




Research chemist with a mission! He's changing the atomic arrangement of a 
complex molecular structure. Objective: create an entirely new material with new 
properties. Application: an improved adhesive for bonding metals together. 
He's one of more than 400 graduate engineers and scientists a t  the General Motors 
Research Laboratories, Detroit, who devote full time to pure and applied research 
. . . seeking new information, new and better ways of using existing knowledge. 
Their work is not confined to discovering new products for GM or improving present 
products. A good share of their time and talent is aimed at  answering basic questions. 
How do metals wear out? What factors govern the properties of semiconductors? 
Why is one lubricant better than another? To make the unknown known in the 
sciences of physics, chemistry, mathematics, mechanical engineering, metallurgy 
and electronics - that's the continuing a irn of the General Motors research team. 
GM's vitality is people-more than 600,000 employes, thousands of dealers and 
suppliers and over a million shareholders. Today and in the future . . . the basic 
essential of GM is people. 

IS PEOPLE . . . 



This 600 horsepower turboprop engine is designed to power the new generation of light, fixed wing 
aircraft for both civil and military applications. * The Garrett-AiResearch TPE-331 has a specific 

fuel consumption of .62 pound per shaft horsepower-hour, and a weight to power ratio of .45 pound per 
horsepower. The engine has a response rate from flight idle to full power of approximately 113 of 

a second. A military version has been designated the T76 by the U.S. Navy. e Designed specifically as a 
prime power plant, the model 331 is backed by the company's experience in producing over 10,000 gas 

turbine engines. e The Model 331 engine is programmed for additional performance growth. The turboshaft 

version (TSE-331) has been flight tested as a power plant in rotary wing and vertica 

For further information about many interesting project areas and career 
opportunities at The Garrett Corporation, write to M r .  G. D, Bradley at 
9851 S,  SepulvedaBlvd., Los Angeles. Garrett is an equalopportunityemployer. 

Phoenix Los Angeles 



On Our Cover 
Frank Press, professor of geophy sics, 
and director of Caltech's Seismologi- 
cal Laboratory, examines one of the 
first seismograms of the great Alaskan 
earthquake on March 27. 

After any large earthquake the 
Seismological Laboratory goes on an 
emergency basis. The staff comes in 
to work as soon as news of the earth- 
quake reaches them - some going on 
telephone duty, while others develop 
and study seismograms. 

One of the first on hand is usually 
C. F. Richter, professor of seismology 
and developer of the Richter earth- 
quake magnitude scale. On March 27 
he arrived at the Laboratory shortly 
after the initial shock of the Alaskan 
quake was recorded on the instni- 
ment he keeps in his living room. 

On page 7 he  describes the hectic 
activity of the days that followed. 

Norman El. Brooks, 
professor of civil engineering, in 
"Hidden Flow Patterns in Reservoirs" 
(page 12) tells how future engineers 
will be able to remove water selec- 
tively from reservoirs by merely tap- 
ping the desired layer. Thus, water 
can be chosen for its mineral con- 
tent and temperature. Although pio- 
neering studies of stratification date 
back more than 20 years, engineers 
have only recently found how to 
draw off single layers as desired. 

Dr. Brooks has been a member of 
the Caltech faculty since 1954, when 
he  received his PhD here. 

Illustrations: 
Cover, 7-11 (top),  15, 16 - James 

McClanahan, Graphic Arts Facili- 
ties. 

11 (bottom ) -Clarence Allen 
13-Carl T. Eastvedt 
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ng to catch t 

forget it! 

The engineering opportunity 
that's really worthwhile 
can never offer you 
a "free ride". 

The basic rules still apply: 
A successful career . . . 
your personal growth and achievement . . . 
depends on 
your talents and abilities 
and on the way 
a good company 
utilizes these assets. 

Sikorsky VTOL aircraft 
are amply demonstrating 
our capacity 
for applying engineering talent 
to solid, long-range goals. 

Today, we are producing 
the most versatile airborne vehicles 
in the world. 
As for tomorrow- 
can you meet the challenge @four 
continuing technological advancements? 

Career potential with Sikorsky is further enhanced by our corporation-financed 
Graduate Education Program. Please consult your Placement Office for cam- 
pus interview dates-or-write to Mr. Leo J.  S/zalvoy, Engineering Personnel. 

t DIVISION OF UNITED RAFT CORPORATION 

STRATFORD, CONNCCTtCUT An Equal Opportunity Employer 

ENGINEERING AVD SCIENCE 
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! At the 1963 stockho~ders9 meeting9 Arjay R. Miller, Preside~t of 
Ford Motor Companyt emphasize Company's far-sighted recruit- 

ment program and its accent on d ping management talent : 
"Obviously, our long-run future will be determined by the develop- 

ment of our management. Here, every one of us-at all levels of 
supervision-recognizes this as  his most important function. Since 1946, 

the Company has recruited widely varied talent-talent that-can be 
blended to give us the required combination of tight administration and 

"Under a carefully conceived management development program, we try to  
recruit the best personnel available, both in training and experience. Once we 

get them, we have a program for giving them varied opportunities and increasing 
responsibility. This program is in force in all parts of the Company-in manufactur- 

ing* finance, styling, engineering and marketing. 
"The program is 6aying off. We have developed a real depth of management talent 

in the Company, and we are dedicated to seeing i t  continued and reinforced. Because 
of this, 1 feel not only very fortunate in being associated with this management UNCTION/ 

group, but also very confident of its long-run success. We know our goals and how to 
achieve them." 

M O T O R  C O M P A N Y  
The American Road, Dearborn, Michigan 



goes to work on 

My wife at first was very du ious al~out having 
a seismograph insta in the living room. It 
seemed rather a bru coarse intrusion among 

er neat furnishings* She soon found that all her 
friends found it interesting and exciting, a perfect 
conversation piece. Now she could hardly be 
separated from it. 

The installation has een a timesaver during 
real emergencies and false alarms. 1 make a habit 
of c l ~ e c k i ~ ~ g  it frecpently, always expecting the un- 
expected. 

011 the evening of Friday, hfarcll 27, l interrupt- 
ed a broadcast concert. 

"There's a great earthquake recording." 
epily ) 'Where is it?" 
d, was indeed the questioxl. 1 

went on studying the seis~~~ugram, which was still 
making large swings as late waves arrived over 
long paths. 

1964 

The record of a very large earthquake is often 
particularly hard to interpret because of the tang- 
ling of successive recording lines and the tendency 
of equip~xent to overload or drive the writing 
point off the paper. Before long I was fairly sure 
that the dista~lce was moderate, of the order of 
two or three tllousand miles. The magnitude, cer- 
tainly, was high. 

The co~lcert ended. At this point I found that 
somellow the telephone unit had 
hook, I put it in place, and almost at once got a 
ring. 

It was Mr. Corcoran of the UPI, with early 
news of t l ~ e  Alaskan earthpake. 1 was able to con- 
firm that it was a great and pro 
event, and to give a minimum magnitude of 8. 

It  seemed wise in so important a case to go to 
t l ~ e  Laboratory, where more recording instruments 
and more information were available, While driv- 



ing the short distance (three miles ) 1 was a little 
startled to hear myself already being qtloted 013 

the air ( correctly ) . 
Mr. Nordquist was already at the Laboratory; he 

had been calle by the official sea warning ser- 
vice, and had alre reported back to its Hono- 
lulu headquarters. The additional instrumelits 
gave little further information; those available at 
such hours for emergency use (writing in ink) 
have magnifications in the moderate range7 and 
were overloadedy like my seismograph at home. 
Better information would have to wait until next 
day7 when the regular seismograms7 which are re- 
corded photographically, would be unloaded from 
the drums and developed. 

