




Editor 
David Herridge 

Production Editor 
Kay Kirscht 

Photo Editor 
Ed Wollack 

Circulation Manager 
Meribeth Nordloef 

Business Manager 
Heidi Neils 

Contributing Writers 
Lee Atchison 

Karen Auguston 
Renee Bergstrom 

Michael Dean 
John Leier 
Jim Lundy 

Patrick McNamee 
Jon Soland 

Ad Coordinator 
Debbie Berg 

Advertising 
Scott Anderson 

Diane Berry 
Joan Gregg 
Ron Schmitz 
Jon Soland 

Production 
Jim Lundy 

Meribeth Nordloef 
Diane Berry 
Jon Soland 

Michael Dean 

I.T. Board of Publications 
Meribeth Nordloef (Pres.) 

Renee Bergstrom (V. Pres.) 
Wendy Petschauer (Treas.) 

Lee Atchison (Sec.) 
Paul Christensen 

Donald Kom 
Ron Schmitz 

Matt Pedersen 

Fall1, 1984 Volume 65, No.1 

The official undergraduate publication of the Institute of Technology. 

Features: 

Integrating the Microcomputer 
By David Herridge 

Looking for Water 
By James Lundy 

Setting Course: 
A Conversation with Dean Ettore Infante 
By John Leier 

Choosing a Scientific Calculator 
By Michael Dean 

Departments: 

Editor's log 
Log Ledger 
Profile 
Assigned Reading 
The Graduate 
TechnoRelief 
A Thousand Words 

8 

12 

18 

24 

5 
7 

20 
23 
29 
36 
38 

Minnesota Technolog, the official publication of the University of Minnesota's Institute of Technology, is published six times yearly; twice during each 
academic quarter. Editorial offices: Room 2, Mechanical Engineering Building, 111 Church Street S.E., University of Minnesota, Minneapolis, MN 55455. 
Telephone (612) 373-5863. National Advertising Representative: Littei-Murray-Barnhill, Inc., 1328 Broadway, New York, NY 10001. Telephone (212) 736-
1119. Publisher: Institute of Technology Board of Publication, Room 2, Mechanical Engineering Building, 111 Church Street S.E., University of 
Minnesota, Minneapolis, MN 55455. Telephone (612) 373-3298. Minnesota Technolog is a founding member of Engineering College Magazine 
Associated. Advertising rates available upon request. Subscription rates: $10.00 per year, $1.75 per single issue. Opinions expressed in Minnesota 
Technolog are not necessarily those of the University of Minnesota, the Institute of Technology, the Board of Publications, or the Editor. All fiction or 
semi-fiction must not be construed to represent actual persons, living or dead. Copyright 1984 by the Institute of Technology Board of Publications. 
All rights reserved. ISSN #0026-5691. So there! 

Minnesota Technolog, Fa/11, 1984 3 



Some of 
the most 

histicated 
are 

developing 
at IBM9 

And offer 
early 
res nsibilitym 
W the 
rewards to 
match a 

t 
Find out more at IBM's 
CAREER INFORMATION 
AND SIGN=UP DAY 
Tuesday, October 2nd, 9 am-4 pm 
in Coffman Memorial 
Union-Great Hall. 

Don't miss this opportunity to meet with us, 
have some refreshments, and talk informally 
about your career goals and how we can 
meet them. 
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We listen 
to what you 
have to say. 

Our projects 
keep r 
imagination m m .. 

and your 
career in 
motion .. 

If your BS or MS degree is in EE, CS or 
ME-or you have specialized in industrial 
engineering, MIS or technical writing-come 
to this informative session on October 2nd. 
Learn about challenging career opportunities 
all over the country. Then, on-the-spot, you 
can schedule a convenient interview for either 
October 3rd or 4th. 

Casual attire. But don't forget to bring 3 
copies of your resume. U.S. citizenship or per
manent residence is required for interviews. 

----------------------- -- ------1§!1----·-® 

An equal opportunity employer 
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It's late September and you're back at school buying books, standing in long, hot lines, day 
dreaming through introductory lectures, and taking a good many more deep breaths than you 
were last week. 

lnsi e 

Whether you are a veteran at the University of Minnesota or a rookie walking the campus 
for the first time, Minnesota Technolog would like to welcome you to the Institute of 
Technology. 

Minnesota Technolog is the official undergraduate publication of the Institute of 
Technology. You can pick it up twice each academic quarter in the halls of the engineering 
and science buildings. Between its covers you will find informative and objective articles 
about technology's accelerating leading edge and the University of Minnesota's relation to 
that edge. Sprinkled in, for your distraction, will be a bit of humor, a few brain teasers, and an 
occasional contest. 

It is your magazine, and therefore your involvement is crucial. Reading Minnesota 
Technolog is the first step. However, please consider the opportunity to take another. If you 
enjoy writing, photography, illustrating, or just want to be active in a student organization, 
stop by our office in Room 2, Mechanical Engineering (373-5863). 

Minnesota Technolog. Watch for it. Read it. Enjoy it. 

There is a strong, driving force 
behind science and engineering. It 
makes you disassemble the odd piece 
of junk to reveal how it works. It 
motivates you to study the concepts 
presented in school. It prompts your 
questions and guides your answers. It 
is described by Horace Judson as 
"the rage to know." It is this rage that 
fuels the travel between problems and 
solutions. 

When talk turns to technology, the 
topic is usually the flashy, final 
products. The Space Shuttle. The 
Cray-1. This year's model of the 
better mousetrap. While the final 
product can be fascinating, it often 
overshadows the steps taken during 
development. How does a student, 
full of a "rage to know," learn the road 
between problems and solutions? 

Whether you are solving a calculus 
problem today or the world's 
problems tomorrow, "scientific 
method" is the mental process to 
satisfy your "rage to know." The idea 
is easy. 

Identify the problem. It would seem 
impossible to reach a solution without 
a definition of the problem; yet, many 
students start working on solutions 
before they fully comprehend the 
question. Take time to carefully read 
and re-read the problem statement. 
Observers, who watched physics 

a! 

I 
students solving problems at 
Carnegie-Mellon University, 
discovered those who completed a 
problem correctly spent three times 
longer reading the problem 
statement. 

Model the system. Every 
introductory physics class presents 
the idea of the free body diagram. 
Some students draw the diagram as 
an attempt for partial credit, but the 
successful students draw and then 
use the diagrams to guide them to a 
solution. Translating a problem 
description into a model can be a 
difficult task. The University of 
Massachusetts Physics Department 
found seventy percent of their 
freshmen could not transform words 
into symbols (for instance, does four 
times as many men as there are 
women mean M=4W or W=4M). 

Develop a theory and test your 
ideas. This is the "results" portion of 
the process. If everything came 
together, you should have one 
answer. Is it correct? You will have to 
review and justify each step. Were 
your assumptions valid? Was your 
theory applicable? look at your 
answer, its magnitude, its direction, 
its sign. This feedback may answer 
those questions for you. 

Practice will develop and improve 
your problem solving skills. A study at 

McMaster University noted, "Students 
tended to solve problems by playing 
around with the given symbols and 
data until they found an equation that 
'used up' all the given information." 
These are the students who respond, 
"I knew the material, but ... ," when 
asked about a test. The distinction 
between knowledge and problem 
solving skills must be recognized. 
Solving problems is just as important 
as reading the chapter in preparation 
for a test. When the test comes back, 
review where you misunderstood the 
material and then review what you 
learned about problem solving. 

"We live in a society in which there 
is a lot of talk about science, but I 
would say that there are not five 
percent of the people who are 
equipped by schooling, including 
college, to understand scientific 
reasoning," wrote Nobel biologist S.E. 
Luria. Through simple awareness, 
you can be one in the minority. One 
word of warning though, in trying to 
get to one answer you can easily 
generate five more questions. 

David Herridge 
Editor 
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NAVY OPPORTUNITY 
INFORMATION CENTER 
P.O. Box 5000, Clifton, NJ 07015 

W531 

D Please send me more information about becom
ing an officer in the Nuclear Navy. (0N) 

Name'----,F~i=rs7t-------n(P,I=ea~s~e~P~r~in=t7f------~L'a=s7t---------
Address _______________________ Apt. #·--------

City _________________ State _________ Zip, _____ _ 
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This is for general recruitment information. You do not have to furnish any 
of the information requested. Of course, the more we know, the more 
we can help to determine the kinds of Navy positions for which you 
qualify. 



I. 
urthy Returns to Teaching, Research 

One year ago, the Institute of Technology went through an unsettling period. 
The opinions on LT.'s future course were varied and well voiced. That was 
when Associate Dean Rama Murthy became Dean Rama Murthy. After one 
year, Rama Murthy reported with a thankful smile, "It is all now in a very steady 
mode.'' 

Dean Murthy's title has changed again. This year, Professor Murthy will 
concentrate on his five year, National Science Foundation Grant to study the 
processes that occur in the Earth's mantle. "It is curious, I've been here 
nineteen years. If you call a normal professor someone who teaches and does 
research, I've only done that for four years.'' Prior to his promotion to the 
Dean's office, Murthy was the head of the Geology and Geophysics 
Department. 

Reflecting on his year, Murthy noted the comprehensive plans to bring the 
Electrical Engineering and Computer Science Departments into national 
prominence. More money has been appropriated for professors and teaching 
assistants, and planning is underway for a new building. His biggest 
disappointment was the delay in finding new heads for those departments. 
Murthy explained, "If you want to find the right person you have to scout 
around ... and that takes time." 

When asked about the demands of being Dean, Murthy commented, "You 
should have a broad perspective, because I.T. is a very unique college in the 
country. We have both the basic sciences and the engineering sciences.'' He 
summed up, "this job is fairly intense." 

Minnesota Technolog would like to wish Rama Murthy the best of luck. 

Stud en In to Education ting 
The North-Midwest Section of the 

American Society for Engineering 
Education will hold its annual meeting 
at the University of Minnesota during 
October. The meeting will include 
industrial displays, creative 
computing exchange for software and 
computers, panel discussions on 
teaching methods, tours of the 
Institute of Technology (including the 

Even mpus 
Engineering and Ethics 
A colloquium covering engineering 
and ethics will be sponsored by the 
College of St. Thomas Physics 
Department in October. Case studies 
of four topics will be presented and 
discussed. For details, watch the I. T. 
Connection or call Dr. Tom Tommet 
at St. Thomas (647-5345). 

new CME building, UNITE facilities, 
and the CAD/CAM facilities), and 
other attractions in downtown 
Minneapolis. 

The meeting will be held on 
October 15 and 16 on the 
Minneapolis campus. For more 
information, see Dr. Clausen in Rm. 
23, Lind Hall. Students and faculty are 
invited. 

National High Technology Week 

If a Congressional Bill is approved, 
the first week in October will be the 
National High Technology Week. 
Watch the /. T. Connection for events 
sponsored by local companies and 
the Minnesota High Technology 
Council. 

Professor Rama Murthy 

wE i 
Building Plann 

The Electrical Engineering and 
Computer Science departments are 
moving ahead with their plans for a 
new building. The present EE 
building was built in 1923 to meet the 
needs of 200 students, the Computer 
Science department, which came into 
existence back in 1969, has never had 
a building to call home. 

The idea of a new EE building is 
not new. In 1969, the State Legislature 
funded a project to determine the 
needs of the EE department and to 
develop a plan for a new building. 
Money for construction was to have 
been appropriated in 1977, but 
priorities within the University 
changed and the project was laid 
aside. In 1982, the University and 
former I.T. Dean Roger Staehle began 
the planning for a new building. 

Hammel, Green and Abrahamson, 

Continued on page 27 
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By David Herridge 

An engineer wi a problem of n turns a computer r 
h . If an Institute of chnology pro sal is implemented, 
Is stu n may soon turn a microco uter to so e 
their problems. The plan to in ra the microcomputer 
in the curriculum may send the pocket calculator to the 
same teas the slide rule§ 

he abacus was one of the first 
computers. By sliding beads 
up and down the many rails, 

its user kept track of numbers. Then 
things began to change. Someone 
attached an electronic component 
here and a cathode ray tube there. 
Before long, the computer filled up a 
building. Along the way it evolved 
from a useful tool into a high-tech 
research project. 

However, the evolution continued. 
The microcomputer, one recent 
branch in the computer's family tree, 
provides the computational power 
that once filled a room in a reliable 
and inexpensive package that fits on 
a desktop. Because schools have 
more desktops than just about 
anybody, they have welcomed the 
microcomputer. There are about a 
million general-purpose 
microcomputers in schools today. 

Across the nation, universities and 
colleges are integrating the 
microcomputer into their curricula. 
Some schools offer discounts, others 
cluster facilities for student use, a few 
even require their students to 
purchase their own computers. 

Why this trend? With one eye on 
industry, today's students recognize 
the importance of "computer literacy" 
and are demanding more computer 
time to develop their skills. To meet 
the increased need, educators must 
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decide between upgrading their over
crowded timesharing systems or 
purchasing new supplementary 
systems. The microcomputer is an 
attractive choice for many reasons. 
First, bargains are available to many 
institutions from the major computer 
manufacturers, who hope students 
will develop brand loyalty for their 
products. Second, many students can 
buy' their own systems, reducing the 
load on the school's facilities. Third, 
many micros have user interfaces 

which are less intimidating to 
students than timesharing terminals. 

The Institute of Technology is 
riding the leading edge of this 
national trend. Last spring, the 
University Computing Center struck 
deals with Apple, Digital, Hewlett
Packard, IBM, and Zenith that make 
computers available to the University 
community at substantial discounts. 
The immediate effect of this program 
will be the increased sales of 
computers to students and faculty for 

We are trying to put 
t ether a package 
which will essentially 
give all students and 
faculty enough access 
to computers so that 
access will not be a 
barrier any more .. 
Russell Hobbie 
Associate Dean of 
Undergraduate Studies 



word processing and personal 
computing. The long range effect 
could be the integration of the 
computer into the LT. curriculum. 

The I.T. Instructional Computing 
Committee (ICC) played a key role in 
initiating the discount program and 
recently proposed a plan to integrate 
the micro into I.T. courses. Associate 
Dean Russell Hobbie, who has 
chaired that committee since 
January 1, 1984, summarized their 
position. "We are trying to put together 
a package which will essentially give 
all students and faculty enough access 
to computers so that access will not 
be a barrier any more." 

The proposal for a three year 
instructional computing plan was 
being reviewed by the Institute of 
Technology and the University of 
Minnesota when Minnesota 
Technolog went to press. The initial 
plan is outlined below. 

The proposed hardware is divided 
into three categories. "Level one" 
machines constitute the majority of 
the total package. Through the 
discount program, many students 
have already purchased their own 
"level one" machines, like the Apple 
Macintosh. "Level two" machines list 
faster and more powerful 
microcomputers, like the Apple Lisa 
and the IBM-XT (when a high 
resolution graphics board is 
available). "Level three" boasts the 
best and most expensive hardware. 
Engineering workstations from 
Apollo, Sun, and HP are "level three" 
machines. 

Delivery of 170 microcomputers is 
proposed for this year. Half of the 
shipment would go to faculty 
members with specific ideas for 
software development. The other 85 
would be placed in a laboratory open 
to all LT. students. Because time on 
these is expected to be saturated, use 
in courses would not be emphasized 
until more hardware is installed. In 
1985-86, an additional 315 micros 
would be placed in student labs and 
the remaining 321 LT. faculty would 
receive computers. If the initial 
proposal is implemented, 406 faculty 
machines, 250 "level one" lab 
machines, 140 "level two" lab 
machines, and 20 "level three" 
engineering workstations would be 
installed and running by the end of 
the 1986-87 academic year. 

The larQest obstacle in front of the 

program is funding. The proposal 
divides the three year, $7.8 million 
price tag among four groups: the 
Institute of Technology, the 
Minnesota State Legislature, local 
technical industries, and I.T. students. 

While the rank of the instructional 
computing plan in LT.'s budgetary 
priorities is not known, Dean Ettore 
Infante did recently write in a 
statement of priorities, "A program for 
the purchase and appropriate 
maintenance of computational 
equipment is required for the near 
future: this program will be 
undertaken in a cautious and 
conservative manner, but will require 
very significant investments." LT.'s 
proposed investment of $800,000 for 
the first year is being discussed 
right now. 

Local technical industries, who 
would benefit from graduates with 
improved computer skills, are being 
courted to raise the remainder of the 
first year's costs. It is hoped industry 
will contribute one million dollars 
over the first two years. 

A special appropriation from the 
Minnesota State Legislature will be 
sought in the second year. Because 
the two million dollar target amount 
would be 44 percent of the second 
year's funding, the Legislature's 
support would be essential to 
purchase the volume of hardware 
scheduled for the second year. 

The LT. student body is the fourth 
source of funds outlined in the 
proposal. In the second year, the plan 
recommends that all students 
enrolled in I.T. courses which use 
computers be charged a fifty dollar per 
quarter access fee. Assuming the 
student would use the lab for 3.3 hours 
each week, the average charge would 
be $1.50 per hour. This would 
eventually drop to $1.28 per hour 
when all the proposed hardware is in 
place. The student fee would raise one 
million dollars for the program each 
year. 

A $100 dollar fee is charged each 
semester to students at the University 
of Michigan for access to a similar 
program. Initially, the students 
objected to the surcharge. However, 
Dean Hobbie, who recently visited 
Ann Arbor with the Instructional 
Computing Committee, said, "They 
claimed within a month the 
opposition had vanished and the 
liberal arts students were asking if 
they could pay the $100." 

The user charge would require a 
change in student fees policy. If you 
have any comments or suggestions 
regarding the program and the access 
fee, Dean Hobbie would be interested 
in your reaction. Student input is 
crucial now while the plans for the 
next three years are being formulated. 

Across the country, different 
schools have taken different 
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approaches to blend the micro into 
the classroom. The Michigan visit left 
the impression that they had the 
hardware in place, but no real 
software. Minnesota is considering a 
different direction. "To buy all of the 
equipment right now and then wait 
for the software development, in my 
view, is a mistake because the 
hardware field is changing so 
rapidly," noted Dean Hobbie. Instead, 
the ICC propose to supply computers 
to faculty who will start developing 
software for courses. As the software 
became available, additional student 
workstations would be clustered in 
the engineering buildings. 

This activity has most departments 
discussing their computer programs. 
There are many decisions left to the 
departments. Each must decide what 
role the micro will play in their 
computing plans. Then they have to 
pick the hardware to play that role. If 
they get this far, they still have to 
figure out where to put them. The 
proposal estimates 15,300 square feet 
would be needed by 1987. Because 
space is already a premium in I.T., 
many departments could expect 
some juggling in their space 
allocations. After mentioning the 
athletic training building being 
constructed near Bierman Field, 

physics professor Marvin Marshak 
joked, "Maybe the football team could 
lend us some room." 

The Civil and Mineral Engineering 
Department has already made these 
decisions. In collaboration with IBM, 
they have placed computers in the 
hands of both professors and 
students to develop software. "We 
develop software applications in civil 
and mineral engineering to work on 
IBM machines and they provide 
machines," said Professor Alan 
Wassyng, who is the department's 
representative on the Instructional 
Computing Committee. The 
computer package included an IBM 
4341 supermini, three IBM 9000 
desktop computers, and 15 IBM PC's, 
each with two disk drives, a printer, 
and both graphics and text monitors. 
The 15 PC's are divided between a 
student lab, a demonstration lab, and 
a faculty lab. The department hopes 
to take delivery of 25 more PC's. "The 
idea is to put one on every faculty 
member's desk," added Wassyng. 

To prompt development, Wassyng 
and his colleagues took time off from 
teaching students and taught 
programming to other professors and 
their accompanying graduate 
students. To the same end, the ICC 
proposal suggests a three day 

Graduate student Wes Barris uses the MlnnaDraft package on the Terak 
microcomputer. Mlrm=Draft, developed by the Mechanical Engineering 
Department, Is for three-dimensional, computer aided drafting. 
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workshop on instructional program 
development be held when classes 
are not in session. 

Yet, some faculty are still hesitant. 
"The most serious drawback at the 
moment is that any faculty member 
who wants to work in this area has to 
give up any thought of promotion," 
Wassyng emphasized. "You get no 
credit for developing programs, it 
does not count as a publication. The 
National Science Foundation does 
not recognize this area as a research 
area, yet." 

"We do not want to do what others 
have done in computer-aided 
instruction (CAl)," continued 
Wassyng, "What we've been doing is 
producing packages that solve 
problems." Nine civil and mineral 
engineering software packages to run 
on IBM systems have been published, 
everything from tunnel design to an 
expert system for problems in soil 
mechanics. Most of the applications 
have been integrated into CE courses. 

The Instructional Computer 
Committee supports a shift away from 
CAL "One might spend 15 years 
developing electronic page turning 
and then discover a textbook is far 
cheaper and more aesthetic," said 
Dean Hobbie. The proposal lists two 
expected uses of the micros, 
homework or laboratory exercises in 
which students either write a program 
or use an existing program. 
While most departments expect the 
integration of the micro to begin in 
the senior level courses, some feel the 
micro is best suited for the lower 
division. One example is Introductory 
Physics. "Most I.T. students do not 
take more than one year of physics," 
explained Professor Marshak, "so we 
must reach them in the first year." 

Continued on page 32 
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If you're ready to hop onto the personal computer 
bandwagon, the University has a deal for you. It's called 
the Microcomputer Discount Program, and it's a way for 
students, staff, faculty, and departments at the University 
to save 35-45% on the purchase of big-name 
microcomputers. The program, which was just getting 
started last spring, is in full swing now. Over 1,000 orders 
have been placed already, according to Shih-Pau Yen, 
Associate Director of the University Computer Center 
(UCC). Yen predicts that 5,000 orders will have been 
placed by next spring. 

Initiated as a response to the growing presence of the 
microcomputer in our society, the discount program aims 
to make personal computers more accessible to the 
University community. The program's objective is to 
encourage the integration of the personal computer into 
our educational, research, and service activities. 

To ensure that participation in the discount program is 
limited to the University community, eligibility 
requirements are strictly enforced. Only full-time students, 
faculty, and staff (with work-related use) may purchase 
through the program. The definition of full-time faculty 
and staff is that you work at least 75 percent of the time 
and are eligible for the benefits package. You are 
considered a full-time student if you are carrying at least 
12 undergraduate credits or 8 graduate credits. Extension 
students are eligible if the meet the requirements of day 
school students and are enrolled in a degree or certificate 
program. 

Participants must affirm that the equipment is for their 
sole personal use (including use by their immediate 
family) and that the equipment will not be sold or loaned 
to any non-eligible person or entity within a period of two 
years from the date of purchase. 

The University has reached discount agreements with 
IBM, Apple, Zenith, Hewlett Packard, and Digital 
Equipment Corp. (DEC). The following machines are 
available through the program: IBM's PC and XT; Apple's 
Macintosh and Lisa 2; Zenith's Z-100, Z-150, and Z-160; 
DEC's Rainbow; and Hewlett Packard's HP 150 and HP 
110. According to Mr. Yen, these systems were chosen for 

ic 
By Patrick McNamee 

The Microcomputer Research 

Laboratory was 1recognized 
by Apple as one of 
:the best programs 

in the country to assist 
students with computer 

decisions. 

their reliability, price, and serviceability. Peripherals, 
software, and a variety of service contracts are also 
available. 

If you're thinking "Great! Where do I place my order?", 
just hold on awhile. Buying a personal computer is not 
quite as simple as ordering a Big Mac. That fact is well
recognized by the people involved in the discount 
program, and steps have been taken to help potential 
buyers with the decision-making process. That process 
includes deciding whether or not you really need a 
personal computer, and, if you do, testing the various 
machines to decide which one will best serve your needs. 
The microcomputer is, after all, a tool, and any given 
system is better suited to some applications than others. 

Questions can be asked, information can be picked up, 
and the computers can be tested at the Microcomputer 
Research Laboratory, 125 Shepherd Labs (9:30-12:00, 
1:30-4:00, Monday through Friday, 376-4276). This pre-and 
post-sale support is an essential element of the program. 
The support staff is there to help you buy the right 
machine and get the most out of it. 

The business end of the Microcomputer Discount 
Program is being handled through the Minnesota 
Bookcenter. Orders may be placed at Williamson 
Bookstore or at H.D. Smith Bookstore. Note that the 
Computer Store, formerly located in Experimental 
Engineering, has been moved to Williamson Bookstore. 

James Duffy, Director of the Minnesota Bookcenter, 
urges buyers to have patience after they place their orders. 
An inventory of computers will eventually be established, 
but buyers must now wait one to three months for 
shipments to arrive. 

It should be emphasized that no student is required to 
purchase a microcomputer, and that integration of the 
microcomputer into the University curriculum will take 
time. Students should consider the possible improvements 
of the computer hardware during the one to three year 
span the University predicts it will take to develop 
educational software. But, to those of you who could 
make use of a personal computer and have some extra 
cash taking up space in a money market account, now 
may be the time to get a useful tool at a good price. 
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By James Lundy 

·nneso agriculture is 
turning to irrig n to 
boost its yield. To moni r 

e ef cts on groundwater 
supplies, t apartment 
of atural Resources is 
investigating new seismic 
techniques9 

rom the earliest times, people 
have been confronted by the 
reality of limited supply of our 

most precious resources. Trapped in 
the desert without water, Moses was 
instructed by an important friend aloft 
to tap a stone. His belief was strong: 
lifegiving water gushed forth for the 
people to drink. 

Those of us living in the twentieth 
century, largely lacking faith in such 
fortuitous connections, find ourselves 
relying on modern technology and 
effective planning to prevent 
disastrous overdrafts on our 
underground aqueous account. It 
may not be as flashy a solution as 
that of our Old Testament friends, but 
it is hoped to be at least as effective. 
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The hoping is being done at the St. 
Paul office of the Minnesota 
Department of Natural Resources 
(DNR) where in the past year much 
effort has been expended in the 
development of new capabilities to 
investigate, conserve, and monitor 
Minnesota's underground water 
resources. 

According to Pat Bloomgren of the 
DNA, these resources are present in 
Minnesota in the form of groundwater 
aquifers, which are "formations or 
depositional bodies with enough 
water within them that they can 
provide a supply (of water) to a well." 
Three types of aquifers are present in 
Minnesota: 1) "surficial aquifers" are 
thin lenses of sand or gravel close to 

the surface; 2) "buried drift aquifers" 
are present at depths within the 
unconsolidated glacial deposits of an 
area; and 3) "bedrock aquifers" are 
usually sandstone, limestone or 
crystalline rocks with enough cracks 
or spaces within to allow the 
percolation and flow of groundwater. 
The study being conducted by the 
DNA focuses on the buried drift 
aquifers of Swift County in western 
Minnesota (see figure 1 ). 

Though the problem of water 
supply is not yet a threat there, 
question marks dot the sky where 
thunderheads should be. The western 
part of Minnesota receives up to one
third less rain than the rest of this 
agriculturally-based state, making 



irrigation of fields an attractive option 
for farmers. Once they adopt this 
practice, they commonly find that an 
acre will produce an average profit of 
more than $300, rather than $115 for a 
non-irrigated acre (1978 data). The 
cumulative effect has been explosive 
growth in irrigation, increasing at 
least 52 percent since 1973. 

However, the groundwater supply 
is limited. Planning must be done to 
avoid depletion of the wells. Hence, 
the Legislative Commission on 
Minnesota Resources (LCMR) 
awarded $520,000 to the DNR for the 
two year study, which will attempt to 
learn, among other things, how fast 
aquifers are being depleted and 
recharged. Swift County was chosen 
because an extensive geologic data 
base already exists, courtesy of a 
recent United State Geological 
Survey (USGS) report. The only 
missing information, which the DNA 
hopes to produce, concerns the 
location, lateral extent, and geometry 
of the buried drift aquifers. 

To this end, three types of data are 
being collected. Electrical resistivity, 
not dealt with in this article, attempts 

Figure 1: 
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to delimit the extent of an aquifer by 
measuring the resistance to current 
flow in the surficial deposits between 
two electrodes. In addition, two 
shallow seismic techniques are being 
tested. These are outlined below. 

Seismic studies have in the past 
relied heavily upon two methods for 
unraveling the histories of unexposed 
rocks and soils. Seismic refraction, a 
long-known and trusted technique, 
depends on the refraction of seismic 
waves incident upon a layer boundary 
below; seismic reflection, also long
known, but only recently applied to 
hydrogeologic problems, uses the 
reflection of these waves. 

Variations of the seismic refraction 
technique have been employed in the 
mining and civil engineering fields. 
These applications can generally be 
grouped into depth determinations or 
velocity determinations. 

Depth determinations attempt to 
discern the depth from the surface 
downwards to any denser layer 
beneath, usually the bedrock. For 
example, large parts of Minnesota are 
covered by tens to hundreds of 
meters of unconsolidated glacial 
deposits that rest directly upon the 
bedrock. A series of depth 
determinations could reveal the 
thickness of the glacial deposits in a 
particular area. For a successful 
depth determination, the layer being 
tested must be reasonably thick and 
of a higher seismic velocity than the 
overlying material (see figure 2). 

Seismic velocity is the speed with 
which sound waves travel through a 
particular layer. Velocity varies from 
one material to another, the harder, 
denser materials (such as granite or 
gabbro) have higher velocities than 
the softer, less dense materials (such 
as unconsolidated sands or gravels). 
Consequently, seismic velocities can 
be used to characterize unseen layers 
of material. This is a particularly good 
way to distinguish between soil and 
rock, compacted soil from loose soil, 
soil from sand or gravel, weathered 
rock from unweathered rock, and soft 
rock from hard rock. Useful 
engineering characteristics, such as 
blastability and rippability, can also 
be determined without ever directly 
encountering the material. Some 
typical seismic velocities are shown in 
figure 3. 

The theory of seismic refraction is 
based upon the idea that a seismic 

gure 2: 
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To absente a burled layer using 
seismic refraction techniques, the 
underlying layer must be reasonably 
thick (one quarter of the thickness ol 
the above layer) and have a higher 
density than the above layer. 

wave directed downward through a 
material with a velocity V(1) will 
propagate into a second underlying 
material of velocity V(2) (where V(2) 
is greater than V(1 )) and return to the 
surface as a refracted wave (see 
figure 4). The travel time of the wave 
is recorded at various points along a 
traverse, and when the data is 
analyzed a picture of the subsurface 
or bedrock geology emerges. 

At the location to be studied in the 
field, a seismic line is set up. The 
source, or point at which the seismic 
waves are generated, is located at one 
end. Geophones, pins that are placed 
in the ground for the purpose of 
detecting the arrival of seismic waves, 
are strung out in a line away from the 
seismic source. Geophones are 
spaced at equal distances from each 
other ("take-outs"), the first placed a 
known distance from the source 
("offset"). The instrument responsible 
for recording the travel times of the 
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gure 3: 
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1 ,ooo...a,soo fps soils, gravels, loose gravel, 
unconsolidated materials 

3,500-7,000 fps firmly consolidated gravels, 
soft rocks 

7 ,000=20,000 fps hard rocks 

waves, the seismograph, is connected 
by electric cable to the source and to 
each geophone. A seismic wave is 
generated at the source by striking a 
hammer, dropping a weight, or 
exploding a device. The seismograph 
then times and records the arrival of 
seismic wave at each geophone. 
The result is a graph much like that in 
figure 5, with time on the horizontal 
axis and geophone distance from the 
source on the vertical axis. For an 
experienced interpreter, the first 
arrival of a seismic wave at each 
geophone (the "first breaks") are easy 
to discern on a graph such as this. 

From this "first break" raw data, 
another graph can be produced, this 
time placing distance on the 
horizontal axis and time on the 
vertical axis. The result, seen in figure 
6, is a graph of two intersecting lines, 
each with a distinct slope. The slopes 
are calculated. Their inverses 
represent the velocities V(1) and V(2). 

The point of intersection of the two 
lines in figure 6 is an important one, 
termed X( c), or crossover point. Some 
seismic waves propagate downward 
and resurface at another place far 
from the source, while other relatively 
slow waves travel close to the surface. 
These direct or surface waves cause 
the first breaks at geophones close to 
the source. However, at greater 
distances from the source, the first 
breaks are caused by the refracted 
waves, which have traveled farther, 
but in a higher velocity material than 
the surface waves. The point at which 
the refracted waves overtake the 
direct waves is known as the 
crossover point. 

Once all of these values are known, 
the depth D to the layer of velocity 
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V(2) can be determined from the 
following equation: 

D=[O.Sll[X(c)] [ V(2)-V(1)/V(2)+V(2)] 

where: X( c )=crossover point 
V(1)=velocity of layer one 
V(2)=velocity of layer two 
D =depth to layer of velocity 

According to Brian Herrridge of 
Bison Instruments in Minneapolis, 
refraction is commonly used 
"because it works and it demands less 
of the operator. Only first arrivals 
need to be identified, and not some of 
the more complex waveforms that 
must be identified in the reflection 
method." However, long seismic lines 
must be laid out, resulting in higher 
field expenses for the refraction 

Figure 4: 
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method. 
The method of seismic reflection, 

which requires less field work and 
therefore less expense, provides data 
for greater depths and avoids many of 
the assumptions inherent with the 
refraction method, namely the 
assumption of increasing velocity 
with depth. Although deep reflection 
techniques have been used for many 
years by petroleum companies, 
shallow seismic reflection has not 
enjoyed widespread use before now. 

Until recently, the accuracy 
required by the shallow seismic 
method was not offered by the 
available seismic instruments. Andrew 
Streitz, geophysicist at the DNA, 
explained, "It's as if the petroleum 
companies were using a method 
analagous to standing on the rim of 
the Grand Canyon, shouting, and 
timing the result. The reflector is so 
far away, so deep in the earth, that 
there was no problem with the 
accuracy of the instruments. They've 
been using the deep seismic 
reflection method for years. In 
attempting shallow seismic reflection, 
we, by comparison, are standing in a 
small room, half an inch from the 
wall, shouting, and trying to time the 
result. It just couldn't be done before." 

The complexity of the waveforms 
and the problems in processing 
reflection data have also prevented its 
wide application. However, the advent 
of newer, more sophisticated and 
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more portable instruments, refined 
field techniques, and ever-cleverer 
data processing routines have 
recently made shallow seismic 
reflection an attractive option. 

The method assumes that waves 
directed downward are partially 
reflected upward when they meet a 
velocity discontinuity at depth (see 
figure 4). The arrival times at each 
geophone are recorded by the 
seismograph and displayed on a plot, 
all much in the same way as for 
refraction work. 

The difference between the 
reflection and refraction methods is 
mainly in interpretation. In seismic 
refraction, an interpreter looks for first 
breaks. In reflection work, an 
interpreter looks for "second arrivals." 
These are found by scanning the 
group response curves, or channels, 
for a particular seismic line and 
attempting to line up the significant 
waveforms on each channel that 
occurs after the "first break." 
Experience helps the interpreter 
distinguish between significant 
waveforms and unwanted noise. 

The second arrivals usually fall 
along a curve in the raw data plot. 
This can be rectified by constructing 
a time-squared versus distance
squared plot . The slope of 
this line is equivalent to the inverse of 
the square of V(i ). This value can be 
checked against a value calculated 
from the following equations (see 
figure 8): 

R:4[ (X/22 +h2
] 

D= 2R = 2-J(X2/4) + h2 =1)(2.v4h:!' 

t(x)= D/\1(1) = (1/\1(1 )ix2 +4h 

where: t(x) = reflection time at X 
D = path length 
X= offset 
h = depth to reflector 
\1 = velocity of material 

above reflector 
The fact that the "first breaks" 

occur before the second arrivals, the 
waves of interest, complicates the 
waveforms and the interpretation of 
the reflection data considerably. The 
amplitude of the second arrival is 
often smaller than the unwanted 
waves. However, because refracted 
waves are of no interest, shorter and 
therefore cheaper seismic lines can 
be surveyed. All geophones are 
located within the distance marked by 

from a 

the crossover point; at greater 
distances from the source, refracted 
waves will appear. Shorter seismic 
lines lead to more accurate 
measurements, since lateral velocity 
variations are less likely to occur than 

Figure 6: 

in a long seismic line. Since only a 
velocity change at depth is required, 
not the special case of V(2) greater 
than V(i ), reflection may provide the 
only means of mapping some 
reflectors. This fact can be important 
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in seismic surveys of near surface, 
unconsolidated sediments, like found 
in Swift County. 

The importance of testing these 
seismic techniques lies in their 
usefulness as a guide to a drilling 
program. According to Bloomgren, "It 
won't replace drilling, but it can make 
it more efficient ... the data we've 
gotten already this field season (from 
geophysical methods) probably 
would have cost us many, many tens 
of thousands of dollars by more direct 
methods (drilling). We're testing 
resistivity versus seismic techniques 
over the same terrain to see which 
works better, which works faster, 
which works cheaper." 

oL-------~---------L--------~------~80 
0 20 40 60 

After gaining the proper operational 
experience, the next stage of the 
program, for which the DNR hopes to 
obtain funding, is to take the various 
geophysical methods into new, 
t;platively unknown areas. Bloomgren 
noted that "This project has been 
done in Swift County only because 
the (base) data was already there. 
We're in the phase now where we're 
trying to apply the equipment in areas 
where we know what's going on in 

Hammer Distance, X 2 

Courtesy of Bison Instruments Continued on page 33 

As you strive to meet your personal career goals at Hewlett-Packard, 
you help the company grow.lfs because your career development 
is important to Hewlett-Packard that we have achieved a "small 
company" feel at each of our many divisions, where your contri
butions are visible - even as a $4.9 billion, worldwide company. 

Helping its people to grow is one of the primary philosophies upon 
which Hewlett-Packard was founded. 

"HP's founding philosophy? I feel that in general terms it is the policies 
and actions that ftow from the belief that men and women want to 
do a good job, a creative job, and that if they are provided wi~h 
the proper environment they will do so. But thafs only part of 1t. 
Oosely coupled with this is the HPtradition of treating each indM.dual 
with consideration and respect, and recognizing personal achieve
ments:• - Bill Hewlett, Vice-Chairman of the Board; co-founder. 

"One notable inftuence within HP is the high level of competence 
found throughout the organization and the strong mutual respect 
that grows from it. HP's practice is to recruit the best people i~ 
can find, then continually train them on-the-job to take on broader 
responsibilities. The net effect of this shared background and train
ing is an abiliiy to communicate across organizational lines and 
geographical boundaries:· - John Young, President and Chief 
Executive Officer. 
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Headquartered in Palo Alto, California, the company employs 
approximately 80,000 people and has plants located in 22 U.S. 
cities, most of which are in California, Colorado, the Northeast 
and Pacific Northwest. 

St. Paul has a sales and service office with over 200 employees who 
represent our 5 Market Sectors: Information Systems, Measurement 
Systems, Medical, Analytical and Components; as well as adminis
trative support people. 

Common positions within our office include: 

· I'UW SALlES REPRESENiATWES - Sale of HP products. 
· SMEMS liU!PRI!SENiATMi!S - Customer software support 
· CUSTOMER REPRESENTATWES = Customer hardware 
support. 

IN SEARCH OF EXCEllENCE called Hewlett-Packard one of the 43 
excellent companies in America. Why not find out more about 
HEWlETT-PACKARD? HP will be on campus November 14th & 15th 
and January 23rd & 24th. Please check with the I.T. Placement 
Office for further information, or call ROBIN HAMMER if interested in 
local opportunities. 

(612) 6£14 ... 1100 

HEWLETT 
PACKARD 

2025 W. larpenteur Ave. 
St. Paul, MN 55113 

We are an equal opportunity employer dedicated to affirmative action Mj F 



Two-year NROTC scholarships are one way to get early responsibilty as a 
Navy officer. This highly competitive program offers tuition and other 
financial benefits worth as much as $20,000 to qualified sophomores. 

All of these benefits are provided for one purpose: to educate and train 
qualified young men and women to serve as commissioned officers in 
the Navy. In fact, NROTC Scholarships are the largest source of regular 
Navy officers. 
During college, the Navy pays tuition, cost of textbooks, instructional 
fees, and an allowance of SlOO a month for up to 20 months during 
your last two years of college. Upon graduation and completion of 
requirements, you become a Navy officer, with important decision
making responsibilities. 

Call your Navy representative for more information on this 
challenging program. 

call (612) 349-5222 

ce si ilit 

Come see us In Room 2, Mechanical EnQU'1Leering, or call 373 .. 3298 .. 
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By John Leier 

Both the natural and engineering sciences exist in the 
Institute of Technolog To sit in the ean's office requires 
the gumption to s · ula as across a broad s ctrum of 
activities. I. T. 's new ean, Ettore In nte, a ears conft nt 
in meeting that requirement 

ast August, Minnesota Technolog had the 
opportunity to talk to the new dean of I.T., Ettore F. 
Infante. Dean Infante was born in Italy in 1938 and 

received degrees in both mathematics and aeronautical 
engineering from the University of Texas at Austin. He 
also received his Ph.D. from U.T.-Austin and taught 
engineering there until1965. From 1965 to 1984, Dean 
Infante was with the mathematics department at Brown 
University. He was also a visiting professor at The 
Weizmann Institute in Israel, University of Paris, and the 
University of Notre Dame. While on a leave of absence 
from Brown, Dean Infante was the director of several 
divisions of the National Science Foundation. 

Dean Infante has set several priorities for the Institute of 
Technology, among them are: retaining an excellent 
faculty through appropriate compensation, strengthening 
the computer science and electrical engineering 
departments, developing a supercomputer institute, 
alleviating shortages of people and equipment in several 
departments, and increasing the number of graduate 
students in I.T. 

The following is a summary of the conversation between 
Dean Infante and Minnesota Technolog. 

Technolog: Dean Infante, what special skills do you feel 
you have which will help you in this position? 

Infante: At Brown University and before that at the 
University of Texas at Austin I was a faculty member. It 
seems to me that one of the things important for this job is 
to be a faculty member. Since Brown University is small 
and there are only two deans and a provost, the faculty 
does a great deal of administrative type work. Much of the 
decision making was done by committee, and I served on 
several important committees. I think that the most 

The new Dean of the Institute of Technology, Ettom lnhmte. important skill anyone could bring to this job is a certain 
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amount of intelligence and experience in dealing with the 



problems associated with educational and research 
institutions. I think I bring a considerable amount of 
energy and willingness to work hard. 
Technolog: What do you think the Dean's role should be 
at the Institute of Technology? 

Infante: I feel very, very strongly that one of the most 
important things a dean has to be is the conscience of the 
institute. Each department chairman, each faculty 
member, each student can afford to be a spokesman for 
his own personal interest. My responsibility is to take a 
much broader viewpoint, identify the major problems 
facing I.T., and then stimulate the activity to resolve them. 

I don't dictate what the policies of I.T. should be, for in 
doing so, I would risk finding myself marching at the head 
of a parade with no one behind me. I see my role as a kind 
of cheerleader-to work with the different groups to 
decide what the policies should be. A university is the 
antithesis of a military institution, where everything is 
dictated top to bottom. I don't feel that arrangement would 
work for a university because individuals make the 
institution what it is. For the University to function, people 
must be accountable to others, as I am accountable to 
Morrill Hall, and the department heads are accountable for 
their decisions, faculty for their teaching and research, 
and students for what they learn and don't learn. 

One of the most important things 
a dean has to be is the 
conscience of the institute .. 

Technolog: With the number of industries in the area 
geared toward computers and electronics, should I.T. offer 
a degree in Electronic Engineering? 

Infante: I believe strongly that one of the things that is 
absolutely essential at the undergraduate level is that 
students be given the type of education that covers the 
fundamentals. I do not believe in early specialization, let 
me explain to you why. I always think of undergraduate 
education as the priming of a pump. What is very 
important is that a student is able to leave here with the 
ability to continue to learn. We are always going to be 
confronted in life with problems which we cannot 
immediately deal with because we do not have the 
knowledge, yet, we have to have the capacity and self
confidence to do three things: to recognize when it is that 
we don't know something, to have the ability to know 
where to go to learn something, to have the ability to do 
that learning. To be able to do this, I think requires a 
strong base in the fundamentals. To me, anything which 
represents a narrowing of the student's education is not in 
their best interest. I like to compare education in a 
technical area to the building of a house. The taller the 
house that you want to build, the deeper the foundation 
must be. I would like our I.T. students to have a strong 
foundation, because without that strong foundation you 
cannot go very high. 

I like to compare education in a 
technical area to the building of 
a house.. The taller the house 
that you want to build, the deeper 
the foundation must be .. I would 
like our I .. T .. students to have a 
strong foundation .. 

Technolog: Should the Institute of Technology strengthen 
its ties to the industrial community? 

Infante: Well, actually we are in the same business, but 
our products are different. LT.'s products are ideas and 
hopefully well trained people. We cannot sell either. Ever 
since slavery was outlawed, I can't put a price tag on a 
mechanical engineering senior and invite people to the 
auction. We are in the same business, in the sense that our 
output is their input, and so it is desirable to have a close 
relationship. However, this relationship should not violate 
what they do or what we do. In particular, I don't believe 
the University is very good at doing certain things and 
business is not good at other things: it is fortunate that the 
two compliment each other in their weaknesses and their 
strengths. 

Since the University is such a fragile institution, the 
dean must be careful to assure that the University does 
not lose its identity while trying to establish a close 
relationship with industry. I look forward to establishing 
close relationships with the people in the business and 
industrial community, because of the invaluable advice 
they can provide. 

Work hard, pia ard, 
and learn a lot.. This is 
one of the most 
important times in your 
life. 

Technolog: What advice would you give to the students of 
LT.? 

Infante: I would say to them, 'These are the four or five 
most important years of your life because what you do or 
what you don't do in these four or five years is going to be 
terribly determinate of what happens to you for the rest of 
your life. There is leverage at this point that does not exist 
in high school, elementary school, or later on in life. Work 
hard, play hard, and learn a lot. This is one of the most 
important times in your life. 
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By lee Atchison 

Seymour Cray, the genius behind the Cray-1 
supercomputer is a quiet, secluded man. While 
others sought success on the corporate ladder, Cray 
looked for and found success on a ladder of his own 
design. During his 52 years, he has combined the 
Cray style with his genius, making him a legend in 
his own time. 

After graduating from the University of Minnesota 
in 1952, Cray went to work for the Sperry Rand 

Seymour Cmy, a graduate from the 
University of Minnesota, designs the 
world's fastest supercomputers. 
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Corporation's Univac Division, formerly Engineering 
Hesearch Associated. Five years later, Cray left 
Sperry because the high-pressure, corporate life had 
become too bureaucratic and boring for him. Cray 
preferred working in small research teams away 
from large numbers of people. Sperry was not the 
place for him. 

With a group from Sperry Rand, Cray formed the 
Control Data Corporation. After designing several 
computers, including some of the early transistor 
models, he began working on his first 
supercomputer. The CDC6600 was the first 
successful supercomputer to hit the commercial 
market. 

Gray's work at Control Data was impressive. Yet, 
he was still in the corporate environment. Control 
Data, realizing how important Cray was to them, 
moved him away from the headquarters to where he 
felt at home. They built a research and design 
laboratory in Chippewa Falls, Wisconsin, Gray's 

fi g i 

home town. It was there that Cray designed the 
CDC7600, Control Data's second generation 
supercomputer which was announced in 1969. 

Cray had risen through Control Data's rank to a 
senior vice president and top designer. However, 

' 

this arrangement did not last. In 1972, three years 
after the introduction of the CDC7600, he left 
Control Data. Cray explained he felt Control Data 
was too commercialized, bureaucratic and boring for 
him, the same reasons he had given for leaving 
Sperry. For the second time, when others would 
have felt successful, Gray chose to start over. 



t 
The new company, Gray Research Inc., consisted 

of only a twenty-five man design team who set up 
shop in Chippewa Falls. The fresh start gave Gray an 
opportunity to set personal goals. From the 
beginning, they chose to build a machine which 
would be the fastest in the world. 

Four years and $8.5 million later, they designed 
and built the first Cray-1 supercomputer. The Cray-1, 
standing six and a half feel tall and weighing 
several tons, comes in a cylindrical package with a 
section of the machine sliced away like a piece of 
cake. The two foot wide, upholstered bench that 
surrounds the computer is the source of its 
nickname as the "world's most expensive loveseat." 

Doing what he does best, Gray concentrated on 
the design side of the Cray-1. During those four 
years, he tried to perform each step in the 
construction, at least once on his own, to test the 
design. 

The initial operations investment was retrieved 
when the first Cray-1 was sold in 1976. Since then, 
Gray Research has become the leader in the 
supercomputer field. There are only 75 
supercomputers operating in the world today and 
Gray Research has sold 54 of them. Quite an 
accomplishment for a company started by a man 
who described corporate life as dull. 

Gray stepped down as chairman of Gray Research 
in 1981, leaving the day to day business of Gray 
Research to John Rollwagon, who returned to his 
native Minneapolis with degrees from MIT and the 
Harvard School of Business. An agreement was 
struck that allowed Gray to devote his time to 
supercomputer design. Until December 31, 1987, he 
is an independent contractor for Gray Research 
working on the evolution of Gray's line of 
supercomputers. 

With the world's scientists demanding faster 
computers and with other firms developing 
computers to compete with Gray Research, Gray is 
back at work on the Cray-2 which will be five to ten 
times faster than the Cray-1. For Seymour Gray, 
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going to work means designing and testing ideas in 
the seclusion and privacy offered by Chippewa Falls. 

Seymour Gray was described by Gene Amdahl, 
the founder of IBM, as "the most outstanding, high 
performance, scientific computer designer in the 
world. Fortune magazine said of Gray, "In a field 
where genius is almost taken for granted, he's a 
towering figure." His machines brought life to the 
supercomputing industry, revolutionized the 
supercomputing industry, and point to the future of 
the supercomputing industry. To say he is a genius 
is an understatement. 

Seymour Gray's creations have made him a 
legend in his own time. 
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Forty years ago, the first programmable computer divided a 23-digit number in record time. 
It took 14 seconds. The ENIAC, as it was called filled a 1 00-foot room with hundreds of large 
vacuum tubes and miles of wiring. Outlandishly large by today's standards, EN lAC set off 
shock waves that started a series of technological revolutions which have gained 
momentum through each succeeding generation. 

During those historic years we were known as UNIVAC. This company later evolved into 
Sperry Univac, a name that became synonymous with mainframe computers. Recently 
we've all come together under the Sperry signature. And today, with many locations 
throughout the U.S., we are designing and building some of the industry's most advanced 
computer systems and peripherals. 

Sperry's facilities in the Twin Cities of Minneapolis/St. Paul employ over 10,000 who are 
involved in the production of specialized hardware and software for a variety of applications 
in both the military and civilian sectors. 

We are seeking a diverse team of electrical engineers and computer scientists to join our 
efforts in the following areas: advanced technology, command and control systems, 
communications systems, intelligence/electronic defense systems, standard products, 
software services, and air traffic control systems. 

We pride ourselves on maintaining an energetic, yet informal, work environment. Here, 
you'll be joining a team of professionals who know how to put the customer's needs first 
while taking personal satisfaction in solving some of the toughest new problems in the 
industry. 

We'll be recruiting on campus October 15th, February 15th and 18th. See your placement 
office for our company literature. 

If you would like to look into some of the exciting opportunities why not send us a resume 
and a copy of your transcript to: Professional Staffing, Sperry Corporation, Computer 
Systems, Defense Systems Division, MT, U1 E20, P.O. Box 64525, St. Paul, MN 55164-
0525. Equal Opportunity Employer. U.S. Citizenship Required. 

© Sperry Corporation 1984 
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Heretics of Dune, Frank Herbert, G.P. 

Putnam's Sons, hardcover, 480 pages, 

$16.95 

By Renee Bergstrom 

Here it is, the next book in the 
continuing saga of the planet Dune. It 
has been several millenia after Leto II, 
transformed into the Divided God that 
Dune priests worship. After Leto's 
death, many things occurred, the 
Scattering and the Famine Times. 
Now, the people of the Scattering 
have returned looking for power, the 
Bene Tleilax feel it's time for their 
ascendancy and the Bene Gesserit 
(religious sisterhood) have 
resurrected another Duncan Idaho 
ghola (clone of a dead man) to aid 
their design for mankind. The 
resulting power struggle threatens the 
very existence of Dune. 

To aid the Bene Gesserit Reverend 

Voyage to the City of the Dean, Alan 

Dean Foster, Ballantine Books, 

paperback, 241 pages, $2.95. 

by Renee Bergstrom 

In contrast to Heretics of Dune is a 
new book just released by Alan Dean 
Foster, titled Voyage to the City of the 
Dean. The setting is a new world, 
never before explored by outsiders. A 
husband and wife team of social 
anthropologist and geologist are sent 
to explore and chart this world, study 
the geological formations, and 
document the social adaptations of 
the people who live there. The people 
are divided into three races; The Mai, 
who are a greedy people thinking 
only of themselves and money, the 
Tsla, who pursue scholarly studies 

Mothers in their design is a young girl 
who can speak to and control the 
sandworms of Dune, an old military 
leader dug out of retirement, and a 
ghola that has been altered by the 
Bene Tleilax. The question that 
everyone is asking, "Is this still Leto's 
'Golden Path?' " 

This book is truly a marvel. Frank 
Herbert's fifth book in the series has 
managed to recapture and retain the 
beauty and excitement that was so 
apparent in the first books. The plot 
contains many subtle twists and 
turns, never letting the reader out 
guess the plot. The characters are 
well sketched out and there was 
plenty of action to keep the audience 
moving with the book. Heretics of 
Dune is a book that leaves the reader 
satisfied. 

The beginning of the book 
contained political questioning and 
internal reflection, similar to God 

and pureness of mind, and the 
primitive, cannibalistic Na. 

The characters in the book are all 
well developed, from the main 
characters of Etienne and Lyra 
Redowl to the natives who help them 
on their journey. The characters all 
think and feel with their own 
emotions and motivation. This is a 
refreshing point about this book. The 
husband and wife team constantly 
bicker, their marriage defined in terms 
of their occupation, rather than 
affection. They have a real life 
distinction from other story book 
characters whose marriages flow like 
silk. 

However, the characters are not 
enough to redeem this book's plot 
which is far from substantial. It seems 
that Foster has spent more time 

Emperor of Dune, that slowed the 
story down considerably. The pace is 
uneven because Herbert does 
manage to increase the tempo in the 
last half of the book. 

This wGrld too isn't on the gold 
standard. Herbert tries to bridge the 
gap between times, writing that a man 
is worth his weight in melange, the 
spice that is the standard for the 
economy. This statement appears 
trite and out of place. However, this is 
a minor complaint. 

This book is a must for Dune fans 
and a real tribute to Herbert's writing 
abilities. For those who have not read 
the Dune series, start reading so you 
can finish with this book. Because 
another book would undue the 
complete circle that Frank Herbert 
has drawn with Hertics of Dune, let us 
hope this will be the end of the Dune 
series. 

developing characters than a plot. 
Foster created enough adventure 
along the way, but when he got the 
characters to the final destination, he 
fell asleep. I didn't feel much 
happened to the characters to 
warrant their one hundred and eighty 
degree turn from the direction they 
were heading. Everything was done 
for them in the end. The book was 
like a bad Indiana Jones cliff hanger. 

Foster does some clever things with 
names, geology and anthropology in 
this book. That much is very well 
done. However, I would not 
recommend this book to anyone 
interested in reading good science 
fiction or fantasy. My money would 
have been better spent at the local 
Dairy Queen feeding my face. 
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By Michael Dean 

So, you just came from the 
Bursar's line and you have 
a w /Iars left in that 
dwindling bank account 
If you need a new calculator, 
here are a few ideas and 
suggestions u might 
consider to nd your 
savings wisely~ 

ow do you maximize your 
calculator/dollar ratio? Your 
first thought was probably to 

take the first derivative, equate to 
zero, and solve for x; but it's actually 
not that simple. There are dozens of 
scientific calculators on the market. 
Which one should you buy? It's a 
matter of trying to predict how much 
calculator you will need. Buying too 
much could deliver serious damages 
to the pocket book and social life, 
while not buying enough can cause 
lower test scores and possibly even 
Change of Major (CM). Consider 
what functions, how much memory, 
and how much, if any, programming 
capacity you could utilize. When 
considering cost, realize that several 
dollars difference between a good 
and a bad calculator is minimal, 
especially when you stack it against 
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the $10,000 plus, you will probably 
pump into I.T. 

Out of the many functions available 
on scientific calculators, which are 
you going to need? The scientific 
functions (trigonometric, exponential) 
and several constant memories will 
surely get you by. Statistics functions 
are very handy and probably worth 
paying for. Programming capabilities 
can save you a great deal of tim~ 
especially when processing data for 
those tedious lab write-ups. Functions 
such as matrix capabilities and 
numerical integration are helpful 
when you need them, but if you only 
use them once a year, it's probably 
worth the savings to just borrow 

•••• • •••• ••••• ...... 
••••• ••••• 
··~····· 

Photo David Herridge 

someone else's calculator or turn to a 
microcomputer. Another very 
important criteria should be the 
calculator's ease of use, including the 
legibility of the keys and the display, 
and the layout and action of the 
keypad. 

For this discussion, nine units from 
three manufacturers have been 
selected, although there are many 
other suitable models on the market. 
Not included are the pocket 
"computers" that are programmed in 
BASIC (Nobody seems to know what 



those things are for, anyway. 
Asteroids programs will not work, we 
tried.). Programmable "calculators" 
are actually computers, but they are 
programmed numerically with 

, keystrokes, rather than with actual 
BASIC commands. 

For the most part, the calculators 
are fundamentally similar. The more 
you spend, the more functions you 
get, with one major exception, the 
logic system. Some of the calculators 
use common, left-to-right algebraic 
entry while others use Reverse Polish 
Notation (RPN). 

RPN has an advantage over 
algebraic entry for lengthy 
calculations, fewer keystrokes are 
required. The system eliminates the 
need for parenthesis. Also, there is no 
"="key because the current value of 
calculation is continuously displayed. 
The calculators from Hewlett-Packard 
use RPN, all the others use algebraic 
with hierarchy. The appended box 
contains an example of a calculation 
performed with both logic systems. 

The calculators from Texas 
Instruments are easy to use, 
inexpensive, and probably the most 
common in the backpacks of I.T. 
students. For about $20 the Tl35 will 
most likely handle 95 percent of your 
computing needs. It sports trig 
functions and constant memory, but 
is not programmable. The Tl55-ll 
adds programmability, nifty statistics 
functions, and even numerical 
integration for about $40. Twenty 
bucks more will get you into a Tl66 
which adds more memory, up to 500 
steps of programmability, larger keys 
and display, and a port to hook up a 
printer. Note: there have been some 
durability problems on the keypads of 
the Tl35 and Tl55-ll. Gone are the 
days of legendary Tl30's that doubled 
as hockey pucks. 

Sharp has a neat little scientific 
model, the EL515T, that never needs 
batteries because it's light powered 
(light not included). It can do huge 
calculations with its 15 levels of 
parenthesis and also does hex, octal, 
and binary conversions. Add 
programmability, a 24 character 
display, alpha characters, and Direct 
Formula Entry with the Sharp 
EL5100S. Direct Formula Entry is an 
impressive option that would allow 
Foresters to pre-program length-of
tree equations prior to exams. 

From Hewlett-Packard, the HP11 C 

is a slick RPN calculator that is 
programmable, does trig and stats, 
and has 67 registers for direct and 
indirect storage. It also has many 
time-saving functions, such as a 
backspace key that lets you undo 
mistakes without having to start the 
entire calculation over. All the HP's 
come with a durable, sure-shot 
keypad that has an excellent "touch." 
For around $95 there is the HP15C 
that looks and feels like the HP11 C, 
but has the capabilities to store and 
manipulate five matrices, do complex 
calculations, and perform numerical 
integration. If you really want to go 
way out, take out another student 
loan and pick up the Cadillac of 
scientific calculators, the $289 
HP41 CX. This machine does it all. 
Built into the back of it are four 
input/output ports for memory 
expansion modules, a light pen for 
reading bar codes, a cassette 
recorder, a magnetic card system, 

xa 
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and a printer/plotter. Several people 
have said that once they adjusted to 
RPN, they would never go back to the 
algebraic logic. 

Again, you'll probably have your 
best chance of avoiding CM by 
carefully predicting what functions 
you will need. Make sure that you try 
the calculator out in the store before 
buying it. There are some calculators 
out on the market that are so 
compact they are in fact adult-proof. 
Also, make sure you get a little 
practice before that first exam. Some 
of the user's manuals are 400 pages 
thick and fumbling through one 
during a physics test because you 
can't locate the "In" key could be very 
embarrassing. Remember too, that 
RPN takes a while to get used to. 
Finally, you will want to consider the 
calculator's beltloop capabilities if 
you're going to stylishly strut through 
the halls of I.T. with calculator ahip. 

f 
s 

You take your six year old nephew to see Star Wars. The Mellenium Falcon is 
traveling away from the audience at a relativistic speed when it fires some sort 
of photon projectile, also at a relativistic speed away from the viewers. Your 
nephew grabs your arm and inquires, "What is the speed of the projectile 
relative to us?" He wants an answer fast! The equation for the velocity is 

V - ( W + U) I ( I + UW I c2 ) 

where U = Velocity of the ship 
W = Velocity of photon relative to the ship 

c = speed of light 

Here is a comparison of the keystrokes necessary to reach the answer. 

w 0 0 
"Enter" 0 0 w 

RPN u 0 0 + 
+ 0 0 u AlGEBRAIC 

10 0 0 ) 

"Enter" 0 0 ~ 

u 0 0 
"Enter" 0 D 10 

w D 0 + 

* 0 0 ( 

c 0 0 u 
"xr 0 0 * 
~ 0 D W 
+ 0 0 .;. 
~ 0 0 c 

D "xr 
0 ) 

0 ) 
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If one of the angles you've been 
studying lately is a way to pay your 
tuition costs, Army ROTC would like 
to offer some sound advice. 

