's history 
of manufactur;ng development. He realized, too, that 
our personnel development program was expanding 
to meet tomorrow's demands. 

After graduation, Tom immediately began to work 
on the development of electronic switching systems. 
Then, in 1958, Tom went to the Bell Telephone Lab
oratories on a temporary assignment to help in the 
advancement of our national military capabilities. At 
their Whippany, New Jersey, labs, Tom worked with 
the Western Electric development team on computer 
circuitry for the Nike Zeus guidance system. Tom then 
moved on to a new assignment at WE's Columbus, 
Ohio, Works. There, Tom is working on the develop
ment of testing circuitry for the memory phase of elec
tronic switching systems. 

estern lectric 
This constant challenge of the totally new, com

bined with advanced training and education opportu
nities, makes a Western Electric career enjoyable, 
stimulating and fruitful. Thousands of young men 
will realize this in the next few years. How about you? 

If responsibility and the challenge of the future ap
peal to you, and you have the qualifications we seek, 
talk with us. 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 Oppor
tunities booklet from your Placement Officer. Or write 
Western Electric Company, Room 6405, 222 Broad
way, New York 38, N. Y. And be sure to arrange for 
a personal interview when the Bell System recruiting 
team visits your campus. 

Western Electric MANUFACTURING AND suPPLY UNIT oF THE BELL sYsTEM 
/I.N EQUAL OPPORTUNITY EMPLOYER 

Principal manufacturing locations in 13 cities • Operating centers in many of these same cities plus 36 others throughout the U. S. • Engineering Research 
Center, Princeton, New Jersey • Teletype Corporation, Skokie, Illinois, Little Rock. Arkansas • General headquarters, 195 Broadway, New York 7, New Yorlr 
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Splinters ... 
A tourist was visiting with the laundress who had been 

doing the washing of the clothes on exhibition at 
Madame Tussaud' s Wax Works in London. 

"Tell me," said the tourist, "do all the queens and 
duchesses in the wax works wear anything under those 
gorgeous gowns?" 

"As a matter of fact they don't," the laundress ad
mitted, ''but I'd rather you not tell a soul. As it is, no
body knows but me and a few American soldiers." 

Boarder: It's disgraceful, madam. I'm sure tvvo rats 
were fighting in my bedroom last night. 

Landlady: What do you expect for $25 a month? Bull 
fights? 

A little boy went to ~ fortune teller only to learn that 
he was to die in tvvo weeks. In two weeks· after he died 
his mother was to die, and two weeks after that his father 
was to die. The little boy just laughed and went home to 
tell his parents. Upon hearing the news, his· father really 
laughed and said that it was a pretty good story. Two 
weeks later the little boy died. The father passed it off 
as just being a coincidence. Two weeks after that his 
wife died. He worried for the next tvvo weeks. One night 
as he was getting ready for bed, he did so thinking that 
this was to be his last night. The next morning found 
him up and getting dressed and fixing breakfast. He 
went out on the porch to bring in the milk and he found 
the milkman-dead. 

I 
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er cNair designs it, 
elly has to manufacture it 

In the broad spectrum of engineers and scientists we con
stantly seek, we can use more manufacturing engineers like 
Edward Joseph Kelly (right, six years out of Tufts this 
June). Mark well the distinction between Kelly's responsi
bility and that of his opponent in the debate pictured. Out 
of it upon completion of their differing assignments will 
come a photographic information storage and retrieval 
device that will bear our "Recordak" trademark, well known 
in banking and other businesses. 

Dave McNair has determined how the mechanical, optical, 
and electrical components and subassemblies have to work 
and fit together for the equipment to do its job. He has 
come up with a working model. Management likes it. 

Enter Kelly. His task: to tell us exactly down to the last 

EASTMAN KODAK COMPANY, 

detail what we have to do to multiply McNair's working 
model by x, a number chosen by the marketing people. To 
make the production-run machines work not merely as well 
as McNair's hand-built one, but better. To decide which 
parts we should buy and which we should make. To specify 
the tooling for the parts we make. To specify also the tools 
for assembly and inspection. To design the fabrication proc
esses. Better than just designing the processes, to see the 
need for a process which no previous manufacturing engineer 
had realized was needed and which happens to make the 
product an irresistible bargain for the ultimate user and a 
money-maker for us. 

We need that kind of manufacturing engineer so that we 
can teach him how to run a big business. 

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. 
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1111 An interview with W. Scott Hill, Manager-Engineering Recruiting, General Electric Co. 

W. Scott Hill 

Q. Mr. Hill, when is the best time to 
begin making decisions on my career 
objectives? 

A. When you selected a technical 
discipline, you made one of your 
important career decisions. This de
fined the general area in which you 
will probably begin your professional 
work, whether in a job or through 
further study at the graduate level. 

Q. Can you suggest some factors that 
might influence my career choice? 

A. By the time you have reached 
your senior year in college, you know 
certain things about yourself that 
are going to be important. If you 
have a strong technical orientation 
and like problem solving, there are 
many good engineering career 
choices in all functions of industry: 
design and development; manufac
turing and technical marketing. If 
you enjoy exploring theoretical con
cepts, perhaps research-on one of 
the many levels to be found in in
dustry-is a career choice to con
sider. And don't think any one area 

offers a great deal more opportunity 
for your talent than another. They all 
need top creative engineering skill 
and the ability to deal successfully 
with people. 

Q. After I've evaluated my own abil· 
ities, how do I judge realistically 
what I can do with them? 

A. I'm sure you're already getting 
all the information you can on ca
reer fields related to your discipline. 
Don't overlook your family, friends 
and acquaintances, especially re
cent graduates, as sources of informa
tion. Have you made full use of your 
faculty and placement office for 
advice? Information is available in 
the technical journals and society 
publications. Read them to see what 
firms are contributing to advance
ment in your field, and how. Review 
the files in your placement office 
for company literature. This can tell 
you a great deal about openings and 
programs, career areas and company 
organization. 

Q. Can you suggest what criteria I 
can apply in relating this information 
to my own career prospects? 

A. In appraising opportunities, apply 
criteria important to you. Is location 
important? What level of income 

would you like to attain? What is the 
scope of opportunity of the firm 
you'll select? Should you trade off 
starting salary against long-term 
potential? These are things you must 
decide for yourself. 

Q. Can companies like General Elec
tric assure me of a correct career 
choice? 

A. It costs industry a great deal of 
money to hire a young engineer and 
start him on a career path. So, very 
selfishly, we'll be doing everything 
possible to be sure at the beginning 
that the choice is right for you. But 
a bad mistake can cost you even 
more in lost time and income. Gen
eral Electric's concept of Person
alized Career Planning is to recog
nize that your decisions will be 
largely determined by your individ
ual abilities, inclinations, and am
bitions .. This Company's unusual di
versity offers you great flexibility 
in deciding where you want to start, 
how you want to start and what you 
want to accomplish. You will be en
couraged to develop to the fullest 
extent of your capability-to achieve 
your career objectives, or revise 
them as your abilities are more fully 
revealed to you. Make sure you set 
your goals realistically. But be sure 
you don't set your sights too low. 

FOR MORE INFORMATION on G.E.'s concept of Personalized Career Planning, and for 
material that will help you define your opportunity at General Electric, write Mr. Hill at 
this address: General Electric Co., Section 699-10, Schenectady, N. Y. 12305. 

GENERAL ELECTRIC 
An Equal Opportunity Employer 





Fresh water and electricity ... from one Westinghouse super-factory 

Imagine a modern factory that can produce soo,ooo kilowatts of electric power-and at 
the same time take water from the sea and make it drinkable at the rate of so million gallons a day. 
That's enough power and water for a population of half a million. 
No such super-factory exists anywhere in the world. Not yet. But a small-scale version of 
the Westinghouse system is being built by Burns and Roe, Inc. for an electric utility in the Canary Islands. 
\Vaste heat from the electric power turbines will convert sea water to fresh by a flash distillation 
process, providing abundant electricity and ·water for industry, agriculture and home uses. And at a 
lower cost than now exists in many parts of the world. 
\Vestinghouse can build large or small sea water super-factories for electric utilities 
in any coastal area. And as research continues, scientists may find a practical way to harvest 
chemicals from sea water in the same process. 