Most of this time the Laboratory telephones had 
been ringing; but since it was impossible to answer 
them without dropp g the work on the records7 

be given out anyway, we 

aftershocks which followed 
the main event gave useful details. Finally, 1 
called in to the principal press services and news- 
papers7 giving our time of recording and the same 
magnitude estimate of 8 or over. It chanced that 
my call was the first notice of the event to reach 
the Pasadena newspaper oEces; the next regular 
edition being Saturday afternoon> they were on 
off-hours, and grateful for the alert. 

1 returned home, determined to get a sound 
night's rest; but at times during the night 1 re- 
ceived the radio news7 noting the progress of the 
sea wave and the disaster at Crescent City. 

Certain oddities and mistlnderstandings in the 
early news deserve notice. Among these are wrong 
guesses about the epicenter of the earthquake, or 
the fault on whic it may have originated. News- 
men are very pressing for such statements im- 
mediately after the event; it is hard to explain to 
them that there simply isn't sufficient information 
for even a guess. Some seismologists allow them- 
selves to be wheedled into guessing7 
the guesses are circulated as definite 
tions. 

This is probabiy the explanation of the frequent 
press mentiori o weather fadt,  a great 
feature of south a which probably had 
nothing to do with this earthquake. Still more, 
obvious was the report of "location" of the epi 
ter at Yakutat Bay, where a great earthquake 
occur in 1899. There as also the report that a 
seismologist had plac the origin of this earth- 

e at a depth of 186 miles (3Ml kilometers, iri 
you're wondering ) . How, one wonders-con- 

ewe of origin near the stir- 

One of the first seismograrr~ of the A h k a n  earth- 
quake. The single line at the bottom of the seismo- 
gram shows the normal motion of the earth, whicI2 
gives way to a swlden violent earthquake. 

face? It is, indeed, a matter for r 
bably a strong wave on the seisrmgr 
ing an echo from the surface of the earth's core7 
was misidentified as an echo from the surface of 
the earth itself, which would mean that the riot 

pretty far down. 
there were those "my rious" waves along 

siam in the first 
ave had reached 

ere seiches - oscilla- 
e Gulf Coast, set up 

by resollance with the great seismic surface wa~~es,  
traveling out from the source at speeds of two or 
three miles per second, with periods from fifteen 
or twenty seconds up to two minutes, correspond- 
ingly eiioi-mom waveleng s, and amplit~ldes of 

es ) at varioi-1s points, 
rn~r~~hex- Lf recordix~g 
xnd an amplitude in 



the 20-secold periods of over a ce~~ti~l~etel- ,  mak- 
ing the fxill range ( or double a~uplitude) al~otlt an 
i11ch; 1x1 the longer-period waves the a~nplitudes 
were still larger. 

Seicbes were probably started lxei-e and there 
all over North A~nerica. There were imnierous ac- 
counts of oscillatiolis ~ I I  ponds and swiinnling 
pools. A correspolile~lt sent me a clippi~~g froin 
the Louisville Cut~ier-]ourrtul,  detaili~ig the local 
nlystificatio~l over the oscillatio~~ of two lakes ill 
Ke~it~~cky.  The seiclle in Lake Washingto11 at 
Seattle was observed by 111any persons, a id  
recog~lized as due to the earthquake, since it coin- 
cided i i ~  time with other efkcts like the swayi~lg 
of chai~deliers~ a11d occurred while first reports 
frulil Alaska were a~x-ivi~ig. Well recorders I ~ L I S ~  

also have run wild allnost everywhere, but o111y a 
few reports of the kind have as yet come to my at- 
tention. 

011 Saturday7 wit11 Dr. Stewart Slnith holdi11g 
off press represei~tatives and other visitors, 1 wei~t 
to work on the photographically recorded seis~no- 
grams, with the res~llts 0x1 a~nplittde already 111en- 
tio~led. These, plus coi1lparison of the 1nai11 shock 

with aftersllocks, Ied to a ~nagnitude at first con- 
servatively stated as 8.2, hut revised to 8.4 later. 

At this time 1 was very glad to see Mr. Grahan 
Berry of our News B~sreau~ sixice 1 had a very de- 
licate pxiblem. The aftershocks, to that point, 
11adn't been large enc~ugh. "l35thYs law" requires 
that a11 8.4 earthquake sllould l~ave at least one 7.2 
aftershock. (Even the latest large aftershock, April 

