


YOUR FUTURE IS 
AS LIMITLESS AS 

YOUR I GINATION 
A s the innovator in telecommuni

cations testing systems, Hekimian 
Laboratories, Inc. (HLI) is seeking 

Communications Engineers and Computer 
Scientists who would like to put their talents 
to the test. Join us and be involved in 
hands-on approaches in research, develop
ment, design and manufacturing. 

S ince the AT&T divestiture, the need 
for quality telecommunications test
ing has increased at AT&T, the Other 

Common Carriers, and the Fortune 500 
companies. Our professionals are meeting 
this challenge. We are maintaining a tradi
tion of consistent innovation that has pio
neered the industry for more than 16 years. 

Members of the Hardware Design Engineer
ing T earn may be involved with: 

•Development of new measurement 
techniques 

•Design of analog 
and digital filters 

•Interfacing analog 
and digital measure
ment techniques with 
microprocessors 

•Design of micropro
cessor systems and 
test fixtures 

•Development of elec
trical and mechani
cal design consider
ations for manufacturability 

As a member of the Software Engineering 
Group, you may be involved in: 

•Integrating equipment into a complete 
access and test system 

•Implementing instrument control soft
ware 

•Measurement control and data manipu-
lation within test instruments 

•Test fixture programming 
•Algorithm design 

A t Hekimian Laboratories, it isn't 
enough for your ideas to look good 
on paper; they have to be put to the 

test. You will work side-by-side with other 
professionals who are committed to being 

the best in their area of specialization, and 
follow a project through from inception to 
production. 

H L. I offers excellen~ salaries, 
a comprehensive bene
fits package and a 

superb location in the Washington, D.C. 
area, adjacent to the 1-270 corridor in what 
is now called "Little Silicon Valley." 

If you would like to meet the testing require
ments of today . .. and tomorrow . .. while 

building a challenging career, we invite 
your inquiry. For more information about a 
career with Hekimian Laboratories, contact 
Tom Kruzic, Hekimian Laboratories, Inc., 
9298 Gaither Road, Gaithersburg, MD 
20877 (301) 840-1217. An equal oppor
tunity employer. 

Hekimian 
Laboratories, 
Inc. 
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Welcome back. While you were 
away our staff was working diligently 
to put together this issue of the 
En.gineers' Forum. Take a close look 
at what we have inside; I think you'll 
be interested in finding what we have 
to offer. 

This year marks the third year that 
the Forum has been in print. Increases 
in advertising and the size of our staff 
have allowed us to bring you an in
creasingly better magazine, but we 
aren't totally satisfied. We take our 
work for this magazine seriously and 
we feel that it is an important resource 
within the College of Engineering. 

The fact that most engineering 
students, not only Tech students but 
others from all over the country, have 
difficulty communicating has become 
increasingly evident. At the last 
meeting of the Engineering College 
Magazine Association certain schools 
expressed their desire to limit the com
petition, for any award given to a 
writer , to engineering students. We do 
not support a policy that implies an in
ferior degree of literacy among our 
staff writers who happen to be 
engineers. The inability of other 
engineers to communicate should not 
reflect on Virginia Tech. It is the goal 
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of this magazine to allow engineering 
students to develop their communica
tions skills, not to further the 
misconception that engineering 
students have an inherent inability to 
write. 

Unlike other schools, Virginia Tech 
requires all engineering students to 
take a year of English. Contrary to the 
opinion of some students, this is not a 
waste of time. A year of English not on
ly serves to polish writing skills, but 
also provides a starting place for com
munications skills that will prove 
essential later. If you would like to 
develop your communications skills 
further by contributing to the Forum let 
us know; we won't turn you away. 

Enjoy the rest of the magazine. 
Perhaps it will inspire some of you to 
contribute an article. Let us know your 
opinions about the magazine, its ar
ticles, or its format. Mail your letters to: 

Letters to the Editor 
Engineers' Forum 
337 Norris Hall 
Virginia Tech 
Blacksburg, VA 24061 

Engineers ' Forum 



Engineers' Forum 3 



4 

WHAT DOES A 
TECHNOLOGY CONSULTANT DO? 

Translates ideas into results 
for industry and government 

Choosing the right career with the right 
company is a major decision . .. and you 
should look beyond industry to explore 
your options. A consulting career with 
Booz· Allen & Hamilton could be the 
ideal choice. 

The work at Booz· Allen is more chal
lenging and diverse than that in industry 
-as diverse as international business 
itself. Here, seasoned experts work 
side-by-side with recently degreed engi
neers in small, interdisciplinary teams. 
You're involved in every aspect of a proj
ect, not just one narrow area. 

If you have the intelligence and drive, 
you can start immediately to use your 
technical education, creative talent, and 
practical knowledge to develop solu
tions for complex client problems. You'll 
work with top level decision-makers to 
improve their operations. 

As a consultant you could be involved in 
the development and application of space 
production processes and secure satel
lite communications ... or the design of 
local area networks and next-generation 
software. If manufacturing technology is 
your field, you might work on new prod
uct/process development or planning 
the implementation of robotic and CAD/ 
CAM systems. 

Sheila Cotter chose Booz· Allen right out 
of school for the challenge and diversity: 
"Since joining the firm just over a year 
ago, I've worked in industrial product 
design for paper processing, in control 
systems for new anti-skid braking sys
tems, and currently in computer aided 
design." Donald Pierce feels, "Booz·Al
len offers a stimulating environment of a 
different kind. And they've given me con
siderable freedom to explore new avenues 
in physics which interest me." Charles 
Thomas found, "My work at 
Booz·Allen deals with impor
tant, industry-wide concerns in 
telecommunications engineer
ing and policy-I'm not limited 
to designing circuits in a little 
corner of the industry." 

If you're ready to make your 
professional mark, Booz· Allen 
has openings for consultants 
in: management information 
systems; communications, 
electronics and intelligence; 
defense technology; defense 
acquisition and logistics; pub
lic sector management; and 
office automation and manu
facturing technology. 

If you have an advanced degree in EE, 
ME, CS or a related technical field, we'd 
like to tell you more about the unique 
advantages at Booz· Allen .. We also have 
positions for top undergraduates. 

Explore your career prospects in Wash
ington, D. C. and other major metropoli
tan areas by writing to: Mr. Michael 
Star, College Relations, Booz· Allen & 
Hamilton Inc., 4330 East-West High
way, Bethesda, MD 20814. 