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 21, Pa. 
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you may want to give serious consideration to a career in large-scale computer-based military systems 

with UNIVAC in St. Paul 

* new $37 million AF contract for a fleet of 153 computers * major contracts with 

all three military services and with NASA and FAA * upwards of 100 positions 

open on 5 major programs including commercial real-time systems 

Of special interest to new graduates is the TOTAL-SYSTEM 
APPROACH you find at UNIVAC. Since a UNIVAC computer
based command/control network interfaces with all major 
subsystems in the complex, you are afforded broader exposure 
to total defense systems technology than you can gain from 
any subsystem program on the "periphery." (In fact, subsys
tem criteria are often developed by UNIVAC systems people.) 
A MELD OF MANY DISCIPLINES is required for most UNIVAC 
programs. Teamed together are men who understand the 
functioning and capabilities of star-trackers, horizon seekers, 
inertial devices, IR sensors and radars- to mention only a 
few. These men, in turn work closely with a wide range of 
specialists and generalists in computer technology, opera
tions research and broad systems design and analysis. These 

teams include engineers and scientists at all levels of experi· 
ence. THERE IS WIDE DIVERSITY WITHIN AS WELL AS 
AMONG UNIVAC PROJECTS. We are now writing the specifi
cations for a multi-processor system, said by many to have a 
capacity 100 times greater than that of any one of the largest 
single real-time computers in use today. Other projects: .•• 
down-range tracking and control of missiles and satellites 
... NTDS- a system in continuous evolution, now moving 
toward assumption of more local and tactical shipboard func
tions previously performed by separate communications/ 
computational subsystems ... ballistic missile mid-course and 
re-entry guidance ... advanced studies in associative memo· 
ries and learning techniques. 

The long list of assignments now open with UNIVAC-Twin Cities calls for engineers, scientists and programmers at all levels of 
experience. A number of these positions are available to new engineering and science graduates or men just qualified for a 
Master's. Several require doctorates. 

Arrange to talk with us about a career with UNIVAC that matches your training and interests. Contact Mr. R. K. Patterson, 
Employment Manager, UNIVAC Division of Sperry Rand Corp., Univac Park, St. Paul 16, Minnesota. An Equal Opportunity Employer. 

I 
QIVISION OF SPERRY RANO CORPORATION 
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False career starts are frustrating from both an achievement and an advance
ment viewpoint. Getting the right start the first time is often the most 

important step in your entire engineering career. 

You can make the right start at Collins and you'll be working with the top 
men in the field. The scope of our work- Data Processing, Space Communi

cations, Avionics, Microwave, Antenna Systems and HF, VHF and UHF 
communication- offer graduates every opportunity to follow areas of engi

neering which best suit individual interests and capabilities. 

Start your career out on the right foot by contacting your college placement 

office for full information. 

COLLINS RADIO COMPANY ® Cedar Rapids, Iowa ® Dallas, Texas ® 

Newport Beach, California An equal opportunity employer 

MAY, 1964 
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Official Student Publication of the Institute of Technology, University of Minnesota 

Cover: The arrival of the unexpecte·d visitor at the E-day festivities, as shown on. our 
cover, was the center of attraction for a short period of time. Like the representative from 
the University News Service who said, "Where did he come from, he wasn't there five 
minutes ago?," we are totally in the dark as to just exactly how he did arrive. Perhaps he 
was sick and tired of representing that other college of students who did not even show 
enough interest to come and get him. 
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The groove on this Malleable iron cam for a packaging machine requires a 
fine finish. A shell core used on the outside ofthe part produces such a smooth, 
accurate surface that no machining is required. 

Shell coring produces such exact detail that the acme thread on this Malleable 
iron trench brace wing nut is used without any machining. Previously pro
duced with a standard oil sand core, it required reaming and tapping. 

Solve Design P blems, Reduce Machining 
with Shell Cored Malleable Castings 

Shell cores are most often used to create interior surfaces but, in 
addition, they can be utilized at other locations in a green sand 
casting to impart smoothness, provide closer tolerances, reduce 
machining, and solve a variety of design problems. 

Shell cores create surface finishes of 50 to 250 microinch rms. 
Thus, excellent detail can be obtained in Malleable castings for gear 
teeth, holes, dove-tails, mating surfaces and threads with this modern 
casting technique. 

The internal air passages and chambers in the pneumatic wrench 
handle, shown at right, are excellent examples of the amazingly 
complex details which can be created accurately and economically 
in Malleable castings with shell coring. They are produced-complete
ly finished except for tapping-in the basic casting. 

The advantages obtainable from shell coring in 
selected applications, combined with Malleable's 
high strength, ductility, easy machinability and 
reliable uniformity, make Malleable castings an 
outstanding choice for high-quality, low-cost parts. 

Send for your free copy of this 16-page ~!Malleable 
Engineering Data File." You will find it is an excel
lent reference piece. 

The machining once required to produce this 
lever bracket included broaching the square hole, 
milling the slot, drilling and reaming the two large 
bolt holes, and drilling the small hole. All machin
ing has been eliminated through the use of a 
single shell core. 

Precise doVe-tails, intricate air channels and other 
interior details of this impact wrench handle are 
produced in the Malleable casting by the three 
shell cores shown. A variety of machining opera
tions is eliminated by this relatively low-cost 
technique. 

For further information on Malleable castings, 
call on any company that displays this symbol-

MEMBER 

MALLEABLE fOUNDERS SOCIETY ~ UNION COMMERCE BUILDING @ ClEVElAND, OHIO 44114 

MAY. 1964 



E- s ESS? 

E-day is over. Most of the bills are in and paid. This is nothing to get excited about. The 
really amazing part is that for the first time in many years E-day has paid for itself and even 
made several hundred dollars. "Aha," you say, "they have short-changed us, why didn't they 
spend all of it?" Here comes that same old question again. What did you do to help make 
E-day a success? 

With this in mind we would like to present a few gripes. 

First of all we would like to thank those professors who unofficially held class on E-day. 
We fully realize that mathematicians and physicists are not engineers (by definition, to use their 
terminology) but we hope that they realize that they are part of IT. 

Next we would like to thank the janitors and all the big wheels down in plant services for 
their cooperation with E-day publicity. It would seem that signs with removal dates posted 
in IT buildings advertising E-day events should be allowed on the walls of our hallowed(?) 
halls. Since signs taped to painted walls are frowned upon, someone (attention plant services, 
Tech. Commission, and all other interested parties) ought to investigate the possibility of plac
ing adequately large bulletin boards in appropriate positions in the IT buildings. 

Third, but not finally, we would like to thank those fraternities and societies which did not 
find it possible to gift E-day with their efforts. A few quick statistics are in order here. Did 
you know that only 33~~% of the fraternities (two out of six) and 25% of the societies (three 
out of twelve) participated fully enough to be eligible for the all-participation trophy? 

In an attempt to clear the atmosphere of the smell of sour grapes we would honestly like 
to thank all you John Q. Average students who bought buttons and tickets (maybe after a 
short, harassing sales talk), watched the parade with its many beautiful(?) floats (did you see 
the TechnoLOG?), came to the picnic and maybe won a few prizes, and perhaps even came to 
the dinner dance. Thanks again. 

One last slap. We hear that the foresters were threatening somebody, we are not exactly 
sure who, with civil arrest and court action for kidnapping of the unexpected visitor shown on 
the cover. With college rivalry spirit like this who needs Dean Williamson. 

WJC, PCH 
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PATI L CO IGUR TIO 
OF PROT I 

by RODNEY BILTONEN, Grad 

HISTIDINE 

~H2 
HS-CH-C-COOH 

2 I 

H 

CYSTEINE 

~H2 
HO-C-CH-C-COOH 2H 
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I I 

H2C\ fH-COOH 

N 
H 

PROLINE 
(AN EXCEPTION TO 

THE GENERAL 
MOLECULAR FORMULA) 

~H2 . 
H-C-COOH 

H 

GLYCINE 

Figure 1: Some Common Amino Acids 

Figure 2: Polymerization of Amino Acids to Form a Polypeptide. 
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Proteins play an essential role in the architecture and 
function of the living cell. They function as components 
of the connective tissue, as oxygen carriers in blood, as 
enzymes regulating the metabolic processes, and as sev
eral other essential constituents of living systems. Pro
teins constitute an indispensable element of all living 
matter. 

One of the problems most basic to the understanding 
of life processes is how proteins function. The solution to 
this problem must be approached on a fundamental 
molecular level. In other words, the question which 
must be answered is: What is the molecular basis for 
the operation of proteins? With the increasing amount 
of knowledge of protein chemistry it has become quite 
apparent that the complex nature of the detailed struc
ture of proteins must be known and understood before 
this question will be answered. 

