


revolution in space 
This amazing structure symbolizes the outer space theme for this year's Century 21 International Exposition in 
Seattle, Washington. Called the Space Needle, it soars 600 feet into the air on three steel legs, tapers to a slim 
waist at the 373-ft. mark, then flares out slightly to the 500-ft. level, and is crowned by a mezzanine, observation deck, 
and a 260-seat restaurant that revolves slowly (one complete revolution an hour) while patrons'enjoy their meals.' 

The Space Needle is a combination of sheer audacity and imagination with 3,500 tons of steel. Steel was 
chosen because it would be faster to erect, stronger per unit area, quickly available. A relatively new type of 
structural carbon steel called A36 was used because its greater strength (about 10%) permits higher design 
stresses, at the same time maintaining factors of safety, and because it could be easily welded. This is an example 
of the exciting materials and challenging projects engineers will find at United States Steel. 

Be sure to register with your Placement Director. For information about the many career opportunities at 
United States Steel, including financial analysis or sales, write U. S. Steel Personnel Division, Room 2301, 
525 William Penn Place, Pittsburgh 30, Pennsylvania. U. S. Steel is an equal opportunity employer. 

@ United States Steel 
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The Periodic Table lists all the known elements of the world we live in . . . more than half of them used by Union Ci 

This is the world of Union Carbide 
Millions of people have used such Union Carbide products as 

>RESTONE anti-freeze, EVEREADY flashlights and batteries, or PYROFAX 
lottled gas. But the major part of Union Carbide's output is in basic materials, 
mployed by more than 50,000 industrial customers to fill everyone s life 

rith useful things. 
The 70,000 people of Union Carbide operate more than 400 plants, 

nines, mills, laboratories, warehouses, and offices in the United States, 
Canada, and Puerto Rico. With these vast resources and skilk and the help 
>f 35,000 suppliers, they create a variety of products m the fields of metals, 
;arbons, gases, plastics, and chemicals. 

It is men and women working together to provide new and better 
naterials that gives full meaning to Union Carbide. And the people of Union 
Carbide, backed by 128,000 stockholders, will go on producing the necessities 
and conveniences that will help keep our standard of living the highest 
in the world. oh»rt ewdch-chicgo 
ne terms "F—^ - — — * « — 

You will be interested in the 
career opportunities available 
with Union Carbide in carbons, 
chemicals, gases, metals, plas­
tics,and nuclear energy. Why not 
look over our literature in your 
placement officei For further in­
f o r m a t i o n  w r i t e  f o r  B o o k l e t  F F ,  
Un ion Carbide Corporation, 270 
Park Avenue, New York 17, 
New York. {Please meat ion your 
career field.) 

. . .  a  b a n d  
in things to come 
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"I've been an engineer with Texaco for over three years now. Hard work? You bet! But it's 
a challenge—and interesting work, too. As a member of a team assigned to a special project, 
I'm learning every day, and feel that I'm really contributing. I've found Texaco a good company 
to be with—a leader in the industry." Build a rewarding career for yourself with Texaco. There are 

excellent opportunities for young men with any of a wide variety of engineering or science degrees. 

Contact your placement office or write Mr. J. C. Kiersted, Texaco Inc., 135 East 42nd /^5kco\ 

Street, New York 17, N. Y. Your inquiry will receive prompt and careful consideration. 
Qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 
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FACTS ABOUT 

AIR FORCE 
OFFICER TRAINING 
FOR ENGINEERS 

Who is eligible? 

College graduates, with a degree from an 
accredited college or university, who are U.S. 
citizens 20% to 29% at time of application. 
Male applicants may be married or unmarried; 
female applicants must be single and have no 
dependents. Applicants must complete written 
and physical examinations for commissioning. 

What kinds of engineers 
are needed most? 

Aeronautical, electrical, mechanical, civil, 
architectural, industrial. (Also graduates with 
any degree who majored in nuclear physics, 
engineering physics or meteorology.) 

What is Air Force 
Officer Training School? 

A precommission training course of 3 months' 
duration at Lackland Air Force Base, Texas. 
Officer trainees upon graduation receive a com­
mission as second lieutenant. They are then as­
signed directly to duty or additional training. 

Does the Air Force 
offer career opportunities? 
Yes. Technically trained officers have a particu­
larly bright career outlook. They have good 
opportunities for graduate study. 

How can further information 
be obtained? 
Write to OTS Information, Box 7608. Wash­
ington 4, D.C., or inquire at any Air Force Re­
cruiting Office, listed in the telephone directory 
under "U.S. Government —Air Force." 

•••••••••••••••••••••••••••••• 
• • 
• Civilian Career Opportunities • 
• • 
* The Air Force also offers challenging jobs for * 

if engineers as civilians. Write to Directorate of if 
* Civilian Personnel, Hq. Air Force Systems Com- * 

if mand, Andrews Air Force Base, Washington 25, if 
* D. C., concerning opportunities for individuals * 

if with degrees in aeronautical, electrical, elec- * 

* tronic, and mechanical engineering. Write to * 

if Directorate of Civilian Personnel, Hq. Air Force if 
* Logistics Command, Wright-Patterson Air Force * 

if Base, Ohio, concerning opportunities for individ- + 

* uals with degrees in industrial engineering. * 

* • 
•••••••••••••••••••••••••••••• 
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PRODUCTS FOR THE AMERICAN ROAD . THE FARM . INDUSTRY • AND THE AGE OF SPACE 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 
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Editorial 

Why should anyone think that engineers need a stum. 
humanities.' How in heaven's name can humanities make you i 
Surely no one believes that Shakespeare is going to help you 
airplane. Why study Plato? Whoever heard of a philosopl 
engineer has no need for these things; he works with materia' 
All an engineer has to do is to plug the right things into the n 
turn the crank until his answer pops right out. That's th. 
scientific method. In short, engineers are machines, and whai 
lties to a machine? 

background in 
better engineer? 
design a better 

ical bomb. An 
not humanity, 

ht formula and 
beauty of the 

good is human-

I can hX 7hTe"ry X* ^ " 'idi™lo"s 11 d°- then 
can stop this editorial now. Unfortunately, there are mans people who 

fZ How d,a! paraKraph Utterly ridiculous stated in such exaggerated 
dec' theY 1- I"'' Whe" aSke" f°r their VieWS "»• "'"e engineer a, thelman-

a Xe p^bL'r™" e5SenUa"y that Same ™sid-

nothLenwtnnT re hn0tcinK m°re ,han machines' th™ the would be 
case LZ"?s 7 This <'oesn"t happen to be the 
loracouZTa? ,r r'°na! m™' a"d aS SUch should ha«' " ral reasons tor acquiring a good background in humanities. 

a professional "nanTo be "wdfedu^t pX is ,hat so' l>" exPecB 

means different thintrs in riiff, ducated th,s ls a very general term and 

includes in its meaning i, the'ideaZTb X'hT " al'"'a'WayS 

professional engineer will h ' , background. Theicfore, the 
AtfirstglanceTmavno e "*** '° ',aVe a "we" ™»ld«l" "location. 
up to expectations. But to X t0° terr'b'e to lhe enRineer if he doesn't live 
times the man in charge of »er C°m™rJ' 11 maY be quite important. Many 

though his firm uses a lot of theX YetV™ T" "0t ^ ™ en8ineer eve" 
rate at which an emnlovec will i 1S le man who determines the 
that many times the !elec,i™ And th°U8h " is 

specific ability of the ner 'h " C )y th*S man are not on the basis of the 
las. interview (fZal'orTnfoXl) 'Vt °f ^ he ™ ^ 
needs a strong, general bark arm V • imPressive m an interview one 
unconcerned with your specific field ' 35 imemewers have a tendency to be 

background lies in the* fact that "the Sh°"kI be interested acquiring a broad 
But the process of mental - ' • §ood engineer must be a creative person, 
finds himself in a rut. Often31'0'1 3 demanding one, and many times one 
to other problems of a less terhni ^ thlS by diverting one's attention 
problems one encounters in humnniyH'T ^ a§ S°mC °f the PhilosoPhical 

channels. When he turns bark to ti^ ^ gCt hlS mind t0 mn in other 

the original problem — "voila"" it's solved. 

reason is: humanities is fun^iU ?! -but What should be the most convicing 
Dante, and others is a chili. g WItS with such men as Plato' Descartes, 
they are driving at the V f-T"? ProPosltion- when You finally see what 
solving a text book engineering ,gained far surPasses any gotten from 
needed to understand these peopled ^ ^ °f thinkin& that is 

probably go back to turning your crankXut 7 1° V°U th™ Y°U shoU'd 

to turn it faster and better iZtead n7 , • T Y * maChme is invented 
mstead of you, don't be surprised. 

Lowell Brooks 
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Materials for electronic "miniatures 
Monsanto ... a world leader in chemicals, plastics and 
petroleum products ... is now also a major producer 
of semiconductor materials including silicon, gallium 
arsenide, indium arsenide and indium phosphide—vital 
materials used in the manufacture of electronic compo­
nents. Around the clock, Monsanto engineers produce 
these materials in a new custom-designed plant near 
St. Charles, Missouri. 
Why is this new Monsanto activity important to you? 
Because it suggests the kind of future Monsanto offers 
the young engineer of exceptional promise. Here is a 
company ready and able to move vigorously into new 

fields . . . like the fast-growing electronics industry. 
That means growing room for you ... ever-expanding 
opportunity as your professional interests broaden. 

See your Placement Director to arrange an interview 
when we visit your campus 
soon. Or write for our new 
brochure, "You, Your Career 
and Monsanto," to Profes­
sional Employment Manager, 
Department EM 3, Monsanto 
Chemical Company, St. Louis 
66, Missouri. 

A L L  Q U A L I F I E D  A P P L I C A N T S  W I L L  R E C E I V E  C O N S I D E R A T I O N  W I T H O U T  R E G A R D  T O  R A C E ,  C R E E D ,  C O L O R  O R  N A T I O N A L  O R I G I N  
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SUBNUCLEAR 
J I M  T O E V S  

When Ernest Rutherford discover­
ed the atomic nucleus in 1911, he 
opened the door to a field of science 
that has both founded and destroyed 
basic laws of classical physics. As 
Rutherford pictured the nucleus, it 
was composed of protons and elec­
trons. The negatively charged elec­
trons cancelled the charge of an equal 
number of protons, accounting for 
the extra nuclear mass with no 
charge. Greater accuracy in mass 
measurements disclosed an error in 
the theory, causing J. Chadwick to 
introduce the concept of the neutron 
in 1932. The mass of the positively 
charged proton was found to be the 
equivalent of 1,836 electrons, and the 
mass of the chargeless neutron is 
equal to 1,838 electrons. 

Thus, the group of subnuclear par­
ticles consisted of four members: the 
proton, neutron, electron, and pho­
ton, which carries the energy of light. 
The subnuclear family seemed com­
plete until closer examination showed 
that beta-ray (electron) emission 
from nuclei did not conserve energy 
and angular momentum. This di­
lemma had only one solution: the 
introduction of a particle having no 
charge, little or no mass, and the 
ability to carry energy. Called the 
"neutrino," this particle's existence 
was predicted by Enrico Fermi, but 
not confirmed until 1956. Because of 
its small mass and absence of charge, 
the neutrino was almost impossible 
to trace. Nuclear theory stated that 
neutrinos should react slightly with 
protons, forming neutrons and posi­
trons (negative electrons). This re­
action was finally pinpointed by F. 
Reines, C. L. Cowan, jr., and others 
at the Savannah River plant of the 
Atomic Energy Commission. The 
cross-section, or probability of occur­
rence of this proton-neutrino interac­
tion was found to be in the order of 
only 10--'o as large as the average 

Jim To)eys is.a sophomore in Engineering 
Physics. Ihis is his second year of par­
ticipation in the Superior Student Program. 

cross-section of other nuclear reac­
tions, thus explaining the difficulty 
of neutrino observation. 

The addition of a fifth particle to 
the nuclear family, the positron (men­
tioned above), was a result of obser­
vation of radiation from rare proton-
rich nuclei. When the proton turned 
into a neutron, it emitted a particle 
identical to the electron except for its 
charge, which was positive. Quantum 
mechanics established a law require-
ing every particle to have an anti-
particle if the existence of the posi­
tron was to be recognized. This 
caused much speculation throughout 
the world of science. It was suggested 
that anti-particles could be put to­
gether to form "anti-matter," which 
possibly would have negative gravity, 
and, if it were to come into contact 
with positive matter, both would be 
converted into energy. Fantasy turn­
ed into reality when the Wilson cloud 
chamber caught a positron-electron 
collison. The decay product was a 
pair of gamma rays. 

The anti-particle law, called the 
law of particle symmetry, was par­
tially verified with the artifical pro­
duction of anti-protons in October, 
1954. E. (). Lawrence and E. Segre 
used the Berkely bevatron in the ex­
periment, which indicated an inter­
action cross-section twice as great as 
the cross-section of the positive pro­
ton interaction. This indicates that 
the forces involved in the antiproton 
interaction are twice as strong as the 

forces involved in tin proton inter­
action. The Berkley bevatron was 
used again in 1957 to confirm the 
existence of an anti-pa. tide. B. Cork. 
G. R. Bambertson, and others passed 
antiprotons through solid matter and 
produced antineutrons. helping to 
confirm the law of particle symmetry. 

In 1935, H. Yukawa attempted to 
explain nuclear forces. These are the 
exc eedingly strong fori es that act only 
over a short distance, holding the 
nucleus together in spite of the strong 
repulsive forces (electtic) of the pro­
tons. Yukawa predicted the existence 
of a particle with a mass about two 
hundred times as hit e as the elec­
tron's mass. Yukawa thought that 
these particles exist inside the neu­
tron and proton, art responsible lor 
the neutron's magnet i moment, and 
account for the forces that hold the 
nucleus together. Pari i« les fitting this 
description were obsei ed as compon­
ents of cosmic rays i> 1937 by J. C. 
Street and E. C. Stevenson. These 
particles, originally called mesotrons, 
are now called mesons. 1 hey were 
found to exist in all three electric 
states: positive, negative , and neutral. 
I b i s  f a c t  s t i m u l a t e d  t h e  c h a r g e d  
meson field theory, in which the 
transfer of mesons from protons to 
neutrons is responsible lor the eneigy 
exchange between the nucleons (pi°-
tons and neutrons) . 

Further complicating the nucleai 
picture was the discovery that mesons 
broke the law of reversibility ol intei-

I'RO.J ECTOR FOR SCAN­
NING STEREOSCOPIC 
BUBBLE-CHAMBER 

PHOTOGRAPHS 



PARTICLES 
actions. By this law, any reaction in 
which the nucleus could be made to 
emit a meson should have the same 
cross-section as the reverse action 
which is causing the nucleus to ab­
sorb a meson. Experiments showed, 
however, that meson absorption rate 
was much less than the meson emis­
sion rate. More precise investigation 
revealed that the mass of the emitted 
particle (pi-meson) was 273 electron 
masses, but the mass of the absorbed 
particle (mu-meson) was only 207 
electron masses. The absorbed par­
ticle, then, was a decay product of 
the emitted particle, and, differing 
from its parent particle, it would not 
interact as readily with the nucleus. 

Recent experiments have added 
more to the growing complexity of 
the once-simple field of nuclear phy­
sics. The new particles are the heavy 
positive, negative, and neutral K-
mesons, all having a mass of about 
965 electron masses, and the various 
"hyperons," with masses greater than 
the neutron masses. Hyperons are hy­
brid particles, formed when one of 
the pi-mesons combines with a nuc­
leoli. The hyperons decay into some 
form of nucleon and meson, and the 
mesons decay into some combination 
of electron, positron, photon, or neu­
trino. These particles and their anti-
particles have been both artificially 
produced and found in cosmic rays. 

The members of the hyperon 
group are the lambda, sigma, and cas­
cade hyperons. These unstable par­

ticles all seem to be involved in the 
behavior of nuclei if sufficient energy-
is added to the nuclei. This became 
evident in 1953, when hyper-frag­
ments were discovered in emulsions 
of high-energy cosmic rays by M. 
Danysz and }. Pniewski. Since then, 
the hyper-fragments have been pro­
duced in several particle accelerators. 
In these hyper-fragments, a nucleon 
in a normal nucleus is replaced by a 
hyperon, causing the nucleus to be­
come highly unstable and energetic. 
In most cases, the hyperon decays in 
a few millionths of a second, and the 
nucleus returns to normal. 

If a neutral lambda hyperon re­
places a neutron in the nucleus, then 
the story is tpiite different. The nu­
cleus turns into a "hypernucleus," 
and becomes quite lively. When the 
lambda particle decays, the nucleus 
explodes with one strong (fast) inter­
action. This shattering effect begins 
a shower of weak (relatively slow) 
interactions and decays. Weak inter­
actions do not obey the laws of nor­
mal interactions, causing scientists to 
believe that they are a fourth force 
of nature. By November, 1959, hyper-
nuclei had been made out of the 
seven lightest elements by meson 
bombardment. 

Here at the University of Colorado, 
a group working with Prof. Frank 
Oppenheimer is studying these new 
unstable elementary particles under 
a grant from the National Science 
Foundation, by compiling data that 

DIGITIZED MICROSCOPE 
FOR RECORDING 
COORDINATES OF 

BUBBLE-CHAMBER 
TRACKS ON 
IBM CARDS 

has been collected at several labs 
throughout the world. One of the 
experiments they are undertaking in­
volves studying films taken by Wilson 
Powell at the University of California 
Radiation Laboratory. Prof. Oppen-
heimer's group is trying to determine 
the cross-section of the nuclear scat­
tering of the lambda particle. In 
addition, they are collaborating in 
an experiment to find the probability 
that a lamba particle's decay will fol­
low a certain one of the various pat­
terns it can take. 

Work on this problem begins with 
the bevatron, the high-energy acceler­
ator at the University of California 
Radiation Laboratory at Berkeley. 
Here, protons are accelerated in the 
bevatron to an energy of 5 bev (bil­
lion electron volts). The stream of 
protons is directed at a proton-rich 
target such as parafin, polyethylene, 
or liquid hydrogen. The proton-pro­
ton reaction produces high speed 
(700 mev) negative K-meons. These 
in turn are directed into a thirty-
inch bubble chamber filled with 
freon and propane, in which the K-
mesons produce a variety of hyperons. 

A bubble chamber is an instru­
ment with which one can observe the 
tracks of an ionized particle. In the 
chamber, a gas is cooled and liquefied, 
then brought almost to a boil. At this 
point, the chamber is rapidly ex­
panded, dropping the pressure below 
the boiling point of the liquid. In the 
instant before the whole chamber 
boils, bubbles will form only along 
the path of a charged particle, such 
as a proton or an electron. At this 
instant, lights are flashed and two 
stereoscopic cameras take photo­
graphs which yield much information 
about the mass, charge, and energy of 
a particle. 

In the lambda hyperon study, the 
charged particles are the negative K-
mesons. At their high speed, their 
half-life will seem much longer be­
cause of the relativistic time effect. 
To slow them down so they will de­
cay or interact within the bubble 
chamber, they are passed through a 
one-inch copper plate, which slows 



them down to 300 mev. Once in the 
chamber, the K-mesons either decay 
into various combinations of pi-me­
sons or interact with nucleons to 
form hyperons. A negative K-meson 
can interact with a proton to form 
the desired lambda hyperon and a 
neutral pi-meson. The lambda hy­
peron then decays in various ways, 
usually into a negative pi-meson and 
a proton, but occasionally into an 
electron and a proton. 

The pictures of the bubble cham­
ber sequence are sent to Prof. Oppen-
heimer's laboratory for analysis. Here, 
a machine optically follows the tracks 
of the lamba hvperon's decay pro­
ducts. The coordinates of six to ten 
points on the track in both stereo­
scopic views are recorded on IBM 
cards. The stage of the examining 
microscope has a six-inch travel and 
the x and y coordinates can be de­
termined to an accuracy of within 
two microns. 

The IBM cards are then fed into 
a computer, which finds the momen­
tum of each particle, and the angle 
between each track. By assuming a 
mass for each particle, the ingoing 
and outgoing energies can be checked 
to see if energy has been conserved. 
By repeating this process thousands 
of times and analyzing the results, the 
scattering and decay cross-sections of 
the lambda hyperon are determined. 