An Equal Opportunity Employer. 

Sheila Cotter 

Donald Pierce 

Charles Thomas 

BOOZ·ALLEN & HAMILTON INC. 
Professional excellence ... we make a practice of it. 
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A New Eira Begins 

The 1,200 freshmen engineering 
students who arrived on campus in the 
fall of 1984 were like the rest of the 
University's entering students in most 
respects. They too resembled circus 
performers juggling suitcases, stereo 
equipment, and pillows as they made 
their way to their dormitory rooms. But 
these freshmen were different in one 
very important way: each of them also 
caried a brand new personal com
puter. 

Thus began a new era for Virginia 
Tech's College of Engineering 
because the university had just 
become the first large public institution 
in the U.S. to require each entering 
freshman to purchase a personal com
puter (PC). The college began study
ing the idea of having such a require
ment in 1982 when it established a 
committee chaired by engineering 
science and mechanics professor Carl 
T. Herakovich to study the pros and 
cons of having students buy their own 
computer. By the following spring. the 

M. Hill 

Engineers' Forum 

committee suggested that the pur
chase of a personal computer by 
engineering freshmen be mandatory 
by the 1985-86 academic year. Dean 
Paul E. Torgersen accepted the report 
with one modification-the program 
would start one year earlier than 
recommended. 

Once the decision was reached, the 
college moved ahead full speed. Fif
teen computing vendors were asked if 
they were interested in submitting 
bids, and seven companies said yes. 
Of the seven, four were visited per
sonally by Torgersen and/or 
Herakovich. Another committee 
member, Mark Davis of the chemical 
engineering department, was asked to 
participate in the final evaluation. By 
the end of the summer, the choice had 
narrowed to Texas Instruments, 
Zenith, DEC, and IBM. 

At this time the college realized that 
it would need a full-time administrator 
to handle the logistics of a program of 
this size and complexity. For example, 
someone would be needed to 
coordinate the initial purchase of the 
computers by the university and the 
eventual resale of individual units to 
students. The complete program 
would cost the University approximate
ly $2.4 million in the initial investment. 
So, in September 1983, electrical 
engineering associate professor 
Charles E. (Butch) Nunnally was 
selected as the new assistant dean for 
engineering computing. Nunnally had 
served as the chairman of the com
puter engineering group within the 
electrical engineering department. 

In September the college announc-

,ed that it had chosen IBM to provide 
personal computers to engineering 
students. Articles on the agreement 
apperared in the Wall Street Journal, 
Washington Post, Chronicle of Higher 
Education, and several other national 
publications. The Post quoted 
Torgersen as saying that the personal 
computers would allow the College of 
Engineering to "remain at the cutting 
edge of engineering instruction," a 
significant statement when combined 
with the facts that the college is con
tinually among the top ten of the 
largest undergraduate engineering in
stiutions in the nation, and its students' 
scholastic abilities are among the best 
in the state school category. 

In preparation for the 1984 
academic year, IBM shipped 150 PCs 
to the campus in early December. This 
equipment was used to establish two 
instructional laboratories. During 
winter and spring quarters, the 
laboratory sessions provided learning 
opportunities on the PCs for most of 
the approximately 5,000 enrolled 
engineering students. Faculty 
members also received PCs so they 
could become familiar with the units. 

In the meantime, Nunnally began 
receiving issues of 15 different com
puting magazines, and reading the 
business section of the Wall Street 
Journal. "I browse those magazines 
each week and intently read two or 
three. I read the Journal because this 
requirement is not just an engineering 
decision, it's also a business deci
sion.'' 

The business end of it includes the 
maintenance of thousands of 
machines which will be done within the 
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college, the financing of the PCs 
through the university, the purchase of 
the correct software, the training pro
grams for the faculty, and a feasible 
distribution plan. 

Another thing Nunnally had to do 
was let prospective students know they 
had a choice of IBM units. To do this, 
he sent a letter to each student listing 
the options: the single disk PC por
table, the dual disk PC portable, the 
PCjr, and the PC. The students were 
also given the costs, descriptions, ad
vantages, and disadvantages of each · 
system. The college recommended the 
single disk portable PC "as the most 
suitable and appropriately priced 
system.'' 

If parent or students had any ques
tions, they had three weeks to call a 
PC "Hotline" established by the col
lege and run by its Student Engineers 
Council. The SEC handled 150 
telephone calls during that period. 

Of the incoming freshmen, 90 per
cent chose to purchase the portable 
PC. Another five percent selected the 
PCjr, and the remainder requested a 
PC. Forty-five percent of the students 
who chose the portable PC opted for · 
the budget plan whereby they could 
stretch their payments over 18 months. 
Nunnally points out that IBM has since 
announced a price reduction to the 
university which, in turn, will be pass-
ed on to the students. 

Nunnally has also been concerned 
with the security of the PCs in the dor
mitory rooms. To help solve this pro
blem, all of the computers will have 
their serial numbers recorded as they 
are distributed. 

Because the machines must be ser
viced after the students buy them, the 
college's technical staff members at
tended IBM maintenance courses to 
learn how to solve problems that might 
occur. IBM has authorized Tech to per
form this service for its company, and 
IBM is ultimately billed for any repair 
work, Nunnally explains. The college 
has established a loaner service in the 
event a machine cannot easily be fix
ed. All of the systems' warranties have 
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been extended to two years. "This ser
vice only amounted to an additional 
seven percent of the entire cost," 
Nunnally says. 

The assistant dean also incor
porated a software allowance in the 
budget for the purchase of a operating 
system, BASIC, screen editor, word 
processor, and FORTRAN compiler. 

Because of the magnitude of 
Virginia Tech's effort to modernize its 
educational instruction in engineering, 
IBM has placed one of its represen
tatives on-campus in a full-time capaci
ty. "Less than 120 places in the coun-
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try are offered this type of attention 
from IBM," says Nunnally. " And 
because of this large-scale effort, 
Academic Computing Information 
Systems is directly supporting us." 