The Building Blocks of Proteins 

The basic unit of a protein molecule is the amino acid. 
The general molecular formula of the amino acids which 
have been isolated is, with two exceptions, RC( NH2 )

HCOOH, where -C( NH2 )COOH is the amino acid func
tional group and the R is a side chain which distinguishes 
the various amino acids. Some of the common amino 
acids are shown in Figure 1. It is important to note that 
the side chain drastically influences the chemical and 
physical properties of the amino acid, and thus, of the 
protein. There are approximately twenty naturally oc
curring amino acids which are found in different propor
tions in all proteins. Proteins range in molecular weight 
from approximately 10,000 to 1,000,000. 

Amino acids condense with the release of water to 
form polymeric chains called polypeptides as shown in 
Figure 2. The bond formed during the condensation 
process is called a peptide bond. A protein molecule 
may consist of one or more polypeptide chains. If a pro
tein consists of more than one polypeptide chain, then 
the chains must be held together in some fashion. A 
chemical bond which can hold such chains together is a 
disulfide bridge, a bond between the two sulfur atoms 
of different cysteine groups. However, there are other 
forces which can hold polypeptides together which are 
not primary chemical bonds. The presence of these 
forces can result in the formation of salt, hydrogen, and 
hydrophobic bonds, all of which will be discussed later. 
An example of a protein consisting of several polypeptide 
chains held together by these types of forces is hemo
globin, the oxygen transporter in blood, which is an 
aggregate of four, smaller, single-chain proteins or poly
peptides. 

From Structure to Function 

The problem of the protein chemist is to determine the 
intricate relationship between the structure and the func
tion of the protein. Since the individual amino acids 
possess very different properties, they must singularly 
and aggregately confer unique properties to each pro
tein molecule. To uncover, then, some of the protein's 
mysteries, a determination of the amino acid composition 
and sequence is in o~der. Unfortunately such a deter-

MINNESOTA TECHNOLOG 

ruination is an extremely difficult job and until about ten 
years ago the amino acid sequence of no protein was 
known. In 1955 Frederick Sanger and co-workers at 
Cambridge were able to determine the amino acid 
sequence of the two chains of insulin, a pancreatic hor
mone (ref. 5). Although the determination of the amino 
acid sequence is a superb piece of classical organic 
chemistry, it is still insufficient to explain many of the 
unique properties of proteins, and it now behooves us to 
proceed even further into the details of the structure. 
One must now concern himself with the three dimen
sional or conformational structure of the protein. 

The method of X-ray diffraction has been used for 
several decades as a method for the determination of the 
three-dimensional structure of molecules, but until re
finement in the technique and the availability of high 
speed computers, investigators met with little success in 
the investigation of protein molecular structure. The first 
direct evidence of the complex nature of the three
dimensional structure of a protein was published by 
Perutz and Kendrew about two years ago (refs. 2 and 4). 
They were able to deduce from their X-ray diffraction 
patterns the three-dimensional structure of hemoglobin 
and myoglobin, an oxygen carrier in muscle. 

Indeed, the success of Kendrew and Perutz was a 
giant step toward ultimate understanding of the relation
ship between the three-dimensional structure and the 
function of proteins. However, since the X-ray tech
nique can only be used with molecular crystals, its re
sults are only a beginning. The molecule must also be 
"observed" in dynamic, functioning situations if ques
tions about the role of molecular conformation in protein 
operation are to be answered. This requires the use of 
other techniques such as ultraviolet spectroscopy, and 
optical rotatory dispersion. 

Protein Substructure 

The conformation of myoglobin, as of any protein, is 
an intricate array of up to several thousand closely 
packed atoms. This structure can be resolved, at least 
for purposes of discussion, into three classifications. 
These classes are the primary, secondary, and tertiary 
structures.1 · 

The primary structure of a protein molecule is the 
spatial arrangement of atoms determined by the forma
tion of the primary chemical bonds. This includes the 
polypeptide backbone formed from the peptide links 
between amino acid residues and any structure resulting 
from formation of disulfide bonds. This structure retains 
its integrity during most processes and under most con
ditions in which proteins are generally observed. Dis
ruption of the primary structure occurs only when pri
mary chemical bonds are broken by acid or base hydro
lysis or by other rather drastic means. Knowledge of the 
primary structure of a protein is ascertained upon de
termination of the amino acid sequence. 

The secondary structure refers to a. well-defined, or
dered, and quite rigid placement of amino acids in three
dimensional space. It is the folding of the polypeptide 
chain resulting from hydrogen bond formation between 

1 For a general review of protein structure see the 
article by W. Kauzman in reference 1. 
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Figure 3: The alpha helix of a protein molecule is coiled 
chain of amino acid units. The backbones of the units form 
a repeating sequence of atoms of carbon (C), oxygen (0), 
hydrogen (H) • and nitrogen ( N). The hydrogen bonds be
tween peptide 'links are indicated by broken lines. The 
hydrogen atom that participates in each of these bonds is 
not shown. 

Reprinted from Scie~ntific American by permission. 
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different peptide units. The distinguishing feature of 
this type of structure is the regular, periodic arrange
ment of the hydrogen bonds. Two common examples of 
this type of structure are the a-helix and /3-pleated sheet. 
Since the a-helix is almost universally present in proteins, 
it shall be discussed in detail as an illustrative example. 

The a-helix structure, which is depicted in Figure 3, 
was originally proposed by Pauling, Corey and Branson 
in 1951 (ref. 3). From the study of the X-ray diffraction 
patterns of amino acids and small peptides they were 
able to make certain conclusions about the various struc
tures. First, they showed that the six atoms C-NH-CO-C 
in the peptide bond must be coplanar and that there 
were rigid limitations on the bond angles and bond 
lengths. Secondly, they found that large peptides, re
sembling proteins, had a strong propensity to form linear 
intramolecular hydrogen bonds between the amide hy
drogen of one peptide group and the carbonyl oxygen 
of another peptide group. From the details of their re
sults they then proposed the possible existence of the 
a-helix. One of the very important findings of Kendrew 
and Perutz was that, indeed, hemoglobin and myoglobin 
are in almost 80 per cent a-helical form. The main forces 
which stabilize the a-helical structure are the intramole
cular hydrogen bonds. Careful examination of Figure 3 
will indicate the ordered presence of such hydrogen 
bonds. However, it should be noted that interaction be
tween side chains of the amino acids can greatly in
fluence the stability of the a-helix. In fact, sufficient in
teraction can prevent certain portions of the peptide 
chain from forming the a-helix and the absence of large 
segments of a-helix is found in several proteins. The 
a-helix is formed primarily because of. the necessity to 
satisfy the peptide links' hydrogen bonding valences, but 
can be strengthened or disrupted because of favorable 
or unfavorable interactions between the side chains.2 

The tertiary structure refers to structure determined 
by interactions of the amino acid side chains. It includes, 
for one thing, the folding of secondary structural units 
into a compact form. The forces primarily involved are 
hydrogen and hydrophobic bonds. This structure is 
wholly amorphous and lacks any real order or rigidity. 
It is this structure which is most susceptible to change 
by mild perturbations of temperature, pH and solvent 
composition. 

The conformation of a protein molecule is determined 
by the net sum of forces which are present. Although 
the number of possible conformations (limited only by 
the geometrical restrictions) is extremely large, the con
formation observed will be that which is thennodynam
ically the most favorable. Therefore, to understand the 

(Continued on Page 23) 

2The a-helix can also be disrupted by the presence of 
the amino acid proline in the polypeptide chain. The 
geometry of this amino acid is such that it is prevented 
from participation in the a-helix except near an end. It 
has no large effect upon the participation of the neigh
boring amino acid residues in the a-helix, but its presence 
can cause at least a temporary interruption in this sec
ondary structure. In hemoglobin, which is about 80 per 
cent helical, the presence of proline is frequently ob
served wherever the helical segments are interrupted. 
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Right now, graduation seems way off in the wild blue you may be flying a supersonic jet ... helping to keep 
yonder. But it's not too early to start planning. In the America's guard up. Or you may be in an Air Force 
future, you'll look back on decisions you make today laboratory, working to solve an intricate scientific or 
with satisfaction ... or regret. technological problem. 
What can an Air Force career mean to you in tangible Doing jobs like these, you can hold your head high. In 
gain? The opportunity to take on executive responsi- addition to being essential to your country, they're the 
bilities you might otherwise wait years to attain. And a beginnings of a profession of dignity and purpose. 
head-start into one of a wide range of possible careers For more information, see the Professor of Air Science. 
in the exciting Aerospace Age. r F 8 If there is no AFROTC unit on your cam-
As .an Air Force officer, for example, 11 11 pus, contact your Air Force recruiter. 
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We have just marked the close of the 50th 
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." 