An example of one of the results of 
this kind of study is some work which 
has been done at several labs through­
out the country in the past few 
months, in which very detailed 
studies were made of a reaction in 
which a negative pi-meson hitting a 
proton yielded three additional " pi-
mesons. The careful study showed 
that three of the outgoing pi-mesons 
stick together for a very short time 
(lO-23 seconds), indicating the exist­
ence of still another subnuclear par­
ticle. In this we see that studies of 
the type being carried on here at the 
University of Colorado are adding 
more to both the growing family of 
subnuclear particles and the increas­
ing complexity of nuclear physics. 

72 INCH BUBBLE CHAMBER—BERKELEY, CAI.IF. (below) \\N SCHEMATIC SKETCH (above) 

By mid-1963, about a fifth of the 
nation's 5,477 radio stations may 
have automated their broadcasting 
operations. For about §6,000, stations 
can buy equipment that permits 
them to tape and then air 18 hours 
of music, disc jockey chatter and 
other programs without touching a 
phonograph record. 

Electronics 
McGraw-Hill publication. 
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Aiummum was used to roof the 
Washington Monument seventy-five 
years ago. 

Home Building Trends 

of R om I n i L J°achim Church 
• ome stl11 has its original alum-
mum roof applied in 1897. 

Home Building Trends 

The Indian Ocean island 
itius plans using the force of its c 
tonrary four- to twelve-foot waves 
generate electricity. A lagoon 
be dammed and natural wave a(U 

allowed to fill it. Then, when ^ 
tide goes out, water would be r 
back into the ocean through 
bines, generating electricity. 

Tower .. • n 
McGraw-Hill publicatio • 
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Some straight talk 

about a career 

at American Oil 

by 

"This Company recognizes the value of varied 
experience, and encourages you to broaden your 
knowledge." 

Roger Fisher, B.Ch.E. from Cornell and Ph.D. 
candidate from Princeton is one of many young 
scientists and engineers at American Oil shaping 
the future for himself, his Company and the 
industry. At 26, he has earned a Fulbright 
Scholarship and will take a year's leave of 
absence to continue his graduate research on 
solids mixing at the University of Osaka, Japan. 

"American Oil is looking for broad-gauge 
research people," Roger adds. "In the long run, 
the Company benefits as well as the professional 
who continues to grow in his own or in several 
fields of research." 

Roger's present assignment at American Oil 
involves applied research—to plan, design, build 
and operate bench scale lab equipment, to study 
the kinetics of catalytic cracking. His is one of 
many diversified projects at American Oil Com­
pany. Chemists, chemical engineers, physicists, 
mathematicians and metallurgists can find inter­
esting and important work in their own fields. 

The ability of American Oil to attract bright 
young scientists and engineers like Roger Fisher 
might have special meaning to you. For complete 
information concerning career opportunities in 
the Research and Development Department of 
American Oil, write D. G. Schroeter, American 
Oil Company, P. 0. Box 431, Whiting, Indiana. 

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS. 
LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS 
ASSOCIATE COMPANY, AMOCO CHEMICALS, ARE ENGAGED IN 
SUCH DIVERSIFIED RESEARCH AND DEVELOPMENT PROJECTS AS: 
New and unusual polymers and plastics • Organic ions under 
electron impact • Radiation-induced reactions • Physiochemical 
nature of catalysts • Fuel cells • Novel separations by gas 
chromatography • Application of computers to complex technical 
problems • Synthesis and potential applications for aromatic 
acids • Combustion phenomena • Solid propellants for use with 
missiles • Design and economics: New uses for present products, 
new products, new processes • Corrosion mechanisms • Devel­
opment of new types of surface coatings 

S T A N D A R D  O I L  
D I V I S I O N  O F  A M E R I C A N  O I L  C O M P A N Y  

NATIONAL MARKETING AFFILIATE OF STANDARD OILCOMPANY (INDIANA) 
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BIPED AL'SM 
D A V I D  P A R K H U R S T  

STUMPTAIL MONKEY WALKING RIPEDAI.I.Y 

Why do you walk on two legs and 
not four? Probably you do it because 
you are human. But why do humans 
walk on two legs; that is, bipedally? 
This is the object of a study being 
carried out by Dr. Gordon W. Hewes, 
associate professor of anthropolgy at 
the University of Colorado. 

The origin of bipedalism is con­
nected with evolution. Many people 
think that the theory of evolution 
says that man is descended from apes 
like those that live today. This idea 
seems ugly to them, and they will not 
accept evolution as fact. Biologists 
and anthropologists, however, do not 
believe that man is descended from 
modern ape types, but that both man 
and the modern ape are descended 
from a common ancestor which was 
farther back on the evolutionary scale 
than either one. At any rate, man's 
ancestors did pass through ape-like 
stages. 

The acquisition of bipedalism is 
considered by most anthropologists 
to be one of the most important 
changes in human evolution. If bi­
pedalism is so important, one may 

David Parkhurst is a sophomore and a 
convert to applied math from anthropolgv 
He is participating in the Superior Student 
Program of the College of Engineering. 
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<io iv  na ;  U1IU3  d i e  nu i  1I1UIC .uivauteti 
than they are. One answer is that 
their bipedalism was developed much 
earlier than ours and for a different 
reason — increased ground speed. 
Aside from the birds, other animals 
such as bears, monkeys, and modern 
apes occasionally walk on their hind 
legs, but this behavior is exceptional, 
not habitual. 

For man and his ancestors, biped­
alism has had many advantages. Be­
cause the level of the eyes is raised, 
ability to see at a distance is im­
proved. The hands are freed for 
carrying objects, using weapons and 
tools, etc. Our speech ability may also 
be a result of the moving of the head 
to the top of the shoulders. In order 
lor animals to change by evolution, 
either a new trait must have advan­
tages or an old trait must have dis­
advantages. For our ancestors to 
develop bipedal locomotion, then, it 
must have been advantageous in their 
environment for hundreds or thou-

havpS hp ye?rS" S,kdet°ns of ^n-apes have been found in which the pelvic 

buTthVh J- ted f°r  UpriSht walking, 
but the brain is small. Since a large 
brain is necesary for tool and weapon 
use and the like, the idea that ?hTs 
pelvic adapation led to bipedalism 
can probably be disregarded 

Dr. Hewes' hypoti - -is is that our 
ancestors began walking upright be­
cause it freed their hands for carrying 
food. For this to re- dt in an evolu­
tionary change, howt \er, it must have 
had advantages. Dr Hewes believes 
that, due to to a change in environ­
ment at some time, our ancestors be­
gan to depend on eating carrion. 
Perhaps they moved into regions with 
a marked seasonal drought which 
caused a scarcity of their usual plant 
foods, and they found they conk 
satisfy their hunger by eating bits o 
meat left from kills by carnivorous 
animals. It has been pointed out that 
vultures and hyenas eat carrion on 
the spot; but vultures can fly an. 
hyenas can run much faster than pn 
m a t e s ,  s o  t h e y  a r e  n o t  i n  m u c h  t a n  
ger. This is somewhat supportec ) 
the observation that in Africa tot ay. 
baboons sometimes eat meat i 
carcasses during the dry season w 1 

plant food is scarce. n 
During the past few years • 

Hewes has studied three mon y» 
which, like men, are members o ^ 
group called the primates. One 
these, a young male stump-tad m' ' 
que, often walked bidpedallv w , s 

given food pieces the size ol aPI. 
or larger. While this proves notnus 

(Continued on page -la) 
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Manned Space flight requires reliable and 
efficient thermal and atmospheric systems plus 
secondary power equipment. Complete, integrated 
systems (such as those pictured above) are under 
study at Garrett's AiResearch Manufacturing 
Divisions. Their design reflects 20 years of leader­
ship in airborne and space systems, including 
NASA's Project Mercury life support system. 

Other project areas at Garrett include: solar 
and nuclear power systems for space applications; 
electronic systems, including centralized flight 

data computer systems; and small gas turbines for 
both military and industrial use. 

An orientation program lasting several months 
in diversified areas is available to every newly-
graduated engineer to aid in his placement. It 
includes working on assignment with experienced 
engineers in laboratory, preliminary design and 
development projects. 

For further information about a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 

4. Secondary power system .... 
multiple re-entry turbine, 

pump, alternator and 
cryoge.nic fuel supplies. 

5. Attitude control system 
... reaction motor, fuel 

and attitude controls. 

6. Instrumentation ... flight data 
and physiological 

monitoring systems. 

3. "Back pack" breathing * 
and pressurization system. 

1. Main cabin 
environmental control 

system.. .cryogenic 
atmosphere supply, cooling 
system, pressurization and 

constituent controls, 
water purification. 

2. Re-entry/emergency 
environmental control system. 

T H E  G A R R E T T  C O R P O R A T I O N  d i v i s i o n s  a n d  s u b s i d i a r i e s :  A i R e s e a r c h  M a n u f a c t u r i n g  

D i v i s i o n s  •  L o s  A n g e l e s  4 - 5 ,  C a l i f o r n i a  •  P h o e n i x ,  A r i z o n a  •  A i r s u p p l y - A e r o  E n g i n e e r i n g  

G a r r e t t  S u p p l y  •  A i r  C r u i s e r s  •  A i R e s e a r c h  I n d u s t r i a l  •  G a r r e t t  M a n u f a c t u r i n g  L i m i t e d  

A i R e s e a r c h  A v i a t i o n  S e r v i c e  •  G a r r e t t  I n t e r n a t i o n a l  S . A .  •  G a r r e t t  ( J a p a n )  L i m i t e d  

COLORADO ENGINEER—March, 1962 



PEARCE'S 

OUR 
BRAVE 
WORLD 

(REPRINTED FROM 

THE OKLAHOMA STATE ENGINEER) 

PEARCE'S 

"If You Live near a City, You Live near a Pearce's" 

In Account with: 

John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Dote: August 1, 1956 

DATE OF PURCHASE BALANCE DUE 
7/24/56 .— $336.55 

Carrying Charge 3.37 

Total $339.92 

TO OUR CUSTOMERS: The enclosed notice was pre­
pared by modern electronic accounting machines. It has 
been developed as a result ol Pearce's continuing efforts 
to improve service and reduce operating expenses. 
These savings we can then pass along to our customers. 
Enclosed with this notice you will find a check that has 
been filled out in the amount of the last figure entered 
in the balance-due column of your statement. Please 
sign this check and return it to us within ten days. 
THIS CHECK HAS BEEN CODED TO YOUR 
NAME, ADDRESS, AND ACCOUNT NUMBER 
PLEASE DO NOT FOLD, SPINDLE, OR MUTI­
LATE IT. 

Albeit Roe, Credit Manager 
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"If You Live near a City, You Live near a Pearce's" 

Date: September 1, 1955 

In Account with: 
John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

BALANCE DUE AUGUST 1, 1956 . $339.92 
Carry Charge 3.40 

Balance Due $343.32 

Apparently you have overlooked youi last month's 
statement. The enclosed statement indicates a balance 
overdue us. Please sign the enclosed ch< < k and return 
it to us within ten days. 

Carrying charges of one per cent j rr month are 
charged against unpaid balances. Accounis not paid in 
full within 90 days from purchase are automatically 
turned over to our branch collection agency in your 
area. 

Sincerely, 

Albert Roe, 
Credit Manager 

213 Huron Road 
Cleveland, Ohio 
September 4. 1956 

Albert Roe, Credit Manager 
Central Credit Jk Accounting Office 
Pearce's 

Dear Sir: 

Apparently your new electronic accounting machines 
have short-circuited or something. Anyway I keep get­
ting statements for 5336.55 plus carrying charges, an 
amount that I paid in full on July 24, 1956, the same 
date on which 1 charged these purchases. Needless to 
say, I wotdd deeply appreciate it if you would make 
these machines stop threatening me with turning ovet 
my unpaid bill to a branch collection agency. 
My suggestion would be to extract my account from the 
machine until you can get this matter straightened out. 

Yours truly, 
John F. Cummings 

Central Credit and Accounting Oftice 
Pearce's 

September 14, 1956 

John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Dear Mr. Cummings: 

We have re-run your account through our 
and can find no record of a payment made on July 
Our change-over to electronic accounting was com 
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pleted on July 26, two days after you claim to have 
made this payment, and our engineers inform me (1) 
that the machines are not adjusted to allow for a bill 
to be paid on the same date that charges are made, 
since the statistical probability of such an occurrence is 
only one in 96,000: (2) that because of the number of 
circuits involved and other highly technical reasons, it 
would be impractical at this time to extract your ac­
count from our machines; and (3) that because your 
payment was made by personal rather than coded 
check, there is a possibility that it has been credited to 
another account. Will you, therefore, send us at your 
earliest convenience your canceled check and receipt? 

Sincerely, 
Albert Roc 

213 Huron Road 
Cleveland, Ohio 
September 19, 1956 

Albert Roe, Credit Manager 
Central Credit, et cetera, et cetera 

Dear Mr. Roe: 
Since your letter of September 1-1 suggests either (a) 
that you doubt the payment of my bill on July 24 or 
(b) that you entertain certain reservations about my 
sanity, I am enclosing photostatic copies of my can­
celed check and receipt. The originals, for reasons that 
should be obvious to you, are now in a safe-deposit box, 
which 1 rented this morning. 
I am not surprised that you cannot find a record of my 
payment since the girl who made our my receipt was 
apparently very confused. When I appeared in the 
Cleveland credit office and asked her to add up my 
duplicate charge slips, her expression reminded me of 
the look I once saw on the face of a bonus baby who 
had gone to sleep off second and had the pick-off 
worked on him. When she came out of it, she said she 
didn't know anything about this job, that they'd just 
transferred her from Pre-Teen Panties and told her to 
stall people off until closing time because on the 26th 
they were converting to some central accounting office. 
She asked me what did I want to pay my bill NOW lor, 
and I said because I was circumventing Pearce's exor­
bitant carrying charges. She said she didn't know what 
circumvent meant. I said that figured and would she 
please add up my charges and take my money and write 
me out a receipt. She said she should have taken that 
job at Halle's, even if it had been a straight commission 
proposition. 
This mix-up has now cost me S5.24 for photostat, a de­
posit box, and postage, not to mention several hours of 
my time, which 1 could have put to better use in a num­
ber of other ways. I only mention this casually because 
I hope you can straighten this matter out before I am 
forced to start billing you. 

Yours truly, 
John F. Cummings 

Central Credit and Accunting Office 
Eastern Division 

Pearce's 
New York 16, N.Y. 
September 24, 1956 

John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Dear Mr. Cummings: 
This is to inform you that I have just employed three 
girls to examine the accounts of all the John F. Cum­
mings in our files. I have also contacted our Western 
Division, asking them to run the same check in their 
office, though it may be some time before we hear from 
them since they have not yet converted to electronic 
accounting. In short, we are doing everything in our 
power to clear this up as expeditiously as possible. 
Meanwhile we deeply regret any inconvenience you 
have been put to. Might I be permitted to add that 
our carrying charges not only are well within the legal 
maximum as established by law but also compare favor­
ably with interest rates charged by competing organi­
zations and with current bank rates. 

Yours truly, 
Albert Roe 

213 Huron Road 
Cleveland, Ohio 
September 28, 1956 

Albert Roe, Credit Manager 
Central Credit, etc. 

Dear Mr. Roe: 
I have recently devoted two hours to a study of your 
letter of September 24. What I miss is any nice, clean 
acknowledgment that my canceled check and receipt 
were in order. I wotdd appreciate a clear yes or no 
from you on this point. 
I didn't say your carrying charges didn't compare fa­
vorably. I just said they were exorbitant. 
Convey my congratulations to your Western Division. 

As ever, 
John F. Cummings 

213 Huron Road 
Cleveland, Ohio 
October 5, 1956 

Mr. Albert Roe, Credit Manager 
Central Credit, etc. 

Dear Mr. Roe: 
Your public relations department may be interested to 
know that as a result of the bill that I received yester­
day, my wife and I are no longer on speaking terms. 
When she saw it, she wanted to know why, if I'd paid 
this, I kept getting a bill. I said because I'd paid it the 
same day I'd run up the charges, and your machine 
hadn't been wired for payment the same day, because 
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.some other machine had concluded that the statistical 
probability of anybody's ever pulling such a thing was 
remote. She said trust me to perform the statistical!} 
improbable, and why hadn't I waited to be billed, the 
way a normal person would have. 1 said that the pio-
cedure had seemed logical at the time, and she said 
naturally, that was how my mind worked, and little 
wonder I was instructor at a run-down municipal col­
lege instead of being out in the real world making a teal 
living. Spend fifty dollars to save five, that s Johnny 
Cummings, she said. 1 told her to stop worrying be­
cause a Mr. Roe and three girls were working night and 
day to straighten it all out. 'I here was a lot more, but 
what I am trying to emphasize is that the situation 
around here is pretty acute, and something of a positive 
nature has to be done about it. At the risk of being 
judged an anchronistic and a brake 011 industrial effi­
ciency fad socio-economic progress, 1 suggest that one 
way to get this monster of yours off my back would be 
to code a check in the amount of my October bill and 
run it through the machine. Otherwise, by 1964 I am 
going to owe you S918.76, S582.21 of which is going to 
represent those carrying charges of yours that compare 
favorably. 

Yours, 
John F. Cummings 

Central Credit and Accounting Office 
Eastern Division 

Pearce's 
New York 16, N.Y. 
October 11, 1956 

John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Dear Mr. Cummings: 
Because our machines are coded to your signature and 
because it would create certain accounting problems, I 
regret that your suggestion of October 5 is impractical. 
There is, however, another solution. If you remit an­
other check for the amount due us, as indicated on your 
October statement, your account would be cleared until 
such time as we have found our error, when we would 
refund this amount to you. Hoping that you will find 
this procedure reasonable, I am enclosing a coded check 
in the amount of 8346.75. Meanwhile, our organization 
joins me in regretting your recent marital difficulties. 

Sincerely, 
Albert Roe 

Albert Roe, Credit Manager 
Central Credit, etc. 

My Dear Mr. Roe: 
If at this time 1 were to send you a check for $346.75 
your accounting problems would be even more acute 
than they are now. On the first of the month I make 
monthly payments on a mortgage, a car, an FHA home-

improvement loan, a TV set, a suds-saving automatic 
washer, a store-more freezer, and a clean-burning elec­
tric range. With what remains, I feed a family of four, 
operate a car, contribute generously to all local utilities, 
maintain a modest interest in three insurance compa­
nies, do my bit for the A.M.A. and the A D.A., and buy 
enough clothing so that we can leave the house without 
being arrested for indecent exposure. In other words, if 
I sent you a check for the amount that i'lasted machine 
says I owe you, you could recap a Good ear Suburban­

ite with it. 
John F. C a t  minings 

Central Credit and Accounting Office 
Eastern Division 

Pearce's 
New York 1(5, N.Y. 
October 22, 1956 

Mr. John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Dear Mr. Cummings: 
I regret that you cannot see your way char to straight­
ening out your account by paying the bal nice due us as 
of October 1. However, I have just requisitioned a staff 
of 20 girls to check all the Cummings a 'tints in our 
files. It will take us some time to com pic m the check, of 
course, since these accounts number betim than 18,000. 

Sincerely, 
Albert Rot 

• 
213 Huron Road 
Cleveland, Ohio 
October 25, 1956 

Dear Mr. Roe: 
What do you mean, "straightening out your account by 
paying the balance due us as of October I '" As soon as 
I can find a lawyer who is interested in a case against 
a computing machine, I am going to put my canceled 
check and receipt, together with an estimate lor ex­
penses, time wasted, and anxiety suffered, in his hands. 
By a curious coincidence, my claim is going to total 
exactly S346.75 plus costs and a carrying charge of 18 
per cent per annum. 

John F. Cummings 

• 
Central Credit and Accounting Office 

Eastern Division 
Pearce's 

New York 10, N.Y. 
October 31, 1956 

Mr. John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Dear Mr. Cummings: 
In regard my letter of October 22, I did not intend to 

1 6  
COLORADO ENGINEER—March, 196-



imply that you owed us 5346.75 but only that this 
amount still appears on your account; and I wish to 
reassure you that with 30 girls now working on this 
matter, 1 am sure we can straighten out everything 
without recourse of legal action. I cannot avoid think­
ing that your decision is hasty; such action would be 
lengthy, expensive, and of no advantage to either party. 

Sincerely, 
Albert Roe 

Cell 64 Municipal Jail 
Cleveland, Ohio 
November 12, 1956 

Albert Roc, Credit Manager 
Central Credit, etc. 