o ha\-e exceeded 6.7. Is a larger one 

Nothing u~ould be easier tl1an to r 
gerous alar111. Headli~ws ANOTHER 
EXPECTED could disturb people and 
lay needed relief work. Yet some warning seeme 
called for. We decided to pois~t out that the after- 
shocks to date had bee11 smaller than usual for s 
large a main shock, adding that no later shoe 
would be expected to approach the main one in 
n~ag~litude ( also a slightly risky statement, since 
~~~iexpected large later shocks do happen ) . 

Sunday at the Laboratory was mercifully quieter, 
and 1 could settle down in peace to getting the re- 
corded times of t11e aftershocks. Fur the first three 
bottrs these was a hopeless tangle of small shocks 

Stewart W. Smith, 
assistan,t professor of 
geophysics7 examines a 
record of the 
Llluskan earthquake 
taken from an 
experimental7 long- 
period seismograph that 
he is developing. 

his instrument difers 
from other seismometers 
in that it is especially 
designed for the 
very long- period 
uibrations of the earth9 
which can be likened 
to the ringing of a 
bell. I t  records directly 
on a m-agfietlc tape 
that can be processed 
by a digital computer, 
where a type of 
spectrographic analysis 
is done that separates 
the uarious "tones" 
of the uibrating earth. 
This experirnerttal 
imtratnent was put into 



In the measuring 
room of the Laboratory, 

Charles F .  Richter 
studies a seismogram 

of a 24-hour period 
including the main 

Alaskan quake. Here, 
seismograms from 

the 16 outside 
stations maintained by 

Caltech, and those from 
many other countries, 

are measured for 
intensities and timing 

of quakes. This 
seismogram was 

recorded with the 
east-west instrument at 

Goldstone, California. 

superposed on the large waves of the main eartli- 
quake; but in the following ten hours about 50 
shocks of all sizes were measurable. (Still more, of 
course, were found later on the records of our 
more sensitive outpost stations.) We wished to get 
these data to the U. S. Coast and Geodetic Survey 
center at Washington as promptly as possible, 
since the location of epicenters of these small 
shocks casts-much light on the main event. 

Monday was as turbulent as might be expected. 
On this and the next day I spent more than half 
my time on the telephone. Most of this was legiti- 
mate exchange of information with the press and 
official sources; some of it was most unnecessary - 
free lance feature writers trying to intrude and 
snatch material; cranks; and news sources insisting 
on repetition of material already issued and in 
general circulation. 

The office at Washington was most efficient and 
effective. Late in the day we egan to get pre- 
liminary epicentral locations and other informa- 
tion. The main earthquake had centered near the 
coast between Anchorage and Valdez; epicenters 
of aftershocks were in a band extending offshore 
to the vicinity of Kodiak Island. This band pre- 
sumably outlines the extent of faulting in the main 
event. An earthquake next day, off the British 
Columbia coast, was apparently independent. 

News pictures in. the daily press, showing effects 
at Anchorage, confirmed previous suspicion that 

1 

the spectacular breaks in the ground do not repre- 
sent faulting. They are the result of slumping, or 
rather of lateral lurching, in the loose ground of a 
terrace, under the shaking of the seismic waves 
from the earthquake source, which was about 60 
miles distant. 

Journalistic interest in the large oscillations of 
the whole earth "ringing like a bell" - to use the 
phrase which has been stuck on it - was a blessing 
to me, since it diverted attention to Dr. Press, Dr. 
Stewart Smith, and others concerned in that 
work. 

Ail unmitigated curse were the calls which be- 
gan, "We hear continuous rumors that this earth- 
quake is going to touch one off on the Sail Andreas 
fault . . ." Perhaps this scare started spontaneously, 
but it seems to have been kept alive by news 
sources repeated y badgering busy scientific men 
for denials. One of the best ways to lay ground for 
a panic is to keep broadcasting "There is no cause 
for alarm, there is no cause . . . "  instead of 
merely reassuring individual Nervous Nellies and 
keeping the scare quiet. 

I t  should lie said that the general level of re- 
porting on this occasion is a credit to the press. In- 
formation was factual, even when the facts were 
incompletely understood. Rumors were not exten- 
sively circulated. Lack of information from the 
most seriously affected area was emphasized, and 

rawing conclusions was evident. 



C.  F .  Richter (right), at a press conference with Clarence Alien, associate professor 
of geology and geophysics; and Frank Press, director of the Seismological Laboratory, 
who report on studies of the Alaskan eurthquake nude in a flying visit to the area in 
early April. In. Alaska, the men installed special seismological Stations to facilitate 
location of the aftershocks, so that eventiiallg it will be possible to m a p  the fault 
tJmt was responsible for the main quake. 

Much of the damage in the Alaskan earthquake seems to have been caused by sliding earth, rather than shaking 
- as in the Turnagain area of Anchorage shown here. 



Research in Progress 

HIDDEN FL PATTER 

IN RESERVOIRS 

h?y Norman H .  Brooks 

The fluids around us - water and air - are 
almost always stratified according to their density. 
For many ordinary engineering problems dealing 
with strong motions on a relatively small scale 
(such as flow of water in a pipe, or the flow of 
air around the wing of an airplane) we may easily 
neglect the density stratification; the ordinary me- 
chanics of homogeneous fluids apply. But when 
we consider weak motions in large bodies of fluid, 
the slight variation in fluid weight with depth 
i' due to gradients of temperature or salinity j may 
profoundly alter the fluid motion. 

When the density increases with increasing 
depth in a reservoir, or in the ocean, the stratifi- 
cation is stable; each parcel of fluid has its own 
position of stable equilibrium, and work is re- 
quired to displace it either up or down. By con- 
trast, in a homogeneous tankful of fluid no work 
is required to push a parcel of fluid from bottom 
to top because an equal and opposite displace- 
ment is induced. All water in a homogeneous body 
has equal potential energy or piezometric head, 
whereas density-stratified water does not. 

Density stratification is found in most large 
man-made reservoirs, such as Lake Mead behind 
Hoover Dam. Two basic flow problems of interest 
to civil engineers are: (1) What happens to the 
river water entering the reservoir? ( 2 )  What hap- 
pens when water is withdrawn through outlets 
in the dam? 

It  has been found that river inflow is usually 
slightly denser than reservoir water because of its 
sediment load and colder temperature. Within a 
few years after the closure of Hoover Dam. a 
huge. submerged pool of muddy river water was 

found adjacent to the dam, proving that there 
was a definite current of this heavier river water 
along the bottom of the reservoir for 120 miles, 
from the river mouth to the dam. 

A pioneering laboratory study of density cur- 
rents at Caltech 25 years ago helped to clarify 
this phenomenon, and demonstrated many inter- 
esting features of these submerged underflows 
which are called density currents by the engineers, 
and turbidity currents by geologists. Because of 
the slight density difference between the under- 
flow and the reservoir, the downward slope of the 
reservoir bottom provides the force to keep the 
current going, while vertical mixing between the 
layers is retarded by the stratification. 

Density currents are to be found in many places. 
Surely you have felt the density current on your 
bare feet when you opened the refrigerator? And1 
there are many examples in the atmosphere 
and the ocean. Geologists debate the question of 
whether turbidity currents are a major factor in 
the submarine movements of sediment or not. 

The question of what happens when water is 
drawn from a reservoir is the subject of intensive 
research in the W. M. Keck Laboratory of Hy- 
draulics and Water Resources at Caltech. In re- 
cent years it has been found at Grand Coulee 
Dam that the temperature of the Columbia River 
downstream of the dam could he partially con- 
trolled by selecting the level from which water 
was withdrawn from the lake - the coldest water 
coming from the deepest outlets. 

Temperature control is import ail t when the 
water is used for cooling, as it is at the atomic 
energy facilities in Han ford, Washington. Water 
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trates selective toithrIrawal o er of water in a simulated reservoir. h e  makes flow 