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 Priester, 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 original rivals of E-Day were the Miners, who 
h·ied 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. 

In 1916, the Med students carried a banner in the 
E-Day parade which read: 
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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
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. 

MAY, 1964 
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A graduate of Edina-Morning
side High School, she is cu,r
rently enrolled in elementary 
education. 

MINNESOTA TECHNOLOG 

Queen Colleen is chosen. Miss 
Cindy Barker, sponsored by 
Gamma Phi Beta sorority, is 
crowned by retiring queen Meg 
Dredge. 

Her interests are many and 
varied; including swimming, wa
ter skiing, sewing and guitar 
playing. 

St. Patrick, Pete Fausch, is a Civil Engineer but 
there has been some question raised as to just how 
civil he is. Pete is a member of Plumb Bob, Theta Tau, 
ASCE, and has been quite active in 'E-day for several 
years. Congratulations Pete. 

Kiss me and we'll go eat. 

11 



Plumb Bob leads the way-as always. 

The winning float, sponsored by Theta Tau. 

Now that's what we call 50 years of progress. 
Sponsored by MSPE 

12 

Unbelievable, but the "LOG" entered a float. 

We thought it was kind of coarse, too. Sponsor AICHE 

We comply with the wishes of this group which wants to remain 
anonymous. 

MAY, 1964 



Engineers' Day Committees 

General Co-Chairmen William Carlson 

DeW aldon Bendtsen 

Business Manager Bruce Bartley 

PUBLICITY 

~James Wilbur 
~Thomas Nrocak 
Sally Ahola 
Fred Merry 

BUTTONS & TICKETS 

~charles Oleson 
~Gerald Dittberner 

PARADE 

~Peter Fausch 
Jon Davison 
Fred See 
David Aakre 

BLARNEY CASTLE 

(!<Peter Halden 
Michael Froman 
Stephen Lindfors 
Joyce Nelson 
Roxanne Maday 
Bob Johnson 

ALL PARTICIPATION 

Societies 
1. MSPE 
2. AICHE 
3. ASME 
Fraternities 
1. Theta Tau 
2. Triangle 

Points 
4,393 
4,379 
4,224 
Points 
8,374 
5,628 

ALL TOURNAMENTS 

1. Theta Tau 
2. AICHE 
3. ASME 

BOWLING 

1. AICHE 
2. AXE 
3. Theta Tau 
High Individual: 

Mike Megarry, AICHE 

BRIDGE 

1. AIAA 
2. Theta Tau 
3. AICHE 

MINNESOTA TECHNOLOG 

TOURNAMENTS 

~Richard Harding 
~Dennis Ojard 
Michael Eggert 
Kenneth Kramer 
Fred See 
Ted Hedin 
Douglas Munson 

PICNIC 

~Phil Zietlow 
George Paulson 
James Walek 
Donald J ullian 
William Neer 
Gerald Darnfield 
James Tucker 

OPEN HOUSE 

~Duane Wallen 
Lee Sigford 
James Tucker 

DANCE COMMITTEE 

,!) Conrad Hanson 
Robert O'Malley 
Donald Yamada 
Michael Spector 
Mark Gausman 
William Otto 
Rodney Maas 
Ronald Dahl 

QUEEN COMMITTEE 

~James Reed 
Ronald Edstrom 
Robert George 
Mark Fugelso 
Robert Nordstrom 

KNIGHTING 

~Douglas Askegard 

~chairman 

Tournaments, Parade, pen 

House, and AU Participation Results 

CHARIOT RACE 

1. ASME 
2. Theta Tau 
3. AXE 

GOLF 

1. AIIE 
2. ASME 
Low Individual: 

George Chesley, AIIE 

OPEN HOUSE 

Societies 
1. AIME 
2. AICHE 
3. ASME 
4. ASAE 
5. MSPE 

Fraternities 
1. Triangle 
2. Theta Tau 

PARADE 

1. Theta Tau 
2. ASME 
3. MSPE & KHK 

PING PONG 

1. MSME 
2. AXE 
3. ASCE 
Individual First: 

Kurt Zumwinkle, MSPE 

SOFTBALL 

1. ASCE 
2. ASAgE 

TENNIS 

1. ASCE 
2. AXE 
3. AICHE 
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ASME placed second with their parade entry. A member of Plumb Bob receives his award. 

TOP: Our dean, in case yoU! hadn't seen him before. TOP: Bill Carlson and Bendtsen thank everyone for their help. 

BELOW: Jim Peterson receives the Hamilton watch award. BELOW: Seniors line up to kiss the Blarney stone. 



E-day's version of the Kentucky derby. 

lolita, that's a funny name for a girl. 

ASME and winning horses. (P.S.: they won the chariot race, too.) 

TOP: Back into hiding with the Blarney stone. 

BELOW: The picnic, a great place to be if you're hungry. The faculty-student ballgame. 



Spotlight on 

local Industry 

E 

The idea for the first telephone resulted from a fortui
tous simultaneity. On June 2, 1875, Alexander Graham 
Bell and his assistant, Thomas A. \i\Tatson, were experi
menting with a telegraph system to send several mes
sages over a single wire at the same time without inter
ference. During tests with transmitting and receiving 
vibrating reeds, Watson found that one of the transmit
ters was out of adjustment. While making an adjustment, 
he plucked a spring of magnetized steel, thereby sending 
an undulatory current to the distant receiver. This trans
formed the current into an extremely faint sound. Bell 
had the receiver at his ear during that fleeting moment 
and instantly recognized the importance of the sound. 
He knew that if the device could transmit all the com
plex vibrations of one sound, it could do the same for 
speech. 

After a few hours verifying the discovery, Bell gave 

St. Paul office of Northwestern Bell 
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by Jacquie E. lander, Math 65 

Watson directions for making. the first telephone. The 
sound of the voice could be recognized as it was trans
mitted by this instrument, but the words could not be 
understood. However, continued experimentation result
ed in an instrument that, on March 10, 1876, transmitted 
a complete sentence intelligibly. 

Later that year, Bell demonstrated the telephone at 
the Philadelphia Centennial Exposition, and in 1877, 
R. H. Hankinson, an Exposition visitor from Minnesota, 
brought the first telephones to Minneapolis. By the end 
of 1877, eleven customers were interconnected by a crude 
switchboard made out of sewing machine parts and 
located in city hall. These first telephones were leased 
under so-called "private line agreements" from the Na
tional Bell Telephone Company, one of the predecessors 
of the present American Telephone and Telegraph Com
pany. 

In 1878, the Northwestern Telephone Exchange Com
pany, forerunner of the present Northwestern Bell Tele
phone Company, was incorporated to provide telephone 
service in the Twin Cities. The following year, the first 
commercial telephone exchanges opened in St. Paul and 
Minneapolis, and two telephone lines connecting the two 
cities were built. 

Dial service was first introduced in this area in 1916 
by the Tri-State Telephone and Telegraph Company, 
which merged with Northwestern Bell in 1942. 

Northwestern Bell is one of the twenty-three associated 
companies of the Bell System which also includes the 
American Telephone and Telegraph Company, parent 
company; Bell Telephone Laboratories, research and de
velopment branch of the System; and the Western Elec
tric Company, manufacturing and supply unit of the 
System. 

Over 2,830,000 telephones are serviced by Northwest
ern Bell in the five-state area including Iowa, Minnesota, 
Nebraska, North Dakota and South Dakota. Of this 
number, over 1,255,000 are in Minnesota; 99 per cent of 
them dial, and 80 per cent able to make long distance 
calls by Direct Distance Dialing. 

Recent milestones of Northwestern Bell include the 
introduction of several new telephone instruments and 
services such as Data-Phone Service, Wide Area Tele
phone Service ( W ATS), Home and Farm Interphone 
Systems, Closed Circuit Educational Television, Centrex 
service, and several other new services for business, gov
ernment, and home. Data-Phone Service transmits data, 

(Continued on Page 19) 
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A challenging job dealing with people and figures- that 
was John M. Coruthers' career goal when he left college 
seven years ago with an electrical engineering degree. 