And now that Nunnally has gone 
through the proces of working personal 
computers into an engineering pro
gram, he will offer to share his suc
cessess and frustrations with other 
universities at a conference on this 
subject at Virginia Tech this coming 
winter . 

by Lynn A. Nystrom 
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Saginaw [j] Saginaw Steering Gear Division 
General Motors Corporation 
Saginaw, Michigan 48605 
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Robotics Comes of Age at Va. Tech 
Yes, it's true! The mechanical 

engineering department has a robot. 
In fact it is the only robot on campus. 
Many other departments have 
microbots, but thanks to General Elec
tric, the mechanical engineers have a 
sophisticated 5-axis robot that cost GE 
approximately $60,000. Last year 
Associate Professor Said Zewari 
began teaching robotics as a special 
study project to senior mechanical 
engineers and graduate students. The 
growing interest in robotics by Pro
fessor Zewari and the mechanical 
engineering students prompted the 
department to answer an offer from GE 
for free equipment. The ME depart
ment asked for a robot and was 
granted one of 19 that were 
disseminated nationwide. This robot is 
Virginia Tech 's first real step towards 
robotics. 

Within the last year there have been 
three classes on robotics taught by 
Prof. Zewari, and the classes have got
ten progressively more basic by the 
demand of the students. Professor 
Zewari's main objective is an introduc
tion to robotics with an emphasis on 
kinematics, dynamics, and controls. 
Robotics is a very complicated and in-
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tricate field because to understand the 
science, one must have a knowledge 
of programming, controls , and 
dynamics. Robots are significantly dif
ferent from classical machinery 
because they are an automaton in 
association with computers. Through 
a simple electonic pulse, an operator 
can stop a task that a robot has done, 
possibly 50 iterations of, and have it 
start doing something else. Classical 
machinery is incapable of these inter
ruptions. Robots are not as durable as 
classical machinery because of their 
frequent jerky motions which cause 
large amounts of vibration, but they 
present a completely new outlook on 
automation. 

The technology of robotics encom-
passes many different fields. 
Mechanical engineers, who concen
trate on kinematics, dynamics, and 
controls are different from computer 
science majors whose main objective 
is programming. Industrial engineers 
are concerned with the integration of 
robots with other robots and classical 
machinery in the factory, and electrical 
engineers emphasize the controls 
aspect. All these fields work together 
to successfully operate a robot. 

Robots , although visualized by 
many as being single self-sufficing 
units, actually consist of many 
separate entities . The robot 
mechanism consists of the actual body 
of the robot, which has five axes, a box 
which can control the motions of the 
robot individually, a sophisticated com
puter which stores the programs and 
holds the main information , and an in
put/output port, created by the ME 
department, which is used to give elec
tronic pulses. Although only a small 
amount of research is being done on 
the robot because of a lack of graduate 
students that have the background 
needed to start immediately, students 
presently taking the class do create 
simple programs which order the robot 
to pick up certain blocks and put them 
in certain locations. With these pro
grams and some electonic pulses, 
students create jobs which may dictate 
many different tasks to the robot. 

Robotics is a dynamic field because 
it represents a space age phenomena, 
and also because of its practicality and 
adaptability to the industrial system. 

by Christina L. Dugan 

Engineers ' Forum 
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ROCKWELL INTERNATIONAL 
WHEN ENGINEERS ARE 

EXPLORE THEIR OWN 
Rockwell International is one company where 
one person's imagination can 
really make a difference. And 
where engineers and scientists 
with determination, as well 
as vision, can team up to 
redefine the 
limits of techno
logical excellence. 

That's why 
we're prime contractor 

for NASA's Space 
Shuttle Orbiters 

and their main 
engines, and 

for the 
NAVSTAR 
GPS navigation satellite program. And 

why we're the builder of the U.S. Air Force's 
B-1B Long Range Combat Aircraft. 

Our engineering know-how has produced 
the world's most accurate inertial navigation 
systems. Axles tough enough to travel up to 
1,000,000 miles without overhaul. Avionics that 
are used in virtually every airliner built in 

Manager-College Recruiting: 
Aerospace Businesses: Automotive Businesses: Commercial Electronics Business: 

Rockwell International Rockwell International 
Mail Code B15-006 Mail Code 292-AU-1 
2230 East Imperial Highway 21 35 West Maple Road 
El Segundo, CA 90245 Troy, MI 48084 

Rockwell International 
Mail Station 407-321 
P.O. Box 10462 
Dallas, TX 75207 
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KNOWS WJ--V\T CAN l-IAPPEN 
ALLOWED TO 
IMAGINATIONS. 
America. And print
ing presses that 
turn out more news
papers than any other 
presses in the world. 

Who knows where these 
technologies will lead? 

We think you do. 
Whether you'll graduate in electrical, mechanical, or aero

~pace engineering, in computer science, civil or chemical engineering, 
come explore the opportunities at Rockwell. r- We recognize talent when we see it. And we reward out-
standing achievement every year with the Leonardo da Vinci 

medallion to Rockwell engineers whose imaginations 
even Leonardo would have admired. 

Of course, we reward all our people with the 
employee benefits and opportunities you'd expect 
from a world leader. 

So if you've got imagination, 
skill, and an appetite for challenge, 
you know what the next step is: , 

Come talk with our 
representatives on campus 
or send your resume to the 
appropriate address below. 
Equal Opportunity Employer MIF 

I 

Defense Electronics Businesses: 

Rockwell International 
Mail Code AD-18 
3370 Miraloma Avenue 
P.O. Box 4921 
Anaheim, CA 92803 
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General Industries Businesses: 

Rockwell International 
Mail Code 706-IG-1 
400 North Lexington Avenue 
Pittsburgh, PA 15208 

"!' Rockwell International 
... where science gets down to business 

Aerospace/Electronics 
Automotive/General Industries 
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Computer Graphics 

A picture is worth a thousand words. 
Recently, this cliche has taken 
precedence in the field of computer 
technology. Computer graphics do 
more than just replace a host of words 
that paint unclear mental images. 
Graphics also enable engineers to 
display their designs with great ac
curacy, as well as show these designs 
in motion. Aside from their utility as an 
informative display, engineers are fin
ding that plans drawn with computer 
graphics can be done more efficiently 
than sketching designs with pencil and 
paper. Many times pencil and paper 
graphics have to be redrawn several 
times to correct mistakes, but plans 
written with computer graphics have 
the advantage of being stored on a 
disk. Once the plans are stored, the 
engineer can easily edit designs in 
much the same way manuscripts are 
edited in a word processor. 
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Now engineers can draw their com
puter graphics much in the same way 
they sketch pencil and paper graphics. 
Through peripherals, they can actual
ly bypass the keyboard and make ac
curate, time saving designs in the com
puter. Anyone who plays video games 
uses a peripheral everytime they 
maneuver . a joystick. Another 
peripheral, the graphics tablet, has 
been used to bypass computer 
keyboards for many years. Graphics 
tablets resemble the popular children's 
toy, the Etch-a-Sketch . Two $heets of 
special film cover the graphics tablet. 
One sheet gives the horizontal com
mand while the other sends the vertical 
command. The engineer traces the 
design on the tablet by pressing these 
sheets of film with a stylus. As the im
age is being traced, the design ap
pears on the screen. 