Dear Mr. Roe: 
You will note my recent change of address. I effected 
to move three days ago, after a conversation with two 
men from your collection agency, in the course of which 
I swung on one of them with the poker from my fire­
place set. So they booked me in here on the charge of 
assault. Since then a character has been around, offer­
ing to go my bail for a hundred bucks on the barrel­
head, as lie so colorfully puts it. This being the middle 
of the month, t have declined his generous offer and 
elected to sit this waltz out. 
My wife is naturally very upset. My wife is a woman 
who worries about what the neighbors will think. Yes­

terday she tried to borrow $1,000 to go my bail, but 
they told her that my credit rating has been changed 
from A-l, superrior, to F-6, very unreliable. 1 also un­
derstand that my salary is to be garnisheed beginning 
December 1. You may be able to deduce that every­
thing is finally in the hands of a lawyer. He says that 
on the surface he thinks at least seven articles of the 
Bill of Rights have been violated. He says we ought to 
be able to lake Pearce's for at least 520,000. 1 am de­
lighted, therefore, to pass the word along to you that 
you will be hearing from him shortly. 1 trust that this 
time you will not consider my decision too hasty. 

Yours, 
John F. Cummings 

• 
Central Credit and Accounting Office 

Pearce's 
November 19, 1956 

Mr. John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Dear Mr. Cummings: 
t am very happy to inform you that we have finally 
found our error. I trust that this information will reach 
you at your home address, since I have just instructed 
our Cleveland collection agency to drop charges 
against you. 

(Continued on page 45) 

t n g \ n e e r \ n s  

DENVER «« 
H E A D Q U A R T E R S  F O R  

D E S I G N ,  C O N S T R U C T I O N  
A N D  M A N U F A C T U R I N G  

S E R V I C E S  T O  I N D U S T R Y  

P.O.  Box 5888,  Terminal  Annex,  Denver,  Colorado 

DENVER 
SALT LAKE CITY 
HOUSTON 

T o  c u s t o m e r s  f r o m  t h e  G u l f  
C o a s t  t o  t h e  C a n a d i a n  N o r t h ­

w e s t ,  S t e a r n s  -  R o g e r  p r o v i d e s  
e v e r y  n e e d e d  s e r v i c e  t h r o u g h  

o n e  r e s p o n s i b l e  s o u r c e . . . o n e  
c o n t r a c t .  

C u r r e n t  p r o j e c t s  i n c l u d e  o i l  a n d  
g a s  p l a n t s ,  p o w e r  s t a t i o n s ,  c h e m i c a l  

a n d  m e t a l l u r g i c a l  p l a n t s ,  s u g a r  f a c ­
t o r i e s  a n d  d e f e n s e - r e l a t e d  i n s t a l ­

l a t i o n s  a n d  e q u i p m e n t .  

Stearns-Roger 
"i "'Q c4 jii»vi.<coio..cio 
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Malleable Castings.. .Shortest and 
Most Economical Route to Quality Products 

Eliminate Waste Metal 
Why pay for 2.8 pounds of metal.. . then machine out and 
scrap 1.2 pounds of the center? Changing this snap coupler 
to a Malleable iron casting with a cored center reduced initial 
cost 31 cents and cut the first interior machining opera­
tion by 72 per cent (subsequent operations were up to 25 
per cent less expensive, too). Through expert use of cores 
in parts that require interior design details, your Malleable 
foundry puts metal only where it is needed. 

Eliminate Machining 
With Malleable you often get the finished part right out of 
the mold. This Malleable sprocket is used without machin­
ing or hardening on the teeth. It replaces a flame cut steel 
plate to which a hub was welded. Remember, you can get 
equal or better quality at lower cost with Malleable. 

Eliminate Assembly 
How much can you save on a simple little hanger like this? 
Plenty, when you have to cut, bend, punch and weld, in­
cluding all the handling involved .. . and when you're using 
60,000 pieces a year. Converted to a Malleable casting 
(with cored hole and better design), this simple part looks 
better, works better, costs less ... because it's Malleable. 

Eliminate Surplus Weight 
You don't need to beef up parts until they're needlessly 
heavy just to eliminate failure during use. For example, this 
pneumatic impact wrench cuts metal, breaks welds, splits 
nuts and shears bolts. At one time, breakage of the pistol 
grip housing near the impact area was a serious problem. 
A change to Malleable solved the problem by providing 
maximum strength in thin sections. When your parts need 
a high fatigue ratio, remember that Malleable ranks high 
among commonly used metals. 

Free Malleable Engineering Data File is available for your use. Jus 
write to Malleable Castings Council, Union Commerce Building 
Cleveland 14, Ohio...or ask any company that displays this symbol.. 
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The Colorado Plateau is an arid 
tableland covering some 180,000 
square miles and reaching into five 
states: Colorado, Utah, New Mexico, 
Arizona, and Wyoming. This area is 
the hunting ground of modern-day 
man for one of his most highly prized 
elements — uranium. Independent 
prospectors and companies, incessant­
ly seeking the compounds that con­
tain this element, sell the uranium-
bearing ores to privately owned and 
operated mills which produce a high­
ly concentrated product of uranium 
oxide (U308). They in turn deliver 
the uranium oxide under contract to 
the Atomic Energy Commission 
whose headquarters are located in 
Grand Junction, Colorado. Assays are 
taken at Grand Junction which deter­
mine the weight and exact chemical 
composition of the uranium oxide 
that was sent to determine the price 
that will be paid for the concentrate. 
The uranium oxide is then sent to 
other AEC plants and contractors 
east of the Rockies where it is further 
processed to become uranium metal 
or hexafluoride (hexafluoride is used 
in a type of gaseous diffusion plant). 

With this in mind, we can look 
into the industry in question. This 
is the independent mills which 
change the uranium-bearing ores into 
a highly concentrated uranium oxide. 
One of the most important mills in 
Colorado, in terms of the tonnage of 

Photo Left: View of ore treatment plant at 
Uravan from mesa overlooking a part of 
San Miguel Valley. 
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ore that can be processed in one day, 
is owned and operated by the Union 
Carbide Nuclear Company. This mill 
is located at Uravan, Colorado, and 
represents an interest that is worth 
almost ten million dollars when you 
take into account investments and 
expenditures. 

When a load of ore is first received 
at the mill at Uravan, it is weighed 
and then dumped into an ore bin. 
The ore is then sent from the ore 
bins on conveyor belts through var­
ious crushing and sampling equip­
ment where it is ground into a mix­
ture of smaller-sized particles. These 
particles are then screened to assure 
uniform size for the later processes. 

D E N N I S  P O W E R S  

Chemical reagents such as salt are 
then added to the ore; a mixture of 
these ores and salts is then fed into 
huge roasters which are several stories 
high. After the roasting operation, 
the ores are then treated in large 
wooden leaching tanks. During this 
leaching process, the uranium is dis­
solved by a combination of solutions. 
The uranium is then precipitated by 
further processing operations. The 
uranium precipitated is then filtered 
and dried. This precipitate is a 
bright canary yellow in color and is 
packed in steel drums for delivery to 
the AEC as the desired uranium oxide 
concentrate. 

Uravan lies in the beautiful San 
Miquel Valley, right in the middle 
of the rich carnotite ore bodies (one 

of the uranium-bearing minerals) of 
the Colorado Plateau. One-half of the 
townsfolk are employees and their 
vfamilies of the United Carbide Nu­
clear Company. The corporation owns 
all of the community buildings ex­
cept the school. This, however, in all 
rights is a typical "up-to-the-minute" 
American community. 

Employees at Uravan can partici­
pate in a low-cost health and acci­
dent insurance plan, which includes 
both occupational and non-occupa­
tional benefits. There is a company 
savings plan and a pension plan to 
which they don't have to make any 
contributions. 

Besides the ore-refining plant at 
Uravan, the United Carbide Nuclear 
Company also owns another large 
mill at Rifle, Colorado; is presently 
engaged in a multi-million dollar 
building program that includes two 
new processing mills at Rifle and 
Maybell, Colorado; and operates two 
ore-receiving stations and chemical 
upgrading plants at Slick Rock, Col­
orado, and Green River, Utah. As 
can be seen, this company is engaged 
in almost all aspects of obtaining 
uranium from this area. 

Prospective employees can obtain 
more information on the work of the 
United Carbide Nuclear Company by 
writing the Personnel Manager, c/o 
the United Carbide Nuclear Com­
pany, Grand Junction, Colorado. 

Photo Right: One of the newer settlements 
of company housing in the San Miguel 
Valley. 
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JET PROPULSION LABORATORY 
4800 Oak Grove Drive, Pasadena, California 

Operated by California insti tute of Technology for the National Aeronautics and Space Administration 

you will 
only take know 

f o r  a n  a n s w e r . . .  
If that's the kind of scientist or engineer 

you want to be, then Jet Propulsion Laboratory 
is your kind of place. • Here at the foot of the mountains 

in Pasadena, California, JPL people are designing the spacecraft 
that will land instruments on the Moon and planets. • They're using 

down-to-earth investigations for their probe into space. They want to know 
what the Moon is made of. If there's life on other planets. They have to know. They 

will know. • If you'll only take know for an answer, then discover the many disciplines 
involved in other-world exploration. Write today for your copy of "Missions Into Space/Jet 

Propulsion Laboratory". • All qualified applicants will receive consideration for employment 
without regard to race, creed or national origin/U.S. citizenship or current security clearance required. 
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C O M P U T E R  

Dr. Louis J. Gerstman (left) and Dr. J. L. Kelly, Jr.. of Bell 
telephone Laboratories, listen to a tape recording of synthesized 

speech which was produced by an electronic digital computer. Lhe 
computer is fed, on punched cards, the names of speech sounds which 
make up an English sentence. It processes this information and pro­
duces synthesized speech in digital form on a magnetic tape. This 
tape is converted—on the machine behind Kelly and Gerstman—into 
a 14-inch magnetic tape suitable for playing 011 an ordinary tape 
recorder. 

BILL ROBBINS 

Computer, a word of mystery and 
wonderment. Only a few short years 
ago the word computer was closely 
allied with space ships, ray-guns, and 
Buck Rogers in the 25th century. To­
day we have entered the space age-
but only with the help of that mar­
vel, the computer. Just what is a 
computer? What does it do? What 
will it do in the future? And many 
other such questions are on the 
tongues of the uninformed. Here I 
will attempt to answer a few of these 
questions from the layman's point of 
view. 

First we must establish a fact. A 
computer is not a mysterious device 
operated by witchcraft or black magic. 
It is a device that behaves according 
to basic mathematical concepts which 
will solve complex problems in a rela­
tively short time. The problem may 
or may not be mathematical in na­
ture. Hence, to understand a com­
puter's function one need not be a 
psychiatrist nor a neurospecialist — 
just be an average individual with 
an understanding of basic mathemat­
ics. A computer cannot solve a prob­
lem that a good mathematician 
couldn't solve. It goes without saying 
that the computer would be a little 
I aster. For instance, computers of the 
missile age arc able to make 10 mil­
lion or more basic computations 
(such as addition) in one second. A 
aood mathematician would take a 
little more than 2500 hours to do the 
same job—and that is without a cof­
fee break. 

Basically there are two kinds of 
computers, the digital and the analog. 
From these basic units, logic ma­
chines, simulators, and other high 
speed problem solving devices have 
been built. 

The first of the basic units, the 
digital computer, is probably the old­
er of the two, at least in a recogniz­
able form. As might be expected a 
digital computer is a device that 
works with exact numbers. All prob­
lems are reduced to a series of addi­
tions that are performed at a very 
high rate of speed. The computer, 
in turn, produces a numerical an­
swer that is as accurate as the least 
accurate figure used in the computa­
tion. There may be older machines 
that could be classed as digital com­
puters, but the abacus, which dates 
back to ancient times, in the hands 

Bill Robins is a Senior in Electrical Engi­
neering. He is here 011 the Naval (N'ESEP) 
Program. 
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of a skilled operator may be consid­
ered to be a high speed digital com­
puter. Today, however, we think of 
a digital computer as an electronic 
monster with automatic information 
feeders that produces an automatical­
ly typewritten answer. This stereo­
typing is a product of our society. 
1'he machine may or may not be an 
"electronic monster"; however, the 
skill of a trained operator can make 
it perform properly. 

The analog computer, on the other 
hand, is a device that uses shaft 
rotations, distances, voltages, or some 
other measurable quantity to repre­
sent the information of a problem. 
The answer, in turn, is also repre­
sented by a measure of this same 
quantity and it must be translated 
into a meaningful answer. One might 
argue, therefore, that the analog 
computer is at least as old as the 
digital computer. For instance, the 
first time-measuring device was a twig 
stuck in the ground, and as the shad­
ow cast by the twig moved, a passage 
of time was indicated. This "clock" 
fits the definition of an analog com­
puter. The accuracy of any analog 
computer depends upon its refine­
ment; however, its lack of precision 
is more than compensated for by its 
relative simplicity. A slide rule is 
an example of an analog computer 
familiar to most people. Its accuracy 
is preported to be directly proportion­
al to the operator's ability; however, 
its use is somewhat limited to basic 
computations and is of little value in 
solving differential equations. It 
should be mentioned here that both 
the analog and the digital computers 
have fantastic speeds and both can be 
constructed and programmed to solve 
differential equations as well as alge­
braic and numerical problems. 

The first step in the solution of 
a problem is recognizing precisely 
what the problem is. This may sound 
trivial particularly when compared 
with day-to-day living, but when 
problem recognition is applied to 
something like the national economy 
or space travel (one seems to be pro­
portional to the other) it becomes 
obvious that the problem at hand 
may not be immediately obvious. 
After the problem is defined though, 
it must then be translated into the 
language of the computer. These two 
steps alone often take more time than 
the computer will take to solve the 
problem, which, by the way, is the 
next step. When the solution be­
comes available, it then has to be in­
terpreted. Even this brief outline 
sounds outrageously complicated, but 
when one takes into consideration 
that literally years of work can be 
reduced to hours of work then the 

value of the computer becomes ap­
parent. 

What about the so-called "think 
machine" and the "logic devices 
that are publicized from time to time? 
Will my boss eventually be an elec­
tronic device? Or even worse, will I 
be replaced by a push-button? One 
must remember that these machines 
were made by men to be operated by 
men and without men the machines 
are helpless. Computers are tools to 
be used by man to analyze situations, 
solve problems, and determine is­
sues; however, the final decisions 
must be made by man. 

Some of the "stunts" computers 
have been up to lately seem somewhat 
amazing. Therefore, a few of these 
"stunts" will illustrate the vastness of 
the horizon for the world of com­
puters. 

Carolling Computers 
A method of producing synthetic 

sjDeech in response to the typing of 
phonetic symbols on a keyboard has 
been developed by Bell Telephone 
Laboratories. The device can be 
made to "talk" in monotone or by 
introducing a varying pitch and tim­
ing parameter more natural inflection 
and phrasing may be obtained. The 
computer can also be made to sing. 
Although this last feat is amazing, it 
is not too startling to the people of 
the CU campus, as our own Engineer­
ing Math Department has demon­
strated the ability of their computer 
to play Christmas carols. 

Computers can do more than sing 
and talk. They can more than solve 
problems. Computers have been used 
to aid in designing concert halls. 
By properly programming a comput­
er as to the size, shape, and accousti-
cal conditions of a proposed concert 
hall one can simulate what happens 
to sound waves as they bounce back 
and forth across an imaginary room. 
Tape recordings of speech and music 
are fed into a digital computer that 
has been programmed to act upon 
these sounds just as the floor, the 
walls, the ceiling, etc., of the imag­
inary auditorium. 1 he computer pro­
duces an output tape that is listened 
to over several loudspeakers distrib­
uted in various places in a free-space 
room (a room which does not pro­
duce any sound reflections of its 
own). If the sound is not satisfactory, 
the computer can be reprogrammed 
to simulate a different room shape 
01 wall material, and the sound can 
be processed again for these different 
acoustics. In this way, the acoustician 
can design a hall in which music and 
speech originating on the stage can 
be heard with maximum eniovment 
throughout the hall. This ' same 
scheme can be used to improve the 

acoustics of existing halls either by 
designing minor changes or by the 
addition of artificial reverberation 
designed specifically for the given 
auditorium using the computer tech­
niques. 

Computers are now being used to 
design computers. About a year ago 
the first computer built from com­
plete wiring information and parts 
lists furnished by anothci computer 
was shipped to Ascension Island, near 
the target area of the Atlantic Missile 
Range. The computer is to be used 
in connection with target tracking 
tests for NIKE-ZEUS, the U. S. 
Army's anti-missile defense system. 
The entire logic network of the digi­
tal computer, consisting of 47 sub­
assemblies, was built from wiring dia­
grams, assembly information, and 
parts lists produced by a specially 
programmed, general purpose digital 
computer. In addition, manufactur­
ing information produced on the 
computer, can be converted into a 
control program for an automatic 
wiring machine, which would do the 
actual assembly work. Initial experi­
ments on the aspect of the program 
indicate that automatic wiring of the 
mechanically-designed computer is 
feasible. 

The instructions also spe< ified the 
pins to be interconnected, the size 
and length of wire to be used in con­
necting them, and the wire paths to 
be followed for minimum path 
length. Any special - purpose logic 
packages to be used in a subassembly 
were also specified by the computer. 
After the wiring information sheets 
were completed, a complete parts list 
including logic packages, externally 
wired resistors and capacitors, and 
necessarv wire was prepared by the 
computer. 

A few of the present uses of com­
puters have been touched on; how­
ever, the list is endless and it is grow­
ing every day. As miniaturization im­
proves, the feasibility of a portable 
data processing unit will become a 
reality. Talking machines for people 
unable to talk and reading machines 
for the blind are very real possibili­
ties. Super simulators will simulate 
every motion, action, and environ­
mental element for any type of a 
training mission. The uses of com­
puters will only be limited by the 
velocity of electromagnetic energy 
propagation and the imagination ot 
man. And, you know something?— 
Man has a pretty fantastic imagina­
tion!!! 
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Learning never stops for engineers at Western Electric 
There's no place at Western Electric for engineers who feel 
that college diplomas signify the end of their education. 
However, if a man can meet our quality standards and feels 
that he is really just beginning to learn .. . and if he is 
ready to launch his career where learning is an important 
part of the job and where graduate-level training on and off 
the job is encouraged — we want and need him. 

At Western Electric, in addition to the normal learning-
while-doing, engineers are encouraged to move ahead in 
their fields by several types of educational programs. 
Western maintains its own full-time graduate engineering 
training program, seven formal management courses, and a 
tuition refund plan for out-of-hours college study. 

This learning atmosphere is just one reason why a career 
at Western Electric is so stimulating. Of equal importance, 
however, is the nature of the work we do. Our new engi­
neers are taking part in projects that implement the whole 
art of modern telephony from high-speed sound transmission 
and solar cells, to electronic telephone offices and computer-
controlled production techniques. 

Should you join us now, you will be coming to Western 
Electric at one of the best times in the company s history. 

Principal manuring locations a. Chicago, III.; Kearny. «. 0.; Mftm Md.; I—** «"*»•- "JTSTZ 
fas : Omaha, Neb,; Kansas City Mo Columbus, Ohio: Oklahoma City Okla. Englco.rlng Res.arch Cuter, Pause... N. J. Catcu, k.ky I ,, and 
Little Rook, Ark. Also Wester. Electric distribution ce.ters i. 33 cities and installation headquarters in 16 cities. General headquarters. 195 Broadway R.» York 7. N. V 

In the management area alone, several thousand supervisory 
jobs are expected to open up to W.E. people within the next 
10 years. And our work of building communications equip­
ment and systems becomes increasingly challenging and 
important as the communications needs of our nation and 
the world continue to increase. 

Challenging opportunit ies exist  now at  Western Electric for electrical ,  
mechanical ,  industrial ,  and chemical engineers,  as well  as physical  
science,  l iberal  arts ,  and business majors.  All  qualif ied applicants will  
receive careful consideration for employment without regard to race,  
creed,  color or national origin.  For more information about Western 
Electric,  write College Relations,  Western Electric Company, Room 6205, 
222 Broadway, New York 38,  New York. And be sure to arrange for a 
Western Electric interview when our college representatives visi t  your 
campus.  
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E V E  T E C H N I C  A L  T A L E  AT 
P R A T T  &  W H I T N E Y  A I R C R A F T  

Almos t  eve ry  s c i en t i f i c a l l y  t r a i n ed  man  ca n  f i nd  s t imu la t i ng  a nd  r eward i ng  c a r e e r  
o p p o r t u n i t i e s  w i th in  t he  b road  spec t rum o f  P r a t t  &  W hi tne y  A i r c r a f t  a c t i v i t i e s .  