pattern visible; distortion of vertical lines shows which ffiiyer of water is being drawn out of the outlet at left. 

can be withdrawn selectively from a stratified 
reservoir almost like pulling individual sheets out  
of a pile of papers. Layers of water above and 
below the level of the outlet may hardly be dis- 
turbed; their vertical motion is inhibited by the 
density difference. 

Selective withdrawal in the future may well be- 
come a very important tool in the management of 
water quality of rivers. Water with excessive dis- 
solved salts may be released at  times when it is 
needed only for power or navigation, but not for 
irrigation or municipal use. In the future, water 
inventories in water-scarce areas like the Pacific 
Southwest may well list the contents of a reser- 
voir not only by the total volume but by subtotals 
according to quality. 

In the Keck Laboratory, precise quantitative 
measurements of the flow in the withdrawal layer 
have been made by Dr. Robert C .  Y. Koh, re- 
search fellow in engineering. In a Incite tank 15 
inches deep and 8 feet long (above) he simulated 
a reservoir with a uniform density gradient. Thir- 
teen layers of water of successively decreasing 
salt content were added very slowly in a day-long 
filling operation for each experiment. After another 
12-hour wait, diffusion would blend the individual 
layers together to produce a uniform density 
gradient. For the experiment shown above, the 
density gradient was 0. 3 percent per centimeter 
or 1.2 percent increase rom top to bottom. 

To make the flo ern visible Koh dropped 
which left vertical dye 
ntal displacement was 
of the dye lines, and 
by comparing photo- 

graphic images taken at known time intervals. 
For his doctoral thesis Koh was also success- 

fill in finding an analytical solution for the case 
of very low velocity, based on the viscous bounda- 
ry layer equations and the diffusion equation for 
salt ( or heat ) . The experiments agreed very close- 
ly with the theory for the experiments at the 
lowest velocities, but started to deviate, as ex- 
pected, for the higher velocities. 

So the question remains as to how well small 
scale laboratory results can be transferred to the 
prototype. 

However, Dr. Timothy Kao, Caltech research 
fellow in engineering, solved the problem in his 
doctoral thesis at the University of Michigan in 
1963, by using the Euler equations and neglecting 
viscous resistance and diffusion. In contrast to 
Koh's theory, his solution is restricted to relatively 
large velocities. The real reservoir case probably 
falls in between these two known theoretical so- 
111 tions. 

Work at the present time is aimed at develop- 
ing some approximate theories in this in-between 
range, and making some experiments on a larger 
scale. In the meantime, various agencies are at- 
tempting to make better field measurements. The 
work at Caltech is supported by a three-year grant 
from the National Institutes of Health, U.S. Public 
Health Service. 

These new findings will enable civil engineers, 
for the first time, to make approximate predictions 
of flow patterns for selective withdrawal, and to 
design into new dams appropriate outlets for man- 
agement of the quality of water discharged 
through them. 
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The 1 
Honors and Awards 

Don L. Anderson, assistant professor of geo- 
physics, and Steven C. Frautschi, assistant pro- 
fessor of theoretical physics, have received unre- 
stricted basic research grants from the Alfred P. 
Sloan Foundation. 

Dr. Anderson, who received his MS in 1959 and 
his PhD in 1962 from Caltech, plans to use hi:. 
grant to carry on investigations of the elastic and 
non-elastic properties of the earth mantle, and to 
make an interpretation of wave lengths and free 
oscillation caused by large earthquakes. 

Dr. Frautschi, who has been at Caltech since 
1962, will continue his research on the powerful 
forces -- which bind strongly interacting particles 
such as neutrons, protons, and mesons together. 

John D. Roberts, professor of organic chemistry 
and chairman of the division o chemistry and 
chemical engineering, receive an honorary doctor 
of science degree from Temple University in 
Philadelphia on March 21. 

Pol Duwez, professor of materials science, and 
Ronald H. Willens, assistant professor of materials 
science, are co-recipients of the 1964 Champion H. 
Mathewson -Gold Medal of the American Institute 
of Mining, Metal and Petroleum Engineers, 

paper on their development of entirely new 
alloys by a unique rapid cooling process. 

r. Willens, a former graduate student of Dr. 
uwez', received his BS in 1953, his MS in 1954, 

and his PhD in 1961 from Caltech. 

Leader of America 

ins, executive secretary of the National 
Association for the Advancement of Colored 
People, will be on the Caltech campus April 22 
and 23 as the third and last YMCA Leader of 
America for 1963-64. 

Mr. Wilkins, the grandson of a Mississippi slave, 
was born in St. Louis in 1901. While still in col- 
lege, he served as secretary for the local chapter 
of the NAACP in St. Paul, Minn. In 1923 he 
received his AB from the University of Minnesota 
and immediately went to work on the Kansas City, 
Mo., Call, a leading Negro weekly. After eight 

years as a newspaperman, e joined the admini- 
strative staff of the national NAACP. From 1934 to 
1949, he served as editor of its official magazine, 
The Crisis. He was unanimously elected executive 
secretary of the organization. in 

Arthur H .  Young 

Arthur H. Young, emeritus lecturer in industrial 
relations, died on March 4 in a Santa 
pital. He was 81 years old. A pionee 
of management-labor relations, he w 
founders of the Institutes Indust 
Center in 1939, and served on the Caltech faculty 
from 1939 to 1952. 

Born in Joliet, Illinois, Young worked in steel 
mills as a young man, and was vice president of 
US. Steel from 1934 to 1937. 

He was chief safety expert of the U.S. Employ- 
ees Compensation Commission, managed indus- 
trial relations the International Harvester 
Company, estab ed and directed Industrial Re- 
lations, Inc., from 1924 to 1934, was consultant to 
the International Labour Organization in Geneva, 
and was a member of the New York State advisory 
committee on employment. 

In the first world war he serve as chief safety 
y yards, and in World 

War II he wa t to the Secretary of 
War and a civilian member of the Navy Man- 
power Survey Board. He was awarded the Navy's 
Meritorious Civilian Service Emb 

When Mr. Young became lecturer emeritus in 
industrial relations in 1952, some of his friends 

associates estab ished the Arthur H. Young 
Fund in Industrial Relations. The income from 
this fund is used for the support and maintenance 

the Arthur H. Young Visiting Lecturer in In- 
dustrial Relations. 

Mr. Young is survived by his wife, three chil- 
dren, nine grandchildren, and ve great grand- 
children. 

Two Caltech profess 
heim Fellowship A 
Silver, associate professor of geol 
dore Y. Wu, professor of applied mechanics. 



aÃ§?soCiat professor 
of geology. , 

r. Silver will continue his studies of the history 
and age of the earth by analyzing the uranium 
and lead isotopes of ancient crystalline rocks in 
Norwegian and Swedish fjords. He has already 

ade extensive investigations of the Grenville 
recambrian belt - a broad zone of rocks, ex- 

tending from the San Gabriel Mountains in 
southern California to the Northeastern United 
States, which formed more than 1100 million 
years ago. These rocks represent some of the 
roots of a great mountain chain which ran for 
4,000 miles across the American continent. Re- 
cent petrological and geochronological studies in- 
dicate rocks of similar character and approxi- 
mately the same age in southern Norway and 
Sweden. After study and field work in Europe, 

Dr. Silver will continue his investigations of the 
isotopic content of the rocks by chemistry tech- 
niques in the Caltech laboratories. 

Dr. Wu will carry out studies of hydrodynan~ics 
of free surface flows at the University of Hani- 
burg in Germany, and at several other universities 
in Europe. 

This particular field of hydrodynamics has been 
developing rapidly in recent years, spreading into 
such fields as geophysical and biophysical fluid 
mechanics. I t  is concerned with water waves, 
cavity flows, jets, wakes, and stratified flows in 
meteorology and oceanography. Dr. Wu will study 
the viscous effects on cavity and wake flows, and 
the interaction between gravity waves and boun- 
clary layers. 

Thodo4 
profess0 
applied 

re Y .  Wu, 
r of 
mechanics. 



Astronomers iderttify un object in space 