And John found the job, responsibilities and long
range career opportunities he wanted with the Illinois Bell 
Telephone Company. 

His first assignment was supervising telephone installa
tion and repair crews. Recognizing his leadership abilities, 
John's company promoted him to District Installation Su
perintendent. And in only a short time, he was advanced 

MINNESOTA TECHNOLOG 
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to his present position of District Plant Manager-an even 
more responsible job. 

But does the job deal with people? Well, thousands of 
businesses and residences in the heart of Chicago depend 
on John, and the more than 200 people he supervises, for 
the smooth flow of communications. 

John M. Coruthers, like many engineers, is impatient 
to make things happen for his company and himself. There 
are few places where such restlessness is more welcomed 
or rewarded than in the fast-growing telephone business. 

BELL TELEPHONE COMPANIES 
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Beth: "I ought to warn you that 
my father will be home in 15 min
utes." 

Bill: "But I've done nothing I 
shouldn't." 

Beth: "Well, I just wanted to warn 
you t~,at if you're going to, you better 
hurry. 

"Carry your bag, sir?" 
"Hell no, let her walk." 

1st Engineer: "Isn't that fel
low swimming out there afraid of 
sharks?" 

2nd Engineer: 11 NO, he's got 
1M innesota-best forestry school 
in the nation' tatooed on his chest 
and even a shark couldn't swal
low that." 

Public Works-on Pork Barrel Hill. 

Charles DeGaulle-"I came, I saw, 
I neutralized." 

''I'm losing my punch," said the 
freshman as he hurriedly left the 
party. 

Coed: "You remind me of Nero." 
E.E.: "Why?" 
Coed: "Here I am burning and 

you're just fiddling around." 
e ® e 

Nikita Khrushchev-"We will Barry 
Goldwater." 

Sonny Liston-with feet of Clay. 
e e e 

"Now that we?re engaged, Darling, 
you're going to give me a ring, aren't 
you?" 

"Sure, kid, what's your phone num
ber?" 

Conservative-"Let's cut out all this 
aid to South Vietnam and send it to 
Arizona;" 

Answer to problem on page 26: 
$50, $100 and $120 respectively. 
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Dicky Burton-Hasn't been very 

Sybil since he married Liz. 

Then there was the forlorn engi
neer who, on seeing a pigeon flying 
overhead, exclaimed, "Go ahead, 
everyone else does." 

Pete: ''I'm looking for a girl who 
doesn't drink or smoke or have any 
bad habits." 

Bill: "What for?" 

In Paris, it's frankness; 
In Panama, it's life; 
In a professor, it's clever; 
But in THE TECHNOLOG 
It's smutty. 

P1·incess Irene-too much Bourbon 
(Parma). 

Archbishop Makarios- Archbishop 
Prec::arious. 

Physics Prof: "It has been proved 
that opposites attract each other." 

Eager Student: "What, for ex
ample?" 

Prof: "Tight men and loose 
women." 

Engineer: "This new book on health 
says that bathing alone won't keep 
you healthy." 

Coed: "Well I don't care what it 
says, I'm going to keep right on bath
ing alone." 

Alarmists have predicted even
tually TRAFFIC may come to a 
complete halt in some American 
cities. It really happened on the 
Swedish island of Bergblom. The 
only two cars on the island crashed 
headlong on the island's only road. 

First Co-ed: "Does your boyfriend 
have any ambitions?" 

Second Co-ed: "Oh yes, ever since 
he's been knee high." 

---------

This big guy carrying an axe was being chased by a bunch of little guys 
carrying a rock. 

MAY, 1964 



Local Indust 
(Continued from Page 16) 

facsimile, and other codeable information over the same 
telephone network used for voice communications. 
W ATS enables a customer to make, at a flat monthly 
charge, as many distance calls as he wishes to telephones 
within a standard zone he has selected. 

Northwestern Bell provides closed-circuit television to 
four universities. The closed-circuit studio here at the 
University of Minnesota has a three-channel system 
serving the Minneapolis and St. Paul campuses and 
Rochester Junior College. Other installations serve 
Macalester College in St. Paul, the School of Dentistry 
at the State University of Iowa, and Omaha University. 

Plans are now underway to offer Touch-Tone calling 
to some Minnesota customers by fall1964. With Touch
Tone, ten pushbuttons replace the familiar rotary dial on 
the telephone and calls are placed by pushing the but
tons in the proper sequence. 

Other new communications services-now in the plan
ning, development, or product-testing stages-are the 
following: 

... a vest-pocket personal signaling set, called Bell 
Boy, to notify a businessman or doctor of emer
gency calls while away from the office, 

... equipment which would store up incoming calls 
while your phone is in use and then complete the 
calls on a first-come, first-serve basis when your 
line is free, even ringing back the party that had 

called you, 
... automatic transfer of calls to another telephone 

when you are away from your office by dialing in 
a special code to the central office equipment. 

And someday you may ... 
. .. dial your own long distance calls to almost any 

telephone in the world via orbiting communications 
satellites, 

. .. have a "Picture-Phone" which would enable you to 
see as well as talk to the party on the other end of 
the line, 

... be able to order your groceries by pushing a few 
additional buttons on your "Touch-Tone" tele
phone, as indicated on a shopping guide mailed by 
your grocery store. The groceries would be auto
matically packed, billed, and delivered to your 
door. 

In order to take care of growing communications 
needs, Northwestern Bell plans to spend approximately 
$125,000,000 for construction in 1964. Construction is al
ready well underway on the $7,000,000, thirteen-story 
building addition between the Minneapolis downtown 
telephone building and the McKnight Building and a 
twelve-story addition to fill in the wings of the U -shaped 
McKnight structure. In addition, a three-story parking 
ramp for company vehicles will be constructed nearby. 

An average of 22,300 men and women worked for 
Northwestern Bell in 1963 in some 644 exchanges 
throughout the five states. The Company estimates that 
its operations contributed nearly $340 million to the 
economy of this area. (] 

I I 
Prepare for your future in highway 

engineering-get the facts about new 
DEEP-STRENGTH (Asphalf ... Base) pavement 

·MINNESOTA TECHNOLOG 

Modern pavement engineering has taken a "giant step 
forward" with DEEP-STRENGTH Asphalt construction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modern Asphalt technology. So 
prepare for your future now. Write us today. 

THE ASPHALT INSTITUTE, College Park, Maryland 

F---------------------~ I 
I THE ASPHAlT INSTITUTE, College Park, Md. 

Gentlemen: Please send me your free student I 
library on Asphalt Construction and Technology. : 

NAME-----------CLASS, __ _ 

ADDRESS---------------

CITY _________ STATE ____ _ 

SCHOOL---------------

I 
I 
I 
I 
I 
I 
I 

L---------~-~~~-------~ 
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edited by DENNIS L. KURSCHNER, EE '68 

Tiny Welder Solves Big Problem 

A device which can weld wires half the thickness of a 
human hair to surfaces only a few thousandths of an inch 
thick has been developed. The new machine solves 
problems which emerged with the growth of micro
miniaturized electronics. 

Electrical engineers spent nearly a year perfecting the 
new machine. Experiments have proved its ability to 
overcome most joining problems. Easily operated, the 
machine reduces the need for highly skilled welding 
technicians and cuts joining time by 80 per cent. 

A typical problem in manufacturing tiny electronic 
parts is to connect a dozen or so hair-sized wires to a 
complete electrical circuit smaller than a penny, without 
ruining the wire or without melting another wire only 
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thousandths of an inch away. 
Until now microminiaturized electronic welding has 

been accomplished with great difficulty. Pressure of 
electrodes on pieces to be welded was erratic. Electrodes 
suffered deficiencies of composition and electrical trans
ference, and lacked flexibility to accomplish varying jobs. 

Part of the new machine's success rests upon its use 
of a precise weld pulse. This is the amount and dura
tion of electric energy delivered to the weld point, 
coupled with the electrode pressure directed to the weld. 
The machine controls duration accurately from 1/1000 
to 1/16 of a second. Electrode pressure can be varied 
from less than an ounce to 24 pounds. 

By doing away with flux requirements for certain 
soldering operations, the machine takes a long step to
ward eliminating soldered-joint contamination caused by 
the flux. 

Currently the welding device is employed in fabricat
ing components used in research and development, 
manufacturing experimentation, and product research. 