F rom the  so l i d  f ounda t i on  o f  36  yea r s  a s  a  wor ld  l e ade r  i n  f l i gh t  p ropu l s i on  
sy s t e ms ,  P&WA deve lopmen t  ac t i v i t i e s  and  r e sea r ch  i nves t i ga t i ons  t oda y  a r e  l a r  
r ang ing '  I n  add i t i on  t o  con t i nu ing  and  concen t r a t ed  deve lopmen t  e f f o r t  on  a i r  
b r ea th ing  and  r o ck e t  e ng i ne s ,  new  and  exc i t i ng  avenues  a r e  be i ng  exp lo r ed  i n  
eve ry  f i e l d  o f  a dva nc e d  ae ro space ,  ma r ine ,  and  i ndus t r i a l  power  app l i c a t i ons .  

The  r each  o f  t he  fu tu r e  ahead  i s  i nd i ca t ed  by  cu r r en t  p ro g rams .  P r e se n t l y ,  
P r a t t  &  Whi tney  A i r c r a f t  i s  exp l o r i ng  t he  f r i nge  a r ea s  o f  t e chn i ca l  k n o wled g e  i n  
magnetohydrodynamics . . • thermionics and thermo-electric conversions . . . hyper­

sonic propulsion . . . fuel cells and nuclear power. 
To  he lp  m ove  t omor row  c lo se r  t o  t od a y ,  we  con t i nua l l y  

eng inee r s  and  sc i en t i s t s .  You r  de g r e e ?  I t  c a n  be  i n :  MECHANICAL A^ERO-
NAUTICAL ELECTR ICA L «  CHEMIC A L  a nd  N U ^LEAR E^GU ^  
rn P H Y S I CS  C H EMISTRY  •  M ETALLURGY C E R A ^ I C S  M  

MAT ICS  U  ENGINEERING SCIENCE o r  APPLIED MECHANICS .  
The  f i e ld  s t i l l  b roadens .  The  ch a l l en g e  g rows  g r ea t e r .  A n d  a  fu tu r e  o f  r e cogn i t i on  

and  advanc e me n t  ma y  be  he r e  f o r  you .  

For  fu r the r  in fo rmat ion  rega rd ing  an  
Ai rc ra f t ,  consu l t  your  co l l ege  P iemen  t o f  ^  H a r t f o r d  g f  C o n n -

Enginee r ing  Depar tmen t ,  P ra t t  & Whi tney  a  

P R A T T  &  W H I T N E Y  A I R C R A F T  
Division of United Aircraft Corporation 

C O N N E C T I C U T  O P E R A T I O N S  East Hartford. Connecticut 

F L O R I D A  R E S E A R C H  A N D  D E V E L O P M E N T  C E N T E R  

A„ qualified applicants wi„ receive consideration fo, employment without re8ard to race, creed, color 

or national origin. 
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A L A R GE MIRROR 
Corning Glass Works has fabricat­

ed the world's largest piece of fused 
silica—62 inches in diameter and 11 
inches thick. The giant glass disc 
will be the primary mirror in a new 
precision telescope. 

The U.S. Naval Observatory will 
construct the telescope at its Flagstaff 
(Arizona) Station. The instrument is 
the first large reflective telescope de­
signed especially to determine dis­
tances and movements of stars up to 
600 trillion miles from the solar sys­
tem. 

Fused silica is a relatively new ma­
terial and it is one of the purest 
known to man. Its shape will not 
alter from extreme temperatures be­
cause of its practically zero expansion 
rate. Therefore, as a telescope mirror 
material, fused silica assures distor­
tion-free images. 

The large mirror was made at 
Coming's Bradford, Pa., plant and 
is now being precision-ground and 
polished by Davidson Optronics, West 
Covina, California. The telescope is 
to be finished in July, 1963. 

The telescope will enable astrono­
mers to observe deep space probes 
and distant satellites in addition to 
its application to basic research in 
positional astronomy. 

26 
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The "seeing" capacity of the tele­
scope will increase man's ability to 
measure motion and determine the 
position of celestial bodies a hundred 
times. The instrument is expected to 
provide new information on the can­
dle power of the red and white dwarf 
stars as well as important clues to 
the physical properties and evolutions 
of these objects. The instrument is 
designed to provide photographs of 
unprecedented clarity and detail. 

"Fhe secondary reflective piece in 
the telescope will be a smaller fused 
silica disc—36 inches in diameter and 
6 inches thick. 

NEW SOURCE OF  ELECTRICITY 
General Electric scientists have re­

cently produced electrical power us­
ing a principle that they call "elec-
trohydrodynamics" or "EHD." The 
work is being done under contract 
to the Air Force's Aeronautical Sys­
tems Division. The principles of 
EHD have been established for a 
long time, but it is believed that 
General Electric is the first to pro­
duce more electricity than was sup­
plied previously from outside sources. 

In an experimental generator, air 
was forced through a corona discharge 

J O E  C A Y E R  

field and was ionized. Elections were 
drawn off in the area of the corona 
fields and ions were pushed down­
stream by neutral atoms to a collect­
ing grid where they were combined 
with electrons again. The electron 
flow from the corona through a cir­
cuit to a collecting grid constituted 
an electrical current. 

The EHD concept is similar to the 
more familiar magnetohydrodynam-
ics, "MHD," generator although it 
uses a different principle. An MHD 
generator produces a current by pass­
ing ionized gas through a magnetic 
field. The EHD system theoretically 
will produce more power per pound 
at higher voltages than MHD sys­
tems. 

A net output of 1.4 milliwatts at 
1 70 volts was generated by the EHD 
system during the experiments. The 
output increased with the velocity of 
the air flow. A small amount of 
power was fed to the corona ring as 
an exciter. 

Experiments showed that as the 
velocity of the air flow increased, 
causing more electricity to be gener­
ated, the amount of externally-sup­
plied electricity—used to excite the 
corona ring—was replaced. Only one-
tenth of a milliwatt was still being 
supplied externally when the 1.4 mil-
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liwatts was being produced through 
EHD. 

EHD is used in much the same way 
as MHD. It converts energy, having 
successfully changed kinetic energy 
of a moving gas into electricity. Be­
cause of its high voltage, EHD may 
be used as a source of power for the 
high voltage ion engines being devel­
oped for long-range space flight pro­
pulsion, according to scientists. 

FASTER X-RAYS 
The Eastman Kodak Company has 

introduced to the market what is be­
lieved to be the fastest industrial 
X-ray film in the world. The emul­
sion is an improved Kodak Industrial 
X-ray Film, Type F, whose speed has 
been increased by 30 to 50 per cent. 

According to a company spokes­
man, the film should provide a sub­
stantial increase in speed of the film 
with no apparent change in contrast, 
fog, or graininess. The range of speed 
increases obtainable is dependent up­
on the particular combination of radi­
ation and type of intensifying screens 
employed. 

The new film is designed for use 
with industrial fluorescent screens and 
is specially adapted to industrial 
radiographic exposures where the 
thickness of the specimen slightly ex­
ceeds the capacity of radiographic 
equipment to make direct or lead 
screen exposures. 

SPACE NEWS 
A new discovery will save the gov­

ernment substantial money, labor, 
and materials. Research scientists at 
the AC Spark Plug plant in Milwau­
kee, Wisconsin, have discovered a 
wray of stopping the effects of oxida­
tion in gyroscopic instruments used 
in internal guidance systems for bal­
listic missiles. Even infinitesimal 
amounts of oxygen in bearing lubri­
cants could deliver a knockout blow 
to a precision manufactured gyro­
scope. One of the research scientists 
said that he knew of no organic lubri­
cant on the market that was com­
pletely oxygen free. 

Deposits of a varnish-like material 
were showing up on gyroscope bear­
ings. The sticky, viscous substance 
collected on precision-made ball bear­
ings the gyroscope wheel was mount­
ed on. These wheels run at a speed 
of about 12,000 rpm, and can only 
be given a minute quantity of lubri­
cation. 

To alleviate the problem, the gyro­
scope is evacuated to an almost per­
fect vacuum that is equivalent to at­
mospheric conditions at about 100 
miles from earth in outer space. The 
chamber is then filled with "purified" 
helium. Helium is used because of 

its inherent capability of cooling the 
rapidly spinning gyroscope wheel and 
because of its low friction quality. 
However, the helium is still loaded 
with enough oxygen to cause trouble 
even after the purification. Oxygen 
molecules are also absorbed by the 
materials used in making the gyro­
scope. The scientists found that the 
fastest and most economical way to 
get rid of the oxygen is to burn it 
out. The life of the gyroscope is 
three to four times greater than it 
was. 

Previous to the discovery that oxy­
gen in the lubricant was causing the 
varnish-like deposits, all research had 
been aimed toward the bearing itself. 
While there were serious attempts to 
analyze the lubricants, the exceeding­
ly low concentrations of oxygen caus­
ing lubricant degradation had not 
been considered. 

MIN IATURE CIRCUIT  BREAKER 
A glass-encapsulated, temperature 

sensitive circuit breaker for the pro­
tection of shaded pole and permanent 
split-winding types of electrical mo­
tors has been introduced by Sylvania 
Electric Products Inc. Sylvania calls 
the new breaker the Thermo-Break. 
It is air tight and gas filled to allow-
fast heat transfer between the motor 
winding and the breaker. I he Ther-

ti 
f t  

mo-Break is 1.26 inches long and 
0.3000 inches in diameter. 

The breaker requires no insulating 
sleeve and can be varnish-dipped with 
the motor windings. Metallic case 
grounding is eliminated because the 
wire leads require only two connec­
tions and they are compatible with 
motor winding wire. 

The glass-enclosed Thermo-Break 
consists of two mounting posts upon 
which the electrical contacts are lo­
cated. One contact is mounted direct­
ly on a post; the other is mounted at 
the junction of the armature bimetal 
and current-carrying bimetal (see 
diagram). 

Under normal current flow, the 
lower bimetal forces the contacts to­
gether because of the normal operat­
ing temperature of the motor. If the 
motor should overheat, the high ex­
pansive side of the armature bimetal 
will force the armature against the 
glass envelope driving the contacts 
apart and breaking the circuit. The 
reverse takes place as the motor cools. 
This cycling will continue until the 
electrical overload is removed; thus, 
die motor or component is protected 
against excessive temperatures which 
could cause burnout. 

RADI ATI ON SHIEL DING 
The Atomic Energy Commission 

has developed concrete mixes specifi­
cally designed for radiation shielding. 
The work was done by AEC engineers 
at the Oak Ridge National Labora­
tory. The study was made because, 
according to researchers, "the wide­
spread use of concrete as a radiation 
shielding material has established a 
need for mix design criteria primarily 
oriented toward shielding problems.'' 

An "idealized formula" given by 
the researchers is: cement volume plus 
water volume plus aggregate volume 
equals Total Volume of Concrete. 
"The simplicity in use of the total 
volume formula," the investigators 
say, "lies in the fact that there is a 
definite relationship between the 
cement - to - aggregate ratio and the 
water-cement ratio." 

A barytes concrete — "designed ac­
cording to these criteria"—was investi­
gated at Oak Ridge National Labora­
tory, the study says. Relative effec­
tiveness of dry aggregates, aggregates 
plus cement, and cured concrete were 
compared "through thermal-neutron 
flux, fast-neutron dose, and gamma-
ray dose measurements behind slab 
configurations." Attenuation was 
measured for the aggregate, the 
aggregate plus cement, and for the 
barytes concrete. According to the 
AEC report: "Comparison with at­
tenuation calculated on the basis of 
removal cross sections for the meas-
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NEW TVPF. OF MUFFLER 

nred chemical compositions showed 
satisfactory agreement." 

More information can be obtained 
by writing to: OTS, U.S. DEPT. OF 
COMMERCE, WASHINGTON 25, 
D.C. Order ORNL-3130, price $1.50. 

JET-FLO MUFFLER 
The first 100 per cent stainless steel 

an to muffler is now being made, it 
should alleviate the annual 375-mil-
lion dollar muffler corrosion prob­
lem. Hayes Industries Inc., of Jack­
son, Michigan, is making the newly 
designed muffler of a special stainless 
steel called MF-1. T his steel was de­
veloped by Allegheny Ludlum Steel 
Corporation for muffler applications. 

The new muffler, only about one 
half the si/e of conventional mufflers, 
uses a new technique to deaden the 
engine's roaring sound. Hayes Indus­
tries calls this their Jet-Flo muffler. 
It weighs a little more than seven 
pounds and is made completely of 
steel. 

The stainless steel muffler is dif­
ferent in that it has moving parts. 
It has a special stainless steel spring 
which operates on exhaust pressure. 
The spring adjusts automatically as 
driving demands dictate. Convention­
al mufflers are pre-tuned when made 
for the car and model. The Jet-Flo 
muffler adjusts itself at "idle," at 
turnpike driving, or anywhere be­
tween, giving maximum gasoline 
economy and minimum exhaust 
noise. 

The spring action pulses with en­
gine pressures. The greater the en­
gine pressure, the wider the spring 
action. The extremely narrow open­
ings between the spring coils at low 
rpm act as an effective sound attenu-

COLI-APSIBLE FUEL TANK 

a tor, while the continuous vibration 
of the "value" tends to smooth the 
pulsations in the exhaust gas. Thus, 
it again reduces the sound level in 
the system. 

More important is the fact that at 
higher rpm, when more volume of 
gas is exhausted, the valve will auto­
matically open wider to provide a 
large passage for the exhaust gas. 
This means that an effective silencer 
at low rpm is not permitted to be­
come a source of excessive back pres­
sure for turnpike driving. 

The muffler has been both field 
and laboratory tested successfully. 
The Jet-Flo muffler carries a lifetime 
warranty to the original owner as long 
as he owns the vehicle on which it 
is installed. 

COLLAPSIBLE TANKS 
A collapsible fabric tank made and 

marketed by the Goodyear Tire and 
Rubber Company is 10,000 gallons 
larger than any previous rubberized 
fabric container. The tanks, which 
hold 75,000 gallons, were built under 
contract to the West German Defense 
Ministry. The tank covers an area 
of 89 by 24 feet when unrolled to be 
put in use. Empty weight for trans­
porting is a little over one ton. 

Regardless of size — the tanks are 
available in various sizes—the tanks 
can be rolled up for storage or ship­
ment. With a clear area available, a 
large tank can be in service in just 
15 minutes. 

The tanks were developed primari­
ly for military use, but some commer­
cial applications have been found for 
the smaller ones. Small ones are used 
for temporary storage of fuels and 
water at remote construction sites and 

for draining oil during sen icing of 
huge electrical transformers. Truck 
operators carry two way loads with 
dry cargo in one direction liquids 
on the return. Among commodities 
being hauled in the tanks are fruit 
juices, liquid sugars, printers ink, and 
liquid fertilizers. 

T he tanks are fabricated lrom spe­
cial nylon material treated to stop 
seepage or vaporization. F<N fuel 
service, they avoid collection of ex­
plosive vapors by remaining in con­
tact with the fuel on all sides -o that 
voids cannot form. Plastic liners are 
used with stainless steel fittings to 
insure against contamination by the 
rubber lining when edibles are han­
dled. 

ALGAE ABANDONED AS 
SPACE DIET 

Algae, once considered the first 
choice for space ship menus, has now 
been all but abandoned as an outer 
space edible. 

The reason is that algae, among 
other things, would turn man a bright 
yellow color. The Space Age Spinach 
has an excess of carotene, say aero­
space company scientists, the sub­
stance which gives a carrot its color. 

Air Force estimates say algae might 
provide up to about 30 per cent of 
the diet, but even then the travelers 
might tend to turn technicolor. 

Algae will still be used on deep 
space missions to absorb carbon diox­
ide and to give off fresh oxygen. But 
spacemen had best limit their munch­
ing. 

Aerospace 

Theory: A hunch with a college 
education. 
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ALUMNI NEWS 
T H E R E S A  S T E P H E N  

MARVIN }. GREER, B.S. (C.E.) 1932, 
has been recently appointed to the 
position of area development engi­
neer for the Denver Development 
Office of the U.S. Bureau of Reclam­
ation Region No. 7. Greer is return­
ing to the bureau after resigning in 
1958 to become the chief engineer for 
the Van Sickle Associates, Inc. While 
with Van Sickle, he was in charge of 
planning and designing the Taqueri 
River Navigation project in Brazil 
and studied for the Lower Falls Hy-
droelectru Project on the Caroni 
River in Venezuela for the Venezue­
lan government. 

A veteran of years of planning, 
designing, and engineering exper­
ience, Greer is replacing Joseph M. 
Barrett. Greer was first employed 
with the bureau in 1935 in connec­
tion with the Colorado-Big Thomp­
son reclamation project. Later he pre-
cisevly surveyed the 13.1-mile Alva B. 
Adams tunnel and received a certifi­
cate of merit. The tunnel was ex­
cavated from two headings which met 
under the Continental Divide to an 
alignment of within five-eights inch. 
In 1950 he transferred to the Denver 
Region 7 office. 

Greer has many major projects to 
face since the Denver Development 
Office is in charge of planning for 
the Narrows unit on the South Platte 
River, the Fryingpan-Arkansas diver­
sion and Trinidad projects in south­
ern Colorado, and the Wheatland 
project in southeast Wyoming. 

An honor graduate of the Univer­
sity and a veteran of World War II, 
Greer resides at 2203 E. Dartmouth 
Circle, in Englewood with his wife 
and their two sons. 

LEONARD TULIN, B.S. (C.E.) 1950; 
M.S. (C.E.) 1952; has received a 
835,600 National Science Foundation 
grant to study the reaction of rein­
forced concrete structures under 
intermittent loads. 

COLORADO ENGINEER-MALC/I, 1962 

Along with C.E. Associate Profes­
sor Kurt Gerstle, Tulin, an associate 
professor in the department of Civil 
Engineering at the University, is 
studying the properties of concrete 
and steel to find a theory by which 
engineers can predict on paper the 
life of a reinforced concrete structure. 

Tulin and Gerstle explain that a 
reinforced concrete structure, such as 
a bridge, can be rendered useless 
over a period of time with heavy 
loads rolling over it. 

Presently ^ engineers design such 
structures with a large enough "safety-
factor" to insure the bridge will 
stand a certain number of years be­
fore having to be replaced. The same 
principle is being applied to build­
ings and highways according to Tu­
lin. 

Tulin has been associated with the 
Department of Civil Engineering 
since 1951. In 1951, he was an in­
structor in the department and then 
in 1953 he was promoted to an assist­
ant professor. 

This present award is not the first 
for Tulin. In 1958, he was awarded 
the National Science Foundation 
science faculty fellowship to study at 
Iowa State College in 1959. 

HERBERT M. COULSON, B.S. (E.E.) 
1941, currently President of the Colo­
rado Engineering Council, which 
represents 20 engineering and scien­
tific organizations within the State 
of Colorado which have a member­
ship exceeding 5000 is a Registered 
Engineer in the State of Colorado. He 
is a member of A.I.E.E., the Profes-
sional Engineers of Colorado, the 
Pueblo Engineers Society, and num­
erous other engineering activities. 

Mr. Coulson is presently President 
of the Mountain States Machinery 
Co Inc., in Denver, which sells elec­
trical equipment in Wyoming and 
Colorado. An ardent supporter of 
alumni organizations, he is a past 

member of the Engineering Develop­
ment Foundation at the University. 

Mr. Coulson, his wife, Kay, and 
his daughter, Karen, reside at 675 
Estes in Lakewood, Colorado. His 
daughter is a senior at Lakewood 
High School and is considering at­
tending the University of Colorado 
in 1962. 

PROFESSOR BENJAMIN H. SPURLOCK, 
M.E., 1950, and his wife, attended a 
heat transfer conference in London, 
January 8-12. The London meeting 
was a continuation of the second 
International Heat Transfer Confer­
ence held at the University last sum­
mer. Spurlock presided over a dis­
cussion session dealing with heat 
transfer within container systems. 

Since 1950, Spurlock has been a 
professor in the College ol Engineer­
ing and is presently the acting head 
of' the University of Colorado Me­
chanical Engineering Department. In 
1953 he served as the honorary chair­
man of the American Society of Heat­
ing and Ventilating. In 1955 he was 
invited to lecture and serve as con­
sultant to the College of Engineering 
in Baghdad for the following year. 