that is farther away from us, and moving fiister, titan anything yet observed. 

An astronomer and a radio astronomer at Cal- 
tech have just identified an object in space that 
is farther away from us, and moving faster, than 
anything ever observed before. This object is also 
far brighter than any light source yet seen. It 
emits some 100 times more light than an entire 
galaxy of 100 billion stars. 

The object, catalogued as 3C-147, was located 
by Thomas Matthews, senior research fellow in 
radio astronomy, from observations made with the 
twin 90-foot dishes of the Caltech Radio Observa- 
tory. The recession rate was then measured by 
Maarten Schmidt, associate professor of astronomy 
and staff member of the Mount Wilson and Palo- 
mar Observatories, using the 200-inch Palomar 
telescope. He found that 3C-147 has an apparent 
velocity of 76,000 miles a second - almost half 
the speed of light. It is so far away that its exact 
distance cannot be given at present. 

For the past 35 years, astronomers have meas- 
ured the conlposition of an object by analyzing 
the spectrum of its light. In a spectrogram, light 

it into its different wave lengths in the same 
way that a prism separates colors. Each chemical 
element emits its own characteristic pattern of 
lines. These lines form the spectrum and are the 
fingerprints that denote the presence of various 
elements in the object's atmosphere. 

The wave lengths the lines of each chemical 
element are known. wever, if an object is mov- 
ing away from us, the lines in its spectrum are 
shifted to longer wave lengths, toward the red. 
In 3C-147, the lines were to be shifted to 
wave lengths 54% percent r than the wave 
lengths observed in the laboratory. This large red 
shift corresponds to an apparent velocity of 76,000 
miles per second. 

3C-147 is one of the recently discovere 
stellar radio sources." These objects wer 
ticed in 1960 because they were emitting strong 
radio noise. At first they were believed to be or- 
dinary stars in our own galaxy. On photographic 
plates they look like stars, producing very bright 
images with sharp edges, whereas g 
to show up in photographs as smears 

ut the large red shit 
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these objects show that they are enormously bright 
objects, billions of light years away. They could 
lie the nuclei of exploding galaxies, or they could 
even be objects in intergalactic space never seen 
before. Apparently they are undergoing titanic 
explosions, because they radiate enormous amounts 
of energy both as light and as radio waves. 

Dr. Matthews estimates that perhaps a quarter 
of the thousands of radio sources in the universe 
are these star-like objects. To date, hardly more 
than a dozen have been found. 

Before the discovery of these new objects, it 
was thought that the big 200-inch telescope at 
Palomar, which was designed for the study of the 
size of the universe, had reached as far into space 
as it was capable of doing. But these new objects 
are so very luminous that they enable the telescope 
to observe much farther out. 

If the red shifts can now be determine 
enough of these very distant objects, a true model 
of the universe may eventually be constructed. 

Radio astronomer Thomas A. Mat- 
thews and astronomer Maarten Schmidt. 



ing it at 
Ohio University conferred a B.S.E.E. degree on C. T. 
Huck in 1956. Tom knew of Western Electric's history 
of manufacturing development. He realized, too, that 
our personnel development program was expanding 
to meet tomorrow's demands. 

After graduation, Tom immediately began to work 
on the development of electronic switching systems. 
Then, in 1958, Tom went to the Bell Telephone Lab- 
oratories on a temporary assignment to help in the 
advancement of our national military capabilities. At 
their Whippany, New Jersey, labs, Tom worked with 
the Western Electric development team on computer 
circuitry for the Nike Zeus guidance system. Tom then 
moved on to a new assignment at WE1s Columbus, 
Ohio, Works. There, Tom is working on the develop- 
ment of testing circuitry for the memory phase of elec- 
tronic switching systems. 

Western Electric 
This constant challenge of the totally new, com- 

bined with advanced training and education opportu- 
nities, makes a Western Electric career enjoyable, 
st imulating and frui t fu l .  Thousands of young men 
will realize this in the next few years. How about you? 

If responsibility and the challenge of the futur 
peal to you, and you have the qualifications we seek, 
talk with us. Opportunities for fast-moving careers 
exist now for electrical, mechanical and industrial 
engineers, and also for physical science, liberal arts 
and business majors. For more detailed information, 
get your copy of the Western Electric Career Oppor- 
tunities booklet from your Placement Officer. Or write 
Western Electric Company, Room 6405, 222 Broad- 
way, New York 38, N. Y. And be sure to arrange for 
a personal interview when the Bell System recruiting 
team visits your campus. 

MANUFACTURING AND SUPPLY UNIT OF THE BELL  SYSTEM 

AN EQUAL OPPORTUNITY EMPLOYER 

Principal manufacturing locations in 1 3  cities Operating centers in many of these same i-ities plus 36 others throughout the U. S. Engineering Research 
3entcr, Princeton, New Jersey Fe le ty~e  Cor~ora t ion ,  Skokie, Illinois. Litt le Rock, Arkansas General headquarters, 195 Broadway, New York 7, New York 
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Twenty-Seventh Annual Alumni Seminar 
Saturday, May 2nd, WGh 

Dinner and Evening Programs 
Huntington-Sheratot~ Hotel, Pasadena 

THE LITTLE RED SCHOOLHOUSE STILL HAUNTS US - M r s .  GeorgUJLna Hardy 

Mrs. Hardy has been a member of tlie Los Angeles City Board of Education since 1955 and is 
currently serving a second term as president of tlie Board. Long active in health and welfare work, 
Mrs. Hardy was a member of the White House Committee on Youth ( 1935-39), vice president, 
National Girl Scouts (1938-42), on tlie personnel staff of the National Red Cross (1943-45), a 
member of the United States Attorney General's Conference on Juvenile Delinquency ( 1948), and 
chairman of the Los Angeles County Conference on Community Relations ( 1953-55). She is 
widely known as a book reviewer on the program "Cavalcade of Books," which won the Peabody 
Award for best educational television show in the United States in 195.3. Her present activities 
include membership on numerous welfare and health agency boards, including the Los Angeles 
Welfare Planning Council, the Los Angeles United Nations Association, the Los Angeles County 
Heart Association, the California Association for Health & Welfare, United Way, Inc., and the 
research council of the Great Cities Program for School Improvement. 

Special Exhibits 
Tranquil and Torrential Flows in the New 130-ft. Tilting Flume-Dynamic Tests of Structures- 
Linear Accelerator. 

Special Lecture 
Beckman Auditorium, 11 :45 A.M. 

SCIENCE IN SPACE - Lee A. DuBridge, President, California Institute of Technology 

Space science is as old as Aristotle and as new as the latest launching at Cape Kennedy. Though 
it was long the exclusive property of astronomers and physicists, it now is of interest to chemists, 
geologists, biologists, and engineers. Some of the past achievements and current problems relat- 
ing to the science of space will be discussed, particularly those of interest on the Caltech campus 
and at JPL. 

Seminar Lectures 
THE STRAIN OF IT ALL 
9:30 A. M. and 2:15 P. M. 
Hugo Benioff, Professor of Seismology 

Dr. Benioff is retiring as professor of seismology at 
the Institute this year, and will touch on the high- 
lights of his career and feature recent research 
which has indicated that, although the elastic re- 
bound mechanism correctly describes the genera- 
tion of shallow earthquakes, a different type of 
source mechanism is involved in deep earthquakes. 
Our knowledge of the prime mover resulting in 
shallow earthquakes is still largely speculation. 

ZANZIBAR, ZAMBIA, AND ZUIDWES AFRIKA 
9:30 A. M. and 2:15 P. M. 
Edwin S. Munger, Professor of Geography 

Zanzibar's revolt signals more than the overthrow of 
centuries of Arab domination with the help of Castro 

and Co. Subsequent military unrest in Tanganyika, 
Kenya, Uganda and even in Gaboon suggests a new 
type of European involvement on the continent. 
Zambia is the independent name of Northern 
Rhodesia which has, thanks to partly American- 
owned copper mines, potentially the highest per 
capita income of any African state. Zuidwes Afrika, 
to give South West its old Dutch spelling, is the 
subject of critical decision by the World Court, pos- 
sible token invasion from West Africa, and great 