Apply for an Army ROTC 
scholarship. 

Recently, we set aside hundreds 
of scholarships solely for engineering 

majors like yourself. 
Each one covers full 

tuition, books and other 
supplies, and pays you up 

to $1,000 each school 
year it's in effect. 

So if the stress of 
worrying about tuition 
is bending you out of 
shape, get some finan
cial support. Apply 
for an Army ROTC 

scholarship today. 
For more informa

tion, contact your Pro
fessor of Military Science. 



log ledger from 7 

the architectural firm chosen to do 
the initial design, will have to work 
within the $40 million construction 
budget expected to be appropriated 
by the State Legislature in the 1985 
session. This $40 million ceiling 
represents a substantial reduction 
from the initial request of $56 million 
and will require some reorganization 
of the facilities that were in the 
original plan. 

The building is expected to house 
both the Computer Science and 
Electrical Engineering departments in 
approximately 140,000 square feet of 
assignable space. Two locations for 
the building are being considered, 
one behind Lind Hall where 
Experimental Engineering stands and 
the other, east of Union St. across 
from Shepard Labs. Construction is 
tentatively scheduled to begin in 
October of 1985, placing its 
completion in late 1987 or early 1988. 

nference 
As you near the end of your 

academic career, you may feel some 
apprehension about entering your 
professional career. A good way to 
dispel this, and to gain a sense of 
professional awareness, is through 
discussion of issues relevant to the 
graduating engineer. Topics such as 
the first year as an engineer, 
professional ethics, and post graduate 
education options will be presented at 
a conference to be held at the 
University of Minnesota on October 
17. This "Student Professional 
Awareness Conference" is sponsored 
by the IEEE, and features speakers 
who are working professionals, 
opportunities for discussion of 
questions, and a catered dinner. For 
further information, see the 
advertisement in this issue, or contact 
the IEEE office in the EE buildings. 

Suggested 
UR PRI E Retail 

$75.00 
$120.00 
$120.00 
$120.00 
$225.00 
$325.00 
$525.00 

Minnesota Book Center 
190 Williamson Hall 
2 31 Pillsbury Dr. So E. 
Minneapolis, MN 55455 
612-3 7 3-3688 (calc. dept.) 

gnetic eld ip 
We have always used the earth's 

natural magnetic field for guidance. 
Our planes, ships, missiles, etc. all 
use compasses to determine which 
direction they're traveling. Even birds, 
fish, and other animals use this 
feature of the earth to navigate. 

There is now new evidence that the 
magnetic poles will reverse, causing 
climate changes, and other disastrous 
results. The intensity of the field has 
already decreased more than 50% 
over the past 4,000 years. 

University of Minnesota geologist, 
Subir Banerjee, has found evidence of 
this change from a 60 foot long 
cylinder drilled from a Minnesota 
lake. The cylinder acts as an 11,000 
year long timeline, preserving a 
record of the earth's previous 
magnetic field. 

The earth's magnetic field reverses 
itself every 200,000 to 1 ,000,000 years. 
It has been 710,000 years since the 
last reversal. The overdue reversal 
could take place in anywhere from a 
few to a few thousand years. 
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~:,LAMPS 

~:~DESKS 

~:,CHAIRS 

*COMPUTER SUPPLIES & FURNITURE 

*DRAFTING SUPPLIES 

*ART MATERIALS *PENS 

*PAPER PRODUCTS OF ALL KINDS 

*CALCULATORS & TYPEWRITERS 

~:,SERVICES 

*REPAIRING & CLEANING TYPE
WRITERS, CASSETTE TAPE 
COPYING, FULL SERVICE COPY 
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ROSEOAH 
CENTER 

636-2161 

nical Instructors, 
Fi r e 

lnT Sun~ 
Teach college and graduate-level math, science, or engineer
ing to highly motivated students. 
And live in beautiful Orlando, 
Florida. 

$17,000 to start. Over $24,000 
after 3 years. Plus an outstanding 
package of personal and family 
benefits including the possibility 
of significant financial assistance 
for postgraduate education. 

If you have or are working toward a degree in math, physics, 
chemistry, or engineering, you owe it to your future to 
look into this opportunity. Students can even qualify to get 
more than $900/month while still juniors and/or seniors 
in college. 

If you're a U.S. citizen, and 28 or younger, call or write the 
Naval Management Programs Office. 

call (612) 349~5222 
Navy Offtcers Get Responsibility Fast. 

The Air Force has openings for young men and women majoring in 
selected science and engineering fields. Like AeronauticaL Aerospace. 
General and Electrical Engineering. Mathematics. Physics and Com
puter Technology. 

To help prepare for one of these. Air Force ROTC offers two and 
four-year programs of study which will defray some of your college 
costs 

After completion of the AFROTC requirement. and upon your 
graduation. you'll be commissioned an officer in the Air Force. Then 
comes responsibility. experience in your specialty with some of the 
best people and facilities in the world. and a mission with a purpose. 
You'll get excellent starting salary. medical and dental care. 30 days 
vacation with pay beginning your first year. and more. 

Look into the Air Force ROTC program right away. See what's in it 
for you. See how you can serve your country in return. 

Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 

(612) 373-2205 
(612) 373-2206 



Our world today is inundated with 
information. Man has developed 
increasingly complex and 
sophisticated devices to process, 
communicate and manage this 
information "explosion." 
Telecommunications equipment race 
signals around the globe 
instantaneously, delivering "live" 
broadcasts, assemble-it-yourself 
robots come complete with speech 
capabilities; and weather satellites 
furnish us with daily weather 
reports-from the moon," ... And the 
forecast today predicts a high of 212 
F, nightly temperatures falling to a 
low of -240 F with a slight chance of 
late afternoon meteor showers 
developing ... " 

Man has made astonishing 
advances in the communications 
field, and young engineers today are 
at the leading edge of 
communications technology; their 
knowledge and skills will contribute 
to the design and development of 
new and advanced communication 
systems. Much of this technology has 
already made its way into the market 
place; from cars which greet us with, 
"Good Morning, left door open" to 
phone systems complete with 
automatic dialing, call waiting and 
conference calling. However, in this 
technology-oriented world we live in, 
we often overlook the singularly most 
powerful and effective 
communication device in existence
man. Communication, the exchange 
of ideas and information, is a human 
process. 

An engineer's communication skills 
have become increasingly important. 
As new technology shifts from the 
engineering department into the 
office and home, an engineer must be 
able to share information with others 
in terms they will understand. 
According to Keith Gildersleeve, 

I!! 

I 

Manager of User Information Services 
at NCR Comten, "In industry, an 
engineer is judged primarily on 
his/her writing skills ... it is what 
most people will ultimately see of 
their work." 

College recruiters consistently rate 
communication skills among the top 
qualities they look for in potential job 
candidates. Last year, Technolog 
talked with representatives from local 
companies about the campus 
recruiting process; the recruiters 
frequently commented on the 
favorable impression a student with 
good communication skills made 
during the interview. This impression 
is often the basis for extending a plant 

By Karen Augustan 

were required to complete only one 
introductory composition course. For 
students graduating Fall, 1984, and 
thereafter, an additional course in 
advanced composition will be 
required. A variety of courses are 
offered which will fulfill this 
requirement; however, many degree 
programs specifically require 
Composition 3031, Technical Writing 
for Engineering. 

Most college students will develop 
adequate communication skills. With 
some extra effort, however, an 
individual can further develop and 
"fine-tune" his/her personal 
communication system! 

Graduati published survey 
results which placed the amount of time an 
engineer devotes to writing, editing, and 
preparing reports between one fourth and 
one third of the time ob .. 

tour to that individual. 
This year, Graduating Engineer 

published survey results which placed 
the amount of time an engineer 
devoted to writing, editing and 
preparing reports between one fourth 
and one third of the time on the job. 
This works out to approximately 12 
hours or one and one half days a 
week! 

The technical coursework required 
in college provides the engineering 
student with an in-depth 
understanding of physical principles 
and concepts; however, students 
receive little instruction on how to 
communicate this knowledge and 
information to others. In fact, until 
recently, students enrolled in most 
degree programs at the University of 
Minnesota, Institute of Technology, 

Put some coursework additives into 
your system 

Nontechnical coursework is 
required throughout the degree 
program, and the University offers a 
wide selection of courses that will 
fulfill these requirements and take the 
future engineer far beyond the basics. 

Students taking Composition 3031, 
Technical Writing for Engineering, 
learn how to approach the writing 
process and focus on the form and 
style of technical writing. Students 
complete a series of short 
assignments and one 20-50 page 
project which is presented to the 
class. The course also introduces 
students to the organization of 
technical libraries and how to find 
information (without the librarian!). 
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Two courses offered through the 
Rhetoric Department (Rhet 3562, 
Writing in Your Profession and Rhet 
5257, Scientific and Technical 
Presentations) place similar emphasis 
on technical report writing and the art 
of presentation. 

Writing and composition courses 
are not the only classes which require 
the preparation of writing 
assignments. Many courses in the 
History, English, Sociology and 
similar departments assign term 
papers and/or research projects; 
these writing exercises are a valuable 
experience. Suffering from writer's 
cramp? The University English 
Department houses a Writing Lab 
with personal computers available for 
students working on writing 
assignments. 

Typically, engineering students 
make a few oral presentations to 
fellow classmates. However, for the 
brave (and soon to be articulate) who 
are wondering what they have been 
missing, the Speech/Communications 
Department offers a number of 
courses which concentrate on the 
verbal communication process. These 
courses provide opportunities for 
public speaking; individual speeches 
are filmed (didn't you always want to 
be on TV?) in front of live cameras 
when possible. 

Read between the lines 

Keith Gildersleeve, a lecturer in the 
University of Minnesota Composition 
Department, recommends reading as 
much as possible. "Through reading 

Handheld 
omputers 

we can study and interpret the style 
and form of other writers and through 
this process develop and enhance our 
own writing skills." Reading is for the 
curious-through reading we become 
acquainted with the world. Read the 
cereal box at the breakfast table 
(amazing, isn't it, the amount of sugar 
in some of those brands?), the 
newsletter at the office, the evening 
paper ... and learn to communicate 
with the world. 

The Write Approach 

Technical writing covers anything 
that has a technical subject. The 
major difference between technical 
writing and other types of writing is 
the style. According to Gildersleeve, 
technical writing has a "transparent 
style." The reader is not aware of how 
something is said, but what is being 
said. Technical writing is not easy-it 
is often comprised of statistical and 
quantitative data and difficult 
concepts which must be presented 
with clarity. However, as Gildersleeve 
points out, "Technical writing is hard 
work, but can be challenging and 
rewarding." 

Consideration must be given to the 
audience for which the report is 
intended. Before beginning to write, 
Gildersleeve advises the writer to ask 
himself, "Who is this report directed 
toward? What can I expect them to 
understand easily and what do I need 
to go into some detail about?" Based 
upon some cases, an executive 
summary highlighting the major 
findings and results of the analysis is 

Suggested Retail 

s~ ~o.oo 
$220.00 

5 
5 
5 inter $230.00 
Minnesota Book Center 
190 Williamson Hall 
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attached to the report for distribution 
throughout the organization. This 
provides a quick overview of the 
project for busy executives; individual 
managers can read the entire report if 
they are sufficiently interested. 

Define clear objectives and goals 
for the writing of a report-develop a 
plan, and start writing as soon as 
some information has been gathered. 
"Don't tell yourself, 'I'm going to write 
this up,'" warns Gildersleeve, "and 
expect it to be easy." 

Don't expect your writing to 
express exactly what you intended to 
say. It may sound perfectly clear to 
you, but you know what you were 
trying to say. Obtain feedback on 
your writing-it will help sharpen your 
writing skills. 

Communication devices come in a 
variety of styles and packages. 
Consider the telephone: there is a . 
Trimline model, a Princess model, a 
Mickey Mouse model-functionally 
identical machines in different 
packages. Similarly, man's personal 
communication system comes in a 
variety of styles and packaging. 
However, we each possess an inner 
communication system which is 
unique. Communication is self
expression, it is a reflection of one's 
personality. Develop good 
communication skills-without them, 
a Princess might be mistaken for a 
Mickey Mouse model! 

tt 
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A CIENTURY OF !ELECTRICAL PROGRESS 

The Institute of Electrical 
and Electronic Engineers 

Presents 
IEEE 

A Student Professional Awareness Conference 

PEE HE : 
OOP1an and Control Your Own Careeroo Larry Dwon 

This means more than just finding and ho1ding a job. Factors 1nc1ude challenging 
assignments, continuing education, peop1e, performance, values, and the economy. 

t!®The Communications Connection{!® James watson 
A successful profess tonal can clearly commun1cate his/her knowledge. 
Appl1cat1on of severa1 fundamentals can improve your speak1ng ab111t1es and 
but Jd your confidence. 

!!{!Should You T for an Advanced Degree7 00 Charles Alexander 
M.S., Ph.D., and M.B.A. degrees. Which degree should you consider and when should 
you get started. 

{!!~Engineering Professionalism and the IEEEOO Hans Cherney 
Professional identity for the engineer, responsibility of the engineer to society, 
professtonaJ programs in the IEEE, and the IEEE organization. 

Robert Sch lentz 
The duty to society of the engineer to practice in a responsible manner. 

ednesday, October 17, 1984 3:30 to 9:30 P 
Coffman Union Great Hall, University of innesota 

REGISTRATION: ADDRESS: 
before after 
Oct. 1 2 Oct. 1 2 

IEEE Members $2 $5 
Nonmembers $8 S 1 2 

Fee 1 nc 1 udes dinner. 
I Year Membership $17.00 

IEEE Student Branch 
University of Minnesota 
133 EE Building 
1 23 Church Street 
Minneapolis, MN 55455 
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Socieiy of Women Engineers and Eta Kappa Nu 
presents on Friday, November 2, 1984 

r ir 
The Career Fair will be held in the Architecture Court from 9 a.m.-4 p.m. 

Companies from around the country including Honeywell. Sperry, and 3M will be present. 

The Banquet and Reception will be held at the Ramada Hotel, White Bear. 5:30-~0 p.m. 

The evening banquet is your chance to meet informally with the company representatives and 
will feature a guest speaker. 

For more information and reservations call Janice Kail. Nadya EI-Afandi, or Lauro Dewitte at 
376-2721. or stop by the SWE lounge. 230 TNCE. 

Make reservations by Wednesday, October 24, 1984 

AIII.T students welcome. 

Juniors! Seniors! If you're a math, engineering or physical sciences major, 
you might qualify to get a check for 
more than $900 every month. 

It's part of the Navy's Nuclear 
Propulsion Officer Candidate 
Program. And the nearly 
$22,000 you can earn while 
still in school is just the 
start. 

When you successfully 
complete your studies and 
become a Naval officer, you 
receive an additional $6,000 
bonus. On top of that you receive a year of graduate-level training you can't 
get anywhere else at any price. 

As an officer in today's Nuclear Navy you have a career advantage no civilian 
job can offer. The Navy operates over half the nuclear reactors in America. 
The early responsibility and unequalled experience you get as a member of 
the nuclear propulsion officer team place you among the nation's most 
respected professionals in one of the world's fastest growing fields. 

In addition to the professional advantages, as a nuclear-trained officer, after 
four years with regular promotions and pay increases you can be earning as 
much as $37,400. That's in addition to a full benefits package. 

Find out more about the unique and rewarding Nuclear Propulsion Officer 
Candidate Program. Call or write the Naval Management Programs Office: 

call(612)349s=5222 

Navy Officers Get Responsibility Fast. 
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Microcomputers from 10 

Marshak noted that access to a 
computer would allow problems that 
are not reasonable questions for 
analytical methods to be solved by 
numerical methods. By spring 
quarter, the Physics department 
hopes to use micros in some 
Introductory Physics sections. 

While the microcomputer's role will 
certainly increase in time, one should 
not ignore the role it has already 
played. Tucked away in nooks and 
crannies behind closed doors, the 
microcomputer is already being used. 
Terak, an early micro, has been used 
for many tasks in many departments. 

Professor Art Erdman helped 
develop the Mechanical Engineering 
Department's UNCAGES package for 
the Cyber in the late seventies. To 
increase accessibility, a version was 
made for the eleven ME Terak 
microcomputers. "Originally the 
purpose was educational, it just 
turned out the package was also 
desired by industry," explained 
Erdman. Terak has since marketed 
the software and returns royalties to 
the University for each sale. 

The Terak is also used in the 
Engineering Graphics course. In the 
seventies there was a movement to 
drop the course. However by 
updating it to include some exposure 
to computer drafting, the course was 
saved. 

Continued on page 34 
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The usefulness of seismic methods 

in the solution of water resource 
problems in western Minnesota is 
being tested, but this is not the extent 
of the DNA's interest in geophysics. 
Recent work by the Hibbing office of 
the DNR suggests other applications 
may be useful there. 

The Hibbing office supplied ground 
control for a regional aeromagnetic 
survey recently completed by the 
Minnesota Geological Survey. 
According to Lee Warren of the 
Hibbing office, this control consists of 
ground magnetic surveys, gravity 
surveys, and seismic surveys. 

The seismic surveys will "give us a 
better understanding of the rocks, 
and may stimulate further 
exploration" for mineral potential, he 
said. 

The surveys could do this by 
detecting mineable quantities of 
certain metals within the bedrock. 
The seismic surveys work by 
detecting layers of materials that are 
of varying seismic velocities. Velocity 
is controlled by the density and 
hardness of the material. 

"If in determining mineral 
exploration potential, you're looking 
at rocks that have sufficiently different 
velocities, then yes, a seismic 
program can help," said Pat 
Bloomgren of the St. Paul DNR office. 

The bedrock in the vicinity of the 
Iron Range is promising for this kind 
of work as it is quite similar in nature 
to bedrock north of the Canadian 
border. These rocks are thought to 
yield some metals, most notably gold. 
However, the DNR in Hibbing is 
involved in an on-going, many
faceted field program, and no special 

1 intensive effort is being made to find 
an antidote for the economic sickness 
'of the Iron Range. Many workers 
'seem to agree with Warren, who said, 
, "In terms of economics (of the 
Range), nothing will replace iron 
mining." 

gure 8: 
pth tennination 

Source Geophone 
X 

X/2 X/2 

1 

v1 

v2 

Minnesota Water from 16 

which we hope to tackle next 
the subsurface. The logical extension, 
summer, is to begin using it as an 
exploration tool in areas where we 
don't know what's going on." 

"The alternative is drilling, and that 
is too expensive," she continued. "We 
can't wait for industry to do this ... if 
we're going to promote good, strong 
economic development, it requires 
water. It's one way to attract industry, 
to know what your (water) availability 
is. Since we can't afford to drill, we 
have to look at indirect, non-intrusive 
methods ... geophysics was a 
natural." 

We are searching for 
aquifers suitable for 
high density use""""""'for 
industrial use or 
irrigation a 

Pat Bloomgren 
Minnesota DNR 

h 

I 
Courtesy of Bison Instruments 
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Microcomputers from 32 

While the ME department considers 
the future role of the micro, they 
emphasize that the Terak will 
continue to play its part. After noting 
that the Terak hardware and software 
is already up and running, Erdman 
said, "We will continue to use those 
till they fall apart." 

The School of Architecture has 
used the Terak for computer aided 
drafting, but with the recent 
improvements in the micro and their 
proposed availability, they are looking 
beyond the Terak. The software for 
environmental, structural, energy, 
cost, lighting, and acoustical analysis 
already exists for IBM machines and 
the graphic capabilities of the Apple 
computers make both prime 
candidates for use in architecture 
courses. 

Lee Anderson, Architecture's 
representative on the Instructional 
Computing Committee, explained 
how the micro would fit into their 
program. "Architecture uses a studio 
principle, this is unheard of anywhere 
else in the college. A student has a 
desk ... that's where they work. If we 
are to have a tool that is effective, it 
has to fit into that environment. Down 
the street is not good enough." To 
accommodate the computers, a 
section of studio was walled off for 
security reasons and an air 
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The civil and mineral engineering applications developed to run on the IBM 
PC utilize both a text and graphics monitor to display the modeled system. 

conditioner was installed to keep the 
hardware running. "Otherwise, it's 
very much like the studio space ... 
we're not making it the pristine 
computer room," said Anderson. 

What does all of this activity mean 
for I.T. students this fall? First of all, 
no student will be required to 
purchase a computer, so rest at ease 
if you feel pressure to buy. Lee 
Anderson emphasized an effort will 
be made to insure nothing inequitable 
happens in grading the performance 
of students who have their own micro. 

For most undergraduate students, the 
integration into the curriculum will 
take time. One to three years are 
estimated to develop the software for 
students to apply to engineering 
problems. If you do place an order 
this fall, your primary use should be 
either word processing or individual 
program development. 

It was not long ago that I.T. 
students performed their calculations 
by sliding plastic rules into alignment. 
The electronic calculator caused 
quite a stir in that environment. The 
microcomputer has the potential to 
cause a similar revolution. It has 
already found its way to the desks of 
engineers, scientists, architects and 
even some students. Whether it will 
find its way to the Institute of 
Technology's students is a question 
of time and money. 

Hewlett-Packard microcomputers 
have been put to work in the Basic 
Measurements Labs doing data 
acquisition, automated control, and 
frequency response experiments. 



Last year, the IT Alumni Society sponsored an award to recognize and reward an I.T. st.udent who. had co~pile? a long 
and distinguished record of service to I.T. and/or the University. Scott Dacko, a graduate 1n Mechanical Eng~neenng, won 
the first Paul A. Cartwright/IT Alumni Society Award for Outstanding Service. Minnesota Technolog would like to 

congratulate Scott. 
Scott's acceptance speech at the last year's graduation ceremonies is published below. 

It is indeed quite an honor to accept an 
award that is named after someone who 
has contributed greatly to the college-as 
well as an organization which continues 
to contribute. 

One thing I've always enjoyed 
tremendously in I.T. is being around great 
people. Both in the classroom and 
through many other activities, I've met 
and worked with people who are dynamic, 
energetic, hard-working and creative. 
There are many people who have had a 
great influence on me: 

Outside of I.T., my parents and brothers 
have taught me the importance of 
pitching in; especially on Saturdays and 
Sundays. 

Within I.T., one person of influence to 
me is former Dean Roger Staehle. He was 
the one who told me, "Scott, be very good 
at what you do. Get A's in all your classes. 
Become a great mechanical engineer." 

Another person of influence was former 
Associate Dean Edwin Stueben. He 
emphasized to me the importance of 
continuity in organizations. When I first 
began I. T.'s newsletter, the /. T. 
Connection, he said to me, "The 
newsletter looks very good, Scott, but if 
you get hit by a bus, I want it to continue." 

One person that has helped me a great 
deal is Professor John Clausen, the 
Director of Lower Division Programs. In 
addition to giving me career guidance, 
he's been a perfect model of someone 
who cares and is concerned about the 
well-being of others. His words of advice 
to me are countless. 

Another special person I've had the 
opportunity of working with in the 
mechanical engineering department is Dr. 
Ken Whitby who passed away this last fall. 
By knowing him, I've gained knowledge, 
learned kindness, and recognized 
confidence in myself. 

And from working with a lot of you in 
student organizations, I've learned the 
importance of collaboration-working 
together for the common good. It's really 
amazing what you can do when you work 
together. 

Our classroom education has given us 
some excellent tools. Tools we can use to 
constructively increase the quality of our 
surroundings. But has our education in 
the classroom been complete? We've 
spent four years learning and practicing 
problem solving, but how much time have 
we spent on problem definition? And 
particularly, within an organization? It's 
interesting to note that the people in Gray 
Research have defined themselves as not 
being in the Computer Business-but 

rather the Information Processing 
Business. And they're growing fast. 
Maybe the reason Burlington Northern 
has declined is because they had defined 
themselves as being in the Railway 
Business-as opposed to the 
Transportation Business. 

And in solving problems, have we 
acquired the COMPLETE knowledge to 
solve problems? We know all about the 
Ideal Gas Laws. We know that silicon is 
the best understood material on Earth. 
And we've learned about electro-magnetic 
forces and gravitational forces-but have 
we learned about political forces? And 
social forces? And how about the forces 
of change? Change may be perhaps the 
most powerful force of our lives. Twelve 
years ago, the last slide rule was 
manufactured. A year and two weeks ago, 
Smith-Corona made their last manual 
typewriter. 

Finally, in solving problems, how about 
solving them CREATIVELY?! The world 
appears to be filled with conventional 
thinkers. There is great room for all of us 
to creatively solve problems outside the 
classroom. A personal example of mine is 
when the thermostat broke in my parents' 
home. When they asked me to come up 
with a solution, I said, "It's simple, sell the 
house!" That's just one example of a 
creative solution. All of us can be creative 
in meeting the needs of society. The 
Board of Regents were creative when in 
1935 they passed an Act to create the 
Institute of Technology. Countless 
engineer-entrepreneurs are being creative 
today in forming companies to develop 
innovative ideas. And if we all work 
together-whether it be in education, 
industry, government or a combination of 
these-we can meet the needs of society 
in new and creative ways. 

Thank you. 
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In each issue of Minnesota Technolog there will be some puzzle to challenge you. These are not entirely for your leisure; 
be the first person to bring the completed puzzle to the Technolog office in Room 2, Mechanical Engineering, and we'll give 
you a free "Do I.T. with an Engineer" T~shirt. Good lucid 

A forester has a problem. He wants to plant a group of pine trees so that each 
tree is equidistant from every other tree. Because thoughts of geometry are too 
taxing, he turned to you to solve his problem. How many trees could he plant? 

A civil engineering student works for 
the Minnesota Department of Trans
portation in Minneapolis as a highway 
inspector. As an incentive for 
efficiency, she could receive a bonus if 
she can cover the entire inspection 
route without driving any road twice. 
They'll toss in a week vacation if she 
can drive the route once and finish 
back in Minneapolis. Will she get a 
bonus? If so, what is the route that will 
bring the biggest bonus? 

Rochester 

A geology student on a field trip hikes 120 meters north, 4 feet west, and 25 
yards south. What is the maximum distance in meters that he could be from his 
camp? 
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1) Which country has proportionally more scientists and 

engineers than any other in the world? 

2) Pewter is an alloy of two other metals. What are they? 

3) How many feet are in a mile? If that was too easy, 
how many feet are there in a league? 

4) Here's one for the architecture students. The tip of the 
tower on top of the Empire State Building is 1,250 feet 
above ground. What was the intended purpose for the 
tower? 

5) During his studies of perpetual motion, Blaise Pascal 
invented a device commonly found in Las Vegas 
today. What was his invention? 

6) In November of 1980, Voyager i's radio signal was 
weakened for 15 minutes as it passed behind Saturn's 
rings. Astronomers determined the thickness of the 
rings from this data. How thick are Saturn's rings? 

7) Litmus paper can be found in most chemistry labs. 
What have you exposed blue litmus paper to if it turns 
red? 

8) What mathematician said, "It is remarkable that 
science, which began with the consideration of games 
of chance, should have become the most important 
object of human knowledge?" 

9) In 1969, Neil Armstrong stepped out of Eagle onto the 
Sea of Tranquility. Who was the second man on the 
moon? Give yourself a big pat on the back if you can 
also name the astronaut who remained in the 
command ship orbiting the moon. 

10) If time is money, then the minute beginning at 7:59 
p.m. on June 30, 1983 was a bargain. What was 
special about that minute? 

Score 
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0-1 Don't waste your time in the next issue. We tried to make this one easy. 
2-3 Try to read more than just the cereal box at breakfast. 
4-8 Congratulations! Ya done good. 
9-10 Why don't you stop by our office and help us write the next set of questions. 

sc1ence fiction writing c 

First Prize: $100 
Second Prize: $50 
Third Prize: $25 

deadline 
2/8/85 

ntest 
RULES: 
The contest is open to all registered U of M students of 
amateur status (persons never having published a work 
of fiction for monetary payment), except Technolog 
staff and I.T. Board of Publication members past or 
present. Entries must be typed, double-spaced, with 
one-inch margins on 8'hx11 paper and be no longer than 
3500 words. Each entry must be accompanied by three 
photocopies of the manuscript and must bear an at
tached cover page with the story title, author name, 
home address and phone number. DON'T PUT 
AUTHOR'S NAME ANY WHERE ELSE ON MANU
SCRIPT! Minnesota Technolog retains first publica-
tion rights to all winning manuscripts. If you have any 
questions, call 373-3298. 
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Energy~ Comfort Security .. 
For nearly 100 years, Johnson Controls Systems 
and Services Division has been the industry's 
uniquely-qualified single source for building con
trol systems that conserve energy, maintain com
fort, and protect life and property. We continue to 
address the growing demand in these vital areas 
through a complex network of 120 branch offices 
in large and small cities across the country. To 
intensify our efforts, we seek talented engineers 
possessing BSEE/BSME degrees: 

Sales Engineer 
In conjunction with Consulting Engineers, you will 
evaluate building needs and assist in writing specifi
cations and designing control systems. You will 
assume total project responsibility - from sale 
through system installation and warranty. This 
challenging position affords the opportunity to 
utilize your engineering talents while y_ou develop 
strong interpersonal/communications skills. 

Application Engineer 
You will participate in the design and logistics of 
building automation systems after the sale. Work
ing with Sales Engineers, you will prepare custom
designed systems and maintain responsibility for 
procurement of factory materials and custom 
assemblies from both Johnson and outside suppliers. 

Control Systems Engineer 
You will assist Application and Sales Engineers in 
the execution of engineering designs for pneumatic, 
electronic and fully computerized systems. You will 
explore the current developments and practices in 
the control industry as you learn to develop auto
mation specifications, estimate costs and prepare 
proposals. 

Join Johnson Controls and share in the develop
ment and application of new and essential tech
nology. These positions offer rapid career pro
gression and an attractive salary/benefits package. 

Johnson Controls, Inc., Systems & Services Division, 
P.O. Box 423, Milwaukee, WI 53201. 

We will be on campus interviewing 

November 2 .. 
For further consideration, please 
contact your placement office. 

We Are An Equal Opportunity Employer M/F /H/V 

HNSON 
LS 

Systems & Services 
Division 
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The brain does it naturally. It 
wonders. It thinks with spon
taneity-advantages we haven't 
been able to give computers. 
We've made them "smart' able 
to make sophisticated calcula
tions at very fast speeds. But we 
have yet to get them to act with 
insight, instinct, and intuition. 

But what if we could devise 
ways to probe into the inner na
ture of human thought? So com
puters could follow the same 
rationale and reach the same 
conclusions a person would. 

An equal opportunity employer 
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What if we could actually design 
computers to capture the myster
ies of common sense? 

At GE, we've already begun to 
implement advances in knowl
edge engineering. We are cod
ifying the knowledge, intuition 
and experience of expert engi
neers and technicians into com
puter algorithms for diagnostic 
troubleshooting. At present, we 
are applying this breakthrough to 
diesel electric locomotive sys
tems to reduce the number of 
engine teardowns for factory 
repair as well as adapting this 
technology to affect savings in 
other areas of manufacturing. 

We are also looking at parallel 
processing, a method that 
divides problems into parts 
and attacks them simultaneously, 
rather than sequentially, the way 

C A N 0 0 

the human brain might. 
While extending technology 

and application of computer 
systems is important, the real 
excitement and the challenge of 
knowledge engineering is its 
conception. At the heart of all 
expert systems are master engi
neers and technicians, preserv
ing their knowledge and 
experience, questioning their 
logic and dissecting their 
dreams. As one young employee 
said, 'At GE, we're not just shap
ing machines and technology. 
We're shaping opportunity." 

Thinking about the possibili
ties is the first step to making 
things happen. And it all starts 
with an eagerness to dream, 
a willingness to dare and the 
determination to make visions, 
reality. 

you can 
you can 

T 





Or evaluate primary sensor performances of 
multimillion dollar satellites? 

Or manage millions of dollars a year in 
defense contracts? 

The Air Force, that's who. 
If you're a talented, motivated electrical 

engineer or plan' to be, you don't have to wait to 
work with the newest, most sophisticated 
technology around. 

You can do it now, as an Air Force officer 
working as an electrical engineer. 

Don't get us wrong. We don't hand it to you 
on a silver platter. You have to work for it. Hard. 

But if you do, we'll give you all the 
responsibility you can handle. And reward you well 
for taking it. 

You'll get housing, medical and dental care
and excellent pay that increases as you rise in rank. 

Plus there are opportunities to attend graduate 

school. If you're qualified and selected, we '11 pay 
75% of your tuition. Those with special 
qualifications can even study full time, at no cost. 

So plug into the Air Force. Because when it 
comes to technology, the Air Force can help you 
achieve great sophistication at a very tender age. 

For more information call toll-free 
1-800-423-USAF (in California 1-800-232-
USAF). Better yet, send your resume to 
HRS/RSAANE, Randolph AFB, TX 78150. 
There's no obligation. 

A great place for engineers 
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Since 1949, more than 5,000 men and women have 
earned advanced degrees in engineering and science 
with the help of Hughes fellowships. The Hughes com
mitment to furthering your education and your career. 

More than 100 new fellowships will be available in 
the coming year for graduate study in: 

Engineering (Eiectricml, Mechanical, 
Systems, Aeronautical) 

Computer Science 
Applied Mmth 
Physics 
As a Hughes fellow, you could be studying for your 

Master's, Engineer, or PhD degree while receiving: 
Tuition, bocks, and fees 
Educational stipend 
Full employee benefits 
Reloemtion expenses 
Professionmlalevel salary 
Summer employment 
Technical experience 
Totml Vmlue: $25,000 to $50,000 a y11ar. 

.You'll also have the opportunity to gain valuable 
on-the-job experience at Hughes facilities in Southern 
California and Arizona while you're completing your degree. 

Work Study Fellows work part-time during the 
academic year while studying at a nearby university. Full 
Study Fellows work in the summer and study full-time. 

And since Hughes is involved with more than 90 
technologies, a wide range of technical assignments is 
available. In fact, an Engineering Rotation Program is 
available for those interested in diversifying their work 
experience. 

If you'd like assistance from a company committed 
to advancing the frontiers of technology, fill out and mail 
the coupon below. Or write to: 
Hughes Aircraft Company 
Corporate Fellowship Office 
Dept. NC, Bldg. C2/B168 
P.O. Box 1042, El Segundo, CA 90245 

Proof of U.S. Citizenship Required 
Equal Opportunity Employer 

Hughes Aircraft Company, Corporate Fellowship Office, Dept. NC 
Bldg. C2/B168, P.O. Box 1042, El Segundo, CA 90245. 

Please consider me a candidate for a Hughes Fellowship and send me the 
necessary information and application materials. 

PLEASE PRINT: Name 

Address 

City State 

Date 

Zip 

I am interested in obtaining a Master's ______ Engineer degree ______ Doctorate _____ _ 

in the field of:-------------------------------------

DEGREES NOW HELD (OR EXPECTED) 

Bachelor's: Date ______ Field ______ School ______ G.P.A. _____ _ 

Master's: Date ______ Field ______ School ______ G.P.A. _____ _ 

WRITE YOURSELF IN 
U.S. Citizenship Required. 
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You sit on your hands, biting your 
lip with anticipation. His eyes dart 
down the page, occasionally he h urns 
a little melody. After the eternity of 
the opening minute, he looks at you 
over the top of the paper. You smile 
and try to find a good place for your 
hands. He does not seem impressed 
with your gray suit. Everyone he saw 
today wore a gray suit. He does not 
seem impressed with your resume. 
Everyone he saw today presented a 
similar resume. 

During an interview, you must 
convince recruiters of your eagerness 
to work. The experience compiled on 
your resume provides the evidence 
for your case. A student questing 
work experience should consider 
entering a cooperative or internship 
program. 

The benefits go beyond an eye 
catching entry in your resume. The 
hands-on exposure to industry eases 
the transition between the controlled, 
textbook setting of the University and 
the "real world." The intern 
experience can justify the long hours 
of study you have already invested by 
showing many textbook concepts at 
work, and it can rejuvenate your 
enthusiasm for future course material. 
One student interning through the ME 
department said he always felt eager 
to go to work at the end of a quarter, 
and eager to return to school at the 
end of work. 

Your actual duties at work can vary 

between the excitement of a small 
project to the boredom of serving as a 
"go-fer," depending on the engineer 
you work under and the program you 
enter. The time commitment varies 
from two years of alternating quarters 
between school and work to a three 
month summer stint. Taking the 
initiative to give up your summer or a 
quarter at school shows a willingness 
to work. 

Many firms will reward interns who 
exhibit that willingness by offering 
them full time positions upon 
graduation. "Our main goal is to bring 
the students in, have them intern with 
us a couple of years, then offer them 
full-time employment," said Dick Reid 
of Control Data in a recent 
Graduating Engineer article. 

Many of the best intern 
opportunities are offered through 
programs organized by the individual 
I.T. departments. Because many 
award college credits, the department 
supervises how a firm uses its interns, 
thereby reducing the chance of a 
commitment to a token position. The 
only drawback is the longer duration 
many of the school programs request. 
You should contact your I.T. 
department for details on any 
opportunities. The deadlines for many 
programs are approaching. 

Internships are available over 
shorter periods through individual 
companies. Directories published by 
the National Society for Internships 

With regard to the comparison of RPN and algebraic calculators (Fall 1, 
1984). The problem given can be done in 15 steps by the algebraic 
calculator, the same as RPN. 

W + U + ( 1 + U x W + C x2 
0000000000 0 0 0 0 0 

Also, by not covering Basic programmable calculators, you are ignoring 
the calculators that give you the most memory for the money. 

Michael Riley 

and Experiential Education list 
programs available to undergraduates 
and graduates. These can be found in 
many libraries or purchased through 
the society at 1735 Eye Street N.W., 
Washington, D.C. 20006 ($9.50 each). 

A unique internship program is 
sponsored by Honeywell each year. 
The Honeywell Futurist Awards 
Competition challenges students to 
imagine the world in 25 years. If your 
ideas are judged feasible and the 
most imaginative, you win a 
Honeywell internship and a bit of 
cash. The deadline for entries is 
December 31, 1984. Blue books can 
be obtained by writing to: Official 
Futurist Blue Book, Honeywell 
Futurist Awards Competition, P.O. 
Box 9017, St. Paul, MN 55190. 