ROBV.RT B. ECKEL, B.S. (M.E.) 1947. 
has been Division Liaison Engineer 
in the Automotive Assembly Division 
of Ford Motor Company since last 
July. This division is charged with 
the responsibility for motivating the 
responsible departments to correct 
problems, thus increasing customer 
satisfaction and reducing warranty 
and policy expense. 

Eckel resides in Dearborn, Michi­
gan, and is active in church and civic 
affairs. . . inc- i 

Upon his graduation in 194/, he 
was with the Engineering Department 
of GMC Truck and Coach Division 
of General Motors Corporation. 
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Edward M. Davis, Jr. (B.S.E.E., Carnegie Tech '55; M.S., 
Cal Tech "56; Ph.D., Stanford '58) is directing micro-elec­
tronic device development at IBM's Poughkeepsie, New 
York Laboratories. 

DR. DAVIS AND MICRO-DEVICES 
When Dr. Edward M. Davis was working for his bachelor's 
degree, miniaturization was a novelty. Today, with the tran-
sistorand the printed circuit commonplace, micro-miniatur­
ization is one of the newest challenges in electronics. Ed 
Davis is helping to meet that challenge. 

Today's computeroperations take only millionths of a second; 
tomorrow's may accelerate to billionths. In a billionth of a 
second, however, even light can travel only about a foot, and 
the physical size of an electronic circuit may slowits operation 
critically.The answer is in micro-electronics where complete 
circuitsare packaged on minuscule substrates, andeachtran-
sistor may occupy less than a thousandth of a square inch. 

Since early in 1961, Ed Davis has been in charge of an IBM 
engineering project exploring the parameters of advanced 
micro-devices. Hisworkmayverywell helpestablishthetech­
nology of future computers. Equally important, he and his 
colleagues are already gathering significant knowledge in 
the advanced study of solid state electronics. 

A basic approach is encouraged at IBM. Whether in research, 
development, manufacturing, or programming, the IBM sci­
entist and engineer are encouraged to go to the heart of the 
problem.The IBM representative interviewingonyou ream pus 
will be glad to discuss with you the opportunities in any one 
of these fields. All applicants will receive consideration for 
employment without regard to race, creed, color or national 
origin. Your placement office can make an appointment, or 
you may write, outlining your background and interests, to: 

Director, Technical Employment 
IBM Corporation, Dept. 894 
590 Madison Avenue 
New York 22, New York IBM 
You naturally have a better chance to grow with a growth company. 



The 
Double Based Diode 

PHILLIP  D .  OLBERT 

If you were a production engineer 
in a vegetable cannery, would you 
station an employee at the end of the 
canning line with a little sequence 
counter to tabulate the number of 
cans produced? Of course not; you 
would devise some sort of automatic 
counter, and thereby eliminate a 
large expense and source of error. 

Many engineers today, however, 
use methods almost as crude as that 
illustrated above for some purposes, 
simply because they are not familiar 
with more advanced techniques. The 
problem of switching electrical cur­
rents is a good example. Relays have 
long been outdated for many switch­
ing applications, yet they continue to 
be used for purposes for which they 
are completely unsatisfactory. 

The object of this article is to 
briefly describe a device that will 
perform a switching operation in a 
fraction of the time required by a 
relay, will virtually never wear out, 
and is very reliable. 

Ever since the development of the 
transistor in 1948 there have been a 
growing number of semiconductor 
devices appearing on the market. 
One of these devices which appeared 
about 1957 was the double base 
diode, more popularly known as the 
Unijunction Transistor. This device 
was designed specifically as a switch­
ing element, and as will be seen, 
makes an excellent switch for many 
applications. 

G e ne ra l  Desc r i p t i on  
The Unijunction Transistor is a 

three terminal semiconductor device 
which utilizes some very non-linear 
electrical characteristics for achieving 
its switching function. 

A simple model that might facili­
tate understanding the transistors 

Philip D. Olbert is a Senior in Electrical 
Engineering. 

operation could be the following cir­
cuit. The switch represents the tran­
sistor, and as shown, is turned on by 
a positive voltage pulse. It will be 
shown later how the circuit may be 
adjusted so this pulse needs only to 
be of a relatively low magnitude. 

•I Loc-d 
-P Uni j ii. net*'on 

Transistor 

Ana l y t i c a l  D esc r i p t i o n  
Certain electrical characteristics of 

the transistor resemble closely those 
of a conventional junction transistor. 
Other characteristics resemble those 
of a tunnel diode, while still other 
characteristics seem to be unique to 
the unijunction device. Here we will 
consider only those characteristics 
relevant to the use of the device as a 
switch. 

The unijunction transistor's switch­
ing characteristics are relatively easy 
to explain. 

Let the distance from the emitter 
to base-one equal lel, distance from 
emitter to base-two equal le2, and 
distance from base-one to base-two 
equal 112. 

Now, if a postive d.c. voltage Vb2 

is applied with no emitter current 
the bar of N-type silicon will act as 
a linear voltage divider. This means 
that the voltage at the emitter junc­
tion will be given by 

Vejct=Vb2 j"-
*12 

If Ve is less than Vejct the emitter 
junction will be reverse biased and 
the only emitter current present is 
Ie=—lo, where Ic is the value of 
reverse biased leakage current. 

When the value of Ve is raised 
sufficiently that Vejct < Ve a fairly 
large forward biased current will flow 

across the emitter junction. This cur­
rent appears in the bar primarily in 
the form of holes which are swept 
toward base-one. The presence of the 
holes in the emitter to base-one region 
lowers the resistance of this region 
and therefore a larger part of Vb2 is 
developed from base-two to the emit­
ter. This means of course that Vejct is 
lowered and so Ie increases. I lie net 
result is a negative resistance region 
in which Ve decreases as Ie increases. 

It is seen from the input curves 
that there are three major regions 
of operation. 1. The cutoff region 
where Vt.<Vt.jt.t. 2. The region of 

Ba* oyr N-Trf>r 
Su/coi 

OhM/c Cov r.-> c rj 
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Referring to the above circuit it is 
seen that if Ve is adjusted to a point 
just below the peak point determined 
by Vb2 (see Figure 3) it is only neces­
sary to "pulse" the junction with a 
small voltage to switch on the tran­
sistor. The current through the relay 
is then limited only by the load re­
sistance, the conducting value of Ve, 
and the amount of Rc in series with 
Ve1 and the emitter. 

r Rload T Res /q\ 
e _ ve> - vT 

If a large value of Ie is desired it is 
usually desirable to choose Ve1 as near 
the peak value as possible in order 
to reduce the series value of Rcs 
necessary in the circuit. 

To "turn off" the transistor the 
emitter current must be reduced to 

zero. This may be done in one of 
two ways: a large negative value of 
vg of the order of Ve1 may be applied 
momentarily, or the emitter circuit 
may be literally opened in some 
fashion. 

If a somewhat larger value of load 
current than Ie is desired, the fol­
lowing circuit may be used, providing 
the load will tolerate a certain level 
of bias current. 
Now the load current Ibl, is given by 

J hi : - — (IeTIb2) W 
To a first approximation from Fig. 7 

Ib2 = C+KIe (5) 

Now (4) becomes 
Ibi = — (Ie + C-^KIe) 
bl - — [Ie (1 + K) +C] (6) 

Where C and K are positive numbers 
and may be evaluated from Figure 7. 

It may be possible that only nega­
tive gate pulses are availabe to turn 
on the switch. In this case if the gate 
is applied to the circuit in the fol­
lowing manner, satisfactory switching 
should be obtained. (Fig. 8) 

Effectively what happens is the 
peak point of Figure 3 is momentar­

ily lowered by the amount vg T1 

allowing Vejct<Ve. 
In conclusion, the unijunction tran­

sistor is a semiconductor device hav­
ing quite abrupt characteristics which 
lend themselves well to switching 
operations. The transistor switch may 
be turned on and off by fairly short 
pulses, and in actual operation will 
be very stable and reliable. The uni­
junction device is commercially avail­
able in various sizes ranging from 
maximum values of Ie<50 millia-
amperes to Ic of the order of amperes. 

Alumnium was used to roof the 
Washington Monument seventy-five 
years ago. 

• 

Estimates are that 22,000 tons of 
aluminum were used in 1952 for 
building material purposes. Just three 
years later this consumption sky-rock­
eted to 450,000 tons. It is predicted 
that by 1965, one million tons of 
aluminum will be manufactured into 
building products, the bulk of it go­
ing into aluminum siding. 

Home Building Trends 

*d stands for partial derivative.—Ed. 
**We used a capital Sigma since our printer 

did not have the lower case.—Ed. 

COLORADO ENGINEER—March, 1962 

high negative input impedance. 3. 
Small positive injut impedance region 
or saturation region. 

The mechanics of the first two 
regions have been previously ex­
plained. The saturation region may 
be explained as follows: The in­
cremental input impedance is given 
bv* 

dVc m 

16 ~ die ^ 
and for he forward biased condition 

r0 = (2) 

As Ie is increased it may be visualized 
that a point is reached at which the 
increase in Vejct, caused by Ale, bal-

v * * —p _ 
ances the decrease in Vejct which re­
sults from a larger part of Vb2 being 
developed in the region le2. Beyond 
this "balance point" the AIe term 

V —p 
dominates and the result is a fairly 
constant value of re ~ 20 ohms. 

From the preceding discussion it is 
readily seen that a fast, reliable, and 
efficient switch may be devised using 
the unijunction transistor. 

zing flegitive fWleee Figure e A Unijunction Switching Cii 
for Activation. 



RADIO FREQUENCY 

INTERFERENCE CHARLES 
W.  McAFEE 

Recently, engineers and techni­
cians of the Air Force Missile Test 
Center at Cape Canaveral watched 
the intermittently erratic behavior of 
their test missile as it streaked across 
the Atlantic. There was no immed­
iate explanation for the behavior, but 
similar irregularities had previously 
been traced to an increasingly com­
mon source—radio frequency inter­
ference, known commonly as rfi. Such 
was again found to be the case. A 
taxi-cab dispatcher in Miami was 
transmitting a signal that interfered 
with the missile guidance system, 
causing the missile to stray from its 
pre-planned trajectory while the dis­
patcher was transmitting. 

Instances such as this are occurring 
more and more frequently. As the 
quantity of electrical apparatus being 
operated increases, more and more 
stray signals are radiated into the 
atmosphere. These signals interfere 
with the reception of desired signals 
by a receiving set. Besides receiving 
the desired signal, a device may re­
ceive many unwanted signals, some of 
which are sufficiently strong to cover 
the desired signal and foul the sys­
tem. 

Any electrical apparatus is a po­
tential source of rfi. A light switch, 
an automobile starter, or even a 
length of wire that is subjected to a 
signal of its resonant frequency may 
become a source of radiation. 

These sources can be broken down 
into four classes: 1) switching; 2) 
discharges; 3) radio-frequency leak­
age; and 4) harmonic generation. 

Interference radiation due to 
switching may occur at any switching 
device, such as a common electric 
stove or a heating pad. Rfi caused 
by switching results when arcing oc-

Charles McAfee is a Senior in Electrical 
Engineering. 
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curs across the switch terminals as 
when the switch is operated. The 
radiated signal is very complex and 
contains many harmonics. 

Discharge interference is a product 
of such apparatus as fluorescent and 
neon lamps. Signals containing har­
monic components are radiated from 
the glow discharge tube four times 
during each a-c cycle, which means 
that 240 new signals are emitted each 
second from a tube operating on a 
60-cps line. Carona discharge is emit­
ted from high-voltage transmission 
lines. Discharge interference is often 
apparent when an automobile radio 
passes near neon signs or transmis­
sion lines. 

Radio-frequency leakage is a result 
ol inadequate shielding of generators 
such as induction heaters and oscilla­
tors operating in the radio-frequency 
range. 

Harmonic interference is caused bv 
generators which produce non-sinu­
soidal waveforms. Every non-sinu­
soidal wave contains harmonic com­
ponents, and these harmonics are 
emitted as interference. Since no gen­
erator produces a perfect sinusoid, 
every transmitter and oscillator is a 
source of rfi. 

The problem posed by rfi has been 
recognized since the advent of radio. 
However, suppression techniques 
were not developed until automobiles 
began to be equipped with receiving 
sets. It was then necessarv to reduce 
the interference due to the generator, 
ignition system, and front-wheel bear­
ing hiction. Rfi caused no great con­
cern, however, until the numerous 
complex electronic defense systems of 
World War II came into use. These 
systems greatly increased the number 
of rfi generators, and at the same 
time the increased sensitivity of the 
equipment caused it to be more sus­
ceptible to interference. Even though 
the seriousness of the problem was 

recognized during the war, few at­
tempts were made to do anything 
about it because of the urgent need 
lor rapid development and produc­
tion of new electronic equipment. 

Since the war build-up, the com­
plexity of rfi has increased much 
more rapidly than have the methods 
and techniques of suppressing it. 
Every day more incidents directly at­
tributable to rfi occur in communi­
cations and guidance systems. 

For instance, interference in airline 
communication systems has been 
traced directly to passenger-carried 
apparatus such as battery-driven dic­
ta-phones and electric shavers. The 
question remains unanswered as to 
whether or not the recent airline 
collisions occurred because of similar 
interference. 

Another example is the increasing 
incompatability between radar and 
microwave communications. Micro­
wave receivers pick up extensive in­
terference in the form of harmonics 
and spurious emissions from radar 
transmitters. 

Many other incidents occur, rang­
ing in seriousness from the mysterious 
opening of a radio-operated garage 
door to the premature destruction of 
a missile. 

Attempts are being made, especially 
by the military, to curtail the rfi 
problem. The Army Signal Corps is 
establishing a multi-million dollar 
installation to study equipment com­
parability under simulated field con­
ditions. The data obtained in this 
study will be analyzed and used to 
develop new manufacturing and oper­
ational techniques. The Federal Com­
munications Commission maintains a 
network of long-range detection sta­
tions, a means by which the FCC can 
track the interference to its source. 
. 1'.le m'litary, in conjunction with 

civilian concerns, has established de-
(Continued on page 46) 

COLORADO ENGINEER—March, 1962 



DEAN'S COLUMN 
CHARLES A. HUTCHINSON 

When in December I wrote the 
material for this column in the Janu­
ary issue, I wrote in hope and antici­
pation. All our hopes were centered 
in the 1962 session of the State Legis­
lature, to be convened in January. 

Now it is early February and the 
Legislature is nearly through with its 
labors. Ml present indications are 
that the "Long Bill," carrying the all-
importani authorization and funding 
for the Engineering Sciences Center 
will be passed.* 

I am assuming that the battle is 
won. Now we have a new lease on 
life—indeed, it would be accurate to 
say that we are beginning a new life. 

You were told in Larry Huston's 
excellent article in the January issue 
of the COLORADO ENGINEER, 
and in m\ column in the same issue, 
some of the history of our effort and 
of the vital necessity of our project. 
I shall not repeat here. I shall add 
one piece of information that was 
not included in our earlier reports. 

This item has to do with Engineer­
ing enrollments. Everyone knows 
that undergraduate registrations in 
Engineering colleges have been de­
clining nationally in the last three or 
four years. A part of this shrinkage 
seems to have been due to the lack 
°f a good "press" for engineering 
achievements, in contrast to the glam­
orous acclaim that has been accorded 
to the accomplishments of science in 
the space age. Also, engineering edu­
cation has of necessity become more 
rigorous, and the word has spread 
that there are easier ways of acquiring 
a degree. 

Here at the University of Colorado 
we have perhaps accentuated the na­
tional trend by two policies. First, 
we have made a sincere effort, in our 
"re-College Advising Program, to 
steer into other lines of study those 
applicants whose chance of success in 
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engineering seems low. Second, we 
have insisted on higher standards of 
scholastic achievement. 

These policies are yielding results. 
The failure rate in the basic courses 
is diminishing at a surprising rate, 
and the work of the Scholastic Defi­
ciency Committee is also being light­
ened.' All of this makes for better 
engineers, and more efficient use of 
the State's resources, human and fi­
nancial. 

Recently, I received a preliminary 
report of a national survey by the 
Engineers Joint Council on new fresh­
man enrollments in engineering, 1961 
against 1960. The nation as a whole 
shows a new decline of 2.8 per cent. 
Of the nine regions reported on, six 
showed continuing decline, three an 
increase. Of these latter, the moun­
tain region, comprising eight states, 
had 70 per cent of its increase ac­
counted for by the University of Colo-
rado—our increase in freshman over 
last year was 14 per cent. 

We believe that our Superior Stu­
dent Program has been one factor in 
helping us to turn the corner, to re­
verse the trend. We are continuing 
and strengthening this activity. 

Another bit of news — important 
news — has just come in. Dr. Franklin 
Essenburg has accept the position of 
Chairman of the Department of Me­
chanical Engineering, to take over 
the office next year. Dr. Essenburg 
is thirty-seven, a native of Michigan. 
He has'bachelor's degrees m Mechan­
ical Engineering and Law, Masters 
degrees in Physics and Engineering 
Mechanics, and the Ph.D. in the lat­
ter field, all from the University of 
Michigan. He is currently Professor 
of Engineering Mechanics at the I 
nois Institute of Technology in Chi­
cago. and has also be® « 
of the University of Michigan. Hi 
publications have been in the field of 

elasticity and plasticity. Dr. Essen­
burg is married and has two children. 

Associate Professor Clinton L. Con­
ner, Assistant Dean of Engineering 
at the Denver Extension Center, has 
resigned, as of 31 January 1962. He 
has been on leave for the past two 
years with RCA in the Philadelphia 
area. He has now accepted a position 
with the Planning Research Corpora­
tion, with Operations Research Loom­
ing large in his future. During Pro­
fessor Conner's absence, his duties 
have been most capably handled by 
Associate Professor Paul E. Bartlett. 

Mr. Charles A. Dedi has been ap­
pointed Administrative Assistant in 
the office of the Dean. Mr. Dedi, who 
lives at 4480 Laguna Place in Boul­
der, is a retired Colonel in the Unit­
ed States Army. This, a staff rather 
than an academic post, was recom­
mended in the Self-Study of the Col­
lege a few years ago. It is hoped that 
Mr. Dedi will gradually take over 
some of the non-academic chores that 
now harrass faculty members. 

I want to take whatever space is 
left to say "thank you" to all—stu­
dents, faculty, alumni, and friends of 
the College who have helped us so 
generously in spreading the word of 
our needs with respect to new facili­
ties. We know we have had magnifi­
cent help, but we have no way of 
identifying every person who has lent 
a hand. I have written a letter of 
gratitude to everyone whose name is 
on my list-and it is a long list!-but, 
lest I inadvertently miss someone, I 
take this means of expressing the 
heartfelt gratitude of the entire Col­
lege for a task well-done We are sure 
that the years just ahead will demon­
strate that your confidence is not 
misplaced. 
•At the time of publication, the Long Bill 
had already been passed, and signed into 
law by the Governor. 
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Life In 
A Fallout 
Shelter 

LOWELL BROOKS 

As the tension in the cold war 
grows, so does America's interest in 
the family fallout shelter. Various 
types of shelters have been construct­
ed and tested for effectiveness against 
radiation fallout. Concurrently scien­
tists have been working hard to find 
out how long it would be before one 
could venture out of his shelter into 
the cold, desolate, radiation-filled 
world. At the same time, there have 
been many hot debates as to whether 
one would be normally justified in 
refusing to let his neighbor into a 
shelter that was already filled to ca­
pacity. But very little has been said 
about whether or not a human could 
survive two weeks in a litttle hole in 
the ground. Leaving aside the ques­
tion of psychological factors, could 
one maintain suitable living condi­
tions inside a shelter with only a 
hand operated fan for ventilation? 
With this question 111 mind, family-
size underground fallout shelter at 
the National Bureau of Standards 
with six simulated "occupants'' has 
served for a study of ventilation, heat, 
humidity, and air conditioning prob­
lems connected with such shelters. 
The study, sponsored by the Office of 
Civil Defense, was conducted by P. R. 
Achenbach, F. J. J. Drapeau, and 
C. W. Phillips of the NBS mechanical 
systems laboratory.1 

The "occupants" appearance was 
such that they could hardly be con­
fused with humans. However, four 
of the six had the heat emission char­
acteristics of an average seated and 
quiet adult. These were known as 
the 400-Btu/hour occupants. A fifth, 
known as the 600-Btu/hour occupant, 
was so designated because he was 
presumed to be exerting himself, 
cranking; the blower of the ventilation 

system for the shelter. The sixth, a 
200-Btu/hour "occupant" simulated 
a child. Data were taken on the en­
vironmental factors that affect the 
habitability of a shelter, and the com­
fort and well-being of its occupants. 
Observations were made at regular 
time intervals of temperature, humid­
ity, ventilation rate, and heat ex­
change during periods of occupancy 
up to 14 days. 