Flute Plays By Memory 

A new molding process, which can form a miniature 
memory plane containing thousands of storage cells, has 
been developed on an experimental basis. The experi
mental molding technique is one approach developed in 
an effort to find new ways of fabricating ultra-large com
puter memories. 

Using the new molding process, scientists have fabri
cated an experimental memory array, called Flute, which 
incorporates advances in speed and miniaturization. The 
name of the array is derived from the flute-like appear
ance of the individual memory elements. 

Each storage cell in the Flute memory can store or re
lease information in 100 billionths of a second. This is an 
important factor in determining the overall speed of a 
memory system. In addition, a density of 2000 storage 
cells per square inch has been achieved in an experi
mental Flute array containing a total of 15,000 storage 
cells. Scientists believe much higher densities could be 
obtained with this technique. 

A molding process is a natural approach to fabrication 
of memory arrays, since each array consists of thousands 



of identical storage cells. Presently, computer memories 
are usually composed of arrays of tiny doughnut-shaped 
magnetic cores-each one constituting a memory cell. 
Thousands of these cores are assembled in any array and 
threaded with a series of wires, so the magnetization (or 
information state) of each core can be switched from one 
state to another. 

In the Flute memory, a magnetic ferrite material is 
molded in the form of many tiny "tubes" over a mesh of 
fine wires in a single step. The finished memory array 
consists of a set of parallel ferrite tubes held together by 

a set of wires, called bit lines, intersecting the tubes at 
right angles. Each tube contains a wire, called a word 
line, running along its axis. 

Each Flute element contains a series of storage cells, 
corresponding to points where bit lines cross over the en
cased word line. By applying simultaneous electrical 
pulses to the word line and one of the bit lines, the mag
netization direction of the ferrite material at the corre
sponding intersection is rotated. The magnetization can 
be rotated back to its original direction by applying a 
pulse to the word line. These two magnetization direc
tions represent the "0" and "1" states, the basic com
puter language elements. 

Rotational switching is an inherently fast switching 
mechanism because the magnetic components rotate in 
unison. In conventional core memory devices, the process 
proceeds on a sequential basis. 

The New Sound 

A new way of amplifying acoustical signals, by using 
one signal to "pump" energy into another, has been 
achieved. In the new technique, a crystal of magnesium 
oxide, MgO, is used to transfer energy from an ultra
sonic pump wave to an ultrasonic signal wave. As both 
waves travel the length of the crystal, the nonlinear 
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acoustical or vibrational properties of the material break 
down the pump wave into frequency components, some 
of which add to the signal, building up the signal 
strength. 

Amplification is made possible by the nonlinear acous
tical or vibrational properties of the MgO material. 
These properties cause interactions to take place between 
the pump and signal waves as they travel through the 
crystal. When the signal frequency is lower than that of 
the pump, part of the pump energy is converted to 
energy at the signal frequency, thus adding power to the 
signal wave. Another wave, the "idler," is generated in 
this interaction, at a frequency equal to the difference 
between the pump and signal frequencies. 

In addition to the above effect, which leads to amplifi
cation, the nonlinear interactions may also generate 
waves at multiples of the pump frequency and sums of 
the pump and signal frequencies. These waves draw 
power from the pump wave and are undesirable. They 
are suppressed by altering their phase velocity. After 
undergoing a small phase change they become "out of 
step" with the pump and signal and are unable to grow 
further. 

Change of phase velocity is accomplished by using the 
interaction of a ,wave with impurity ions of iron or nickel 
in the crystal lattice. An interaction occurs when the 
electron spin resonance frequency of an ion is adjusted, 
with a magnetic field, to match the frequency of the 
wave. 

In addition to its scientific interest as the first demon
stration of acoustical parametric amplification, the tech
nique may find use in the laboratory or in advanced 
radar or computer applications for amplifying ultrasonic 
signals in the microwave range. The concept of para
metric amplification, an energy storage and transfer 
process, has been used widely for amplifying both elec
trical and electromagnetic signals, but never before for 
acoustical signals. 

13,542 Variables 

An engineer and his computer have been credited 
with solving a communication engineering problem in
volving 2,002 mathematical equations and 13,542 vari
ables. 

According to Simeon E. Gordon, the programmer, it 
was the largest known problem of its type to be solved 
by man or machine. A mathematical approach termed 
"linear programming" was used to find the shortest pos
sible noninterfering routes for messages through a net
work of 62 switches. 

Mr. Gordon explained that the problem was equivalent 
to determining the shortest route a motorist could fol
low over a road network to avoid possible traffic delays 
at 62 intersections. He required a full year to evolve the 
two original equations that instructed the computer on 
the job to be done; finding the answer required approxi
mately m~ hours of computer time. 

The techniques developed to solve this problem are 
applicable to many other industrial problems-among 
which are the routing of railroad trains, oil :How in a pipe
line, the routing of telephone calls, telegrams, and mail, 
and the shipment of goods between warehouses, fac
tories, and outlets. 
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Everything we learned from 
building 10,000 small gas turbine engines 
has been packed into this new 
600-horsepower turboprop engine 

-and it shows! 

ou'd probably expect the 
world's largest manufacturer 

of small gas turbine engines to 
turn out the world's finest small 
turboprop job. 

And we have. 
We call our new engine the 

TPE-331. (The military version is 
designated T-76.) It is a versatile 
turbine capable of powering many 
vehicles. Its 600-horsepower cate
gory makes it particularly suitable 
for the new generation of executive 
and military fixed-wing aircraft. 

More specifically, our new prime 
propulsion engine is designed to fill 
the gap between reciprocating 
engines and larger turboprops. 

And the reason we built it, is 
because both civil and military 
sources have asked for a simple, 
rugged, reliable, easy-to-maintain, 
economically -opera ted, light
weight turboprop engine. 

The Garrett-AiResearch TPE-
331 more than fills the bill. 

Obviously, building such an 
engine is a specialized art that 
demands experience, especially in 
miniaturization of controls, oil 
pumps, and starter motors. 

Manufacturing tolerances are 
precise and have a greater effect 

on performance than in a large 
engine. Scaling down big engine 

techniques is not the answer. 
The TPE-331 has a specific fuel 

consumption of .62 pound per 
shaft horsepower hour. Its 

weight to power ratio is 
.45 pound per horsepower. 

Response rate from flight idle 
to full power is approximately 

1/3 of a second. 
Single-casting turbine wheels 

are typical of the simple, rugged 
components of this new engine. 

A two-stage centrifugal 
compressor is 
driven by a 
3-stage axial 
turbine. 
Propeller drive 
is through a 
2-step reduction 
gear box offset for 
flexibility of aircraft design. 

The fuel system of the TPE-331 
consists of a fuel filter, single high
pressure pump, speed-governing 
fuel control, manual shutoff valve, 
flow divider and fuel nozzles. 

JP-5 is the normal fuel, but this 
engine will take all kinds of fuel, 
ranging from AV- gas to light 
diesel fuel. 

If this new turboprop engine 
sounds like something very special 
to you, we've made our point. 

The TPE-331 is an excep-
tional engine. 
It's the kind of a power 

development you'd expect to come 
from Garrett. For when it comes 
to turbine engines under 1000 
horsepower ... 

Garrett 
~ 41 zs experience 

Los Angeles • Phoenix 

For further information about many interesting project areas and career opportunities at The Garrett Corporation, 
write to Mr. G. D. Bradley at 9851 S. Sepulveda Blvd., Los Angeles. Garrett is an equal opportunity employer. 
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Proteins 
(Continued from Page 8) 

existence of certain conformations, it is necessary to 
know the various types of forces involved. 

Types of Forces 

There are five typ13s of forces present in a protein 
molecule which can result in the formation of a bond. 
The peptide bond has been discussed previously and 
can be disrupted only by fairly drastic chemical action. 
The presence and integrity of this bond will be assumed 
in any further discussion of conformation. The disulfide 
bridge has also been mentioned previously. Under most 
conditions this bond can be assumed stable, but it is 
weaker than the peptide bond. For instance, mild alkali 
can cause disruption of the disulfide bridge, thus chang
ing the restrictions on the conformation. With respect to 
the overall conformation of the protein, the peptide and 
disulfide bonds provide certain geometrical restrictions 
on the possible conformations of a protein. 