The whole matter of experience is 
really up to you. No one is going to 
twist your arm to accept some, you 
need to go after it. It isn't too early to 
begin arranging for a position for next 
summer, especially if you choose to 
enter a University program. If you 
decide to let it slide and your resume 
ends up looking sparse, there are 
other ways to find work after 
graduation. You could work on being 
adopted by someone who sits on a 
Board of Directors somewhere. 

~~~M 
David Herridge 
Editor 

Minnesota Technolog welcomes our 
readers' viewpoints. If you have a 
comment on the University, the 
Institute of Technology, or the 
content of Minnesota Technolog, feel 
free to drop us a note. Please double 
space. Letters must include the 
writer's signature, address, phone 
number, and major. If you have any 
question, call373-5863 or stop by 
Room 2, Mechanical Engineering. 
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®Matrix operations 
®Complex functions 
®Solve and Integrate 
® 448 program I i nes 
®Insert/delete editing 
® RPN logic, Continuous 

Memory and liquid
crystal display 

-1 

THE 
BLE 

~liWC::::~:!~~iiiill oBinary, octal, decimal, hexadecimal conversions 
oBoolean AND, OR, NOT,XOR 
® 203 program I i nes or 101 

ERS 

HE LETT 
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-11 
Slimline Scientific Proqrammable 

olO-digit LCD 
0203 program I i nes 
o21 storage registers/ 
Continuous Memory 

oA broad range of 
scientific and 
statistical functions 
makes the HP-11C an 
immediate problem
solving l'ab instru
ment or engineering 
tool" 

oEditing features and the convenient user mode saves 
time and keystrokes at the touch of a key 
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16-b it data registers 
®Sets word size, 1 's & 2' s 

complement, unsigned modes 
®Floating-point decimal mode 
®RPN logic, Continuous Mem

ory & I iquid crystal display 

$ .75 

Slimline Financial Proqrommable 

olO-digit LCD 
o99 program I ines 
o20 storage registers/ 
Continuous Memory 

oSolves your tough 
business calculations 
with an extensive set 
of financial and 
statistical functions 

oBond Analysis -
Depreciation -
Investment Comparisons at the touch of a key 

.75 

UNIVERSITY BOOKSTORES 
Health Sciences Bookstore (Unit A) 

Books Underground (St. Paul) 

Minnesota Book Center (Williamson) 
H.D. Smith Bookstore (West Bank) 
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University Su rcom 

The University of Minnesota is one 
of 20 education and research 
institutions seeking authorization by 
the National Science Foundation 
(NSF) to establish a supercomputing 
center. 

The proposal for the center is a 
result of a growing concern that the 
lack of available supercomputing time 
at most universities will hamper the 
nation's scientific research activities. 
If Congress approves funding, seven 
centers would provide supercomputer 
time to researchers via telephone and 
satellite links. 

The final selections for the NSF 
endorsements will be announced in 
the spring. 

* * * 

The University of Minnesota is one 
of only four schools in the country 
operating a supercomputer. The 
University is planning to house its 
academic and research computers in 
a Supercomputer Institute. The 
University's Cray-1 at the UCC's 
Lauderdale headquarters will be 
joined early next year by a prototype 
Cray-2. Discussion for the acquisition 
of a Cyber 205 and a ETA GF-10 is 
also under way. 

ter Plans 
The development of a Super

computer Institute was singled out 
by I.T. Dean Ettore Infante in a 
statement of priorities. He wrote that 
the Institute would be supported by 
significant resources from I.T. 
Dean Infante called the plan an 
"unusual opportunity for the entire 
Institute and the University," citing 
the strength it would bring to the 
electrical engineering and computer 
science departments. 

The location for the Supercomputer 
Institute will fall inside the boundaries 
of the Minneapolis High Technology 
Corridor Project which hopes to 
attract businesses into a 70 acre area 
along Washington Avenue. The block 
edged by South 12th Street and 
Washington Avenue was approved by 
a review committee composed of 
University, city, and state 
representatives. The proposal 
submitted by Appletree Enterprises 
would convert the Holden Warehouse 
which occupies the block into a two 
level parking ramp and 120,000 
square feet of office space. The 
University Board of Regents has not 
approved the site, wishing to further 
assess which of the four original 
proposals best suits its interests. 

New ser Fuses Resea 
The Lawrence Livermore National 

Laboratory in California announced 
its newest laser, which is over three 
times more powerful than any other in 
the world, is scheduled to begin 
operations this month. 

Dubbed Nova, the ten beam h:~ser 
will concentrate a 120 trillion watt 
pulse of light onto a target 100 feet 
away. The targets will be heated to 
temperatures exceeding 18 million 
degrees Fahrenheit and compressed 
under pressures above 10 million 
atmospheres. Under these conditions, 
the target will release energy as its 
nuclei are fused. 

Nova's capabilities allow scientists 
to explore how extremely high 

temperatures and pressure affect 
matter. The laser is considered the 
first step toward the development of a 
fusion reactor. 

acSI 
Through the University Micro

computer Discount Program, over 
400 Apple Macintosh computers 
have been sold. In response, a Mac 
Special Interest Group has been 
formed. On the third Thursday of 
each month, a 7:30 p.m. meeting will 
present user information and 
discussion. For details, check the 
bulletin board outside 125 Shepherd 
Labs or call Ramsey Smith at 
378-2775. 

Smart, but 
Obnoxious 

The more critical, mean, and 
obnoxious you are, the smarter you 
are perceived to be according to a 
recent three part study conducted by 
Dr. Teresa Amabile of Waltham, 
Massachusetts. 

Forty-four students were hired to 
review essays on social problems. 
One group was hired with the 
condition that their continued 
employment would be determined by 
their reviewing performance. The 
second group was told the job status 
was guaranteed, no matter what their 
performance. Those who thought 
their work hinged on a good 
reviewing job were much more critical 
and nasty. 

In the second phase of the study, 
104 students were asked to assess the 
intelligence of an actor on a taped 
interview. The students who felt they 
were being watched as they viewed 
the tape were much more critical. 

Part three was designed to 
determine whether people felt being 
"extra critical" makes you seem 
smarter. Fifty-five students examined 
a set of book reviews by the same 
author. Some were complimentary, 
others were pointed. Students felt the 
"mean" critiques were done by a 
more intelligent critic than the "nice" 
critiques. 

The bottom line: if you want to be 
perceived as intelligent, be nasty. 

Engineering 
Survey 

laries 

A survey conducted by the National 
Society of Professional Engineers 
(NSPE) has shown the median 
income of NSPE members is $43,017 
annually (1983 figures). This 
represents a 4.2 percent increase over 
the previous year. 

The highest salaries were in Alaska, 
Guam, Hawaii, Montana, Idaho, 
Washington, Oregon, California, 

Continued on page 30 
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en certain exci d atoms re x you had better stand 

back§ The energy emi d cou be a thin, parallel beam of 
coherent I ht aracteristic of a lasers at I ht has 
changed the wor. since it was discovered in 1 Oa 

By Lee Atchison 

asers have, over their relatively 
short history, grown 
immensely in their practical 

uses. They are now used in virtually 
every facet of science and engi
neering, including: surveying and 
measuring, communications, data 
storage, medicine, surgery, genetics, 
and military defense. They have 
grown so fast that whole branches of 
science have formed from laser 
technology. Laser's, because of their 
unique properties, have brought 
about improvements to our life style. 
They have brought a new tool to 
science and medicine. A tool who's 
uses are just now being explored. 

Laser, which is short for Light 
A mplification through Stimulated 
E mission of R adiation, is a device 
which emits a thin, parallel beam of 
concentrated light. The light is 
monochromatic (i.e., of one particular 
frequency, or color) and coherent. 
Coherent light is in-phase with itself, 
i.e., the light emitted from one atom is 
in-phase (or a fixed €:onstant out-of
phase) with the light from a second 
atom. These properties make lasers 
useful. 

In 1917, the possible existence of 
lasers was first conceived by Albert 
Einstein. He realized, under certain 
circumstances, molecules could 
absorb radiation, store it, and later 
release this energy in the form of 
light. It wasn't until the 1950's that it 
was discovered how this held energy 
could be amplified and released in 
large quantities to make laser light. 

The ten years following 1950 were 
filled with research and speculation. 
The first laser was finally built in 1960 
by Theodore Maiman (see profile 
department-this issue). He used a 
flash lamp to expose a ruby rod to 
concentrated radiation. The light that 
flashed from the ruby rod was 
brighter than the sun. The first laser 
was born. 

Laser research boomed during the 
next 20 years. Lasers now enjoy 
extensive and common use. Many 
different types of lasers have been 
developed in a variety of sizes and 
strengths. They vary in size from a 
large warehouse to a pinhead and in 
strength from being able to pulverize 
steel, to not being able to warm 
paper. In all their various forms, lasers 

have become prevalent in our lives. 
How they work: 

Energy storage is of prime 
importance to lasers. When an atom 
is supplied with radiation, it becomes 
excited. Excitation causes an increase 
in the energy level of the atom. This 
causes an electron to move "up" an 
energy level, i.e., move into a higher 
orbit around the nucleus of the atom. 
The energy from the radiation has 
been converted to potential energy. 

Later, this electron will fall to a 
lower energy level, releasing the 
energy it was storing. The release of 
energy is in the form of radiation at a 
particular frequency. The frequency 
of this radiation is a function of the 
distance the electron dropped, and 
thus, a function of the initial energy 
put in. These can be expressed by 
this equation: 

f = aE =Rh [ _1 ___ 1_1 
h n; 2 n/ J 

Incoming radiation can excite an 
atom into a higher energy level. This 
potential energy win either be 
released naturally or through a 
stimulated release caused by more 
incoming radiation. 

Figure 1a: Resonance Absorbtion Figure 1 b: Stimulated Emission 

-ted 
~~-~~~--·s-=ta·-·t~ 
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where f is the frequency of the 
radiation, E is the energy supplied 
(and removed) from the atom. RH and 
hare fundamental constants (called 
Ryberg's constant and Planck's 
constant respectively), and ni and nf 
are integers representing the initial 
and final level of the electron in the 
atom. This equation displays one 
other property of the energy storage: 
the quantization of energy. Seeing 
how ni and nf (the energy levels) are 
both integers, the energy, E, and thus 
the frequency, f, can only take on 
fixed, or quantized values. This is the 
basis of quantum physics. 

Absorption, storage, and release of 
radiation can take on many forms. An 
atom which, after being excited by 
absorbing energy, releases it naturally 
undergoes what is called resonance 
absorption (see figure 1a). The 
release of radiation is not related to 
the acquisition of radiation, it occurs 
naturally. If an atom that is already in 
an excited state receives additional 
radiation, it will either become more 
excited, or, under certain 
circumstances, release its energy that 
it has stored along with the energy it 

Illustration by Ed Wollack 

Light 
Amplification through 
Stimulated 
Emission of 
Radiation 

has just received. This energy release 
is called stimulated emission. This 
occurs when the radiation being 
received is of a frequency that its 
energy is equal to the energy of 
excitement contained in the atom. 
They are in resonance (see figure 1 b). 
The radiation that the atom emits is 
parallel, of the same frequency, and in 
phase with the incident radiation just 
received. This is what makes laser 
light monochromatic and coherent. 

In a laser, atoms are excited by 
optical pumping. Large amounts of 
radiation are pumped into atoms of 
some element causing them to 
become excited and gain energy. This 
is shown graphically in figure 2. The 

atoms are excited from the ground 
state, E1 , to the excited state, E3, and 
then spontaneously drop back to 
energy states E1 and E2. If the 
pumped radiation is strong enough, 
more atoms are transferred to state 
E2 than E1 creating a population 
inversion, which means there are 
more high energy electrons than low 
energy electrons. When radiation with 
energy (E2-E1) hits these atoms, a 
stimulated emi.ssion results which 
releases radiation at that energy level. 
The result is an avalanche effect as 
large amounts of amplified radiation 
of a certain frequency (constant 
energy level) and completely 
coherent is released, creating laser 
light. 

In a ruby laser, a ruby rod is 
polished and capped with mirrors 
(see figure 3). One side is completely 
reflective, the other only partially 
reflective. The ruby rod is pumped 
with green light which excites the 
ruby atoms. If enough green light is 
pumped in, stimulated emission starts 
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up an avalanche of light which 
bounces back and forth from end to 
end along the rod. This bouncing 
back and forth causes more 
stimulated emissions. When the 
intensity of the light is high enough, it 
leaves the laser through the partially 
reflective mirror in a thin strand of 
monochromatic, coherent light. 
Types of lasers: 

Figure 2: Electron Promotion and Decay 

Lasers come in various forms. They 
vary in strength from the typical 
supermarket checkout laser which 
couldn't harm a fly, to lasers that can 
vaporize iron, raising its temperature 
at a rate of one trillion degrees per 
second. 

The most common laser, the 
helium-neon laser, consists of a glass 
tube filled with helium-neon gas. The 
ends of the glass tubes are covered 
by mirrors: one totally reflective, the 
other partially reflective. The gas is 
excited by an electric current coming 
from a cathode similar to a neon sign. 
The excited gas emits light which 
escapes the rod through the partially 
reflective mirror. This particular laser 
is used extensively in supermarket 
checkout counters to read the UPC 
(Universal Product Code) that 
identifies products being purchased. 

There are two main areas where 
lasers differ. The first is the material 

Promotion 
trom Optical 
Almpng 

G Sta 
used to create the light. The other is 
the energy "pumps" used to excite the 
base material. The most common 
materials used in lasers are carbon 
dioxide, ruby, argon, VAG (yttium, 
aluminum, and garnet), and helium
neon. The different types of energy 
used are electrical, radio waves, light, 
chemical, and radiation (from nuclear 
explosions). 

Every laser gives light at its own 
particular wavelength (color). Not all 
lasers emit visible light, they emit 
radiation anywhere from the 
microwave range to the X-ray range. 

Figure 3: Operation of a Ruby laser 

PUMPING LIGHT 

MONOCHROMATIC 
LIGHT FROM 

STIMULATED 
EMISSION EXCITED 

ATOMS 

The pumping light causes the atoms in the ruby rod to become excited. The 
energy they release when they decay is monochromatic light which 
bounces back and forth between the mirrors thai cap the rod, eventually 
escaping through the partially reflective mirror. 
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Electrons undergoing stimulated 
emission are promoted to high energy 
levels and decay to their ground state. 

The laser, because of the special 
properties of the light it emits, has a 
wide variety of uses. Many of the uses 
are just now being explored, some are 
just dreams, others haven't been 
conceived yet. The possibilities are so 
endless that the laser sometimes has 
been called "a solution in search of a 
problem." 

Lasers are used by surveyors to 
drill tunnels and measure long 
straight lines. They are much more 
accurate than conventional 
measurement techniques. They are 
used to detect minor movements 
between sections of land; thus, detect 
earthquakes early. 

Lasers can transmit information 
through optical fibers over extremely 
long distances with much less noise 
and loss than electrical lines or radio 
transmission. Semiconductor lasers, 
formed from a crystal like silicon, are 
smaller than the head of a pin. 
Hundreds of these lasers can be 
formed from a single sheet of crystal 
and used to transmit hundreds of 
pieces of information simultaneously 
over a single fiber optic bundle, 
inexpensively and reliably. The laser 
can be used to store large amounts of 
information on video-disks. These 
disks, consisting of platters with 
billions of tiny pits each holding a bit 
of information, can store the 
equivalent of many thousands of 
books. 

Early after the discovery of the 
laser, its importance in medicine was 

Continued on page 28 
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Acoustic icrosco 
By David Herridge 

The acoustic microscope is a new 
tool that allows researchers to 
determine subsurface density and 
elasticity through nondestructive 
techniques. Rolf Mueller and Richard 
Rylander were both active in the 
development of an acoustic 
microscope here at the University of 
Minnesota. 

Many different configurations of 
acoustic microscopes have been 
developed. The scope here at the 
University utilizes a laser to detect the 
vibrations which are reconstructed 
into an image of the object. 

The object under inspection is 
submerged in a liquid cell, one side of 
which is an optical mirror while the 
other side is coupled to a large area 

I Laser 

Modulai" 
Converter 

Dei ector 

II 

I 
INVISIBLE LASER RADIATION 
AVOID DIRECT EXPOSURE 

TO BEAM 

PEAK POWER 100 mW 
WAVELENGTH 795·=905 nm 
CLASS lllb LASER PRODUCT 

L ks Beyond e Surface 

acoustic source. The mirror vibrates 
when the sound wave from the object 
passes through it, causing a scanning 
laser beam's phase to undergo 
modulation. The laser light that is 
reflected off the vibrating mirror 
carries the information of the mirror's 
phase and amplitude. This light is 
then recollimated and directed into a 
phase modulation converter that 
provides an output of intensity 
modulation. The light is finally 
focused on a photoelectric detector to 
produce an electric current. The 
modulating current is linked to a 
cathode ray tube to display the 
object's sound transmission 
properties. 

The resolution of the laser scanned 

Scannins;r 
mechan1sm 

acoustic source 

microscope has been limited by the 
wavelength of the laser light. It is 
hoped that through electronic image 
processing, the resolution can be 
improved. Currently, the laser scope 
is best suited for displaying the 
transmission characteristics of 
relatively thick objects (exceeding 
several wavelengths). 

The ability of the acoustic 
microscope to probe below an 
object's surface and return 
information of physical properties 
(like density, viscoelastic moduli, and 
thermoelastic coefficients) makes it a 
valuable tool in materials research, 
biomedical research and diagnostics, 
microelectronics inspection, and 
quality assurance. 

The laser scans the optical mirror 
which vibrates from the waves off of 
the object. The modulation in the 
laser light is eventually converted into 
current which is fed to a CRT to 
construct the microscope's image. 
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d ser 
By Vernon Thorp 

Early this year, the Pulmonary 
Division of the University of 
Minnesota's Department of Medicine 
received its first Neodynium-YAG 
(Neodynium-Yttrium-Aiuminum
Garnet) laser system. It is used to 
treat problems due to cancer in the 
tracheobronchial tract. 

The Nd-YAG laser delivers a beam 
of near infrared radiation with a 
wavelength of 1064nm. A quartz 
monofilament fiber conducts the 
beam through a flexible 
bronchoschope. Also tied into the 
system is a helium-neon pilot laser to 
illuminate the target area of the 
invisible Nd-YAG laser. The 
bronchoscope's coaxial design allows 
the quartz fiber to be cooled by a 
continuous air flow. 

According to Dr. Linda Hedemark 
of the Pulmonary Division, the 
$100,000 system enables the doctors 
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to treat previously inoperable 
conditions. An inoperable condition 
may exist when a tumor is located in 
an area that cannot be reached by 
conventional surgery, or when a 
tumor involves a large area of the 
tracheobronchial tract. In both of 
these cases the laser can destroy the 
tumor, transforming it into scar tissue. 

The most common application of 
the new Nd-YAG laser has been to 
clear airway obstructions caused by 
large tumors. These tumors fail to 
respond to chemotherapy or radiation 
treatments and cannot be resected 
(removed) due to their large size. In 
the past, this meant a very 
uncomfortable situation for the 
patient, possibly ending with 
suffocation. The Nd-YAG laser allows 
doctors to reduce the tumor to benign 
scar tissue and return the airway to its 
normal size. Cancers that spread to 

the tracheobronchial tract from other 
areas can also be treated. Besides the 
accessibility the bronchoscope-laser 
combination provides a doctor, there 
are several other characteristics that 
make the laser especially valuable for 
use in the airway. First of all, scar 
tissue is minimized. Second, blood 
vessels in the affected areas are 

The N VAG laser 
allows doctors to 
previously inoperable 
conditions§ 

cauterized. Finally, there is much less 
edema (tissue swelling) compared to 
conventional surgery. 

Special precautions must be 
observed when operating the Nd-YAG 
laser. Attending personnel must wear 
goggles to prevent retinal damage 
from any stray radiation. Also, caution 
must be exercised in administering 
anesthetic gases to a patient 
undergoing Nd-YAG laser therapy. An 
oxygen rich environment around the 
operating field creates a slight risk of 
fire in the airway. Continuous air
cooling of the optical fiber and 
avoidance of flammable gases and 
flammable materials in the 
construction of the bronchoscope 
minimize this risk. No airway fires 
have been reported with the Nd-YAG 
laser, but several have occurred with 
more powerful C02 lasers. 

Nd-VAG lasers are relative 
newcomers on the medical scene, 
having been used in tracheobronchial 
applications less than five yeares. No 
new research is being planned for the 
Pulmonary Division's Nd-YAG laser at 
this time. Doctors will continue to use 
the laser in cases where traditional 
therapy does not work and surgery 
cannot be safely performed. 

A NgaY.AG laser is used by the U of M 
Pulmonary Division of the 
Department of Medicine. 



University Lasers 

arching for Relics of the ~'Big ng'' 

By David Herridge 

A long time ago, right here in this 
universe, there was a very big bang. 

Today, right here at this university, 
Professor George Greenlees is 
searching with lasers and highly 
sensitive light detectors for an atom 
which theory predicts was created 
during the first few microseconds of 
the big bang. When energy was 
turned into matter, a special sub-

One out of every trillion 
atoms in the universe 
might have the heavy 
nucleus .. 

atomic quark could have marked 
many atoms with a nucleus weighing 
hundreds of times more than normal. 

Greenlees, a physics professor, is 
searching against the odds. He 
estimates one of every trillion atoms 
in the universe might have the heavy 
nucleus. Finding that one atom to 
support the theory is no easy task. 
"It's like looking for a needle in a 
haystack, with the needle made of 
dense straw," said Greenlees in a 
Minneapolis Tribune article. 

The first stage of the experiment 
used a dye laser directed across the 
dark laboratory into a sample of 
burning sodium. A dye laser is 
capable of providing light across a 
range of frequencies. By precisely 
tuning the yellow laser light to the 
correct frequency, information about 

the sodium atoms which pass 
through the beam can be retrieved. 

When an atom is struck by the 
laser, its electrons are stimulated to a 
higher orbital. When the electron 
drops to its original orbital, the 
scattered photon is detected and 
recorded. The energy required to 
reach an excited state is dependent 
on the atom's mass and the energy 
the laser provides is dependent on its 
frequency. This correlation allows 
Greenlees to search for a heavy atom 
of unknown mass by varying the 
laser's frequency and watching for the 
emitted pulse of light. 

After collecting about one hundred 
hours of usable data on the sodium 
samples, no heavy atoms had been 
discovered. Originally, it was planned 
to sample sodium from all over the 
world in case the Earth's formation 
concentrated the atoms in a specific 

Physics Professor George Greenlees 
uses a laser to search for atoms 
marked by the energy of the "Big 
Bang." 

locality. The new plan will narrow the 
odds another way. 

The laboratory is waiting for a new 
dye laser whose frequency range will 
allow Lithium samples to be 
observed. Lithium, unlike Sodium, 
was one of the original elements 
present when the big bang occurred. 
It is hoped the odds that heavy 
Lithium still exists will be more 
favorable. Greenlees expects it will 
take a couple of years to reach any 
final results. 

tronic Energy hnology 

Energy Technology is the primary supplier of critical components for 
Medtronic Incorporated in the areas of electrochemistry, ceramics, 
metals, and polymers, which are used in medical devices such as 
pacemakers. Energy Technology's research base is also used to 
develop and manufacture new devices which enhance Medtronic's 
diversification in the health care field. 
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sers Res re Vision 
By Vernon Thorp 

For the past 20 years, lasers have 
been available for use in the field of 
ophthalmology. Since their 
introduction, the equipment and 
techniques have dramatically 
improved. Laser applications in 
ophthalmology fall into two broad 
categories: treatment and diagnosis. 

Treatment makes up the largest of 
these two categories. It involves using 
a laser to burn or to cut. Burning 
consists of destroying tissue and 
promoting scar formation, while the 
cutting ability allows a surgeon to 
operate on the interior of the eye 
without actually opening the eye to 
get inside. 

Laser burns depend on the thermal 
properties of the tissue being treated. 
One of the first applications of lasers 
in ophthalmology was for photo
coagulation. Photocoagulation 
requires a temperature rise of 10 to 20 
degrees Celsius in the tissue. The 

Computer Supplies 
and Furniture 

Ophthalmologists have developed 
many techniques for treatment and 
diagnosis of eye problems using 
lasers. 

temperature increase is caused by 
pigments in the tissue absorbing 
incident laser light in the visible 
range. Ruby, xenon, and argon lasers 
produce light in this range. The actual 
type of laser used depends on which 
wavelength is needed, which in turn 
depends on the type of tissue being 
treated. Photocoagulation allows 
reattachment of detached retinas by 
"welding" them back into place on the 
underlying layer. It can also seal off 
leaking blood vessels or destroy 
unwanted tissue. 

A laser produces a cutting action 
through photovaporization. This 
occurs when a short burst of energy 
heats cells in the target area past the 

boiling point of water. The cutting 
action results from the almost 
instantaneous vaporization and 
expansion of intra- and extracellular 
water. Wavelengths are usually 
chosen so the energy is concentrated 
on the surface of the target tissue, 
destroying cells and creating an 
incision. A major advantage of this 
technique is that it immediately 
cauterizes surrounding blood vessels, 

Continued on page 30 

Applications are now being accepted for a new, four-year 
degree program in COMPUTER ENGINEERING at the Uni
versity of Minnesota, Duluth (UMD) which began admitting 
students at the freshmen and junior levels in fall 1984. 

9 The only computer engineering degree program in Min-
nesota. 

9 Highly qualified and dedicated faculty. 
e Modern, state of the art laboratory equipment. 
e Curriculum that allows you to develop your capability 

in meeting the dynamic challenges of tomorrow. 
e Preparation for career positions in industry, government, 

business, or graduate study. 

o Diskettes o Typ~ng Elements 

9 Electronic Industry Association estimated that by 1985, 
the universities and colleges may produce 15,000 com
puter and electrical engineers, but the need will be 
51,000. 

* Paper (clean .. perf and discounted) 
o Ribbons o Printwheels 
o Storage and Retrieval Systems 
* Computer Stands 

I 
MIDWAY I BURNSVILLE I u. of MINN. I ROSEDALE 

llDRTHTOW!l SIIDPPING CENTER DlllKVTOWN CENTU 
786-0150 CENTER 435-8696 331-5969 636-2161 

646-6114 
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e Two options available: computer and telecommunica-
tions. 

e Located in Duluth, MN overlooking Lake Superior. 
e Small class sizes. 
e Affordable tuition. 
e A quality, University education. 
The University of Minnesota is ari equal opportunity educator and 



I 

Carry A Scientist In Your Pocket 
The FX-350 
45 Scientific Functions 

$15.25 

Programmability 
The FX-3600P 
38 Programming Steps 
Regression Analysis 
7 Memories 
Integrals 

$24.75 

The Scientific/Statistical Calculator 
The FX~450 $27.25 
It's Light Powered! 

UNIVERSITY BOOKSTORES 

Health Sciences Bookstore (Unit A) *Minnesota Book Center (Williamson) 
Books Underground (St. Paul) * H.D. Smith Bookstore (West Bank) 
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olography, a lensless pho graphic process, uses a laser 
record all of the aracteristics of an o ·ect's shape, 

co r, and position§ hen the information is reconstructed, 
the three dimensional image is nearly identical the 
original object 

By Debby Latimer 

ith the invention of the tele
scope and the microscope 
man has been able to extend 

his vision out into two fascinating 
realms: reaching into infinity with one 
eye while glimpsing into the heart of 
an atom with the other. It has been 
said that the discovery of the lens is 
the one most important piece of 
scientific equipment of use to man in 
the whole of natural science. Without 
it, our knowledge of many disciplines 
would certainly have remained at a 
very primitive stage of development. 
The importance of the lens and its 
effect on mankind is startling. Yet, in 
contrast to these dramatic conse
quences, a new and exciting proce
dure has come to the attention of 
scientists and artists alike: holog
raphy, which is a lensless photo
graphic process. 

Originally, the hologram was 
conceived by Dennis Gabor in 1947 
to improve the resolution of electron 
microscope photographs. The word 
itself originates from the Greek 'holos' 
meaning 'whole' and 'gram' meaning 
'message'. Unfortunately, his idea was 
ahead of the technology. For the light 
needed to demonstrate the full 
capabilities of holography, a single
frequency form called coherent light, 
was not available until1960 when the 
laser was developed. 

The actual technique of holography 
is similar to photography in many 
respects, yet it is fundamentally 
different. In photography, one records 
the optically formed image of an 
object. The image focused upon 
through the lens is recorded directly 
onto the film. Holography records the 
wave field of light the object scatters, 
which is called the interference 
pattern. Since no image-forming 
device is used to create a hologram, 
no recognizable image forms on the 

plate. Instead, the plate records the 
pattern of the light waves that 
impinge upon it. 

An interference pattern looks like a 
meaningless mixture of lines and 
blotches, yet it contains all the 
information about the object's shape, 
color, and position. The information 
content latent in the interference 
pattern is much more extensive than 
the information which can ever 
appear on an ordinary photograph. 
An ordinary photograph records only 

The interference pattern from the 
direct and diffracted light is recorded 
on a photographic plate to make a 
hologram. Figure 1: How to make a Hologram 
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the intensities of the beams diffracted 
by an object, while a hologram 
contains information about the phase 
of the lightwave too. 

The holographic process is 
generally carried out with coherent light. 
Coherent light is monochromatic
having a single wavelength, and its waves 
maintain the form of their wave fronts. 
Maintaining continuity in the shape of 
the wave is a very important aspect of 
holography. To produce a hologram, 
light from a laser is split into two 
intersecting beams, the object beam and 
the reference beam. As interference 
occurs between the coherent direct light 
(reference beam) and the coherent 
diffracted light (object beam) an 
interference fringe pattern is recorded on 
a photographic plate. After the plate has 
been developed, illumination of the 
hologram will reproduce the original 
image. 

To better understand the holographic 
process, it will be useful to look more 
closely at two fundamental quantities of 
the light wave: amplitude and phase. 
Amplitude, or intensity of the wave, 
manifests itself as brightness. 

The phase refers to the shape of the 
wave fronts. Light-sensitive devices are 
insensitive to the phase. But to record the 
light wave completely, as holography 
requires, the phase as well as the 
amplitude must be recorded. 

Before the phase can be recorded 
photographically, it must be converted 
into intensity. This is done by the 
technique of interferometry, wherein the 
reference wave interferes with the subject 
wave. The principle of interference is 
shown in Figure 2. 

In Figure (2a), two waves arrive at the 
recording surface in phase. That is, the 
crests arrive simultaneously. The wave 
amplitudes add to form a resultant that is 
greater than either wave acting alone. 
This is called constructive interference. 
Figure (2b) shows two waves arriving out 
of phase. This results in the difference of 
the two amplitudes and is called destruc
tive interference. For sound waves, such 
additive and subtractive effects cause 
increases and decreases in loudness in the 
sound pattern. For light waves, they 
cause variations in brightness or light 
intensity. 

Interference converts phase 
differences into intensity differences 
and thereby permits phase effects to 
be recorded photographically. The 
completed hologram becomes a 
blueprint of the lightwave interference 

Figure 2a: 
Constructive Interference 
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lntell'ference between waves converi: 
phase differences into intensity 
differences. 

activity. 
To view a hologram, wave front 

reconstruction is used. When the 
hologram is placed in a beam of 
coherent light, it generates a new 
wave that produces a 3-dimensional 
image of the original object recorded 
on the hologram. The regenerated 
wave and the original are identical to 
the eye. The observer sees what 
appears to be the original subject 
suspended in space. In the March, 
1984 issue of National Geographic, 
tourists at the CBS Laboratories in 
Stamford, Connecticut were 
described as being convinced that 
they saw the real Dennis Gabor 
working at his desk as they passed by 
his office door. However, what they 
really saw was his holographic image. 

Holography is a fascinating visual 
medium and has many practical 
applications. The scope of holo
graphic applications is growing 
exponentially. 
MICROSCOPY 

In conventional microscopy only a 
limited portion of an object can be in 
focus at one time. In other words, 
high resolution is achieved at the 
price of a very limited depth of focus. 
This has made analysis very difficult. 
A solution to the problem is to record 
a hologram of the object by using a 
pulsed laser. The object is then frozen 
in time. Since the hologram contains 
all the necessary information to 
explore the full object volume, 
analysis can continue with the use of 
an auxiliary optical system. Thus, 

Figure 2b: 
Destructive Interference 

The fringe paUem caused by the 
intell'ference of two light waves is the 
blueprint of the holographic image. 

sequential observation becomes 
possible. 
VIBRATION ANAlYSIS 

Holography is very useful in non
destructive testing of various 

MEMORY 
There has been considerable 

interest in utilizing holography to file 
and store information. Binary data 
can be stored in a hologram without 
the problems associated with 
conventional microfiche. Since any 
fragment of a hologram can regener
ate the entire image, the fear of losing 
information is greatly reduced. 
DESIGN 

There has been an increased use of 
holograms in the automobile industry 
to show 3-dimensional images of their 
products. 
ART 

One major aspect of the hologram 
not yet mentioned is as a new art 
form. Its artistic value adds yet 
another dimension to the science of 
holography. 

The hologram is simultaneously 
welcomed as a tool to further the 
advancement of scientific principles 
and warmly embraced as a medium of 
creative expression. The result of 
such an interlocking of disciplines is 
that science and art begin to merge 
together in order to develop the 
potential of a field of study that may 
one day change fundamental notions 
about the nature of our visual stimuli. 
Holography becomes a space 
wherein the imagined becomes 
reality. 
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By Patrick McNamee 

This article is largely the result of a telephone interview 
with Dr. T.H. Maiman, held by Technolog in September, 
1984. 

On February 19, 1880, Alexander Graham Bell and his 
assistant Sumner Tainter succeeded in communicating 
over a modulated beam of sunlight using Bell's newly 
invented device, the photophone. Bell was delighted, 
exclaiming" ... can imagination picture what the future of 
this invention is to bel" He considered the photophone to 
be his most important invention. Technology, however, 
was not yet ready for such an advance-practical 
problems (clouds, nightfall, etc.) forced Bell to scrap the 
idea, and the photophone was left to gether dust at the 
Smithsonian. Serious research into lightwave 
communications would have to wait until a source of 
coherent (single wavelength), controllable light became 
available. 

On July 7, 1960, Hughes Aircraft held a news 
conference announcing the invention of a device by Dr. 
T.H. Maiman that could produce a thin, powerful beam of 
red light The Minneapolis Tribune on July 8, 1960 
reported an "Atom Lamp Brighter Than Sun's Center" that 
had potential uses in medicine and industry. Other 
newspapers around the country reported-irresponsibly, 
according to Maiman-the development of a "death ray." 
Medical wonder tool, communications boon, death ray: an 
invention that would change the world, the laser, was 
born. 
An early start 

Theodore Harold Maiman, born in Los Angeles on July 
11,1927, had an early start in science and engineering. 
Guided by his father, an electrical engineer with Bell 
Telephone, Maiman'developed expertise in electronics 
while still in his teens. He earned his First Class Radio
Telephone license at the age of 16. 

After high school, he was given the opportunity ("I had a 
good boss," said Maiman) to design test equipment for 
vacuum tubes. After high school, he joined the Navy, 
where he continued his study of electronics. He completed 
his service hitch and decided to attend the University of 
Colorado at Boulder, graduating in 1949 with a BS degree 
in engineering physics. Choosing to pursue advanced 
degrees, Maiman went on to Standord for a Master's in EE 
and a Ph.D. in,physics, completing his doctorate in 1955. 
His Ph.D. thesis, foreshadowing his later work, utilized 

rn 
rn t r 

microwaves and optics in a series of measurements of the 
basic atomic properties of helium. 

His university education complete, Maiman went to 
work for Hughes Aircraft, where he became involved in 
maser research. (Masers produce coherent microwaves.) 
At that time, the maser was a cumbersome, impractical 
device. Maiman, in advancing the maser's design, was able 
to replace a 5,000-pound magnet with one weighing only 
one pound. This breakthrough, he says, "ma~e a practical 
device out of a monstrosity." 

The first laser was deceptively simple; 
a synthetic ruby rod with polished, 
mirrored ends, surrounded by a 
coiled flash lamp. 
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One goal of the Hughes Atomic Physics Department 
was to produce coherent energies at slightly higher than 
microwave frequencies. An increasing number of 
scientists were speculating on the possibility of producing 
coherent waves in the optical region of the spectrum. By 
1958, numerous schemes for achieving such production 
were being tried, but the question of whether or not it was 
even possible was still being asked. 
Background made the difference 

Dr. Maiman said his background in electronics, lab 
work, optics, and physics provided the right combination 
of experience and knowledge to develop a feasible design. 
His approach emphasized simplicity. Since he wasn't 
certain that coherent light could be produced, Maiman 
wanted to keep his design simple enough so the entire 
process could be understood. He wanted a device that 
was small, rugged, and operable at room temperature. As 
it turned out, the final construction was deceptively 
simple. It consisted of a cylindrical rod of synthetic ruby 
with the ends polished and parallel, then silvered. This was 
surrounded by a foiled flash lamp. The lamp excited the 
ruby's electrons, and, in subsequent energy level changes, 
energy was released in a cascade of red light. 
Cascades bred cascades 

In the wake of Maiman's success, a cascade of uses for 
the laser has emerged. Applications have been found in 
industry, data processing, communications, and many 
areas of scientific research. Of all the uses, though 
Maiman is most gratified by the laser's success as a 
medical tool, remarking, "I feel pretty good about it ... very 
good." 

His approach emphasized simplicity .. 

A year after demonstrating his invention, Maiman left 
Hughes to begin a series of entrepreneurial ventures. He 
was involved in a laser manufacturing company, a laser 
television firm, and a company formed to develop an 
automatic digital telephone. In 1976, Maiman joined TRW 
Electronics as a vice-president for advanced technology. 
His job was to uncover new technological areas for TRW 
to venture. the most profitable of those new ventures has 
been TRW's entry into the commercial chip business. 

Always interested in new and exciting challenges, 
Maiman left TRW when a management change altered the 
entrepreneurial environment. Since then, he has been 
involved in a variety of consulting and research projects, 
including the development of a new aircraft. 

Dr. Theodore H. Maiman: scientist, inventor 

Creativity and courage 
Dr. Maiman emphasizes creativity in scientific research. 

He has, during his career, encountered a tremendous 
amount of negative reaction to new and different ideas. 
"People seem to resist change," he said. His message for 
students is, "if you have an idea that you believe in, go for 
it. Become an expert. Don't wait until everyone tells you 
it's a good idea. That won't happen." There's no guarantee 
that you'll always have success, he added, but when you 
do, it's amazing how fast the scoffers change their tunes. 
Concluded Maiman: "It's really important to do what you 
enjoy doing." 

Dr. Theodore H. Maiman has made a career of doing 
what he enjoys doing, and he's being rewarded with a 
satisfying life, many honors, and a place in history. In fact, 
last February, he was inducted into the National Inventors 
Hall of Fame, an honor he shares with such innovators as 
the Wright Brothers and Alexander Graham Bell. Given 
the laser's hundreds of uses today, one would expect Bell 
to rhapsodize again, picturing "what the future of this 
invention is to be!" 
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Computers are turning up everywhere$ They are on your 
sk, in your car, at your bank, and even in your toys§ A 

new program at the Universi of innesota- uluth is 
preparing studen to design and interface computers for all 
of these sksa 
By David Herridge' 

or a long time, the Twin Cities 
was the only game in the state 
if you wanted to dabble in 

engineering. The Institute of 
Technology alone offered students a 
four year engineering program. Now, 
it has some company. The University 
of Minnesota-Duluth opened its doors 
this year to students pursuing a four 
year, bachelor degree in computer 
engineering. 

Computer engineering is not 
computer science, it is instead, much 
closer to electrical engineering; in 

Computer engineering 
is not computer 
science .. 

fact in many schools, computer 
engineering is offered as a specialty 
area of electrical engineering. 
Because of the incredible growth in 
the use of microprocessors and the 
complexities of the recent computer 
advancements, the program in Duluth 
was separated into an individual 
discipline. The UMD program focuses 
on electronic hardware, circuit 
design, and interfacing computers 
with other systems; not on the 
programming languages offered in 
computer science. 

Dr. James H.W. Tseng, who came 
·from sunny California to head the 
program in Duluth, explained why the 
computer engineering discipline 
came into existence, "Long ago, a few 
manufacturers made mainframes, 
today there are more than 200 
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vendors making microcomputers." Dr. 
Tseng continued the story, noting the 
increased use of microprocessors in 
dedicated machines, in control 
devices, and in communications. 
Because many simple computer 
components are so inexpensive, their 
use in scientific and commercial 
products has increased dramatically. 
The evidence is everywhere; cameras 
that tell you your pictures are going 
to be dark, cars that monitor and 
adjust their fuel consumption, 
children's games that will test the 
quickness of your eyes and your 
thumb, and laboratory control 
systems that allow today's scientists 
to collect more data with less trouble. 
All of this created an increased need 
for computer engineers. 

It was projected that in 1984, only 
15,000 electrical and computer 
engineers would graduate while the 
demand hovered around 50,000. Most 
of the computer engineering 

programs exist in California colleges, 
and as you might expect, most 
Californians are not eager to come to 
work in Minnesota. It is hoped UMD 
will supply the needs of the many 
computer based companies 
headquartered in the Midwest. 

Engineering is not new to the 
University of Minnesota-Duluth. For 
many years, the college has supplied 
the Twin Cities campus with transfer 
students who completed Duluth's 
pre-engineering program (first two 
years). Prompted by community and 
political support, the Duluth College 
of Letters and Sciences was 
reorganized and divided into the 
College of Letters and Social 
Sciences and the College of Science 
and Engineering. The baccalaureate 
degree program in computer 
engineering is the first of three, four
year engineering disciplines planned 
for Duluth to accompany their natural 
science programs. In the fall of 1986, 

The University of Minnesota~Duluth. 



upper division industrial engineering 
and materials processing engineering 
programs will be initiated. 

Students, who enter the University 
at the three campuses offering 
pre-engineering (Twin Cities, Duluth, 
Morris), are eligible to attend the 
upper division programs offered at 
either the Institute of Technology or 
UMD, upon satisfactory completion of 
the two year pre-engineering courses. 
All students who qualify will be 
treated equally when they apply for 
admission to an upper division 
program. No preference is shown to 
students based on the lower division 
residency or their choice of major. 

In its first year, the computer 
engineering program attracted 36 
students, two dozen juniors and one 
dozen freshmen (many other Duluth 
students are undesignated). They are 
still accepting applications to meet 
the target goal of 200 students. 

Upper Division students combine 
courses in digital systems, 
electronics, networks and signals, and 
high and low level computer science 
languages into a graduation plan. 
Presently, there are two elective 
options for students. One in computer 
design and another in tele-

It is h UMD will supply the needs of the 
many computer based companies hea uartered 
in the midwest.. 

communications. 
For students who choose computer 

engineering, UMD has a few fresh 
and good ideas. The laboratory 
equipment budget was supplemented 
by corporate gifts to fill the labs with 
the state of the art in electrical and 
computer equipment. Watching over 
the labs are professors, not T.A.'s. 

After the junior year, the computer 
engineering students are required to 
enter a summer employment 
program. Although the intern 
program is not yet fully organized, its 
objective will be to give the juniors 
some exposure to an industry setting. 

When the students return for their 
senior year, they will have to prepare 
a proposal to their advisor for a senior 
design project. Students would then 
complete the project over the next 
two quarters. 

The final twist in the UMD program 
is a mandatory professional ethics 

course. Because computer crimes 
can amount to astronomical monetary 
amounts, some estimates venture as 
high as 45 billion dollars yearly, the 
course hopes to teach the students to 
think critically and to distinguish 
between right and wrong. 

"We hope for closer ties in the 
future relationship between the Twin 
Cities and UMD. Both should work 
toward the common goal of better 
education in engineering," said Lewis 
Oakland, the Director of Pre
Engineering. The establishment of the 
engineering programs at the 
University of Minnesota-Duluth is not 
the introduction of a competitor to the 
Twin Cities. Rather, the programs and 
plans proposed for UMD compliment 
the offerings in the Institute of 
Technology, expanding rather than 
repeating the Minnesota student's 
opportunities in engineering. 

~----=-==-===-==-==-=-=-=--=-===-==-=--~ 

THE SOLUTIONS YOU NEED. 

TEXAS 
INSTRUMENTS 

UNIVERSITY BOOKSTORES 
Health Sciences *Minnesota Book Center 

Books Underground * H.D. Smith Bookstore 

Applications are now being accepted for a new, four-year 
degree program in COMPUTER ENGINEERING at the Uni
versity of Minnesota, Duluth (UMD) which began admitting 
students at the freshmen and junior levels in fall 1984. 

® The only computer engineering degree program in Min-
nesota. 

e Highly qualified and dedicated faculty. 
e Modem, state of the art laboratory equipment. 
o Curriculum that allows you to develop your capability 

in meeting the dynamic challenges of tomorrow. 
e Preparation for career positions in industry, government, 

business, or graduate study. 
® Electronic Industry Association estimated that by 1985, 

the universities and colleges may produce 15,000 com
puter and electrical engineers, but the need will be 
51,000. 

e Two options available: computer and telecommunica-
tions. 

e Located in Duluth, MN overlooking Lake Superior. 
e Small class sizes. 
® Affordable tuition. 
e A quality, University education. 
The University of Minnesota is ari equal opportunity educator and 
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If it is a clear, dark n · ht, grab a pair of 
binocu rs and ead r a com rtable 
spot uch of the cosmos can be 
enjoyed from your back yard out 
investing your tuition in a telescope§ 
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By Jon Soland 

s late as 1923, astronomers 
could not conclusively show 
that anything existed beyond 

our own galaxy. In that year, Edwin 
Hubble used the properties of a 
particular type of star to show the 
Andromeda nebula was too far away 
to be in the Milky Way. He established 
that it was a separate galaxy. It was 
not until the early 1950's that its 
currently accepted distance was 
determined. 

Astronomy is a fascinating field that 
can bewilder even the experts. Its 
vastness is astounding! If the Sun 
were shrunk to a diameter of only one 
foot the earth would be slightly larger 
than a BB 107.5 feet away. Pluto 
would be more than 4,200 feet away. 
The nearest star would be over 5,500 
miles away. 

Who hasn't been out at night and 
looked at the sky, wondering about 
this or that star? There are many 
things to observe in the night sky that 
can be seen with the naked eye or a 
pair of binoculars. Binoculars, 
because of their wide field of view, are 
the preferred equipment for someone 
just learning their way around the 
night sky. This article will tour a few 
of the brighter objects. 

It should be noted that the city 
lights produce a haze in the sky that 
diminishes the visibility of fainter 
objects. Also, it takes at least 15 
minutes for your eyes to adjust to 
darkness properly. 

Ahhh ... where to start? There is the 
Moon, the planets, the asteroids, the 
meteors, the comets, the galaxies, 
the nebulae, and the stars. There are 
other objects too of course, quasars, 
pulsars, radio sources ... but they 
would require equipment far beyond 
our reach. All objects in the night sky 
can be assigned a magnitude that 
describes their brightness. One 
magnitude of difference is defined as 
the 5th root of 100, or about 2.512, 
with the smaller of two magnitudes 
being the brighter. For example, a star 
with a magnitude of -1.0 would be 
2.512 times as bright as one at 0, 
which would be 2.512 times as bright 
as one at 1.0 and so on. 



The Moon 
The Moon, with a diameter about 

one quarter of the Earth, is hardly a 
satellite governed by the Earth, but 
rather the lesser partner in a double 
planet system. The Earth and Moon 
revolve around each other, and it is 
their common center of gravity that 
revolves around the Sun. 

The Moon is an excellent binocular 
object, revealing craters with 
diameters of 10 to 15 miles. The most 
spectacular viewing will be found 
along the terminator. The terminator 
is the line between the light and dark 
portions of the Moon. It is the line that 
separates the lunar night and day. As 
the phases pass from new 
(completely dark), to first quarter 
(right half showing), to full, to third 
quarter (left half showing), the 
terminator moves from right to left 
and back again. The features along 
the terminator are greatly enhanced 
by shadowing due to the low angle of 
the sunlight at that point. A few days 
after the first and third quarter, for a 
few hours, one can glimpse with the 
naked eye the rugged peaks of the 
Apennine Mountains (see figure). 
Another striking object in the same 
area is the crater Copernicus. It is 56 
miles across, with walls rising 17,000 
feet from its floor, a central peak over 
four miles in height, and rays second 
only to Tyco's. Tyco, a mid-southern, 
50 mile wide crater is at the center of 
the most extensive ray system on the 
Moon. Some of these rays extend for 
a thousand miles and are believed to 
be made up of debris thrown out 
during meteor impact. Other objects 
worth looking for are the craters 

Superior and Inferior Orbits 
OPPOSITION 

Aristarchus and Kepler. Although 
their diameters are only 30 and 60 
miles, they are two of the most 
luminous objects on the Moon owing 
to their complex ray systems. 

For a couple of months 
each year, Mars appears 
to stop normal easterly 
progress and move 
backwards in its orbit.. 

The Planets 
Next on the magnitude scale come 

the planets, with Venus (always the 
brightest) reaching -4.4 at maximum. 
Aside from their movement with 
respect to the stars, brightness is 
probably the best clue that what 
you're looking at is a planet. 

The planets fall naturally into two 
classes, inferior and superior. This is 
not a statement of their aesthetic 
worth, but refers to the position of 
their orbits with respect to the Earth's; 
inferior being inside, and superior 
being outside. Two properties 
common to all planets are they rarely 
twinkle and their orbits lie more or 
less in the same plane. As a result, 
when visible, they can always be 
found in a fairly narrow band 
traversing the sky. This band follows 
the ecliptic, an imaginary line marking 
the Sun's path in the sky. Because the 
inferior planets have orbits smaller 
than the Earth's, they never stray far 
from the Sun (see figure). They are 
visible only in the early morning or 

early evening. The superior planets 
suffer no such restriction, and can be 
found anywhere along the ecliptic. 

Mercury: Mercury is the smallest of 
the planets, and the closest to the 
Sun. Because of its small orbit its 
maximum angular separation from 
the Sun is about 18 degrees. Mercury 
just may be visible right at dusk. 

Venus: Venus too is inferior, but 
has a larger orbit than Mercury, and 
thus a larger maximum separation 
from the Sun, up to 47 degrees. 
Venus should be 3.4 degrees (about 7 
Moon diameters) above the ecliptic 
and will set at around 7 p.m. 

Mars: Mars is the closest of the 
superior planets and has a brightness 
that varies between about -1.0 and 
-2.5. Mars best exhibits a quirk all 
of the planets share, retrograde 
motion. For a couple of months each 
year Mars appears to stop its normal 
easterly progress (easterly with 
respect to the constellations) and 
move backwards in its orbit. This was 
one of the most confounding 
problems of the Ptolemaic, or Earth 
centered, solar system. Mars will be 
2.2 degrees above the ecliptic and 
should set around 9:00. 

Jupiter: The largest planet is a very 
interesting object. Its diameter is 
about one tenth of the Sun's. Its 
interior experiences such enormous 
pressure that it actually radiates more 
heat than it absorbs. Had Jupiter 
been just a little bigger it would have 
become a small star. Jupiter is often 
the brightest object in the night sky, 
its magnitude hovers near -1.5. 
Binoculars will generally reveal one or 
two of its 14 Moons. It is fun to watch 

The Ecliptic and the Cellestial Poles 

Minnesota Technolog, Fall 2, 1984 23 



them move from night to night. 
Jupiter should be setting around 7:30. 

Saturn: Saturn, the second largest 
planet, is a fascinating sight through a 
large telescope or via satellite, but 
appears only as a small disk through 
binoculars. It has a magnitude of 
something less than +1.0 at 
opposition and should be setting 
around 7:00. 

Binoculars will generally 
reveal one of Jupiter's 
fourteen moons .. 

Uranus, Neptune, Pluto: Viewing 
these planets is difficult. Uranus and 
Neptune are within reach if you know 
where to look for them and are willing 
to spend the time required to identify 
their movements. Because of their 
enormous distances (1.8 and 2.8 
billion miles), these two make slow 
progress in their orbits. Only four 
degrees per year (with respect to the 
constellations) for Uranus, and two 
degrees per year for Neptune. Pluto is 
nearly 4,000 times dimmer than the 
naked eye's limit, and is therefore 

24 Minnesota Technolog, Fall 2, 1984 

only visible through a fairly large 
telescope. 

Because the planets are always 
moving, the information regarding 
their positions is accurate only on 
November 23. Before that date they 
will set a little later, and after that 
date a little earlier. 

The Starn 
There are many more things to see 

in the night sky than the Moon and 
planets. On a clear, dark night there 
are about 6,000 stars visible to the 
naked eye. It is fun to lay back and 
wonder about all the different things 
you can see. It is more fun still if you 
know something about them, the type 
of star, its distance, and its age. Many 
astronomy handbooks contain this 
information. The system astronomers 
use to identity stars in the sky is 
somewhat akin to latitude and 
longitude. It projects coordinates 
onto the celestial sphere, a natural 
abstraction used for mapping the sky. 
To understand how it works, first 
assume all the stars are the same 
distance from the earth and that they 
form a globe around it. Extend the 
earth's equator and poles onto this 

Binoculars, because 
their wide field view~ 

are the preferred 
equipment someone 
just learning way 
around the night sky .. 

globe, tack on "celestial" in front of 
them and we are set. Latitude on the 
celestial sphere works just like 
latitude on the earth. It is measured in 
degrees north and south of the 
celestial equator. To keep things 
separate, the word declination is used 
in place of latitude. Similarly, plus and 
minus replace north and south. 
Celestial longitude is a little different. 
If you watch the sky for a few hours 
you wi II notice that a constellation 
that was due south at 9:00 is 15 
degrees to the west at 10:00. 
Everything seems to move across the 
sky with time, thus the hour circle is 
born. Divide the celestial equator into 
24 increments of one hour (15 
degrees) each, using minutes for finer 
divisions. Set the zero hour (prime 
meridian) along the eastern edge of 
the Square of Pegasus, and you can 
identify any point in the sky. Right 
ascension (R.A.) is the angular 
distance east of the prime meridian. 
Most books will give an object's 
position using this system. For 
instance, Betelgeuse (a bright red star 
in Orion's armpit) has coordinates: 
RA. 5h 52.5m dec. +7 degrees 24 
minutes. That seems easy enough 



and it works well if you have a 
telescope with an equatorial mount, 
but there is a better way if you are out 
there just looking around. That is to 
use the constellations. 

Once you learn a few of the 
constellations, and with the help of a 
star chart, the rest of the sky wi II 
quickly begin to unfold. The 
constellations are more than 
characters in mythology, they define 
a system for dividing up the sky. Each 
constellation has a definite boundary, 
and the stars within it belong to that 
constellation. The New General 
Catalog 1888 (NGC) uses this system. 
The Greek alphabet is used to label 
the individual stars, with the brightest 
being alpha, the next brightest beta, 
and so on (there are exceptions, e.g. 
the Big Dipper is labeled by position). 
Using this system Betelgeuse 
becomes Alpha Orionis, the brightest 
star in the constellation of Orion. 
Using the NGC system and an 
astronomy handbook it is fairly easy 
to find and identify the different 
objects in the sky. 

The constellations are 
more than characters in 

ology, they define 
a system for dividing up 
the 

The stars come in all shapes and 
sizes, young and hot, old and cold, 
singly and in groups. You can tell 
something about a star just by 
looking at it. Stars have subtle 
differences in color, ranging from 
blue to red. From the color you can 
estimate the surface temperature. A 
very blue star is usually quite young 
and has a surface temperature near 
50,000 K (Kelvin), while a red star 
(like Betelgeuse) is older and much 
cooler with a surface temperature 
between 3,000 and 3,600 K. 

Many stars vary in their brightness 
or magnitude. Some vary in a regular 
way, some in a very irregular way. 
Some vary a lot, some just a little. 
Some have a period of a few hours, 
some of several years. Of these 
variable stars there are two general 
types, eclipsing variables and intrinsic 
variables. 

The eclipsing variables are double 
stars which happen to rotate around 

each other within our line of sight. As 
one component eclipses the other, 
the light we see dims until the other 
component reemerges. A good 
example of an eclipsing variable is 
Algol (Beta Persius). 

The intrinsic variables fluctuate due 
to physical changes within the star. 
There are many types of intrinsic 
variables, one of these is the Cepheid 
variable. Cepheids vary in a regular 
way such that their period of variation 
is proportional to their absolute 
magnitude. Because of this property, 
Cepheids have been used by 
astronomers to determine the 
distance to a group of stars. In fact, it 
was Cepheid variables that were used 
to first determine the distance to the 
Andromeda galaxy. An example of a 
Cepheid variable is delta Cepheus, 
the star that gave them their name. To 
watch a variable star vary, you need 
to consult a handbook for its period 
and range of fluctuation. Then find 
two neighboring stars with bracketing 
magnitudes, and keep an eye on all of 
them over the appropriate interval. 

Twenty-five percent of all stars are 
double stars, physical systems of two 
stars rotating around a common 
center of gravity. The Sun just missed 

The November 

Sky 

becoming a double star with Jupiter 
as its secondary. If you are looking 
for double stars it is a good idea to 
know the secondary's position, 
magitude, and separation. This 
information should be available in a 
good handbook. Under excellent 
conditions, the naked eye can 
distinguish between objects down to 
about 4 minutes of arc. With a pair of 
8 x 30 binoculars, properly supported, 
you may be able to extend this to 
about 30 seconds (1 second is the 
apparent width of a half dollar at 4 
miles). If either component is much 
brighter than the other these limits 
should be doubled or tripled. Mizar 
the second star from the end of the 
handle in the Big Dipper is a double, 
with a separation of 11.5 minutes, 
about one third the width of a full 
Moon. 

There are larger groups of stars, 
termed clusters which also form 
physical systems orbiting around a 
common center of gravity. There are 
two types of clusters, globular and 
open. Globular clusters are made up 
of thousands of tightly packed stars, 
but none of these groups are close 
enough to appear as anything more 
than a small, hazy patch of light. 
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However, there are many open 
clusters within reach of the naked 
eye. An open cluster is a scattered 
group of stars. A fine example is the 
Pleiades. The Pleiades is a group of 
more than 100 hot, young stars about 
600 light-years distant (one light-year 
is approximately 5.88 trillion miles). 
The brighter stars form a tiny dipper 
just below Perseus' foot. Sometimes 
called the seven sisters, the group 
forms a good test of visual acuity. 
Although there are 11 stars brighter 
than the sixth magnitude (generally 
considered the naked eye limit), six 
stars should be readily visible with the 
seventh being somewhat more 
difficult. 

The most elusive stellar objects for 
binoculars are the galaxies and 
nebulae. These two very different 
objects were grouped together until 
67 years ago, when Edwin Hubble 
resolved the outskirts of the 
Andromeda nebula into individual 
stars. They are perhaps the most 
beautiful objects in the universe. It is 
unfortunate that without a large 
telescope a milky patch of light is all 
that attests to their existence. 
Although the image through 

binoculars is unspectacular, 
knowledge of their staggering 
dimensions adds to the view. 

Far away from the city lights, you 
can see the Andromeda galaxy with 
the naked eye. To view it from town, 
you will need a pair of binoculars and 
a little patience. Start at the Square of 

On a clear, dark r1ial1t 
there are about 6~000 
stars visible to the 
naked eyeD 

Pegasus; it should be nearly overhead 
in the southeastern sky at 10:00. Next, 
find the star in the northeastern 
corner, this is Alpha Andromedae. 
About 15 degrees to the east
northeast (nearly in line with the 
northern edge of the square) is 
another bright star, this is Beta 
Andromedae. There should be a dim 
star about midway between these 
two. Starting at Beta, form a line 
perpendicular to the one made by 
Alpha and Beta. There should be two 
very dim stars along this 

eetthe newe 
tnember of the fa01ily! 

perpendicular north of the square. 
Everything up to this point should 
have been visible to the naked eye. 
Using your binoculars, look above 
and to the right of the second dim 
star. You should see a fairly large, but 
very dim wisp of light. This is the 
Andromda galaxy. The light you are 
seeing left that galaxy some 2.3 
million years ago, long before the first 
man walked the earth. It is the farthest 
thing visible to the unaided eye. 

If you would like to pursue the 
subject further, an excellent book is 
Astronomy with Binoculars by James 
Muirden. A good handbook is A Field 
Guide to the Stars and Planets by 
Donald Menzel, it's part of the 
Peterson field guide series. The 
Astronomy department prepares a 
taped message each month called 
Minnesota Starwatch. To listen to this 
message, call 376-5587. The 
Astronomy department also opens 
their telescope for public viewing 
each Friday night that the sky is more 
than half clear. To participate, show 
up on Friday after 8:00 p.m., it is 
located in Physics room 450. 

to much larger quarters at 

It's here! HP-41CX ... the newest member of the Series 40 family 
of advanced calculators from Hewlett-Packard. Expandable, 
versatile, reliable, this brand new edition of an all-time favorite 
is everything you'd expect of the Series 40 family. The hardware 
has new built-in features like Timer and Extended Functions 
modules, plus Text-File Editor. And, there are literally thousands 
of pre-written software programs available. For more facts about 
the new HP-41CX, come in tndayl 
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2864 Chicago Ave. S. 
(one block north of Lake Street Mpls.) 

and has expanded its hours 
MON-FRI 10am-8pm 

SAT 10am-6pm 
SUN 12pm-5pm 

824-6347 

Uncle Hugo's has the largest selection of 
science fiction and fantasy in the world. 
We also buy and sell used books. Uncle 
Edgar's Mystery Bookstore is in the same 
building. 



By Renee Bergstrom 

The Monkey Business, A Scientist 
Looks at Creationism, Niles Eldredge, 
Washington Square Press, 1982, 
paperback, 157 pages, $2.95. 

This book examines the changes in 
the theory of evolution, from Darwin's 
original ideas to evolution as it stands 
today, and the controversy between 
creationism and evolution. 

For an introduction, Eldredge 
describes the range of present 
opinions. First, the scientific 
creationists who believe the literal 
truth of Genesis. They seek to 
promote themselves by disproving 
evolution and attacking geology. 
Second, the theistic evolutionists who 
read Genesis metaphorically. God 
created Heaven and Earth, but used 
his own natural laws. And finally, the 
scientists who consider only 
naturalistic terms for the origin of all 
things. For himself, the author 
believes that modern science neither 
threatens nor enhances Genesis. 

For the controversy, the author 
states, "Though the debate for the 
most part has left purely theological 

m 

I 
m 

I ti 
circles, it is the perception of the 
fundamentalists that science and 
religion are in conflict that underlies 
the creationist endeavors." Eldredge 
continues by arguing that creationists 
are using two arguments. Both 
creationism and evolution are scien
tific (author states that creationism 
is falsified science). Lastly, both 
are religious beliefs. Eldredge 
denounces this argument quite 
strongly. 

After the introduction, Eldredge 
reviews where the conflict started, 
where it has gone, and where it 
stands now, from Clarence Darrow to 
the Archbishop Ussher of Ireland. 

There is also a close look at 
evolution. Such as a definition of 
evolution-"Evolution is 'descent with 
modification'-to use the phrase of 
Charles Darwin himself." The major 
point with evolution is not that it has 
been proven true, but that it has not 
been proven false. 

The book explains the existing 
fossil records and suggests they 
support the statement that "life has 
evolved." Because how life evolved is 
still under scrutiny, the book 
examines some of the ideas and 
concepts, past and present. 

Eldredge, after laying the 
groundwork of evolution, pursues to 
dispute the creationism arguments. 
He ends his book with a look at 
science, religion, and politics. "In the 
end, the evolution/creationism 
controversy is a battle over public 
opinion. It hasn't been an intellectual 
problem for at least a century." 

The writing is excellent, although 
the book presents a biased rebuttal of 
creationists' arguments. Indeed, the 
author never promised it to be 
anything else. If you're interested in 
the controversy, this is a good book. 
It's not something you can pick up 
and read in one sitting (a bit dry for 
that), but as an occasional distraction, 
it offers many interesting and 
challenging concepts for thought. 

f I 

The Chromosomal Code, Lawrence 
Watt-Evans, Avon Books, 1984,204 
pages, paperback. 

Here is a book that solves the 
evolution problem, if you can believe 
that man was genetically engineered 
by an alien whose spaceship crash
landed on earth. 

Imagine a blizzard has covered the 
earth and the majority of the planet's 
population is living in Brazil. All 
governments have collapsed and now 
an alien group, claiming it's from the 
Galactic Empire is on earth to help. 
The aliens have set up a world 
government to search for something, 
but no one knows what. 

The main character, John 
Starkmen, who suffered, from a 
genetic eyecolor mutation, was 
collected on the glacial field that was 
once Pennsylvania. Starkman had felt 
shunned by society who deemed him 
a freak. It has been years since he 
made contact with any other humans. 
On board the aliens' spacecraft, he 
makes contact with other humans 
causing his old feelings to surface. 
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"He mentally cursed his carelessness; 
he was outcast all over again, it 
appeared. Always he remembered, 
people had stared at him, and he had 
had to struggle to be accepted as a 
human being." 

All people from all over the world 
are told by the aliens they are being 
tested for diseases. Starkman escapes 
with the help of a rebel doctor who 
believes Starkman is what the aliens 
are searching for. 

The aliens' plot uncovered, 
Starkman must decide his fate: run or 
die. His will to live and disbelief in 
everything he was told prevent him 
from following the request the rebel 
made of him. He alone may be 
responsible for earth's fate. 

This book is a combination of all 
the favorite topics of science fiction 
writer of the last few years. A little 
Armageddon and the number of the 
beast, a little evolution and some 
genetic engineering, all rolled into a 
tidy package. 

Though this is not a work art or a 
deep, philosophical masterpiece of 
classic literature, it is not the usual 
formula fiction. The author created an 
intrigue which allowed me to 
concentrate on the story. There were 
many plot twists and an enjoyable, 
almost laughable, satirical ending. My 
expectations for this book were 
pleasantly uprooted. 

The author, Watt-Evans, did 
disappoint me in a few instances, 
leading me to believe he was new at 
the game. The story resorted to some 
old cliches that detracted from the 
style of the book. "He pulled the 
flashbomb out of his pocket, looked 
over it carefully, then returned it. 
'Maybe they're sworn not to kill,' he 
muttered to himself, 'but I'm not."' 

Another failure by the author was 
his attempt to make the character of 
John Starkman believable. In some 
instances, Watt-Evans was trying too 
hard. True, John Starkman had a 
violent streak because of social 
rejection. However, he looked worse 
than Dirty Harry. Starkman was 
constantly punching clones that 
didn't react to him violently or 
threaten him. Dirty Harry at least 
picked on people his own size. 

All in all, if deep reading is desired, 
this book could leave a black smudge 
of disappointment behind. However, 
for an afternoon of light reading, The 
Chromosomal Code fits the order. 
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Lasers from ·1 0 

realized. To date, over 5,000 laser 
assisted operations have been 
performed. They are used to sever 
and cauterize blood vessels without 
injuring any other body tissue. They 
are used, in an optic fiber catheter, to 
transverse through a blocked artery to 
remove calcium buildup. They can 
be used to destroy cancer cells inside 
a patient without using chemotherapy 
and X-rays. This could, in the future, 
give hope to some terminally ill 
patients. They can also be used to 
detect cancer: cells are stained with a 
dye and analyzed with a laser 
scanner, cancerous cells show up 
because they absorb more dye. 

Lasers are often used in eye 
surgery to seal leaking blood vessels. 
When hit by a laser, the blood vessels 
raise in temperature from 37 degrees 
to 65 degrees celcius. They can burn 
away tumors by raising their 
temperature to over 400 degrees 
celcius, vaporizing them in fractions 
of a second. They can remove tissue 
that causes the eye to become 
blurred by supplying a pulse of light 
at a temperature of 20,000 degrees 
celcius for a few billionths of a 
second. This causes the tissue to fall 
away, removing the bluriness. 

Eventually, lasers will be used to 
trace individual molecules and 

position them in various locations 
allowing the tailor-making of drugs. 
They wi II be used to view vi ruses and 
DNA molecules, allowing the tracing 
and research of diseases, genetic 
defects, and other problems. 

Lasers have another interesting 
use, just now being developed. This is 
in the design of a laser gyroscope. In 
a laser gyroscope, two beams of 
monochromatic (laser) light 
transverse a ring in opposite 
directions. If the ring is rotating, the 
two beams will appear to have a slight 
frequency shift. The amount of 
rotation determines the amount of 
frequency shift. By monitoring the 
two frequencies, the rotational speed 
can be computed. This has uses in 
missile and rocket guidance systems. 

By far, the most extravagant and 
controversial use for lasers is in the 
military. Lasers are now being used to 
target enemies. Laser light is bounced 
off a target and intelligent missiles 
head for the bounced light. 

Lasers may be developed to 

destroy missiles. Satellites, equipped 
with high power lasers, could home in 
and destroy nuclear missiles 
launched towards the U.S. land 
based lasers could beam high energy 
laser radiation at large mirrors in 
space which beam the rays toward 
targets, destroying them. Reagan's 
"Star Wars" plan proposes a "shield" 
of laser defense weapons around the 
U.S. preventing incoming nuclear 
missiles from reaching their targets. 
This plan has met political 
controversy. Some opponents say it 
isn't possible to protect the U.S. from 
incoming missiles, others say it's too 
dangerous to try. 

Practical laser weapons depend on 
the construction of X-ray lasers. 
These are very high frequency, high 
energy lasers that are capable of 
destroying missiles and satellites. 
These X-ray lasers are still in the 
experimental stage. 

One of the problems with X-ray 
lasers is the need for high intensity 
energy pumped into the laser to 
produce the very short wavelengths 
of X-ray light. Possible sources of this 
energy are radiation from a nuclear 
explosion or the output from another 
high intensity laser. It's thought that 
an excimer laser (made from diatomic 
gas molecules) could pump one 
trillion watts of power in one trillionth 
of a second into the X-ray laser which 
would further amplify the energy. The 
result would be incredible destruction. 

X-ray lasers have more potential 
than just destruction. X-ray laser 
beams could detect the existence of 
particles down to the size of an atom. 
These lasers would be able to photo
graph DNA molecules, and, using 
holography, create three dimensional 
photographs of DNA molecules. This 
would supply vital information to 
genetic biologists who could track 
genetic disorders and diseases. 

Lasers are a major part of our lives. 
We see them in grocery stores. We 
use them to communicate. We use 
them to save our lives. Soon we may 
use them to protect our lives. We have 
only touched the surface of the !JSes 
of lasers. The next 20 years will show 
dramatic changes in our lives as a 
result of lasers. Changes that we can't 
even begin to comprehend-yet. 
Lasers will become, if they aren't 
already, one of the most significant 
discoveries of this century. 



If you're an engineering major, you'll want to 
be part of today's Air Force. We're working on 
developments that make science fiction obso~ 
Jete. You'll have an opportunity for a 
challenging and rewarding career at the 
forefront of technology. Take a dose look at Air 
Force engineering. Talk to: 

MSgt .. Ji N on 
TSgt. Den VanDyke 

331=1071 
I 

A great way of life. 

Come see us in Room 2~~ Mechanical En , or can 373 .. 3298 .. 
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Ophthalmology from 14 
thereby avoiding bleeding that can 
obstruct a surgeon's view. Another 
way lasers perform as scalpels is 
through a process called photo
disruption. This occurs when a laser 
is so intense it strips the electrons off 
the molecules in the target area and 
turns the tissue into a plasma which 

. rapidly expands and destroys the 
surrounding cells. Even though the 
event is of short duration {30 
picoseconds to several nanoseconds) 
and limited to a small target area (less 
than 1 mm cross section), the results 
are violent enough to create shock 
waves within the eye. These can 
cause damage to other parts of the 
eye if the procedure is not planned 
carefully. 

Diagnostic use of lasers allow 
ophthalmologists to examine the 
retina and distinguish between 
problems in the optical pathway and 
problems in the retinal nerves. Even if 
the optical path is damaged, an 
interference pattern of laser light can 
be focused on the retina so it is visible 
to the patient. From the patient's 
description of the pattern, a doctor 

can assess the condition of the retina. 
Ocular holography is another diag
nostic technique being developed. It 
produces a three dimensional internal 
image of the eye that provides vital 
information to the ophthalmologist. 

New laser methods frequently arise 
in ophthalmology, and a great deal 
remains to be learned about what 
combinations of factors (e.g. 
wavelength, pulse duration) work 
best. As the complexities of laser
tissue interaction become better 
understood, lasers wil be applied 
more effectively in all areas of 
medicine. 

Log ledger from 7 
Nevada, Utah, and Arizona. The 
states with the lowest average salaries 
were North and South Dakota, 
Minnesota, Iowa, Missouri, Nebraska, 
and Kansas. 

The highest paid disciplines were 
petroleum and mining engineering 
with mean salaries of $51 ,059. The 

lowest paying employer was the 
government, offering salaries between 
$37,681 to $40,869. 

On the average, a first year 
engineer earned $26,000, while the 
thirty year veterans pulled in $52,000. 

The results are based on 16,000 
questionnaires returned from 62,371 
NSPE members across the country. 

Hand-held 8-digit basic calculator with memory 
and square root 

EL-339/344 

"THIN· 
MAN"T.M. 

METRIC 
CONVERTER 
Wallet-~iled 8-dlglt ba~lc calculator with 
built-In metric conversions. 
In addition to the 4-basic arithmetic functions, this 
easy··to-read liquid crystal display calculator will 
perform 34 conversions between U.S. measurements 
and the metric system with one touch of n key 

$4. 

$10. 

UNIVERSITY BOOKSTORES 

Health Sciences Bookstore, * Minnesota Book Center 

Books Underground (St. Paul) * H.D. Smith Bookstore 
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First Prize: S~OO 
Second Prize: $50 
Third Prize: $25 

Deadline: 
February 8, ~985 

Rules: 

II 

I 

The contest is open to all registered U of M students of 
amateur status (persons never having published a work 
of fiction for monetary payment), except Techno log staff 
and I.T. Board of Publication members, past or present. 
Entries must be typed, double spaced, with one inch 
margins on 8Y2 x 11 paper and be no longer than 3,500 
words. Each entry must be accompanied by three · 
photocopies of the manuscript and must bear an 
attached cover page with the story title, author's name, 
home address, and telephone number. DO NOT PUT 
AUTHOR'S NAME ANYWHERE ELSE ON THE 
MANUSCRIPT! Minnesota Technolog retains first 
publication rights to all winning manuscripts. If you have 
any questions, call 373-5863. 
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In each issue of Minnesota Technolog there will be some puzzle to challenge you. These are not entirely for your leisure; 
be the first person to bring the completed puzzle to the Technolog office in Room 2, Mechanical Engineering, and we'll give 
you a free "Do I.T. with an Engineer" T -shirt. Good luck! 

If the opposite corners of a checkerboard are removed, leaving 62 squares, can 
the board be covered using 31 dominoes? Each domino covers two adjacent 
squares. 

What one white move will 
checkmate black? 

You may want to grab some 
graph paper for this one. The 
problem is to pack a group 
of smaller squares into one 
larger one. Determine the 
smallest number of squares 
into which a thirteen unit 
square can be divided 
without overlap or left over 
squares (one is not an 
acceptable answer). 

There is a tougher problem to ponder in your leisure. If each square in the set 
used to build the large square must be a different size, how many different 
squares will you need and how many units will the side of the final square be? 
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Questions 
1) Within three years, how old was Einstein when he 

published his theory of special relativity? 

2) What is an ectomy? 

3) True or false: Henry Ford dreamed of making cars 
entirely from soybeans. 

4) Rolaids consumes up to N times its weight in excess 
stomach acid. What's N? 

5) Townsend Speakman of Philadelphia invented the first 
example of a popular type of liquid refreshment, and 
he called it Nephite Julep. What was this invention? 

6) True or false: The watt was named after James Watt. 

7) In 1982 the Department of Defense introduced a new 
Pentagon computer language called Ada. Where did 
this name come from? 

8) What is the approximate average diameter of the Earth 
in miles? 

9) In 1889 New York State condemned William Kemmler 
to death by electrocution, the first act of its kind in the 
world. Did they use AC or DC? (Fabulously lavish 
bonus prize if you can tell why.) 

10) True or false: Carl Sagan's favorite musical group is 
The Cramps. 

By John Krumm 

Answers 
("JaAaMOl! 