"Occupants" 
Each "occupant," made of galva­

nized steel, consisted of a cylindrical 
"body" 22 inches in diameter and 
about 40 inches high, topped by a 
conical, pointed "head" 5i/2 inches 
high. A 200-watt light bulb at re­
duced voltage served as the heat 
source in each of four 400-Btu/hour 
occupants and the one 200-Btu/hour 
occupant, while a 660-watt resistance 
heater at reduced voltage served the 
600-Btu/hour occupant. 

A snug-fitting wrapper of closely-
woven fabric was fitted over the body 
of each, gathered into folds over the 
head, and sewed together at the top. 
Water was dripped onto the gathered 
fabric at the top and spread over the 
exterior surface by wick action. Some 
of the air rising from these fabric 
surfaces probably had a moisture con­
tent comparable to that of the exhaled 
breath of a human being. Each occu­
pant was supported in a pan, 2 feet 
square and 2 inches deep, for collec­
tion of excess water. Pans and occu­
pants were then mounted on cinder 
blocks. 

For purposes of temperature meas­
urement, five thermocouples were 
soldered to the "body" of each occu­
pant; and one additional thermo­
couple was attached to the "head" 
3 inches from the top. 

The Shelter 
The shelter to house the occupants 

over the test period was constructed 
on a well-drained site on the NBS 
grounds, in accordance with plans in 
Bulletin MP-15 of the Office ol Civil 
Defense. A pit 13i/> feet wide, 16 feet 
long, and 7 feet deep was dug. Ex­
terior dimensions were 12 by 91 ^ by 
7i/2 feet high, not including the 
hatch. The shielding wall was 8 
inches thick, leaving a main room 8 
feet square. About 123/J cubic yards 
of concrete were used for the -iruc-
ture, corresponding to a total weight 
of about 49,600 pounds. 

Hot asphalt was applied to the ex­
terior of the walls and roof as a mois­
ture barrier. Backfill was placed in 
layers about 18 inches thick and 
tamped thoroughly to obtain layers 
about 12 inches thick and of the 
proper density. Dry ice, placed be­
tween the layers, served to remove ex­
cess heat absorbed by the excavated 
earth during storage on the ground 
surface. This technique helped to 
shorten the preconditioning time of 
the shelter. The entire area was then 
graded and covered with sod so that 
there was an earth cover 214 feet 
thick over the roof. 

Apparatus 
The test apparatus used for this 

study included the following: 
(1) A thermocouple system for 

measuring the temperature ot the 
concrete in the walls of the shelter, 
in the adjacent earth to a distance of 
4 feet from the walls, and in the un­
disturbed earth at a greater distance. 

(2) A specially designed air wash­
er for conditioning the ventilating air 
to the selected dry bulb and dew point 
temperatures, and for regulating the 
flow of air. It consisted of a duct 
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with four water sprays, which bathed 
the internal walls. There was enough 
evaporative surface to saturate the 
air at the water temperature. A sump 
at one end collected the excess water 
for recirculation, and incorporated a 
float-controlled water feed for make­
up. Air from a nearby instrument 
building is forced through the 
washer, and then successively through 
an electri i cheater, a measuring ori­
fice, the supply line to the shelter, 
and the shelter itself by a centrifugal 
blower. The air flow rate was con­
trolled manually at the blower out­
let by an adjustable damper. The 
direction of heat exchange between 
supply line and ambient air depend­
ed on whether the outdoor tempera­
ture was above or below the air tem­
perature in the supply line. For sum­
mer tests, the air supply line was well 
insulated and covered with an alumi­
num wrapper to reduce the heat 
transfer and prevent entry of mois­
ture into the insulation. For a winter 
test a part of the line was packeted 
with crushed ice to maintain the de­
sired temperature. 

(3) Temperature and humidity 
elements for measuring the condition 
of the air entering the shelter and at 
various stations inside the shelter. An 
electric h iter at the washer outlet 
was controlled by a temperature-
sensing eh -uent in the supply line at 
the shelter entrance. Meanwhile, the 
chilled wa • i temperature in the air 
washer wa- adjusted to maintain the 

dew point temperature at this same 
location at 69°F for the summer tests 
and 33°F for the winter test. 

(4) A water-feeding system for the 
simulated occupants consisting of six 
separator)' funnels for gradual feed­
ing of measured amounts of water 
through separate plastic tubes to the 
simulated occupants for evaporation 
on their surfaces. 

(5) Heat flow meters to measure 
the rate of heat transmission at the 
interior surface of the shelter. 

(6) Various instruments for meas­
uring temperature, humidity, air flow 
rate, electrical energy consumption, 
heat flow rate, and solar radiation. 

The  Tes t s  
Five tests of the shelter were made 

with variations in duration, ventila­
tion rate, ventilating air conditions, 
and occupancy. Four took place when 
the earth temperature was near the 
summer maximum and one near the 
winter minimum. (See Table 1, be­
low.) E 
Tab le  1 .  Schedu le  o f  Tes t  Cond i t ions  

Ven t i l a t ing  Ai r  Supp ly  

Duration 
of 

Cest 
No. 

1 
2 
3 
4 
5 

/ 
7 

14 
14 
14 

Avg. Approx. 
1 Drv Dew Number Internal 
Flow Bulb I'oint of Heat 
Rate Temp. Temp . Occu- Input 
cmf °F op pants Btu/hr 

42 85 69 0 110 
0 — 6 2500 

42 85 69 6 2500 
18 85 69 6 2500 
18 35 33 6 2500 
the tests the latent and 

sensible heat outputs of the simulated 

occupants were controlled, first, by 
adjusting the total electrical energy 
supplied to the heat source, and sec­
ondly, by adjusting the amount of 
water dripped on the fabric covering 
the "occupant." On the assumption 
that all of the water would be evap­
orated, the remainder of the heat 
would be transferred as sensible heat 
and the proportions of sensible and 
latent heat emission would attain the 
desired values. The "heads" were 
kept at temperatures ranging from 
94 to 97 °F. 

To begin the tests, the conditioned 
air supply was turned on, the electric 
heaters in the simulated occupants 
were energized, and water was fed to 
each occupant in specified quantities. 

At two-hour intervals, the temper­
ature was taken at six stations on each 
occupant, and various temperature 
and humidity readings were taken in 
and around the shelter. 

Tempera tu re  and  Humid i ty  
High relative humidities prevailed 

in the shelter during both summer 
and winter tests. These high readings 
were accounted for in the summer by 
the high dew point of the ventilating 
air, the water vapor released by the 
"occupants," and the small tempera­
ture differences between the air and 
wall surfaces. The conclusion was 
reached that moisture and condensa­
tion control would be a major prob­
lem in small shelters, since high hu­
midity and condensation on the walls 
and on the ceiling would be prevalent 
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iii most seasons of the year. The ceil­
ing was considered to be the most 
critical surface with respect to con­
densation because the water would 
drip on everything and everybody in 
the shelter. 

To meet this problem, the ceiling 
might be insulated or lined to pre­
vent condensation, leaving the walls 
and floor as condensing surfaces from 
which drainage could be more readily 
controlled. Also, film-type movement 
of the condensate from the ceiling to 
the side walls would be promoted by 
doming or sloping the ceiling sur­
face downward to the side walls and 
treating the ceiling surface with a 
wetting agent. Still another moisture 
control method would be to store a 
sufficient quantity of of drying agent 
in the shelter to absorb excess mois­
ture during occupancy. 

It was learned that short-term vari­
ations in weather conditions had lit­
tle effect on heart transfer below mid-
height of the shelter, that is, about 
6 feet below the surface of the earth. 
Five days elapsed before the effect 
of a sustained change in the weather 
was observed at midheight of the 
shelter. The daily temperature cycle 
was not felt much beyond a depth of 
one foot in the earth, which meant 
that the effects of this cycle were 
nullified before reaching as far down 
as the roof of the shelter. 

It was also found that a longer 
subterranean duct to condition the 
supply air would be advantageous for 
small shelters especially for the hot­
test or coldest weather. The temper­
ature gradient in the earth is in oppo­
site directions at the warmest and 
coldest seasons. Thus, if the supply 
air were introduced through a duct 
installed beneath the floor, the air 
coidd be cooled in the warmest 

WALL SURFACE TEMPERATURE, '? 

weather and warmed in the coldest 
weather by heat exchange between 
the duct and the surrounding earth. 
Some dehumidification might also be 
accomplished during the summer in 
such a sub-floor duct. 

The ventilation rate required to 
prevent condensation was related to 
the wall temperatures in the shelter 
and the dew point of the ventilating 
air. But on the average a ventilation 
rate of 3 cubic feet per minute per 
person fould be adequate to control 
the temperature and prevent con­
densation, however at times more 
ventilation would be required. A 
ventilation rate of 3 cfm per person 
was ample to provide the oxygen re­
quirements in the shelter. 

The rise of interior dry bulb tem­
perature during the summer tests as 
a result of an average heat release of 
about 2500 Btu/hr by the six "occu­
pants" and other heat sources ranged 
from 12 to 15 °F. This rise probably 
would not creat unendurable condi­
tions in a small shelter in areas where 
the initial earth temperature did not 
exceed about 73°F. 

S. H. Dole, in a paper on environ­
mental requirements for extended 
occupancy of manned saellities,2 has 
suggested that the maximum temper­
ature of saturated air which can be 
tolerated by human beings contin-
usously for 10 days ranges from 81° 
to 86°F. But the effective tempera­
ture in the shelter during the 14th 
(last) day of the third and fourth 
tests was about 80 degrees. For the 
period August 13-27, 1959, average 
effective temperature at the Wash­
ington National Airport was 80.3 de­
grees, neglecting effects of solar radia­
tion and wind. Thus, the comfort 
coditions in the shelter at the end of 
these tests probably were no more 
adverse than outdoor conditions dur­
ing two weeks of the 1959 summer 
season in Washington, D. C. 

A number of factors could increase 
temperatures in the shelter. Among 
these are: 

1. A higher heat output by actual 
living occupants than was used in the 
study for the simulated occupants. 
The output in the study approxi­
mated that for sedentary adults in 
normal environments. However, it is 
not known whether mental stress in 
an emergency would increase the oc­
cupants' heat production. 

2. Higher earth temperatures than 
those in Washington at the time of 
the study. These could probably be 
partly compensated for by placing 
the shelter farther beneath the sur­
face. It was found in Washington, 
D. C. that the earth temperature de­
creased about 1 degree per foot of 
depth about September 1 when earth 

HEAT ABSORBED BY SHELTER WALLS 
HEAT CARRIED OUT BY VENTILATING AIR 

HEAT ABSORBED BY SHELTER AIR AND FARTITICN 

temperatures were maximum. In the 
hottest parts of the United States it 
is believed that unbearably hot con­
ditions could develop in the summer. 
However, simple evaporative coolers 
with manually operated fans could 
probably provide limited cooling in 
hot, arid climates. 

The one winter test, conducted 
with a steady flow of supply air at 18 
cubic feet per minute and a dry bulb 
temperature of 35 °F when the earth 
temperatures were about at a mini­
mum, revealed that the shelter tem­
peratures would not reach comfort­
able levels in two weeks with an in­
ternal heat input equal to that of 
six sedantary adults. Steps, therefore, 
would need to be taken to increase 
comfort of shelter occupants during 
cold weather. 

It was suggested in the study that 
winter comfort might be improved 
by using a small vented heater: wear­
ing additional clothing; placing a cur­
tain at the doorway of the main room 
to reduce the area for heat loss; 
draping aluminum foil over the 
walls to provide air spaces and to 
present a surface for reflection of 
body heat; and reducing the ventila­
tion rate, if resulting condensation 
could be tolerated. 

In conclusion it would seem that 
suitable living conditions could be 
maintained in a small shelter with a 
minimal equipment. Now if we can 
learn how to stand looking at the 
same eight by eight room for fourteen 
days, we're all set. 

1. For further technical information, see 
F.nvironmental Characteristics of a small 
Underground Fallout Shelter, by P. R 
Achenbach, F. J. J. Drapeau, and C. W. 
Phillips, ASHAE Journal 4. 21 (1962) . 

2. Environmental Requirements for Extend­
ed Occupancy of Manned Satellites, by 
S. H. Dole, ASME Paper 59-AV-12 
(1959) . 

3. Temperature and Human Life, by C. E-
A. Winslow and L. P. Herrington, 
Princeton University Press (1949) . 

4. Air Motion, High Temperature and 
Various Humidities—Reactions on Hu­
man Beings, bv W. J. McConnell, F. C. 
Houghten, C. P. Yaglou, ASHVE Trans­
actions, Vol. 30 (1924) . 
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Moon crawler. Early next year, if every­
thing goes according to plan, this 
spiderlike object — the "Surveyor"— is 
expected to land on the moon's surface, 
look at it, feel it, and bite into it. It will 
have electronic sight and touch more 

sensitive than a man's, and will trans­
mit to earth direct information on what 
the moon looks like and what it is made 
of. What metal will this machine need 
to survive the moon's extreme cold 
without getting brittle? What metal 

can withstand the high temperatures 
that occur in flight? Engineers will 
most likely find the answer in Nickel-
containing alloys. They offer tremen­
dous resistance to crippling super-cold, 
stand up in blazing heat. 

How Inco Nickel helps engineers make new designs possible and practical 
Whatever his area of exploration, 
today's engineer knows that Nickel-
containing metals can make many 
new designs perform better. For com­
plex components of a moon surveyor, 
or the decorative plating of a gyro­
scopic car, Nickel, 01* one of its alloys, 
meets the demands of a wide range 
of service conditions-makes an ex­
cellent choice for products we use to­
day, and for tomorrow's new designs. 

You'll find Inco's List "A" helpful 
and informative. It has descriptions 
of 200 publications, covering applica­
tions and properties of Nickel and its 
alloys. Write: Educational Services, 

The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y 

Gyron—dream car that drives itself. A 
gyroscope would stabilize this two-
wheeled vehicle of the futui'e, which en­
visions automatic speed and steering 
control. A computer would let you "pro­
gram" trips on a non-stop highway. For 
lasting beauty, trim areas would be 
coated with Nickel-Chrome plating, the 
bright, corrosion-resistant finish. 

H y d r o f o i l  s h i p  — a new concept in sea­
ling design. Now under development, 
such vessels are planned to travel 100 
m 0 h skim over the tops of waves like 
flvin°" 'fish—lifted aloft by a set of un-
derwater foils, or wings. The 
these all-important wings? Good bet is 
a nickel alloy for strength, resistance 
to corrosion and cavitation erosion. 

niusn. 
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B O O K  
Compute r  Handbook  

Edited by Harry D. Hits key, Ph.D. 
and Granino A. Korn, Ph.D. Mc­
Graw-Hill, New York, 1961. 1228 
pp. plus index; 1099 illustrations; 
S23.00. 
The Computer Handbook is a com­

prehensive, practical reference book 
covering thoroughly the design of 
analog and digital computers and 
systems and their application to 
science and engineering. It was pre­
pared by a group of experts includ­
ing top representatives of every major 
computer manufacturer, as well as 
leaders in computer applications in 
the aircraft industry and in major 
university centers. 

Technical information is presented 
in the handbook in sufficient detail 
to be useful in actual design work. 
Many circuit diagrams have been in­
cluded as concrete examples of de­
sign principles for direct adaptation 
to the designer's problem. In addi­
tion, there are specific sections deal­
ing with computer system design. For 
the younger engineer and for new­
comers to the fields of computers and 
control, the handbook provides quick 
access to just that industrial know-
how which is necessarily neglected in 
a modern engineering curriculum 
which stresses principle rather than 
technique. 

The analog-computer sections of 
the Computer Handbook present the 
best modern design practice in the 
field of analog-computer components 
and systems, including general-pur­
pose computers and representative 
special-purpose machines. Since ana­
log-computer design is often intimate­
ly related to computer applications 
and problem-solving methods, a 
rather comprehensive review of ana­
log-computer applications and meth­
odology is included. 

A large number of special com­
puter setups and trick circuits are 
presented in tables, illustrated, and 
grouped for convenient reference. 
Starting with a chapter introducing 
the basic terminology, this section of 
the handbook covers the design of 
electronic-analog-computer building 
blocks; design of computer systems; 
significant applications of electronic 
analog computers; and newer techni­
ques like dynamic-storage computa­
tion, repetitive computer techniques 
for statistical problems, and com­
bined analog-digital computation. 
One entire chapter is devoted to 

solid-state (transistor) analog-com­
puted components and describes 
many new solid-state circuits. 1 he 
final chapters in this section deal 
entirely with important analog tech­
niques less familiar to many engi­
neers — network-type analogies for 
fields, structures, and power system, 
and with mechanical, electromechan­
ical, and hydrodynamic and heat-
transfer computing elements. 

The digital part of the handbook 
starts with elementary definitions, 
component circuits, and computing 
circuits such as flipflops, gates, pulse 
shapers, and memory devices. It dis­
cusses logical techniques, design of 
arithmetic units, programming, and 
digital computer system design. Typi­
cal systems are described and there is 
a chapter on applications. 

Among the recent advances cover­
ed in the Computer Handbook are: 
late amplifier and multiplier cir-
c u i t s; new precision electronic 
switches; analog dynamic storage 
technique and automatic iterative 
programming; transistor amplifiers, 
multipliers, and function generators; 
computers in Randon-process studies; 
and combined use of analog and 
digital machines. 

R E V I  
Both Harry D. Huskey and Gran-

ino A. Korn are well-known consult­
ants and lecturers on computer 
theory and practice. Dr. Huskey is 
Professor of Electrical Engineering 
and Mathematics at the University 
of California at Berkeley and is pres­
ident of the Association for Comput­
ing Machinery. 

Dr. Korn is Professor of Electrical 
Engineering at the University of 
Arizona and was formerly associated 
with Lockheed Aircraft Corporation, 
Curtiss-Wright Corporation a n d 
Sperry Gyroscope Corporation. 

Re l i ab i l i ty  P r inc ip les  
and  Prac t i ces  

By S. R. Calabro, Director, Product 
Assurance Division, International 
Electric Corporation, Paramus, New 
Jersey. McGraw-Hill, New York, 
1962. 364 pp. $10.30. 
"Reliability Principles and Prac­

tices" presents the fundamental con­
cepts of reliability theory and dem­
onstrates their application to the sol­
ution of practical reliability prob­
lems. Abstract statistical and mathe­
matical techniques are avoided by 
the author and are replaced with 
effective reliability formulations and 

mathematical models whose applica­
tion is profusely illustrated thoughout 
the text with solutions of many typi­
cal examples. 

One of the book's main features is 
its coverage of many new develop­
ments, particularly with respect to 
maintainability, availability and re­
dundancy. New formulations which 
combine failure rates, maintenance 
action rates, and maintenance time 
constraints are included. These ap­
pear for the first time in "Reliability 
Principles and Practices" and have 
been developed, tested, and triei by 
the author. 

Another significant feature of the 
book is the development of K2 (Kap­
pa Square), a statistic which simpli­
fies the preparation of time sampling 
plans for various confidence levels. 
Described also are original sampling 
techniques and deficiency reporting 
systems which reduce testing costs 
and facilitate early delivery of equip­
ment. 

Some typical chapters are: An 
Introduction to the Reliability Con­
cept," "Reliability Data," "Maintain­
ability and Availability," "Reliability 
Sampling and Control Charting — 
Time Samples," "Reliability and 

E W S  
Availability Prediction Method " 
"Principles of Reliability Design, ' 
"Management of a Reliability Pro­
gram." 

Des ign  Manua l  fo r  
Trans i to r  C i rcu i t s  

By John M. Carroll, Managing Edi­
tor, Electronics, Mc-Graw-JHill Pub­
lishing Company. 316 pp. plus in­
dex; 28 illustrations; McGraw-Hill; 
$9.30. July, 1961. 
"Design Manual for Transistor Cir­

cuits" was compiled to help the engi­
neer in designing circuits using tran­
sistor and other semi-conductor de­
vices. It contains a review of basic 
transistor and semiconductor theory, 
and discusses the uses of transistors in 
basic circuits such as amplifiers, os­
cillators, power supplies, and pulse 
circuits. There is also material on the 
application of transistors in equip­
ment such as home entertainment and 
communications apparatus, instru­
ments, and computers. In addition, 
the book includes articles dealing 
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with basic transistor circuit design 
philosophy, design charts, and nomo­
graphs. Applications of newest de­
vices such as tunnel diodes, silicon 
controlled rectifiers and unijunction 
transistors are also covered. 