pressure on the U. S. in the U. N. 

THE MONKEY-KIDNEY TRIALS 
9:30 A. M. and 3:15 P. M. 
Ray D. Owen, Professor of Biology; 
Chairman, Division of Biology 

Although great medical benefits could be obtained 
from successful organ transplantation, there are 
formidable biological barriers to success. Recentl! , 
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It isn't really surprising that a single U.S. corporation pro- 
vided the metal for the outer skin of Mercury space capsules. 
It's perfectly natural to be called in on that kind of a job when 
you lead the nation in developing a line of alloys that resist 
extreme heat, wear and corrosion. 

You'd also expect that a leading producer of petrochemi- 
cals could develop a new base for latex paint-called "Ucar" 
latex-since paint makers are among its biggest customers. 
Now Mildred Kinne can paint right over a chalky surface with- 
out priming. It's dry in minutes. And her potting shed will look 

Union Carbide also leads in the production of polyethylene, 
and makes plastics for packaging, housewares, and floor cov- 
erings. It liquefies gases, including oxygen and hydrogen that 
will power rockets to the moon. In carbon products, it has been 
called on for the largest graphite shapes ever made. It is the 
largest producer of dry-cell batteries, marketed to millions 
under the trade mark "Eveready." And it is involved in more 
atomic energy activities than any other private enterprise. 

In fact, few other corporations are so deeply involved 
in so many different skills and activities that will affect the 

like new for many New England summers and winters. technical and production capabilities of our next 
But it might indeed be surprising if both these skills century. 

were possessed by the same company. Unless that It's already making things a great deal easier for 
company were Union Carbide. Mildred Kinne. 

U N I O N  CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N. Y. 10017. I N  CANADA: U N I O N  CARBIDE CANADA LIMITED, TORONTO 
Divisions: Carbon Products, Chemicals, Consumer Products, International, Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones, Stellite and Visking 



Alumni Seminar Program . . . continued 

much popular attention has been given the rela- 
tively prolonged function of chimpanzee and other 
primate kidneys transplanted in to humans. Dr. 
Owen will discuss the present status of this field. He 
has been engaged for a number of years in studies 
of the immunology and genetics of transplantation. 

QUASI-STELLAR RADIO SOURCES 
9:30 A. M. and 3:15 P. M. 
Maarten Schmidt, Associate Professor of Astronorrty 

Recently, a few radio sources have been found to 
be associated with objects tliat look like stars. 
These quasi-stellar objects have been found to be 
extremely distant galaxies. They are very compact 
and many times brighter than ordinary galaxies, but 
their source of energy is an enigma. Tlie existence 
of these radio sources makes it possible to investi- 
gate the far reaches of the Universe. 

AUTOMATION - AUTOMATIC 
UNEMPLOYMENT? 
10:45 A. M. and 3:15 P. M. 
Alan R. Sweezy, Professor of Economics 

Widespread concern about the rapid rate at which 
workers are being displaced by automation is con- 
trasted with the contention by others that there 
really is no problem: automation automatically 
stimulates the economy to whatever extent is neces- 
sary to reemploy the displaced workers. There is 
little basis for the latter easy optimism. Dr. Sweezy 
will discuss how the problems of automation can be 
answered and how we can have both adequate ex- 
pansion and sound finance (in the sophisticated 
meaning of that term ) . 

RECENT WORK ON THE MOSSBAUER EFFECT 
10:45 A. M. and 3:15 P. M. 
Rudolf L. Mossbauer, Professor of Physics 

The Mossbauer effect is a powerful new research 
tool in physics. The discovery of the phenomenon 
of recoilless nuclear resonance absorption of gamma 
radiation has provided the experimental physicist 
with the most sensitive method available so far for 
measuring extremely small differences in energy be- 
tween different atoms or nuclei. Tlie new method 
permits studies of numerous phenomena in the 
fields of solid state physics, chemistry, nuclear 
physics, and relativity. For this work Dr. Mossbauer 
was awarded the Nobel Prize in Physics. 

MOLECULAR PARTNER CHANGING 
10:45 A. M. and 4:15 P. M. 
Aaron Kuppernuin, Professor of Chemical Physics 

Chemical reactions occur in general as a result of 

collisions between molecules and other molecules 
or electrons or light quanta. The mechanics of such 
collisions and how they lead to chemical reactions 
will be described and illustrated with an animated 
cartoon. The use of crossed molecular beams and 
digital computers in these investigations wil 
scribed. 

CALTECH'S PEDAGOGIC COMPUTER 
10:45 A. M. and 4:15 P. M. 
Gilbert D. McCann, Professor of Electrical 
Engineering; Director of Computing, Center 

Tlie Institute lias recently placed in service a new 
computer system concept that prov 
munication and interplay between 
search and both students and faculty. This facility, 
with its remote stations and interplexe 
operation, will be described, together with some of 
its more important applications. These include 
plans for its future use in undergraduate and 
graduate courses, its applications to nuclear physics, 
physical chemistry, seismology, and research on liv- 
ing nervous systems. 

NEW SCHEMES TO TEACH ARITHMETI 

Richard P. Feynman, Professor of Theoretical Physics 

The teaching of arithmetic in elementary schools is 
being transformed by mathematicians and educa- 
tors. Subjects from sets to plane geometry and pro- 

considered appropriate for a 
children. Professor Richard 

a member of the State Curriculum Commission, 
which advises the State Board of Education on the 
selection of textbooks for California public schools, 
will discuss and criticize these new ideas. 

SEA URCHINS, SEAWEED, AND SEWAGE 

Wheeler 1. North, Associate Professor of 
Environment Health Engineering 

The vast kelp beds of southern California are one of 
the richest areas of the sea. Fishes, shellfish, and 
the kelp itself are harvested from these submarine 
forests. In recent years our kelp beds have s 
serious deterioration and it is believed that marine 
waste disposal upsets a delicate balance, favoring 
sea urchins which graze the kelp to extinction. A 
program of sea urchh control is succeeding in re- 
storing kelp to the sea floor off San Diego and 
represents man's first large-scale attempt to "farm" 
the open sea. 





1928 
EDWARD E. TUTTLE is now president 
of the Essick Manufacturing Company, 
which has its head office in Los Angeles, 
and - with its subsidiaries - operates 
six plants in the United States, producing 
lines of construction and road building 
equipment, air cooling equipment, and 
commercial laundry equipment. Tuttle is 
also senior partner of the Los Angeles 
law firm of Tuttle & Taylor, and a trus- 
tee of Orthopaedic Hospital and Po- 
mona College. 

1931 
JOHN R. McMILLAN is now president 
and a director of the Reserve Oil and 
Gas Company and serves as the firm's 
chief executive officer. He resigned as 
president of the Lacal Petroleum Com- 
pany in Los Angeles to assume his new 
post. He had previously served as presi- 
dent of Fullerton Oil and Gas, executive 
vice president of Monterey Oil, president 
of the Monterey Division of Humble 
Oil, and president of the Monterey Gas 
Transmission Company of Houston. He 
was one of the organizers and first presi- 
dent of the Transwestem Pipeline Com- 
pany. 

1932 
JOHN A. LEERMAKERS, PhD, is now 
director of the Kodak Research Labora- 
tories in Rochester, N.Y. He had been 
associate director since 1961, and has 
been with Kodak since 1934. The Leer- 
makers live in Brighton, N. Y., with 
their three soris. 

WILLIAM SHOCKLEY, who is now 
Alexander M. Poniatoff Professor of En- 
gineering Sciences at Stanford, recently 
received the Holley Medal, awarded bi- 
ennially by the American Society of 
Mechanical Engineers, for "outstanding 
discovery, invention, and leadership in 
bringing the transistor into existence and 
into the service of humanity." 

Bill is also serving as a consultant for 
the Clevite Corporation in Palo Alto, 
where he was director of the Shockley 
Laboratories before joining the Stanford 
faculty. 

1935 
ROBERT J. HALLANGER is now vice 
president of the Fibreboard Paper Prod- 
ucts Corporation in San Francisco. He 
was formerly director of engineering. 

1937 
DANIEL G. SCHUMAN has been elec- 
ted vice president for finance at Bausch 
& Lomb Inc. in Rochester, N.Y. He 
joined the company as comptroller in 
1959. 

1938 