A salt bond is formed by electrostatic attraction of 
positive and negative charges on different groups. This 
bond is probably only marginally stabilizing. However, 
since it is energetically expensive for an unpaired charge 
to exist inside a protein, formation of this bond can pos
sibly allow charges to exist in the molecular interior with 
a minimum of energy. For the most part, however, all 
the charges on the protein are located on the surface 
(i.e. susceptible to solvent). 

The hydrogen bond is a marginally stabilizing force in 
a protein molecule. This is a largely ionic bond formed 
between electronegative and electropositive atoms such 
as carbonyl oxygen and the amino hydrogen on peptide 
links. The stabilizing ability of this bond is not very 
large, except to the extent that if it is not made there is 
a destabilizing effect. 

The hydrophobic bond can best be regarded as mutual 
attractions of the nonpolar side chains of the amino acids. 
Since proteins contain about 40 per cent strongly non
polar side chains, this type of bond formation has a great 
influence on the conformation of the protein. These non
polar side chains possess a very low affinity f?r. p~lar en
vironments such as water and can best mm1m1ze the 
energy of interaction with this environment by forming 
organic environments for one another through hydro
phobic bond formation. This type of adherence _of or
ganic side chains is very similar to the fonnatwn of 
micelles in detergent solutions. An interesting aspect of 
this type of bond formation is the role of water in the 
formation of the bond. It is thought that water must 
form iceberg-like structures around the organic phases 
of the protein. This iceberg formation is energetically 
very expensive, but the amount of ic~berg s~ructure re
quired can be reduced if non-polar s1de chams coalesce 
to form a larger hydrophobic region. This is a good ex
ample of how the solvent can also have a great influence 
on the conformation of a protein. 

Influence of Interactions 
The forces considered so far are those present in bond 

formation. However, unfavorable interactions which are 

MINNESOTA TECHNOLOG 

not entirely avoidable have a great influence on protein 
conformation. Since a protein consists of neighboring 
groups of various types, these unfavorable interactions are 
always present and must be compensated for. For in
stance, under certain conditions only negative charges on 
the molecule are present. This produces strong electro
static repulsions which can be compensated for if the 
molecule expands reducing to some degree the magni
tude of this unfavorable interaction. However, this ex
pansion can cause disruption of favorable hydrogen and 
hydrophobic bonds. It is apparent then that the protein 
cannot remove all unfavorable interactions, but can only 
minimize the total free energy of all interactions. 

With the exception of the primary bond energies it 
should be realized that all the interactions present in the 
protein are singularly small, but the sum of them can 
produce rather large energy possibilities. The general 
picture at the present time is that an observed conforma
tion is probably only slightly stable, and relatively small 
changes in the environment can produce changes in the 
conformation. The stable conformation of a protein 
molecule is determined by a complex sum of all inter
actions which occur simultaneously. A change in the 
stable conformation caused by a variation of the inter
actions can have a profound influence on the properties 
exhibited by a protein. For instance, recent evidence im
plies that a misplacement of one amino acid in the 
sequence of a protein can affect its function not because 
that certain amino acid is intrinsically necessary, but be
cause the stable configuration is now changed. 

Studies being carried on at the University of Minne
sota, using optical rotatory dispersion, show the im
portance of various conformational changes which the 
enzyme chymotrypsin undergoes. The changes have a 
profound role in the catalytic function of the protein. 
Other studies using ultraviolet absorption spectroscopy 
are being carried out which will lead to a better under
standing of the nature of the changes and the forces in
volved during various conformational changes induced 
by solvent composition, pH, salt, and temperature. Much 
remains to be learned in this area. 

The three-dimensional structure of a protein, while 
complex, is of utmost importance in its function. Only a 
small amount of knowledge is available at the present 
time, but it is quite certain the work being done will 
provide a great deal of information about the three
dimensional structure of proteins. A sound basis for the 
understanding of the immensely complex relationship be
tween the structure and function of proteins may then 
become a reality. (] 
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play it cool 

Status 500 
donegal 

From $4.95 

the 

Season's Newest Shades 
of 

Camel and Yellow 
in 

Solids and Stripes 

ollt 
bt 
t bop 

500 Washington Avenue Southeast 

One Block East of the Union 

Splinters 
With a bushel of apples you can 

have a hell of a time with the doctor's 
wife. 

Recently, a publishing house re
leased a book entitled: Newly Trans
lated From French-27 Mating Posi
tions. The book immediately began to 
sell so fast that the presses were work
ing overtime to satisfy the tenific de
mand for them. "This is most extra
ordinary," said the publisher, ''I've 
never seen such a demand for chess 
books." 

At a recent convention of the Amer
ican Institute for the Preservation of 
Wooden Toilet Seats it was decided 
that the organization's name was too 
long. Consequently they named it the 
Birch john Society. 

~ ~ ~ 

On the tombstone of an atheist: 
"All dressed up and no place to go." 

Mother: "Billy, what are you read
ing?" 

Billy: "Playboy, Mamma." 
Mother: "Oh, that's all right, dear. 

I was afraid you had got hold of a 
MINNESOTA TECHNOLOG." 

Art Student: "Perhaps you, too, are 
a lover of nature. Have you seen the 
rosy-fingered dawn spreading across 
the eastern sky, the red-stained, sul
phurous islets floating in the ladle of 
fire in the west, ragged clouds at 
midni~?t blotting out the shuddering 
moon? 

Engineer: "Nope, not lately. I've 
been on the wagon for more than a 
year." 

Are you sure this motel is Univer
sity approved? 

The Chinese should try a Stalin at 
the Lenin tomb if they want to get 
to the CORE of their problem. 

How can you tell when an elephant 
has been in your bathroom? 

~ ® ® 

How do you make an elephant fly? 
Go buy a zipper about two yards 
long. 

What's grey on the inside and 
transparent on the outside? An ele
phant in a baggie. 

Has Spring Quarter 

Got You Down? 

W3 

STOP by 

e lg en 
610 Washington Ave. S. E. 

1st Coed: "Why do men have hairs 
on their chests?" 

2nd Coed: "Well, they can't have 
everything." 

"Just one more kiss, darling." 
"On an empty stomach?" 
"Of course not, right where the last 

one was." 

"What did the professor say this 
morning?" 

"Nothing." 
"Of course. But how did he express 

himself this time?" 

He: "Have you heard about the 
new college game?" 

She: "No, what is it?" 
He: "Button, button, here comes 

the house mother." 

Draft Lodge-If Lodge doesn't 
want to fulfill his military obligations 
throw him in jail. 

~ ~ ~ 

Rocky for President-Bullwinkle 
doesn't want the job. 

~ ® ~ 

G.O.P.-Goldwater? Our President? 

D.F.L.-Defenders of Free Love. 
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hen you 

drill$ tape form$ mille shape 

all in 22 seconds e.~ 

That's the kind of problem a sales engineer here at 
American Oil comes up against. It actually happened to 
Bob Turley when the Schwinn Bicycle Company asked 
him what oil he'd recommend for this complicated metal 
cutting problem. He had the answer-one of our special 
cutting oils-he solved the problem, and made the sale. 

Bob's a graduate of Purdue-and the American Oil 
Company Sales Engineering School. He knows machines 
and oils. He's our eeoutside" man with the inside track 
on lubricants. And, he likes meeting people. That's why 
he's a sales engineer, combining two fields into a suc
cessful career. 

MINNESOTA TECHNOLOG 

what do you 

use for oil? 

Bob's a mechanical engineer. Yet, he might have been 
working for us if he were a metallurgist, chemist, math
ematician or physicist. Petroleum takes on a multitude of 
uses and requires people of every skill. For information 
regarding a career in sales engineering or other fields, 
write to C. L. Wells, Room 1036, American Oil Company, 
910 S. Michigan Avenue, Chicago, Ill. ZIP Code 60680 
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If you take 20 dollars from the first and put it into the 

second of three purses, the second would then contain four 

times as much as remains in the first. If 60 dollars of what 

is now in the second is put into the third, the third will 

contain twice what is in the first and second together. Now, 

if 40 dollars be removed from the third and put into the first, 

there will be one-half as much in the first as in the third. 

What did each purse hold originally? 

All problems are perhaps not as easy to solve as 
this one. If you did not figure it out. see page 18. 

We take this opportunity to congratulate the Editorial and Business Staffs of the 
TECHNOLOG on their ability to cope with the problems incident to the publish
ing of their journal. The operation has been most pleasant, with a minimum of 
difficulty. 