For the feeling of actually drawing on 
the screen, the light pen, another 
peripheral, can give you the old securi
ty of paper and pencil graphics. The 
light pen electronically draws images 
directly on the video screen. By mov
ing the light pen along the screen, you 
can watch your sketch appear like you 
do with pencil and paper graphics. 
This time saving device is a phototran
sistor (light activated switch) housed in 
a plastic cylinder. The phototransistor 
has an advantage over the graphics 
tablet in that it not only communicates 
with the computer, but also responds 
to the video monitor. You don't have 
to worry about learning a lot of new 
sophisticated commands for the 
graphics tablet and light pen. Both of 
these devices have various software 
packages that offer editing and several 
programs for color and monochrome 
designs. 
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No matter with which peripheral 
device or software you choose to pro
gram your graphics, the applications 
for computer graphics are as varied 
and endless as the engineering 
endeavors they display. Computer 
graphics off,ers the flexibility of editing 
diagrams by moving or changing the 
angle of lines or curves. Through dif
ferent programs, the computer can 
detect flaws in your diagrams, thus 
enabling you to correct problems in the 
early stages of your work. Since you 
can easily shift angles, lines and 
curves, you can store each phase of 
your system's movement. By doing so, 
the computer can display how effec
tively the designed system performs in 
motion. In addition to presenting an ef
fective system in motion, nothing sells 
a prospective contract better than 
graphs explaining the system's advan
tages. Such graphs could map out 
cost/benefit analyses and cyclic test 
results. 

Not only are computer graphics far 
more versatile than pencil and paper 
graphics, their speed of mobility is ex
ceedingly greater than the old method 
of graphics. Through phone modes, 
your computer graphics presentation 
can travel around the world in a mat
ter of seconds without the fear of 
postal damage. Computer graphics' 
versatility, combined with their superior 
mobility, are giving engineers the edge 
that they need in today's field of 
escalating technology. 

by Bill Duncan 
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Dr K Rojiani 
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Faculty Profile 

Provost Roselle (r) presents the Sporn Award to Dr. Claus. 

Sporn Award 1984 

Dir. Richard Claus 
The engineering students of Virginia 

Tech have chosen Dr. Richard Claus 
as the 1984 recipient of the Sporn 
Award. This award recognizes the 
most outstanding undergraduate pro
fessor in the College of Engineering. 

Dr. Claus came to Virginia Tech in 
the fall of 1977 after receiving both his 
S.S. and PhD. from Johns Hopkins 
University. He decided to go into 
teaching and research because of his 
experiences as a graduate student, 
during which he enjoyed working with 
the students and on various research 
projects with people outside his depart
ment. He especially enjoyed the flex
i bi I ity presented by being at a 
university. 

Engineers' Forum 

Dr. Claus's involvement with 
students does not end with the 
classroom. He advises graduate 
students on projects and helps 
undergraduates with independent 
studies. He is also the advisor for the 
electrical engineering honor society 
and WUVT. 

Dr. Claus learned more than 
decimals from his seventh grade math 
teacher; he learned the ABC's of good 
teaching. "A good teacher must 
possess Ability, Brains, and Color. The 
teacher must be able to interact with 
the students so that they get 
something out of the course, the 
teacher must know what he is talking 
about, and the teacher must be en-

K. Bible 

thusiastic and able to excite the 
students into learning." 

Dr. Claus considers the Sporn 
Award the greatest award he has ever 
received because he was chosen by 
the students. He really appreciates 
what the students feel. He is truly sorry 
to see the end of the school year come 
when many of the students he has 
worked with leave Virginia Tech. His 
outstanding teaching ability and 
dedication to his students make Dr. 
Claus a truly worth while recipient of 
the 1984 Sporn Award. 

by Debby Dutton 
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Cybernetics: 

A Link Between Man and Machine 
By far the most versatile mechanism 

ever identified is that itself which iden
tifies: the hallmark of our phylum call
ed the central nervous system. It is all 
those grey and white cells that com
pose the brain and the spinal cord 
(cells known as neurons), and it is a 
great fraction of the universe as well. 

Cybernetics is the science that has 
evolved around a curious marriage of 
disciplines: the studies of this universe 
of a mechanism, and the studies of the 
devices this mechanism has 
developed-the computers and 
calculators and robots. Only recently 
has the utility of this field of cybernetics 
come to the attention of engineers, but 
increasingly a need to locate our own 
selves on this map we call science is 
arising; after all, we comprise the most 
prominent features of the territory, and 
yet we are all but missing from the 
map. 

Today the artifacts of engineering 
are entailing more and more elaborate 
and quote intelligent unquote designs. 
Even wristwatches today often involve 
a remarkable ability to make simple 
decisions. 

Yet what our most sophisticated 
creations are capable of is still child's 
play compared to what the simplest of 
living central nervous systems are 
capable of. The slug known as the 
aplysia, in fact, encompasses more 
decision-making capability than an 
IBM 4341. 

So an imperative exists today-within 
the whole discipline of engineering
to apply what we know of this 
mechanism. The tools we need are 
found in cybernetics. Accordingly, the 
purpose of this article is to explore one 
possible means of simulating the atom 
of all nervous systems-the neuron. 
Clearly, to be able to model one 
neuron is, in theory, to be able to 
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model a set of them-or even an entire 
nervous system. 