Advances made in semiconductors 
during the last three years are stressed 
and there are many useful circuit dia­
grams detai ng up-to-date designs and 
applications. One of the book's spec­
ial features its introductory chapter 
(co-authorcu by Donald Hall, Mana­
ger, Special Products Branch, Tran­
sistor Products Group, Semiconduc­
tor Components Division, Texas 
Instruments Inc., Dallas, Texas) 
which permits quick review of basic 
transistor and semiconductor theory. 

"Design Manual for Transistor Cir­
cuits" is^ based on material which has 
appeared in Electronics magazine. 

John M. Carroll is Managing Edi­
tor of Electronics and has been on 
the magazine's staff since 1950. A 
graduate of Lehigh University (B.S. 
in Engineering) and Hofstra College 
(M.A. in Physics) , Mr. Carroll spent 
five years in Navy electronics and one 
year with i lie National Bureau of 
Standards. He is the author of several 
other McGiaw-Hill books, among 
them "Transistor Circuits and Ap­
plications" and "Modern Transistor 
Circuits." 

Electromechanical Components 
for Servomechanisms 

By Sidney A. Davis, Consulting 
Electrical Engineer, and Byron K. 
Ledgerwood, Editor of Control 
Engineering, McGraw-Hill Publish­
ing Co. 1961. 334 pp. $11.30. 
"Electromechanical Components for 

Servomechanism," surveys the field 
of electromechanical devices for use 
in precision servomechanisms. While 
rigorous in presentation, advanced 
mathematics is avoided and clear 
understanding of the physical prin­
ciples is emphasized in the develop­
ment of the text. 

The book supplies, in easy-to-use 
form, the better understanding of 
component characteristics and per­
formance which contemporary sys­
tems' engineers are required to have 
as a result of the complex systems 
being developed today. 

Material covered in the book in­
cludes an introduction to rotating 
components; potentiometers; syn­
chros; resolvers and induction poten­
tiometers; tachometers; alternating-
current servomotors; direct-current 
servomotors; and miscellaneous com­
ponents such as Inductosyn, E-mag-
nets, magnesyn, and Synchrotel. 

Practical in its approach, the book 
is aimed at showing "how-to" rather 

than "why." At the same time, it 
clearly explains the physical prin­
ciples and includes numerical ex­
amples to illustrate important con­
clusions. Much data on commercial 
practice and applications is also pre­
sented. 

Sidney A. Davis, a consulting elec­
trical engineer, has worked for 15 
years both as a designer of servo-
mechanism systems and a designer of 
rotating components. He has taught 
for several years at the Polytechnic 
Institute of Brooklyn and is Com­
ponents Digest Editor of Electro­
mechanical Design Magazine. 

Theory of Elasticity 
By V. V. Novoshilov, Pergamon 
Press, New York, 1961. 460 pp. 
$13.00. 
The author, a leading Russian 

authority in the field, has recognized 
the growing importance of non-linear 
problems in modern stress-analysis 
and, starting from the basic ideas of 
strains and stresses, develops a com­
pletely general method of approach 
to any problem in the theory of 
elasticity. 

He then shows how the general 
equations can, on certain conditions, 
be modified to the more familiar 
linear equations and illustrates sev-

(Continned on page 46) 
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CIVIL ENGINEERS: 
Prepare for your future in highway 

engineering-get the facts about new 
DEEP-STRENGTH (Asphalt-Base) pavement 

With today's "giant step forward" in pavement engineering— 
lEEP-STRENGTH (Asphalt-Base) pavement—there is need for 

engineers with a solid background in the fundamentals of 
Asphalt technology and pavement construction. 

Because new DEEP-STRENGTH Asphalt-base 
construction provides the most durable, most 

economical pavement modern engineering science 
has developed, Interstate and primary superhigh­

ways in all parts of the country are being built with 
advanced design DEEP-STRENGTH Asphalt pavement. 

Already, more than 90% of America's paved roads and 
streets are surfaced with Asphalt. And Asphalt pavements 

have successfully kept America's wheels rolling since 1876. 

Your contribution-and reward-in our nation's vast road-
building program can depend on your knowledge of modern 
sphalt technology. So, prepare for your future now. Write for 

your free "Student Kit" about Asphalt technology. 

The Asphalt Institute 



Putting Ideas to Work in Machinery, Chemicals, Defense 

GROWTH THROUGH CHANGE 
MEANS A  B E T T E R CAREER 
OPPORTUNITY FOR YOU AT 

F M C  
C O R P O R A T I O N *  

MACHINERY, CHEMICALS, 

DEFENSE OPERATIONS, 

RESEARCH AND DEVELOPMENT 

Graduates planning careers in chemical, electrical or 
mechanical engineering should talk with FMC Cor­
poration. FMC is on the move wherever your special 
engineering interest goes ... new research and devel­
opment programs ... an ever broadening group of 
products for commercial application... and advanced 
assignments for the nation's defense arsenal. 

FMC's dynamic growth pattern puts your career 
ahead faster, widens your choice of products and 
projects; teams you with the world's top engineering 
and leadership talent working at the forefront of your 
profession. With headquarters in San Jose, California 
and plants throughout the world, our Company has 
outgrown its old name. FMC Corporation is the new 
name which more broadly identifies the Company's 
expansion and diversification. To further acquaint 
you with the broad scope of career opportunities at 
FMC we invite you to write for the booklet: A Career 
With Opportunity. 

"Formerly Food Machinery and Chemical Corporation 

F M C  o f f e r s  c a r e e r  o p p o r t u n i t i e s  i n  t h e s e  f i e l d s :  
Agricultural Chemicals • Agricultural Equipment • 
Automotive Servicing Equipment • Food Canning 
and Freezing Equipment • Defense Materiel • Fire 
Fighting Equipment • Industrial Chemicals • 
Materials Handling Equipment • Power Gardening 
Equipment • Packaging Equipment • Food Packing 
and Processing Equipment • Petroleum Specialty 
Equipment • Pumps and Water Systems • Waste 
Disposal Equipment. 

Address: 
Personnel Administration Department 
P. O. Box 760, San Jose, California, 
or Technical Recruitment Manager 
Industrial Relations Department 
161 East 42nd Street, New York 17, New York 
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P U Z Z L E  
A 
G 
E 

P UZ ZLE I  
A man has 12 coins, and he knows 

that one of the 12 is a counterfeit. 
In front of him is a balance scale 
which he is allowed to use only three 
times. If you were in this man's pos­
ition, how would you find the coun­
terfeit coin aid tell whether it weigh­
ed more or less than the good coins. 

D O N  C H A P M A N  

PUZZLE 2  
Three students are in the same 

row facing the front of the room. 
The teacher, who is at the back of 
the room, tells the students that she 
has three green hats and two red 
hats, three of which she will place 
upon each of their heads. She places 
a green hat on the rear and front 

boys and a red hat on the middle 
boy. The boys have not seen which 
hat has been placed upon their in­
dividual heads. The boy in the rear 
looks at the two boys in front of him 
and states that he does not know 
which hat he has on. The middle boy 
looks at the boy in the front and 
states that he also does not know 
which hat he has on. The boy in the 
front who can see no one, states that 
he has a green hat on. How did he 
know? 

PUZZ LE  3  
At the present time, March of 

1962, Jake is three times as old as 
his son, who, six years ago, was three 
times the present age of his grand­
father (on Jake's wife's side of the 
family) divided by the age of 
(Jake's) son in five years. The 

grandfather is presently three times 
the age of Jake's daughter who is now 
two and one-half times the age of 
Josephine in December of '59. In 
July of '60, Josephine was two-thirds 
the positive "difference in the ages of 
Jake and his son (at the time when 
Jake was eleven times the age of his 
son) minus three times Josephine's 
age in October of 1956. 

Find out Josephine's present age. 
Hint: Josephine is the kid's pet 

dog. Her birthday is sometime in 
November. 

SOLUTIONS TO PUZZLES IN  JANUARY ISSUE 

S O L U T I O N  TO P U Z Z L E  1 ,  J a n .  I s s u e  
1. The automatically reverts to the 

5th position in the dividend. 
. . . .  1  

1 • 7 ) • • 2 • 9 A 2 
• • • 3 

7 • • 4 

. . . .  9  
i T 10 

2. The 2nd number in line 1 is either 
4,5,6 or 7 because 

197 (3) <600 and 107 (8) >800 
and we need a number between 640 and 
'4* for line five. By dividing 64* and 74* by 
the numbers 4,5,6 and 7 and by making 
the « equal to any number which will 
make an even divisor, we find that only 
three give an answer ending in 7: e.g., 
-to - equals 107' 748/4 e(llials 187> ancl 
/4J// giVes 1Q7 Rut the divisor ca„not be 
10/ because even 9(107) will not give a 4 

tgU answer for line 9. Now line 5 is 748, 
the divisor is 187. and the second digit in 
hue 1 is 4. 

187) 

/ • 
7 4 

Colo ra d o  ENciNEER-Afarc//, 1962 

3 The 1st row-4th position must be 
67 8 or 9 to make the 9th row over 1000. 

187 (6) =1122 
187 (7) =1309 
187 (8) =1496 
187 (9)=1683 

Nine (9) must be the number for the 1st 
row-4th position in order that only two 
digits be left when the 9th row is sub­
tracted from the 8th row. The 4th position 
in line 8 and the 6th position in the 
dividend must be 4. # 4 . 9 \ 

187 ) 9 4 

. 4 
7 4 8 0 

3 • 9 6 
• • • / 

. 7 • 4 8 
1 6 8 3 9 

• 1 10 

as he usually arrived at the station at 
exactlv 5 o'clock. Therefore, Mr. Roberts 
must have walked for 55/60 of an hour 
and the following equation will give the 
distance he walked at 3 mph. 
(2) (55/60) 3=d 

By placing the value for "d" from equa­
tion (2) into equation (1), the answer for 
the speed at which the chauffeur drove 
comes out to be 33 mph. 

S O L U T I O N  T O  P U Z Z L E  3 ,  J a n .  I s s u e  
3 X X 5 X 1 

X X X  2  
X 5 XX 

X X X 0 X 
X X X  6  X  X  

0 X X 

the 1 in row 8. 

£ * »  S f J "  " j t y " d e s i g n a t i n g  
going th/L -rate at which the chauffeur 

dr„ve wfhaTthe following e^on. 

(1) ,. . "• .haf the chauffeur must —brf-5' 

X X X X X - --
1 T he product of the first row-nth posi­

tion and the second row-3rd position must 
be either 9*1 or 3-3 because 9 is the last 
digit in the 3rd row. It can't be 9»1 because 
no numbers from 0-3 in the 2nd row-2nd 
position will give XXX0X in the 4th row. 
The problem is now: 

3 X X 5 3 
X X 3 

-ATTlX+l) 5 9 
X X X  o  X  

X X X  6  X  
X X x x~x o XX 

<> By trials to get 4th row-4th position 
as zero, we find the 2nd row is X23 and the 
4th row is XXX06. 

3 The 1st position in the 2nd row must 
be a number from 4 to 9 to give the last 
numbers in the 5th row as 2,0,8,1,4, or /. By 
addition, the 3rd number in the 3rd row 
must be 7,4,1,8/5 or 2 respectively 

(Continued on page 46) 
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CHICAGO "GROWTH" PLANT 
Of Victor Business Machines Co. 

For its Newest Addition Maintenance-Cost Records 

Since 1924 Dictated Choice of JENKINS VALVES 

For most companies, "expansion" means a completely new plant. Others have 
compelling reasons for keeping their facilities in one, ever-expanding plant. 
Perfect example of the "growth" plant is the big, architecturally attractive, 
functionally efficient home of Victor Business Machines Co., Division of 
Victor Comptometer Corporation, Chicago. 

For its impressive new addition, Victor's plant engineering department rec­
ommended JENKINS VALVES for plumbing, heating, air conditioning and 
compressed air lines. The choice was no problem: records of valve performance 
and maintenance costs since 1924 clearly showed the wisdom of using Jenkins 
Valves. 

Original cost was no factor: Jenkins Valves cost no more than other valves of 
acceptable quality. But remember this when you specify valves—the Jenkins 
Diamond trademark is positive assurance, proved in dollars-and-cents, that 
over the long haul you too will save money on maintenance and replacement 
cost. Jenkins Bros., 100 Park Ave., New York 17. 

JENKINS 
Architects: OLSEN & URBAIN. General Con­
tractor: PEPPER CONSTRUCTION CO. Heal­
ing & Air Conditioning Contractor: O. A. 
WENDT CO. Consulting Engineers: NEILER, 
RICH & BLADEN. All firms in Chicago 

MOST TRUSTED TRADEMARK IN THE VALVE WORLD 

VALVE S 
ILD^^^® 

i!NC^^^^I864 
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Sold Through Leading Distributors Everywhere 
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BIPEDALISM .  .  .  
(Continued from page 12) 

conclusively, it does show that pri­
mates at times walk upright to carry 
food, and thus supports Dr. Hewes' 
ideas. Another interesting bit of evi­
dence is that when given a beef joint, 
it took one of the monkeys nearly ten 
hours to clean off the available meat 
and marrow (bone center). It would 
certainly be dangerous for a monkey, 
ape, or man-ape to remain near a 
carcass in die wild for ten hours. 

Because of inadequate facilities, the 
research carried on so far has been 
quite limited. If more space becomes 
available, Dr. Hewes would like to 
carry on more extensive experiments. 
Monkeys would probably be used in­
stead of apes, because, while they are 
further from man in the evolutionary-
tree, they are much less expensive; 
furthermore, some species of monkey 
are more used to life on the ground. 

One possible experiment would be 
to divide a large group of monkeys, 

around twenty or more, into two 
groups. Half, a control group, would 
be given small pieces of the vegetable 
foods usually given to monkeys, while 
the other half, an experimental 
group, would be given larger pieces, 
both meat and vegetables. If the ex­
perimental group walked upright 
considerably more than the control 
group, additional support would be 
provided for Dr. Hewes' hypothesis. 
Statistics could be taken on the size 
and weight limits of pieces carried, 
and on the distances the food was 
carried. A possible extension of this 
experiment would be to test monkeys 
of several species to see whether 
there were adaptive differences be­
tween species. 

If these experiments were to be 
successfully carried out, the results 
might give direct evidence on how 
man became bipedal. This in turn 
could lead to new ideas on the de­
velopment of such cultural features 
as speech and use of weapons and 
tools. This type of information is 

necessary for understanding man and 
his development. 

Reference: Gordon W. Hewes, 'Food 
Transport and the Origin of Hominid Bi­
pedalism," American Anthropologist, 63:687-
710 (August, 1961). 

THE SIMPLE LIFE! 
Painting a fall-out shelter? If so, 

avoid reds, oranges and deep yellows; 
they are too stimulating and will 
stretch already taut nerves to the 
breaking point. Soothing and relax­
ing colors are light greens and light 
blues. 

National Paint, Varnish and 
Lacquer Association, Inc. 

Next product heading for obsoles-
cene may be the can opener. On a 
new can heading for market, the 
housewife merely flips a tab on the 
lid, pulls up on it, and the top comes 
off. . . . 

American Machinist 
Mc-Graw-Hill Pub. 

OUR BRAVE WORLD .  .  .  
(Continued from page 17) 

Our Cleveland branch informs me that three years ago 
you purchased one of our cheaper TV sets. I am there­
fore taking the liberty of having delivered to you, with 
our compliments, a 1957-model combination radio-pho­
nograph i \ -tape recorder. This console, which retails 
for SI,499.!'"), is, we believe, the finest instrument of its 
kind on the market today, and we hope that it will par­
tially compensate you for any inconvenience you have 
suffered. 
You may be interested to know that we are having the 
manufacturers adjust our electronic machines to allow 
for the possibility of payments made at the same time 
as charges; also, that at a recent executive meeting on 
the coast, our Western Division voted to postpone con­
version to electronic accounting until we have ironed 
out a few more wrinkles. 

Sincerely, 
Albert Roe 

213 Huron Road 
Cleveland, Ohio 
November 28, 1956 

>ert Roe, Credit Manager 
ntral Credit, etc. 

ar Mr. Roe: 
m replying to your letter of November 19, because 
husband is temporarily a patient at Riverside Sani-

ium. He seemed to be all right when I got him out 
jail; but after I told him that I'd borrowed money 
m three local finance companies to pay this bill we 

supposed to owe you and to go his bail, he too 
sitting around and staring off into space. 

I don't know anything about mental illness, never hav­
ing had such a problem on my side of the family, but 
Dr. Hodgkins says that this mix-up in our bill shouldn't 
cause a breakdown in a normal, stable, adjusted indi­
vidual. But he says it may have been a contributing 

factor. 
I asked our lawyer about accepting the TV set, and he 
says just as long as I don't sign anything. It certainly 
is handsome, and I wish John could see it, though at 
the moment I'm afraid he wouldn't know what it was. 
Yesterday he thought he was Chancellor of the Ex­
chequer under Charles II, and he was worried about 
some pension that came to three hundred and thirty-six 
pounds, five shillings, five pence. But Dr. Hodgkins 
says he'll be home by February, and out of the wood by 
April, provided we can cushion him against any future 
severe mental shocks. 

Yours truly, 
Mrs. John F. Cummings 

• 

PEARCE'S 
"If You Live near a City, You Live near a Peaices 

In Account with: John F. Cummings 
213 Huron Road 
Cleveland, Ohio 

Date: February 1, 1957 
DATE OF PURCHASE BALANCE DIE 
11/19/56 S'.499.95 
Carrying Charge 15 00 

' 5 §1,514.95 

TO OUR CUSTOMERS: The enclosed notice was pre­
pared by modern electronic accounting machines. It has 
been developed as a result of Pearce's continuing efforts 
to improve service and reduce operating expenses 
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RADIO FREQUENCY .  .  .  

(Continued from page 34) 
sign a n d operational standards. 
These standards define band width 
limits, frequency stability, radiation 
levels, and susceptibility limits for 
equipment that is to be used by the 
armed forces. 

However, much work toward elim­
inating rfi remains to be done. The 
military and civilian effort should be 
correlated in order that information 
gained from tests can be more effec­
tively distributed. Every electrical 
engineer and technician should famil­
iarize himself with interference sup­
pression techniques. Our laws should 
be such that the FCC would have the 
authority to enjoin the use of inter­
ference-generating equipment, and to 
force designers and manufacturers to 
conform to proven control methods. 

Until large-scale preventive pro­
cedures are taken, rfi will pose an 
ever-increasing threat to our civilian 
and defense communications systems. 

B I B L I O G R A P H Y  
Frantz, Forrest H. Sr. "Interference — 

Causes, Remedies, and Location," Radio-
Electronics, 31 (July, 1960), 98-101. 

Haitch. Richard. "RFI: Invisible Killer?", 
Saturday Evening Post (September 30, 1961), 
38, 68-69. 

Flickey, John E. Jr. "RFI Is Everybody's 
Business," Electronic Industries, 19 (March 
1960), 131-132. 

Pecota, Waller. "Small, Lightweight R-F 
Interference Suppressors Using Transistors," 
Institute of Radio Engineers Convention 
Record, 6 part 8 (1958) , 164-166. 

Schwenk, Harold R. "Preventive Design 
Aspects of Radio-Frequency Interference 
Control," Sperry Engineering Review, 11 
(December, 1958) . 15-22. 

van Boort. H. J. J., M. Klerk, and A. A. 
Kruithof. "Radio Interference from Fluores­
cent Lamps," Philips Technical Review, 20 
No. 5 (1958, 1959, 135-144. 

Young, Lewis H. "Clearing the Troubled 
Air," Control Engineering, 6 (August, 1959), 
25-28. 

"Interference Findings Revealed," Elec­
tronics, 32 ,Mav, 1959) , 42-43. 

"Interference Problem Attacked by De­
fense," Aviation Week, 72 (June 20, I960), 
/ 8. 

"Radar is Threatening to Get in the 
Way," Engineering, 189 (June 24, 1960), 
877. 

BOOK REVIEWS .  .  .  

(Continued from page 41) 
eral useful applications of the theory 
to the solution of specific problems 
such as stress concentrations, ten­
sion, and simple bending and shear. 