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Score 

0-1 Newborn slugs have done better than you. 
2-4 O.K. If you are on an athletic scholarship. 
5-7 Welcome to the ranks of the mediocre. 
8-10 The goal was to answer the questions, not connect 
matching numbers. 
11 Oh sure, and you probably have a bridge you'd like to 
sell. 

TEST 

Deadline: November 26, Noon 

Submit designs in Room 2, 
Mechanical Engineering 

Reward: Ten dollars and a free shirt 
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Scientific Calculator, BASIC Computer. 

PORTABLE SCIENTIFIC COMPUTER 
DUAL KEYBOARD, WITH TEXT 

MODEL EL-506H/506P 
Extra Full-Featured Scientific Calculator with 
Built-In Statistics Functions 

•46 scientific functions 

*3 levels of parentheses with up 
to 4 pending oper~ations 

s Sc i en t i f i c not a t i on ( 8- d i g i t 
mantissa, 2-digit exponent) 

*Hexidecimal conversions 

MODEL EL ... 5500-II 

m Ability to use statistical information and scientific 
functions in BASIC mode 

m 59 scientific functions, including hexadecimal 
m 19 statistical functions, including linear regression 
m 1486 BASIC program steps 
111 16-character dot-matrix display 
111 Ability to store and recall 18 separate programs 

under different labels 
m 26 data memories for storing values in BASIC mode 
m 18 instant BASIC instructions for fast programming 
m Includes slip-on hardshell cover, application book, 

and batteries 
m Optional CE-126 Printer, with Cassette lnte~ace 

for storing programs (cassette recorder not Included) 
$61.50 

m 6-11/16"(W) X 3/8"(H) X 2-27/32"(0) 

$30.00 

"THIN MAN"T .. WALLET -SIZE WITH 
128 PROGRAM STEPS 
Improved scientific calculator with Multi Formula 
Reserve and decimal/hexadecimal system 
111 In addition to performing the scientific functions, the 

EL-512 permits the user to store up to 128 program 
steps built-up from any of its preprogrammed 
functions. 

11 Hyperbolic (sinh, cosh, tanh) and their inverses. 
11 Rectangular/polar coordinate conversions. 

11 Direct formula entry enters formulas the way they are 
written. 

UNIVERSITY BOOKSTORES 

Health Sciences Bookstore (Unit A) *Minnesota Book Center (Williamson) 

Books Underground (St. Paul) * H.D. Smith Bookstore (West Bank) 
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These are revolutionary 
changes that can result in 
better-made products, manue factured of new materials at 
lower cost. 

GE is deeply involved in 
bringing manufacturing into 
the silicon age. In one plant, 
electronics and computer sys
tems enable us to reduce pro
duction time of a locomotive's 
diesel engine frame from 16 

The cast-iron technology of days to 16 hours. At our dish-
the factory will soon be silicon washer production plant, a 
technology. master computer monitors a 

Chips and computers trans- distributed system of pro
fer design information directly grammable controls, robots, 
to the factory floor. Other automated conveyors, 
chips make possible flexible assembly equipment and 
robotics, programmable con- quality control stations. 
trollers for machine tools, auto- We're working on robots 
mated test systems and digital that can see, assembly sys-
inspection cameras. Local tems that hear, and mach in-
area networks tie together all ery that can adapt to changes 
these systems. and perhaps even repair itself. 

This transformation of 
manufacturing from the past 
to the future creates a need 
for new kinds of engineers to 
design and operate factories 
of the silicon age. They have 
to be as familiar with the reali
ties of the assembly line as 
with the protocols of software 
communications. 

They will synchronize 
dozens of real-time systems 
whose slightest move affects 
the performance of every 
other system. The frontiers of 
manufacturing technology 
have been thrust outward. Old 
ideas have been questioned, 
new ones probed. Some ideas 
are now on production lines. 
Others are still flickers of light 
in an imagination. 

All offer opportunities for 
you to seek, to grow, and to 
accomplish. 
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Nuclear Winter: After the Blast 
By Alan Hauser and Randy Smith-Kent 
A recent study suggests a nuclear exchange 
between the superpowers could trigger dramatic 
changes in the Earth's climate. Tt:lis article 
examines the study's assumptions and 
conclusions and surveys the response in the 
scientific community. 

The One-Two Punch of Digital Audio 
{or, how to fit a concert han in a breadbox) 

By Wayne Whitwam 
When compact digital players for the home 
showed up on the market two years ago, their 
incredible audio performance caught the 
audiophile's attention. Now that their price tag 
has dropped, every one is taking notice. 

A Fun Place for a Cold Day 
The Science Museum of Minnesota in downtown 
Saint Paul offers dozens of interesting exhibits, 
an entertaining "kid's" area to play with those 
textbook concepts firsthand, and quite simply the 
best movie house in the cities. 
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It was of some interest to read 
Michael Dean's article on choosing a 
calculator in your first fall issue, 
because I have a different view of this 
problem. In particular, I suggest to 
new students in science or 
engineering that they buy a $20 
calculator; this will easily handle what 
they will have to cope with until they 
learn enough calculus and numerical 
analysis to need something fancier. 
One very nice calculator is the Sharp 
5100 (about $60) which can be 
programmed in ordinary algebra and 
which has some very nice features, 
like a built-in least squares procedure. 
And that's it as far as calculators are 
concerned! 

The Tl-59, the HP-67 and 41, the 
Casio's etc., were all very nice in their 
day, but machine-language 
programming with hundreds of steps 
is a thing of the past. I very bluntly tell 
students that is an outright swindle to 
be selling them these obsolete 
machines when, for typically less 
money, they can buy a real computer 
about the size of a paperback book 
which uses BASIC and operates for at 
least a year on one set of batteries. 

The original pocket computer, the 
Sharp 1211/Radio Shack PC-1, 
doesn't seem to be available any 
more, but there are better ones now, 
such as the Sharp 1500A, which has 
about 6K of user-available memory 
built-in and can be expanded to over 
16K. I raced the Sharp 1211 against a 
41 CV and found the latter to be 
about twice as fast, but the 

f r 

1500/1500A are significantly better. In 
addition, you can get a printer-plotter 
which looks like a toy but actually 
produces graphs and print-outs of 
professional quality in four colors 
and, with its case and accessories, is 
about the size of a three-ring 
notebook, making it very portable. 
Considering the fact that a fancy ray
tracing program I once wrote would 
just barely fit in the available memory 
(249 steps) of a programmable 
calculator, but that it all boiled down 
to 20 short lines of BASIC, you can 
see why I tell students not to waste 
their time or money on calculator 
programming. 

If you want to get even fancier, the 
HP-71 (about $400), a Radio Shack 
100 ($600) or HP-75 (about $800) are 
lovely portable computers, although 
they are rather slow when you use 
them for long programs which take 
full advantage of the memory. It 
would be much better, if you can 
afford it, to invest the approximately 
$2,000 needed to take advantage of 
the discount which the bookstore 
offers on Apples, IBM's, etc. and 
acquire a real personal computer 
which will be usable for some time 
to come. 

May I also add that these 
computers will not be of much use 
unless the owners know BASIC and 
how to program well-known 
numerical procedures, such as the 
Newton-Raphson method, Simpson's 
rule, and Runge-Kutta algorithms, in 
this language. With this kind of 
background, we can handle 

classroom problems that were out of 
the question in the slide-rule days. 

Alan Nussbaum 
EE Professor 

Corrections 

In the profile column on Seymour 
Gray in the Fall 1 issue, Gene Amdahl 
was incorrectly identified as the 
founder of IBM because of an error in 
a source. While Gene Amdahl did 
work at IBM, he is too young to be its 
founder. He is currently the Chairman 
of the Board for Trilogy Systems. 

In the feature article on the 
University of Minnesota-Duluth 
computer engineering program, the 
qualifications necessary to enter an 
engineering program were not clearly 
stated. The entrance requirements for 
I.T. and the upper division engineering 
programs can be explained in the I.T. 
Admissions Office. 

Credit Where 

Credit Is Due 
Due to an editorial oversight, a few 

individual's names were not typeset 
for the second fall issue. Minnesota 
Technolog would like to thank our 
new photo editor Mike McGee, 
illustrators Helen Mittelstadt and 
David Hyde, and photographer Mike 
Moffa for their contributions in the 
last issue of Minnesota Technolog. 

Come see us ln. Room 2lj Mechanical En eedng~ or cal1373 .. 3298. 
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When the bulb of an ordinary 

thermometer is held in a flame, the 
mercury inside changes volume, 
moving through the capillary in the 
glass until a new equilibrium is 
reached. The system inside cannot 
change instantaneously with the 
surroundings outside. As each 
multiple of the time constant ticks 
away, the system becomes closer and 
closer to its final state. 

On July 16, 1945, the first atomic 
bomb was detonated at the Trinity 
test site in New Mexico. One month 
later, the atomic bomb brought the 
war with Japan in the Pacific to an 
end. Since then, the world count of 
nuclear warheads has approached 
fifty thousand and society's response 
to their presence has lagged behind 
their growth, trying to catch up, much 
like a thermometer thrust into a flame. 

Our nuclear arsenal has become 
the focal point of a growing national 
debate. Hundreds of politically vocal 
groups, who either favor a strong 
"defense" of nuclear power or 
propose a "freeze" of nuclear 
development, have prepared 
persuasive presentations with 
convincing charts to display their 
statistics for their case. I'll leave that 
argument to them. 

Instead, I would like to say a few 
things about the history of our 
response to nuclear weapons. 

Japan's surrender, which followed 
in the wake of the destruction at 
Hiroshima and Nagasaki, set society's 
initial mood toward nuclear 
weapons. We were at war and the 
atomic force we harnessed and 
released was seen only as another 
weapon of war. In the United States, 
the bomb was justified by the 
thousands of U.S. soldiers who 
returned to their homes without 
having to stage a grim invasion of the 
Japanese mainland. 

I saw a Hollywood movie once 
where a gunfighter rode into a 
western town and shot up a few 
bad guys who were causing a 
disturbance. Seeing the relative peace 
after his explosive arrival, the 
townsfolk enlisted him as their sheriff. 
The response to nuclear weapons In 

the old equation's weapons obsolete. 
Each side controls a rhetorical flood 
of evidence to support their stand. 

A solution cannot be found by 
looking back to 1944 or ahead to 
2000. What is needed is a third group. 
One that recognizes we live in a 
nuclear world which needs input and 

In spite of the immeasurable importance of 
nuclear weapons, the world has declined, on the 
whole, to think about them very much .. 

the late forties was probably much 
the same. After their success at 
bringing peace, the purpose of 
nuclear weapons was extrapolated to 
keep the peace. 

Sometime between then and now, a 
new response to the nuclear presence 
emerged. In The Fate of the Earth, 
Jonathan Schell wrote, "In spite of the 
immeasurable importance of nuclear 
weapons, the world has declined, on 
the whole, to think about them very 
much." While this is difficult to 
explain, it is understandable. In a time 
when the statistics of the world's 
destructive capabilities have grown 
beyond a person's capability to judge 
their magnitude (how do you fathom 
billions of tons of TNT), the decision 
to just not think about them is 
convenient, and therefore popular. 

Not everyone, however, ignores the 
nuclear presence. Some groups pro
pose to dismantle their way back to a 
time when energy was energy and 
matter was matter. But they cannot 
remove the nuclear knowledge that 
E = mc2 from man's mind. There 
are other groups who dream of new 
equations for new weapons to make 

Jonathan Schell 

feedback on nuclear ideas to develop 
good nuclear policies. The decisions 
surrounding the future of nuclear 
weapons are too important to be 
forfeited to the vocal minorities at the 
extremes of the debate. 

Our national leaders have 
resurrected the belief in the need for 
open minds on the nuclear issue by 
resuming talks with the Soviet Union 
about the future of each country and 
the nuclear presence. Hopefully the 
"numbed" majority of this country will 
follow suit by opening their minds to 
the same issue. 

On that note, I invite you to read 
the article in this issue of Minnesota 
Technolog which examines the recent 
study that theorizes the possibility of 
a nuclear war triggering a "nuclear 
winter." 

David Herridge 
Editor 
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Some of 
the most 
sophisticated 
ideas are 
developing 
at IBMm 

And offer 
ear 
responsibilityo 
With the 
rewards to 
matchm 

Find out more at IBM's 
CAREER INFORMATION 
AND SIGN=UP DAY 
Tuesday, February 5th, 9 am-3 pm 
in Coffman Memorial 
Union-Great Hall. 

Don't miss this opportunity to meet with us, 
have some refreshments, and talk informally 
about your career goals and how we can 
meet them. 

We listen 
to what you 
have to say. 

Our projects 
keep your 
imagination .. a 

and your 
career in 
motion .. 

If your BS or MS degree is in EE, CS or 
ME-or you have specialized in industrial 
engineering, MIS or technical writing-come 
to this informative session on February 5th. 
Learn about challenging career opportunities 
all over the country. Then, on-the-spot, you 
can schedule a convenient interview for either 
February 6th or 7th. 

Casual attire. But don't forget to bring 3 
copies of your resume. U.S. citizenship or per
manent residence is required for interviews. 
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lm rtant 0 on elm rtant I oblems 
The longer you stay in school the 

more specialized your studies are 
likely to become. If you desire to 
pursue a field of research, but are 
uncertain which field will keep you on 
that "cutting edge" of science, here 
are a few hints for you. 

In The Search for Solutions, 
Horace Judson outlined eight areas 
where he felt scientists could do 
"important work" on "important 
problems." 

The Cosmological Question: The 
answers to how the universe began 
have eluded man for centuries. 
Theories have come and gone, and 
before one is postulated that will stick 
around, whole new ideas of physics 
will likely be developed. 

The Unified Theory: The strong 
force, the weak force, the 
electromagnetic force, and the 
gravitational force are all mentioned 
in freshman physics. In the seventies, 

ysics b 
Several physics professors from the 

University of Minnesota are 
cooperating on a project which will 
bring a new proton decay detector to 
Lower Soudan State Park in North
eastern Minnesota. The detector will 
be housed in a new $1.5 million 
physics lab which is now under 
construction. Professors Hans 
Courant, Kenneth Heller, Marvin 
Marshak, Earl Peterson, Keith 
Ruddick, and Michael Shupe from the 
University along with others from 
Oxford University, Tufts University 
and the Rutherford Appleton 
Laboratory of the United Kingdom 

Opportuni ocking 
Each winter an exceptional 
opportunity is offered to the students 
of the Institute of Technology. A new 
editor and a new business manager 
are hired to oversee next year's six 
issues of Minnesota Technolog. No 
experience is required. If you have an 

physicists discovered a relationship 
between the strong and weak forces, 
but there is still a great deal of work 
to be done on the total unification of 
all four forces. 

The Formation of the Solar System: 
The theories behind the origin of our 
solar system have been the focal 
point of many arguments. Today, 
astronomers are watching the 
heavens in hopes of finding other 
solar systems still in the early stages 
of development (see below article). 

The Origin of Life: A quarter of a 
century ago, an experiment on the 
origin of life was conducted by 
Stanley Miller at the University of 
Chicago when he electrically 
stimulated a mixture of substances he 
felt were present on the young Earth. 
Today, experiments continue to solve 
and create the questions on the origin 
of life. 

The Quantitative Basis of Natural 

Science and Engineering Research 
Council will use the lab. The new lab 
wi II be 375 feet long by 45 feet wide 
and 38 feet high. It will be 2,400 feet 
below ground and should be 
completed in the spring. Half of the 
detector will be assembled in Chicago 
while the other half will be sent from 
England. The total cost of the project 
is $10 million and is being funded by 
money from the U.S. Department of 
Energy, the government of the United 
Kingdom, the State of Minnesota and 
the University of Minnesota. (Portions 
adapted from ITEMS). 
By Mark Werner 

interest in writing, editing, and 
management or financial manage
ment, please stop by Room 2, 
Mechanical Engineering to have a 
look around. If you agree what you 
see looks like as much fun as it really 
is, then get together a resume, a 
transcript, and any samples of your 
work and apply. We hope to see you 
soon. 

Selection and Evolution: The theory 
of evolution does not address the rate 
of change of the evolutionary 
process. Studies and experiments by 
today's researchers hope to unravel 
some of that mystery. 

Development and Differentiation: 
The complicated control system that 
turns the fertilized egg into an 
organism has escaped biologists and 
remains one of today's "important 
questions," according to Judson. 

Aging and Death: The mechanism 
that causes the failure of an organism 
has been theorized to be the 
"inevitable accumulation" of errors 
and mutations. Only more research 
will tell. 

Neurobiology: Judson wrote some 
of the most complex problems facing 
researchers are in the neurobiology 
field. How animals perceive, 
recognize patterns, and remember 
has not yet been determined. 

II uium on 
Tech yin 
a Human(e) iety 

A coloquium titled "Technology in 
a Human(e) Society" is scheduled for 
February 21-22 in Coffman Union. LT. 
Dean Infante will introduce the 
colloquium which will examine the 
effects of technology on society and 
government. Contact Nancy Cobrin at 
the Center for Humanistic Studies 
(376-8322) if you would like more 
information. 

lng ients lar 
System ghl 

Astronomers have a lot to be 
excited about these days, especially 
Bradford Smith of the University of 
Arizona and Richard Terrile of 
NASA's Jet Propulsion Laboratory. 
Using a 100 inch telescope at Chile's 
Las Campanas Observatory, they 

Continued on pagei14 
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e particles a nuclear 
explosion would introduce into 
the atmosphere could cause 
serious climatic consequences 
on a global scale. The 
assumptions and argumen 
behind the 66nuclear winter" 
theory are at the focal point of 

ay's nuclear debate. 

I 
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By Alan Hauser and 
Randy Smith-Kent 

I t was a cold world. 
Jim hoisted himself over the 

rim of the tunnel mouth, 
stepped into the new world, and 
fought back a surge of panic as he 
saw the magnitude of it all. Even at 
night, even by moonlight, it was 
possible to see how the flat ice sheet 
spread out to the horizon ... 

One by one, the men were coming 
up out of the tunnel. Carl emerged, 
and cringed in disbelief at the 
immensity of the ice field . .. 

"It's cold," he whispered. "So cold!" 
... They fell silent. After a while, Jim 

said, "The sky is much clearer than I 
expected it to be. Where's the famous 
dust cloud that caused all the 
trouble?" 

"It's there," Dave Ellis said. "Thinner 
than it was 200 years ago, probably, 
but it's there." 

"Where?" 
"Diffused in the atmosphere. One 

particle every few square feet, 
probably." 

"And a little dust made the whole 
world freeze?" Carl asked. 

Dave laughed. "It didn't take much 
to do the job," he said. "Just enough 
to screen off some of the sun's 
warmth ... " 

Time of the Gli'eat Freeze, Robert 
Silverberg1 

In his 1964 science fiction work 
about Earth after a major climatic 
change, Robert Silverberg describes 
how dust in the atmosphere caused a 
decrease in the amount of solar 
radiation reaching the surface, 
resulting in cooling and, eventually, 
an ice age. Now, 20 years later, 
Richard P. Turco, Owen 8. Toon, 
Thomas P. Ackerman, James 8. 
Pollack and Carl Sagan have 
published a set of papers which 
indicate that dust and smoke 
dispersed into the atmosphere by a 

• 
• 

I 



nuclear war could have a similar 
(although not as long lasting) effect.2.3 
Their theory paints a picture of a 
frozen, dark and dismal wasteland 
where the remaining inhabitants 
would face starvation and disease in 
the absence of medical services and 
the infrastructure necessary to 
combat these afflictions. But the cold 
and darkness are only two aspects of 
the problem. According to the theory, 
"In the aftermath of such a [nuclear] 
war vast areas of the earth could be 
subjected to prolonged darkness, 
abnormally low temperatures, violent 
windstorms, toxic smog and 
persistent radioactive fallout-in 
short, the combination of conditions 
that has come to be known as 
'nuclear winter.' "4 

How would a nuclear winter come 
about? According to the Turco, Toon, 
Ackerman, Pollack and Sagan 
(TTAPS) papers, a large-scale nuclear 
strike by the superpowers would raise 
large amounts of dust into the , 
atmosphere. This dust, along with the 
smoke and soot from the many fires 
ignited, would block out much of the 
sunlight which usually strikes the 
Northern Hemisphere. One would 
observe darkness throughout the day. 
The dust and smoke, however, would 
be of such a diameter that the longer 
wavelength infrared radiation (heat) 
emitted by the earth could pass 
through the dark veil into space. Thus 
heating would stop, but cooling 
would continue, and the continents 
would cool quickly. Oxides of 
nitrogen produced in large fireballs 
would enter the stratosphere and 
cause depletion of the ozone layer, 
which is responsible for screening out 
harmful ultraviolet (UV) radiation. 
Thus once the dust settled or was 
washed out, the environment would 
be exposed to high doses of UV 
radiation. The settling dust would also 
be radioactive, exposing the general 
population to external doses and, as 
the dust entered the food chain, 
internal doses of radiation. After a 
nuclear attack burning cites would 
become surrounded by a smog of 
toxic gases formed during the 
combustion of the many synthetic 
organic chemicals found in modern 
buildings and stored near 
metropolitan areas. These effects 
make up what is now called nuclear 
winter. 

The idea that atmospheric dust can 

cause surface temperature variations 
is not new. For many years it was 
believed that volcanic dust may have 
caused the advent of the ice ages. 
"There are still some people who 
believe that the volcanic theory has 
some importance," says Professor 
Herbert Wright of the University of 
Minnesota's Geology Department. 
"Some people believe that it is the 
cause. Others say that it is a minor 
cause." 

Even individual volcanoes can 
affect the climate. In 1815 the 
Tambora volcano in Indonesia 
exploded, spewing fine aerosols into 
the stratosphere. The following year 
was known as "the year without 
summer." 

volcanic eruptions. They found that 
there is a definite correlation between 
the two. 

While some of the authors of the 
TTAPS papers had been researching 
the climatic effects of volcanoes, Carl 
Sagan became involved in the study 
in a very dissimilar way, as he 
explained in October 1983 at the 
Conference on the Long-Term 
Worldwide Biological Consequences 
of Nuclear War.6 

"For me, it began in 1971 with the 
Mariner 9 exploration of the planet 
Mars .... The spacecraft arrived at 
Mars to find the planet completely 
covered with a global dust 
storm .... During those first three 
months, there was very little to look at 

According to the theory, ~'In the aftermath of such 
a (nuclear) war vast areas of the Earth could be 
subjected to prolo darkness, abnormally low 
temperatures, violent windstorms, toxic smog and 
persistent radioactive fanout 

Professor Richard Skaggs of the 
Geography Department at the 
University of Minnesota stated the 
following: 

"Most climatologists feel that some 
of the very large class [of volcanoes] 
have put enough particulate matter 
into the stratosphere so that there 
have been measurable changes in 
climate at the surface of the earth, 
usually in the form of a small 
decrease in temperature .... But that 
isn't a universally accepted 
notion .... The changes from 
volcanism are so relatively small that 
they are just on the lower limb of the 
expected values of global 
temperatures. So it turns out that 
there is room for debate-whether 
there is a physical cause and effect 
relationship here or whether 
there isn't." 

However, evidence recently 
collected by Valmore LaMarche Jr. of 
the Laboratory of Tree-Ring Research 
and Katherine K. Hirschboeck of the 
Department of Geosciences at the 
University of Arizona suggest that the 
temperature depressions following 
major volcanic eruptions are not 
coincidental.5 They analyzed frost 
rings in old trees to obtain dates of 
unusual coolness, which they then 
compared to the dates of known 

except the dust in the atmosphere. 
There was an instrument on board 
the spacecraft called an infrared 
interferometric spectrometer, which 
had the ability to examine the 
atmosphere at various wavelengths 
and therefore, to probe to different 
depths in the atmosphere-from very 
high altitudes down to the 
surface .... The results showed that 
the atmosphere was considerably 
warmer than is usually the case on 
Mars, and the surface considerably 
colder.'' 

This group of scientists, with their 
diverse backgrounds, came together 
and, following much work, produced 
a study with results which even they 
found surprising. 

To simulate the climatic effects of a 
nuclear war, the group of scientists 
adopted three models, each 
containing a certain number of 
simplifications and assumptions. "The 
nuclear winter theory is a totally new 
one," said co-author Toon during a 
Technolog interview. "When it first 
occurred to us, we realized that the 
first step is to do the simplest thing 
that you can in order to understand 
what might happen." Thus a one
dimensional microphysical model was 
used to predict the formation of dust 
and smoke clouds. Also a one-
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dimensional radiative-convective 
model was used to calculate light 
fluxes and air temperatures. Both 
models depend upon the amount of 
dust and smoke put into the 
atmosphere, which is itself dependent 
upon the type of nuclear attack 
postulated. Therefore, a nuclear war 
scenario model was developed. 

The total number of strategic, 
theater, and tactical nuclear weapons 
in the American and Soviet arsenals 
today is approximately 50,000.7 These 
weapons have a total yield near 
15,000 megatons. (A megaton is the 
exp~osive equivalent of a million tons 
of TNT.) To gain a perspective on the 
destructive power of this arsenal, one 
may note that in the earlier part of 
World War II a single large 
blockbuster bomb had a yield of ten 
tons, while the Hiroshima bomb had a 
yield of 0.012 megatons. With such 
large destructive capabilities at their 
fingertips, the superpowers could 
choose strikes and counterstrikes of 
various magnitudes. 

Figure 1: Temperature variation with 
altitude in the atmosphere. In the 
troposphere temperature decreases 
with increasing altitude. Thus warm 
air near the Earth's surface rises 
because it is less dense than the cold 
air above it. This results in mixing. In 
the stratosphere temperature 
increases with increasing altitude, 
forming an inversion and resulting in 
little vertical mixing. 

30 Figure 1 

25 

The attacks may also be launched 
against a variety of targets. 
"Counterforce attacks," are targeted 
against missile silos, airfields, naval 
bases, command centers and other 
"hard" targets which require fairly 
high yield ground bursts because of 
current limitations in nuclear weapon 
accuracy. Such high yield ground 
bursts will vaporize and pulverize the 
surface and lift large quantities of fine 
dust into the stratosphere and the 
upper troposphere (see figure 1 ). 
Being of supreme importance in a 
long-term way, industrial centers may 
also be targeted in what is called a 
"countervalue attack." Since 
industrial centers are not "hard" 
targets, it is likely that they and the 
cities surrounding them would be 
destroyed with air bursts, nuclear 
explosions less than a kilometer 
above the surface, such as those 
used to destroy Hiroshima and 
Nagasaki during World War II. 
Massive fires would then follow due 
to the high density of combustible 
material in cities. These fires could 
place large quantities of smoke in the 
upper troposphere and possibly even 
the stratosphere. Obviously the 
amount and size of the aerosol in the 
different atmospheric levels are 
dependent upon the type of attack 
launched. In light of this, several 
dozen cases were examined, each 
corresponding to a different nuclear 
war scenario. The "baseline" case 
assumes a 5,000 megaton exchange, 

20 percent of which is detonated over 
urban, suburban, and industrial areas. 

To understand how particles in the 
atmosphere can affect the Earth's 
radiation balance, or budget, one 
must first understand how such a 
balance is maintained in the absence 
of war-generated particles. The 
characteristic wavelength of radiation 
is inversely proportional to the 
temperature of its source. Since the 
sun is much hotter than the Earth, 
solar radiation has a much shorter 
wavelength than infrared radiation 
emitted by the Earth. Figure 2 shows 
the normal radiation fluxes to and 
from the Earth. Note that 43 units of 
incoming short wavelength solar 
radiation reach the surface. This 
energy is re-emitted as long
wavelength radiation which is readily 
absorbed by the lower atmosphere. 
The ability of the atmosphere to 
absorb long-wavelength radiation 
while allowing short wavelength 
radiation to pass through is called the 
greenhouse effect. It allows the 
Earth's surface and lower atmosphere 
to be much warmer than the surface 
of a corresponding planet without an 
atmosphere. In summary, the 
incoming solar radiation acts as a 
heat source within the Earth's surface. 

Figure 2: The Earth's normal radiation 
balance. 
Adapted from Turco eta/., "The 
Climatic Effects of Nuclear War," 
Scientific American, Vol. 251, p. 36. 

Figure 2 
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The greenhouse effect then acts as a 
blanket and keeps this heat near the 
surface. 

Things change drastically when 
nuclear dust and smoke are spread 
throughout the atmosphere. At the 
University of Minnesota's Physics 
Department, Professor George Frier, 
who has studied meteorology and 
climatology for years, described the 
situation as follows: 

"When the nuclear cloud is present, 
most of the sunlight will be scattered 
or will be absorbed in the 
atmosphere. Very little of it will get 
through to the Earth. A good rule to 
remember ... is if the size of the 
particles is anywhere near the 
wavelength of the light, then they can 
scatter the light. Our solar spectrum 
is centered at about 0.5 microns, so 
any particles from a tenth of a micron 
on up will scatter light like 
crazy .... The problem with the 
nuclear holocaust is that it will put 
lots of particles into the air that are 
capable of scattering light." 

Figure 3 shows that when dust and 
smoke are added to the atmosphere 
only five units of radiation make it to 
the surface. Much of the rest is 
absorbed by the particles in the upper 
atmosphere. Thus only a small net 

Figure 3: The Earth's radiation 
balance during a nuclear winter. 

Adapted from Turco eta/., "The 
Climatic Effects of Nuclear War," 
Scientific American, Vol. 251, p. 36. 
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amount of infrared or long
wavelength radiation is emitted by the 
surface and absorbed by the lower 
atmosphere. Laden with light
absorbing particles, the upper 
atmosphere becomes warmer while 
the lower atmosphere and the surface 
cools, much as Mariner 9 observed on 
Mars during the dust storm. Figure 4 
illustrates this profile. 

To simulate the climatic 
effects of a nuclear war, 
the group of scientists 
ad ted three models, 
each containing a 
certain number of 
simplifications and 
assum s .. 

Figure 5 shows the surface 
temperature as a function of time. 
After several weeks or months the 
particles in the lower troposphere 
begin to settle out or are washed out 
by rain. Aerosols in the stratosphere, 
however, may remain for several 
years since the stratosphere is very 
stable and subject to only horizontal, 
not vertical, air movements. 
Tropospheric smoke is largely 
responsible for the relatively short
term drastic temperature depressions 
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while stratospheric dust causes the 
long-term temperature reductions. 
This can be seen clearly by 
comparing case 10 to case 11. Both 
are 3,000 megaton exchanges but 
case 11 is an attack composed of only 
ground bursts over hard targets (not 
cities). Therefore the effects of fires 
and smoke were ignored. Case 14 
indicates that temperature drops of 40 
degrees Celsius can be observed in a 
relatively mild 100 megaton exchange 
if only cities are targeted. Note that 
100 megatons is smaller than one 
percent of the total nuclear arsenal 
available to the superpowers. 

It is also interesting to note that it 
was assumed that little smoke 
reached the stratosphere in the 
baseline, 5,000 megaton case. If large 
firestorms-towering urban fires 
accompanied by hurricane-force 
winds due to rapid upward air 
convection-were common in a 
nuclear exchange, much more smoke 
would reach the stratosphere, and the 
nuclear winter would be much more 
severe. Such firestorms did occur in 
the World War II bombings of 
Dresden and Hamburg. 

But cold is not the only effect of 
solar insolation reduction. A nuclear 
winter, unlike a conventional winter, 

Figure 4: Variations in atmospheric 
temperature profile due to fine 
particles raised by a nuclear war. 

Adapted from Ehrlich eta/., The Cold 
and the Dark, p. 12. 
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would be quite dark. Freier explains 
how one can imagine the degree of 
darkness: 

"They said that it [the nuclear 
explosions] would raise about 
9.6 x 108 tons of dust. Taking the 
density of the dust, you can calculate 
how many cubic meters that is. Then 
I put a sheath around the Earth and 
asked what thickness would it be in 
order to have this 9.6 x 108 tons. The 
thickness turned out to be 1.8 
microns .... I think a good thing to 
think about is a photographic 
emulsion or negative .... those 
particles in there are on the order of a 
micron .... If I have a micron particle 
everywhere on the film, I can hardly 
see the sun through it. So the dust, if 
it were uniformly distributed, is 
enough to cover the whole Earth with 
[the equivalent of] a photographic 
emulsion." 

Indeed, the TTAPS authors coldly 
state, " ... within the target zones it 
would be too dark to see, even at 
noon."7 Such darkness would have a 
profound effect on all plants which 
are dependent on photosynthesis. 

After a certain period of time the 
dust would settle or be washed out. 
The survivors of the cold and 
darkness may find this a mixed 
blessing since a nuclear exchange 
could very well destroy the ozone 
layer, and if this were the case, the 
dust would be the only thing 
protecting the Earth's inhabitants 
from harmful ultraviolet radiation. 

Nuclear explosions with yields 
equal to or greater than 100 kilotons 
are concurrent with the creation of a 
fireball which rises partially or 
completely into the stratosphere. 
Oxides of nitrogen are formed when 
nitrogen is chemically ignited by the 
high temperatures of the fireball. 
These oxides of nitrogen destroy the 
ozone in the stratosphere. The 
mechanism is described by Professor 
Konrad Mauersberger of the Physics 
Department at the University of 
Minnesota as follows: 

"NO takes an ozone and forms N02 
and 0 2. 

NO+ 0 3 yields N02 + 0 2 

The N02+ 0 yields NO+ 0 2 

In chemistry, we call this a catalytic 
cycle. The initial molecule, NO, goes 
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through a cycle and comes back as 
NO. And now it can start to destroy 
ozone again." 

Sagan states that a nuclear war 
involving thousands of high-yield 
weapons could increase the amount 
of dangerous UV light by several 
hundred percent.8 

Every thermonuclear bomb uses 
fissionable material as a trigger-a 
device used to start the fusion 
reaction. Usually made of plutonium, 
the trigger produces an abundance of 
radioactive products which are 
harmful to human beings. Particles 
injected into the lower troposphere by 

Figure 5: Slnface temperature versus 
time after nuclear detonations for 
several nuclear war scenarios. 

Adapted form Turco et al, Science, 
Vol. 222, p. 1286. 

low yield explosions coagulate, 
settle, or are rained out, taking their 
radioactivity to the Earth's surface. 
Sagan states that in the baseline 5000 
megaton case 30 percent of the 
Northern Hemisphere would be 
exposed to a radiation exposure dose 
of 250 rads.9 (A rad is a unit of 
radiation exposure equal to 100 ergs 
of ionizing energy per one gram of 
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tissue.) In addition, a dose of 100 rads 
is delivered throughout the Northern 
Hemisphere because of external 
emitters and ingested radioactive 
material from the contaminated food 
supply. The accepted lethal dose is 
between 400 and 500 rads, assuming 
comprehensive medical care is 
available. Joseph Knox of the 
Lawrence Livermore National 
Laboratory has estimated that if 
nuclear power plants were targeted 
the average dose could be increased 
by several hundred rads.10 

Besides generating large volumes 
of smoke, urban fires may also 
produce a toxic smog. The authors of 
the TIAPS papers state the following: 
"In addition to carbon monoxide, 
which is produced copiously in many 
fires, hydrogen cyanide and hydrogen 
chloride are generated when the 
synthetic compounds in modern 
building materials and furnishings 
burn. If large stores of organic , 
chemicals are released and burned in 
a nuclear conflict, additional airborne 
toxins would be generated." The 
possibility exists for the 
transportation of toxic clouds over 
vast distances. 

Besides predictions of coldness, 
darkness, UV radiation, radioactive 
fallout, and toxic smog, the TTAPS 
papers also proposed one more 
consequence of a nuclear war. In the 
past it had been assumed that 
although a large-scale nuclear war 
would cripple and possibly even 
destroy the Northern Hemisphere, the 
nonparticipating nations of the 
Southern Hemisphere would be left 
intact. Turco et al. challenge this 
assumption and indicate that changes 
in global circulation patterns caused 
by the aerosols in the atmosphere 
could cause rapid dust transport to 
the Southern Hemisphere. 

"A rough analogy can be drawn 
with the evolution of global scale dust 
storms on Mars. The lower martian 
atmosphere is similar in density to the 
Earth's stratosphere, and the period of 
rotation is almost identical to the 
Earth's (although solar insolation is 
only half the terestrial value). Dust 
storms that develop in one 
hemisphere on Mars often rapidly 
intensify and spread over the entire 
planet, crossing the equator in a 
mean time of approximately 10 days. 
The explanation apparently lies in the 
heating of the dust aloft, which then 

" ...... Within the target zones it would be too dark to 
see, even at noon .. " 

dominates other heat sources and 
drives the circulation." 

Transport may also occur in the 
stratosphere, which experiences very 
little vertical mixing but does contain 
horizontal mixing. Observations of the 
cloud emitted by Mexico's El Chichon 
volcano (located at 14° N) show that 
between 1 0 and 20 percent of the 
particles in the stratosphere were 
transported to the Southern 
Hemisphere after only seven weeks. 

Of course, the TI APS study is by 
no means the final verdict concerning 
the nuclear winter question. Like all 
new theories, it contains many 
assumptions and simplifications. 
When asked which major questions 
remained to be explored, Toon 
replied, "The first major question is 
how much material which is burned 
makes it into the atmosphere and 
how much dust is injected into the 
atmosphere-what fraction of the city 
is burned, for example ... The 
second uncertainty is where does this 
smoke end up. Basically what we 
assumed is that most of the smoke 
ends up in the upper troposphere ... 

Changes in global 
circulation ms 
caused by the aerosols 
in the atmos ere could 
cause rapid dust 
tran to the 
Southem Hemi ere .. 

There are some people who think the 
smoke will end up in the lower 
troposphere, and it will rapidly get 
rained out. Nobody really knows 
where it will end up ... The third 
uncertainty is the climate. It is a 
complicated system which is hard to 
model." 

lTAPS Report 

The importance of ascertaining the 
size of particles and the height to 
which they are propelled is illustrated 
by the relative climatic effects of 
volcanoes. "As I understand things, 
one of the crucial differences between 
Mount St. Helens and El Chichon is in 
terms of the kind of material that was 
put into the stratosphere," said 
Skaggs. "Mount St. Helens was not a 
very gaseous-particularly sulfur 
oxide gaseous-explosion. As a result 
it put into the troposphere and the 
stratosphere relatively large pieces of 
material which obviously tend to fall 
out more rapidly. In the case of El 
Chichon, much of the material 
ejected into the stratosphere was ... 
in the form of sulfur oxide gases that 
then precipitated into very small 
particles in the stratosphere. And so 
the amount of material that was put in 
the stratosphere by El Chichon was 
much larger than in the case of 
Mount St. Helens and [this material] 
has the tendency to stay there longer 
because of its very small size." Thus it 
is currently believed that El Chichon, 
not Mount St. Helens, may have had a 
noticeable effect on the climate. 

Other uncertainties include the 
amount of smoke generated and the 
effects of patchiness of the original 
nuclear cloud, as pointed out by 
Edward Teller of Lawrence Livermore 
National Laboratory.11 Teller added 
that the ozone depletion scenario 
depends on the use of large yield 
weapons, and the trend in both the 
United States and the Soviet Union is 
toward smaller weapons. He also 
claims that metropolitan areas would 
not be subjected to air bursts, but this 
argument is disputed by the authors 
of the TI APS papers, who claim that 
large urban fires are unavoidable if 
industrial centers are targeted since 
most such centers are in or near large 
cities. 

Originally many scientists 
complained about the simplicity of 
the one-dimensional model, which 
takes into account changes in 

Continued on page 126 
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Log Ledger from 1 
took photographs of the sky around 
the star Beta Pictoris. These 
photographs reveal a disk of matter, 
including ice, carbon, and silicon, that 
is approximately 80 billion miles in 
diameter. It is believed that this disk 
of matter will eventually form a new 
solar system. A great deal of 
understanding on the origin of our 
solar system could be gained from 
watching what may be a new solar 
system in an early stage of formation. 

Searching for planets is difficult 
because the stars they circle are so 
much brighter than they are. 
However, the ratio of star to planet 
brightness is much smaller in the 
infrared range. Smith and Terrile were 
led to investigate Beta Pictoris more 
closely when satellite data showed 
heat emissions coming from it 

In an earlier search for planets 
outside our solar system, astronomers 
were drawn to Bernard's star when 
they detected a wobble in the 
apparent motion of the star. The 
findings of the Bernard's star study 
have long been in dispute, but the 
method used, astromety, is a good 
one, and is currently being used in 

various forms in other studies. As 
astronomers use these "old" methods 
of observation and develop new ones 
to study Beta Pictoris, we may gain 
valuable insight into the "hows" of the 
universe. 
By Lorrie Sheets 

ne of e Hundred 
Brightest 

Who are the 100 brightest American 
scientists under 40 years old? A 
survey in the December Science 
Digest asked 55 senior scientists 
around the nation's foremost research 
laboratories and institutions to 
nominate the young, innovative 
scientists who will be tomorrow's 
leaders. The list includes twenty-nine 
year old George Barany, a chemistry 
professor at the University of 
Minnesota. 

According to Science Digest, 
Barany jumped from high school into 
a graduate program where he 
completed his Ph.D. at 22. Barany's 
teaching at the University is limited to 
40 lectures a year because of the time 
demanded by his research grants 
investigating peptide synthesis. 

gnetic Research 
cts A ntion 

The Institute of Technology 
announced the establishment of a 
magnetic research center in the 
Department of Electrical Engineering. 
The Magnetic Information 
Technology Center (MINT), under the 
directorship of Professor Jack Judy, 
will join interdisciplinary faculty with 
the existing EE Magnetics Research 
Lab "to operate and maintain a world 
class center of excellence in research 
and education in the area of 
advanced magnetic information 
technologies," wrote former I.T. Dean 
Rama Murthy. 

Six research programs have been 
established to explore the design of 
magnetic media, heads, and sensors: 
1) correlation of the micromagnetics 
of new materials, 2) modeling of 
recording and sensing devices, 3) 
determination of magnetic interaction 
between devices, 4) optimization 
of recording systems, 5) 
characterization of the effects of wear 
and corrosion, 6) and design of signal 
detection electronics. 

pe~mm~~~~~mm~~~~~~eq 

HEWLETT 
PACKARD 

The powerful Hewlett-Packard Series 40 advanced calculators 
are expandable. Versatile. Reliable. 

Hard Fads Soft Fads 
The most recent addition to Thousands of software 
the family, the HP-41CX, has programs are available. 
built-in 
m Timer Module 
m Extended Functions Module 
liill Enhanced Text-File Editor 
liill And More! 

Competitively 
Priced 
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There's a lot more to an Army ROTC 
scholarship than tuition, books, lab fees, sup
pli~s and up to $1,000 per school year for 
liv1ng expenses. 

There's leadership. You start sharpening 
your ability to lead while you're still in 
engineering school. So when you graduate as 
a second lieutenant, you're ready to take 
charge. 

You're trim, fit. You know how to 
motivate people. And you're capable of man-

aging the thousands of dollars worth of 
equipment you're in charge of. 

And as you progress, you'll discover 
increasing opportunities to advance your 
engineering skills, to attend graduate school, 
while you serve your country. 

All the while, you'll be acquiring the man
agement skills that industry leaders look for. 

So look into an Army ROTC scholar
ship. Talk it over with the Professor of Military 
Science on your campus. 

SEE MAJOR JERRY WESTHAUS 
ROOM 10 8 ARMORY 

373-2212 



I 
By David Herridge 

The textbook problems presented during many classes 
in the University can often be solved by flipping back the 
pages until you stumble upon the right equation. While 
some would argue the luck of the stumble plays a big part 
in research too, a researcher in industry needs other 
attributes to become a success. Knowledge from school 
and work must be gained and maintained. And that 
knowledge must be applied to the problems in innovative 
ways to seed growth. Lester Krogh, the Vice President for 
Research and Development at 3M, faces problems that do 
not have answers in the back of a text. His ability to 
discover solutions to those problems fueled his rise 
through the company ranks and earned him the 
recognition of the University Board of Regents, who 
granted Krogh the University of Minnesota Outstanding 
Achievement Award last November. 

Krogh's first love was chemistry. While growing up in 
Ruskin, Nebraska, Krogh found a parent's college 
chemistry book and it captured his attention. It was not 
long before Krogh had his own chemistry set to satisfy his 
scientific curiosities first hand. 

When Krogh enrolled at the University of Nebraska he 
chose to pursue chemical engineering over chemistry 
because a comparison of the programs revealed that more 
chemistry was offered through the engineering program. 
Krogh jokingly added, "I had read chemists made $2,000 a 
year and chemical engineers made $2,200." 

A draft notice left Krogh a few hours short of completion 
for his bachelor degree. However, a wartime rule allowed 
students to receive degrees short of the full requirement, 
so the head of the department granted Krogh his B.A. in 
chemical engineering on Krogh's promise that he would 
return to graduate school after his military discharge. 

After serving in the U.S. Navy in the Pacific after World 
War II, Krogh applied to many Big Ten graduate schools, 
but returned to Nebraska because most schools were not 
accepting out of state students. Krogh completed the 
courses he had missed during his bachelor studies and in 
1948, received his Master's degree in organic chemistry. 

"At that time, students were encouraged to get at least 
one degree in a different institution," said Krogh. So, in his 
words, he was chased out of Nebraska. The University of 
Minnesota accepted him and he completed his doctorate 
four years later in organic chemistry. 

When asked what the University was like when he 
attended, Krogh jested, "Back then, it had a good football 
team." He continued, commenting on how much the 
University had grown, especially on the new buildings. His 
final note was a comparison to the Nebraska campus. The 
University of Minnesota, because of its commuter campus, 

16 Minnesota Technolog, Winter 1, 1984 

ti 

inter-relationship an the 
scientific disciplines will affect us 
more strongly in future than it 
does today~ 

Dr. lester Krogh 

thought Krogh, fostered a different social atmosphere than 
Nebraska had. He remembered the Minnesota Union 
being the social center only during the day. At night, 
everyone had dispersed. 

While finishing his Ph.D., Krogh began working at 3M 
during the summer. This opened the door after graduation 
to a full time opportunity as a senior chemist with 3M's 
central research laboratories. 

When he became a research group supervisor in the 
coated abrasives lab, there was a drive to develop a new 
generation of products. A problem that had always 
plagued the production of abrasives was the humidity 
response of the paper and cloth backings. The backings 
were subjected to a wet environment during glueing and 
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to a hot environment during drying. The result was 
uncontrollable "curling" which Krogh described as "a 
nuisance" to production and use. Strong polyester film 
had been released a few years earlier and because of its 
lack of response to dramatic humidity changes, 3M hoped 
the next generation of abrasive products would use 
polyester backings. Krogh's job was to find out how to 
adhere abrasive materials to the smooth, clear films. The 
chemical process Krogh developed changed the film's 
surface characteristics, in a sense "priming the film." The 
abrasives developed are used today to polish plastic 

At that time, students were 
encouraged to at least one ree 
in a different institutionm 

lenses for eyewear and smooth the disks used in personal 
computers. The "priming" process was eventually adapted 
to produce the first videotape. When asked to estimate the 
number of 3M products his patented process has effected, 
Krogh would only say it would be quite a number. 

Krogh attributes some of his success to the combination 
of chemical engineering and organic chemistry he 
completed in school. "It has been a good combination. 
Organic chemists make new materials and they have to 
talk to the chemical engineers in order to translate what 
they do into production," said Krogh. 

The path Krogh took through the company ranks 
changed between the business and the research sides of 
3M. In 1982, he was appointed vice president for research 
and development. While the promotion placed him on 
3M's management committee, Krogh emphasized he is 
deeply involved in 3M's research. He heads the 6,000 
research and development personnel employed by 3M 
around the world. The many research laboratories, where 
3M plans and perfects its huge product line, also fall under 
Krogh's jurisdiction. 

Many results of 3M research have made front page news 
in the last few months. The last space shuttle mission 
carried a set of 3M experiments into orbit. Away from the 
Earth's gravitational effects, the containers produced very 
large, single crystals, according to preliminary reports. 

Another development was the FDA approval for a 
cochlear implant for people with no sense of hearing. The 
device allows the recipient to hear noise similar in quality 
to a slightly untuned radio. The audio input, despite its 
current poor quality, makes lip reading much easier. 

The future of 3M research was described by Krogh to be 
"very rosey." 

Krogh's supervisory position brings him into contact 
with many young researchers. In an article in Items, Krogh 
said, "I have always enjoyed talking to younger people 
who were doing research at the bench. I want to make 
them feel that what happened to me could happen to 
them." 

Krogh's advice for reaching a position like his is the 
same advice his earlier supervisors had for him. They 
insisted he stay current in the literature in his field and to 
read broadly in others. "The inter-relationship of all the 
scientific disciplines will affect us more strongly in the 
future than it does today," emphasized Krogh. Because a 
varied knowledge of many fields can generate innovative 
ideas, Krogh suggested students get into the habit of 
studying and continue to study after graduation. 

Solutions to real engineering problems are not found in 
the backs of textbooks. An innovative mind must generate 
and recognize the solution without the safety of an answer 
key. Lester Krogh has clearly demonstrated his 
engineering and leadership skills during his career at 3M. 
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olution 
Rapid, reliable methods for solving ch~mi~al equ~librium 
equations have long been sought by sczentzsts askzng fundamental 
questions about systems as var~ed as t~e atmo~phere,. t~e ~uman 
body, and the internal combustzon engzne. An znterdzsczP!znary 
collaboration at the General Motors Research Laboratorzes has 
produced a breakthrough with potentially universal applications. 

Model Effieiency 

Other 
calculations 

Computer Time 

Chemistry 
calculations 

Figure 1: Computer time required by an engine 
combustion model. Time required for chemical 
calculations decreased greatly with the new 
methodology. 

Figure 2: Artist's illustration of a chemically 
reacting flow. The physical space is divided by 
a latticed network mto units of volume, and the 
solution must be recalculated for each grid point 
at each instant of time. 

HEREVER CHEMISTRY is 
involved, the need to 

solve chemical equilibrium equations 
arises. Although methods for solv
ing such equations have existed for 
some time, they do not offer the 
speed demanded by the most chal
lenging problems. For example, pre
dicting the composition of gases 
inside an engine cylinder may require 
as many as a million equilibrium 
calculations per cycle. Two research
ers at the General Motors Research 
Laboratories have developed a sys
tematic way to reduce the mathe
matical complexity in these problems, 
thus making it possible to solve 
them rapidly. 

Chemical equilibrium occurs 
when the rates of a forward and 
reverse reaction are equal. Mathe
matically, this statement usually 
translates into a system of nonlin-

ear polynominal equations. Until 
now, there has been no fast reli
able method for solving such systems. 
Solutions to particular problems 
have demanded thorough familiar-

, ity with the physical conditions. In 
most cases, this means partial knowl
edge of the answer. 

Dr. Keith Meintjes of the Fluid 
Mechanics Department and Dr. 
Alexander Morgan of the Mathe
matics Department began their 
research by considering recent 
advances in the theory of continua
tion methods. They concluded that 
a suitable continuation algorithm 
could be relied on to solve the non
linear polynomial equations that 
make up chemical equilibrium 
systems. In this insight lies the real
ization that the solution can be 
obtained without any knowledge of 
the physical nature of the problem. 

In seeking the most efficient 
implementation of the continuation 
method, the researchers discovered 
that chemical equilibrium equations 
can always be systematically reduced 
to a substantially simpler mathe
matical form. The reduced systems 
have fewer unknowns and a smaller 
total degree. The total degree of 
any system is the product of the 
degrees of each of its equations. 
Reducing the total degree makes a 
system easier to solve. A typical 
combustion problem with ten equa
tions and total degree of 192 was 
reduced by the researchers to two 
cubic equations with a total degree 
of nine. 

The reduced systems can then 
be systematically scaled to fit within 
the limits imposed by computer 



arithmetic. The range of coefficients 
in chemical equilibrium systems 
tends to be too large or too small 
for the arithmetic of the computer. 
Consequently, the solution process 
can fail. By construction of an effec
tive scaling algorithm, this arith
metic constraint can be eliminated. 
Suitably reduced and scaled, the 
equilibrium systems can then be 
solved reliably by the continuation 
method. 

HUS, Drs. Meintjes and Morgan 
accomplished their original 

goal of developing an innovative 
reliable approach to solving chemi
cal equilibrium equations. They 
also made a final, unexpected dis
covery. Certain standard solution 
techniques, which fail on the origi
nal systems, can be made absolutely 
reliable when applied to the reduced 
and scaled systems. These methods, 
which are variants of Newton's 
method, are also many times faster 
than continuation. 

This research has produced 
an extremely effective solution 
strategy-reduction of the equa
tions, followed by scaling of the 
reduced systems, followed by the 
application of a suitable variant of 
Newton's method. The simplifica
tion of the systems, which was origi
nally formulated to facilitate the 
implementation of the continuation 
method, proved to be the critical 
f~ctor enabling the use of fast tech
mques. 

In one application, the chemi
cal equilibrium calculations are part 
of a model which predicts details 

of the flow, turbulence, and com
bustion processes inside an engine. 
By using their methodology to 
develop an equilibrium solver for 
this application, the researchers 
greatly increased the model's solu
tion efficiency (see Figure 1). 

"It was the characteristic struc
ture of equilibrium equations:' says 
Dr. Meintjes, "that allowed us to 
perform the reduction. The unex
pected mathematical simplicity of 
the reduced systems suggests that 
even more efficient solution meth
ods may be discovered:' 

"Critical to this research:' says 
Dr. Morgan, "was the dialogue 
between disciplines. I hope that this 
dialogue will continue as scientists 
and engineers in diverse fields 
explore the capabilities of this new 
methodology:' 

General otors 

THE 
MEN 
BEHIND 
THE 
WORK 
Dr. Keith Meintjes, a Staff Research 
Engineer in the Fluid Mechanics 
Department, joined the General 
Motors Research Laboratories in 
1980. Dr. Alexander Morgan, a Staff 
Research Scientist in the Mathe
matics Department, joined the Cor
poration in 1978. 

Dr. Meintjes (left) was born in 
South Africa. He attended the Uni
versity of Witwatersand, where he 
received a B.Sc. and M.Sc. From 
1973 to 1975, he taught fluid 
mechanics and engineering design 
at the university. He then went on to 
study at Princeton University, where 
he received an M.A. and Ph.D. in 
engineering. His doctoral thesis 
concerned numerical methods for 
calculating compressible gas flow. 

Dr. Morgan (right) received his 
graduate degrees from Yale Uni
versity in differential topology. His 
Ph.D. thesis concerned the geome
try of differential manifolds. Prior 
to joining General Motors, he taught 
mathematics at the University of 
Miami. His book, "Applications of 
the Continuation Method to Scien
tific and Engineering Problems;' will 
soon be published by Prentice-Hall. 



20 Minnesota Technolog, Winter 1, 1984 

At FMC's Northern Ordnance 
Division, you can be part of an exciting 
new business team in the design, 
development and production of new 
systems for our national defense. You'll 
work with a stimulating group in a high
tech environment- CAD/CAM, laser 
applications, ultra-precision 
manufacture and assembly, advanced 
electronic and robotic designs. 

Challenging jobs are here for those 
who have talent in applying resources 
where they are most productive. We 
have openings now for qualified ME 
and EE graduates, as well as MBfi:s 
with a technical degree. 

You can work hard and enjoy the 
rewards right here in four-season 
Minnesota. Call or send a resume to 
Professional Staffing, FMC 
Corporation, Northern Ordnance 
Division, 4800 E. River Road, 
Minneapolis, MN 55421. (612) 
571-9201. 

An Equal Opportunity Employer M/F 

The Air Force has openings for young men and women majoring in 
selected science and engineering fields. Like AeronauticaL Aerospace. 
General and Electrical Engineering. Mathematics. Physics and Com
puter Technology. 

To help prepare for one of these. Air Force ROTC offers two and 
four-year programs of study which will defray some of your college 
costs. 

After completion of the AFROTC requirement. and upon your 
graduation. you'll be commissioned an officer in the Air Force. Then 
comes responsibility. experience in your specialty with some of the 
best people and facilities in the world. and a mission with a purpose. 
Ymdl get excellent starting salary. medical and dental care. 30 days 
vacation with pay beginning your first year. and more. 

Look into the Air Force ROTC program right away. See whafs in it 
for you. See how you can serve your country in return. 

Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 

(612) 373-2205 
(612) 373-2206 
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By Renee Bergstrom 

Job 
Robert A. Heinlein, 
Ballantine Books, hardcover, 
1984, p. 376, $16.95. 

The prolific and revered Heinlein is 
out with a new novel and this book, 
unlike all the others, has a Christian 
protagonist. However, even with a 
new class of character, the writing 
has not changed much and this book 
resembles other Heinlein works. 

The story revolves around a 
fundamentalist preacher who is 
caught up in what he feels is a 
practical joke by Satan. The trouble 
all started when Alexander 
Hergensheimer walked through a fire 
pit and wound up on another earth 
mistaken for Alec Graham. Graham 
had been having an affair with a 
stewardess, Margrethe, and she didn't 
believe that Alex was not Alec. From 
then on, Alex and Margrethe bounce 
from one earth to another. Alex 
believes during this time that the 
Rapture will occur; unfortunately, his 
Margrethe is not in a state of grace. 
(She believes, rather, in the old Norse 
pantheon.) 

The story, after a time, becomes 
fairly predictable. The pace was slow 
up until the last 70 pages and it often 
resembled a previous Heinlein novel 
The Number of the Beast. 

Comparing new and old there are 
similar problems in both. First, the 
bouncing between dimensions in The 
Number of the Beast got monotonous 
after a time and Job mirrors the same. 
Secondly, in the past, the female 
characters have lacked personality. In 
The Number of the Beast the 
characters blur together (male and 
female) and the women's lines were 
written like a man writing a woman's 
part. Job's women also fail in this 
respect. In other words, Heinlein 
lacks the insight to fully develop his 
female characters. 

Differences in the novels are also 
apparent. First, like Beast, the 
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characters jump through what they 
feel is time, but the Earths have 
stronger similarities and different 
histories. Secondly, both stories were 
written from the first person point of 
view, but Job doesn't shift between 
the narrator's and the main 
character's thoughts, like in Beast. 
Finally, Job is a success over Beast 
because it doesn't rely on established 
characters to, pull it together. 

The book is a biblical allusion, 
paralleling the story of Job in the Old 
Testament. The protagonist's values 
decay far more rapidly than is 
believable for the fundamentalist he is 
supposed to portray and his struggle 
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"In one day I had 
had two dishwashing 
jobs in the same town 
at the same 
address ... and had 

1 collected nothing. It is 
difficult to collect from 
The lonesome 
Cowboy Steak House 
when it turns into 
Vivian's Grill in front of 
your eyes. The same was 
tme three hours later 
when Vivian's Grill 
melted into a used-car 

1 lot. The only good 
' thing about these 
shocks was that by 
great good fortune 
(or conspiracy?) 
Margrethe was with me 
each time-in one case 
she had come to get 
me and was waiting 
with me while my boss 
was figuring my time, 
in the other she had 
been working with me." 

is minimized more than I felt it should 
have been. 

One disappointment is that Heinlein 
is full of off-the-cuff remarks filled 
with sexual overtones which add 
nothing to the story. "Do you want his 
basic statistic? If so, do you want it 
relaxed or at attention?" 

Altogether, for those who like 
Heinlein, they will like Heinlein 
regardless. But for the 
fundamentalist, he or she may find 
the conclusions Heinlein presents 
offensive. This book is certainly not 
Heinlein's worst, but it's not his best 
either. 
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igi I reco ing provides the data necessary to reproduce 
sound ith striking claritys day's compact disc pia rs 
now allow you to bring at sound into your home, without 
having to mortgage the house. 

By Wayne Whitwam 

I f you have listened to recorded 
music in the last couple of 

, years, you are most likely aware 
of the advent of digital recording. 
This recording process uses a 
computer to produce music with 
crisp highs and booming lows. 
However, to do any justice to this 
process, a storage and retrieval 
method was needed that also used a 
computer. Hence, the result was the 
compact disc (CD) player: a 
computer replaced the turntable, a 
small shiny disc replaced the LP 
record, and a laser replaced the 
phonograph needle. 

About two years ago, the CD player 
was first shown in this country at the 
Consumer Electronics Show. You'd 
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have thought this was the rebirth of 
the stereo LP; the audio press jumped 
on the bandwagon with consistent 
praise. However, despite the 
revolutionary performance of these 
first-generation players, their price of 
$1,000 outclassed all but the fussiest 
audiophile. 

Lately, these units have been 
stripped to the bone and slashed in 
price to meet the consumer 
pocketbook. A year ago, the last 
place you'd expect to see a CD player 
was in a store that also sells trash 
compactors. Yet, there they are today, 
going fast at $349.95. 

Although these new CO's are the 
bare bones of the' older generation, 
amazingly, they still sound as good as 

the more expensive models. That's 
because the basic features of the disc 
player have not changed dramatically. 

When Philips of the Netherlands 
first introduced the compact disc in 
1979, they wanted to avoid the "VHS
Betamax" type of format battle with 
Japanese manufacturers. So, they 
built it in conjunction with Sony. 
Basically, Philips developed the laser
tracking, video-disc system. 
Meanwhile, Sony's engineers 
perfected the sophisticated data
coding and error-correction circuitry. 

The result of this combined effort is 
some pretty impressive specs. The 
signal to noise ratio, or the clarity and 
crispness of the music above the 
background, rates a superb 95dB. 
Compare this to 60dB S/N ratio on a 
reel-to-reel tape deck. On a CD, 
channel separation is more than 
90dB: nearly perfect sounding stereo. 
A reel-to-reel deck has only 50 dB 
separation. Also, the compact disc 
system claims a dynamic range better 
than 95dB, a frequency response 
from 5Hz to 20kHz, with harmonic 
distortion less than 0.005% and 
unmeasurable wow and flutter. 

What all this means is that the 
sound of a master tape will be 
brought into the home just as if it 
were the original recording, without 
the shortcomings of a conventional 



phonograph record: no pops, crackle, 
rumble, wow and flutter, distortion 
from bad pressings, and best of all, 
no disc wear even after years of play. 

Sounds fantastic? Just wait (mtil 
you listen to it. The striking clarity of 
the music, even in the soft passages, 
sells these systems far better than an 
impressive list of specifications. 
(Remember, the disc will only sound 
as good as the stereo it's played 
through.) But before you rush off to 
the hi-fi store to listen for yourself, 
you may want to know what makes 
these players so special. Sure, you 
can ask a salesman all about the CD 
system. But he's probably got better 
things to do, like sell you a trash , 
compactor, than to try to answer your 
endless questions. 

THE DISC PLAYER 
In case you've never seen a 

compact disc, it's merely a plastic
coated, metalized disc about four and 
three-quarter inches across-small 
enough to fit in a coat pocket. And 
yet, each CD can hold over one hour 
of music. The disc is similar to a 
stereo LP in that the information is 
pressed into the material. However, 
data stored on a conventional 
phonograph record is analog. 
Whereas, data stored on a CD is 
digital. 

The term analog means that 
information is represented in terms of 
continuously variable quantities. More 
simply, analog is continuous. For 
example, a slide rule is an analog 
calculating device. A watch with hour 
and minute hands is an analog clock. 

Phonograph records attempt to 
reproduce analogous copies of the 
original sound wave. You can see 
these changes by simply examining 
the tiny grooves on a record. So what 
you hear when you play a stereo LP is 
the stylus vibrating in corres
pondence with the groove that it is 
tracking. The stylus vibrates between 
tiny coils of wire, which produce an 
electro-magnetic field that induces a 
current. This current, in turn, is 
amplified and sent to the speakers. 

A home compact digital audio player 
(above left) reads bits of musical 
information through the protective 
plastic cover of a compact disk (right) 
using a laser "s.t:;rlus." The sound 
reproduced as astounding. 

The digital system works on a 
completely different principle: it is 
discontinuous. In other words, each 
unit can be broken down into 
discrete, smaller units. A motion 
picture provides a good analogy to a 
CD system. Individual frames shown 
quickly in sequence will result in 
continuous motion. Similarly, what you 
hear from a compact disc are regular, 
closely-spaced samples of the sound 
wave. This is known as linear pulse 
code modulation or PCM. When these 
individual samples are presented in 

What all this means is 
that the sound of a 
master tape will be 
brought into the home 
just as if it were the 
original recording, 
without the 
shortcomings of 
a conventional 

onogra record .. 

rapid succession, you hear what 
seems to be continuous sound. 

A physicist named Nyquist 
mathematically determined that to 
accurately reproduce this continuous 
sound, you would need to take twice 
as many individual samples as the 
highest frequency contained in the 
signal. In other words, to ensure 
frequency response to the upper limit 
of human hearing, or 20,000 cycles 
per second, the system must take at 

Photo by Mike Moffa 

least 40,000 samples of the sound 
wave during that time frame. The 
sampling rate used in each of the two 
channels of. the system is 44,100 
times per second. 

Each snapshot of the sound wave is 
then assigned a number (see Figure 
1 ), whereby each number is 
expressed in 16-bit binary groups, i.e. 
16 digit numbers using only ones and 
zeros. As a result of using a large 
number of digits, the system is able to 
accurately represent even very small 
changes in the sound wave. Similarly, 
it can handle a dynamic range from 
silence to 90dB's with comparably 
little distortion. 

All this digital information is 
pressed on the disc in the form of a 
dense series of reflective pits, 0.1 
micrometers in depth and 0.5 
micrometers in width. A single disc 
contains roughly five billion of them 
with the digital signals expressed in 
terms of the length and distance of 
the pits and the spaces between 
them. Like stereo LP's, compact discs 
have the sound information arranged 
spirally, but with CO's, the album 
starts near the center and moves to 
the outside edge of the disc. The CD 
rotates at a slower speed as the 
pickup moves toward the edge of the 
disc, thus keeping the linear tracking 
velocity constant. Therefore, unlike 
conventional records, the same high 
quality of reproduction is possible at 
any point across the disc. 

The entire playing surface is 
protected by a clear plastic coating, 
thereby keeping dust and scratches 
away from the actual information. So 
when you listen to a CD you will 
never hear those annoying sounds, 
commonplace to a stereo LP, of a 
stylus tracking across a strand of hair, 
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dust, or a small scratch in the record. 
How this works is simple. Instead of 

a diamond stylus, the disc player uses 
a laser beam and a light detector to 
read the information encoded in the 
disc. The laser focuses only on the 

sampling rate used 
in each of the two 
channels of the system 
is 44,100 times per 
second .. 

reflective surface inside the disc, so 
that the light scattered by the edge of 
the pits is read as the presence of a 
bit (see Figure 2). Similarly, since 
dust and dirt on the outside of the 
protective surface are out of focus, 
they do not interfere with the sound 
reproduction. Furthermore, since the 
laser never makes physical contact 
with the CD, disc wear is virtually 
eliminated. 

THE ERROR-CORRECTION 
SYSTEM 

With the possibility of as many as 
30 tracks packed into an area no 
larger than the width of a human hair, 
some bit errors are inevitable. These 
errors would cause the players to skip 
and skitter, repeat the same groove 
over and over, or produce clicks 
during play, if it were not for 
sophisticated error-correction and 
tracking circuits incorporated into the 
systems. 

When a recording is transferred to 
the disc, additional data is included to 

1 

ANALOG WAVE 

DIGITAl SAMPLING 

3 5 6 6 1 6 6 5 3 1 1 o 1 1 3 5 e A-TO-D CONVERSION 

DIGITAl PULSE CODE 

3 5 6 6 7 f3 6 5 3 1 1 0 1 I 3 5 5 D-TO-A CONVERSION 

LOW-PASS FILTRATION 

AUDIO WAVE 

FIGURE 1 
1\fh.!lsical information in the form of an 
analog wave is sampled 16 times afild 
comrerted to a binary code, where 
ones and zeroes correspond to the 

voltage level of each sample. This 
data is then placed Ofil a CD. During 
playback, it is re-processed to 
recreate the original wavefom1. 
Illustration by Wayne Whitwam 

Competitively 
Priced 
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Capactty Dot Matrix, Alphanumeric Display 
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mode stores formulas and protects them 
with Safe Guard"'. 

e Direct formula entry. 
e Rolling writer display allows the entry of 

up to 80 characters. 
e Trig., inverse trig., hyperbolic and 

exponential functions. 
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ensure that the sound information is 
accurate. These additional bits are 
known as parity-bits, where each bit 
checks a corresponding group of 
audio bits. If the particular group of 
audio bits has an even number of 
ones, then the added parity-bit is a 
zero; if odd, then it's a one. The digital 
code, including the parity-bits, are fed 
into the system to be checked. If the 
total number of ones in each group 
checked equals an even number, as it 
should, then it's correct; if it's an odd 
number, then the group has an error. 
The parity system cross-checks itself 
so that it is able to determine exactly 
the incorrect bit or bits. 

Once the error is located, it's rather 
a simple and clear-cut process to 
correct it. If it is supposed to be a 
one, make it a one. If it is supposed to 
be a zero, take the one away. But let's 
say there's a scratch in the disc large 
enough to scatter the laser light; that 
it wipes out more consecutive bits 
than the parity-check system can 
successfully correct. Fortunately, the 
error-correction system has already 
taken this into account. By using a 
process known as interleaving, in 
addition to parity-checking, the 
system can identify and even correct 
an entire chain of lost data-bits. 

During interleaving, the order of the 
16-bit digital code is scrambled, or 
rather, re-sequenced before it is 
recorded on the disc. During 
playback, data is briefly stored in a 
memory and then unscrambled, 
putting the information into its correct 
order. 

As a result, consecutive bits that 
may be destroyed by a scratch can be 
fully corrected by unscrambling the 
information so that individual samples 
of bad data are interspersed between 
good data samples. Consequently, 
this makes it easy for the parity
checking system to pick apart and 
recover the lost data. 

When errors occur that are too 
large to be corrected by interleaving 
and parity-checking, the system 
simply ignores the chunk of bad data 

FIGURE2 
Using a laser beam, the CD player 
reads the signal pits eng!f'aved on the 
disc, and converts these signals into 
the music that you hear. Light is filf'St 
emitted by the laser, and reflected by 
the disc surface. The information is 
then read by the photo-decoder. 

and attempts to make a smooth 
transition between the borders of the 
good data samples. This is known as 
interpolation. And for the most part, 
this method works so well that you 
won't hear it while it occurs. 
Sometimes, however, the 
interpolating process can be heard as 
distortion or a low-level click. 

A single disc contains 
roughly five billion 
reflective pitsm 

For even larger errors, some CD 
players will simply mute the audio 
signal. However, if the error is so 
large that the laser tracking system 
can no longer see the pits on the disc, 
mistracking will result, leading to the 
CD equivalent of a skipped or stuck 
record. 

Once the errors have been 
corrected, the digital pulses are 
converted into voltages by clocking 
them into a digital-to-analog 
converter. These pulses are clocked 
with controlled regularity, so as to 
avoid any wow and flutter. From this, 
the voltages are then filtered to 
smooth out the staircase effect of the 
digital signal. The result the 
regenerated audio waves, free from 
noise. 

IN~STORE EVALUATION 
Why discuss errors and error

correction systems? Because, except 
for the control features, CD players 
differ mainly on how well they track 
the disc and handle errors. In fact, 
they all sound so good, with 
practically no audible differences 
among them, that you really can't go 
wrong choosing any model. 

Knowing what to listen for, you can 
now make your own in-store 
evaluations. Tell the salesman what 
you want to do and ask him to help 
you out. Most good stores will 
provide what is known as an "error
test disc." This product, made by 
Philips, is a lab-standard defective 
record for testing the players' error
handling capabilities. If the dealer 
doesn't have one, you can always 
make a reasonable facsimile using a 
three-inch wedge of Scotch Magic 
Tape. Affix this wedge to the non
label side of a new disc so that the 
tape is pointing toward the center. 
After you've purchased your new 
player, simply remove the tape and 
carefully clean the disc with isopropyl 
alcohol or disc cleaner and a cotton 
swab. The CD will be as good as new 
and ready for listening. 

During your evaluation, listen for 
the player that best handles the errors 
without clicking or muting. It's best to 
know the music passage, that way 
you can measure the distance the 

Illustration by Wayne Whitwam 
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player tracks before you hear any 
glitches. 

To check the tracking ability, give 
the unit a few taps during play. Some 
players are very sensitive to even 
minute vibration while others can 
handle a sharp rap without a hitch. 

Finally, consider the list of features 
that compact disc players have to 
offer. For example, some players have 
complete time displays that keep you 
on top of every note of music. Others 
don't include this feature. Some 
players mute the sound when 
scanning for a certain passage, while 
others will provide some audible 
output. Also available are such 
features such as advanced cueing, 
headphone outputs, variable output 
levels, and remote control. Of course, 
which features suit you best is a 
pureiy personal decision. 

While you are in the store, you may 
also want to take a look at the new 
portable disc players and the new 
units for the car. What makes these 
especially nice is that music will not 
have to be transferred to cassettes, 

I 

li 
* 23 Functions 
* mdigit mantissa 
* 2 omdigit exponent 

Competitively Priced 

They all sound so good, 
with practically no 
audible differences 
among them, that you 
really can't go wrong 
choosing any model .. 

just pull the disc out of the home unit, 
pop it into the car stereo, and you're 
ready to go. 

In future generations, home players 
may also offer video stills, where your 
TV screen could show lyrics or liner 
notes. Also, soon to come are 
unerasable CD recording systems for 
the home, and eventually even 
erasable recorders. 

UNIVERSITY BOOKSTORES 

t-Jealth Sciences Bookstore (Unit A) 
Books Underground (St. Paul) 

Minnesota Book Center 
H.D. Smith Bookstore 
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Nuclear Winter from 13 

temperature, particle density, etc. in 
the vertical direction but not in the 
horizontal direction. The one
dimensional assumptions could 
certainly affect the results of the 
calculations. C. F. Clement of the 
Theoretical Physics Division, AERE, 
England, declared, "If you take a one
dimensional radiative transfer model, 
you get that land temperature falls 
approximately 20 degrees Celsius in 
three weeks even in the summer. 
Now, the temperature of the sea 
cannot drop 20 degrees Celsius in 
three weeks because it is a large heat 
resevoir. This model is totally 
unrealistic because it doesn't have 
any heat transfer between the sea and 
the land, as is pointed out in the 
paper." Indeed, horizontal heat 
transfer between the oceans and the 
continents could not be taken into 
account with the one-dimensional 
model. 

"Suppose you take an earth that is 
totally covered with continents and no 
ocean," said Toon. "You will find that 
the temperature drops considerably 
[when a nuclear dust and smoke 
cloud is formed.] Then suppose you 
try another earth totally covered by 
ocean. Then you get no temperature 
drop. What that said to us 
qualitatively is that the land near the 
ocean will have a small temperature 
drop whereas inland we will have a 
large temperature drop. We couldn't 
quantify it with our one-dimensional 
model, but that is what was expected 
from the three-dimensional model." 

Fortunately the results of a 
simplified three-dimensional analysis 
were soon published by Curt Covey, 
Stephen Schneider and Starley 
Thompson of the National Center for 

Continued on page 30 

The new model found 
that when the 
moderating effects of 
the oceans were taken 
into account, the inland 
tem depressions 
were halved .. 
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By Jon Soland 

Is there life after graduation? Who 
would know? Graduation seems to be 
one of those things that doesn't really 
exist, it's just something people talk 
about and look forward to, kind of like 
heaven. Actually, people do graduate 
and unlike heaven you only almost 
have to die to get there. They say 
when you embark on your journey to 
heaven there is a bright light at the 
end of a long tunnel. If you're a senior 
that light is probably just now coming 
into view. "To be employed. Won't it 
be wonderful to be a regular, working, 
person?" Enduring wierd hours, 
eating Cheerios for breakfast lunch 
and dinner, and having to say "no" to 
any sort of social event is about to 
pay off. The world for you is about to 
change. As Monty Python would say, 
"And now for something completely 
different." 

Rather than being a student around 
the clock you'll be able to call some 
of your time-your time. You'll only 
have to work a measly eight hours a 
day. Do you know what that means? 
You'll have 16 hours a day plus 
weekends free! If something needs 
doing around the house, or on the 
car, you'll be able to just do it. If you 
want to watch TV you'll be able to 
guiltlessly turn it on, maybe even 
watch two shows. You'll be able to 
make plans a whole two or three days 
in advance, go out on Friday night, 
and not set you alarm for some 
ungodly hour Saturday morning. 
Sixteen hours a day plus weekends. 
Whew! That could be dangerous. 

You will have cash! You'll be rolling 
in dough! You'll have mountains of 
money! Well, that may be going too 
far, but it is likely that you will be able 

f 

to buy groceries in between pay 
checks. You will be able to buy gas 
just because your tank is empty. You 
will go out for a beer even if it isn't 
happy hour. Not only that, once 
you've had money, it gets easier to 