The Mechanics 

On what basis, then, will the neuron 
be modeled? When a doctor raps on 
a patient's knee with a hammer, he or 
she distorts a cell embedded within the 
muscle-a cell called a stretch recep
tor. The stretch receptor has certain 
electrical properties that become 
distorted according to whatever elastic 
deformation results; as a conse
quence, a sensory neuron adjacent to 

Figure 1: "Example of a neuron" 

soma or bod)' 

the stretch receptor triggers a series 
of what are called action potentials. 
These waves of depolarization (very 
different from simple electric currents) 
propagate actively along the length of 
the sensory neuron until they reach the 
tip where microscopic quanta of 
organic compounds are released that 
rapidly (assuming the knee jerks) trig
ger similar trains of action potentials in 
subsequent neurons of the circuit un
til finally a so-called motor neuron ex
cites a statistical proportion of muscle 
cells and the classic if trite knee-jerk 
reflex ensues. The key point is that, 
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whatever the level of stimulation a 
neuron is subject to, the action poten
tials by which it communicates its ex
citation to subsequent neurons nearly 
always have virtually the same 
amplitude. Studies, in fact, have 
demonstrated beyond reasonable 
doubt that neurons communicate by 
means of frequency modulation (or 
temporal coding, to use the 
neurophysiological jargon) as oppos
ed to amplitude modulations. Thus the 
natural basis for modeling the neuron 
is the frequency of action potentials 
(also called spikes)-or the discharge 
rate. 

A neuron has a distinctive look, and 
before the reader continues, he or she 
would benefit from examining Figure 
1, which depicts a neuron spread out 
as though on a microscope slide. 
Notice the four important parts label
ed. Most prominent on a typical neuron 
is the long part, called the axon, which 
joins the lumpy body or soma at the 
junction called the axon hillock. What 
resemble the branches of this tree 
trunk of a cell are called dendrites. Ac
tion potentials originate at the hillock 
and travel strictly (in most cases) or
thodromically, meaning in the direction 
away from the soma, within the axon. 
The electical distortions due to action 
potentials from preceding neurons im
pinge upon sites called synapses 
located along the dendrites. Electrical 
waves that spread out passively from 
these synapses are called post
synaptic potentials: unlike action 
potentials, they radiate in all directions 
and attenuate with distance. 

An engineer learns quickly the im
portance of defining a task. Without 
further ado, then, I will propose a 
scenario depicting where we stand and 
where we want to arrive. 

Given a neuron whose properties 
are known, and given how post
synaptic potentials are being 
generated by previous neurons at the 
synapses, and given the effective loca
tions of all these synapses in terms of 
some idealized, homogeneous, 
isotropic cell membrane, a person 
should be able to determine how ac
tion potentials will be generated by the 
neuron (i.e., one should be able to 
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predict the discharge rate as a func
tion of time). A picture such as Figure 
2 illistrates this object well. 

Some definitions: 

(1) AP "action potential number" 
AP_ the actual (i.e., step

function-like) count, in 
whole cycles, of action 
potentials propagated 

thus far 

...... 
(2) AP "streamlined action 

potential number" 
AP - the streamlined 

(i.e., continuous) 
count, in frac

tional cycles, of action 
potentials propagated 
thus far 

The reader should keep in mind, 
upon trying to understand these defini
tions, the goal of the model: definitions 

(1) and (2) apply not to givens but to 
unknowns-or to two alternative means 
of representing the same unknown. 

• (3) AP ''action potential 
frequency" or, alter
natively, "discharge 

rate" 

• - dAP 
AP == dT where AP is in 

Hertz 

Notice the utility of the dot and 
streamlining notations. Figure 3 il
lustrates the nature of these subtle 
distinctions. 

(4) PSP. 
J 

''post-synaptic potential 
number" or, alter
natively, "impinge

ment" 

,, 

PS~ = the actual (i.e. , 
step-function-like) 
count, in whole 
cycles, of post-
synaptic potentials 
impinging upon 

synapse j thus far 

Synapse m 
PSPM= Fm(t) 

c.c.Gl.ven." 

,, R ,, 
quired 

iP :::. ? = GCtJ = ul"\known 

Figure 2: "Object of the model" 
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(5) PSP. "streamlined 
~mpingement'' 

• 

PSP the streamlined 
j (i.e., continuous) 

count, in fractional 
cycles, of post
synaptic potentials 
impinging upon 

synapse j thus far 

(6) PSP· "post-synaptic potential 
J frequency " or, 

alternatively , 
"impingement rate" 

Ps•p_dPSP. 
.= -dt J where first J • ' ' 

PS~ is in Hertz 
ana, second, j 

identifies the 
source of (synapse 
associated with) 
the impingement 

rate. 

Notice that, as a rule , 

(7) AP~ AP where AP~ AP, and 
(8) PSP-!- PSP where PSP~ PSP 

-the reason: because the non
streamlined numbers represent the 
truncated integer parts of the 
streamlined ones. 

Like Figure 3, Figure 4 illustrates the 
similar natures of the post-synaptic 
potential numbers and rates. 

Next, consider a control volume 
around the axon hillock. Whenever the 
voltage across the control surface ex
ceeds what is called the threshold 
voltage, the hillock will trigger an ac
tion potential-provided the so-called 
absolute refractory period of time has 
elapsed. The hillock acts like a water 
tank that flushes whenever a certain 
volume of water has entered it. The net 
effect of a post-synaptic potential on 
the axon hillock is a temporary eleva
tion in the local voltage whose 
magnitude depends on the effective 
separation of the hillock from the 
synapse where the post-synaptic 
potential originated; a PSP is 
analogous to an influx of water. The 
net effect of an action potential, on the 
other hand, is a change in the local 
voltage equal to the difference bet
ween the threshold and resting 
voltages, because a spike (action 
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Figure 3: "Action Potential 

numbers and rates " 

potential) begins when the local 
voltage has been elevated to the 
threshold potential (which shall be writ
ten Ver henceforth) and ends when it 
has returned to the resting potential 
(Vmho henceforth); an AP is anlogous 
to a flushing of the tank. 

The hillock voltage depends on ac
tion potentials (which reduce the 
voltage) as well as post-synaptic poten
tials (which elevate the voltage) ; 
however, action potentials are func
tions of post-synaptic potentials and 
therefore the hillock voltage would 
seem to reduce to a function of the 
post-synaptic potentials. 

Suppose, for a moment, that a tank 
were constructed that differed in func
tion from a neuron in one important 
respect: whenever it flushed had 
nothing to do with how or when water 
entered the tank. Clearly, then , the 
water in the tank (the volume of it) is 
a function of the rates of influx and ef
flux. Next, consider the same tank, on
ly rigged such that when it flushes 
depends on when water enters it. Is 
there a difference between the 
mathematical representations of the 
two tanks? 