The book includes a chapter on 
the use and application of curvilinear 
co-ordinates as well as an explanatory 
section of tensor calculus which the 
author has employed in his develop­
ment of the theory and in his illus­
trations of his applications. 

The author believes that it is ex­
tremely important to bring all the 
many problems in the modern theory 
of elasticity within the reach of as 

46 

large a number of readers as possible. 
The presentation, therefore, has been 
made sufficiently simple to achieve 
this. 

A partial list of contents includes: 
the theory of deformations, equili­
brium of an element of volume, strain 
energy and certain related principles, 
curvilinear co-ordinates, the general 
formulae of the classical (linear) 
theory of elasticity, St. Venant's prob­
lem and the plane problem in the 
theory of elasticity. 

Synthe t i c  Mate r i a l s  
f rom Pe t ro leum 

By A. V. Topchiev, M. F. Magiyev 
and T. M. Sliakhtakhtinskii, U.S.S. 
R. Academy of Sciences, translated 
by J. Burdon, University of Brim-
ingham, England, 1961. 136 pp. 
$4.50. 
This book translated from the Rus­

sian, is concerned with the problem 
of development of petroleum chem­
istry for synthesis. Information is 
presented about the chemical consti­
tution of petroleums, and methods 
are indicated for their chemical man­
ipulation for the preparation of var­
ious synthetic materials such as plas­
tics, synthetic rubbers, artificial fib­
ers, detergents, various scents and 
drugs, etc. The book also gives an 
elementary account of the fundamen­
tals of the chemistry of hydro-carbons 
and their derivatives, and a descrip­
tion of the basic petrochemical pro­
cesses (cracking, pyrolysis, platform-
ing, dehydrogenation, polymerization, 
etc.) and their application to the pre­
paration of intermediates for the 
manufacture of heavy organic chem­
icals. 

Indus t r i a l  Con t ro l  E lec t ron ics  
By Matthew Mandl. Prentice-Hall, 

Inc., Englewood Cliffs, N. J., 1961. 
356 pp. $10.65. 
"Industrial Control Electronics" 

covers all the fundamental principles 
and practices of modern control elec­
tronic circuitry. Every aspect is taken 
in sequence from basic theory to 
actual components and equipment. 

A summary and review of basic 
material, control signals, solid-state 
devices, amplifiers, and oscillators is 
presented first. These discussions lay 
the groundwork for the more ad­
vanced phases: reactors, generators, 
power supplies, transducers, gating 
and switching, motors, servomechan-
isms, and magnetic amplifiers. Even 
commercial equipment used in count­
ing and indicating, and industrial 
package units are analyzed. 

Standard symbols and electronic 
diagrams are employed throughout 
the book so that those who have 
previously studied standard elec­
tronic fundamental textbooks or who 

have had practical experience in 
radio and television circuits will en­
counter no difficulty in following the 
discussions when referring to the 
schematics. Comparable industrial 
symbols are given in the Appendix 
for reference purposes, should such 
symbols be encountered in current 
literature or in field practices. 

Matthew Mandl, presently lecturer 
in Electronic Technology at Temple 
University, is widely known as an 
educator as well as an electrons -
consu l t an t  f o r  i ndus t ry .  He  i s  t h e  
author of the highly praised "Funda­
mentals of Digital Computers," and 
"Fundamentals of Electronics." 

PUZZLE PA G E  .  .  .  

(Continued from page 43) 
It is also now noted that the 2nd position 

in the 1st row is 1 and that the 3rd position 
in the 1st row must be 7, 8, or 9. Only 
8, 5, or 2 in the 3rd row-3rd position satisfies 
this. The problem has now been reduced to: 

3  1 X 5 3  
X 2 3 

9 5 (X+l) 5 9 
X X X  0  6  

X X X  6  X  X  
X X X X X 0 1 9 

4. We now use for 3rd row-3rd position 
and 5th row-6th position the numbers, 8. 5, 
or 2 and 1, 4, or 7 respectively in pairs to 
give 9, 8, or 7 in 1st row-3rd position. Tin 
2nd row-lst position is now multiplied 
times row 1 for each of the above cases. L 
turns out that the combination that maki-
5th row-4th position a 6 is 8 for 3rd row-
3rd position. 7 for 2nd row-lst position, and 
9 for 1st row-3rd position. The problem i-
now solved: 

3 19 5 3 
7 2 3 

9 5 8 5 9 
6 3 9 0 6 

2 2 3 6 7 1 
2 3 1 0 2 0 19 

Electronics engineers have devel­
oped an experimental "microminia­
ture" computer that is 150 times 
smaller and 48 times lighter than al­
ready existing "miniature" transistor 
computers it can replace. The com­
puter weighs 10 ounces and is a little 
larger than a deck of cards. 

Electronics 
McGraw-Hill publication 

Production in the chemical process 
industries, which includes chemicals 
and related products, petroleum, 
glass, rubber, and paper, may top 
1961 by eight per cent. Although 
there was a sizable increase in sales 
in 1961, actual production inched up 
only about two per cent. 

Chemical Week 
McGraw-Hill Pub. 

No wonder they come to Colorado! 
In the lone star state of Texas 30.8% 
of the homes have air conditioning 
compared to 3.3% here in Colorado. 

Carrier NEWS BUREAU 
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Engineers 
And / Or 
Computers 

DAVID CARSEN,  Chie f  Eng inee r  

CHARLES P .C .  TUNG,  Assoc ia te  

King  and  Gavar i s ,  Consu l t ing  Eng inee r s ,  New York ,  N .Y.  

(Excerpts from two of a series of 
articles published in Civil Engineer­
ing, the November 1961 and February 
1962 issues.) 

Until the advent of electronic com­
puters, i ngineers had reason to re­
gard themselves as indispensable fac­
tors in ti design of structures. With­
out getting involved in semantics and 
what is meant by "design," we can 
say thai while engineers may still be 
indispensable, much of their brain 
power t ut be efficiently supplanted 
by elect: uric computers. 

Just as the introduction of steam 
power to replace the human hand 
brought about tire Industrial Revo­
lution, so the development of elec­
tronic impulses and computer logic 
to replace the human brain is lead­
ing to another revolution, an Elec­
tronic Revolution. The implications 
of this revolution are not yet com­
pletely understood by members of the 
engineering profession. The complete 
obsolescence of much of our engineer­
ing personnel can be one immediate 
result — unless what is occurring is 
recognized. 

Pe r sonne l  Obso lescence  
Dr. Thomas Stelson, Head of the 

Department of Civil Engineering at 
Carnegie Institute of Technology, 
shows an educator's awareness of the 
impact of computers on the engi­
neering profession. In his article, 
Education for Oblivion," in the Ap­

ril 1961 issue of the Carnegie Alum­
nus, he states: 

"One aspect of engineering prac­
tice which has had a tremendous im­
pact on education and engineer ob­
solescence is the widespread use of 
high-speed electronic digital com­
puters. Broad areas of graphical and 
computational development have be­
come worthless overnight. Engineers, 
who for years developed their ability 

to handle these techniques, are now 
displaced by high-speed computers. 
Unless they have the capacity and in­
terest to grow in other directions, 
they are faced with the prospect of 
being obsolescent and of no real 
value to their employers or to 
society." 

Yet even this recognition of the 
changing pattern of engineering prac­
tice does not begin to delineate what 
to expect in the near future. Wher­
ever an engineer is now sitting at his 
desk and using a slide rule and desk 
calculator to compute fairly complex 
solutions to engineering problems 
that follow design paths controlled 
by standard specifications, design 
parameters or even assigned logical 
limits, it is only a question of time 
before most or all of his computations 
will be done by electronic computers. 

While computer operation has ad­
vanced rapidly in both theory and 
practice, an adequate realization of 
its tremendous range has come about 
only recently. In the beginning we 
treated the computer as a simple tool 
and wrote programs of limited scope 
for individual problems. As we be­

came increasingly aware of its tre­
mendous capabilities in contrast to 
the limited nature of our applications, 
we revised or rewrote the programs 
to encompass total solutions for any 
one type of problem. Further devel­
opment soon led to the incorpora­
tion of programs for individual prob­
lems into larger components so that 
an entire section of a design was han­
dled by one program. 

Pred ic t ions  and  Conc lus ions  
The very considerable growth in 

the application of computer tech­
niques to the solution of civil engi­
neering problems over the past five 
years leads one to anticipate an even 
more rapid expansion over the next 
five. This growth, however, will have 
more than a quantitative aspect. The 
successful application of electronic 
computers to the solution of even 
the most complex engineering prob­
lems must result in a comprehensive 
modification in the organization of 
the profession. To put it more suc-
cintly, automation may become as 
much a problem to professional en­
gineers as it has become to other 
members of our industrial society. 

Program libraries, when augment­
ed by the completion of studies now 
under way, will become the founda­
tion for a new field of "computer 
engineering." The engineer will no 
longer need to compute most of his 
routine problems and many of his 
complex ones. He will need only to 
state these problems, and then make 
use of the final answers. 

Tra in ing  in  "Compute r  
Eng inee r ing"  

For those of us who accept the 
premise that this new field of com­
puter engineering will develop rapid­
ly, certain conclusions become inevi­
table. Starting at the beginning with 
the student engineer, the colleges 
must bear the responsibility for ini­
tial training in computer engineer­
ing. They must teach the student 
not to fear the computer — as so 
many of our practicing engineers do 
todav — but to use it. The timid ap-

This timely topic of engineers versus computers was ana­

lyzed by the authors with special reference to civil engi­

neering, in a recent series of articles published in the 

journal Civil Engineering. The excerpts printed here, taken 

from the November 1961 and February 1962 issues, are 

hopefully oriented towards all aspects of engineering. 

COLORADO ENGINEER—March, 1962 



proach some colleges have adopted 
simply tends to equate the computer 
with the slide-rule. This is too limit­
ed. The student must be taught much 
more than the simple mechanism of 
operation. Every undergraduate en­
gineering student must be taught pro­
gramming methods. Every graduate 
engineering student must become fa­
miliar with the key programs that 
are vital to his specialty. He should 
become familiar with the key con­
cepts that have gone into the perfect­
ing of these programs, and the gen­
eral areas of their application. There 
should be no concern here as to any 
particular type of computer — the 
basic techniques are applicable to 
most. 

This responsibility for initial train­
ing may appear to place an undue 
burden on the colleges. But, if they 
can carry out this assignment satis­
factorily, the engineering profession 
will find itself, in a few short years, 
in an enviable position — it will be 
supplied with a suffiicent number of 
young engineers who are competent 
to bridge the gap between the past 
and the future. 

A Three -Pronged  Di lemma 
A critically serious problem of the 

immediate future concerns many 
highly trained practicing engineers 

who have spent years developing and 
refining complex design techniques 
only to find them outmoded by a 
machine. And while this burden of 
human obsolescence is piling up, how 
do we transmit the vast fund of en­
gineering know-how to the younger 
engineer with the computer acting 
as a road-block? This second prob­
lem may not seem of immediate ur­
gency but it can become among the 
most serious facing our profession. 
The professional societies can play a 
part by sponsoring discussions to 
seek answers for these two vital human 
problems. 

The last part of this three-phased 
dilemma concerns the consulting 
firm itself. A computer installation, 
in order to be economically feasible, 
must be kept in continuous operation, 
or as nearly so as possible. For a 
large firm with a sufficient work­
load, this presents no problem. But 
what of the smaller or average-sized 
firm? Unfortunately, the initial in­
vestment in buying equipment, train­
ing personnel and developing new 
programs presents a real financial 
burden to all but the largest firms. 

The answer for smaller firms must 
be found in another direction. One 
alternative is to combine financial, 
technical and mathematical abilities. 

Several smaller firms cotdd coopera­
tively organize to maintain a fully 
equipped computer center at a cost 
each could manage. If this is not 
feasible, another possibility for an in­
dividual firm would be to acknowl­
edge the future of computer engineer­
ing by training members of the staff 
so that they can supervise the process 
of obtaining service from existing 
computing centers for the firm's 
projects. 

As much as 35 per cent more tread 
wear can be expected from a new 
synthetic rubber derived from petro­
leum. For tires, the new synthetic is 
compounded with both natural and 
other synthetic rubbers. Tire mileage 
increase of 90 per cent reportedly is 
possible if a method can be devel­
oped to use the new man-made rub­
ber alone in tire treads. 

"Product Progress" 
CHEMICAL NEWS 

U. S. housewives spend some $100 
million a year on polish to keep 
floors at a high shine. Household 
purchases account for 85 per cent of 
the total polish market. 

Chemical Week 
McGraw-Hill Pub. 
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Kodak beyond the snapshot... 
(random notes) 

Deep in  l acquer  
That our name is never seen on a can 
of lacquer doesn't mean we aren't in 
it pretty deep. 

Our newest cellulose ester for the 
lacquer formulators has the butyryl-
ated, acetylated cellulose chains run­
ning much shorter than heretofore. 
This results in higher solubility, which 
means less solvent needed. It also 
means poorer film strength, but that's 
OK. A butylated urea-formaldehyde 
resin, included at the right proportions 
in the formulation along with the 
proper catalyst, will cross-link to the 
cellulose acetate butyrate during the 
drying of the coating. To provide a 
point of attachment on the cellulose 
chain, we restore one out of 12 of its 
hydroxyls. This condenses with the 
butoxy groups of the butylated urea-
formaldehyde polymer to split out 
butyl alcohol. 

Thus the short chains that are more 
soluble in the can become very much 
less soluble in the finish of a table on 
which some gay dog has set down the 
cup that cheers. No longer need a drop 
of lotion spilled on the dresser trouble 
the conscience of a good woman. 

In these days of epoxies, silicones, 
methacrylates, polyesters, etc., why do 
we monkey with cellulose? What a 
silly question! 

For one thing, we have shown how 
admixture of cellulose acetate butyrate 
can improve them all. 

For another, cellulose is by far the 
world's most abundant high polymer. 
It is formed by sunshine. 

The happy eye  

This is the Kodak Carousel projector. It 
projects slides. Carousels symbolize 
carefree abandon. Care lest slides jam 
can be abandoned. Gravity feeds them. 
Gentle gravity. Slides are automatically 
lifted back to 80-slide storage tray. 
Pushbuttons at end of long cord 
advance slides, reverse, even refocus. 
(Latter is largely for kicks. Slides get 
prewarmed not to pop out of focus.) 
See Kodak dealer for exact price. 

First, though, consider the picture 
below. It's an experimental viewing 
device. An image is projected on a 
translucent screen. No matter how 
sharp the original picture, the simple 
machinery behind the screen can 
always improve the sharpness. It inte­
grates out optical noise. It also makes 
the screen more pleasant to stare at. 
Some very purposeful staring is being 
done today. 

Our long research on human vision 
has more than happy-time slides 
in mind. 

Over lap  in  b lack  
What would you say to a photographic 
paper that comes out red or blue — 
depending on the color of the exposing 
light. 

red blue 

and black where they overlap ? 

We are currently advertising around in 
various technical journals like Geo­
physics, Materials Research and Standards, 
etc. to ask if anybody would be 
interested in buying some rolls of paper 
like that for experimentation. It might 
be useful in interpreting the readings 
of certain kinds of instruments. You 
never know till you ask. 

Note: Whether you work for us or 
not, photography in some form will 
probably have a part in your work as 
years go on. Now or later, feel free to 
ask for Kodak literature or help on 
anything photographic. 

CELLULOSE TECHNOLOGY NEEDS 
GOOD PEOPLE 

From zoom cameras to zein, plen 
of lively careers are to be made wii 
Kodak in research, engineerin 
production, marketing. Addres 

VISUAL ENGINEERING NEEDS 
GOOD PEOPLE 

EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 

TRADEMARK 

MATCHING PRODUCTS TO CUSTOMERS TAKES 
GOOD PEOPLE 



One o f  a  s e r i e s  .  .  .  

Interview with GeneraI Electric's Dr. J. H. Hollomon 
Manager—General Engineering Laboratory 

Society Has New Needs 
and Wants—Plan Your 
Career Accordingly 
DR. HOLLOMON is responsible for General Electric's centralized, advanced engineering 
activities. He is also an adjunct professor of metallurgy at RPI, serves in advisory posts 
for four universities, and is a member of the Technical Assistance panel of President 
Kennedy's Scientific Advisory Committee. Long interested in emphasizing new areas of oppor­
tunity for engineers and scientists, the following highlights some of Dr. Hollomon's opinions. 

Q. Dr. Hollomon, what characterizes 
the new needs and wants of society? 
A. There are four significant changes 
in recent times that characterize these 
needs and wants. 
1. The increases in the number of 
people who live in cities: the accom­
panying need is for adequate control 
of air pollution, elimination of trans­
portation bottlenecks, slum clearance, 
and adequate water resources. 
2. The shift in our economy from agri­
culture and manufacturing to "serv­
ices": today less than half our working 
population produces the food and goods 
for the remainder. Education, health, 
and recreation are new needs. They 
require a new information technology 
to eliminate the drudgery of routine 
mental tasks as our electrical tech­
nology eliminated routine physical 
drudgery. 
3. The continued need for national 
defense and for arms reduction: the 
majority of our technical resources 
is concerned with research and devel­
opment for military purposes. But 
increasingly, we must look to new tech­
nical means for detection and control. 
4. The arising expectations of the peo­
ples of the newly developing nations: 
here the "haves" of our society must 
provide the industry and the tools for the 
"have-nots" of the new countries if they 
are to share the advantages of mod­
ern technology. It is now clearly recog­
nized by all that Western technology is 
capable of furnishing the material 
goods of modern life to the billions 
of people of the world rather than 
only to the millions in the West. 

We see in these new wants, prospects 
for General Electric's future growth 
and contribution. 

Q. Could you give us some examples? 
A. We are investigating techniques for 
the control and measurement of air and 
water pollution which will be appli­
cable not only to cities, but to individual 
households. We have developed, for 

example, new methods of purifying 
salt water and specific techniques for 
determining impurities in polluted air. 
General Electric is increasing its inter­
national business by furnishing power 
generating and transportation equip­
ment for Africa, South America, and 
Southern Asia. 

We are looking for other products 
that would be helpful to these areas to 
develop their economy and to improve 
their way of life. We can develop new 
information systems, new ways of stor­
ing and retrieving information, or 
handling it in computers. We can 
design new devices that do some of the 
thinking functions of men, that will 
make education more effective and per­
haps contribute substantially to reducing 
the cost of medical treatment. We can 
design new devices for more efficient 
"paper handling" in the service 
industries. 

Q. If I want to be a part of this new 
activity, how should I plan my career? 
A. First of all, recognize that the 
meeting of needs and wants of society 
with products and services is most 
important and satisfying work. Today 
this activity requires not only knowl­
edge of science and technology but 
also of economics, sociology and the 
best of the past as learned from the 
liberal arts. To do the engineering 
involved requires, at least for young 
men, the most varied experience possi­
ble. This means working at a number 
of different jobs involving different 
science and technology and different 
products. This kind of experience for 
engineers is one of the best means of 
learning how to conceive and design 
—how to be able to meet the changing 
requirements of the times. 

For scientists, look to those new fields 
in biology, biophysics, information, and 
power generation that afford the most 
challenge in understanding the world 
in which we live. 

But above all else, the science explo­
sion of the last several decades means 
that the tools you will use as an engi­
neer or as a scientist and the knowledge 
involved will change during your life­
time. Thus, you must be in a position 
to continue your education, either on 
your own or in courses at universities 
or in special courses sponsored by 
the company for which you work. 

Q. Does General Electric offer these 
advantages to a young scientist or 
engineer? 
A. General Electric is a large diver­
sified company in which young men 
have the opportunity of working on a 
variety of problems with experienced 
people at the forefront of science and 
technology. There are a number of 
laboratories where research and ad­
vanced development is and has been 
traditional. The Company offers incen­
tives for graduate studies, as well as 
a number of educational programs 
with expert and experienced teachers. 
Talk to your placement officers and 
members of your faculty. I hope you 
will plan to meet our representative 
when he visits the campus. 

A recent address by Dr. Hollomon 
entitled "Engineering's Great Challenge 
— the 1960's," will be of interest to 
most Juniors, Seniors, and Graduate 
Students. It's available by addressing 
your request to: Dr. J. H. Hollomon, 
Section 699-2, General Electric Com­
pany, Schenectady 5, N.Y. 

G E N E R A L  ®  E L E C T R I C  
All applicants will receive consideration for employment 

without regard to race, creed, color, or national origin. 