spend money you don't have. You'll 
be able to get Visa, Master Card, 
American Express, Dayton's and 
Amoco cards. Get a non-guaranteed, 
non-student loan. There are a lot of 
surveys around that report starting 
and average salaries for engineers 
and scientists, but they don't make 
any difference. No matter what you 
make it is bound to be a lot more than 
is coming in right now. 

Your life style in general is going to 
change. Instead of being one of the 
groveling masses, you'll be a big shot. 
Have your own desk, your own 
phone, maybe even your own office 
and secretary. You'll have to place a 
lot of long distance phone calls, talk 
to J.S., and go to meetings and stuff. 
On occasion, the firm you work for 
will fly you around to talk to other big 
shots. You'll need to stay on top of 
developments in business and 
industry and creatively adapt 
and incorporate new ideas and 
techniques. Your opinions and 
perceptions will be valued. You will be 
making a contribution. 

r 

0 

School isn't all bad to be sure, but 
the prospect of emerging from the life 
of a student to participate in the world 
at large is pretty exciting. This 
transition won't be without sacrifice. 
For instance, there will be no more 
getting up at 2:00 in the morning to 
do circuits problems. No more 
scrambling to put tuition and book 
money together. Just getting up, 
having breakfast, going to work, 
breaking for lunch around noon, 
heading for home around 5:00, and 
having dinner. Then, after a couple of 
months when you get settled into 
your new schedule and you're sure 
it's for real, you'll be able to look back 
and say, "Gee, those years I spent in 
college sure were the greatest." 
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Nuclear Winter from 26 

Atmospheric Research.12 The new 
model found that when the 
moderating effects of the oceans 
were taken into account, the inland 
temperature depressions were halved, 
and little temperature depression was 
felt near the coasts. However it was 
also found that global air circulation 
patterns were altered in such a way 
that aerosols were indeed pumped 
rapidly into the Southern Hemisphere 
(see figure 6). 

The Covey model is not free of 
flaws, though. It assumes the same 
starting configuration as the TT APS 
model-a uniform cloud spread 
evenly across the Northern 
Hemisphere land masses. Also the 
model does not have the resolution to 
take into account small-scale air 
movements. 

Despite the many uncertainties, the 
authors of TT APS papers felt that the 
following conclusions could be drawn 
from their work and that of Covey et 
a/.: 
1) Unlike the predictions of earlier 
studies, the TTAPS study does 
predict drastic temperature 
depression and darkness in the event 

Competitively Priced 

of a nuclear war. This effect would be 
relatively short-lived, and no ice age 
would ensue. 
2) Even a very small nuclear 
exchange (100 megatons) could have 
incredible climatic consequences, 
such as a temperature drop of 20 
degrees Celsius, if cities were 
targeted. 
3) Particle transport to the Southern 
Hemisphere and, therefore, climatic 
alterations in that hemisphere could 
be expected. 
4) Radioactive fallout may have been 
underestimated by earlier studies 
since only immediate fallout had been 
taken into account. In fact, large 
doses of radiation would be common 
due to intermediate fallout. 

And if one accepts these 
conclusions as at least qualitatively 
valid, and if one assumes that a 
nuclear war is unavoidable, what lies 
ahead for mankind and his 
environment? A group of 40 
biologists, headed by Paul Ehrlich of 
Stanford University, attempted to 
answer this question at the Long
Term Worldwide Biological 
Consequences of Nuclear War 
conference held in Cambridge, 
Massachusetts in April1984.13 Ehrlich 

Let the Hewlett-Packard HP-15C with its 
powerful functions and advanced 
programmability eliminate your most tedious 
calculations. 

e Matrix operations 
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e Solve and Integrate 
e 448 program lines 
e Insert/ delete editing 
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states that it is estimated that between 
one and two billion people would be 
immediately killed or wounded by the 
blasts in a nuclear exchange. That is 
between 25 and 50 percent of the 
total population of the world. Those 
who remained would likely face 
starvation. A 20 degree Celsius 
temperature decrease is more easily 
appreciated when one realizes that a 

Continued on page 34 

Figure 6 
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Figure 6: Global circulation pattems 
before and after the introduction of 
large dense clouds of dust and smoke 
into the atmosphere. 
Adapted from Turco eta/., Scientific 
American, Vol. 251, p. 43. 
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The contest is open to all registered U of M students of 
amateur status (persons never having published a work 
of fiction for monetary payment), except Technolog staff 
and I.T. Board of Publication members, past or present. 
Entries must be typed, double spaced, with one inch 
margins on 8% x 11 paper and be no longer than 3,500 
words. Each entry must be accompanied by three 
photocopies of the manuscript and must bear an 
attached cover page with the story title, author's name, 
home address, and telephone number. DO NOT PUT 
AUTHOR'S NAME ANYWHERE ELSE ON THE 
MANUSCRIPT! Minnesota Technolog retains first 
publication rights to all winning manuscripts. If you have 
any questions, call 373-5863. 



In the past, the correct solutions to the problems presented here could eam you a free T-Shirt. ynfortunately, our 
supply of shirts has become depleted, so the satisfaction of completion is the only reward we can offer. 

Determining your program requirements 
can be somewhat confusing. If you are an 
ME major you can take CSci 5101, but if 
you are a CSci major you can take CSci 
5101 and not get credit, or you can take 
CSci 3107. If you have already had CSci 
3107, then either you are a CSci major, or 
you enjoy personal suffering. You can't 
take both CSci 3107 and CSci 5101. 

If you have a friend that has had CSci 
3107, then if he or she is an ME major, 
you can be certain that he or she has 
masochistic tendencies and therefore 
needs help. How can you be certain? 

1) What do well-versed wine tasters do after they sip, 
swish and gargle their sample? 

2) What letter in the English alphabet is used the least? 

3) Why do golf balls have dimples? 

4) When mild-mannered Clark Kent uses his x-ray vision, 
why don't his glasses melt? 

5) Let's say you're walking down the middle of Church 
Street and as often happens, you are confronted by 
an ornery crocodile. What is the best strategy for 
protecting yourself. 

6) We've all heard that sight is the first sense to go when 
a person is dying, and that hearing is last. What goes 
second? 

7) True or false: One can make a tired dog become 
wide-awake with a blood transfusion from a wide
awake dog and vice versa. 

8) True or false: A plumber from Beresford, South 
Dakota once developed the ability to pop his left eye 
out of the socket and peer into his mouth. 

9) Which has a higher percentage of sugar, a Milky 
Way® candy bar or Froot Loops®? 

0-1 Quit college and go into street repair 
2-4 You're lucky this won't show up on your transcript 
5-7 You're tolerably normal (surprised?) 
8- 9 Cheaters never prosper 
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If there is a line at the U, you will be 
standing in it not accomplishing anything. 
This is an immutable property of nature. 
Can you show that it is a consequence of 
the following two premises, which are also 
immutable truths? 

P1: For all of the lines at the U there will 
be somebody there, and it will be you, and 
you will be standing in the line. 

P2: It is not possible for there to be: a 
line, for you to be standing in it, and for 
anything to be accomplished. 

By John Krumm 
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By John Krumm 
After what must have been minutes of thinking, our 

crack team of paranormal researchers has developed this 
collection of predictions and recommendations for you, 
the I.T. student, based on your major. 

AEROSPACE ENGINEERING-Your cosmic energy will 
reach its maximum soon. Don't blow it by wearing 
unmatched socks. Write a letter to a close friend, but don't 
ask for money this time. Be wary of tall women wielding 
cattle prods. As an effective social ice-breaker for that 
special someone in one of your classes, mention that you 
know a guy named OHO Pilot who has flown almost every 
plane in use today. 

ARCHITECTURE-All the rest of I.T. wonders what you 
people are doing in college, so be prepared for mild 
violence. You have unique abilities in vegetable-based 
solvents, so let them work for you. Tomorrow will be a day 
like any other, so don't waste time thinking about it. The 
day after however, will by slightly different from 3:00 to 
4:00p.m., after which it will be like any other day, unless 
you have two living aunts, in which case normalcy will 
resume approximately ten minutes earlier. 

CHEMISTRY AND CHEMICAL ENGINEERING-Litter 
today and you will regret it for perhaps half an hour. 
Because they think you're so smart, friends and relatives 
seem to secretly hate you, but we all know that this is 
untrue. (How much your friends and relatives like you, 
however, is another matter.) Today you may feel free to 
step on sidewalk cracks without the normally ensuing 
adverse medical conditions afflicting your immediate 
family. For loads of laughs, visit the Dean with a pipette in 
your ear. 

CIVIl ENGINEERING-Don't believe all the vicious 
rumors going around about you people. A good thirty 
percent of them are slightly exaggerated. Be wary of 
others, especially while you are eating. For instance, if you 
are served live eels for breakfast, be suspicious. This is not 
the season for eels, and they are customarily eaten for 
lunch anyway. This would be a good day to cement 
relations with potential friends. (Cement-get it?) 

MECHANICAL ENGINEERING-A steamy affair with a 
CLA major will be abruptly snubbed when you exclaim 
blunderingly, "Who was this Shakespeare guy anyway? 
Was he, like, a knight or something? Didn't he write Planet 
of Doom?" You can take comfort in the fact that your ex 
probably didn't even know what a Nusselt number is. 
Tomorrow you may find a little something extra in your 
oatmeal, but some Roach Motels should take care of it. 

PHYSICs-You will be the life of the party when you 
show up with the latest improvement of the joy buzzer: the 
hilarious joy accelerator. Amaze your friends and confuse 
your enemies as you eject a thin beam of quarks which 
bounce harmlessly off your victim's head onto his 
shoulders where it looks like embarrassing dandruff. 
Check the mail regularly because your Carl Sagan mood 
ring and bathroom accessories kit should arrive soon. 

COMPUTER SCIENCE-Indications are that the 
dullness you have been experiencing the last few days will 
continue. To liven things up, write a program to simulate 
an exciting weekend. Be sure to include some of your 
favorites, such as four consecutive hours of Star Trek, 
calculator races, ruler bending, and (if you dare) a solo 
game of Twister. Put in comments like; "Here's where the 
phone rings, but I can't answer because I'm flossing." 

ELECTRICAL ENGINEERING-You should begin 
emulating your heroes, but don't carry it too far, especially 
if they are dead. Now would be a good time to do that 
dreadful task you've been putting off. For instance, you 
could clean out the refrigerator, particularly since the 
cheese has begun going through its own Late 
Precambrian period. For a good time, do all your thinking 
in the frequency domain, and watch the wacky hijinks begin. 

MATHEMATICs-Romance will come knocking at your 
door again in the near future, but don't answer because 
you will have a problem set to finish. If you end up with a 
date anyway, don't mention L'Hopital's rule, not even 
once. You will soon turn the mathematics world on its ear 
with the invention of a new variable which will bear your 
name. You will begin an 18 month tour of the world during 
which you will introduce your variable to all walks of life 
with the help of your new book Mr. Derivative Visits Hilbert 
Space. 

Small Only 
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Nuclear Winter from 30 

one degree Celsius cooling could 
eliminate wheat growing in Canada.14 

A three degree Celsius decrease in 
average July temperature would force 
the northern limit of corn production 
to southern Iowa and central Illinois. 
Some evidence suggests that particle 
loading and temperature inversions 
would hinder rainfall, further 
devastating the agricultural base of 
society. 

Increased levels of UV radiation, 
Ehrlich states, would also be 
detrimental. "One response of plants 
to increased UV-8 is reduction of 
photosynthesis. Furthermore, leaves 
that develop in dim light are two to 
three times more sensitive to UV-8 
than those that have developed in full 
sunlight. Thus UV-B will compound 
the damage caused by earlier low 
levels of light. The immune systems in 
Homo sapiens and other mammals 
are known to be suppressed by even 
low doses of UV-8. Thus mammals 
that were subjected to increased 
ionizing radiation (which also 
suppresses the immune system), 
diseases, and a host of other stresses 
in a postwar world might have one of 
their most important defenses 
impaired. It has also been suggested 
that protracted exposure to increased 
UV-8 could lead to widespread loss 

of sight. Survivors among people and 
other mammals might again find 
themselves in darkness soon after the 
sky cleared."15 

If dust and smoke were transported 
to the Southern Hemisphere, the 
tropics would be affected. Says 
Ehrlich, "Many plants in tropical and 
subtropical regions do not possess 
dormancy mechanisms enabling 
them to tolerate cold seasons. In 
these regions, large-scale injury to 
plants would be caused by chilling, 
even if temperatures did not fall all 
the way to freezing. In addition, vast 
areas of tropical vegetation are 
considered to be very near the 
photosynthetic 'compensation 
point'-their uptake of carbon dioxide 
is only slightly more than that given 
off. If light levels dropped, those 
plants would begin to waste away
even in the absence of cooling. If light 
remained low for a long time, or if low 
light levels were combined with low 
temperatures, tropical forests could 
largely disappear ... "16 

After hearing such words as "mass 
starvation," "disappearance of the 
tropics," and "genetic mutations," it 
is hard to view the TT APS study as 
anything but depressing. Another 
viewpoint, however, is justified. Since 
the 1950's, leaders in both the United 
States and the Soviet Union have 
unknowingly had the power to 
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destroy the entire globe. Now the 
extremely severe consequences of 
any nuclear exchange are known, and 
policy decisions can be made from an 
enlightened viewpoint. One possible 
consequence of the failure to 
reassess nuclear policy is 
summarized by Ehrlich eta/. as 
follows: "In any large-scale nuclear 
exchange between the superpowers, 
global environmental changes 
sufficient to cause the extinction of a 
major fraction of the plant and animal 
species on the earth are likely. In that 
event, the possibility of the extinction 
of Homo sapiens cannot be 
excluded."17 
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Developing and managing Air 
Force engineering projects could 
be the most important, exciting 
challenge of your life. The 
projects extend to virtually every 
engineering frontier. 

Engineering opportunities in 
the Air Force include these five 
career areas: aeronautical, 
architectural, astronautical, 
electrical and nuclear. Hundreds 
of diverse specialties are included 
in a wide variety of work settings. 
An electrical engineer may work 
in aircraft design, space systems, 
power production, research or 

communications. An aeronautical 
engineer might be involved in 
wind tunnel testing, designing 
cockpit displays and flight testing. 

Most Air Force engineers 
have complete project 
responsibility early in their 
careers. A first lieutenant 
directed work on a new airborne 
electronic system to pinpoint 
radiating targets. Another 
engineer tested the jet engines 
for advanced tanker and cargo 
aircraft. 

You may have the opportunity 
to join the team that moves the 

Air Force into the Twenty-first 
Century. 

To learn more about how you 
can be part of the team as an 
officer, call toll-free 
1-800-423-USAF (in California 
1-800-232-USAF). 
Better yet, send your resume to 
HRS/RSAANE, Randolph AFB, 
TX 78150. There's no obligation. 

I 
A great place for engineers .. 
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r:o1nmon sense@ 
The brain does it naturally. It 

wonders. It thinks with spon
taneity-advantages we haven't 
been able to give computers. 
We've made them "smart:' able 
to make sophisticated calcula
tions at very fast speeds. But we 
have yet to get them to act with 
insight, instinct, and intuition. 

But what if we could devise 
ways to probe into the inner na
ture of human thought? So com
puters could follow the same 
rationale and reach the same 
conclusions a person would. 

An equal opportunity employer 
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What if we could actually design 
computers to capture the myster
ies of common sense? 

At GE, we've already begun to 
implement advances in knowl
edge engineering. We are cod
ifying the knowledge, intuition 
and experience of expert engi
neers and technicians into com
puter algorithms for diagnostic 
troubleshooting. At present, we 
are applying this breakthrough to 
diesel electric locomotive sys
tems to reduce the number of 
engine teardowns for factory 
repair as well as adapting this 
technology to affect savings in 
other areas of manufacturing. 

We are also looking at parallel 
processing, a method that 
divides problems into parts 
and attacks them simultaneously, 
rather than sequentially, the way 

uc 
you can 
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the human brain might. 
While extending technology 

and application of computer 
systems is important, the real 
excitement and the challenge of 
knowledge engineering is its 
conception. At the heart of all 
expert systems are master engi
neers and technicians, preserv
ing their knowledge and 
experience, questioning their 
logic and dissecting their 
dreams. As one young employee 
said, 'f\t GE, we're not just shap
ing machines and technology. 
We're shaping opportunit¥." 

Thinking about the possibili
ties is the first step to making 
things happen. And it all starts 
with an eagerness to dream, 
a willingness to dare and the 
determination to make visions, 
reality. 

T 
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The LT. Board of Publications is looking for students to fill the openings for the most 
important positions on the Technolog and Connection staffs. 

The three salaried positions are: 
Teclmolog Editor - The person who is primarily responsible for the content of the 

magazine is the editor. The duties include writing, proofing, and production and most 
importantly, managing the supporting staff of writers, photographers, and illustrators. 
While this is not an easy task, it can be very rewarding. Technolog is published twice each 
academic quarter. 

Tecl:molog Business Manager ~ The business manager keeps Techno log's books. If you 
have experience with accounting systems and payrolls, consider the opening on the 
Technolog staff. If you desire, the opportunity to sell advertising to national recruiters and 
local retailers also exists. 

I.T. Connection Editor~ Every two weeks the LT. community looks to the Connection 
for the news and announcements of the many activities occurring in the Institute of 
Technology. The editor of the Connection is responsible for collecting that news and 
publishing it for everyone's benefit. 

Do not let anyone fool you into thinking these positions will only be nice additions for 
your resume. They will be much more. If you take a "role up your sleeves" attitude, you 
may learn more about yourself and how to work with other people than the typical LT. 
student would ever have the opportunity to do. 

If you are interested, stop by Room 2, Mechanical Engineering and pick up the 
application details. Ask for this year's editors if you have any questions. 

Remember, it is only once a year and only three people, do not let the opportunity pass you by. 
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Maybe it is just me, but I suspect 
differently. I have come to realize as a 
senior who is about to step out of 
academia, that I know very little about 
where I am stepping. What do 
engineers do? The question has been 
bouncing about inside my head, and 
assuming I am not an anomaly of this 
institution, it may have been on your 
mind too. Recognizing this as a 
question with no one solution listed 
with the other odd answers, ma_ny 
students opt for the response, 
"Engineers do everything." This is 
good for partial credit only. 

Craving a more concrete definition, 
I began where anyone who had spent 
the last sixteen years in school would, 
in a book. "The engineering method 
is the use of engineering heuristics to 
cause the best change in a poorly 
understood situation within the 
available resources," wrote Billy 
Vaughn Koen from the University of 
Texas in a recent issue of 
Engineering Education. A heuristic is 
anything which is used as a guide, 
but does not necessarily provide a 
correct solution to the problem, such 
as the ME's rule of thumb that a bolt 
should have at least one and one half 
turns in the threads to be safe. 

While the article was rather 
interesting and probably a reasonable 
explanation of engineering method, I 
still did not feel I grasped how an 
engineer spends the time between 
nine and five. 

I know engineers do not do 
everything (this may come as a relief 
to some of the CLA majors reading 
this), but the problem in defining 
them does seem to stem from them 
doing many things. Therefore, I will 
perform an analytical step common in 
I.T., I will neglect a few things. 

Actually, I will neglect quite a few 
things, like everything except one 
thing. Now, instead of asking, "What 

I 
do engineers do?," the more 
reasonable question, "What does this 
one engineer do?" can be asked. If 
this is done a number of times, an 
eclectic definition of engineering will 
emerge. 

Enrollment in an engineering 
school can inhibit your knowledge of 
engineers if you allow your textbooks 
to be blinders to everything but your 
coursework. I.T. offers many 
opportunities to, in effect, step 
through the looking glass to the other 
side of the diploma and see what one 
engineer is doing. 

One service sponsored by the I.T. 
Alumni Society is the Industry 
Advisor Program. Students interested 
in the perspective of a working 
engineer can request a volunteer 
industry advisor from 3M, Honeywell, 
NSP, and soon possibly the 
Minnesota Department of 
Transportation by signing up in the 
Office of Lower Division Programs 
(23 Lind Hall). Dr. John Clausen, who 
has overseen the program's growth 
since it began in 1976 with just 3M, 
emphasized that it gives the student 
the insight to make a "wise choice." 

However, the programs greatest 
asset, that you see an engineer in 
their work environment, is also a 
drawback because of the logistical 
problem of engineers being one place 
and students another. It is an 
opportunity which can only be 
arranged a few times with a student's 
schedule. 

Another solution would be to 
sacrifice some of the "engineer's 
setting" by bringing him/her to the 
Institute of Technology. This of 
course is done all the time by many 
departments on many topics at many 
times. I continuously jot down these 
seminars and discussions in my 
handy pocket calendar, and I'll 
confess I tend to miss many of them 

because they address questions 
which are one echelon above the 
ones bouncing about inside my head. 
General interest speakers, brought in 
to simply be displayed, not to 
promote their latest advancement, 
would be of more use to me. 

A colloqium sponsored by the I.T. 
Alumni Society last fall pursued the 
general topic of technology and 
Minnesota, exactly what I propose we 
need more of, yet nearly no students 
attended. The lack of student 
participation prompted one organizer 
to ask what would attract students 
next year. At the time I could only 
manage an apology, but now I have a 
suggestion. Why can't one or two 
hours each week be set aside when 
no I.T. classes would be scheduled to 
meet. The Dean's office could 
organize speakers of general interest 
and the departments could plan 
seminars of special interest, knowing 
ahead of time that the entire student 
body and staff would be free to 
attend. Eventually, if quality speakers 
were recruited and promoted, the 
designated times would be thought of 
and looked forward to as an 
opportunity to catch a glimpse of 
what engineers do. 

Perhaps that glimpse through the 
looking glass into corporate 
engineering would eliminate the 
confident I.T. graduate's 
embarassment of the realization that 
an engineering education does not 
make an engineer. 

David Herridge 
Editor 
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The Society of Women Engineers 
innesota Student Section 

invites you to the 
1985 
National 
Conference 
at the 
University of Minnesota 
June 23-26 

For more information, contact 
Paula Derr 
Student Chair 
105 Lind Hall 
207 Church St. S.E. 
Mpls., MN 55455 
(612) 376-2721 
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Why Does the Moon look So Big Sometimes? 

Ever wonder why the moon looks 
so much bigger when it's on the 
horizon than when it's high in the 
sky? In the second century Ptolomy 
reasoned that if two objects at 
different distances cast images of 
equal size on the retina, that object 
which is further away will look larger. 
Students who have had Psyc 1001 
may recognize this as the concept of 
"size constancy." For example, two 
people at opposite ends of a long hall 
are perceived to be about the same 
size even though the retinal image of 
the further person is very much 
smaller. Your brain automatically 
compensates for distance. How does 
all of this relate to the moon (and the 
sun too)? When the moon is near the 
horizon we are supplied with many 
strong depth cues such as 
perspective, and the interposition of 

Is it Real or Is It 
Digital Effects? 

The technological advances in the 
areas of medicine and biomedical 
engineering have changed the way 
we view man, which is why the very 
technological view of man was 
chosen for the cover of Minnesota 
Technolog's biomedical engineering 
issue. 

The image was created by Donald 
Leich, C. Robert Hoffman Ill, and 
Gene Miller of the New York based 
visual media production firm, Digital 
Effects. Specializing in two and three 
dimensional computer animation, 
graphic illustration, and special 
effects, the company fuses the state 
of the art in computer graphics with 
creative talent. 

Since their establishment in 1978, 
they have produced images for over 
200 clients worldwide, including NBC, 
Walt Disney, McGraw Hill, and the 
Goddard Institute for Space Studies. 

Their office is located at 321 West 
44th Street, 5th floor, New York, NY 
10036. 

buildings, trees and other objects. 
Our brains assimilate these cues and 
adjust our perception of size to agree 
with them. When the moon is high in 
the clear night sky (haziness affects 
our impression of distance) there are 
few cues for depth, and the moon is 
perceived to be closer, therefore our 
brains make little or no adjustment in 
it's size. In all cases the image of the 
moon that falls on our retina is the 
same, it is the way that our brain 
processes that image along with 
depth cues that creates distortion. 
The moon illusion is a psychological 
illusion. By Jon Soland 

Apple, IBM 
lead Discount 
Computers Sales 

Still thinking about buying a 
microcomputer through the 
University's Discount Program? Many 
of your colleagues already have. 
According to the bookstore, the two 
most popular systems appear to be 
the 128K Apple Macintosh and the 
IBM PC. Since its recent release, the 
IBM PC AT has also showed strongly. 
It appears many University 
departments and personnel are 
purchasing the IBM, while most 
students are standing behind the 
Mac. It is not too late to put in your 
order, just head over to the 
Microcomputer Research Lab in 125 
Shepherd Labs to look at the 
available models and then place your 
order with the bookstore. 

Mac SIG 
For all you Macintosh owners, the 

"Apple 32" Special Interest Group 
meets every third Thursday of each 
month. The next meeting wi II be 
March 21, in Room 35 of the 
Architecture Building from 7:30 to 
9:30. 

Op rtuni Kn king 
The I.T. Board of Publications is 

looking for students to be next year's 
Technolog Editor, Technolog 
Business Manager, and Connection 
Editor. If you are interested, please 
stop by Room 2, Mechanical 
Engineering to talk to this year's 
editors about the demands and the 
benefits of working on an I.T. 
publication. 

Graduate School? 

Are you considering graduate 
school? If you are, the American 
Society for Engineering Education 
offers a 16 page booklet which 
addresses many questions graduate 
students typically ask. A single copy 
can be obtained by writing to ASEE 
Publications, Eleven Dupont Circle, 
N.W., Suite 200, Washington, D.C. 
20036. Single copies are free, but if 
you want more than one they are 75 
cents each. 

IBM, CME Exchange 
Expertise 

Through a five year agreement with 
IBM initiated in 1982, the Civil and 
Mineral Engineering department 
trades educational and industry ready 
software in exchange for IBM 
hardware. IBM has loaned them 
several PC's, XT's and mini 
computers. All are equipped with 
printers and some with expanded 
memory and color screens. 
According to Assistant Professor Alan 
Wassyng, the software they produce 
is geared toward education, but many 
programs have practical applications 
such as: geomechanics, structural 
engineering, fluid mechanics, and 
computer aided design instruction. 

By Mark Werner 
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By Vernon Thorp 

'' he committee judged the 
promises and offers of this 
mission to be impossible, vain, 

and worthy of rejection: that it was 
not proper to favor an affair that 
rested on such weak foundations and 
which appeared uncertain and 
impossible to any educated person, 
however little learning he might 
have." 

This excerpt, from a report written 
in 1491 by Spain's Talavera 
Commission, addressed a proposal 
by a brash young Italian adventurer 
named Christopher Columbus. Had 
Queen Isabella not overruled the 
commission, the history of the 
Western world would have been 
drastically altered.1 

The views of the Talavera 
Commission are closely paralleled by 
modern critics of the space program. 
Some of them ask "Why should we 
spend this money to explore space 
when there is so much to be done 
here on earth?" In response to this 
question Congressman Olin E. 
Teague replied "Well, there was 
plenty to be done in Europe when 
Columbus left it. And there is still 
plenty to be done there. If Columbus 
had waited until Europe had no more 
internal problems, he would still be 
waiting, but the opening up of the 
New World did more to revive the 
European culture and economy than 
any internal actions could possibly 
have done."2 

The space program budget 
amounts to just a few percent of the 
amount spent on social programs 
such as housing, health, welfare, and 
education, yet the return on this 
relatively small investment is very 
great. Technological breakthroughs 
due to the space program often can 
not be measured in dollar amounts. 
These developments affect us in our 
everyday lives and touch virtually all 
areas of industry, science, and 
technology. The list of benefits and 
practical applications of space 



research grows longer every day. For 
instance: hand held calculators, rapid 
mass transit systems, satellite weather 
pictures, and satellites that allow us to 
avert potential food shortages by 
spotting crop disease before it 
becomes significant are four common 
examples of space technology at 
work. 

Medicine and biomedical 
engineering have, in particular, 
benefitted from the space program. 
One of NASA's published goals is to 
apply space science and technology 
for peaceful purposes to promote 
human welfare. One of the steps 
NASA has taken to meet this goal is 
to form a biomedical application team 
whose specific purpose is to put to 
use knowledge gained through space 
research in the field of medical 
technology. There now exist new 
pieces of diagnostic equipment, life 
saving surgical tools, and devices to 
help the handicapped that might not 
be here today were it not for the 
space program. 

The diagnostic tools brought forth 
by the space program allow medical 
personnel to gather and analyze 
information on a person's state of 
health and diagnose their condition 
faster and more accurately than was 
possible with previous methods. 
These tools include improved x-rays 
and a microwave cancer detector. 

Improved x-rays resulted from 
research conducted at the Jet 
Propulsion Laboratory of the 
California Institute of Technology. In 
the 1960's, doctors Robert Nathan 
and Robert H. Selzer worked on ways 
to improve the quality of photographs 
returned to earth by unmanned space 
probes. The techniques they 
developed, using frequency 
enhancement and pattern extraction, 
were easily applied to conventional x-

ray photographs.3 As filters used to 
enhance satellite images evolved, 
they too were applied to x-rays and it 
became possible to view soft body 
tissues previously hidden by bone. 
This allowed easier detection of both 
internal tumors and damage to soft 
body parts. In 1961, x-ray technology 
made a quantum leap when x-ray 
machines and computers were 
combined to create the CAT scanner 
(Computerized Axial Tomography). 
This machine shows cross sectional 
views of the body and is the second 
generation of x-ray machines. It can 
detect tumors, cysts, lumps, 
obstructions, and organ damage that 
would pass unseen on a traditional x
ray. Since the system uses sensitive 
filters, optical decoders, and 
computer enhancement processes 
originally created for satellite 
imaging, the CAT scanner requires 
less patient exposure to radiation 
when compared to traditional 

machines.4 Several years ago the third 
generation of x-ray machines 
emerged in the form of the DSR 
(Dynamic Spatial Reconstructor). 
Using the latest image enhancement 
and processing techniques developed 
for satellites, this technological 
miracle produces 3-dimensional x
rays with even less radiation than the 
CAT scanner. It can single out any 
part of the body, project it 3-
dimensionally, and allow a doctor to 
rotate it, dissect it, or cut if in half: the 
equivalent of exploratory surgery 
without the surgery. Dr. Earl Wood, 
leader of the team that created the 
DSR, calls it "the most sophisticated 
equipment ever built for biomedical 
purposes." 

The microwave cancer detector, 
developed at NASA's Langley 
Research Center, can identify 
cancerous tumors inside the body. 
Traditional methods of detecting 
cancer from outside the body only 

sense cancerous tissue near the skin. 
The microwave applicator, on the 
other hand, can sense minute 
temperature variations (less than 
.1°C) throughout the entire body. 
Since cancer tumors are warmer than 
surrounding tissue they are easily 
isolated by the system .5 Patients can 
quickly be tested for many types of 
cancer as easily as their heart rate is 
recorded by an electrocardiogram. 
Tests will determine whether the 
device can be used to treat tumors. 
Since cancerous tissue has a higher 
water content than surrounding 
tissue, microwaves may be able to 
sufficiently raise the temperature of a 
tumor, destroying it without harming 
the surrounding normal tissue. 
Research and development work on 
the detector was done by Microwave 
Associates, Inc., a company 
specializing in microwave 
communication systems for satellites 
and other space projects. 

Along with diagnostic tools, some 
relatively recent developments in the 
field of surgery also owe their 
existence to research done for the 
space program. Two of these are 
cryogenic surgery and a new cataract 
surgery device. 

Cryogenic surgery resulted from 
NASA's experience in manufacturing, 
handling, transporting, and storing 
the extremely low temperature gases 
used in spacecraft engines and 
cooling systems. In the late 1950's, 

doctors Irving Cooper and Arnold Lee 
put to use techniques that had been 
developed at that time to invent a 
long needle through which liquid 
nitrogen could circulate, lowering the 
surface temperature of the needle to 
-319° F.6 The needle destroys 
diseased tissue on contact. Earlier, 
engineers had developed a tiny 
electronic thermometer which could 
be inserted into the needle. It allows 
the temperature of the needle to be 
monitored and kept at a safe level 
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while it passes through healthy tissue. 
When the tip reaches its destination, 
the temperature is lowered and the tip 
of the cryoprobe begins its lifesaving 
work. The temperature monitoring 
and regulating abilities make this tool 
especially valuable in brain surgery. 

A tool for cataract surgery was 
created by NASA ·in conjunction with 
the Retina Foundation of Boston and 
eye surgeon Dr. William J. 
McGannon. The tool draws upon 
technology in areas of fluid 
mechanics, high-speed rotating 
machinery, pumps, seals, bearings, 
and miniature mechanisms, all 
originally developed for spacecraft. 
"The cataract surgery tool is a tiny 
cutter-pump which liquifies and 
pumps the cataract lens material from 
the eye. Inserted through a small 
incision in the cornea, the tool can be 
used on the hardest cataract lens. 
The cutter is driven by a turbine 
which operates at about 200,000 
revolutions per minute."7 The 
mechanism has two passages 
through which saline solutions are 
pumped. One maintains constant 
pressure in the eye and the other 
pumps away the liquified cataract 
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lens material. Previous methods o·f 
surgery involve making a 180° 
incision around the lens, creating a 
high risk of infection. For the 400,000 
Americans each year who need 
cataract surgery, this device offers a 
safer alternative with a shorter 
recovery period. 

Alongside diagnostic and surgical 
tools exist creations to help the 
handicapped which make use of 
space technology. Whether someone 
is handicapped by a disease, birth 
defect, or injury, chances are that 
they can lead a more normal life 
today than would have been possible 
several decades ago because of these 
creations. The first special wheelchair 
for quadriplegics and new types of 
artificial body parts are two examples 
of applied space technology. 

There is no doubt that 
the space program gives 
us back more than we 
put into it, often in the 
form of unexpected 
spinoffs from the main 
projects§ 

The first quadriplegic wheelchair 
integrated teleoperator and robotics 
technology from various space 
programs and owed its existence to 
another NASA sponsored program at 
the Jet Propulsion Laboratory. A 
microphone on the motorized 
wheelchair picked up spoken signals, 
responding to key words in a patient's 
particular speech pattern. The 
commands of the patient activated 
motors to cause movement of the 
chair itself or of a manipulator arm 
that could pick up objects, open 
doors, turn on appliances, and 
perform numerous other functions. 
The original chair/manipulator system 
recognized up to 35 one word 
commands. Over the last 20 years 
improvements have been made using 
updated technology so that a 
formerly bedridden quadriplegic can 
now get out and go places 
independently. 

Artificial body parts (not counting 
peg-legs and false teeth) have been 
around since the 1940's when Dr. 
Willem J. Kolff invented an artificial 
kidney. Traditionally, artificial organs 
and limbs mimicked only the most 
basic functions of the original body 
part, but now scientists working in 
space medicine are developing 
devices to tie directly into the central 
nervous system. Artificial arms and 
legs can now receive signals from the 
body's central nervous system and 
turn them into exact movements. 
functioning portion of the original 
arm or leg which translate the 
neurological signals into exact 
movements. 

New prosthetics may even allow 
patients to regain their sense of 
touch. Scientists are now beginning 
to develop artificial nerves, the most 
complicated and least understood 
organs in the body (along with the 
brain). Currently, the most 
widespread application of this 
technology is in controlling chronic 
pain and tremors. The latest device 



used for this is known as the Human 
Tissue Simulator.8 Developed under 
sponsorship of NASA's Goddard 
Space Flight Center, the system is 
based on Goddard-developed 
technology employed in NASA's 
Small Astronomy Satellite-3. The HTS 
is the size of a deck of cards and 
totally implantable with wire leads 
patched into selected nerve centers. 
Electrical pulses through the leads 
provide immediate relief of pain or 
arrest involuntary motion. Other 
artificial organs in the works include a 
totally implantable, nuclear powered 
artificial heart and artificial eyes using 
high resolution filters and lenses from 
the satellite program. 

The diagnostic tools, surgical tools, 
and artificial devices mentioned here 
represent just a few of the thousands 
of uses of space technology in the 
field of medicine. The medical field, in 
turn, uses few applications when 
compared to the whole of industry, 
agriculture, transportation, consumer 
products, public safety, etc. 

There is no doubt that the space 
program gives us back much more 

Medicine and 
biomedical engineering 
have, in particular, 
benefitted from the 
space program .. 

than we put into it, often in the form 
of unexpected spinoffs from the main 
projects. New medicines, new alloys, 
and new food production methods 
beckon us onward. Space truly holds 
enormous potential for the country 
and for the world. 

"Those nations ... which do not per
servers in research and development 
programs are ... those which also fail to 
develop an economy which 
adequately feeds, clothes, educates, 
and houses its peoples."9 

1L.B. Taylor, Jr., For All Mankind 
(New York: E.P. Dutton and Co., Inc., 
1974), p. 273. 

2 lbid., p. 274. 

3 Frederick I. Ordway, Ill et all, 
Dividends From Space (New York: 
Thomas Y. Cromwell Co., 1971 ), p. 
33. 

4National Aeronautics and Space 
Administration Technology Utilization 
Office, Spinoff 1977, An Annual 
Report (Washington, D.C.: GPO, 
1977)' p. 54. 

5NASA, "New Device Detects 
Cancer," Space World, February 1980, 
p. 33. 

60rdway, Dividends From Space, p. 
33 

7NASA, Spinoff 1977, p. 63. 

8NASA, Spinoff 1982, pp. 80-81. 

9Taylor, For All Mankind, pp. 278-279. 
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Some people walk this way and some people walk that way. The 
Gait Lab run by the Rehabilitation Engineering Center can now 
quantify the difference. 

By David Herridge 

alking, it is something most 
of us have taken for granted 
since we were about two years 

old. Our muscles flex and stretch, and 
we amble along without giving it 
much conscious thought. How 
exactly do we walk? One research 
project being conducted through the 
Mechanical Engineering Department 
hopes to find out. 

Two years ago, a Rehabilitation 
Engineering Center was established 
here at the University of Minnesota. 
Their efforts have been directed 
towards two objectives. One is to 
develop a general method to quantify 
human performance, the other is the 
more specific task of quantifying 
arthritic disability. The effectiveness 
of drugs, surgery, and joint 
replacement therefore can be 
established by comparing the pre 
and post therapy performance of 
arthritic patients. 

The center's work has been divided 
into two areas: the upper and lower 
extremities. The Physical Medicine 
and Rehabilitation Department has 
focused on the upper extremities, 
developing tests to measure factors 
like muscle strength and isometric 
contraction rates. Dr. Max Donath, 
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from the Mechanical Engineering 
Department, has concentrated on the 
lower extremities. Using a 
sophisticated arrangement of lasers, 
photodetectors, and a force plate, the 
range of motion, orientation, and 
absorbed forces in a test subject's 
legs can be determined during his/her 
gait cycle. 

In many upper extremity tests a 
routine must be learned, thus 
throwing another parameter into the 
governing equations. That is why 
walking was chosen for the lower 
extremity research. As Dr. Donath 
said, "Everybody knows how to walk. 
Nobody is ever going to question how 
much training was involved." 

The effectiveness of 
drugs, surgery, and joint 
replacement can be 
established by 
comparing the pre and 
post therapy 
performance of arthritic 
patients 

Triangulation is a navigational 
technique that determines position by 
measuring the location of two 
reference points and applying a little 
trigonometry to discover from where 
the measurements were taken. The 
same principle is applied in the 
biomechanics lab where three 
carefully aligned lasers mark the 
angular position of targets attached to 
a test subject's leg. 

The circular light beams from the 
lasers are refracted into planes by 
special lenses and then reflected off 
spinning octagonal mirrors toward 
the photosensitive diode targets. By 
sweeping two planes in a vertical 
orientation and the third in a 
horizontal, an orthagonal coordinate 
system is imposed in space. "We get 
three intersecting planes, which from 
sophomore linear algebra you can 
solve for the x-y-z coordinates," said 
Roland Starr, a Ph.D. student in the 
Mechanical Engineering Department 
(see figure 1 ). 

When the target diode is between 
the two reference diodes, the target 
position can be determined by the 
proportional relationship between 
time and angular displacement. When 
the rotating laser plane reaches the 
first reference point, it does two 
things; it records an indentifying "hit" 



on one of the three reference diodes, 
each of which are fitted with conical 
"blinders" that only allow it to be 
triggered by the light from its 
respective laser, and secondly, it 
starts a timer. The times for the laser 
to sweep to the targets on the test 
subject's leg are then recorded. The 
measurement is complete when the 
time is stopped as it passes over the 
second reference point. These times 
are combined with the known angle 
between the two reference diodes to 
yield the angles to the targets, 
according to equation 1 (see figure 1 ). 

The three motors, which were 
specially built to rotate the mirror 
heads at the same frequency when 
supplied with the same electrical 
current, must be carefully mounted so 
none of the lasers arrive at the target 
at the same instant. By keeping the 
sweeping planes out of phase, the 
individual measurements of the three 
lasers can be distinguished 
electronically because each identifies 
itself as it passes the "discriminating" 
photosensitive diodes at the first 
reference point. 

Presently, only one side, and 
therefore one leg, of the test subject 
is observed on each pass down the 
walkway. Eight targets, for on a board 
strapped to the thigh and four on a 
board strapped the calf, are used to 
locate the leg. Because only three 

Figure 1: 
The Gait lab 

r r 
~ 

Reference Diode 2· 

The three sweeping laser planes 
register hits on the photosensitive 
diode targets on the subject's leg. The 
relation between the elapsed sweep 
times between the targets and the 
references is used to determine the 
angles to the targets. 

points in space are needed to define a 
plane, the orientation of the thigh and 
calf can be calculated from the 
relative positions of the targets on 
each board. 

If you put enough lasers 
around the room you 
could look at the 
dynamics of a baseball 
pitcher's wrist and elbow 
while he is throwing 

Two factors make this procedure 
the state of the art. One is the speed 
with which the data can be collected. 
The motors turn the eight sided 
mirrors at 60Hz., panning the lasers 
through the test volume with a 
frequency of 480Hz. Thus, the cycle 
for the three lasers to "hit" the target 
is complete in just over two 
milliseconds. 

The second is the accuracy of the 
measurements. After a recent rough 
calibration of the apparatus, the 
position of the targets was found to 
be good to a tenth of an inch for a 
walking target. However, in time this 
should approach the practical limit for 

this lab between three and 
one-hundredths of an inch. 
Compared to the widely used 
technique of high speed 
cinematography, which digitizes 
location of limbs by marking the body 
joints on each frame of film, the 
rough calibration of the ME system 
matches its upper limits of accuracy. 

"You have to record at above 100 
Hz. to get the harmonics of walking," 
said Brett Sorensen, a ME graduate 

student who is working on the project 
as part of his master's thesis. By 
increasing the rotational speed of the 
motor or the number of spinning 
mirrors, the sampling frequency could 
be increased. "If you put enough 
lasers around the room, you could 
look at the dynamics of a baseball 
pitcher's wrist and elbow while he is 
throwing," elaborated Sorensen, "the 
pitching motion would probably 
require a speed greater than 1000 Hz." 

The kinematic variables of position, 
velocity, and acceleration of human 
walking can all be evaluated using the 
laser positioning aparatus. To gain 
insight into kinetic variables of force 
and torque, a load cell with six 
degrees of freedom was installed into 
the walkway. Thus, when the subject 
steps on the plate, the three 
component forces and moments in 
the subjects planted leg are 
measured. 

Where: e>,- =Angle to the target on the 
subject's leg 

fltef =Known angle between 
reference diodes 

tT =Time to sweep to target 

tref = Time to sweep across 
reference angle 
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Clockwise starting in upper left: The light from the laser is refracted into a plane and then reflected off the octagonal, 
spinning mirror. Four photosensitive diodes are on each target board. A six degree of freedom load cell in the 
walkway measures the forces and torques in the subject's leg. Pre$sure switches strapped to the soles of the shoes 
monitor how the foot is planted. 

Information on how the subject 
plants his/her foot is also collected. A 
set of pressure sensitive switches 
strapped under the sole of the shoe 
note the contact of each area of the 
foot as the subject travels down the 
walkway. 

The final set of numbers being 
collected measures muscle activity 
during the gait cycle. The 
electromyogram (EMG) is the signal 
from the electrical activity in the 
stressed groups of muscles. This will 
allow the development of a 
correlation between motion and 
muscle group firings. 

All of these numbers are sent 
through cables to a track running 
above the length of the walkway. 

After being amplified and converted A 
to D, the lab's DEC PDP-11 computer 
goes to work processing the data. 
Soon another microprocessor will be 
interfaced to help with the 
computational load. And soon after 
that the computational load will grow 
when new and more target boards 
will be utilized. 

The apparatus is almost to the 
point where a physical therapist can 
begin to develop the protocol to be 
used for the medical applications. The 
test subjects that have been through 
up to this point have been mostly 
healthy students who were willing to 
help work the bugs out of the system. 

While developed for the arthritis 
study, the future of the apparatus will 

Because only three targets are needed to define a 
plane, the orientation of the thigh and calf can be 
calculated from the relative positions of the targets 
on each board 
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undoubtedly effect other future 
biomedical research. At one time, Dr. 
Donath had worked on the design of 
an above knee prosthesis. When 
support for artificial limb research 
was cut back he proposed to take the 
functions he had developed to control 
the prosthesis and expand them to 
coordinate a controller, described by 
Dr. Donath as a "walking pacemaker," 
to electrically stimulate the muscles 
of paralyzed individuals allowing 
them to walk. At the time, the 
proposal was rejected because no 
one believed the muscles could be 
stimulated in a sufficiently 
coordinated way to allow a person to 
walk. However, the concept has since 
been demonstrated at Wright 
University. According to Dr. Donath, 
what is now needed is a strategy to 
coordinate all of those muscles to 
duplicate the human function of 
walking. Clearly, the apparatus here 
would be capable of the first step of 
duplicating walking, which is defining 
it. 
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By Michael Moore 

ancer has been an extremely 
elusive subject of research for 
decades. One of the 

fundamental tasks in these extensive 
studies continues to be the diagnosis 
of neoplastic cells, or cells qrowing at 
a tumorous rate. However, if the 
current work of Dr. Vincent Garry and 
Dr. James Holte is successful, the 
cancer research community will 
receive a valuable new tool designed 
to aid in the identification of these 
neoplastic cells. 

Dr. Garry, who earned his medical 
doctorate at the University of 
Michigan, began the research nearly 
a year and a half ago with the 
consideration of the superficial 
electrical activity of cells in general. 
Dr. Garry conducted his research at 
the Royal A. and Olive W. Stone 
Laboratories where he serves as 
director. The state-funded laboratory 
conducts studies of occupational 
hazards which expose workers to 
potentially carcinogenic materials. His 
current work would, of course, be 
very beneficial to the laboratory's 
premise. 

However, the apparatus that Dr. 
Garry had in mind obviously would 
incorporate advanced electronic 

Photo by Mike McGee 
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The Electrical Engineering 
Department and the U Hospital 
have teamed up to determine if 
cancer cells can be differentiated 
from normal cells by the 
electrical activi in their membranes. 

technology with which he had no 
expertise. Consequently, he 
contacted Dr. James Holte, a 
professor in the department of 
Electrical Engineering here at the 
University of Minnesota. 

Dr. Garry asked for Dr. Holte's aid 
in the design of an electronic device 
able to detect the electrical potential 
differences in the cellular membrane. 
Such a device would be useful to 
establish inherent impulse patterns 
and amplitudes of particular cells. Dr. 
Garry theorized that the patterns of 
normal cells and those of neoplastic 
cells would be differentiable. 

The possibility of "fingerprinting" 
cells was confirmed by a group of 
researchers at the University of Utah. 
In that study, cells of rabbits were 
extracted and placed in a collagen gel 
wherein it was incubated for twenty
four hours. Next, microscopic 
electrodes with diameters of one 
micrometer were inserted into 
individual cells. Their patterns of 
team, however enlightening, had 
some major drawbacks. Among them 
was the tedium entailed in preparing 
each individual cell for the probing 
electrode. Often the cell would simply 
deflate once the electrode pierced the 

cellular membranes and readings were 
impossible to register. Even when an 
ideal impalement was performed, the 
damaged cell would survive for only a 
matter of minutes. This restricted the 
scope of the research that could be 
done in this manner. 

With the features of the chip 
designed by Dr. Holte and 
manufactured by Microcircuits, a 
Control Data offspring, these 

problems are treated by avoiding the 
impalement process altogether. 
Instead, the cultured cells are placed 
in a small well perched on top of a 
chip and readings are taken topically, 
resulting in no damage to the cells. 
They can then be allowed to grow in 
any chemical environment, and 
comparison of primary and secondary 

In the small square in the center of the above chip carrier is a tiny well in 
which the electrical impulses in the membranes of cells can be monitored 
using a set of gold electrodes. The researchers hope the electrical 

patterns of normal and neoplastic cells will be differentiable. The chip 
was manufactured by Microcircuits. 



readings can give much insight into 
the chemicals effect on the cells. 

The carrier structure itself is 
approximately two inches long and 
two thirds of an inch wide. In the 
center of the structure, a small plate 
can be removed to reveal several 
lead-in wires that make up only part 
of the micro-circuitry surrounding a 
1.5 by 1.5 millimeter surface. This 
box-like structure is actually the well 
wherein the measurements are taken. 

Lining the bottom surface of this 
well is an array of 28 tiny electroqes 
which measure the potential in the 
membrane of the cell, which typically 
range from one to twenty-five 
millivolts. Because of their lateral 
displacement, the electrodes can get 
enough information to produce three
dimensional analyses of the potential 
in relation to spatial coordinate of the 
cell walls. The electrodes are in turn 
connected to amplifiers beneath the 
culture well. The amplifiers serve to 
bring out the weak signals detected 
by the electrodes. The signals are 
sent along the wiring which spreads 
out radially over the supporting 
structure and ultimately connects to 
the individual prongs that line each 
side of the structure. 

From the chip, the signal is 
transferred to an analog-to-digital 
converter which puts the signal into a 
form that is understandable to the 
computer. The converted impulse is 
next sent to a microprocessor where 
the signal can impart valuable 
information to the cells activity. T.his 
information manifests itself in a 

variety of media. On the screen of an 
oscilloscope a graphic representation 
can show how the potential varies 
over the topography of the cell as 
chemicals are introduced to test the 
reaction of the cell. A plotter provides 
graphs of the reaction while files are 
created to document the statistical 
aspects of what occurs in the well and 
all are utilized in the subsequent 
analysis. All this information is 
integrated into the final analysis. 

Early tests conducted with primitive 
models of the chip have given 
promising, however imperfect, results 
for the duo and their colleagues. 
Impulses have been recorded from 
prototypical aluminum chips before 
chemical reactions between the 
culture and the aluminum rendered 
the chip ineffective. Such reactions 

$20 cholarshi s: he ast rack 

Dr. James Holte and 
Dr. Vincent Garry. 

were anticipated. Consequently the 
present chip, the second one to be 
used, uses electrodes made of gold 
because of its desirable property of 
chemical inactivity. Though tests have 
yet to be performed using the latest 
chip, Dr. Holte appeared very 
confident of its capabilities. 

As for the success of the project in 
general, neither Dr. Holte or Dr. Garry 
are prepared to claim victory. They 
are still in the midst of planning 
modifications of the chip they haven't 
even tested yet. After establishing the 
electrical literacy of their probe, the 
two doctors would like to extend its 
functions to include observation of 
other informative phenomena such as 
thermal activity of the cells. Strapped 
with a· shortage of personnel, Dr. 
Holte said, "That's a little way down 
the road." 

esponsibilit 
Two-year NROTC scholarships are one way to get early responsibilty as a 
Navy officer. This highly competitive program offers tuition and other 
financial benefits worth as much as $20,000 to qualified sophomores. 

All of these benefits are provided for one purpose: to educate and train 
qualified young men and women to serve as commissioned officers in 
the Navy. In fact, NROTC Scholarships are the largest source of regular 
Navy officers. 

During college, the Navy pays tuition, cost of textbooks, instructional 
fees, and an allowance of SlOO a month for up to 20 months during 
your last two years of college. Upon graduation and completion of 
requirements, you become a Navy officer, with important decision
making responsibilities. 

Call your Navy representative for more information on this 
challenging program. 

c~I(612)349-5222 

cers Get Responsibility st. 
Minnesota Technolog, Winter 2, 1985 17 



I 
Ill 

I I 
Magnetic resonance imaging can cut a high resolution, two 
dimensional pictures of patients without exposing them to x-rays. 

By Stephanie George 

ne of the newest techniques 
for human body scanning 
generates clearly defined 2-D 

images through a non-invasive and 
non-destructive process. It utilizes the 
properties of magnetic field gradients 
to detect the concentration of certain 
nuclei in a plane by converting 
specific radio frequency signals into 
two-dimensional images of the plane 
through which the magnetic field 
passes. This new technique is called 
nuclear magnetic resonance or 
magnetic resonance imaging (MRI). 

The idea for MRI was first 
conceived in 1969 by Dr. Raymond 
Damadian as a possible tool for 
medical diagnosis. The final practical 
realization of MRI as a body scanning 
machine was accomplished in the lab 
in 1977. MRI transformed medicine 
from a descriptive art to a quantitative 
science. 

There are many positive aspects to 
MRI. First, it is non-invasive, meaning 
that the patient is not required to 
ingest a contrast medium prior to the 
scan. The image produced is based 
on the concentration of certain nuclei 
in the plane through which the 
magnetic field passes. Second, MRI is 
non-destructive in that it uses non
ionizing radiowave frequencies. The 
radio wave frequencies involved in 
MRI usually range from 2-15 MHz and 
have wavelengths from 150-20 
meters. In addition, MRI can scan any 
plane in the human body without 
repositioning the patient. 

The University of Minnesota 
Hospital recently acquired MRI and 
began operating it in January, 1985. 
Mrs. Pat Skundberg, the technical 
administrator of the U of M Radiology 
Department, commented on how 
"incredible the images are, displaying 
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especially fine detail of the brain and 
spinal cord." 

MRI can be divided into two 
separate categories. High-resolution 
MRI evaluates the metabolic state of 
various tissues by directing a radio 
frequency signal into a human being 
or animal and then measuring the 
amplitudes and widths of the induced 
signal peaks. These peaks 
correspond to different metabolites in 
the sample. The second category, 
spin-imaging MRI, produces 
anatomical images of human beings 
that reflect the distribution of protons 
contained within the water and fat of 
the body. This provides remarkably 

MRI takes advantage of 
the inherent prope of 
spin in nuclei 

clear discrimination between different 
tissues. Spin-imaging MRI results in 
information often complementary to 
that obtained by more traditional 
techniques such as x-ray computed 
tomography (CT). Our focus will be 
on spin-imaging MRI. 

The MRI experiment requires three 
pieces of equipment. First and 
foremost is a large magnet to 
surround the human body and cause 
the protons therein to precess at 
precisely the same frequency. Three 
types of magnets are utilized
permanent, resistive, and 
superconducting. The choice of 
which to use depends on the field 
strength, cost, image quality, and the 
amount of time to perform the scan. 
The U of M Hospital has a shielded, 
superconducting magnet with a field 
strength of up to one Tesla. The 

magnet is shielded to reduce the area 
of the fringe field; the area in which 
metallic objects would be within the 
magnet's field and attracted to it. A 
U of M MRI technician said that this 
magnet's fringe field is about 5-6 
yards in radius. He also stated that 
the magnetic field strength they have 
been using is 0.35 Tesla. 

The MRI experiment also requires a 
radiofrequency transmitter and a 
sensitive receiver coil to respectively 
excite and detect the MRI signal. In 
addition, magnetic field gradient 
producing coils are needed to code in 
space, via frequency, the MRI signals 
received from the human sample. 

MRI takes advantage of the 
inherent property of spin in nuclei. 
Approximately two-thirds of stable 
atomic nuclei possess an odd number 
of protons. This causes these nuclei 
to spin about their axis. Since the 
nuclei are positively charged, this 
spin generates circulating electrical 
currents and hence magnetism. 
Because hydrogen is present in water 
and because water comprises 70%-
80% of the human body, the most 
common nucleus for MRI at present 
is hydrogen. 

Like small bar magnets, the effect 
of the externally applied magnetic 
field aligns these magnetic nuclei 
along its gradient. However, their 
spinning mass prevents them from 
aligning directly with the applied 
magnetic field. Instead their spinning 
axes precess about the applied 
magnetic field direction. The 
precession frequency depends on 
both the nuclei's magnetic strength 
and the strength of the applied 
magnetic field. The precession 
frequency is the same for all the 
nuclei. The nuclei become, in a sense, 



. . Photo by Mike Moffa 
A. nuclear magnetic resonance 1mager began operating at the University of Minnesota Hospital in January of this 
year. The superconducting magnet used to allign the nuclei can generate a field with a strength of one Tesla. 

like gyroscopes. 

The principle of MRI is to have the 
externally applied magnetic field 
spatially uniform over the identical 
(hydrogen) magnetic nuclei so that 
they precess at a well-defined 
frequency. As the patient is lying in 
the bore of the magnet, a receiver coil 
also encircles the specific plane of the 
head or body that is to be scanned. 
The radio frequency transmitter, 
connected to this coil, generates an 
oscillating radio frequency magnetic 
field at right angles to the applied 
magnetic field at precisely the 
correct or resonance frequency, 
corresponding to the precession 
frequency. Resonance is similar to 
playing a note with the same pitch as 
a particular tuning fork and causing it 
to vibrate. This magnetic field causes 
the angle at which the magnetic 
nuclei precess around the externally 
applied magnetic field to depart from 
alignment to an arbitrary angle, 
depending on the strength and 
duration of the radiofrequency 
magnetic field pulse. Following such 
a pulse, there is a rotation of bulk 
magnetization due to all the nuclei at 
the precession frequency. When the 
radiofrequency magnetic field is 
switched off, the magnetized nuclei 
induce a signal in the adjacent receiver 
coils. 

This single signal alone will not 

yield an image of the patient's 
anatomy in a specific plane; several 
signals are needed. In his April1973 
paper in Nature, Dr. Paul C. Lauterbur 
stated, "By introducing linear 
magnetic field gradients or spatial 
variations of the steady applied 
magnetic field in one particular 
direction, the nuclear precession 
frequency could be made to differ at 
different positions along the gradient 
direction in space. Thus, the 
frequency spectrum of the resulting 
MRI signal from an extended object 
becomes a one-dimensional 
projection of the object. Given the 
reconstruction theorem of Radon and 
the ability to form projections in a 
variety of directions by rotating the 
object in a fixed magnetic field 
gradient, or rotating the gradient, 
magnetic resonance image 
reconstruction is possible." 

The induced signals which are 
picked up by the receiver coils have 
an initial size proportional to the 
number of magnetic nuclei involved. 
As the receiver coils pick up these 
signals, the nuclei return to their 
original precession state. These 
induced signals decay at a rate 
characteristic of the particular 
nucleus. These are the specific 
relaxation times, T 1 and T 2, of each 
nucleus. 

The spin-lattice relaxation time, or 

T1, involves one nucleus, converting 
its spin energy into thermal energy 
and transferring it to the molecular 
lattice of other atoms. This nucleus, 
following the radiofrequency pulse, 
will return to its equilibrium 
alignment, losing its energy in a 
characteristic time, T 1· 

The spin-spin relaxation time, or 
T 2• is the time needed to transfer the 
spin from nuclei in a high energy 
state to their neighbors. In other 
words, two nuclei, albeit initially 
precessing in step with each other at 
an angle to the applied magnetic field 
by a radiofrequency pulse, can get 
out of phase with each other, thus 
cancelling the resultant external 
magnetic effect seen by the receiver 
coils. After MRI experiments, T 2 was 
found to be independent ofT 1, and 
T 2 is always less than or equal to T 1. 

Measurements of relaxation times 
at different frequencies and 
temperatures convey information 
about the fundamental biophysics of 
tissue nuclei. The ultimate 
significance of relaxation in imaging 
may be that it is a reliable indicator of 
the molecular environment of 
hydrogen in cells and tissues. 
Currently, MRI based on relaxation 
times versus hydrogen density have 
produced better defined images. 
Further investigation is needed to 
ascertain the precise clinical 
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relevance of T1 and T2 in MRI. 
Thus, the three parameters of the 

MRI signal are the signal's intrinsic 
size due to the number of magnetic 
nuclei involved, T 1, and T 2· There 
exist different radiofrequency pulse 
excitation sequences which can 
extract uniquely all three parameters. 

The signal's exact frequency, 
phase, and strength are then 
assessed through the Fourier 
Transform process. An image results 
due to assigning each signal a color 
from black to white. Strong signals, 
which mean a large amount of water, 
can be coded to appear black. Gray 
and white brain matter exemplify this 
due their high water content. 
Conversely, where no signal was 
present, white would appear, 
indicating little water. An illustration 
of this structure is bone. 

MRI, while a revolutionary scanning 
device, still has some potential 
hazards. The exact effects on the 
human body of exposure to magnetic 
fields, radiofrequency pulses, and 
time-varying field gradients are still 
unknown. Further testing is needed in 
this area. Also, the dipole of the 
magnet is greater than the Earth's 
magnetic field up to 25 feet away in 
all directions. Depending on the size 
of the magnet and the shielding, the 
fringe field's radius can vary in either 
direction. This means that metallic 
objects such as scissors and carts 
must be cleared from the fringe field 
in order to prevent injury to the MRI 
patient and/or the technician. Also, 
patients who have implanted cardiac 
pacemakers or metal clips cannot 
undergo MRI due to the effect of the 
magnet on their operation or position, 
respectively. In addition, the magnetic 
field is capable of erasing magnetic 
tapes, cassettes, hard and floppy 
discs, and credit card strips, and can 
distort CRT displays and other pieces 
of equipment as well. Finally, the 
structural steelwork to accommodate 
the magnet's weight must be 
considered. 

MRI technology is rapidly 
advancing as more study into it is 
done. It has been shown to be a safe 
scanning method producing greatly 
defined images. As a diagnostic tool, 
MRI still does not provide definite -
answers, but the work thus far in in 
vivo tissue typing sheds hope on one 
day being able to identify the specific 
type of lesion, tumor, or cell mass 
present in a particular patient. 
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Photo by Mike Moffa 

MRI: At the Atomic level 

Magnetic nuclei precess about their own axis when expose to the effects of a 
magnetic field, represented by the vertical arrows running from bottom to top. 

Radio 
Frequency 

Pulse 

MRI 
Signal 

AI~ 
A radio frequency magnetic field is generated perpendicular to the applied 
magnetic field. The measurement of the induced MRI signal is obtained using 
the surrounding receiver coil. 

Illustration by Nan Gehrig 
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By Renee Bergstrom 

So Long and Thanks For All the Rsh, 
Douglas Adams, 204 pages, 
hardcover, $12.95. 

Arthur Dent and Ford Prefect are 
back once again and Arthur (still in 
his bathrobe) finally returns home. 
Along with the old gang, the earth still 
exists, and several new additions have 
been added to Douglas Adams' 
bizarre list of characters. These 
include Wonko the Sane, an unknown 
Rain God and Fenchurch, who feels 
she's missing a vital piece of 
information. 

This book answers life's most 
important questions. What really 
happened the day the Earth was 
demolished? Why did all the dolphins 
disappear? What is God's Final 
Message to His creation? And does 
Arthur Dent finally get the girl? 

So Long and Thanks For All the 
Fish, the fourth book in the 
Hitchhiker's series, is more serious 
than any of the previous books. Some 
of the humorous side trips the 
previous books took were absent, 
leaving the characters to fend for 
themselves. The characters aren't as 
whacky as the others have been 
which is disappointing. Also, Arthur 
Dent has turned into something other 
than a bumbling idiot so he is no 
longer the laughable character. 

Another drawback the book 
possesses is the cover itself. The 
bright violet letters on the light blue 
background is almost offensive. 
Though you could find it easily on the 
bookshelf, it might be considered an 
eyesore instead. 

Ignoring the problems, some 
genuinely funny moments are 
revealed to uphold Adams' humorous 
reputation. 

"Deep in his greasy, smelly bunk, 
fashioned out of a maintenance 
hatchway, Ford Prefect slept among 
his towels, dreaming of old haunts. 

m 

I li f 

He dreamed at one point in his 
slumbers of New York. In his dreams 
he was walking late one night along 
the East Side, beside the river which 
had become so extravagantly polluted 
that new life forms were now 
emerging from it spontaneously, 
demanding welfare and voting rights." 

The final verdict: for Douglas 
Adams fans it's a definite must, but 
wait for the paperback. The price of 
the hardcover copy doesn't match 
what you get out of it. 

A Stress Analysis of a Strapless 
Evening Gown, Essays For a 
Scientific Age, Robert A. Baker, 
Editor, 192 pages, paperback, $5.95. 

Is it unscientific to laugh? Robert A. 
Baker doesn't think so and has 
collected some classic nonsensical 
essays into A Stress Analysis of a 
Strapless Evening Gown. These 
essays include "Body Ritual Among 
the Nacirema," "A Psychoanalysis of 
U.S. Missile Failures," and "The Lab 
Coat As a Status Symbol." 

The essays are somewhat dated 
and a few are dry, but for the most 
part, they make humorous and 
interesting reading. 

For example, "Body Ritual Among 
the Nacirema" is a study in cultural 
ethnocentrism. The essay points out 
how cultural bias creeps into the 
study of different cultures. The 
problem in the past has not been the 
observations, but from what 
perspective the observations are seen. 
The fault lies in defining another 
culture in terms of your own. The 
essay succeeds in pointing out the 
problem of accurate observations in 
cultural anthropology and 
simultaneously pokes fun at our 
culture. 

There is some chauvinism 
displayed in a few of the essays 
expressing the sentiment that wives 
are the root of all evil. But women 
scientists are at least acknowledged 
as existing somewhere in the book. 

If you like to read what scientists 
think when they let their hair down, 
the book is funny, makes satirical 
comments on certain situations, and 
is enjoyable reading that allows you 
to pick and choose what and when 
you read. For something you might 
pick up once in a while, A S{ress 
Analysis of a Strapless Evening Gown 
is an enjoyable alternative to novels. 
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In the s ing, the ground will be 
broken for an I. T. centerpiece. Down 
will go 0/'Experimenta/ and the weatherbeaten 
temporaries, and up will go the new home 
for the Electrical Engineering and 
Computer Science Departments. 

By Jon Soland 

e have the background on it 
... We recognize the need ... 
I think we have already made 

the decision in principle ... I move 
that we proceed with the project at 
whatever funding level the Legislature 
approves. Such was the gist of 
comments made by the Regents at a 
meeting held on January 10, 1985. On 
that date they gave the go ahead for 
the new Electrical Engineering and 
Computer Science building. One 
thing agreed upon by everyone 
involved is that this building is to be 
the flagship of I.T., a show case for 
advanced technology. Meeting these 
objectives and the many other diverse 
requirements is no easy trick, but the 
design is well under way and in the 
fall of 1987 EE and CSci students 
should be going to class through a 
new set of doors. 

There is no debate over the need 
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for a new building, but everyone 
seems to have a different idea of what 
it will bring. Professor Collins, the 
Department Head for Electrical 
Engineering, is looking forward to the 
consolidation of the Electrical 
Engineering department. "We are 
distributed in seven buildings now. 
That's not effective either for 
education or administration." He sees 
a strong need to increase the 
interaction of the faculty. He also 
believes in the importance of student 
interaction and advocates having 
some area set aside for student 
commons space. Professor Kurt Maly, 
head of the Computer Science 
Department, sees communications as 
the dominant aspect. The goal is to 
have all of the different computers 
connected in a network. There will be 
one fairly powerful station for every 
two to four undergraduate students 

il • 
I 

The Numbers: 

Cost 
Gross sq. ft. 
Assignable sq. ft. 
#of rooms 

II 

Iii 

$48,000,000 
330,000 
180,000 

429 

and at least one work station in each 
of the teaching assistant and research 
assistant's offices. The proposed 
networking scheme would allow 
anyone at a given station to 
communicate with any other station. 
In the future Professor Maly would 
like to have a few classrooms outfitted 
with a terminal at each desk. This 
would allow an instructor to call up 
material for the students to work on. 
Now that's interactive computing! I.T. 
Dean Ettore Infante sees the new 
building's impact as state wide, and 
hopes it wi II be the site of major 
technical conferences and seminars. 
There is a large concentration of the 
country's technical community here 
in Minnesota. Dean Infante wants to 
provide a place for interaction 
between the University and industry. 
He believes that this relationship must 
be a synergistic one with each part 



The Dates: 
1 ... 1 0~85 Regents approval 
4~ 15=85 legislature sets 

funding 
8=02 ... 85 Demolition 

complete 
3-24=86 Prime 

Construction 
begins 

9=21-87 Ready For 
Occupancy! 

helping the other. This building will walkway right through the ground 
be a focus not only for I.T., but for the floor centering the building between 
entire community. Health Sciences and the rest of I.T. 

The new building will be placed Along this diagonal, and surrounded 
where Experimental Engineering and by the U shaped building, will be the 
the two temporaries now stand. It will "I.T. Rotunda," a central meeting 
be very large, some 330,000 gross space for all of I.T. Students 
square feet (if funded at $48 million, commons space will surround the 
funding could be set at $40 million). rotunda on levels two and three. 
For comparison, Coffman Union has Classrooms and study halls will be at 
approximately 348,000 gross square ground level, with two libraries up one 
feet. There will be six levels plus a floor. Teaching assistant offices will 
mechanical/service subbasement. mainly be on level two, administration 
Levels 8, one, and two will be below on level four and faculty on levels 
grade. Level three will be at ground four, five and six. 

to its programmatic needs, must be a 
pleasant place to work, learn, 
socialize and interchange ideas with 
others. Both faculty and students will 
spend many hours in the building. It 
will therefore be warm, comfortable, 
attractive and special. All student 
commons and lounge spaces have 
abundant day light, are designed for 
informal small groupings and have 
visual excitement." (Excerpt from the 
architects design narrative.) 

~vei.Therewillbead~gonal ~~~~·:T:h:e~b:u:il:d:in:g~,:b:es:i:de:s~re:s:p:on:d~i:n~g~~~~~~~~~-
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I 
In the past, the correct solutions to the problems presented here could eam you a free T~Shirt. 
Unfortunately, our supply of shirts has become depleted, so the satisfaction of completion 
is the only reward we can offer. 

Draw the 
right-side view. 

@] 
@] 

Describe or draw 
in 3-D space. 

0 
OD 

El>Th""L'D, AM UNO\.PILOYED fOM6TER, 
'WHIL£5 AWAY »>t ~ 8'1 lt1E6AISUCK 

~o~e TO IUN~PEatN<i 4 ~To 6Eti101\S~ 
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BE BOX 

HERE·s THE INTREPID EXPlORER 
CROSSIN~ THE LAST CRATfR 
aEFORf HOMF. 

SIX MONTHS HAS MADE 
HIM A SHADOW OF HIS 
FORMfR ~ELF. 

By Scott Clllske 

Old Thoughts 
for New Thoughts 

I do not know what I may appear to the world, but to myself I seem to have been only 

like a boy playing on the sea shore, and diverting myself in now and then finding a 

smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth lay all 

undiscovered before me. 

lilJ 

VIa 

Questions 
1) After trying many substances, including straw, silk, 

hair, and cork, what filament did Edison use for his 
first successful incandescent lamp? 

2) Which famous scientist turned down the opportunity 
to serve as president of Israel? 

3) Is reading from left to right innately any more efficient 
for human beings than some other scheme? 

4) Temperature effects the timekeeping ability of 
pendulum clocks. Do they gain or lose time in hot 
weather. 

5) Lightning strikes the Earth about 100 times every 
second and kills about 150 people in the U.S. each 
year. How wide is the average bolt of lightning? 

6) Outside of their homes and workplaces, where do 
Americans spend most of their time? 

7) This is for you fashionable people who do not wear 
hats outside on cold days. What percentage of your 
body heat escapes through your head? 

8) True or false: Except for the numbers one, two, and 
three, any prime number can be evenly divisible by six 
if you either increase it or decrease it by one. 

9) True or False: If you saw your leg off with a sterile 
hacksaw, it will grow back in a matter of hours. 
(WARNING: Do not try this until you read the answer). 

10) What physical process explains the old wives tale that 
hot water in an ice cube tray will freeze faster than 
cold? 

Scoring 

0- 1 Take comfort, you can only get better. 
2 - 4 Have you considered professional counseling? 

Issac Newton 

By John Krumm 

Answers 

'Al!PPO 8lll MOII'B Ol 8Wn!O/\ P!nb!l 
pue B8.m 8~BJ.ms P!nbn JO suor1-wdo.Jd lli6!.J 8lll 8/\Bll 

Ol W88S SAB.Jl 8qn~ 8~1 '8Z88.JJ Ol .J8lBM SS8i 6U!/\B81 
'AI>P!nb 8.JOW S8lB.JOdB/\8 .J8lBM lOll 8lll 'S8.JnSS8.Jd 

.JOdB/\ U! 8~U8..18JJ!P 8lll JO asne~aq 'UO!lB.JOdB/\3 (O~ 
'1Bl8W lnq 6U!lllAUB 

UO MBS>PBll B asn .J8/\8U pjnOliS 8UO 'liB JO lS.J!.:I '8S!B.:I (6 
·g = 9/( ~+6G) pUB G = 9/( ~ -8 ~) S81dWBX3 '8n.Jj_ (8 

·noA PIOl.J8lllOW .JnOA lBliM Ol U8lS!I PlnOliS noA 
'aas ·1ua~.Jad 06 Ol OL .JOJ l!PB.J~ a>jBJ.. ·lua~.Jad Alll6!3 (L 

·(aw 6B8) 'SIIBW 6U!ddOliS U! 'UBW MOM 8>j!l 'liQ (9 
'S8li~U! X!S Ol OMl ..!OJ l!P8.J~ 8>jBJ.. '8P!M 

S8li~U! ..lnOJ lnOqB S! 6U!Ulll6!1 JO liOq 86B.J8/\B 8liJ.. (9 
·..1a6uo1 Sla6 wn1npuad 

8lll JO popad 8lll 'lU8WUO..!!/\U8 lOll 8lll U! SU8lll6U81 
W.JB wn1npuad 8lll se asne~aq awqaso1 A8liJ.. (p 

8) NO' U0l..l8BIIk H fnsl padaups OU MliBlAOn B.J8 nsaplO' 

.. ·uo,sualla.Jdwo~ a1n!1 e 6u!ABll, se H8SW!ll 
paqp~sap 8ll ll~!liM JO 'ppoM IB~!SAlld 8lll ApnlS 

Ol anU!lUO~ pjnOliS 8lllBlll 6U!ABS '8S.Jn0~ JO 'p8U!1~8p 
8H 'UO!lBU lU8puadapU! UB SB P8liS!IqBlS88.J SBM l! ..18lJB 

lU8P!S8..!d ..!OJ 8~!0ll~ lS..I!J S,j8B.JSj SBM U!8~SU!3 l,.l8qj''Q' (G 
'UO!~~npo.Jd SSBW ..!OJ SlU8WBI!J ooqweq UO pappap 

UOS!P3 'ssa~~ns S!lll..l8lJ'if 'S.JnOll Ot>' .J8UB ~no pau.Jnq 
ll~!liM dwe1 e U! pea.Jlll uono~ AJBU!P.JO pasn 8H '( ~ 

5 - 7 Mediocrety is the spice of life. 
8 - 10 Why bother with school when you could make a 

fortune on Quizorama? 
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These are revolutionary 
changes that can result in 
better -made products, manu
factured of new materials at 
lower cost. 

GE is deeply involved in 
bringing manufacturing into 
the silicon age. In one plant, 
electronics and computer sys
tems enable us to reduce pro
duction time of a locomotive's 
diesel engine frame from 16 

The cast-iron technology of days to 16 hours. At our dish- . 
the factory will soon be silicon washer production plant, a 
technology. master computer monitors a 

Chips and computers trans- distributed system of pro
fer design information directly grammable controls, robots, 
to the factory floor. Other automated conveyors, 
chips make possible flexible assembly equipment and 
robotics, programmable con- quality control stations. 
trollers for machine tools, auto- We're working on robots 
mated test systems and digital that can see, assembly sys-
inspection cameras. Local terns that hear, and mach in-
area networks tie together all ery that can adapt to changes 
these systems. and perhaps even repair itself. 

This transformation of 
manufacturing from the past 
to the future creates a need 
for new kinds of engineers to 
design and operate factories 
of the silicon age. They have 
to be as familiar with the reali
ties of the assembly line as 
with the protocols of software 
communications. 

They will synchronize 
dozens of real-time systems 
whose slightest move affects 
the performance of every 
other system. The frontiers of 
manufacturing technology 
have been thrust outward. Old 
ideas have been questioned, 
new ones probed. Some ideas 
are now on production lines. 
Others are still flickers of light 
in an imagination. 

All offer opportunities for 
you to seek, to grow, and to 
accomplish. 