In that case, as well as its neural 
analogue, both of the originally in
dependent variables are fundamental
ly functions of time and nothing else. 
Such concerns as "separation 
distances" are merely arbitrary con
stants , given a particular neuron. 
Therefore, in accordance with page 
168 of the text by Angus E. Taylor call
ed Advanced Calculus, the answer is 
no. Here follows what he says: 

If U=F(x,y,z) where x=f(t) , y=g(t), 
and z=h(t), then 

dU _oU dx +oU dy + oU dz 
dt - 0x aT ay dt dZ"OT 

Accordingly, consider the following 
assumption: 
Assumption #1 

Exactly insofar as a hillock voltage 
measurement is distant in time from 
any and all discontinuities in the (ac
tual) post-synaptic potential numbers 
impinging upon the neuron, it is a func
tion of the (actual) post-synaptic poten
tial numbers and the (actual) action 
potential number. 
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Mathematically, 

(9) Far from discontinuities, 
V:::: F(AP, PS~, PSf2, ... , 

PS Pm) where AP= g(t) and 
PS~ = f J(t) 

Since, in reality, voltage must be 
continuous, it follows from (9) that 

(10) v =: ~P, PSf=1 ' PSP2' ... ' 
PSPm) everywhere 

Thus, from the text by Taylor, 

gy ~dAP oV dpgp 
(11 ) d t = oA:.;n:- + o ::c::: d-t 1+ ..... f-1"" • PSP1 
~ dPSP2 + ... + O V d PSPm 
o~f2 dt dP~e crt 

m 
Assumption #2 

Neglect the absolute refractory 
period (i.e., assume low discharge 
rates) as it is on the order of a millise
cond. 

The second assumption implies 
relatively long intervals between all 
potentials (or at least rates much lower 
than the maximum possible). From 
assumption #1, then, for "relativily 
long intervals" the voltage time 
derivative is exactly zero. To a 
reasonable approximation, then, 

(12) ~ y:: 0 

And so, solving (11) for what is 
sought, 

where the denominator may be 
recognized as a representation of the 
net effect of an action potential on the 
hillock voltage-already found to be 

(14) ~~P : ( VmhO - Ver) per sp~~e 
-(vmhO -Ver )spikes 

Equation (13) may thus be rewritten 
m av I: -- PSP. 

(15) AP=: . = oPS R J spikes 
vcr-vmhO 
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Figure 4: " Impingement 
numbers and rates" 
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The electrotonic relation 

2 ~2 . 
(16) V ==LAMBDA 2...::J... - TAUdV 

ox2 ot 
(where 

(17) TAU== Rm * Cm "time 
constant'' for which Rmis 

membrane resistance (in ohm-cm2) 
and Cm is mem.Qrane capacitance (in 
microfarads/crrf) and where 
(18) LAMBDA == W\/(D)Rm/Ri 

"space constant" for which 
D is dendrite diameter, Rm 
is as before, and R. is 
specific resistance of 

1 
the 

axoplasm) 

defines the spatiotemporal decay of a 
passively propagated pulse such as a 
post-synaptic potential. 

For the moment, substitute U for V 
in (16) and let r(x)=TAU; p(x)=LAMB
DA2; q(x)=1; and F(x,t)=O. The result 
is 

(19) q(x) U = p(x) Uxx - r(x) Ut + 
F(x,t) 

which is identical to 

(20) r(x) U t = (p(x) Ux )x - q(x) + 
F(x,t) 

which is precisely the "well known" 
diffusion equation, a species of 
Laplace's equation. 

Assumption #3 

It is caled "stationarity" in 
neurophysiology, and it means a 
neuron now is a neuron later. In other 
words, the fundamental properties of 
a neuron change little: the same 
neuron will produce the same output 
given the same input later. This 
assumption is valid for some neurons 
almost all of the time, and almost all 
neurons some of the time. 

For constant membrane 
capacitance, equation (16) has the 
separation of variables solution 

(21) V(x,t) = Vo exp(-x/LAMBDA -
t/TAU) 

where Vo is the initial amplitude of the 
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pulse where it was applied (here, the 
synapse). The "x" represents the 
distance traveled (here, the synapse
hillock separation), and the "t" 
represents the time elapsed. Notice 
the brevity of a PSP in general. 

How much a single PSP increases 
the hillock voltage by is clearly 
represented by equation (21 ). A series 
of PSPs arriving at synapse j would in
crease the hillock voltage by the pro
duct of volts per cycle and cycles per 
second summed over all cycles: 

~av ) ~ · nL 
(22) oPSP . PSP.-):=va .. exp 

J J I = 1 IJ 

txett/LAMBDA-<itij /TAU) 

Given stationarity, 

( 
0v ) • n. 

(23) -~- .PSP.=Vo .. 'texp 
oPSP J J IJ i=-1 t Xet t /LAMBDA -<iii /TAU) 

If toaij stands for the time of arrival 
of post-synaptic potential i of synapse 
j, then 

• • (24) PSPij = PSPj (toaij ) 

Thus, inserting (23) and (24) into (15) 
and writing everything in one line, 

where m =number of synapses 
n j .;::= total PSPs received 

at synapse j 
Xetf. equivalent 

J distance of 
synapse j from 
the hillock 

and dt 1.1
. = t - toa.. where 

I J . 
toa ij 1s the 
time of arrival 
of PSP i at 

synapse j 

From equation (6), 

- . 
(26) dPSP· = PSP· dt J J 

(27) f dPSR = PSP· - PSP. = 
PSP, 

1=jiPSP~ dt Jo 
J J 

If, then, i identifies a PSP (first PSP: 
i = 1; second PSP: i = 2; etc.,), 

f
toa .. • 

(28) O IJ PSPj (t)dt = i 
Thus toaij may be found from (28). 
Two conaitions must be imposed, 
however, to eliminate the possibility of 
multiple solutions: 

(29) PSPj (t) 2'.: 0 for all t 

and 

(30) toai j ~ O for all ij 

Equations (25), (28), (29), and (30) 
constitute the solution sought, given 
the three basic assumptions. 
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5th Annual Technology Showcase 

October 9 
October 10 

Squires Student Center 
The Student Engineers' Council of 

Virginia Tech proudly presents its fifth 
annual technology showcase, EXPO 
'84. With over 80 companies in atten
dance, EXPO goes beyond engineer
ing to offer a wide spectrum of science 
and technology exhibits. Each com
pany will be represented by personnel 
who are eager and willing to speak 
with students on a one to one basis. 
The representatives will be telling us 
about employment opportunities at 
their companies as well as about the 
types of projects they are involved in. 