WILLIAM S. ALTHOUSE, JR., has 
been appointed vice president-finance by 
Baker Tools Inc., in Los Angeles. He has 
been with Baker since 1938 and has 
been a member of the board of directors 
since 1958. He was elected a vice presi- 
dent in 1962. 

1940 
GERALD P. FOSTER is now assistant 
professor of public administration at the 
University of Denver College of Business 
Administration. He was formerly a visit- 
ing assistant professor of public adminis- 
tration at USC. 

HAROLD S. MICKLEY, MS '41, Ford 
Professor of Engineering at MIT, is now 
serving as director of the new Center 
for Advanced Engineering Study, estab- 
lished at MIT by a $4,000,000 grant 
from the Alfred P. Sloan Foundation. 
He is also chairman of the MIT Faculty 
for 1963-64 and ex-officio chairman of 
the Committee on Educational Policy. 

1941 
LELAND G. SWART, MS. is now head- 
ing the new Fixed Underwater Systems 
Department of the Bell Telephone Labo- 
ratories at Winston-Salem, N.C. He was 
formerly supervisor of a group engaged 
in the design and development of mili- 
tary underwater transmission systems for 
the U. S. Navy. He has been with Bell 
Labs since 1945. 

1942 
FREDERICK H. FELBERG, MS '45, is 
now assistant laboratory director for 
technical devisions at JPL. His man- 
agement responsibility includes the Sys- 
tems, Space Sciences, Telecommunica- 
tions, Guidance and Control, Engineering 
Facilities, and Propulsion Division. Fred 
was formerly associate director of the 
Southern California Cooperative Wind 
Tunnel at Caltech, and joined JPL in 
June 1960, as deputy chief of the En- 
gineering Mechanics Division. He be- 
came acting chief of the division in 
1962. The Felbergs and their two chil- 
dren live in Altadena. 

1943 
CHARLES P. STRICKLAND, JR. has 
been named manager of the Industrial 
Refrigeration Division of the Scott Co. 
of California, mechanical contractors, in 
Los Angeles. He was formerly Pacific 
Regional Manager for the York Corpor- 
ation, a subsidiary of Borg-Warner. 

1 
GIFFORD E. McCASLAND, PhD, asso- 
ciate research professor in the Institute 
of Chemical Biology at the University 
of San Francisco, has been awarded 
$61,000 for studies on cancer. The three- 
year grant was given by the National 
Cancer Institute. 

CLIFFORD I. CUMMINGS, former 
lunar program director at JPL, is now 
manager of Advanced Systems Develop- 
ment Operations for Electro-Optical Sys- 
tems Inc., in Pasadena. He had been on 
the JPL staff for 17 years, most recently 
as special assistant to Director WIL- 
LIAM H. PICKERING, '32, MS '33, 
PhD '36. 

1945 
WARREN M. MARSHALL, 111, BS '45 
AE, BS '48 ME, is now exploitation 
engineer in the Delta Production Di- 
vision of the Shell Oil Company in New 
Orleans. 

CLARENCE J. WOODWARD is now 
president of The Rucker Company in 
Oakland, Calif. He has been with the 
company since 1953, most recently serv- 
ing as vice president and general man- 
ager. The Woodards and their four chil- 
dren live in Orinda. 

1949 
HUGH C. CARTER, president of the 
Hugh Carter Engineering Company in 
Long Beach, has been elected president 
of the Consulting Engineers Association 
of California, a state-wide association of 
consulting engineers in private practice. 

ROBERT D.DALTON, 
with his father, ROBERT H. DALTON, 
'25, MS '26, PhD '28, in the firm of 
Dalton & Dalton, Consulting Structural 
Engineers, has been elected president of 
the Structural Engineers Association of 
Northern California. The Daltons have 
worked together since 1953, are cur- 
rently associate structural engineers for 
the new $5,000,000 Oakland Museum. 
The younger Dalton has a daughter, 
Vickie, 14, and a son, Keith, 11. 

195 
RUDOLPH C. FREY, MS, is now in- 
strument division engineer for The M. 
W. Kellogg Company, a subsidiary of 
Pullman Incorporated, in New York. He 
was formerly assistant instrument di- 
vision engineer. 

1951 
FREDERICK T. RALL JR., MS, chief 
of the aerodynamics branch of the B-70 
engineering office, a division of Wright 
Patterson Air Force Base, is now at 
MIT on an Alfred P. Sloan fellowship 
for a year's study in executive develop- 
ment. 

ROYAL S. FOOTE, MS, is now vice 
president of the Science Management 
Corporation in Denver, Colo. He was 
formerly southwestern regional manager 
of Beech Aircraft's Government Market- 
ing organization. 

1952 
FRANCIS R. KRAMER is now research 
supervisor at the D11 Pout Company's 
Carothers Research Laboratory at the 
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experiuiental stiitiou ueiir Wih.niiigtun, 
Del. He was> formerly s~pervisor of re- 
search at Dn Pont's .nylon plant in 
Seaf ord, Del . 
ALAN K. FORSYTHE, MS '59, writes 
that "1 am now engaged in sailing 
voyage, having worked for three years 
at JPL to amass iny fortune. Three of 
us are sailing our own jdcht to tht; 
South Pacific, having visited nearly every 
island in the Caribbean Sea in the past 
year. 

"Our boat is a 33-foot Brittany Class 
Sloop, built in England, and named the 
Easterlirif. We are now arranging to 
trtiiiiiit tlit- Cdndl, and tlien to visit the 
C.iltipcigos, Mdrqiiesas, Taliiti, Fiji, and 
New Zealand, befoie turning homeward. 
ho iipedfie plans lime btwl made be- 
yond th..it point. 

' I  du rxpef-t t o  retun1 to tlie space in- 
dustry or hOIllt2 i-tllctttd work wlien 1 
return, with perlicipa tinother ediiciition 
interval between. But there vull be time 
to consider that later . . ." 

1957 
WARREN FURUMOTO, assistant pro- 
fessor of biology at San Fernando State 
College, has been awarded a $20,500 
grant from the National Science Found- 
ation for a two-year study of sub-u~iita 
of tobacco mosaic virus. 

1958 
THEODORE C .  OAKBERG, is now in- 
structor of physics at Antioch College 
in Yellow Springs, Ohio. He received 
his MS degree in physics from the Uni- 
versity of Cincinnati, and is working 
for his PhD there. 

1959 
PETER ALBERSHEIM, PhD, will join 
the faculty of the University of Colo- 
rado next fall as associate professor of 
biochemistry. He  is now on the staff of 
the Harvard University Biological Labo- 
ratories. 

1960 
EDWARD R. FLEMING, PhD, is now 
associate head of the structure and ma- 
terials department in the spacecraft sci- 
ences division at the Aerospace Corpor- 
ation in El Segundo. He has been a 
member of the company's technical staff 
since 1981. 

1961 
STUART B. BERCER, PhD, joined the 
Materials Research Laboratory of the 
RCA Laboratories at tlie David Samotf 
Hesearcli Center in Princeton, N.J., last 
i'iill. He  had been on the staff of the 
Bell Telfcphu~ie Laboratories in Murray 
Hill, N.  J., since 1961. 

1962 
JULIAN V. NOBLE AND KIP S. 
THORNE received MS degrees in physics 
from Princeton University in January. 

A  C O O A T O N  2 C O L O R A D O  A V E N U E  SANTA M O N I C A  6 .  C A L I F O R N I A  
AREA C O D E  2 1 3  ' 3 9 3 - 6 7 3 7  

' KORAD 
A SUBSIDIARY O F  U N I O N  CARBIDE CORPORATION 

Laser Leadersh,ip 

50-Megawatt Giant Pulse LASER 
Extremely high LASER Po/ver, Commercially Proved . . . is provided by the 
KORAD K-1Q. This LASER is a Q-spoiled ruby oscillator that produces a 
minimum peak output power of 50 ~negawatts in a 10 to 20 nanosecond pulse. 

RISE TIME . . . , . . . , . , . , . . 3 to 5 nanoseconds 
PULSE ENERGY. . . . . . . . . . . 1 joule (approx.) 
BEAM DIVERGENCE . , , . . , . . 7 rnilliradians 

The K-10 may conveniently be used as a long-pulse oscillator or as an 
amplifier. Narrower beam widths are available. 

KORAD products include: 
Long-pulse LASERS (non-cryogenic) 
Calibrated LASER Detectors and Calorimeters 
GaAs Coherent and Incoherent Light Sources,with Pulsers and Dewars 
Fluid-cooled LASERS for High Repetition Rate 
LASER oscillator-amplifier combinations producing much higher 
powers are available on custom order. 

Write tor information and specifications 



memorandum: 

DO YOU HAVE 
A TOUGH 

COMPUTER 
APPLICATION? 

To: A Prospect ive  Customer 

From: Dr. A. S .  Jackson 

1. Recently, a CTI  cus tomer  was  faced with the prob-  
l e m  of designing a digital adaptive control  system.  Cal l -  
ed  in on one day ' s  notice, CTI  designed the  sys t em fo r  
them, utilizing microelectronic  c i r cu i t ry  with t r ip l e  r e -  
dundancy. With this  design, ou r  cus tomer  won a techni- 
ca l  competition against some  of the industry 's  l a r g e s t  
f i rms .  

2. F o r  i t s  cus tomers ,  CTI  offers  consultation, s e rv ices ,  
and staff augmentation i n  the a r e a s  of computer  appl ica-  
tions, automation, control  theory,  programming,  p rob-  
l e m  solution, human fac to r s ,  management  planning, and 
sys t ems  analysis.  We wil l  b e  happy to  d i scuss  your 
problem with you, and ask  that  you c a l l  u s  collect. - 