~~~~mmme~me~me~~~~~ 

you can 
you cando 





US Army Corps 
of Engineers 

In today's complex technological society it takes excep- ~\ 
tional planning and engineering to build a better tomorrow. , 
The Corps of Engineers' dedicated civilian professionals 
... engineers, planners and environmentalists, biologists, 
economists, landscape architects . . . are working on 
a variety of jobs in a variety of places in the U.S. and 
overseas to improve and protect the quality of life for 
all citizens. We plan, design, construct and operate 
water resource projects, build and improve our nation's 
ports and harbors, build hospitals and housing 
projects for the Defense Department. The devel
opment of the projects must be carefully bal
anced with the preservation of our natural 
environment. The balance is precarious, the 
challenge extreme. As a civilian employee 
with the Corps of Engineers you will be 
joining an organization that believes people 
are our most important asset. People who 
respond to a challenge with commitment, 
skill and innovation. You can help us meet 
the challenge. Ask us and we'll tell you 
more about a career with the Corps 
of Engineers. 

Office of Personnel Army Corps of Engineers Washington, DC 20314 
An Affirmative Action Equal Opportunity Employer 
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"Tolerant" is how one LT. professor 
recently described students. The 
context of the professor's words came 
out of a discussion on the quality of 
teaching at the Institute of 
Technology. He recognized, as most 
students do, that there is a great 
variance in the teaching abilities of 
this institution's professors and that 
students seem to tolerate whatever 
they get. 

On the whole, the quality of the 
professors in I.T. is very good. What 
concerns me are two factors in the 
mechanism to reach even higher 
quality levels in the undergraduate 
classroom. First, a professor's abilities 
to teach are based primarily on 
periodic checks through sketchy 
student surveys. Second, if a 
professor does have poor classroom 
skills, the solution appears to pass 
him/her over for tenured positions 
(unless he/she possesses outstanding 
research skills). 

The surveys which students fill out 
to evaluate their professors should be 
evaluated themselves. Students 
typically spend only the few minutes 
before the final lecture to crank out 
their instantaneous responses to the 
standard questions. The blame for 
this quick-and-dirty attitude can not 
be entirely placed on the student. The 
combination of the pressure from 
approaching finals, the vagueness of 
the questions, the standardization of 
the responses, and the lack of real 
value some professors attach to the 
whole process creates an 
environment where deep reflections 
and·h.onest suggestions are difficult 
to write down. If it is the survey's 
intent to gather suggestions from the 
students, the present process 
outdated and ineffective. 

That last factor, the professor's 
attitude toward the surveys, deserves 
more elaboration. The small sample 
of professors I spoke with were all 
genuinely concerned about their 
teaching. Each one welcomed student 

1!!1 

I 
feedback. However, at the same time 
most minimized the value of the 
student surveys (except for the 
student's written comments) because 
the results were usually predictable. 

Improving the communication 
between the professor and the 
students would obviously lead to a 
better learning environment. There 
would be, however, an additional 
benefit. The students might begin to 
feel some input to the service for 
which they are paying. A classic 
psychological study come to mind on 
this point. A group of subjects were 
given a set of puzzles to solve and 
text to proofread in an environment of 
loud, random background noises. 
One group had to simply endure the 
distraction, another was provided a 
switch to turn the noise off. The 
second group was five times more 
productive than the first. What is 
surprising is that not one of the 
second group ever used the switch, it 
was the feeling of control that made 
the difference. This is a feeling most 
students do not experience. 

If the surveys cannot be altered to 
instill a sense of useful feedback in 
the student's mind and the professor's 
mind, then alternatives should be 
considered. 

One possible alternative could use 
an arrangement common in industry 
today, the quality circle. This is 
simply a group of employees who 
periodically meet to identify and solve 
production problems. Quality circles 
operate on the assumption that 
workers have valuable input to their 
own problems. The biggest hurdle in 
applying this in a college setting 
would be the transient nature of 
students in any one department. 

Another alternative already utilized 
by some departments are peer 
evaluations of teachers by teachers in 
the same field. This is definitely a step 
in the right direction. 

What if a poor professor is singled 
out by the surveys? The use of this 

information appears to be reserved 
for the tenure review boards. It would 
seem more effective if professors who 
showed poorly were encouraged to 
improve by attending seminars on 
teaching techniques. The University 
of Texas recognized that person "can 
become a college professor with little 
or no knowledge of how to do the job 
for which they are hired." In response, 
they developed a program of 
seminars for new faculty. The 
program received an overwhelmingly 
favorable response from the 
participating professors. While 
everyone stresses the importance of 
continued education to keep abreast 
of accelerating technological fields of 
research, no one seems interested in 
single, short seminar pertaining to the 
other portion of a professor's duty, 
that of teaching. 

When you consider the number of 
students, supposedly trained in 
problem solving, who pass through 
this institution each year without any 
more input than an occasional survey 
of their suggestions, it becomes 
apparent that a vast resource is being 
untapped because of tolerance. Even 
worse, consider the potentially 
excellent professor who settles into 
mediocrity because of tolerance. If 
the undergraduate classroom is to be 
included in the University's and the 
Institute of Technology's push for 
quality, tolerance of anything short of 
excellence is one area which deserves 
attention. 

David Herridge 

Editor 
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Undergraduate Research Opportunities Program Begins Pilot Phase 

The University of Minnesota has 
entered the pilot phase of a program 
which will support undergraduate 
research opportunities. PROJECT 
re/SEARCH was modeled after similar 
programs at other schools, like the 
Undergraduate Research 
Opportunities Program (UROP) at 
MIT. 

The program was designed to 
benefit both the students and the 
University. Addressing concerns 
about the undergraduate experience 
at the University, the program aims to 
increase the individual contact 
between faculty and students, to 
provide income for students, to 
expose students to the research 
activities of the faculty, and most 
importantly, to provide a learning 
opportunity, not just a working one. 
The University will benefit from the 
added help with its research efforts. 

The $70,000 budget (for a period 

Robert Plumb, the director of 
Plumb Bob revealed his plans for IT 
WEEK, 1985. May 4-10, IT WEEK "will 
provide exponential opportunities for 
students to GET INTO the social and 
educational celebration of 
technology," Plumb said. GET INTO 
I.T. will be this year's theme. 

After kicking off IT WEEK on 
Saturday, May 4 with the Suburbs 
Dance, festivities continue throughout 
the following week. Monday, 
government officials kiss the Blarney 
Stone while students display their 
achievPil'Emts at the Innovation Fair. 
Tau Bt-'td Pi will incorporate its annual 
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ending 6/30) will fund activity in the 
College of Agriculture, the College of 
Biological Science, the College of 
Liberal Arts, and the Institute of 
Technology. The $25,000 portion 
allocated for I.T. should fund 
approximately sixty students 
(depending on the costs of accepted 
proposals). 

Students interested in entering the 
program should obtain a UROP 
directory of the professors who have 
expressed interest in the program. 
These should be available now, 
contact Associate Dean Russell 
Hobbie in 106 Lind Hall (373-7775) if 
you need one. 

After reviewing the involved 
professors, the student wi II have to 
arrange a meeting with those who 
listed research in areas of mutual 
interest. If after talking, the professor 
agrees to supervise the student in a 
research effort, a UROP proposal 

Technology and Society Assessment 
Program into I.T. WEEK, hosting the 
National Science Foundation on 
Tuesday. At the Technology Fair on 
Wednesday and Thursday, 
professionals will display their 
products on the mall and students 
can enjoy free movies. 

Students are encouraged to 
prepare their teams for the I.T. 
Olympics on Friday. Be there or be a 
parallelogram whose sides meet to 
form 90 degree angles." Watch the 
Lind Hall bulletin boards for more 
information. 

should be written and submitted with 
the application. These will be 
reviewed by the Office of Educational 
Development Programs. 

If funded, the student can get down 
to work. Each quarter, the student 
and the faculty member will submit a 
brief progress report on the research 
being conducted and an evaluation of 
the UROP experience. 

The student can submit a proposal 
where work will be completed for 
either payment (up to $750) or 
academic credit. However, both credit 
and money will not be given. 

This program presents an exciting 
an educational opportunity for 
undergraduate students. If you are 
interested, do not hesitate, the 
funding allocated to I.T. will be 
distributed on a first come, first serve 
basis for acceptable proposals. 

Nuclear Power Capacity 
Increased In 1984 

The American Nuclear Society 
reports that 318 nuclear power plants 
were operating worldwide at the end 
of 1984, over thirty of these plants 
began operation in the past year. This 
represents 206,221 megawatts of 
power, an increase of 13.7 percent 
from 1983. These figures include the 
83 units that currently operate in the 
U.S. (five of which began operation in 
1 984) with a capacity of 67,137 
megawatts. Additional large increases 
in the operating capacity of nuclear 
plants will be observed in the next few 
years, due to the heavy ordering that 
occurred in the 1970's. Ordering has 
since decreased however, and as a 
result, there is a global trend for less 
nuclear plants in the years following. 
No new reactor orders were approved 
in 1984 in the United States, 
and many other countries rep01i 
slowdowns in their ordering as well. 

By Marty Koshiol. 



The American Home, Determining Our Preferences 

One American dream is to buy a 
home. But what are modern families 
looking for in their first home? 
Stephen Weeks, a professor in the 
School of Architecture, set out to find 
an answer to this question. Funded 
with a $20,000 grant from the 
Minneapolis/Saint Paul Housing 
Program, Weeks sent 650 
questionnaires to residents of 60 
housing projects. These projects 
included townhouses, condominiums, 
rehabilitated buildings and duplexes. 
He received 350 responses, an 
amazingly high return. 

The study, called "Preferences in 
Dwelling Design," consisted of a two 
part questionnaire. The first part 
written, and the second part visual. 

In the written portion, occupants 
were asked to describe what they did 
and did not like about their homes, 
including design, floor plan, location, 
construction quality, and energy 
efficiency. 

In the visual portion, occupants 
were presented various choices of 
house designs and floor plans, and 
were asked to rate how much they 

Subject Search Service 

The engineering library and other 
IT libraries offer a computerized 
bibliographic search service. The U 
has access to most commercially 
available databases nationwide, and 
for a fee can provide a large amount 
of information very quickly. Up to 
about 50 sources may be obtained 
within a couple of days (printed 
online at the U). Additional sources 

' may take a week or two (printed by 
the database vendor and mailed). At 
$35-$50 per search, it may not be 
the thing to use for short, general 
research papers, but for more detailed 
and complete information, it's worth 
considering. For more information, 
contact Carol Baldman in the 
engineering library at 373-2957. 

By Jon Olson 

liked each one. 
The goal of the poll was to find out 

what residents liked and disliked, so 
that homes of the future could be 
better designed and built. 

The results showed that residents 
wanted larger, more family orientated 
kitchens, added walls so furniture 
could be more easily arranged, and 
more energy efficient homes. They 
also asked that contractors be 
obligated to fix any defects that 
appeared in the structure. 

In the visual portion, the majority of 
respondents chose a modern style, 
which looks up to date, yet has 
traditional features. 

For his work, Weeks won the 
Progressive Architecture magazine's 
1985 National Research award for 
applied research. He is the only full 
time architecture faculty member to 
ever win this award. 

Stage II of the project is underway 
now and will concentrate solely on 
single family homes. 

By David Kortenkamp. 

SWE Conference 

In June 1985, the National Student 
Conference for the Society of Women 
Engineers will be held on the 
University's Minneapolis campus. 
There will be a variety of lectures, 
panels, and workshops held during 
the conference addressing topics on 
communication, working for small 
firms vs. large corporations, sales and 
marketing careers, coping with stress, 
and working for the government. This 
is a wonderful opportunity to meet 
fellow engineering students from 
across the nation and to help 
students in the transition from student 
to professional life. More information 
is available in the SWE lounge at 230 
TNCE, located behind Lind Hall, or 
call 376-2721. 

, __ 

Human Factor 
Enginee Examines 
Information Processing 

Human factors engineering 
concerns the analysis and design of 
machines and work environments so 
they are compatible with human 
capabilities, limitations, and needs. 
The human factors engineer often 
uses knowledge from a number of 
disciplines including many 
engineering disciplines and the health 
and behavioral sciences. This is a 
rapidly growing field in both research 
and application. Human factors 
knowledge is being used more and 
more by industry to increase 
productivity, to provide a healthier, 
safer work environment, and even to 
promote job satisfaction. 

Research in human factors is being 
done at the University by Dr. Tarald 
Kvalseth, professor of mechanical 
engineering. One project he is 
currently working on is in the area of 
human information processing. How 
well a human being perceives, retains, 
and uses information is hypothesized 
to be a function of the amount of 
information presented and how it is 
presented. The goal of this project is 
to quantify the amount of information 
a human operator is capable of 
processing from various informational 
sources such as dials, digital displays, 
and computer read-outs. This 
research may help solve problems 
encountered in the design of complex 
instrumentation panels such as those 
used in the nuclear power industry. 
Applications of human factors 
knowledge in this industry will help 
solve some of its biggest remaining 
safety problems, those which involve 
"human error." 

Without continued research and 
application of human factors, our 
increasingly complex technical world 
will be harder to live and work in. 

By Mike Pfaffinger 
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Undergraduates Design IE Cells 

Professor Edward Barnett and 
Associate Professor Patrick Starr of 
the Department of Industrial 
Engineering are currently supervising 
several undergraduates in cellular 
manufacturing research. Cellular 
manufacturing involves the creation 
of specialized work stations called 
cells. These cells contain the 
equipment necessary to manufacture 
parts that require similar 
manufacturing processes. 

The research is being conducted in 
cooperation with five area firms who 
have contributed a combined total of 
$25,000 to fund the project. The firms 
involved are ADC Magnetic Controls, 

Electric Machinery, Rosemount, The 
Tennant Company, and Twin City Die 
Casting Company. In the project, 
students work directly with 
representatives from each company 
to design cells which suit the needs of 
the individual firms. The 
undergraduates will also assist in 
implementing the cells in the various 
plants. 

Professor Barnett hopes that the 
Industrial Engineering Department 
will develop a national reputation as a 
leader in cellular manufacturing 
research. 

By Rich Feely. 

NSF Grant Funds Wind Tunnel Construction 
Professor Cesar Farell of the 

University of Minnesota's Civil and 
Mineral Engineering Department has 
obtained $400,000 from the National 
Science Foundation to build a general 
purpose recirculating wind tunnel at 
the St. Anthony Falls Hydrology 
Laboratory. Farell, a specialist in the 
field of fluid dynamics, and graduate 
students will use the tunnel to 
research the basic mechanisms of 
winds and to test wind behavior 
around buildings for developers. 

Professor Farell started designing 

Quasar Questions Studied 
How can a billion times the mass of 

the Sun reside in an object smaller 
than the Solar System? Professor W. 
A. Stein of the U. of M.'s Physics and 
Astronomy Department plans to use 
the 1.5 meter telescope, shared with 
the University of California on Mt. 
Lemmon, Arizona, to study this and 
other questions about quasars. 
Quasars are very luminous and 
distant objects which are poorly 
understood. They emit highly 
polarized radiation characteristic of 
very strong magnetic fields. The 
precise geom.etry of the radiating 
region and the objects' total 
luminosity are being researched. 
Stein plans "to observe light output 
and variability of quasars" to 
determine, among other things, what 
causes the rapid fluctuations in 
quasars' luminosity. Stein's research 
may help decide among many 
theories concerning the power source 
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the wind tunnel in mid 1984. He has 
constructed a page-sized model of 
the wind tunnel atop the St. Anthony 
Falls Hydrology Laboratory. 
Construction of the full size tunnel 
may be completed by the summer of 
1986. The test section will be 1.55 
meters wide, 1.55 meters high and 20 
meters long. The long test section is 
needed to reproduce the boundary 
layer on the Earth's surface at the 
location of the model building being 
tested. 
By Christopher Bouta. 

of quasars. This power source has 
been a mystery for many years 
because nuclear processes cannot 
account for the huge amount of 
energy produced. 
By John Prairie. 

Space Shuttle Stars in 
Large Format Film 
Coming Soon? Highlights of recent 
space shuttle missions have been 
recorded on IMAX film in "The Dream 
is Alive.'' The thirty minute show will 
open this summer at the Smithsonian 
National Air and Space Museum in 
Washington. It will then be released to 
museums and theme parks who have 
!MAX screens and projects. 
Hopefully, either the McKnight 
Omnitheater at the Science Museum 
of Minnesota or the Valley Fair screen 
will be included in this release. Watch 
for it this summer. 

Paper Airplane Contest 

Do you have a high-tech paper 
airplane design that can push out the 
envelope of current paper plane 
performance? The Seattle Museum of 
Flight and Science 85 are sponsoring 
the Second Great International Paper 
Airplane Contest. Designs can be 
entered in four events: Time Aloft, 
Distance, Aerobatics, and Aesthetic 
Design (must fly at least 15 feet or 
three seconds). Engineers, 
professors, and graduate students 
must enter as Professionals, 
undergraduate students may enter as 
Nonprofessionals. All entries must be 
made only of paper. Glue and tape 
may be used for bonding purposes 
only (not to add weight). Paper 
lamination and reinforcement is 
allowed. Folded entries should have 
your name, address, phone, category, 
event (one per plane), and throwing 
instructions clearly written on them. 
The entries should be sent to 
International Paper Airplane Contest, 
Museum of Flight, 9404 E. Marginal 
Way South, Seattle, Washington 
98108. All entries must be received by 
May 1, 1985. All entries become the 
property of Science 85 and the 
Museum of Flight. 

New Phone System to 
Network Computers 

Hold on just a bit longer! The 
University is gradually throwing out 
it's old phone system and installing a 
new telecommunications system. 
Operations are scheduled to begin 
March 1, 1986 in the Health Sciences 
Complex, and June 1, 1986 through 
out the campus. The plan is to have 
three switching stations. One under 
Morill Hall to service most of the East 
and West Banks, one in the Health 
Sciences Complex and one on the St. 

Continued on page 30 
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First 
By James C. Rice II 

he sun seemed bright this 
morning as it reflected off the 
snow that had fallen the night 

before. The air was cold and the wind 
was blowing enough to put a slight 
nip in the air, but Mike didn't mind. 
He liked the cold mornings; they 
helped him wake up and get his blood 
circulating. However, this morning he 
didn't need the cold to wake him up 
and get him going. He was anxious to 
get to his desk and dig into his work. 

He had been hung up the last three 
days on a problem with some control 
logic in a circuit he was working on 
and he had started to feel like he 
would never get it solved. But then 
last night, while he was sitting and 
mulling over a crossword puzzle, the 
answer to his problem popped into 
his head. With just a few small 
changes to his design, he was certain 
that he could get it to work. 

As Mike navigated his way through 
the building security to his desk, he 
started thinking back to his school 
days. One of his instructors had once 
told him about a time when she had 
designed whole computers using only 
pencil and paper, and then had put 
them together by hand to see if they 
really worked. He wasn't really sure if 
he believed her. Mike had always 
done his work with the aid of a 
computer; in fact, the computer did 
the lion's share of the designing for 
him. The only thing he really had to 
work on were those circuits which 

could not be described to his 
computer clearly. It was exactly this 
type of problem that Mike was 
working on now, and all he had to do 
was get to his terminal to see if he 
could get it working. 

Mike's terminal was in his office 
and his office was a little two and a 
half meter square cubicle on the 
engineering floor. Mike had a desk, 
two chairs, and a small table for his 
terminal in his cube. The walls and 
the carpet were a muted gray, but a 
couple of posters and a plant on his 
desk had made it feel like home to 
him. 

Illustrations 
by Scott Ci I iske 

When Mike got into his cube, he 
tossed his jacket on the back of one 
of his chairs and kicked his shoes off 
under his desk as he pulled his chair 
up to his computer terminal. As he 
was logging onto the computer he 
heard a slightly scratchy voice say, 
"Good morning Mike, you're a little 
early this morning aren't you?" 

Mike recognized the voice instantly, 
and without even turning around 
replied, "Good morning Sir. Yeah, I'm 
a little early. I think I know what's 
wrong with my circuit and I want to 
see if I can get this stupid thing to 
work." 
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"I hope you get it to work. If there's 
anything I can do to help, you'll let 
me know won't you?" 

With a slight sigh, Mike turned his 
head and said, "Yes Sir, if there is 
anything you can do I'll let you know. 
Now will you please just sit there and 
be quiet a while so I can get some 
work done?" 

Before continuing with his work, 
Mike sat looking at the little, oblong 
red box in the corner of his cube. The 
box was sitting on wheels and it had a 
speaker grid mounted on the front. 
The top of the box was adorned with 
an optical sensor which didn't quite 
sit square but appeared to work right 
so Mike didn't worry about it. This 
box was Sir, or, more accurately, a 
Sophisticated Interaction Robot. Sir 
had been a regular security patrol 
robot before he had been sent to the 
trash heap for suffering from old age. 

Mike had come up with the idea of 
making a robot that he could talk to 
and maybe even play chess with. He 
had rescued Sir and put an old 
personal computer in him to increase 
his computing speed and added all 
the crystal lattice memory he could 
scrounge from old computer parts 
that were always being thrown out 
around work. 

The programming of Sir had been 
the hard part. He had spent weeks in 
his spare time trying to get a program 
put together that would allow Sir to 
respond to random stimuli with 
actions or oral data which fit the 
situation, but with enough variety so 
as not to be entirely predictable. In 
other words, carry on a conversation. 
In fact, Mike was pretty proud of his 
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accomplishment. Sir responded well 
enough to carry on an intelligent 
conversation. In fact, since Mike had 
written Sir's program so that he could 
retain information from a 
conversation and be able to use in in 
a later conversation, Sir had become 
one heck of a chess player. Mike 
could still beat Sir at chess about half 
the time, but no matter how good 
Mike got, Sir always seemed to keep 
up with him. 

Anyway, after Mike was satisfied 
that Sir wasn't going to bother him 
again, he turned back to his terminal 
and started to pull up the schematic 
of his circuit so he could modify it. 
Then softly from the corner came, 
"Mike? .... " 

"What do you want to know Sir?" 
asked Mike in an irritated tone. 

''I'm sorry to bother you Mike, but 
could I ask you a question, please? 
It's been bothering me all night." 

At this, Mike pushed his chair back 
from the terminal and turned around 
to look at Sir. He had never even 
considered that the little robot might 

have thoughts outside those directly 
related to a conversation. This was 
really interesting. There really wasn't 
any reason the random memory 
search processes used to combine 
ideas for conversation shouldn't 
continue to function when s.omeone 
wasn't talking to Sir, but Mike just 
hadn't thought about it. "What is it 
Sir?" 

"Well Mike, I was wondering ... well 
could you tell me if .... ?" 

Mike was really starting to get 
curious. Sir had always responded 
quickly and he had never seemed 
uncertain of himself, although lately 
Mike had begun to wonder if there 
was something going wrong with his 
little robot. Sir had been getting to be 
a nuisance the last couple of weeks, 
always interrupting and asking 
questions that were way off the topic. 

"What is it Sir? Spit it out." 
"Well Mike, could you tell me? Am I 

alive?" 
Mike sat back, slightly in shock. He 

had not expected anything like this 
from Sir. 



"Of course not, Sir. You're a robot." 
Sir sat still for a moment, then said 

quietly, "But why can't I be alive? I 
can move around. I can learn from my 
mistakes, and I can even beat you at 
chess. Dogs can't play chess or even 
talk, but they are alive." 

Mike sat quietly for a moment, not 
really knowing what to do. He must 
have made a mistake in the program 
that allowed this to happen. He was 
going to have to erase Sir's memory 
and then try and find the bug in his 
program. Mike then reached over and 
flipped the circuit breaker on Sir's 
back which shut the robot off until he 
could work on him later. 

As Mike was turning back around 
to get some work done, his boss 
walked into the cube. 

"Hi, Mike. Hi Sir. How're your 
mornings going?" 

Mike turned around. "Hi, Adam. I'm 
fine but I had to turn Sir off. He was 
starting to ask ridiculous questions 
about being alive." 

A sad look came over Adam's face. 
"You turned him off?" 

"Yeah," Mike said. "I think there 
must be a problem with his main 
program. I shut him off until I can get 
a chance to work on him." 

"Yes, I suppose you're right. It's 
probably only a minor thing that will 
just have to get fixed." With this said, 
Adam's expression took on a look of 
resignation and he reached over and 
pressed the three small freckles on 
the side of Mike's neck. Mike slumped 
forward in his chair. Adam muttered 
to himself as he left Mike's cube. 
"Darn. I thought I had it right this 
time. I wonder if his problem is in his 
timing?" Minnesota Technolog, Spring 1, 1985 13 
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Illustrations by 
Helen Mittelstadt 

By Randall M. Thompson 

Tr 61 ,230,945,088 Hb was 
tired. He was old, tired, worn 
out, and he bore his share of 

life's scars. Yes, ETr 61,230,945,088 
Hb (or just Hb for short) was old and 
tired. Very few of Hb's kind surpassed 
him in age; a fact of which he was 
painfully aware. He now bore each 
cycle's load with far more reluctance 
than he used to. 

Yet in spite of being so old and 
worn out, Hb continued on, cycle 
after cycle. He had to, there was no 
choice for him in the matter. The only 
escape from his duties would be 
through death, and although he 
seldom thought about it, he wanted 
more than anything to elude death. 
So he continued on, cycle after cycle. 

Cycle after cycle. The cycles were 
the only thing that mattered to any of 
them. 

At the moment, Hb was on his 
432,890,761st trip through the cycle. 
He was traveling at a relatively high 
speed down a major throughway on 
his way to the first (and also the 
smaller) of two checkpoint areas. 

The checkpoints were policed by 
angular, deadly-looking 'phages, 
creatures who saw to it that 
unauthorized materials were taken 
out of transit. It was these same 
'phages who with machine-like 
efficiency attacked, enveloped, and 
ultimately destroyed the dead or 
dying of Hb's kind. 

Hb didn't like going to the 
checkpoints (nobody did) and he 
avoided them whenever possible. Hb 
rejoiced and found a certain kind of 
pride in the fact that he was able to 
avoid the checkpoints quite often. But 
luck was not with him this cycle, and 
he carried his load reluctantly toward 
the checkpoint. 

Entering the checkpoint area, Hb's 
speed slowed drastically. As he 
twisted and bumped his way through 
the checkpoint, he imagined that he 



could hear the moans of the dying 
and smell the acrid, pungent aroma of 
death. He could only imagine these 
things, for he had no olfactory or 
auditory senses as we know them, 
using instead a mostly chemical 
means of sensing his environment. 
The more Hb thought about the 
deaths of his fellows, the more he 
became aware of his own advanced 
age and mortality. His anxiety grew 
and he struggled to be free of the 
checkpoint as quickly as possible. 
Suddenly, as if his thoughts were a 
portent of impending doom, Hb found 
himself face to face with a 'phage that 
was several times his own size. Hb 
realized with terror that the 'phage 
was already too close for any chance 
of escape. A wild panic crept over 
Hb's entire being. The 'phage moved 
forward, seeing Hb's old and scarred 
body, and seemed (to Hb at least) to 
smile. The 'phage extended a long, 
adhering pseudo-arm and grasped 
Hb's laden body. Then, just as Hb 
was going to mount a last ditch, yet 
hopeless effort at escape, the 'phage 
inexplicably released him. 

Exulting in his new-found lease on 
life, but at the same time knowing that 
the next encounter would be the last, 
Hb made his way out of the 
checkpoint. 

A short time later, Hb unloaded at 
an area near the checkpoint, and 
reloaded local waste that was to be 
taken back to the resupply sector, 
where it would be disposed of so that 
Hb could receive a fresh load. Shifting 
his burden for easier transport, Hb 
began the return trip. Gaining speed 
as he entered more highly traveled 
pathways, Hb couldn't escape the 
feeling that he was about to die. His 
fear of the 'phages was now foremost 
in his mind. As he neared the second 
and by far the more dangerous 

checkpoint, Hb became convinced 
thoroughly that his time had come. 
He also became convinced that there 
must be, had to be a way to escape 
the 'phages. Hb knew there was a 
way, but he didn't know what it was. 

He anxiously passed the second 
checkpoint without entering, but he 
knew that very soon indeed he would 
join the millions of his brethren who 
had traveled their last cycle. 

And then, eighty-seven short cycles 
later, Hb finally found a way to 
escape the dread 'phages as he and 
approximately three hundred 
thousand other red blood cells bled 
out of a scrape on the back of Ben 
Wilson's hand and dried in the 
autumn sun. 
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T if 
By Robert Hanson 

he scream in the hall woke me 
up. In California, that was how 
I usually woke. But as I lay in 

bed, my head buried under the pillow 
to drown the noise, trying to stay 
asleep, the screams and sobbing 
continued. The voices, much louder 
than they should be, shocked me. It 
sounded like everyone from the 
building was banging on the wall 
outside my apartment. That figured; it 
takes a lot to wake a night janitor who 
sleeps during the day. 

There was an incredible amount of 
noise from the road too; horns, 
screeching cars, terrorized people 
screaming and yelling. A riot. The 
smell of smoke. And sirens. Then the 
sound of the civil defense sirens 
penetrated my lethargy, and I bolted 
wide awake. The first thought in my 
mind was that it was the Great 
Earthquake~ there was certainly 
enough noise to justify it. But as I 
stood up and threw on yesterday's 
clothes, I realized that there was no 
swaying motion, no vertigo normally 
associated with the tremors I lived in 
fear of. That could mean only two 
things: a hurricane or nuclear war. 
And there were no tropical storms in 
the Pacific this time of year. 

I cautiously opened the door to my 
apartment, and looked out. Although 
it was daylight outside, the hall was 
pitch black-the power must have 
been cut. A woman lay in the hall, 
quietly sobbing; probably her scream 
woke me up. I listened to her for a 
moment, but when I heard footsteps 
at the other end of the hall I went 
back in my room, deciding that I 
would be safer there. I tried the TV, 
but it didn't work. The panic that had 
begun somewhere in the pit of my 
stomach began to ooze out through 
my pores. Come on, dummy, there is 
no power in the hall, so why should it 

Illustrations by David Hyde 



work? Try the radio. I had a transistor 
radio, which I saved for emergencies, 
and this sure sounded like an 
emergency. I dug around in my 
closet, frantically shoving magazines 
and a dusty old Bible until I found it. I 
grabbed the radio, and clicked it on. 
There was only static. I tried to find a 
station, and finally got one. 

" ... And do not attempt to leave 
your homes. Traffic is stopped on 
virtually every road. Stay indoors, 
and lock your door. In a few 
minutes, the President will be on 
with some important messages. If 
you have a medical emergency, do 
not attempt to drive. Call your 
hospital. I repeat, call only. Do not 
attempt to drive, as all roads are 
blocked." 

"To repeat, nuclear missiles have 
been launched, and a large 
number will strike the U.S. 
Probable targets include 
Washington, California, ... " 

The radio dropped out of my hand 
and continued to babble on the floor. 
I could feel the blood drain out of me, 
and along with it the fear, the 
strength, and the will to live. The war 
they said could never happen. We 
gave them power to destroy all of 
mankind and someone decided to do 
it. Say goodbye to all the people. As 
the shock set it, I forgot the screams, 
the shock set in, I forgot the screams, 
the fears of those outside. My world
onto my bed. I began looking at all 
the things in my room. Pictures of 
people, my mother. The pink elephant 
I won at a state fair. The goldfish 
swimming in its bowl. Damn! What 
did the goldfish ever do to deserve 
being fried? Or the pink elephant ... 

I was just barely aware of the loud 
crash, the splintering noise as my 
door was burst open. Nor did I see 

the man until he pulled me off of the 
bed with one arm while he shoved the 
other near my face. I think he had a 
gun in his hand, but I'm not sure. I 
just didn't care. 

"Get out of here," he yelled at me, 
"or I will kill you right here!" He had a 
crazed look in his eye. He heaved me 
off the bed, and kicked me as I 
collapsed on the floor. He forgot me, 
being so involved with finding 
whatever he was looking for. As he 
began tearing my room apart, I 
crawled away, my side aching where 
he booted me. I don't know what he 
wanted; anything he would have 
taken would just be vaporized. But I 
think he wasn't acting strange; he just 
wanted to pretend it wasn't 
happening. 

I managed to stand up, stagger 
down the stairs, and found enough 
will to get outside. The air-raid sirens 
were much louder outside, but I could 
barely hear them over the people. I 
can't guess what I was doing outside; 
maybe it was a morbid desire to know 
what death is like that lured me out to 
watch the bomb fall. Or maybe it was 
that it didn't matter, and so what was 
the difference where I was? The mass 
of people on the street were crawling 
and pushing over one another in a 
mad desire to go someplace, to get 
away. The screams and crushed 
bodies I ignored, as I was too numb 
to feel. It wouldn't matter anyway; 
soon we all would be dead. I had 
barely enough will to stand out of the 
way, as I waited for death to come. 
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Someone shouted, "There's one!" 
and the crowd went quiet. It was just 
a speck in the sky, not seeming to 
move. Then it came down, very fast. 
My whole body winced; I knew I was 
dead ... 

The missile descended like a hawk, 
swooped to earth. And stopped. One 
hundred feet in the air, it froze, as if a 
hand reached out from the sky and 
stopped it. There was absolute silence 
as we watched the impossible. Then 
the Voice spoke, the Voice of Doom, 
the Voice of Judgment. The Voice of 
God. In the deepest bass, that 
rumbled through the ground and 
caused the mountains to stand at 
attention, He spoke five words. 

"Don't EVER try that again." 
It is now well after dark, but I am 

still standing out in the road watching 
the missile, suspended as every 
missile was, one hundred feet above 
the ground, suspended there forever 
as a warning to mankind. In the 
morning I will find my Bible, blow off 
the dust, and go to church. 

to much larger quarters at 
2864 Chicago Ave. S. 

(one block north of Lake Street, Mpls.) 
and has expanded its hours 

MON-FRI 10am-8pm 
(ii:r,~ SAT 1 Oam-6pm 

SUN 12pm-5pm 

824-6347 

Uncle Hugo's has the largest selection of 
science fiction and fantasy in the world. 
We also buy and sell used books. Uncle 
Edgar's Mystery Bookstore is in the same 
building. 
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Late Night Thoughts on Listening to 
Mahler's Ninth Symphony, Lewis 
Thomas, Viking Press, 1983, 
hardcover, 168 pages, $12.95. 

By Renee Bergstrom 

Lewis Thomas' book, Late Night 
Thoughts on Listening to Mahler's 
Ninth Symphony, reflects on a wide 
variety of topics. A collection of short 
essays, the book touches topics such 
as military planning for nuclear war, 
alchemy, animals, the sense of smell, 
artificial hearts, cardiac pace-makers, 
asylums, science advisors, and 
reflections on what it's like to be 
young in the nuclear age. 

r fl ti 

Although there is a wide variety of 
topics, the constant return to the 
discussion of thermonuclear war and 
need for funding for further scientific 
research are central themes to the 
book. Lewis Thomas writes that the 
military stratagem is to plan for the 
"worse-case." However, the worst
case prepared for and the ultimate 
worst case are two different things. 
Lewis comments that nuclear war is 
one of those areas where worst-case 
planning is absurd and pointless. 
Along with this, the book comments 
on doctors and their stand in the 
nuclear issue. Thomas believes that 
doctors realize that in the event of 
thermonuclear war, even though they 
have made advances in medical 
science, they will have nothing to 
offer the people; they have nothing 
that will help the survivors. As for the 
need for funding for further scientific 
research, Thomas' stance is this, 
expansion or at least no cut-backs is 
the best investment, short-term or 
long-term, the country can make. The 
book's essays make further issue of 
this. 

Even with the topic of nuclear war 
central to the book, there are some 
light-hearted essays on topics such as 
alchemy. Thomas writes that alchemy 
started the ball rolling for modern 
science-physics, chemistry, and 
biology. Another topic is animals. 
Thomas believes animals should be 
given more credit. They interpret 
human behavior better than humans 
interpret animal behavior. A specific 
example is Clever Hans the Horse. 
This horse from Germany fooled the 
experts by seemingly solving very 
complex math problems. 

Thomas does have some 
memorable quotes such as his 
description of the Earth: "Seen from 

the right distance, from the corner of 
the eye of an extraterrestrial visitor, it 
(Earth) must surely seem a single 
creature, clinging to the round warm 
stone, turning in the sun." 

On the lighter note, Thomas' 
discussion of smell is delightful. 
Thomas exclaims that we are missing 
much of the world by not having a 
developed sense of smell. 

I suppose if we tried we could 
improve ourselves. There are, 
after an, some among our 
species with special gifts for 
smelling-perfume makers, tea 
tasters, whiskey blenders-and 
it is said that these people can 
train themselves to higher and 
higher skills by practicing. 
Perhaps, instead of spending 
the resources of our huge 
cosmetic industry on 
chemicals for the disguising or 
outright destruction of odors, 
we should be studying ways to 
enhance the smell of nature, 
facing up to the world. 

Altogether, with much of the book 
on nuclear war and the need for 
scientific research, the book can 
appear quite dreary. Though the 
writing is not quite straight forward 
and appears to switch topics mid
paper, the books makes strong 
points. Late Night Thoughts will 
certainly give the reader "one to grow 
on." So if deep medication on serious 
topics with an occasional lighter 
reprieve is enjoyable to you, read Late 
Night Thoughts. Otherwise, wait for 
something else. 
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The Reflective 
A highly advanced design tool developed at the General Motors 
Research Laboratories uses computers to generate visual images 
from mathematical data with such accuracy that, soon, 
in-depth aesthetic evaluations of new concepts may be made 
prior to creating a costly physical model. 

Figure 1: Computer display of plan view (upper) 
and side elevation (lower), indicating automo· 
bile toea tion, lighting selections ( Ll-LSJ, and 
viewing position (EYEJ. 

Figure 2: Four Autocolor images, showing the 
same view of an automobile as background and 
lighting change. 