The ten engineering departments 
will also be represented at EXPO. The 
departments will set up displays 
through their respective honor and pro
fessional societies. In addition, the 
undergraduate and graduate 
cooperative education office will be on 
hand to answer questions and assist 
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students. A new addition to EXPO is 
the Management System 
Laboratories, one of the largest 
research groups at Tech. 

In the past, EXPO has enjoyed great 
success. Both students and com
panies have benefitted from the ex
perience. Continuing this tradition, we 
expect more companies of diverse 
sizes and types to attend this year. 

The Student Engineers' Council ex
tends an invitation to all students to at
tend one of the largest fall events on 
the Virginia Tech campus. You will find 
EXPO '84 to be a rewarding ex
perience whether you are a freshman, 
a graduating senior, or a graduate 
student. 

by Mark Traband & Nathnael Gebreyes 

PARTICIPATING 
COMPANIES 

Aberdeen Proving Ground 
Aluminum Company of America 
Allied Fiber and Plastics 
American Electric Power 
AMP Incorporated 
Apple Computer 
AT & T Technologies (Richmond) 
AT&T Technologies (Radford) 
Babcock & Wilcox 
Bechtel Power Corporation 
Bell Atlantic 
Bendix Aerospace Sector 
The BDM Corporation 
Black and Decker 
Boeing Computer Services 
Burlington Industries, Inc. 
Central Intelligence Agency APIC 
CIA 
Comsearch 
Cooperative education 
MI A Com Linkabit 
Dow Chemical U.S.A. 
Duke Power Company 
EG&G 
Engineering Topographic Lob 

(U.S. Army) 
ESL, Inc. 
FMC 
General Dynamics 
General Electric Company 
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General Foods 
General Motors 
Genicom 
Graduate Corporative education 
Hekimian Laboratories 
Hercules 
Hewlett Packard 
IBM (Manassas) 
IBM (Roanoke) 
Ingersoll -Rand Co. 
International Paper Co. 
Inland Motor 
ITT 
Locus, Inc. 
Lutron Electronics 
Management Systems Laboratories 
Martin Marietta Aerospace 
(Baltimore) 
Martin Marietta Aerospace (Orlando) 
Martin Marietta Energy Systems 
Milliken and Company 
MCI Telecommunications 
Monsanto Industrial Chemicals 
National Geodetic Survey 
National Security Agency 
Naval Air Test Center 
Naval Civil Engineering Lab 
Naval Ordinance Station 
Navy Recruiting District 
(U.S. Navy) 
Naval Surface Weapons Center 
Newport News Shipbuilding 
Norfolk Naval Shipyard 
Pepco 
Perdue, Inc. 
Pittston Coal Company 
Pratt and Whitney Aircraft 
Radiation Systems, Inc. 
RCA (Astro Electronics) 
Reynolds Metals Company 
Robertshaw Controls Company 
R.R. Donnelly & Sons 
Satellite Business Systems 
Schlumberger Well Services 
Sperry Electronics Systems 
Stone & Webster Engineering 
Tektronix , Inc. 
Tennessee Eastman Company 
(Kodak) 
Texas Instrument (Dallas) 
Texas Instruments (Johnson City) 
TRW 
Union Carbide Corporation 
U.S. Air Force 
U.S. Forest Service 
U.S. Nuclear Regulatory Commission 
VEPCO 
Vitro Laboratories Division 
Volvo White 
Watkins Johnson 
Weidmuller Terminations Inc. 
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How to pick an engineering career 
International Paper-a com
pany that historically hires 
more graduating engineers than 
all other disciplines 
combined-offers some advice 
on one of the toughest deci
sions you'll ever make. 

Look for a real challenge. 

Engineers are vital to 
companies with real technical 
problems to solve. 

At International Paper, 
engineers in every discipline ... 
electrical, chemical, mechani
cal, industrial, civil, computer 
science, and more ... face 
challenges like these in the 
1980's: how to conserve energy 
in a process that's more 
energy-intensive than 
aluminum ... how to design 
automated packaging systems 
to match the speed of today's 
production lines ... how to 
reduce waste and squeeze max
imum value out of an 
evermore-costly fiber resource. 

IP's 15 primary manufacturing faci lities make us an 
industry leader. 

You'll be solving some of 
the challenges from the ground 
up: IP is investing six billion 
dollars in six years to moder
nize and expand paper mills, 
packaging plants, and solid 
wood products facilities. One 
such project: the world's most 
advanced containerboard mill, 
completed in Louisiana at a 
cost of more than $600 
million. 
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Make sure management is 
technically oriented. 

Engineers do best in 
companies where management 
understands the challenges. 

IP's chairman and presi
dent are both engineers. So 
are many other senior 
management executives and 
many line managers. Manage
ment understands the 
technical needs of the 
businesses, and supports the 
people who contribute to 
solutions. 

Try to join an industry 
leader. 

A company's size and 
strength affect the resources 
you have to work with, the 
impact your work can have, 
and the range of oppor
tunities available to you. 

International Paper is a 
Fortune 100 company, with 
sales over $4.4 billion in 
1983. IP makes more paper 
than all of Scandinavia. We're 
one of the world's leading 
producers of paper packaging, 
and a growing force in solid 
wood products. IP is also the 
world's largest private owner 
of forestland, with over seven 
million acres. Every share of 
IP stock is backed by one
seventh of an acre of wholly
owned land. 

Engineers find important challenges at International Paper. 

Get a good start. 

IP's Technical Career 
Program orients you to the 
company, exposes you to the 
many technical career paths 
available, and helps you select 
successive job assignments 
that match your talents, ex
perience, and interests with 
the needs of the company. 
From the beginning, both on
the-job and classroom train
ing help you to improve your 
own abilities and build a 
rewarding career. And you 
choose your own long-term 
direction-a continuing and 
expanding role in technology 
or a move into managerial 
ranks. 

Opportunities for quality 
engineers are available at 
many of our mills and other 
facilities throughout the coun
try ... from Androscoggin, 
Maine to Mobile, Alabama to 
Gardiner, Oregon. 