Dr. A. ~ . / ~ a c k s o n  
Director of Research - 

CONTROL TECHNOLOGY I N C .  
1232 B e l ~ o n t  Av@., Long Beach 4 
California 90804 (213) 433-3360 

PLACEMENT ASSISTANCE 
TO CALTECH ALUMNI 

There are two ways in which the Placement 
Service may be of assistance to you: 

(1) To help you seek new employment or a 
change of employment. 

( 2 )  To inform you when outstanding oppor- 
tunities arise. 

This service is provided to Alumni by the Insti- 
tute. A fee or charge is not involved. 
If you wish to avail yourself of this service, fill 
in and mail the following form: 

To: Caltecli Alumni Placement Service 
California Institute of Technology 
Pasadena, California 91109 

Please send me: 

Q A11 Application for Placement Assistance 

Q A form to report my field and operation so 
that I may be notified of any outstanding 
opportunities. 

CALTECH CALENDAR 
ALUMNI EVENTS 

May 2 
Alumni Seminar 

June 10 
Annual Alumni Meeting 

FRIDAY EVENING DEMONSTRATION LECTURES 

Lecture Hall, 201 Bridge, 7:30 p.m. 

April 24 
The Alternative Futures of Pasadena 
-Robert Oliver 

May 1 
Chemical Kinetics : The Description of 
Chemical Reactions at a Molecular Level 
-Ason Kuppermann 

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS 
PRESIDENT SECRETARY 
Peter V. H. Serrell, '36 Donald S. Clark, '29 
VICE PRESIDENT, TREASURER 
Patrick J Fazio, 53 John R. Fee, '51 

Robert Boykin, '34 
Wm. H. Corcoran, '41 
David L. Hanna, '52 
Wm. L. Holladay, 24 

G. Russell Nance, '36 
Richard W. Powell, '40 

Richard P. Schuster, Jr., 46 
H. M. Worcester, Jr., '40 

ALUMNI CHAPTER OFFICERS 

NEW YORK CHAPTER 
President Victor Wouk, '40 

Electronic Energy Conversion Corp. 
342 Madison Ave., Now York 17, N.Y. 

Vice-president Bruno H. Pilorz, '44 
75 Echo Lane, Larchmont, N.Y. 

Secretary-Treasurer Harry J. Moore, '48 
590 Madison Ave., New York, N.Y. 

BOSTON CHAPTER 
President Robert C. Kausen, '56 

21 Seven Oaks Rd., N. Billerica, Mass. 
Vice-president Thomas C. Stockebrand, '53 

10 Bulkely Rd., Littleton, Mass. 
Secretary-Treasurer Charles K. Daniels, '59 

8 Cutler Farm Rd., Lexington, Mass. 

WASHINGTON, D.C. CHAPTER 
Chairman Willard M. Hanger, '43 

4720 Sedgwick St., N.W., Washington, D.C. 

CHICAGO CHAPTER 
President Laurence H. Nobles, '49 

Dept. of Geology, Northwestern Univ., Evanston, 111. 
Vice-president Philip E. Smith, '39 

Eastman Kodak Co., 1712 Prairie Ave., Chicago, 111. 

Â§A FRANCISCO CHAPTER 
President Edwin P. Schlinger, '52 

G.E. yallecitos Atomic Lab., Pleasanton, Calif. 
Vice-president Dallas L. Peck, '51 

U.S. Geological Survey, Menlo Park, Calif. 
Secretary-Treasurer Thomas G. Taussig, '55 

Lawrence Radiation Lab., Univ. of Calif., Berkeley, Calif. 
Meetings: 15th Floor, Engineers' Club, 206 Sansome St., Sun 

Francisco 
Informal luncheons every Thursday at 11:45 A.M. 
Contact Mr. Farrar, EX 9-5277, on Thursday morning 
for reservations. 

SACRAMENTO CHAPTER 
President Dudley E. Benneit, '47 

4535 Marble Way, Carmichael, Calif 
Vice-president Harris K. Mauzy, '30 

2551 Carson Way, Sacramento 21, Calif. 
Secretary-Treasurer William D. Pyle, '49 

3920'Dunster Way, Sacramento, Calif 95825 
Meetings: University Club, 1319 "K" St. 

Luncheon first Friday of each month at noon 
Visiting alumni cordially inv-ted-no res-rgation 



e cNair designs it, 
Ke manufacture it 

In  the broad spectrum of engineers and scientists we con- 
stantly seek, we can use more manufacturing engineers like 
Edward Joseph Kelly (right, six years out of Tufts this 
June). Mark well the distinction between Kelly's responsi- 
bility and that of his opponent in the debate pictured. Out 
of it upon completion of their differing assignments will 
c o p e  a photographic information storage and retrieval 
device that will bear our "Recordak7' trademark, well known 
in banking and other businesses. 

Dave McNair has determined how the mechanical, optical, 
and electrical components and subassemblies have to work 
and fit together for the  equipment to do its job. He has 
come up with a working model. Management likes it. 

Enter Kelly. His task: to tell us exactly down to the last 

detail what we have to do to multiply McNair's working 
model by x, a number chosen by the marketing people. To 
make the production-run machines work not merely as well 
as McNair's hand-built one, but better. To decide which 
parts we should buy and which we should make. To specify 
the tooling for the parts we make. To specify also the tools 
for assembly and inspection. To design the fabrication proc- 
esses. Better than just designing the processes, to see the  
need for a process which no previous manufacturing engineer 
had realized was needed and which happens to  make the  
product an irresistible bargain for the ultimate user and a 
money-maker for us. 

We need that kind of manufacturing engineer so that we 
can teach him how to run a big business. 

DAK COMPANY. 
Business and Technical Personnel Department, Rochester, N.Y. 14650 

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



efine Your C a r e e r  Objectives! 

interview with W. Scott Hill, Manager-Engineering Recruit General Electric Corn 

W. Scott Hill 

Q. Mr. Hill, when is  the best time to 
begin making decisions on my career 
objectives? 

A. When you selected a technical 
discipline, you made one of your 
important career decisions. This de- 
fined the general area in which you 
will probably begin your professional 
work, whether in a job or through 
further study at  the graduate level. 

Q. Can you suggest some factors that 
might influence my career choice? 

A. By the time you have reached 
your senior year in  college, you know 
certain things about yourself that 
are going to be important. I f  you 
have a strong technical orientation 
and like problem solving, there are 
many good engineering career 
choices in all functions of industry: 
design and development; manufac- 
turing and technical marketing. I f  
you enjoy exploring theoretical con- 
cepts, perhaps research-on one of 
the many levels to be found in in- 
dustry-is a career choice to con- 
sider. And don't think any one area 

offers a great deal more opportunity 
for your talent than another. They all 
need top creative engineering skill 
and the ability to deal successfully 
with people. 

Q. After I've evaluated my own abil- 
ities, how do I judge realistically 
what I can do with them? 

A. I'm sure you're already getting 
all the information you can on ca- 
reer fields related to your discipline. 
Don't overlook your family, friends 
and acquaintances, especially re- 
cent graduates, as sources of informa- 
tion. Have you made ful l  use of your 
faculty and placement office for 
advice? Information is available in 
the technical journals and society 
publications. Read them to see what 
firms are contributing to advance- 
ment in your field, and how. Review 
the files in your placement office 
for company literature. This can tell 
you a great deal about openings and 
programs, career areas and company 
organization. 

Q. Can you suggest what criteria I 
can apply in relating this information 
to my own career prospects? 

A. In appraising opportunities, apply 
criteria important to you. Is location 
important? What level of income 

would you like to attain? What is the 
scope of opportunity of the firm 
you'll select? Should you trade off 
starting salary against long-term 
potential? These are things you must 
decide for yourself. 

Q. Can companies like General Elec- 
tric assure me of a correct career 
choice? 

A. I t  costs industry a great deal of 
money to hire a young engineer and 
start him on a career path. So, very 
selfishly, we'll be doing everything 
possible to be sure at the beginning 
that the choice is  right for you. But 
a bad mistake can cost you even 
more in lost time and income. Gen- 
eral Electric's concept of Person- 
alized Career Planning is to recog- 
nize that your decisions will b e  
largely determined by your individ- 
ual abilities, inclinations, and am- 
bitions. This Company's unusual di- 
versity offers you great flexibility 
in  deciding where you want to start, 
how you want to start and what you 
want to accomplish. You will be en- 
couraged to develop to the fullest 
extent of your capability-to achieve 
your career objectives, or revise 
them as your abilities are more fully 
revealed to you. Make sure you set 
your goals realistically. But be sure 
you don't set your sights too low. 

FOR MORE INFORMATION on G.E.'s concept of Personalized Career Planning, and for 
material that will help you define your opportunity at General Electric, write Mr. Hill at 
this address: General Electric Co., Section 699-10, Schenectady, N. Y. 12305. 

An Equal Opportunity Employer 