ITH AUTOCOLOR, users 
can synthesize three-dimen

sional, shaded images of design con
cepts on a color display and then 
quickly explore how major or minor 
changes affect the overall aesthetic 
impression. The system is com
pletely interactive. By choosing from 
a menu on the screen, the designer 
can redefine display parameters, 
select a viewing orientation, or mix 
a color. Each part of an object can 
be assigned a surface type with 
associated color and reflectance 
properties. Built-in lighting controls 
generate realistic "highlights" on 
simulated surfaces composed of dif
fering materials. 

Before developing the system, 
David Warn, a computer scientist 
at the General Motors Research 
Laboratories, observed the complex 
lighting effects achieved in the stu
dio of a professional photographer. 

By simulating these effects, Auto
color can produce results unattain
able by conventional synthetic 
image display systems. Previous 
systems used a point source model 
of light, which allows adjustments 
only in position and brightness. 

The versatility of the lighting 
controls constitutes a major advance 
in Autocolor. An unlimited number 
of light sources can be indepen
dently aimed at an object and the 
light concentration adjusted to sim
ulate spotlight and floodlight effects. 
The lighting model even includes 
the large flaps or "bamdoors" found 
on studio lights. These comprehen
sive controls permit the user to view 
the simulation in studio lighting con
ditions, as well as to make revisions 
in color, paint type, and materials. 

With real lights, direction and 
concentration are produced by reflec
tors, lenses, and housings. It would 
be possible to model these compo
nents directly, but that would intro
duce considerable overhead to the 
lighting computation. Instead of 
modeling individual causes, Auto
color models the overall effect, reduc
ing complexity by simulating those 
aspects needed to produce realistic 
results. 

Autocolor approximates the 
geometric shape of an object with 
a mesh of three or four-sided poly
gons. These polygons are grouped 
to form parts. For a car body, there 
might be separate parts for the door, 
hood, roof, fender, and so on. Each 
part is assigned a surface type, such 
as painted metal or glass, and each 
type of surface has associated color 
and reflectance properties. The 



entire data structure is stored in 
tables using an interactive relational 
data base developed at the G M 
Research Laboratories. 

'11E LIGHTING model deter
j_ ~ines the intensity of the re

flected light that reaches the eye 
from a given point on the object. It 
takes into account the reflectance 
properties of the surface as well as 
the physics of light reflection. A hid
den surface algorithm determines 
which point on the object is visible 
at each point on the display. For each 
of these visible points, the inten
sity is computed for each light 
source. The displayed intensity is 
the sum of the contributions from 
all the lights plus an ambient term 
which indicates the general level of 
illumination. 

Using the point source lights 
of conventional image generation 
systems, highlighting a particular 
area of an object can be a difficult 
task and can result in unwanted 
highlights in other areas. By 
contrast, the light direction and 
concentration controls found in 
Autocolor make it possible to iso
late the effect of a light to a partic
ular area, and achieve a desired 
highlight easily and quickly (see 
Figure 2). This is not because 
Autocolor's lighting model compu
tations are faster, but because its 
controlled "lights" behave in a more 
natural way. 

Another unique feature of 
Autocolor is the ability to portray 
realistically a variety of different 
materials and lighting conditions. 

The color seen from a surface is 
really a combination of two colors: 
the color of the surface or material 
itself (diffuse reflection) and the 
color of the reflected highlights 
(specular reflection). The highlight 
color may be the color of the mate
rial, the color of the light, or a color 
derived from the material and the 
light. 

A different highlight color can 
be used for each different surface 
type that is defined. This makes it 
possible to simulate materials such 
as plastic, painted metal, and 
chrome- each of which has differ
ent reflectance properties and re
quires a different highlight color. 

The user can interactively 
adjust the blending of the surface 
and highlight colors, watching the 
image change dynamically on the 
screen until a desired effect is 
achieved. 

"Autocolor will free designers 
to be more creative;' says researcher 
Warn. "Our goal is to move from con
trols that show changes in lighting, 
color, and materials, to software that 
will let the user change the actual 
shape, manipulating the image on 
the screen like a flexible clay model:' 

General otors 

THE 
MAN 
BEHIND 
THE 
WORI( 
David Warn is a Senior Staff Re
search Scientist in the Computer Sci
ence Department at the General 
Motors Research Laboratories. 

He received his undergradu
ate degree in mathematics from 
Carnegie-Mellon University, and 
his M.S. in computer science from 
Purdue. 

He has done extensive re
search in relational data man
agement systems with special 
emphasis on user interfaces and 
human factors. He also designed the 
prototype for the network data 
manager used in the GM Corporate 
Graphic System. His previous work 
on other aspects of computer-aided 
design include system design, 
file management, and simulation 
models. 

His foremost research interests 
are in color synthetic image gener
ation and interactive surface design. 
He joined General Motors in 1968. 
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Often a feasible solution to a problem will depend on many technologies, 
some developing and some nonexistent. Australia's Royal Flying Doctor 
Service is a solution with just such a history. 

By Charlie Goodrich 
any of the world's greatest 
technological achievements 
were conceived by the 

imaginative genius of the human 
mind, but were only made feasible 
through the resources of technology. 
In most cases, a successful solution 
for the problem depended solely on 
the availability of the required 
technologies. For without one 
component, the solution would be 
incomplete. 

One example of this 
interdependence is the Royal Flying 
Doctor Service of Australia. A 
humanitarian service forged from the 
the technological alloys of aviation, 
radio, and medicine, the RFDS 
continues to operate according to its 
founding principle: To provide care 
for the physical and mental needs of 
persons in remote and sparsely 
settled areas of Australia. 

A seemingly impossible task, this 
challenge promises medical coverage 
over the two-million square miles of 
Australia's outback and was 
conceived in an era when care was 
forced to rely on the technologies of 
the telegraph for communications 
and horse and buggy for 
transportation. 

Both proved to be inadequate for 
the majority of emergency cases due 
to reasons best summed up by an 
early settler, "When a man is lucky 
enough to get injured near a 
telegraph station you may call up a 
doctor in Adelaide, get his advice by 
wire, and take his medicine by 
imagination." 

The logistical barriers in the 
outback required a unique and 
innovative solution, one which took 
years of dedicated work and relied on 
the development of modern 
technology. 

Credit for conception, organization, 
and realization of the Service can be 
attributed mainly to one man: The 
Reverend Dr. John Flynn. Flynn 
accepted the challenge in 1903, when 
he began missionary work in the 
Northern Territory and parts of 
Western Australia. Confronted with 
the loneliness and despair that faced 
the people in these regions, Flynn's 
compassion for his fellow man 
motivated his pursuit to overcome 
these hardships. The RFDS was the 
result 

The Service is a very important part 
of Australia's history. Many early 
settlers of the outback stated that 

SPAN: Opportunities To Study Independently Overseas 
The author's research on the Royal 
Flying Doctor Service was conducted 
through participation with the SPAN 
organization at the University of 
Minnesota. SPAN -Student Projects 
for Amity Among Nations, assists in 
providing students with the 
opportunity to spend two to three 
months in a foreign country 
conducting a university accredited 
independent research project SPAN 
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offers the choice to travel to four 
different countries each year. It is not 
a structured study abroad program, 
rather the student is left to choose a 
topic unique to the host country and 
tailor their project as they see fit A 
six month preparation period is spent 
obtaining background information, 
contacting persons in the host 
country associated with the project, 
making travel plans, etc. While 

they simply would not have placed 
themselves in such a position, socially 
isolated and potentially medically 
dangerous, were it not for the security 
of knowing the Flying Doctors were 
available. Thus, the Service was a 
major factor in the development of 
the country's interior. 

Flynn realized the critical factor in 
administering effective medical 
assistance was getting aid to the 
person in distress quickly. Given the 
vast distances of the inland, he 
recognized the need for a faster 
method of travel. 

Clifford Peel, a young pilot in the 
Australian Air Corps, first suggested 
that medical services to the inland of 
Australia be airborne. Peel wrote to 
Flynn after learning of the plight of 
the RFDS and outlined the many 
superior qualities of aircraft in 
comparison to alternative means of 
travel. 

Had Peel survived the war, he may 
have been the first RFDS pilot to 
witness his thoughts and suggestions 
put to use. 

Implementation of aircraft took 
some time, however, as Flynn strived 
to have this concept accepted while 
searching for information and 

support (both financial and peer 
support) is given by the SPAN 
program, the self-satisfaction and 
valuable skills gained by the 
independence of the project 
contribute to a very influential and 
memorable experience. 

Further information can be 
obtained by contacting: Minnesota 
SPAN Association, 309 Social 
Science Tower U of M, Mpls, MN 
55455, (612) 376-5219. 



expertise on this relatively new 
technology. He eventually secured a 
contract for a pi lot and aircraft 
provided by a small bush airline 
known as Queensland and Northern 
Territory Aerial Service 
(Q.A.N.T.A.S.), today a major 
international carrier. 

The first aircraft was a de Havilland 
DH-50A, a single-engine, wood and 
fabric bi-plane, which cruised at only 
80 mph and allowed a payload of pilot 
and choice of doctor, nurse, or sitting 
patient. Painfully under equipped by 
today's standards, it was the state-of
art compared to the alternatives of the 
time. Its maiden flight in May, 1928, 
saved the life of a patient, thus 
proving the feasibility of aircraft 
within the Service. 

Despite the success of aircraft in 
reducing the time to reach the patient, 
the important ingredient lacking was 
effective communication between the 
doctors and the location where 
medical assistance was needed. 
Without this information, the doctor 
and aircraft were grounded in 
helpless frustration. 

What was needed was a large 
network of wireless radios for stations 
surrounding the medicine base. Flynn 
determined that the radio should be 
simple to operate, have a range of 
about 300 miles, cost no more than 
$200, and be relatively portable. 
These were the specifications of a 
"wonder ratio," beyond the scope of 
anything available at that time. 

Through the imaginative genius of 
Alfred Traeger, this problem was also 

solved. Traeger's two-way radio was a 
design of creativity and innovation. 
Bicycle pedals attached to the direct 
drive, 50:1 ratio gear box, spun a 
salvaged auto generator at a rate 
sufficient to produce the 20 Watts 
required by the transmitter. This 
reliable and very portable power 
source also allowed free use of the 
hands to operate the microphone and 
controls of the radio. In addition, 
Traeger designed a simple two-valve 
receiver powered by dry batteries. 

ROYAL 
FLYING DOCTOR 

SERVICE OF 
AUSTRALIA 

One story on the development of 
the early Traeger radio relates to one 
of the first test transmissions. it was 
sent by Mrs. Rothery, wife of the 
Augusta Downs Stations Manager, to 
Harry Kinzbrunner at the Cloncurry 
RFDS radio base. Traeger and Flynn 
had decided to first teach women to 
operate the radio since they spent 
most of their time on the homesite 
within the first reach of the set. 

Traeger suggested she send "Hello 
Harry" as the christening message. 
The message that Kinzbrunner 

decoded read, "Hell. 0 Hell. 0 Harry." 
Obviously a simpler method of 
operation was needed. Traeger 
responded by developing a typewriter 
device which automatically sent out 
the appropriate Morse signal when 
the corresponding key was pressed. 

The "wireless" provided Flynn with 
the missing communication link and 
earned its place alongside aviation to 
speed the provision of medical care to 
the inland. A union was formed 
between these three important 
technologies, namely medicine, 
aviation, and radio, and the Royal 
Flying Doctor Service was finally 
technically functional. 

The Service has since evolved into 
a world-renowned and respected 
organization. Because of the vast 
distances· involved, the Service has 
divided the mainland into six sections, 
operating a total of fourteen bases, 
for effective decentralization and 
efficient distribution of services. A 
Federal Council comprised of two 
members from each section form the 
governing body of the RFDS. A non
profit, non-governmental agency, the 
Service relies on Federal and State 
Government subsidies to provide 
approximately fifty percent of its 
operating budget. The remaining half 
must be raised directly by the Service, 
which represents six million dollars in 
contributions for the year 1983. 

The modern communications link is 
provided by High Frequency Radio 
(H.F.) signals within the 2-10 MHz 
band in the Single Side Band (S.S.B.) 
mode of transmission. 
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Communication between outpost 
stations and the city may take into the 
form of telegrams transmitted by 
voice or Radphone connections. The 
latter service is a direct radio
telephone link, which allows private 
conversations between remote areas 
and any subscribers of the world 
telephone network. 

Most units also have an 'emergency 
tone' button, which activates an alarm 
at the RFDS base. When activated 
during normal business hours, all 
communication on that particular 
frequency ceases so the operator can 
respond to the emergency call. After 
hours, automatic switching forwards 
the incoming call through the 
unmanned base to the doctor's 
residence or hospital staff by 
telephone. 

The medical staff which remain on 
duty at all times are truly dedicated. A 
person on a station 400 miles inland 
can actually contact the flying doctor 
in less time than the average urban 
resident can reach their 
corresponding doctor. And there is 
no remaining area in Australia where 
the flying doctor cannot reach a 
patient within two hours. 

Radio clinics are held at a specified 
time each day and give Inlanders the 
opportunity to inform the doctor of 
any new ailments or update current 
ones. This daily contact provides the 
doctor with important background 

The Interior of a RFDS airplane. 

information necessary for accurate 
diagnosis over the radio. 

Radio diagnosis itself is an artform 
and has prompted more than one 
doctor to state how that particular 
function required the most patience 
and perseverance. The important 
factor the doctors must understand is 
the competence of the person 
describing the symptoms at the other 
end of the radio. 

Australia's flying Doctors provide medical service to the entire Outback. 
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The process is aided by the use of 
charts and diagrams which separate 
the human body into numbered areas 
of critical importance. By specifying 
the area and type of pain, the doctor 
is able to make a preliminary 
judgement on the severity of the 
patient's condition. In cases of mild 
infections or viruses the doctor may 
simply prescribe a dosage of 
medication to be administered from 
the medical chest. 

The medical chest, or "bush 
pharmacy," is supplied by the Federal 
Government and contains about 100 
standardized items including 
analygesics, sedatives, antibioUcs, 
scalpel and tourniquet, and various 
other items thought necessary, but 
not beyond the capabilities of the 
person the chest is issued to. All 
medication in the chest is numbered, 
the actual identity of prescription 

A seemingly impossible 
task, this challenge 
promises medical 
coverage over the two 
million square miles of 
Australia's outbacka 



drugs known only by the doctor, 
preventing errors and abuse. 

Medical flights fall into three basic 
categories: 

-Routine clinics flights which are 
conducted at scheduled intervals to 
isolate areas such as stations or 
settlements allowing area residents to 
see the doctor in a non-emergency 
situation. 

-Emergency flights made in the 
cases of serious illness or accident, 
when condition of the patient is 
serious enough to warrant immediate 
medical attention and possible 
evacuation to a hospital. 

-Mercy flights, which are 
considered by aviation laws as those 
involving irregular aircraft operation 
that may result in reduction of normal 
air safety standards. Considered by 
the doctor as a matter of "life and 
death," the final decision, however, 
rests entirely with the pilot who may 
be taking a calculated risk to save a 
life. 

In 1983-4, flying doctors attended 
over 67,000 patients, not including 
radio and telephone consultations, 
which would bring that figure to over 
87,000 patients. 

All aircraft use today are modern, 
medically equipped twin-engine 
models. Navigational aids have 
evolved from familiar river beds, trees 
and rock formations to full 
instrumentation allowing all-night and 
all-weather flying, but there still 
remain several remote areas where 
navigational aids are non-existent and 
pilots must once again fly visually by 
dead reckoning. 

John Flynn realized the need for 
emergency medical aid was real, but 
his insight extended beyond the 
physical needs of the people to the 
equally important aspect of their 
mental well being. As a result, the 
Service provides a vital link to the 
outside world by personal visits to 
stations and settlements from doctors, 
dentists, nurses, and community 
workers. 

John Flynn's dream was founded 
on compassion, caring, and a sense 
of responsibility. Yet human emotions 
were no match for the physical 
barriers that confronted him. Indeed, 
had it not been for the benefits 
provided by advancements in 
technology, namely aviation and 
radio, John Flynn's vision would not 
have been realized. 

I 
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When the sun shines and the wind blows, studying can become a hopeless 
task. If you are looking for an alternative to the books, try flying a kite. 

By Mike McGee and Ed Wollack 

Imagine stepping out on a cool, crisp morning and 
sighting a three metric ton, oval object, twenty-four 
meters in length. With a tail one hundred forty six 

meters long, it soars hundreds of meters in the air-no this 
is not some high-tech component of President Reagan's 
"Star Wars" plan, but a Japanese Wan- Wan kite. 
Requiring more than one hundred fifty men to launch and 
fly, it is an excellent example of the Oriental use of simple 
technology as a social focal point. This use of technology 
was generally overlooked by Western man, though both 

The Scott Sled, known for its ease of flying. 
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cultures displayed a preoccupation with flight through the 
ages. 

From early aerodynamic "toys" to full-scale "man
carrying" contraptions plummeting off cliffs, no one could 
quite seem to shake the thrill of the flying machine. Kites, 
built of silk and bamboo as early as 1000 B.C. in mainland 
China, provided man's first experience with flight. 

Even with the recent advances in aerodynamics, many 
of the "intuitive" concepts governing the flight of kites are 
still mathematically inexpressible. Looking over the diverse 
variety of both European and Oriental kites it quickly 
becomes apparently why there is a lack of empirical data 
for tethered air foils. Almost any kite geometry is capable 
of flight if the proper bridling and mass-to-area ratios are 
maintained. 

If one looks into the history of kites, two separate 
schools emerge. The Eastern kite builders were artisans 
who employed their skills for artistic and cultural 
expression. The Europeans were slow to develop the kite, 
but were quick to employ this technology for scientific and 
military ends. According to European legend, the Greek 
mathematician Archytas of Tarentum constructed a 
wooden bird around 400 B.C. used to frighten the enemy 
in battle, which was inspired by the Chinese bird kite. 

These differences in applications can be attributed to 
differences in philosophical views of the world. Where 
Eastern cultures viewed the kite as a means of extending 
ones self, the Europeans saw it as a scientific tool to be 
utilized. In fact, many scientific breakthroughs came 



Many types of kites can be flown in trains. 

, NASA's scheme for 

the use of a pamwing 

The navy used kites as mdio antennas. 

through kites. During the 1700's it was not uncommon to 
use kites as a vehicle for carrying barometers, 
thermometers, and conducting tethers into the upper 
atmosphere. The box kite like appearance of early aircraft 
was not coincidence; but a direct result of studying the 
behavior of kites as airfoils. Believe it or not, kites even 
helped early attempts at land propulsion, when strings of 
kites were tied to carriages and used as sails. 

Some recent aircraft and hang glider designs are a 
direct result of Francis Rogalla's experiments in the late 
1940s' with the flexible kite concept. Although little interest 
was given to kites at the time, the potential of Rogallo's 
theories proved of great interest to the U.S. space 
program. He soon became involved in the development of 
highly sophisticated parawings. (Parawings resemble 
modern hang gliders but have no rigid supports, being 
controlled only by cords like a parachute.) These 
parawings were to become the model for efficient light 
weight space recovery schemes, and quickly became a 
favorite with skydivers because of its high glide ratio and 
maneuverability. 

The development of light weight and strong materials, 
such as composites and synthetic fabrics, have allowed 
the creation of inexpensive and durable kites which are 
easy to fiy. This eliminates the childhood trauma of 
returning home with a tattered paper kite and a snarl of 
string. For older flyers this creates a whole new experience 
in kiting, allowing any "kid" to fly an impressive looking 
kite. 

Into The Wind® Kite Wind-Range Chart 

Abfolls ®®®®®®®®®®®®®®®®®®®®®® 

Box:Kites ®®®®®®®®®®®®®®®®®®®® 

Chinese Kites ® ® ® ® ® 

Deltas ®®®®®®®®®®®®®®®®®® 

Diamonds 

Dragons 
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Sleds 

Stratton Kites 

Stunt Kites 

Winged Boxes 

WmdmMP 

®®®®®®®®®®®®®®®®®®® 

®®®®®®®®®®®®®®®®®®® 

®®®®®®®®®®® 

®®®®®®®®®®®®®®®®®® 

®®®®®®®®®®®® 

®®®®®®®®®®®®®®®®®®®® 

®®®®®®®®®®® 

Many of the "intuitive" concepts 
governing the fi t of kites are still 
mathematically inexpressible 
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By Joe Samosky 

Reprinted courtesy of Skyscraper Engineer (Volume 25, Number 2), University of Pittsburgh 

You know the story. It's several weeks into the term 
and you've finally reached it: Chapter Four. It seems that 
every textbook in the sciences and engineering has a 
Chapter Four, although it isn't always the fourth chapter 
of the book. Usually, however, it goes something like this ... 

4.1 Introduction 

Up until now in our development of statistical quan
tum anthropomorphism we have relied on a rather intuitive 
approach. In this chapter and the next we will present the 
mathematical background underlying the examples 
presented in chapters two and three. The authors assume 
that the student has had no previous experience with 
quantum anthropomorphic vector space transformations, 
except for an introductory course in the multivariate vec
tor calculus of complex hyperbolic spheroids, takerl in the 
freshman or sophomore years. 

4.2 Notational Conventions 

A complete explanation of the symbolic notation used 
in the following development may be found in 
"Gersplatzen Frumblebach uben Vierdenthalen und 
lschengargen," J. Steinman et al., Annalen der Physike, 
Vol. 3, No. 2 (1874). The authors have made minor 
modifications to this system. These changes are discuss
ed in Appendix K of the supplementary text Quantum An
thropomorphism - A Simple Approach. The conventions 
are not rigid, however, and students are encouraged to 
fabricate their own symbols at will, as we will frequently 
do. 

4.3 Derivation of Antoliodore's Equation 
We begin with the equation of poikilothermic elec

trostatics, the experimental derivation of which is found 
in Chapter 11: 

(1) 

Rearranging, we obtain 

(2) 

We now multiply both sides of equation (2) by the permit
tivity of free space, e0 : 

(3) 
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Through simple algebraic manipulation we obtain 

(4) 

The intermediate steps above are left as an exercise for 
the reader (Problem 4.4a). 

We now state as fact the following equation, the proof 
of which is beyorrd the scope of this text1: 

2 = 3 (5) 

Squaring both sides, 

4 = 9 (6) 

and multiplying by the permittivity of free space, e0 : 

4e0 = 9eo (7) 

Finally, we multiply and divide equation (7) by Avogadro's 
number (NA = 6.023e1023) and raise both sides to the 
power numerically equal to the price per pound of bananas 
(expressed in drachmas) in Helsinki, Finland on July 23, 
1972. (This last quantity, Svordenbjorg's constant, is an 
empirically derived value discussed more fully in the 
preface to the supplementary text Basic Statistical Quan
tum Anthropomorphism for the Life and Social Sciences 
- Second Edition.) 

(8) 

Substituting the above into equation (4) we obtain the 
desired relation, Antoliodore's equation, which will lead 
directly to the proof of the McWorthstead-Landellier 
Theorem. 

X Cp (9) 

1 For a complete proof see "Applications of the Uncertainty principle 
to Applied Arithmetic," B. Mugglesdorf, Journal of Applied Mathematics, 
Vol. 56, No. 9 (1969). 
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Figure 1 

Expressed in words, equation (9) states that x is 
directly dependent on p. That is, if p increases in value, 
x also increases. It is also true that if p decreases in value, 
x wili decrease. Finally, it can be shown from (9) that if 
p remains constant, so will x. The reader should convince 
himself or herself of the above assertions before 
proceeding. 

4.4 Proof of the McWorthsteadalandellier 
Theorem. 

With these concepts now mastered, we proceed with 
our proof of what is the most fundamental principle of 
statistical quantum anthropomorphism, the 
McWorthstead-Landellier Theorem (ML T). A formal 
mathematical statement of the MLT is rather abstract, and 
beyond the scope of this introductory discussion. In sim
ple terms, the theorem asserts that if, in a suitable rec
tangularly tesselated region of n-dimensional an
thropomorphic vector space, a counter current mass flow 
function satisfies boundary conditions so as to ensure 
compliance with the Cauchy-Schwartz inequality for any 
chosen combination of state-transition subsets, then the 
closed line integral in n-space around a loop of Henle 
(starting at a singularity point and proceeding clockwise) 
will be identically equal to zero. In other words, if a counter 
current mass flow function satisfies the Cauchy-Schwartz 
inequality compatible boundary conditions (for any chosen 
combination of state-transition subsets) in an appropriate 
rectangularly tesselated region of anthropomorphic vec
tor n-space, then the closed n-space line integral from a 
singularity point clockwise around a loop of Henle will 
equal zero, identically. Intuitively, this implies that the en
tropy. of the universe increases for any spontaneous pro
cess. (The proof of this is left as a supplementary exer
cise for the reader.) 

We shall only demonstrate the proof of the ML T for 
3-space; the extrapolation to higher dimensional spaces 
should be obvious. Figure 1 (a) shows the standard i-x-p 
convention for our three coordinate axes. Note that each 
axis is at an angle of 90 degrees (a right angle) to each 
of the other two. They are said to be orthogonal (From the 
Greek orthogonios: ortho - straight, right, true; gonia -

angle. Similar to the Gothic gawrisqan- to bring fruit, or 
the Sanskrit urdhva - upright or high, and vardhate - he 
increases.) Note also that rotation from axis i to axis x 
gives axis p by the right-hand rule: the coordinate system 
is said to be right-handed. We use dotted lines to show 
the negative portions of the axes, solid lines to show the 
positive regions. Finally, note that the i axis is directed 
upward, the p axis to the right and the x axis is directe.d 
out of the plane of the page. 

Next we graph Antoliodore's Equation (9) in Figure 
1 (b)2. C has been chosen as an arbitrary positive con
stant. The reader should observe the direct dependence 
of x upon p, as was previously described. Note that the 
slope of the line (defined as rise/run) is equal to C, and 
that the line passes through the origin at point 0 (where 
(x,i,p) = (0, 0, 0)). 

If the reader has been attentive and has closely 
followed the discussion to this point, the remaining steps 
in the proof should be clear. Omitting the intermediate 
algebra, we illustrate the result in Figure 1 (c)3. The 
singularity points are indicated at A and B, with the loop 
of Henle designated by /. Clearly, the closed clockwise 
line integral around the loop will equal zero (identically), 
thus establishing our proof (Q.E.D.). 

4.5 Conclusion 

In this chapter we have formalized some of the con
cepts introduced in the first section of the text. An
toliodore's Equation was developed and utilized in our 
proof of the important McWorthstead-Landellier Theorem. 
Our approach was largely intuitive and nonmathematical, 
in order to provide the student with an appreciation of the 
simplicity and beauty of quantum anthropomorphic prin
ciples. Readers desiring a more rigorous foundation in the 
material presented are referred to Chapter Four of the sup
plementary text Statistical Quantum Anthropomorphism: 
What More Can Be Said? (Second Edition). 

2The i and x axes have been interchanged and the positive and negative 
regions of the graph have been switched in the illustration for the sake 
of clarity. 

3Note that we have rotated the principle axes and redesignated the 
original x-i-p axes as s-r-j so as to avoid confusion. 

(Thanks Joe) 
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Log Ledger from 8 
Paul Campus. The system will employ 
fiber optics and will be 100% touch 
tone. It will allow for high speed data 
transfer, and facilitate access to the 
University computer system. Even 
dorms will have this feature. Call 
forwarding, call transfer, call waiting 
and many other features will also be 
available. 

Artificial Intelligence 
Researched in 
Com er Science 
Department 

Artificial intelligence can be defined 
as "machines doing things that 
people do." Computer Science 
professor James Slagle has done a lot 
of research in the field of artificial 
intelligence. He designed the 
intelligent systems called MERIT, an 
intelligent control strategy, and 
BATTLE, a resource allocation expert 
system. In "intelligent control 
strategy," the system asks the human 
user questions that can be easily 
understood and answered, and in a 
"resource allocation system" natural 
resources, transportation vehicles, 
weapons, etc. are allocated. 

Research on expert systems that 
Professor Slagle and his students will 
address include: 

1) Dialogue management, including 
questioning and explaining. 
Dialogue management refers to 
what the user says to the system 
and the system then determines 
what the user wants. 

2) Design and implementation of a 
generalized inference engine. This 
involves the most important part of 
the expert system. The generalized 
inference engine asks the 
questions and performs the 
deduction or decision making 
process. 

3) Propagation of values in inference 
networks. This involves attempts to 
make a better inference engine. 

4) Human-machine interfaces. These 
interfaces relay information from 
the machine to the person and vice 
versa. 

By Gregory Aim. 
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Want To Study or Work Abroad? 
Study or work abroad can be a very 

rewarding experience. Many 
programs are available to University 
of Minnesota students, even some 
which can be tailored to engineering 
students. A few examples are: 
Student Project for Amnesty among 
Nations (SPAN), International 
Reciprocal Student Exchange 
Program (IRSEP), and International 
Student Exchange Program (ISEP). 

SPAN participants travel to any of 
four selected countries over the 
summer, after a year of preparatory 
course work in Minnesota. Countries 

for summer 1986 are the British Isles, 
Cameroon, Greece, and Malaysia/ 
Singapore. Applications are already 
being accepted. 

IRSEP offers a full scholarship to 
students and may not require 
knowledge of a second language. The 
application deadline is early in 
November. A total of ten scholarships 
to nine different countries around the 
world are available. 

ISEP presents the student with a 
chance to study in a wide variety of 

Continued on page 32 

The Tl-35-11 is a 54-function calculator designed specifi
cally for today's math student. It performs roots, powers, 
reciprocals and has many special functions. The Student 
Calculator Math Book contains 224 pages of facts and for
mulas useful for home, school, science and business. 

Together, the Tl-35-11 and 
the Student Calculator Math 
Book are a team that's 
hard to beat when you need 
he I p with your homework. 
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By Meribeth Nordloef 

Have you ever sat and dreamt about that future job, that 
future income, the hike in the standard of living, and the 
hike in taxes? Wait, taxes are probably the last thing on 
your mind. Going from just keeping your head above 
water at $4000 - $6000 a year, to floating on a mattress 
with a drink in hand, at $25,000- $30,000 a year, brings 
an appreciable hike in the income taxes you will pay to 
the IRS. 

One way to delay the inevitable is to either not file, 
which could cause considerable problems later or, the 
more civilized approach is to take advantage of income 
averaging. Income averaging, though it sounds like a 
gimmick thought up by the IRS and a mathematician, is 
actually a great concept. It could truthfully be called the 
new grad's tax loop. 

An individual qualifies for income averaging when his 
averagable income in a current tax year is more than 
$3000, and taxable income for the same computation year 
is more than 1f4 higher than the average income for a base 
period of the three preceding years. This textbook 
definition excerpted from 'IRS Publication 506' can be 
more easily defined with an example. In the following 
article, the word income as used in the context of a 
person's income, is considered taxable income (after 
exemption, deductions etc .... ). There are many other 
forms of income such as personal income, take home pay, 
etc ... , but they will not be considered in this article. 

Ron Soma, a fictional graduate in Mechanical 
Engineering in 1984 from the U of M, started working at 
IBM at $28,100 starting income. Ron was worried about 
the amount of taxes he would have to pay the federal 
government, so Ron talked to a tax consultant, who after 
looking at his past financial history, suggested income 
averaging, using Schedule G, Form 1040. Ron was able to 

Don't let all of that confusing tax stuff ruin your life after 

graduation. 

r t I 
fill out the form himself by following the form's 
instructions. 

The first step that Ron needed to do was to determine 
his average base period income. Ron had worked the 
previous two summers as an engineering intern for a local 
company, averaging an income of $6000 a year. Previous 
to that, Ron worked as a house painter, averaging $3300 a 
year. All preceding three years, Ron was self-supporting. 
Ron's base period for taxable income was 1981-1983. Ron 
determined his taxable income with the following 
simplified seven steps using the concept of income 
averaging: 

1) 
2) 
3) 

average base period income (15,30~3) 
nonaveragable income (5100 x 140%) 
averagable income (28,100 - 7140) 

$5100 
$7140 
$20,960 

4) a. nonaveragable income = $7140 
$5240 
$12,380 

b. 1f4 of averagable income (20,960-i-4) 
total (a + b) 

c. tax on the above using 1984 tax rate 
schedule 

5) tax on nonaveragable income (7140) 
6) a. increase in tax (4c)-(5) 

b. increase multiplied by three 
c. plus tax on nonaveragable income 

tax for 1984 

$1487 
$629 
$858 
$2574 
$629 

$3203 

Without tax averaging, Ron would have had to pay taxes 
on his taxable income of $28,100 (after exemptions and 
deductions), which would amount to approx. $6456. Ron 
saved $3253. To most of us that still count pennies, this is 
a substantial amount saved. 

Income averaging, though it may seem like a panacea 
for the tax blues has qualifications that must be observed. 
You are eligible if: 

1) You were not a nonresident alien during the four 
year averaging period. 

2) You furnished at least V2 your own support in all of 
the three base period years. The support test does 
not apply if the support was furnished by a spouse. 

If you do not meet the support test, you may still be 
eligible if: 

1) You received more than V2 of the current year's 
income for the work done in 2 or more base period 
years. 

2) Your income is not more than 25% of the aggregate 
adjusted gross income reported on a joint return. 

3) You are at least age 25 in the current tax year and 
were not a full-time student (5 months or more of 
the year for at least 4 tax years after age 21 . ) 
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Many new graduates are very interested in using income 
averaging but, the support test is the pivoting criteria here 
as to whether you may use it or not. If you don't meet the 
support tests to use income averaging, don't despair, there 
are many other avenues available to reduce your taxes. 
Many of the tax consulting companies send out letters to 
new grads giving them the opportunity to use their 
services free for next year's taxes. Take advantage of this if 

you can or use your local library for further tax 
information. Getting to know your taxes as well as you 
learn a class subject will help you in the long run. For 
further information on income averaging, see IRS 
Publication 506 available at your local library, Post Office 
or IRS office. Now you can dream about that future job, 
future income plus that extra bit saved from taxes. 
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Log Ledger from 30 
countries, with tuition and fees the 
same as the University of Minnesota. 

A few work programs are available 
through the University this summer. 
Arrangements for these are usually 
made only a few weeks before 
leaving. In all programs, transfer of 
credits must be arranged in advance. 

For more information call the 
International Study and Travel Center 
(ISTC) at 373-Q180 for an 
appointment. Drop in advising is 
available from 12:00-1 :30 Mon.-Fri. in 
room 42 Coffman Union, where a 
travel library is located. There will 
also be a free information session 
May 4. Stop in at ISTC for more 
information. 

By David Kortenkamp. 

A Case For Seatbelt Use 
Conservation of energy is a familiar 

concept to most I.T. students, but the 
energy conserved in daily events is 
not always easy to visualize. In the 
February issue of Science Digest, 
Roslyn Kaiser of the National 
Highway Traffic Safety Administration 
(NHTSA) offered an example to help 
people understand the energy in a 
automobile crash, "People do not 
understand the dynamics of crashes. 
They think they can save themselves 
by bracing with their arms. But a ten
mi.le-an-hour collision is equivalent to 
catching a two-hundred pound bag of 
cement dropped from a second story 
window." 
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Just because you're graduating doesn't mean you 
have to leave TICHNOLOG behind. You can have 
TECHNOLOG sent to your home by simply stopping 
by Room #2, Mechanical Engineering, 
and filling out a subscription form. 

Subscriptions 
r d s 

$10~ r year 
(six issues) 

II or write: 
hnol 

hanical Eng~ 

I 

ot 

n 

UNIVERSITY BOOKSTORES 
Health Sciences Bookstore (Unit A) 

Books Underground (St. Paul) 
Minnesota Book Center (Williamson) 

H.D. Smith Bookstore (West Bank) 

34 Minnesota Technolog, Spring 1, 1985 

HR-15 



by John Kmmm 

The camping season is fast 
approaching, and you're probably 
already making plans for a refreshing, 
outdoor commune with nature after 
spending so much time with your 
calculator and engineering paper. 
Being the rough and tough, burly 
kind of guy I am (also sensitive, 
intelligent, and good with children), I 
thought it no less than my duty to 
offer a few suggestions on how to get 
the most out of your hypaethral 
peregrination (that's "camping trip" 
for your non-CLA majors). 

Most people with the audacity to 
call themselves campers don't have 
the slightest idea of how to have a 
good time outdoors. Take for 
example the Grape Nuts man on T.V. 
After an excruciating climb to the rim 
of a canyon, he says something like, 
"There are trails down there that most 
people use to get to know this 
canyon, but not me ... I like to find my 
own way." Is he a jerk or what? He 
then goes on to describe the people 
that are "right for Grape Nuts." Let's 
take a moment to think about this 
man. He has risked his life crawling 
around on the barren edge of a high 
cliff, and now he turns to you and 
starts talking about breakfast food. 
His hearty meal consists of hard 
brown granules submerged in milk. 
(Hey, where's the grapes anyway?) 
And, despite his detour from common 
sense, many people would say, "Now 
there's a camper." 

So, how does a real camper do it? 
To have a really enjoyable trip, one 
must consider four things: site 
selection, food, personal hygiene, and 
entertainment. Let's consider these in 
turn. 

The proper camping site will have 
level ground, fresh water, adequate 
sanitary facilities, and pleasant 
surroundings. It is no coincidence 
that a Holiday Inn or Motel 8 combine 
all these qualities with free ice 
besides. For primitive lodging 
(camper trailer or lake cabin), be sure 

It 
you don't end up too close to 
neighbors who may spoil the pristine 
silence of the outdoors by annoyingly 
operating their stereos and blow 
dryers. One must also have access to 
a standard electrical outlet so one can 
conveniently operate one's own 
stereo and blow dryer. Of course, 
good T.V. reception is a must. 

trimmed so as not to scratch any 
records or snag the upholstery. You 
men may want to grow that beard 
you've been thinking about, while you 
ladies may want to commune with 
nature by using a pine-scented body 
splash. 

Entertainment is your last problem. 
How do you avoid boredom, 

The proper camping site will have level ground, 
fresh water, adequate sanitary facilities, and 
pleasant surroundings .. It is no coincidence that a 
Holiday Inn or Motel 8 combine an these qualities 
with free ice besides .. 

Food is your next concern. Try 
Burger King or Perkins at first until 
you get to know the good local 
restaurants. So-called hard-core 
campers take pride in preparing 
exotic dishes over an open fire with 
minimal utensils. If the only meals 
you prepare in the convenience of 
your own home are pot pies and 
Spaghettio's, why attempt a squid 
flambe when you probably don't even 
have a dishwasher handy? If you 
insist on doing your own cooking 
while camping, don't bother with a 
smoky fire. Just pop a frozen pizza or 
bowl of soup into the microwave. 
You can get primitive by eating the 
pizza with your fingers or slurping the 
soup. In case you don't have a 
microwave around, try some Spam on 
a Ritz cracker until you find a good 
steak house. 

Hygiene is where I like to really cut 
loose on a camping trip. I may go for 
as long as a whole day without a 
single drop of after-shave, unless I go 
to a really fancy restaurant. Camping 
is a time to relax, and how can you 
relax when you're concerned about 
trivial matters like cleanliness which 
detract from that almost spiritual 
oneness with nature? Of course, 
fingernails should be kept neatly 

especially if it's Tuesday night and 
there's nothing good on T.V.? A 
forestry major would probably sit in 
silence and gaze at the stars (as they 
often do in lecture anyway). The 
purest form of camp entertainment is 
a sing-along with a six-string guitar 
while eating roasted marshmallows. If 
there's no guitar, have everyone play 
a John Denver tape on their 
Walkman. As for the marshmallows, 
just pop them suckers in the 
microwave and nuke 'em for a few 
seconds. You have to be willing to 
make your own fun when you're 
camping, you know. Idle evenings 
might be a good time for Junior to 
hone his Scouting skills; get started 
on the Computer merit badge, for 
instance. Don't forget to record these 
good times on a VCR so you can 
relive the fun next Tuesday night. 

I hope these hints will help you in 
your desire to reacquaint yourself 
with the wonderful outdoors. Who 
knows, you and your pal may become 
the next Lewis and Clark. (Lewis 
Schlabonski and Clark Snodgrass, 
that is ... the daring duo who spent 
an entire weekend in the parking lot 
of a White Castle with nothing but an 
AM radio and the home version of 
Family Feud.) 
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In the past, the correct solutions to the problems presented here could eam you a free T-Shh1. Unfortunately, our 
supply of shirts has become depleted, so the satisfaction of completion is the only reward we can offer. 

Here is an easy one to get started (this is best suited for small children and forestry 
majors). Connect the dots. 

• • 
A newly graduated industrial engineer has a problem. The 
company suspects that one of the ten billion kegs of beer (that 
should get the Wisconsin people's attention) in the warehouse· 
inventory may not be full. How many measurements of weight on 
the company's very large scale are needed to locate the light keg? 

Find the smallest positive integer N such that N/2 is the square of an integer, N/3 is the 
cube of an integer, and N/5 is the fifth power of an integer. 

The I. T. Board of Publications 
is now taking orders for a 
new shipment of T -shirts. 
If you would like a shirt, stop 
by Poom 2. ME for the details. 
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1) In the metric system, "deca-"means ten and "milli-" 
means one thousandth. What does "myria-" mean? 

2) Is a rope more likely to break with 10 people pulling 
on one end with the other end tied to a tree or with 1 0 
people pulling on each end? 

3) It's true that Henry Ford was a soybean fanatic. But 
do you believe that he once showed up at a 
convention dressed in a suit and tie woven from 
soybeans and always kept cold soybean milk in the 
refrigerator? 

4) People sometimes throw aluminum cans on the 
ground, saying that since they're biodegradable, 
they'll disintegrate eventually anyway. How long does 
it take an aluminum can to disintegrate if it's left 
alone? 

5) What is the accepted name for that pointed rubber 
thing on the handle of a toothbrush? 

6) Within 10, how many teeth does a mosquito have? 

7) As the Professor, stranded on tropical Gilligan's 
Island, you need to give Mary Ann some blood plasma 
right away. All the others are off fighting an outer 
space creature. There are no other animals around, 
and you cannot afford to give any plasma of your 
own. Considering your location, what can you do? 

8) True or false: As an abandoned baby, Carl Sagan was 
raised by a family of concerned water buffalos in the 
Himalayas, and learned his first physics from a kindly 
mountain guru named Bob. 

9) If your tongue were dry, could you still taste? 

By Scott CUiske 

NEVER COME IN THRU THE 'LOCK 'w'lf~ 
SOMEONE WHO'S HAD C~ILI PEPPfR'S 
AND CHE"AP BEER FOR BREAKFEST. 

By John Krumm 
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10) 13, 25, 37, __ What comes next? (This is a trick question.) ·puesn04l U8l DU!UB8W X!J8..1d B S! .. -B!JAV\1, (~ 

Scoring 
0-1 Try again with your eyes open this time. 
2-4 Somebody has to make the top half possible. 

5-7 Reward yourself with a new Slim Whitman album. 
8-10 Reward yourself by not getting a Slim Whitman 

album. 
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SHARR 

1!!1 Prints out 10 numerals and two symbols on 
standard-size paper roll 

1!!1 Bright green display with automat1c 3-dlglt 
punctuation. 

~!~Operates in non-pnnt (display only) mode 
for conserving paper 

1!!1 Add-bar/subtract key-top des1gn to mm1m1ze 
human error 

1!!1 Non-add sub-total key. 

1!!1 Floating and f1xed dec1mal, constant and add 
operating modes 

$ 
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UNIVERSITY BOOKSTORES 

Health Sciences Bookstore (Unit A) *Minnesota Book Center (Williamson) 

Books Underground (St. Paul)* H.D. Smith Bookstore (West Bank) 

The Air Force has openings for young men and women maJonng in 
selected sc1ence and engineering fields. Like Aeronautical. Aerospace. 
General and Electrical Engineering. Mathematics. Physics ilnd Corn 
puler Technology 

To help prepilre for one of thesE'. Air Force ROTC offers t~Ao ilnd 
four year programs of study wh1ch will ddrily sonw of your college 
costs 

After completion of the AFROTC requirement. and upon your 
graduation. you'll be comrmssioned an officer in the Air Force Then 
comes responsibility. experience in your specialty with "ome of the 
best people and facilitieS in the world. ilnd a mission with d purpo~e 

You'll get excellent starting c;alary. medical ilnd dental cdre. 30 day'i 
vacation with pay beginning your fire; t year. and more 

Look into the Air Force ROTC program nght away See whaf, JIJ 1t 
for you. See how you can serve your country in return 

Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 

(612) 373-2205 
(612) 373-2206 



Your mind has been stretched Your kind of company. One that 
by education, your skills sharpened by extends the boundaries of technology, 
training. Now your imagination is ready creating opportunities on which minds 

/IS1k 0~ ~7niitd1ltat*mdJ;;;;;_inltJ~· . ~ /J It:S time to dream, to reach out, Aerospace and aircraft engines. ~ 
to dare. And to do it you need the space Medical diagnostic systems and robotics. 
for achievement. You will find it in Factory automation and microelectronics. 
companies that challenge you to fulfill CAD/CAM and consumer electronics. 
the potential of your mind. Information systems, plastics, and en-

One of them is General Electric. gineered materials. Plus future tech-
There you will find a sense of nologies still in your imagination. 

urgency that demands your very best, A diversity you could not find 
and stresses the individual's contribu- anywhere else. 
tion to the success of the enterprise. Today your future is in your imag-
At GE there is a climate for excellence ination, and at General Electric. Reach 
where excellence means rewarding you for it. 
when you win-and rewarding you tJJ (/!f'lli /.n~ _; ~"' ~ ~~jf-./,t-· 
when you try: the fuel for entrepreneur- t/) 

1
vvv U'kn t:£1~ f/l, 

ship in a large corporation. jcJl<l C4# cltr . 
General Electric is an equal opportunity employe[ 

ill A registered trademark of General Electric Company 



' 

'\ 

c ___ --

~ 



~ 

I 
J ED 

J 
j i 

consulting Engineers have the 
expertise and broad ex rience 
to steer clear of technical and 

design pitfalls. 
The consulting Engineers council of Minnesota would like to help you 
get started in a career in consulting engineering. Only a career as a 
consulting engineer gives you so many opportunities; the challenges of 
private practice; the freedom found in smaller firms, uninhibited by 
bureaucracy; the potential to work on a variety of projects; the ability 
to rise as fast as your talents take you. It could be your start in a career 
unlike any other in engineering. 

For a free copy of the CEC/M Membership Directory, phone or write: 

consulting Engineers council of Minnesota 
5407 Excelsior Boulevard, Suite A e Minneapolis, Minnesota 55416 

(612) 922-9696 or (612l 927-8705 
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Have you ever wondered what 

Archimedes' neighbors thought of the 
man. They were probably justifiably 
concerned when their neighbor 
jumped out of his bath and ran naked 
down the street yelling "Eureka" (I 
have found it). I can just imagine the 
looks on their faces when a dripping 
wet Archimedes tried to explain the 
principle of buoyancy. 

The intuitive leaps and bounds in 
understanding experienced by 
Archimedes has been dubbed the 
"Ah-ha" response. You may have 
experienced this yourself when 
shortly after turning in a troubling 
midterm the questions suddenly 
make sense. 

Where does this originate? The 
"Ah-ha" response has been traced to 
the right side of the brain by 
researchers at Cal Tech. It seems that 
the two hemispheres of the brain 
receive the same inputs, but process 
them with dramatically different 
approaches. The left side is the home 
of rationality and logic. It analyzes, 
counts, marks time, plans 
procedures, and verbalizes. The right 
side works much more globally, 
processing information in a spatial 
(nonverbal) and perceptual mode. It 
dreams, imagines, recalls, and relates. 
It is this intuitive, holistic, and time
free mode that can surprise a brain's 
owner with a clear and complete 
solution to a puzzle, causing him to 
get so excited he may just run down 
the street naked and yelling. 

Well, here we are in the fourth 
paragraph already and you are 

m 

I t 
probably wondering just what it is I 
am getting at. I was pondering the 
qualities of the classes that I have 
enjoyed most in my educational 
career and I came to the conclusion 
that there is some connection 
between an enjoyable class and the 
right side of the brain. 

f I 

Before getting into this right side 
stuff, I want to emphasize I do not 
minimize the role of the left side. The 
logic and rationality of the left side 
are vital to understanding, its 
procedures get work done on time 
and the verbal mode moves all the 
knowledge around. The enjoyable 
class utilizes all of these left side 
traits, but it adds an ingredient 
exclusive to the right side, the thrill of 
the "Ah-ha" response. Without an 
occasional "Ah-ha", attending class 
can become the process of moving 
the information in the professor's 
notebook into the student's notebook 
without necessarily going through the 
minds of either. 

The inspiration for an "Ah-ha" can 
come from many different sources. 
Pulling a textbook concept into a 
non-text setting creates a tremendous 
potential for an "Ah-ha." A professor's 
non-academic experience related 
through an anecdote full of the 
ambiguities and assumptions of the 
"real world" can be one source. 
Another can be a well written 
homework problem. I remember one 
professor who asked for an estimate 
of the amount of water your body 
looses each day with exhaled air. 
Obviously you cannot flip through the 

r i 
pages of a text, pick an equation, and 
plug in the variables. You need to 
think about the general mechanisms 
involved, make your own 
assumptions, and calculate your own 
answer. If the question has one right 
answer, the potential for the "Ah-ha" 
is greatly diminished. 

"Ah-ha" questions can be few and 
far between in many courses because 
they violate a principle law of nature. 
Things tend to follow the paths of 
least resistance. Questions for the left 
side of the brain are, by comparison, 
easy. There are usually a few dozen 
already written at the end of each 
chapter and the correct solutions are 
conveniently listed to insure you 
plugged into the right equation. 
Questions for the left side provide a 
"quick and dirty" approach to the 
educational process, for the 
professors and the students. 

While there is not, by any stretch of 
the word, a movement to the right 
side of the brain in today's 
educational system, a few instructors 
do make an effort to question both 
sides of the student's mind. 
Considering the demands on a 
professor at a research institution like 
the University of Minnesota, this extra 
devotion to the undergraduate 
classroom deserves recognition and 
encouragement. It does not go 
unnoticed. 

David Herridge 
Editor 

Ramblings of an Editor umThank you .. uNot enough pages in a year ...... Welcome 
On this final issue of my Technolog 

editorship I would like to thank all of 
the individuals who helped publish 
the magazine this year. This includes 
the writers, the photographers, the 
illustrators, the people who sold ads, 
the people who put the magazines on 
the.racks, and the people who 
sacrificed their weekends for 
production. 

Over the year I have had the 
opportunity to write about a variety of 
topics. But there are still so many 
things to say and questions to be 
asked. Why do we have finals on 
Saturdays? Why do all the professors 
have to do research? Why is there 
only one handle for the two front 
doors of Lind Hal~? The list goes on. 

If you have any questions of your 
own or if you have a topic of interest 
that you would like to write about, I 
would 1 ike to encourage you to spend 
a little of your spare time with 
Minnesota Technolog. If you want to 
write, it could be as easy as stopping 
in the office and talking to the editor. 
New ideas and helping hands are 
always welcome. 
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Space Junk Presents 
a Growing Concern 

Of the 5300 or so documented 
objects tracked by NORAD in orbit 
around the Earth, about one half are 
considered junk. Added to the mess 
are an estimated 15,000 objects less 
than four centimeters in diameter 
which are unobservable with 
NORAD's radar. 

Where did all of this debris come 
from? The U.S. is part to blame. 
Between 1973 and 1981, over one 
thousand trackable objects resulted 
from the explosions of the second 
stages of Delta rockets. However, the 
Soviet Union is by far the largest 
contributor. Of the 83 satellites that 
have exploded or broken apart in 
space, 59 have been Russian. 
Antisatellite tests conducted by the 
Soviet Union have added at least 
another 500 objects. 

While NASA does not feel the 
numbers represent a crisis situation, 
they are growing concerned. Small 
pieces of debris can reach orbital 
speeds of six miles per second, 
amounting to enough kinetic energy 
to destroy satellites and devastate 
spacecraft. 

One of Challenger's windows was 
damaged during the seventh shuttle 
mission. The small crater was 

Atlas Booster Rocket 

Honored As ASME 
landmark 

The ASME has designated the Atlas 
Space Booster as the 1 OOth National 
Mechanical Engineering Landmark. 
The Atlas Booster was built by 
General Dynamics Convair Division 
in San Diego. The Atlas first served as 
an ICBM, and it has since evolved 
into a highly successful satellite 
booster. The nearly 500 launches to 
date include the first communications 
satellite (1958) and the first American 
astronaut in orbit (1962). 
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attributed to a speck of titanium and 
aluminum discovered during an 
examination using an electron 
microscope. While the damage may 
have opened a few eyes to the 
growing problem of space junk, it did 
not endanger the astronauts. The 
shuttle is statistically safe from 
damage because of the short 
durations of the flights, the chance of 
the shuttle being destroyed is 
approximately one in 54,000. 

NASA is more concerned about the 
survival of the permanent space 
station now on the drawing board. 
Because its orbit will be below the 
most polluted altitudes between 540 
and 600 miles, the possibility of an 
object penetrating the manned station 
is estimated to occur as often as 
every ten years. 

Ramp Wins Award for 
Creative Solution To 
Unusual Problem 

The new West Bank Parking Ramp 
designed by Walker Parking 
Consultants of Minneapolis was 
recognized by the Consulting 
Engineers Council of Minnesota in its 
annual awards for engineering 
excellence. The ramp squeezes 700 
spaces into only 210,000 square feet 
and features high-pressure sodium 
vapor lamps coupled with special 
interior paint to reflect the lamp's 
light for a secure and well lit 
environment. 

Molecular 

Dynamics 
Explored 

To fully understand chemical 
reactions, details on the mechanism 
of the system must first be explored. 
In research funded by the National 
Science Foundation and the 
Department of Energy, I.T. professors 
W.R. Gentry (Chemistry) and C.F. 
Giese (Physics) are examining the 
dynamics of individual molecules to 
learn what controls some of the 
fundamental properties of chemistry. 

In one experiment, Gentry and 
Giese, with the help of their students, 
are monitoring the vibrational planes 
of the ethylene dimer, two ethelyne 
molecules joined by a weak bond. 
Ethelyne (C2H4) has two vibrational 
patterns, the hydrogen atoms can 
vibrate within the plane of the 
molecule or perpendicular to the 
molecule. For the experiment, the 
ethelyne dimer is subjected to inputed 
energy from a laser and the action of 
the molecules and the path of the 
energy transfer within the molecule is 
observed until the energy eventually 
breaks the weak ethylene-ethelyne 
bond. 

These experiments, conducted with 
"beams" of molecules in a vacuum 
chamber, have shown that the energy 
flow from the dissociation of ethelyne 
dimers varies from one vibrational 
mode to the other, disproving the 
earlier theories which predicted the 
flow to be the same from both 
vibrational modes. 

By Lorri Sheets. 

Mac SIG 

For all you Macintosh owners, the 
"Apple 32" Special Interest Group 
meets every third Thursday of each 
month. 



Women Entering 
Engineering Declining? 

Women represent 40 percent of the 
employed persons in the United 
States, but the number of women 
entering the engineering work force 
is only 14 percent of the total number 
of graduating engineers. Between 
1976 and 1981, the number of women 
employed as engineers and scientist 
nearly doubled. That growth has 
since leveled off. 

Engineering Center Marks 
25 Year Anniversary 

Twenty five years ago the 
cornerstone was layed for the United 
Engineering Center in New York. The 
center is the home of dozens of 
professional engineering 
organizations and a public 
engineering library. The building and 
land originally cost $11.5 million in 
1961 . Today it is appraised at $45 
million. 

Mending A Broken Heart 

The Science Museum of Minnesota 
is running a continuing exhibit titled 
"Mending a Broken Heart." The 
highly interactive and visual exhibit 
explains how the heart works and 
why it sometimes fails. For more 
information, call 221-9438. 

Graduate School? 
Are you considering graduate 

school? If you are, the American 
Society for Engineering Education 
offers a 16 page booklet which 
addresses many questions graduate 
students typically ask. A single copy 
can be obtained by writing to ASEE 
Publications, Eleven Dupont Circle, 
N.W., Suite 200, Washington, D.C. 
20036. Single copies are free, but if 
you want more than one they are 75 
cents each. 

Powerful Architectural Simulation Being Developed For IBM PC 

Sharp shadows fall on a tree filled 
plaza as the evening sun sets in the 
west. Businessmen hurry home, while 
a young couple strolls past. A bus 
disgorges its passengers, allowing 
the few remaining suburbanites to be 
whisked away. 

The architect slowly circles his 
creation. The top tapers cleanly, 
complementing the adjacent 
buildings as though it had been there 
all along. Street lights flicker on, their 
sodium glow playing on the building's 
facade. The architects eye detects 
something which is not quite right. A 
bird's eye view is needed. The 
architect deftly taps a serie§i of 
numbers into the keyboard and the 
building reappears, only now the 
viewpoint is from 100 feet away and 
50 feet up. Immediately sensing the 
problem, the architect selects a 
lighter shade of blue. The building 
reappears once again, correctly 
colored. 

A vision of the future? Not quite. 
Lee Anderson, an assistant professor 
in the School of Architecture, and 
Oliver Ng, a research fellow, have 
been working for the past three years 
on such a computer simulation. 

The program, run on an IBM PC, is 

Photo by Mike McGee 

called 3-D Design and with it 
Anderson hopes to eliminate some of 
the guess work in architecture. 

3-D Design differs from traditional 
computer aided design systems. 
Anderson wants the architect to use 
3-D Design from the beginning. 
lnputing a simple sketch creates a 
data base. Then, as the building 
grows, the data base grows. Any 
modification to the building modifies 
the data base. Thus, when an 
architect makes a change in one 
aspect of the building, they can 
immediately see the effect on energy 
consumption, cost, lighting, and any 
number of other areas. "Everything is 
pulled together and unified," 
observed Anderson. 

The data base is built up from a 
sketch. "We don't wish to eliminate 
sketching, but rather to incorporate 
that into the data base," noted 
Anderson. 

Oliver Ng programmed a very 
simple way to create a three
dimensional data base from a two
dimensional sketch. Using a digitizer, 
a small mouse-like object, the 
architect traces over his sketch, 
inputing corner points. The program 

Continued on page 24 
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ET INTO I.T. It's not too late 
to have fun. Saturday, May 4, 
the Suburbs kicked off I.T. 

WEEK with a dance at Coffman 
Union. Buttons and T-shirts are 
available at any I.T. WEEK event. 
Wearing an I.T. WEEK button not 
only shows you're "INTO I.T.," but 
gets you free movies and pop during 
the Technology Fair. The celebration 
has just begun! 

May 6-10, students will have a 
chance to see the latest technological 
developments. At Monday's opening 
ceremony, Plumb Bob will bring out 
the legendary Blarney Stone for the 
ceremonial kiss. The Blarney Stone 
will be heavily guarded by St. 
Patrick's knights to prevent foolish 
Foresters from stealing the Stone. 

Students may win $350 for the 
projects at the Innovation Fair on 
Monday. Tuesday at 1:15, the 
Technology and Society Assessment 
Program will host Nam P. Suh, the 
Directorate for Engineering head at 
the National Science Foundation. The 
Technology Fair will be held 
Wednesday and Thursday. Major 
corporations from the Midwest will 
display their products. By making 
professional contacts, students will 
see the latest technology, its 
application and possibilities for future 
use. Professionals will be anxious to 
hear about students' research, seeing 
the Innovation Fair winners in the 
Architecture Court, and touring 
University facilities. Once again, the 
movie tent will be showing free films. 

Friday, classes will dismiss at 10 
a.m. Students can let loose for awhile, 
race tricycles and roll a few beds 
down Union Street. The I.T. picnic on 
Northrop Mall will begin at noon, with 
more games in the afternoon. See the 
LT. WEEK schedule for more 
information. 
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uring the excavation of Lind 
Hall in 1903, engineering 
seniors discovered a green, 

glowing stone carrying the 
mysterious message "Erin Go 
Braugh." The engineers deciphered 
the message: "St. Patrick was an 
engineer." The Blarney Stone and its 
secret hiding place had at last been 
found! 

The Stone gifts its users with 
eloquent and persuasive speech. With 
such magnificent powers many 
students wanted the stone for 
themselves. Mining and law students, 
the original rivals of the engineering 
students were no exception. The first 
time they made off with the stone, a 
general alarm sounded, summoning 
engineers, who raced to save the 
magical stone. In 1918, the mining 
students stole the Blarney Stone and 
took it to a local rock crushing 
company where it was transformed 
into a sack of pebbles. The stone the 
mining students took was fake, and 
had purposely been left unguarded 
while the real one was carefully 
hidden. In 1943, the School of Mines 
was integrated into the school of 
engineering. Some mining students 
continued trying to steal the Stone, 
but the real rivals of the engineers 
became the forestry students. 

The most recent theft of the Blarney 
Stone occurred in 1983, when the 
foresters broke into the Plumb Bob 
office, stole the Stone, and replaced it 
with a small tree. The foresters were 
outwitted when a Plumb Bob member 
joined their club under an alias and 
discovered the stone's hiding place. 