TECHNOLOG is a real credit to the University of Minnesota, its Student Activ
ities Bureau, and the young men who have handled the editorial and business 
affairs of the publication. 

Have a good vacation! 

Bruce Publishing Company 
2642 University Avenue 
Saint Paul, Minnesota 55114 

Publi·shers of business and professional journals, books, house organs. 
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A husband and wife were to go to a costume party. 
The husband decided to go dressed as a bull and the wife 
as a cow. While traveling to the party their car ran out 
of gas. Glancing out the window the husband spied a 
gas station across a large field. The wife didn't want to 
be left alone, so they both proceeded across the field to 
the station. About midway across the field, the couple 
heard a snorting and pawing of the ground. A huge bull 
was beginning to charge them. The petrified wife 
screamed, «What are we going to do?" The husband re
plied, ''I'm going to eat grass, you better brace yourself." 

What's the difference between a sewing machine and 
a girl running for a bus? 

The sewing machine only has one bobbin! 

What can a bird do that seven out of ten people can
not? 

Make a small deposit on a new car. 

Found on a fall registration card of a freshman en
gineering student: 

Name of parents: Mommy and Daddy. 

MINNESOTA TECHNOLOG 

SOIL~ 
+ 
PORTLAND (AI 
CEMENT Q 
+ 
WATER~ 
= SOIL-ClEMENT 

Streets of modern soil .. cement 
outlast any other low .. cost pavement 

Soil cement has dependable strength right from 
the start-and actually grows stronger year by 
year. It's stronger inch for inch than any other 
paving material short of concrete. You can forget 
about potholes, washboards, costly upkeep. 

Almost any kind of soil can be used-in place 
or low-cost borrow. Even rubble and old pavement 
surfacing can be mixed right in. Mix with portland 
cement and water-roll solid-cover with a thin 
bituminous topping. The job's done! 

Every year, more communities are specifying 
low-cost soil-cement for all residential streets. 

PORTLAND CEMENT ASSOCIATION 
MINNESOTA-DAKOTAS DISTRICT 

1490 Northwestern Bank Bldg,, Minneapolis, Minn. 55402 
A national organization to improve and extend the uses of concrete 
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edited by RICHARD ANDERSON, Chem '67 

1. Two snails were hurrying along on their lawful 
occupations on a cylindrical column six feet around. 
Sammy was two feet up from the base at the moment 
when Simmy, on exactly the opposite side, was half way 
up the twelve foot column. 

Just then some molluscan sixth sense made each aware 
of the other's proximity. Spring was in the air, and even 
snails have their moments. 

"Which way will he come?" wondered Simmy, halting 
in her slimy slither. It was a long wait, but Sammy didn't 
disappoint her. How far did he travel to her by the 
shortest route? 

2. What is today, if, when the day after tomorrow is 
yesterday, today will be as far from Tuesday as today 
was from Tuesday when the day before yesterday was 
tomorrow? 

3. "Since you're an LT. man and know everything, 
how many steps are in sight on this escalator?" a co-ed 
teasingly asked her escort. 

"They certainly are difficult to count while they're 
moving," our hero replied. "But if you will walk up and 

r ti 

r 

28 

I 

count the number of steps you take from bottom to top, 
I think we can find the answer. I will start with you but 
will walk twice as fast. Just watch me and take one 
step every time I take two." 

When she reached the top she reported that she had 
taken just 21 steps. He had taken 28. How many steps 
were in sight at one time on the escalator? 

4. In the following division problem, letters have 
been substituted for the numbers. Can you find the cor
rect numerical answer? 

PSHAB 
URK I OHHGASP 

ORB 
KAG 
URK 
SAHA 
SHPR 
PUAS 
PSPB 
PKUP 
PKUP 

Answers to March Brain Teasers 

1. 36 square units. 
2. 12 customers, 144 pies. 
3. Brown, Sr. 
4. 25,201. 

r 
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TURN OUT THE LIGHTS AND PRESS THE BUTTON 

No preconceptions, please. Too often they point you 
away from the buried treasure. Because Kodak is 
properly known as a grand place for chemical engineers 
and chemists, fledgling electronic engineers may over
look us. All the better for those who don't. Particularly 
for those who would rather apply ideas than dream 
them, unfashionable as candor compels us to sound. 

It takes all kind of electronic engineers to make to
day's world, but we think we clearly see the ones likely 
to wind up nearer the helm here 25 years hence: 

When his projects are evaluated, he'd rather be right 
than ahead of his time. 

He works few if any miracles with sealing wax, old 
shoestring, and new developments in plasma harmonics, 
but when they turn off the lights in the big darkroom, 
his machine from the very first crack starts inspecting, 

processing, or otherwise handling light-sensitive prod
uct smoothly, bugless, and at the miraculous rates he 
had promised in the preliminary design report. He ac
complishes this by keeping abreast of the state of his 
art instead of considering his diploma an exemption 
from learning anything new. 

He deals with people as smoothly as with things. 
He would rather put his roots down in the community 

where he lives than root himself in one narrow box of 
engineering specialization. He welcomes changes of pace 
more than of place. 

He finds it cozy to know that if times change, our 
diversification leaves dozens of directions to go without 
fighting the cold world outside. 

Care to talk to us? Above remarks apply to more than 
just electronic engineers. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N.Y. 

An equal-opportunity employer offering a choice of three communities: Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 
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An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group 

c. K. Rieger 

II Charles K. Rieger joined General Elec
tric's Technical Marketing Program after 
earning a BSEE at the University of Mis
souri in 1936. Following sales engineering 
assignments in motor, defense and home 
laundry operations, he became manager of 
the Heating Device and Fan Division in 
1947. Other Consumer-industry management 
positions followed. In 1953 he was elected 
a vice president, one of the youngest men 
ever named a Company officer. Mr. Rieger 
became Vice President, Marketing Services 
in 1959 and was appointed to his present 
position in 1961. He is responsible for all 
the operations of some six divisions com
posed of 23 product operations oriented 

primarily toward the Electric Utility market. 

Q. How can I be sure of getting the 
recognition I feel I'm capable of earn
ing in a big company like G.E.? 

A. We learned long ago we couldn't 
afford to let capable people get lost. 
That was one of the reasons why G.E. 
was decentralized into more than a 
hundred autonomous operating de
partments. These operations develop, 
engineer, manufacture and market 
products much as if they were inde-

pendent companies. Since each de

partment is responsible for its own 
success, each man's share of author
ity and responsibility is pinpointed. 
Believe me, outstanding performance 
is recognized, and rewarded. 

Q. Can you tell me what the "promo
tional ladder" is at General Electric? 

A. We regard each man individually. 
Whether you join us on a training 
program or are placed in a specific 
positron opening, you'll first have to 
prove your ability to handle a job. 
Once you've done that, you'll be given 
more responsibility, more difficult 
projects-work that's important to 
the success of your organization and 
your personal development. Your abil
ity will create a "promotional ladder" 
of your own. 

Q. Will my development be confined 

to whatever department I start in? 

A. Not at all! Here's where "big com
pany'' scope works to broaden your 
career outlook. Industry, and General 
Electric particularly, is constantly 
changing- adapting to market the 
fruits of research, reorganizing to 
maintain proper alignment with our 
customers, creating new operations 
to handle large projects. All this rep
resents opportunity beyond the limits 
of any single department. 

Q. Yes, but just how often do these 
opportunities arise? 

A. To give you some idea, 25 percent 
of G-E's gross sales last year came 
from products that were unknown 
only five or ten years ago: These new 
products range from electric tooth 
brushes and silicone rubber com
pounds to atomic reactors and inter
planetary space probes. This chang
ing Company needs men with ambi
tion and energy and talent who aren't 
afraid of a big job-who welcome the 
challenge of helping to start new 
businesses I ike these. Demonstrate 
your ability-whether to handle com
plex technical problems or to manage 
people, and you won't have long to 
wait for opportunities to fit your 
needs. 

Q. How does General Electric help 
me prepare myself for advancement 
opportunity? 

A. Programs in Engineering, Manu
facturing or Technical Marketing give 
you valuable on-the-job training. We 
have Company-conducted courses to 
improve your professional ability no 
matter where you begin. Under Tu i
tion Refund or Advanced Degree Pro
grams you can continue your formal 
education. Throughout your career 
with General Electric you'll receive 
frequent appraisals to help your self
development. Your advancement will 
be largely up to you. 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. Y. 12305 

GENERAL ELECTRIC 
An Equal Opportunity Employer 