Check your placement office to see if we will be inter
viewing on campus ... or send us a letter detailing your 
academic background and career goals. Write to: 
Manager-Corporate Recruiting, Department ECM, 
International Paper Company, 
77 West 45th Street, New York, New York 10036. 
INTERNATIONAL PAPER COMPANY 

An equal opportunity employer, M/F 
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ho' let 

worl< with the 
worl 'smost 
so histicate 

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

Plus there are opportunities to attend graduate 
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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. 

AIMHIGH 
AIR FORCE 

A great place for engineers 
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Engineering Design Enters 
the Computer Age 

by Karen Soos 

As any bright young engineer 
knows, the computer is the most useful 
tool since the pencil; besides perform
ing the mundane, it can also do the im
pressive. One "impressive" program 
currently being developed at Virginia 
Tech is CAD/CAM-Computer Aided 
Design/Computer Aided Man u
f act u r-i n g . 

For several years now, the 
Mechanical Engineering Department 
has run a similar 
program for upperclassmen called 
CAED, or Computer Assisted 
Engineering Design. With CAED, the 
computer is used to perform engineer
ing analyses in designing parts. It fre
quently uses computer graphics, 
although it generally gives numerical, 
not graphical, results. CAED is used in 
nine upper-level ME courses, including 
all of the design courses: ME 3010, 
3060, 3090, 3200, 4090, 4100, 4361, 
4380, and 4390. Virginia Tech is a na
tional leader in this field, having been 
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one of the first universities to use 
CAED as a major part of an engineer
ing curriculum; this role was emphasiz
ed by IBM's recent $40 million 
computer-system donation to Tech 
and nineteen other schools. 

Consisting of the IBM 4341 pro
cessor system, storage devices, and 
graphics terminals, it is being largely 
used by the developing CAD program. 
More specialized than CAED, CAD 
uses interactive graphics, in addition 
to engineerirlg analysis and design 
techniques, to graphically design a 
system. As a result, the designer can 
obtain an optimal design, and is sav
ed the labor of the repetitive calcula
tions. CAD allows the engineer to con
dense the data, interpret it graphical
ly, modify it as needed, and generate 
new solutions. The instantaneous 
graphical feedback leads to better 
resu Its. 

The CAD process involves several 
steps. The largest part is the drafting, 
where a light pen or digitizer is used 
to enter the geomtrical characteristics 
of the design object. As Dr. Arvid 

Myklebust, director of the Virginia 
Tech CAD/CAM lab says, "It's quite an 
involved process, but to do it by hand 
with a pencil is far more complicated, 
and in addition, you've got nothing but 
a pencil drawing when you're through. 
Here we have true numerical data 
describing the machine." Once 
entered, analyzed, and modified so 
that all requirements are met, those 
characteristices never have to be 
reentered. The geometry and 
analytical results are all stored in a 
data base, so that they can be called 
up immediately, in all detail. Further
more, most installations like the Tech 
lab have libraries of standard parts so 
that only customized parts need to be 
ind iv id ually entered. 

Thus the CAD/CAM software 
system, unlike CAED, is an integrated 
system, allowing the same data to be 
used for many separate design opera
tions. In addition, the design data can 
be sent to a manufacturing system, 
software that specifies what machine 
operations are needed; this in turn 
sends it to the machine tools. Little 
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human intervention is needed between 
the design and manufacturing phases. 

This process takes a highly complex 
software system. According to Dr. 
Myklebust, the software used in the lab 
has about one million lines of source 
code. Called CADAM-Computer 
Assisted Design and Manufacturing 
System-it was created by Lockheed 
nineteen years ago. This summer, Dr. 
Myklebust, who has been involved in 
CAD for about fifteen years, will add to 
it his own software for mechanism 
design. His software will be used to 
analyze and animate a mechanism us
ing automatically generated shapes to 
show motion in three-dimensions. The 
results are passed on to CADAM for 
the final design and to . specify 
man ufactu ring instructions. 

He explained, "Just as we envision 
a system operating in our minds when 
we do creative design, the engineer 
will be able to see, using this software, 
a system go through its paces without 
having to sit down and spend days 
entering the geometry." 

Using this system, the first prototype 
is the last prototype. All the analysis, 
testing, and evaluation are completed 
before the design even reaches the 
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shop. As Lockheed's pioneering 
development would indicate, the air
craft companies have been in the 
forefront of CAD/CAM technology. The 
Boeing 767 was developed largely with 
these techniques. 

One project that Dr. Myklebust is 
currently working on is a three-axis 
rotation ta,ble, or robotic positioning 
device. His students developed the 

K. Bible 

device's geometric design, and made 
various assembly drawings and views 
of it. They entered data and dimen
sions with a light pen, projected 
viewlines to make an isometric projec
tion, and modified the parts to meet 
various requirements. Later Dr. 
Myklebust will design the computer 
controlled prototype for the patented 
device. By entering data via the 
keyboard, his program will allow a part 
placed on the device to be positioned 
anywhere in space about a point. 

CAD/CAM at Virginia Tech is open 
to all fields related to it, such as IEOR. 
Since IBM stipulated that the donated 
system must be used for research 
eighty percent of the time, CAD 
courses are offered primarily on the 
graduate level. Dr. Myklebust, 
however, does teach ME 4980 which 
is open to senior ME's, and is design
ed to acquaint them with the system 
and teach them about commercial 
CAD/CAM methods. 

While presently found only as an ME 
course, the program may soon expand 
to other branches of engineering. 
Though the classes are small now, Dr. 
Myklebust expects them to grow as 
new equipment is added and as in
terest in the field develops. He 
foresees that "all the activities that we 
do in Mechanical Engineering, and in 
other engineerings, will one day be in
cluded in a similar integrated, 
CAD/CAM system, so that the design 
engineer won't have to do anything but 
sit at a terminal and use it." 
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PICTURE QUIZ 
Can you identify these familiar objects? 

1 

2 

qwoo ·g aa1Joo v ~ sJa!ld 8 
!Ja)ieaus 'l ~ p1ooa1'1 :sJaMsuv 

by Mark Hill 
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IF•Y 0 U·C AN· DRE A M·I T·Y 0 U·C A N·D O·I T 

Convert the 
production line 
into a frontier 
of creativity. 

These are revolutionary 
changesthatcanresultin 
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 machin-
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 . 

• 
If you can dream it, 
you can do it. 
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