This year, the Blarney Stone will be 
present at Monday's opening 
ceremonies. Heads of state and 
special guests will kiss the Stone, 
becoming gifted with gentle speech. 
St. Patrick's guardians will take 
special precautions to guard the 
Stone from rival foresters, ensuring 
I. T. WEEK's success. 

list of student organizations 

participating in I.T. WEEK 

ACE 
AE 
AlA A 
ASAE 
ASCE 
ASME 
Plumb Bob 
SAE 

EE 
HKN 
IEEE 
ITSB 
KHK 
MINIT 

Sigma Gamma Tau 
Theta Tau 
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For exact time, place, and rules, check the Blarney Boards in Lind Hall, 
Mechanical Engineering and the Technology Fair Movie Tent. I.T. WEEK 
buttons and T-shirts will go on sale April 30. 

Monday, May 6 
Innovation Fair 

Opening Ceremonies 

Tuesday, May 7 
Technology and Society 
Assessment Program 

Wednesday, May 8 
Technology Fair 

Department Tours 
Movies 

Friday, May 10 
IT Olympics 

IT Party 

Set up: 
Judging: 
Winners Announced: 
Speakers: 

Speakers: 

Displays: 

Union Street: 
Tug of War 
Bed Race 
Trike Races 
3-legged Race 
Wheelbarrow Race 
Non-combustion Car Race 
Ameoba Race 

IT Picnic: 
Nerd Beauty Contest 
Volleyball 

More Races: 
Death of an Auto 
Car Rally 
Paper Airplane Contest 
Textbook Stack 
Calculator Toss 
Kite Flying 
Aluminum Can Sculpture 
Calculator Race 
Blind Man's Wheelbarrow 

Race/Obstacle Course 
Egg Drop 
Scavenger Hunt 
Truss Contest 

1 0:00-12:00 
12:30-3:00 
3:00 
12:00-12:30 

1:15 

9:00-4:00 
7:00-9:00 

10:00-12:00 

12:00-1:00 

1:00-3:00 

Triangle (52112th Ave.): 8:00-12:30 am 
Awards Ceremony 
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The impact of microelectronics on society has been immense. The 
Microelectronics and Information Sciences nter (ME IS) gathers 
this region's high tech companies a staff of the University to 
make tomorrow's impacts collaboratively. 

By John Cornwell 

hey're in cars, stereos, 
telephones and video cassette 
·recorders. They make video 

games, personal computers, 
calculators and digital watches 
possible. They are microelectronic 
devices, and they're causing a surge 
of new products and industrial growth 
- from coast to coast - and 
throughout the world. 

The economic potential for 
microelectronics is immense. 
Rewards are great for organizations, 
and geographical regions, that lead in 
high-technology research and 
development. In this context, "MEIS" 
was born at the University of 
Minnesota. 

The Microelectronic and 
Information Sciences Center (MEIS) 
is a bridge between high-tech 
industries and I.T. Its mission is to 
enhance the educational and 
research activities at the U of M in the 
microelectronic and information 
sciences and to increase interaction 
between the university and industrial 
scientists and engineers. 

"Microelectronics" is the 
technology of constructing circuits 
and other electronic devices in very 
small packages. In other words, 
microelectronics is the science and 
technology behind the materials, 
design, and fabrication of computer 
chips. "Information sciences" address 
the software aspects of computer 
systems, especially in the area of 

artificial intelligence. These high
technology fields are growing rapidly, 
creating enormous potential for 
industrial growth and career 
opportunities. 

Silicon Valley (named for the silicon 
on which microelectronic devices are 
made) and cities on the East Coast 
have been the leading areas of high
technology growth. And the 
Japanese have launched major efforts 
to usurp that lead. But the unique 
combination of high-tech companies 
in close proximity to the University of 
Minnesota make Minnesota a robust 
challenger in the high-tech race. 

Control Data, Honeywell, Sperry, 
and 3M sponsored MEIS initially in 
1981 as a joint venture with I.T .. In 
addition, MEIS is supported by the 
State of Minnesota, federal grants, 
and other participating companies. 
The newest corporate sponsor of 
MEIS is Gray Research which 
became an associate member last 
winter. 
The MEIS Purpose 

"MEIS is an interdisciplinary 
organization that thrives on the 
synergy created by the partnership of 
university, industry, and government," 
said Dr. Martha Russell, Associate 
Director of MEIS. "It is dedicated to 

(f) 
UJ research, education, and technology 

Computer-aided design workstations in the MEIS VLSI Design laboratory 
are used by students to design integrated circuits for microelectronic 
devices. The VLSI Design laboratory is in the basement of Lind Hall and is 
one of the laboratory facilities supported by MEIS. 
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~ transfer in the microelectronic and 
information sciences and is based on 
the philosophy that in the rapidly 
advancing world of technology, 
university-industry collaboration is 
essential," she added. 

The MEIS main office is in 227 Lind 
Hall, but MEIS programs reach 
across many departments in LT., 
joining students and faculty from 
diverse fields in basic research that 
will affect technological 



advancements over the next five to 
ten years. This interdisciplinary 
approach makes possible team 
research programs which bring 
together faculty and graduate 
students from many departments as 
well as industrial scientists and 
engineers. Affiliated departments 
include Chemical Engineering & 
Materials Science, Chemistry, 
Computer Science, Electrical 
Engineering, Physics, Child 
Development, and Management 
Information Science. 

In a recent Congressional report, 
Minnesota was recognized as among 
the leaders and one of five university 
programs for information technology 
research and development according 
to Dr. Russell. "The efforts of MEIS 
invigorate a number of departmental 
programs arid enhance the 
University's ability to approach 
scientific problems with fresh insights 
-fresh insights which may be a key 
to discovery and innovation," she 
added. 
Education 

Advanced undergraduate and 
graduate students study 
microelectronic and information 
sciences through coursework offered 
in several departments. Through 
MEIS sponsorship, several new 
faculty positions have been added to 
the affiliated departments. These new 
faculty members have brought 
research and instructional expertise 
and have made possible the addition 
of new courses and research 
activities in microelectronic and 
information sciences. 

Each year ME IS provides money to 
several Ph.D. students in the form of 
fellowships. MEIS also brings 
graduate students to the University 
through research assistantships and 
postdoctoral positions. 

Laboratory facilities and equipment 
used by students have been 
established and improved by MEIS. 
These areas include the 
Microelectronics Laboratory in 
Electrical Engineering, Synchrotron 
X-Ray Beaming Laboratory in 
Stoughton, Wisconsin, and the VLSI 
(Very Large Scale Integration) Design 
Laboratory in Lind Hall which has 
computer-aided design (CAD) 
workstations for designing integrated 
circuits. 
Technology Transfer 

MEIS also promotes the exchange 
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A Molecular Beam Epitaxy (MBE) in the Microelectronics Laboratory 
The MBE is used to grow films of gallium arsenide and other 
compounds which could be used to make microelectronic devices. MBE is 
a technique of growing single crystals in which beams of atoms or 
molecules are made to strike a single-crystalline substrate in a vacuum. 

of knowledge and ideas between the 
University and industry. This transfer 
of technology is encouraged through 
visiting academic and industrial 
scientists, seminars, colloquia, 
technical reports, and other 
publications. Students involved in 
MEIS often work for member 
companies during the summer which 
increases information exchange 
through personal interaction. 

Research 
Research projects sponsored by 

MEIS foster discovery at the leading 
edge of science and technology in 
microelectronic and information 
sciences. In addition to sponsoring 
individual faculty members, MEIS 
provides funding for four team 
projects: Artificially Structured 
Materials for Microelectronics, High
Performance Integrated Circuits, 111-V 
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After designing integrated circuits a student looks at a printout of the 
design. The printer is connected to the computer-aided design workstations 
in the VLSI Design laboratory. 
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Compound Semiconductors and 
High Speed Devices, and Intelligent 
Systems. Each project is being 
conducted by a team of ten to twenty 
faculty, graduate students, and 
industrial liaisons which increases the 
scope of the research and usefulness 
of results. 
Artificially Structured Materials 
for Microelectronics 

This project is being conducted by 
people in Chemistry, Chemical 
Engineering and Materials Science, 
and Physics. Studies of artificially 
structured materials are pointing to 
new technologies which will permit 
greater speed, flexibility, and 
reliability of microelectronic devices. 

The team is using new physical 
vapor techniques and chemical 
techniques to fabricate and 
characterize growth and structure of 
ultra-thin films and small particle 
structures. Knowledge about these 
structural components and growth 
processes are important in 
developing new approaches which 
affect the final chemical composition, 
phases, defects, and stresses in these 
artificially structured materials. 
High-Performance Integrated Circuits 

The current trend of making smaller 
and smaller circuits with more and 
more features is reaching its physical 
limits. Therefore, a team of 
researchers in Electrical Engineering 
is exploring the possibilities for the 

three-dimensional all-semiconductor 
integrated circuits. They are also 
devising a continuous fabrication 
process that will eliminate older 
technology. 

These novel approaches will 
drastically reduce costly waiting time 
in integrated-circuit fabrication. 
Improvements in cost, performance, 
and size of integrated circuits, smaller 
average lengths for buses and leads, 
significantly relaxed minimum-feature 
size, and improved volumetric density 
may also be possible. 

The team is defining appropriate 
devices and circuits, modeling them, 
fabricating prototypes, and 
developing acoustic microscopy 
using lasers as a method of 
nondestructive evaluation. The 
scientists are also addressing the 
yield-management, test-technology, 
and power-dissipation issues that 
must be resolved for success in this 
or any other approach to total-system 
integration. 
111-V Compund Semiconductors and 
High Speed Dev~ces 

111-V refers to the columns in the 
periodic chart of the elements found 
on the walls of most chemistry 
classrooms. 111-V compounds, gallium 
arsenide (GaAs) for example, have 
the potential for much faster 
microelectronic devices. Therefore, 
researchers in Chemical Engineering 
and Materials Science and Electrical 

Researchers in the Artificially Structured Materials for Microelectronics 
project are studying microstructures. This microstructure (above) consists 
of nickel oxide layers spearated by nickel sulfide pillars created from a thin 
nickel foil by heating in sulfer dioxide. Photo courtesy of ME IS 
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Engineering are exploring ways of 
making computer chips out of GaAs 
instead of silicon. 

Innovative modeling techniques use 
the results of these studies to identify 
new design specifications. The 
integration of basic materials 
research with device fabrication and 
performance evaluation places the 
group in a unique position in 111-V 
compound semiconductor research. 
Intelligent Systems 

This project involves software for 
artificial intelligence. Researchers in 
Computer Science, Electrical 
Engineering, Management Science, 
and Child Development are 
developing high performance 
computing systems which 
incorporate reasoning techniques. 

Many of the scientific, engineering, 
and management problems for which 
computer aids are envisioned are 
currently solved by human experts. 
Therefore, an understanding of the 
mechanisms of human performance 
can offer powerful insights into 
possible computational approaches 
to these problems. New techniques 
for both computer vision and expert 
systems are being explored. 

Work in computer vision is 
concentrated in space perception. 
The team is developing methods for 
determining the spacial relationships 
between objects in a scene based on 
motion of a sensor or on motion of 
objects. An ability to determine such 
relationships appears to be necessary 
for almost any task requiring complex 
visual analysis, such as in robotics. 

The focus of the expert systems 
research is on diagnostic systems for 
determining the nature of faults in a 
malfunctioning system given the 
symptoms of the malfunction. The 
team is investigating fault diagnosis 
using two forms of diagnostic 
reasoning. The ultimate goal is to 
develop diagnostic expert systems 
which can use both forms of 
reasoning effectively. 
A New Approach 

Team research is rather unusual in 
university settings. Research 
performed by individual faculty 
members is much more common. A 
research team, however, can work 
together to address problems or 
technologies that cross over 
departmental boundaries. 

Continued on page 26 



The TECHNOLOGY FAIR will be held on Northrop Mall at the following times: 

Wednesday, May 8 9:00a.m. to 4:00p.m. 
and 

7:00a.m. to 9:00p.m. 

Thursday, May 9 9:00a.m. to 4:00p.m. 

I 
~o1mesee us 

TENT DISPlA VS: 
ADC- M netic Controls 
AT&T Bell laboratories 
AT&T Information Services 
Control Data Corporation 
Cray ResearchJ Inc. 
Data Card Corporation 
FMC Corp., Northern Ordinance 
frito Lay 
H.B. Fuller Company 
Hewlett Packard 

CONTRIBUTORS: 
IBM Corporation Conwed 
McDonne11 Douglas Corp. Exxon Corporation 
MTS Systems Corp. Henkel Corporation 
Research, Incorporated Hewlett Packard 
Rosemount, Inc. MTS Systems Corporation 
Sperry Corporation North Star Steel Minnesota 
Texas Instruments, Inc. Pot1ach Corp., Northwest Paper 
3M, Division Engineering Union Carbide Corporation 
U.S. Air Force Whirlpoo1 Corporation 
Standards Engineering Society 



Illustrations by 
David Hyde 
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Trains capable of regular runs above 125 mph 

can be obtained two ways, either build special 

tracks or modify the existing tracks. 

By Steve Zobbie 

he high speed potential of 
railways has always been a 
major subject of interest. Yet, 

the definition of high speed rail is a 
transient quality. Today nothing less 
than 125 mph will attract attention in 
today's railroad world. France has 
made 160 mph daily practice. Even 
higher horizons are being considered; 
the world record for rail speed now 
stands at 235 mph. 

The fact is, the world is now in the 
middle of the greatest of all the 
Golden Ages of Railroading. In 
Japan, all over Europe, and in North 
America, trains are moving faster than 
ever before, safely and efficiently, as 
one by one the mysteries of. railway 
science have been solved. After 19 
years of operation, Japan's 
Shinkansen has carried over two 
million people without a single 
fatality. Only elevators can carry 
people as safely. 



However, it's energy and labor 
efficiency that is driving the world rail 
renaissance. A steel wheel deforms 
much less under axle load than a 
rubber tire. This means less area of 
contact, and this, combined with the 
very low coefficient of friction of steel 
on steel makes the railway, in 
consumption per passenger-mile, 
seven times more efficient than a bus, 
twelve times more efficient than 
private auto, and fifteen times better 
than jet aircraft. And trains can be of 
virtually unlimited length. In Japan, 
16-car trains carry over 1600 
passengers- with one driver. 

Conventional railways are usually 
built primarily for freight, thus the 
greatest concern is the steepness of 
grade. Railways will follow very 
convoluted routes in order to avoid 
steep grades, and if money is 
available, they will dig long tunnels as 
well. Curves, however sharp or 
frequent, are accepted if it lowers the 
ruling grade. 

When fast passenger trains are 
operated, the primary concern is 
sharpness and frequency of curves, 
for they limit train speed. Passenger 
trains need so much horse power to 
accelerate to high speeds that grades 
are of little consequence. Already the 
conflict is apparent; freight trains 
need flat routes and passenger trains 
need straight routes. Build a railroad 
for one weight of train moving at one 
speed and most any curve sharpness 
is allowable, as the increased outward 
force can be counteracted by 
superelevation (banking). But if 
another train of higher weight and 
lower speed comes long, it will bite 
hard into the inside rail, or even fall 
over. 

A railway handling trains of one 
weight and speed also maximizes the 
use of its tracks, for passing is all but 
eliminated. "Narrowing the speed 
band" reduces the number of parallel 
tracks that are necessary to handle a 

given traffic, lowering track 
maintenance costs. It was primarily 
these two factors, and a desire to 
lower the cost of hauling freight, 
which led U.S. railroads to drive 
passenger trains off their rails. 
Besides well-banked curves and a 
narrow speed band, there are other 
requirements for a safe three-digit 
passenger service. 

What makes railways 
special is that unlike all 
other major 
transportation modes, a 
single entity controls 
the entire systemm 

Elimination of grade crossings with 
roads and highways to as high a 
degree as possible is a major 
objective. Signalling needs attention 
as well; in particular, it has to allow 
for the greater stopping distances of 
a very fast train. Most railways also 
install Automatic Train Stop (ATS) 
equipment to prevent red light
running, Continuous Cab Signalling, 
which brings lineside signal 
indications into the driving cab, and 
Track-To-Train communication 
equipment, allowing the train crew to 
talk with the dispatcher (the R.R. 
traffic cop) whenever necessary. To 
justify all this expense and fuss, it's 
useful to have a very heavy passenger 
train volume. 

If a great volume of traffic is to be 
carried, it's nice to have 
electrification, as well. Putting up 
overhead wires and modifying the 
signal system is expensive, but in 
much of the world the money is spent 
because coal or hydropower is more 
plentiful locally than petroleum, and 
it's easier to pack thousands of 

horsepower (both continuous and 
short-term overload) into an electrical 
locomotive. This power means fast 
acceleration and high starting torque, 
which means much higher traffic 
capacity. West Germany runs a 
typical European railroad, with 40% of 
its tracks, but 85% of its traffic, 
electrified. 

What should be obvious by now, is 
that railways are integrated systems, 
that one part can't be changed 
without affecting something else. 
Actually all transportation systems 
are that way. What makes railways 
special is that unlike all other major 
transport modes, a single entity 
controls the entire system. So if we 
are going to look at high speed 
railways, we must look at systems as 
a whole. 

Basically there are two ways to 
obtain high rail speed; build special 
tracks dedicated to the fast trains, or 
try to modify the existing system for 
higher speed. We will look at three 
such systems, dedicated systems in 
Japan and France and Great Britain's 
attempt to attain equivalent 
performance at much lower cost by 
modifying their existing railway. 

Japan's Shinkansen 
Japan's Shinkansen (New Rail 

Lines) presently stretch 1100 miles 
from Fukuoka to Osaka, Tokyo, and 
Northern Honshu, with a branch over 
the spine of Honshu Island to Nigata. 
Since 1964 over two billion 
passengers have been carried without 
a single fatality or serious injury. The 
line speed is 130 mph and is primarily 
limited by trackside noise, a problem 
as the Shinkansen is routed through 
densely populated areas. 

Design speed is 162 mph. To obtain 
this in mountainous Japan required 
very expensive construction. For 
instance, 50% of the 350 miles from 
Osaka to the 11.2 mile to Kyushu 
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Island is in tunnel. In order to avoid 
all grade crossings, 80% of the 
remainder is on continuous viaduct. 
The track is very sturdy, and follows 
designs now standard worldwide; 
continuously-welded rail (to eliminate 
nicking of rail joint-ends) on concrete 
ties, held in place by steel track clips. 

The trains incorporate low-weight 
alloy in construction, but are noted 
for their power; a 16-car train packs 
23,600 h.p. of motors. Power is at 25 
KV at 50hz., and is linked to 
seisometers which cut off the 
electricity if earth tremors are 
received above a safe value. 

The entire system is controlled from 
a central office in Tokyo. Due to the 
toy train like simplicity of the track 
layout, all functions except stopping 
at station platforms can be controlled 
automatically. The level of 
automation means person for person, 
the Shinkansen staff is nine times 
more productive than Japan National 
Railway's (JNR) entire workforce. 
Thus in 1980, only 40% of 
Shinkansen's operating cost was for 
personnel, with 45% going for 
equipment repair. Total expenses, 
including interest on construction 
cost was $1.9 billion, against 
revenues of $3.2 billion. 

France's TGV 
France was the second country to 

open a special passenger-only line, 
the TGV-Sudest. In comparing 
Shinkansen to TGV (Train Grande 
Vitesse), the influence of geography 
on system design is clearly apparent. 
Japan is very mountainous, and 
populated areas are very congested. 
Hence Japan's original rail system 
was built to a standard incompatible 
with modern passenger train 
operation. Thus Shinkansen was 
conceived as a completely new 
system, incompatible with the old. 
France is relatively flat and is not 
densely populated, in comparison to 
the rest of Western Europe. Its 
railway network is, as a whole, well 
aligned for 100 plus mph operation. 
The heaviest-traveled line is the old 
Paris-Lyon-Mediteranee (PLM) line, 
running from Paris, through the hills 
of Burgundy, to Lyon, where trains 
branch to Marseilles, Italy and 
Switzerland. 
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The Paris-Lyon segment is a virtual 
traffic funnel, but it is also sharply 
curved as the builders were planning 
to haul both freight and passengers. 

In the late 1960's, the French 
National Railways (SNCF) realized 
that if traffic continued to grow on the 
Paris-Lyon route, self-strangulation 
was likely by the 1980's. Adding 
parallel tracks on the existing right
of-way was unappealing because the 
sharp curves would always limit train 
speed. Given the rural character of 
Central France, it looked better to 
build a new shorter, faster passenger
only railway. 

The world record for rail 
SIPE~ed now stands at 
235m 

The TGV-Sudest would be no 
Shinkansen, designed to supersede 
the existing rail network, but would 
supplement it, cutting hours off 
schedules. 

The TGV-Sudest leaves the old line 
19 miles from Paris and 4 miles from 
Lyon, cutting the 318 mile PLM line to 
264 miles. Like the Shinkansen, the 
minimum radius is 4000 meters, but 
while in Japan the steepest grade is 
1.5%, SNCF indulges in grades as 
steep as 3.5%, using the ample power 
in the train-sets. Thus the TGV
Sudest lacks a single tunnel. 

The TGV-Sudest misses every 
hamlet, town or village by at least 800 
feet, and its welded rail on concrete 
ties double track hugs the earth's 
contours for minimal visual impact 
and construction cost. The train's 
consist of 8 coaches and a 4250 
horsepower car on each end. The 
TGV-Sudest is wired for 25 KV, but all 
trains are equipped for the 1.5 DC on 
the old sections, and six trains can 
also handle the 15 KV, 16 2/3 hz. of 
Switzerland. 

The TGV's, with their low-slung, 
lightweight construction are cleared 
for 120 mph on existing SNCF track, 
and as you might guess the 
combination of new, distinctive 
orange trains and a new 260 mile long 
racetrack has created the popular 
impression that France has built a 
new supertrain, a Ia Shinkansen. 

Indeed TGV has cut Paris-Lyon times 
by 46% (average speed 132 mph), but 
TGV is really just another effort to 
obtain high speed rail transportation, 
skillfully executed. 

Britain's APT and HST 
Since before WWII, Great Britain 

has lagged far behind its neighbors in 
railway investment, and thus British 
Railways (BR) has always been 
obsessed with penny-pinching. This 
has been compunded with the fact 
that Britain is the railway's birthplace, 
and thus BR's mainlines are old, 
nearly all built before 1850. Their 
sharp curves and steep grades have 
severely hampered BR revitalization. 
Through the 1950's BR was strapped 
just repairing war damage and 
replacing its steam fleet. In 1962 
however, BR assembled a team of 
engineers from the railway and 
aircraft industries and set them to 
work putting BR into the forefront of 
railway engineering -on the cheap. 

The result was the Advanced 
Passenger Train (APT) of 1967, a 
vehicle incorporating most every 
possible gadget; gas-turnbine power, 
aluminum-skin body, full articulation, 
artificial body-tilting (to compensate 
for inadequate superelevation) and 
hydro-kinetic brakes. Top speed 
would be 155 mph, curves could be 
rounded 40% faster and without 
modification of tracks or signals. 
Given government funding, APT's 
could revolutionize BR by 1972, said 
the designers. 

Twenty two years after the effort 
began, APT's are operated three 
times a week in test service. Basically 
APT is too great a great leap forward, 
although it may yet prove to be the 
shape of things to come. 

In 1970, with eight years gone and 
not even a prototype on the tracks, 
British Railways began another, less 
ambitious try. The result was the High 
Speed Train; eight cars with two 2,250 
hp. diesel locomotives on the ends. 

While APT was an attempt to get 
high speed by loading technology 
into the train, HST assumed a more 
balanced approach. The first HST's, 
applied to Western Region from 
London to Bristol and South Wales. 
This route was originally engineered 
by one of the great visionaries of the 
last century, I.K. Brunei (1806-1859). 



So well aligned is it that HST's can 
use their 125 mph top speed for 72 
miles out of London, except for one 
80 mph restriction. Little modification 
of signalling was required because 
HST can stop in 6,000 feet from 125 
mph, a primary design goaL 

In the first years of operation, BR's 
"Inter-City 125" service pulled in 28% 
more business than the old trains. 
With plenty of 1 00+ mph average 
speeds in the Thames Valley, it was 
the world's second fastest rail service. 
Next to receive HST's was the 
Eastern Region, running from 
London to Newcastle and Edinburgh. 
In the 1960's, BR had astounded the 
railway world with its fleet of 
"Deities," named for their 3300 
horsepower, opposed-piston diesels. 
They revolutionized service on the 
East Coast Route. 

Indeed the Deltic's performance so 
impressed BR that some $100 million 
was put into grade-crossing removal, 
signal modification, curve 
straightening and station trackage 
reworking. Eventually only three 
speed restrictions were left between 
London and Newcastle, all 11 0 and 
125 mph territory. 

Later additions to the "Inter-City 
125" network routes linked the 
Midlands with Yorkshire, and London 
with Cornwall. Clearly, BR's "Deities" 
are a model for diesel-powered 
passenger rail service with a service 
quality matching any attempt b)t 
electrics on conventionally-signalled 
track. 

Photo by Mike McGee 

Viewpoint: 
America's Trains 

There is little doubt that high speed 
rail has been successful in many 
countries, including West Germany, 
Italy and the Low Countries. But what 
about North America? Will we ever 
ride such trains in our country. 
Geographically, the Northeast, 
Midwest United States and Eastern 
Canada are virtually ideal for high 
speed rail; the major cities are spaced 
one to three hundred miles apart, 
with plenty of flat, open country 
between. There is plenty of under or 
unused track, mostly constructed 
with light grades, broad curves and 
double tracks. As Britain's HST show, 
there is no need for costly 
electrification if the traffic doesn't 
justify it, and this would greatly cut 
capital costs. 

Simply by providing fast and cheap 
transportation, a high speed rail 
system would be a great benefit to 
society; time and petroleum would be 
saved, air and noise pollution would 
decrease, there would be less road 
and airway congestion, greater 
economic growth in the traversed 
areas and improved access to 
transportation for elderly, 
handicapped and young people. If 
combined with a fast freight service, 
the economic picture would get 
considerably brighter, and high speed 
rail could start replacing not only 

auto, air and bus traffic, but long
haul trucking as well. Massive 
amounts of government expenditure 
would not be necessary, but rather a 
continuing commitment to improving 
rail service, and an expenditure on 
the order of a few hundred million 
dollars every year. So what's stopping 
us? 

Amtrak was a child of 
Congressional panic, and it has been 
told little else by Congress but to 
keep the trains running and lose as 
little money as possible. No national 
policy exists on high speed rail, and 
thus every project is discussed in 
isolation. High Speed Rail could be a 
reality in the U.S., especially if the 
people knew where the trains would 
run and how they would benefit from 
them. Then the money, relatively 
small compared to what is lavished 
on road and rail service, would be 
more forthcoming. Thus it's unlikely 
this nation will ever have a crack rail 
service until it's been decided that 
high speed rail will be part of the 
nation's future transportation 
network. 

Amtrak is a strange railroad indeed; 
owning hundreds of locomotives and 
thousands of cars, until1977 it didn't 
own a foot of track. Amtrak leases 
track space from the railroads to run 
its trains, and pays them to run them. 
Hence Amtrak is at the mercy of the 
railroads, not only for the condition of 
the tracks, but the operation of any 
conflicting traffic. Indeed some 
railroads have been openly hostile to 
Amtrak's operations. 

It is apparent that rail service can't 
be significanly improved without 
work on the track and signals, which 
is usually the property of the railroad 
and not Amtrak. Many railroads only 
desire to run heavy, slow trains, 
which dashes any hopes for 
operating fast passenger trains. 
Besides, there is the question of 
whether public money should be 
used to improve private property. 

Amtrak is funny in another way, for 
it suffers from a sort of operational 
schizophrenia. One railroad it tries to 
operate is a crack, frequent service 
on its busiest lines; the tracks it owns 
from Boston to New York and 
Washington, the 100 miles of Santa 
Fe track from Los Angeles to San 
Diego, and a few others out of 
Chicago. The other railroad is long, 
slow and usually late. 
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When the service is competitive, the 
prize is the business traveler and 
express package delivery. When it's 
not, the marketing is directed at the 
tourist, who rides mostly to see the 
scenery. Amtrak must attract both 
kinds of traveler, and its advertising 
can be quite confusing and thus 
ineffective. If high speed rail is to be 
pursued, Amtrak should be split into 
two entities; one to develop tourist 
travel and integration with the bus 
system, the other to steer business 
travelers and express package 
senders away from congestion
causing short-distance air carriers, by 
developing a high speed rail service 
operating on its own tracks, 
purchased from the railroad by the 
power of eminent domain. 

The one place in America where 
these changes have started to take 
place is the Boston-Washington 
Northeast Corridor (NEG). Oddly, 
Amtrak is showing little enthusiasm 
over these first steps to high speed 
rail service. Still someday in this 
decade, America will run its first really 
fast trains, a string of Amfleet cars 
built by Budd Co. of Philadelphia and 
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hauled by a Swedish-designed 6100 
horsepower AEM-7 electric 
locomotive, built by General Motors. 
Maybe that day will be the start of a 
new American rail renaissance. 

If it is, the next place to look at is 
the nation's second heaviest-traveled 
corridor (40 million trips/year), 
running from Los Angeles to San 
Diego. Here it would be necessary to 

The Chicago ... Milwaukee 
... Twin Cities line is the 
third busiest rail 
corridor in the United 
States a 

either build a new railroad or heavily 
revamp the old one, because the 
existing line is only single track and at 
maximum capacity. 

Such a line would be expensive, but 
it would be profitable according to a 
Japanese-American consortium set 
up to build it. American High Speed 

Rail Corp., as it was called, invested 
$10 million to study the feasibility of a 
Shinkansen-like system connecting 
San Diego with Los Angeles and LAX 
Airport. But the project was shelved in 
1984, mostly due to environmental 
antipathy and general apathy. Still the 
California Department of 
Transportation estimates that the 
L.A.-San Diego freeway will reach 
capacity by 1990. Slowly but surely, 
the dawn of high speed rail in 
Southern California is coming. 

Next on the list is the third busiest 
corridor (7 million trips/year), 
Chicago, Milwaukee and the Twin 
Cities. The double track the fastest 
trains in America once ran on are still 
in place. A thorough overhaul of the 
Milwaukee Road (now Soo Line) 
tracks would result in plenty of 125 
mph trackage, suitable for a 4 hour 
Chicago-Twin Cities express and a 
super-fast trailer-on-flatcar (TOFC) 
freight service. For this service, 
something like British Railway's HST 
seems perfect. 

Continued on page 26 

At FMC's Northern Ordnance 
Division, you can be part of an exciting 
new business team in the design, 
development and production of new 
systems for our national defense. You'll 
work with a stimulating group in a high
tech environment- CAD/CAM, laser 
applications, ultra-precision 
manufacture and assembly, advanced 
electronic and robotic designs. 

Challenging jobs are here for those 
who have talent in applying resources 
where they are most productive. We 
have openings now for qualified ME 
and EE graduates, as well as MBA's 
with a technical degree. 

You can work hard and enjoy the 
rewards right here in four-season 
Minnesota. Call or send a resume to 
Professional Staffing, FMC 
Corporation, Northern Ordnance 
Division, 4800 E. River Road, 
Minneapolis, MN 55421. (612) 
571-9201. 

An Equal Opportunity Employer M/F 
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Fuel is the single largest cost for a modern airline§ To reduce 
these costs, a NASA program is developing advanced propulsion 
and structure technologies. 

By Vernon Thorp 

PEG's oil embargo of 1973 
~and the ensuing energy crisis 
dealt a serious blow to 

commercial aviation. Prior to the 
embargo, airlines paid 10 cents for a 
gallon of fuel and fuel represented 
only 25 percent of their direct 
operating costs. Fuel prices 
skyrocketed in 1973 and continued to 
rise through the rest of the decade. In 
1984, fuel accounted for about 57 
percent of an airline's direct operating 
costs. 

In order to help ease the problem 
for airlines and allow American 
aircraft manufacturers to remain 
competitive in the world market, 
NASA began its Aircraft Energy 
Efficiency (AGEE) program in 1976. 
The program's goal is to reduce fuel 
consumption in commercial jet 
transports. AGEE has concentrated 
its efforts in the two areas of 
propulsion technology and airframe 
technology. 

Propulsion technology has 
advanced far beyond the turbojets of 
the 1970's. These jets first allowed 
airliners to maintain relatively high 
cruise speeds (Mach 0.8-0.9), but 
were not efficient. The introduction of 
low-bypass-ratio turbofans, in which 
a portion of the intake air flows 
around the actual turbine engine, 
gave the same cruise speeds with 25 
percent less fuel. High-bypass-ratio 
turbofans reduced fuel consumption 
another 25 percent. NASA and 
industry research promises an 
additional 10-15 percent savings over 
the next few years as turbofan 
technology continues to improve. 

Another area of propulsion 
technology which shows great 
promise is the propfan, sort of a cross 
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between a propeller and a jet engine. 
The propfan consists of a large 
number (8-12) of highly swept blades 
and is of smaller diameter than a 
traditional propeller. Propfans will 
allow cruise speeds equalling 
turbofans, whereas traditional 
propeller-driven aircraft typically 
cruise around Mach 0.6. The slower 
speed for traditional props is due to a 
drop in efficiency as the tip of the 
rotating blades approach sonic 
speeds. The smaller diameter of the 
propfan and the high sweep of the 
blades delays the onset of this 
problem and allows performance 

aerodynamics, flight controls, and 
composite structures. 

Laminar flow control seeks to 
reduce drag on aircraft by delaying 
the onset of turbulence in the 
boundary layer, a very thin layer of air 
next to the surface. Turbulence can 
be delayed by preventing the 
boundary layer from growing too 
thick and becoming unstable. 
Keeping this layer thin requires 
removing air from it, and this can be 
accomplished by a series of thin slots 
that suck in part of the boundary 
layer or by a-porous wing surface 
through which air is drawn. Flight 

The value of these advanced technologies 
becomes clear when one considers that a one 
percent reduction in drag or fuel consu n 
for a single large tra results in savings on 
the order of $50,000 to $100,000 per year .. 

comparable with that of jets for 
subsonic flight. Propfans designed 
with current technology could reduce 
fuel consumption another 30 percent 
over turbofans currently in use. In 
fact, for any given technology level, a 
propfan is about 15 percent more 
efficient than a turbofan. Besides 
increased fuel efficiency, propfans 
also offer improved takeoff 
performance and decreased 
environmental noise. Full-scale flight 
testing will begin in 1986. Questions 
still to be answered involve optimum 
blade design, cabin noise levels, and 
optimum installation geometries. 

AGEE's efforts in airframe 
technology fall into 4 main areas: 
laminar flow systems, advanced 

tests and wind tunnel tests show 
'promising results, and the industry is 
looking into the feasibility of 
incorporating these ideas into wing 
designs for future aircraft. 

Advanced aerodynamics also 
focuses on reducing drag. Results of 
NASA's work in this area include new 
wing designs, new engine inlet 
designs, and the development of 
wing lets which attach to the tips of 
conventional wings. Flight testing 
shows each of these advances might 
reduce drag by two to eight percent. 
Wing lets are now used on several 
business jets and larger jet transports. 

Active controls contribute to 
increased fuel efficiency in two ways. 
First, computer controlled active 
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control surfaces respond rapidly to 
turbulence and gusts and can modify 
the loading on wing surfaces to 
minimize drag throughout a flight. 
Second, active controls permit use of 
a smaller tail section. An aircraft's tail 
size influences how stable it is, so a 
smaller tail means less stability, but 
an active control system can make up 
the difference. Fuel savings result due 
to decreased drag and structural 
weight of a smaller tail. Flight testing 
of several different systems began in 
1979 and studies have shown that the 
horizontal tail area of a Lockheed L-
1011 could be reduced by 30 percent, 
trimming fuel consumption by three 
percent. Boeing has investigated 
applying active controls technology 
to the design of an advanced 
subsonic transport similar to the 767. 
The horizontal tail area decreased 45 
percent in the new design, and fuel 
requirements dropped by five to ten 
percent due to active controls. 

Composite structures already see 
limited use on commercial transports 
in the form of secondary structures 
(spars, ribs, covers) and tail section 
components. In general, use of 
composites in place of metal 
structures results in a 25 percent 
weight reduction. The Boeing 757 
and 767 aircraft both use over 3000 
pounds of composite structures, 
yielding a weight reducion of 850 
pounds and improving fuel 
efficiency by two percent. As 
composites begin to appear in larger 
structures, load response, design 
requirements, and manufacturing 
techniques become more complex. 
The largest composite structures now 
in use are vertical tail sections on 
737's, DC-10's, and L-1011's. Much 

Propfans will allow 
cruise s equaling 
turbofans .. 

work remains to be done before large 
primary structures such as fuselages 
and wings will be made entirely of 
composites. A more complete 
database on loading behavior, failure 
modes, damage tolerance, and 
manufacturing methods is required. 
Aircraft manufacturers are currently 
working under NASA contracts to 
develop full-scale composite primary 
structures, and as the database 
matures they will manufacture the 
first full-scale components for testing. 
Boeing plans to demonstrate 
technology readiness with a full-scale 
fuselage barrel in 1988. By 1990 
composites could result in a weight 
reduction of over 30 percent for the 
entire airframe structure, with an 
accompanying reduction in fuel 
consumption of 15 percent. 

Composite structures 
already see limited use 
on commercial 
transports .. 

The value of these advanced 
technologies becomes clear when 
one considers that a one percent 
reduction in drag or fuel consumption 
for a single large transport results in 
savings on the order of $50,000 to 
$100,000 per year. Integration of all 
the technologies dealt with by the 
AGEE program could result in an 
overall fuel use reduction of over 40 
percent. 
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The loss of the America's Cup in 1983 to Australia has set off a 
fury of yacht designing efforts. This incomplete guide should get 
you started if you want to enter the next running. 

By Phil Decker 

I n Minnesota the license plates 
read, "Land of 10,000 Lakes." 
In the State of Western 

Australia- almost exactly the other 
end of the globe- the license plates 
read, "Home of the America's Cup." 
Like to find out why? Read on. 

In a suburb of Sydney, Australia, 
called Dee Why sits an overweight 
leprechaun with high blood pressure 
behind a Hewlett Packard graphics 
plotter and computer, cursing. He is 
cursing the computer because he has 
not yet read the instruction manual, 
and he won't because his name is 
Ben Lexcen, the designer of the 
Australia II and winner of the 
America's Cup. Lexcen is in the 
process of giving the yacht designing 
industry an ulcer. 

Australians had not generally been 
regarded as champion yachtsmen 
until the 1983 America's Cup races in 
Newport, Rhode Island. The New 
York Yacht Club had held the cup for 
132 years, but in 1983 the Australians 
won it after twenty years of trying. A 
key element in their victory was Ben 
Lexcen, the eccentric designer of the 
winning boat, Australia II. 

The methods used in yacht design 
have not drastically changed since 
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being started by the Portuguese in 
the 1400's. One starts with the Lines 
Plan, a three dimensional projection 
of the hull shape that is rather similar 
to the drawing done by mechanical 
drafters. The three views are the side 
view, bottom view, and the front/back 
view. Between the outlines on each 
view, topographic lines are drawn at 
equal distances along the boat, like 
elevation lines on a geographical 
map. Only half of the boat needs to 
be drawn, since the boat would 
hopefully be symmetrical. The 
elevations are done in feet above and 
below the water line, quarter breadths 
from the vertical centerline, and 
"stations" on the side view. 

Stations are the divisions which 
would result if one were to cut the 
boat into ten equal parts from where 
the hull enters the water to where it 
leaves the water. This is a remnant of 

The methods of yacht 
design have not 
drastically changed 
since the being started 

the Portuguese in 
the 1400's .. 

the old days when designers carved 
the desired hull shape from a block of 
wood and literally sawed it into ten 
pieces. One successful Australian 
designer of the 1800's actually used 
measurements off a mackerel he had 
caught in Sydney Harbor. 

This part of yacht design is 
basically an art. There are no 
equations to determine the ideal 
dimensions and the designer is free to 
draw in the lines that he thinks would 
make a good boat. The science 
comes in during the analysis of what 
one has drawn. 

Analysis of the hull shape is based 
primarily on Simpson's One-Third 
Rule, developed by Scottish 
mathemetician James Stirling in 1730. 
It is amazingly accurate in finding the 
areas of curvilinear figures (like boat 
hulls) and no better method exists to 
this day. 

For example, to find how much 
water the hull will displace when put 
in the water, one must first redraw the 
outline at each station as shown in 
the front/back view. The areas of the 
outlines can be found using a 
planimeter or by using the trapezoid 
rule. The equation is 
2x(1/3)x(sum of functions of half 
areas)x(inverted scale)2x(station 
spacing)x(unit density of water) = 
displacement. 



A yacht designer must also be 
concerned with the prismatic 
coefficient, i.e. how full or box-like the 
hull shape is. The p.c. is given by the 
equation 
Disp (volume) I (greatest 1/2 area) x 2 
x (inverted scale )2 x (DWL), 
where OWL is the designed waterline 
length. Good p.c.'s are generally 
around 53%. A boat that is too full is 
very stable, but very slow -a tub. A 
boat with a low p.c. is unstable and 
fast, but tends to get the crew very 
wet when it slices into a wave. 

To find out if the boat will float, the 
designer must find the logitudinal 
center of buoyancy (LCB) and the 
center of gravity. The LCB is found 
by dividing the sum of the moment 
areas around station zero over the 
sum of the functions of half-areas. 
The center of gravity is more difficult. 
The only way to find it is to take the 
moments of everything that one 
would like to put on the boat that 
weighs more than a few pounds and 
find the cetroid. Since there are so 
many things on a yacht, it takes a 
good designer several days to come 
up with the center of gravity, unless 
one has a good computer. 

The boat will generally float as long 

LINES PLAN 
LlO' OWL IOR BASE 

as the LCB is over the center of 
gravity. The distance between the two 
points determines the righting arm, 
and is a good indication of stability. 

Lexcen is best known for his use of 
the winged-keel on the Australia II. In 
addition to wings, the keel has a 
reverse sweep so that the bottom of 
the keel is longer than the top of the 
keel. The concept was developed 

around eight years ago and produces 
what is known as the end-plate effect. 
Basically, this effect draws water up 
the leading edge of the keel, then the 
wings push it back down to produce 
lift. Old men who build model boats 
to sail on ponds in city parks have 

Continued on page 26 

GRADUATING ENGINEERS and COI\\PCTER SCIEJ\'TISTS: 

Before you make your choice, 
you'd be wise to check how your 
first job measures up to your 
expectations. 

At Hewlett-Packard we place 
special importance on the "fit". 
Because what we have to offer is 
not for everyone. 

Size us up. 
Since our founding 4 6 years 

ago, HP has come a long way. 
We've grown from a small elec
tronic: instrument maker into an 
international company with 
80,000 employees and $6.4 bil
lion in sales in 1984. 

s 

There's a considerable difference 
between the oneesize .. flts .. all career offer 
and the one that really f1tse 

And yet, the company's basic 
operating unit is the division 
which functions like a small 
business. The people who make 
up our divisions have one thing 
in common. They flourish in an 
informal environment where 
first name basis., open door policy 
and flexible time are some of the 
things they value. 

Try us on. 
\X'e have many outstanding 

career opportunities for high poten
tial individuals - particularly those 
specializing in Engineering and 
Computer Sciences - in our 50 
domestic manufacturing divisions. 

Plus openings in over 80 
nationwide sales offices. (Maybe 
you thought we were just a 
California company!) 

For more details about H.P. 
career opportunities inquire at 
your College Placement Center 
or send your resume to: 

Corporate Staffing, 
Hewlett-Packard Company 
Box 20AD, 3000 Hanover St, 
Palo Alto, CA 94304 

HEWLETT 
PACKARD 

An Equal Opponumtv Affirmauve Acuon Emplover 
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Architecture from 24 
creates polygons (surtaces) between 
points and adds a roof at the desired 
height. 

A library contains pre-constructed 
objects, such as trees, people, cars 
and trucks, which can be called up 
and placed in the drawing. An 
individual can also create their own 
library objects to be used in their 
project. 

After the initial data base is created 
it can be modified by adding new 
objects, moving objects, scaling them 
up or down, or rotating them. 

Far and away the most impressive 
feature of the 3-D Design is the 
graphic display of objects, created by 
Lee Anderson. 

Objects are displayed on a 480 X 
640 resolution screen in true 
perspective, that is, background 
buildings appear smaller than those 
in the foreground. The display can 
contain up to forty distinct colors, 
each shaded from lightest to darkest. 

24 Minnesota Technolog, Spring 2, 1985 

Colors can be changed at a touch of 
a button by selecting from a visible 
palate of alternatives. An architect 
can mix and match colors to find the 
correct combinations. 

The buildings can be viewed from 
any height, distance, or angle. Simply 
tell the computer where you're 
looking from and what you're looking 
at. 

The most striking graphics feature 
is the generation of shadows. Type in 
the latitude, month, day, hour, and 
minute. The program will calculate 
and display the exact shadows that 
the sun would cast at that moment. 
The computer will simulate the 
correct color of the shadows. The 
user can also specify the location and 
intensity of other light sources, such 
as street lights, and the program will 
combine these with any others to 
create the correct shadows. If you 
choose a different view, you will see 
the shadows as they would appear 
from there. 

This shadowing feature allows 
architects to see how shadows fall on 
landscapes, pedestrians, and 
surrounding buildings. It also helps 
them to visualize how light is 
distributed inside the building. These 
and other important aspects, like how 
the building would look at different 
times of the day or year, could only 
be approximated in the past, 
according to Anderson. 

Want a floor plan? No need to draw 
one, the program has the ability to 
slice through a three dimensional 
object revealing a cross section. To 
get a floor plan, just slice through the 
building five feet off the ground. 

The program can also animate a 
sequence of frames. For example, 
Anderson recently spent 62 hours 
writing a program which flies through 
the East Bank of campus. Starting 
high, it swoops low, down the center 
of the mall before veering off through 
the rest of campus. A separate 

Continued on page 26 

If you passed up Army 
ROTC during your first two years 
of college, you can enroll in our 2-
year program before you start your 
last two. 

Your training will start the 
summer after your sophomore 
year at a six-week Army ROTC 
Basic Camp. 

It'll pay off, too. You'll be 
paid for attending Basic Camp. and 
earn up to $1,000 a year for your 
last two years of college. 

But more important, you'll 
be on your way to earning a 
commission in today's Army
which includes the Army Reserve 
and Army National Guard-while 
you're earning a college degree. 

For more information, stop 
by the Army ROTC office nearest 
your campus. Or call (213) 863-
5819 for details. 

For more information, stop by 
Room 108 Armory or can (612) 
373~2212. 



By Renee Bergstrom 

Lifeburst, Jack Williamson, Ballantine 
Books, 1984,271 pages, hardcover, $12.95. 

Space is finally being colonized by 
human beings. Space aliens are 
watching human beings colonize 
space and along with all these great 
new developments, the Earth's 
population has exploded and divided. 
Bloody solar politics make and break 
average people and fanatics are 
trying to overthrow the Sun 
Company, claiming fulfillment of a 
biblical prophesy . "They lived under 
the ice, in places lined with plastic 
foam to keep the cold out and the 
precious air sealed inside. The floors 
had velfast carpets that let them walk 
in boots with velfast soles. Weighing 
only a few ounces, he could fly down 
the tunnels when he liked, never 
touching anything." This is the world 
Jack Williamson has created in his 
book Lifeburst. 

The main character, Quin Dain, is 
an illegitimate child of a Sun 
Company scientist who has no hope 
for status in the company of any kind. 
The plot revolves around his desire to 
return to Earth and the invasion of 
Earth by a space alien. The Earth's 
factions struggle with each dilemma 
and the results are both frightening 
and exciting. 

The books is at the very least 
fascinating. The plot moves rapidly 
containing mostly action though the 
prose is bland and plain. Each 
chapter gives the reader two points of 
view which yields a greater 
understanding of all the events that 
occur in the book and is an ingenious 
use of narrative by the author. 

This book is not a fantastically done 
piece of literature and the message 
the book delivers is not clear or 
inspiring, but the reading is exciting 
and the plot is fresh. The "science" 
fiction of the book required much 
thought and imagination by the 
author and Ufeburst is a carefully 
thought out work. If you'd enjoy fresh 
science fiction, Lifeburst should be 
added to the reading list. 

The Tides of Time, John Brunner, 
Ballantine Books, 1984,235 pages, 
paperback, $2.95. 

John Brunner, who wrote The 
Sheep Look Up and Stand on 
Zanzibar, is still writing and his 
newest work is The Tides of Time. 
The story revolves around two 
people, Stacy and Gene, who keep 
changing in every chapter of the 
book. Their setting starts on a 
mode:-n Earth and it progresses 
backward through Roman times and 
still further back it goes. 

Some of this book is confusing 
since the situations keep changing; 
yet, Brunner gives the reader clues by 
maintaining certain traits at every 

I 
point in the novel. The plot does 
progress steadily building up to the 
final chapters. 

The Tides of Time compared to The 
Sheep Look Up is a more 
encouraging story. The ending to the 
novel is less pessimistic than The 
Sheep Look Up. Tides contains more 
scientific theories than Brunner's 
previous work which helps bring the 
time hopping the characters do in 
Tides more clearly into focus. The 
book also relies more heavily on 
symbolism which also pulls the whole 
story together. 

The two novels do share some 
similarities such as the return to 
nature theme. Also, one of the 
characters martyrdom exists in The 

Tides of Time and The Sheep Look 
Up. Finally, Brunner's habit of relying 
on the months to title his chapters 
persists in The Tides of Time which is 
a nice effect. 
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Brunner, as a writer, does not 
believe in fairytale endings and his 
novel is no different. Brunner paints a 
strong message to his reader and 
more time should be spent with his 
books. They are enjoyable, but they 
are also a learning experience. 
Though The Tides of Time doesn't 
command as strong a message as 
The Sheep Look Up, the message is 
still there. For The Tides of Time, 
Brunner leaves the reader to reflect 
on man's relationship to the universe 
and the past. 

The book itself requires very little 
time to read, but reflection on the 
author's argument requires a little 
more time. If you're in the mood for 
deep thinking, John Brunner's the 
author to read. 

Yachts from 23 
employed this effect in oddly-shaped 
keels for most of this century. 

Lexcen discovered the effect of 
using a winged-keel when he tank 
tested half scale models of twelve 
meter hulls, instead of miniature 
models which had been done 
previously. He found there was a 
great difference in the behavior of the 
boats because the Reynold's 
Numbers on the small models were 
quite different than those of larger 
models. 

Lexcen is duty-bound to design the 
yacht to be raced in the next 
America's Cup which will be held off 
Perth. 

In a magazine article, Lexcen said, 
"I went over to America the first time 
in 1967. The deterioration (since 
then) is just incredible. Aggro 
everywhere. It used to be only aggro 
in New York: now there's aggro out in 
the little towns, in Minnesota. I used 
to go to the most divine little place in 
the world, out in Wisconsin ... you 
know, cream, and children were all 
polished, you could eat off the road, 
the houses all neat, and the cars all 
washed every day whether they 
needed it or not. And now they're just 
like New Yorkers. They're attacking 
all the time. It's just awful: I just hate 
it. It's happening here now too, but 
the rate here is less .. .fifty years 
behind. That's why I love 
Australia ... because it's 'backward.' 
Let's not catch up too quick." 
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Trains from 18 

Beyond this are a dozen or so 
corridors, all in the 1 million 
trips/year category. 

A system of high speed rail lines 
scattered across the country would 
cost a fraction of what was put into 
Interstate Highways and it would 
revolutionize travel in the U.S. But 
just one philosophical note of caution 
in closing. 

Historically, this nation has sunk 
vast sums of money in pursuit on a 
one-mode transportation system. In 
1975, the opening of the Lancaster 
Turnpike touched off a flurry of toll 
road construction all over the U.S., 
culminating in the first Federal road 
project, The National Road. Most of 
these roads quickly fell into disuse 
and disrepair. The opening of the Erie 
Canal in 1825 sparked a "Canal 
Fever" as dozens of companies 
floated vast sums of money to build 
canals across wilderness and up 

MEIS from 12 

Students who work on team 
projects benefit from studying 
concepts at the leading edge of 
scientific knowledge in these high
tech fields. Participants from member 
companies can use the discoveries in 
their own research efforts and have a 
source of young, well-trained 
scientists from which to recruit. 

The cooperation of local industrial 
sponsors, the State of Minnesota, and 

Architecture from 24 

animation of the Minneapolis skyway 
system was also recently created for 
display. 

Anderson, who teaches computer 
science to architecture students, 
wants them to use the computer as "a 
tool which can be a design aid." He 
feels his system also gives students 
the chance to train on today's most 
advanced technology. In fact, 
students are working with more 
advanced systems than are now 
available to professionals. 

Although Anderson became 

mountains, and then went bankrupt. 
The Baltimore & Ohio R.R. showed 
the virtues of the railroad in 1830. 
Two hundred thousand miles of track 
were constructed, much of it either 
duplicating a parallel line, or serving 
some market that could never support 
a railroad. The same happened with 
horse, cable and trolley cars, 
automobiles and airplanes. We have 
always suffered in our attempts to 
serve the nation with one and only 
one mode of transportation. Each 
mode has its special strengths and 
weaknes~es, and one mode cannot 
replace all the rest. 

Now the U.S. must face the 
challenge of developing a 
transportation system for the coming 
post-petroleum age. The follies of the 
past can be avoided by creating a 
system where each transportation 
need is met by the best mode that is 
possible. With that approach, high 
speed railways would be part of the 
picture. Part, but not all. 

I.T. has made MEIS a major regional 
resource for high-technology 
research, education, and 
development. New coursework, 
instructors, laboratories, and the 
sharing of scientific knowledge 
promise to help place- and keep
Minnesota among the leaders in 
microelectronics and information 
sciences. 

fascinated with computers while an 
architecture student at Minnesota, he 
realized that the school cannot 
provide enough programmers to meet 
the demand. He welcomes students 
from all disciplines who may want to 
do independent study. 

Lee Anderson and the School of 
Architecture are pioneering the 
application of computers to 
architecture. Students in this school 
are working with the tools of 
tomorrow, and seeing the future 
today. 

By David Kortenkamp. 



The HP-11C and The HP=15C 
From Hewlett-Packard 

The Air Force has openings for young men and women majoring in 
selected science and engineering fields. Like Aeronautical. Aerospace. 
General and Electrical Engineering. Mathematics. Physics and Com 
puler Technology. 

To help prepare for one of these. Air Force ROTC offers two and 
four·year programs of study which will defray some of your college 
costs. 

After completion of the AFROTC requirement. and upon your 
graduation. you'll be commissioned an officer in the Air Force. Then 
comes responsibility. experience in your specialty with some of the 
best people and facilities in the world. and a mission with a purpose 
You'll get excellent starting salary. medical and dental care. 30 days 
vacation with pay beginning your first year. and more. 

Look into the Air Force ROTC program right away. See what's in it 
for you. See how you can serve your country in return. 

Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 

(612) 373-2205 
(612) 373-2206 

The lucky students with the 
following I.D. numbers have won 
Minnesota Technolog's Reader Survey 
Drawing Prizes. Stop by Room 2. ME 
by May 31 and pick up your prize. 

We've got two powerful, sophisticated calculators that 
answer your scientific and mathematical needs. The 
HP-11 C and the HP-15C are Advanced Programmable 
Scientific Calculators used worldwide by professionals 
in engineering, science, navi~ation, research, and 
statistics. Shouldn't you be uSing one now? Let us help 
you decide today. 

1175684 
1213102 
1171240 
791761 
956083 
1164903 
1 Hl40 18 
1137988 
1199515 
1195841 
1262771 
1105330 

1278383 
1171049 
1078780 
1170161 
1269191 
1193348 
1261262 
1172156 
1230698 
1233373 
1169980 
1216280 HEWLETT 

PACKARD 

NELSON'S 
CONVENIENT! OCA ri()NS 

I MIDWI! IBURNSYill! I U ol MINN I RDS£011£ 
HORTHTOWN SHOPPING C£NTII DI!IKYTOWN CENTER 

1960150 CINHR 435 86!6 lli>969 6lli 1161 
6466111 1 
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In the past, the correct solutions to the problems presented here could eam you a free T-Shirt. Unfortunately, our 

supply of shirts has become depleted, so the satisfaction of completion is the only reward we can offer. 

The star printed to the right is made up of 
triangles. Count how many triangles are 
there in all. There are more than you might 
think. 

Try to find all the words of four or more letters that can be formed using the 
letters in the word "engagement." Changes in tense and proper nouns are not 
allowed. Do not be satisfied with any less than twenty. 

The I.T. Board of Publications 
is now taking orders for a 
new shipment of T -shirts. 
If you would 1ike a shirt, stop 
by Room 2, ME for the details. 

28 Minnesota Technolog, Spring 2, 1985 



6(; 986t 'c 6UtJdS '60(0UL{OB1 BlOSBUUfJIV 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

·uo!S!A IBJaljdped 
poo6 ..10 AJOW8W ::>!ljdBJ60lOljd B 8ABlj J84l!8 nOA o~-6 

·aAJn::> 
11eq 8ljl JO 81PP!W 8ljl ..IOJ 8JO::>S J8ljl0UB lnq 8JB nOA 9-L 

RPN stands for reverse polish notation. RPN is the 
operating logic used on HP calculators. Polish 
Notation was developed by the Polish logician Jan 
Lukasiewicz (1878-1956). 

Roger Staehle was the Dean two years ago. Rama 
Murthy was the Dean last year. Ettore Infante is 
the Dean of the Institute of Technology today. 

Waves travel faster in denser material. Waves in 
granite are faster than waves in soil. 

Seymour Gray left Control Data in 1972. Four 
years and 8.5 million dollars later he had designed 
and built the first Cray-1 supercomputer. 

A pulse from Nova concentrates 120 trillion watts 
at a target 1 00 feet away. The target is heated to a 
temperature exceeding 18 million degrees 
Fahrenheit when it is subjected to Nova's energy. 

Laser is an acronym for Light Amplification 
through Stimulated Emission of Radiation. 

The line which separates lunar night and day is 
called the terminator. 

Under the conditions the TTAPS papers described 
as a nuclear winter, the percentage of the incident 
solar radiation absorbed by the Earth's surface 
would be reduced to five percent. 

Each channel of a compact disk player uses a 
sample rate of 44,100 times per second. This was 
chosen as the industry standard because the 
upper limit of human hearing is around 20,000 
cycles per second and the Nyquist criterion states 
you need to take twice as many samples as the 
highest frequency to insure a continuous sound. 

Occupancy for the new EE!CSci Building is 
scheduled for 9-21-87. 
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Minnesota Technolog Staff 1984-85 

l to R: (Top) Mike McGee. David Hyde, Mark Werner, Meribeth Nordloef, Debby latimer, John Krumm, John Prarie. 
(Middle) Barb Melber, Brenda Nyman. Ed Wollack. (Bottom) Mike Moffa, Jon Soland, Diane Berry, Jim Lundy, David Herridge. 
Vern Thorp, (Not Pictured) Renee Bergstrom, Scott Ci1iske, Helen Mittelstadt, Heidi Neils 
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If you are interested in getting involved with 
i nnesota Techno I og ~ the Is T m Connection~ or 

the Board of Publications~ please stop by 
Room 2 E or call 373-5863. 

We need students interested in: 

0 Writing 
0 Editing 
D Proof reading 
D Keylining 

Advertising Sales D 
Photography 0 

Technical Illustrating 0 
Cartooning 0 

Just because you're graduating doesn't mean you 
have to leave TICHNOLOG behind. You can have 
TECHNOLOG sent to your home by simply stopping 
by Room #2, Mechanical Engineering, 
and filling out a subscription form. 

Subscriptions for raduates 
$10~ r year (six issues) 

~t 

ROOM 2 OPEN HOUSE 
MAY 9. 1 0 am to 3 pm 
MAY 23. 10 am to 3 pm 

I 
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@ emys rtes 

ommon sense® 
The brain does it naturally. It 

wonders. It thinks with spon
taneity-advantages we haven't 
been able to give computers. 
We've made them "smart:' able 
to make sophisticated calcula
tions at very fast speeds. But we 
have yet to get them to act with 
insight, instinct, and intuition. 

But what if we could devise 
ways to probe into the inner na
ture of human thought? So com
puters could follow the same 
rationale and reach the same 
conclusions a person would. 

An equal opportunity employer 

T • Y 0 U 

What if we could actually design 
computers to capture the myster
ies of common sense? 

At GE, we've already begun to 
implement advances in knowl
edge engineering. We are cod
ifying the knowledge, intuition 
and experience of expert engi
neers and technicians into com
puter algorithms for diagnostic 
troubleshooting. At present, we 
are applying this breakthrough to 
diesel electric locomotive sys
tems to reduce the number of 
engine teardowns for factory 
repair as well as adapting this 
technology to affect savings in 
other areas of manufacturing. 

We are also looking at parallel 
processing, a method that 
divides problems into parts 
and attacks them simultaneously, 
rather than sequentially, the way 

you can 
you can 

C A N 0 0 

the human brain might. 
While extending technology 

and application of computer 
systems is important, the real 
excitement and the challenge of 
knowledge engineering is its 
conception. At the heart of all 
expert systems are master engi
neers and technicians, preserv
ing their knowledge and 
experience, questioning their 
logic and dissecting their 
dreams. As one young employee 
said, ''At GE, we're not just shap
ing machines and technology. 
We're shaping opportunity." 

Thinking about the possibili
ties is the first step to making 
things happen. And it all starts 
with an eagerness to dream, 
a willingness to dare and the 
determination to make visions, 
reality. 

am it, 

T 


