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B O O K S  
AMERICAN SCIENCE AND , 
INVENTION: 
A Pictorial History 
by Mitchell Wilson 
Simon and Schuster, 1954 $10 

THE JACKET BLURB on this book 
claims that it contains "more than 
1,000 documentary pictures, com- 
bined with 130,000 words of drama- 
tic narrative." One glance should 
convince anyone that the book con- 
tains at least this much material, 
since it measures 1214 x 934 x 1% 
inches-making it a big book even by 
Simon & Schuster standards. 

Happily, it's a good book t o o ~ a s  
impressive in content as in appear- 
ance. Subtitled "the fabulous story 
of how American dreamers. wizards 
and inspired tinkerers converted a 
wilderness into the wonder of the 
world," it is a history of American 
inventiveness. It describes and shows 
the great American inventions and 
discoveries, the experiments and 
scientific thinking that led to them, 

the men responsible for them, and 
the effect that these things have had 
on our lives and times. 

It runs all the way from Benjamin 
Franklin's inventions to the Atomic 
Age. Along the way it covers the de- 
velopment of such things as the 
reaper, the sewing machine, the Pull- 
man car, the telegraph, telephone, 
aeroplane and automobile tire-as 
well as the scientific discoveries of 
such men as Gibbs, Michelson, Milli- 
kan, Einstein, Hale, and Pauling. 

The author, Mitchell Wilson, is as 
well-equipped to grapple with this 
mass of material as anyone could be. 
An established novelist (best known, 
probably, for Live with Lightning), 
he is also a physicist (best known, 
probably, for his work as  assistant 
to the late Enrico Fermi). As a 
trained scientist he has some idea of 
what material should be covered in 
a book like this; as a writer he knows 
how to make this material both inter- 
esting and understood. 

The result is a book that ought to 
have enormous appeal for readers 

not ordinarily attracted to this kind 
of reading-and a book that will sur- 
prise professional scientists and en- 
gineers by having just as much 
appeal for them. 

ART IN SCIENCE 
A Portfolio of 32 Paintings, 
Drawings and Photographs from 
Scientific American 
Simon & Schuster, 1954 $6 

ANYONE WHO HAS even flipped over 
the pages of Scientific American 
must have been im~resed  by the high 
quality of the illustrative material in 
that magazine. Now that 32 exam- 
ples of this material have been col- 
lected, boxed, and labeled as Art 
they seem handsomer than ever. Each 
plate is beautifully reproduced on an  
individual sheet of 11x13 heavy coat- 
ed paper-not only suitable for 
framing, but practically crying out 
for it. 

INGLFWOOD, CAUFORNIA 
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OFFICES IN PRINCIPAL CITIES 

SIT BACK A N D  R E L A X  

Let Calmec Manufacturing Company 
Worry About 
Your Metal Parts and Products 

W e  have the most modern facilities and most 
complete plant to give you the maximum of 
service, whethsr it i s  a small part, a large part, 
or a product from your ideas to the shipped article 
direct to your customers, under your name, from 
our plant. 

CALMEC MANUFACTURING CO. 
Robert A. Mclntyre, M.S. '38 KImball 6204 
5825 District Blvd. Los Angeles 22, Calif. 
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The Senior Staff of The Ramo-Wooldridge Corporation, 
shown above, is comprised of scientists, engineers, and science 
administrators with outstanding records of past performance 
in positions of responsibility. By means of meetings of the entire 
group, supplemented by frequent smaller sessions, these key 
men participate actively in the establishment of company plans 
and policies. 

Existing project commitments require that the current rapid 
rate of expansion of the company continue throughout the 
coming year. Unusual opportunities, encompassing a wide 
variety of challenging research and development problems, 
exist for additional scientists and engineers who would like to 
participate in the development of a company in which, from the 
outset, all features of the organization and of the operational 
procedures are designed to be as appropriate as possible to their 
special needs. 

I. Dr. Burton F. Miller 
2. Dr. James C. Fletcher 
3. Robert B. Muchmore 
4. Dr. John M. Richardson 
5. Dr. Howard S. Siefert 
6. Robert J. Barrett, Jr. 
7. William B. Hebenstreit 
8. Dr. Ralph P. Johnson 
9. Jock H. Irving 

10. Dr. Louis G. Dunn 
11. Dr. Eldred C. Nelson 
12. A. J. F. Clement 
13. Dr. Milton U. Clauser 
14. V. G. Nielsen 
15. Dr. Eugene M. Grabbe 
16. Marion F. Thorne 
17. Dr. Robert R. Bennett 
18. Robert J. Hight 
19. Dr. Andrew Vozsonyi 
20. Emory Lakatos 
21. Richard A. Hartley 
22. Dr. Howard 1. Engel 
23. Dr. Donald L. Drukey 

Guided Missile Research and Development 

ooldridge Corporation Digital Computer Research and Development 

Business Data Systems Development 

8820 BEUANCA AVENUE, LOS ANGELES 45. CALIFORNIA, Radar and Control Systems Development 

Communication Systems Development 
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HERCULES 

Most businesses are helped 
today by Hercules' business 
. . . the production of synthetic 

resins, cellulose products, chemical 
cotton, terpene chemicals, rosin and 
rosin derivatives, chlorinated prod- 
ucts, and many other chemical proc- 
essingmaterials-as we11 as exp1osiVes. 
Through close cooperative research 
with its customers, Hercules has helped 
improve the processing or perform- 
ance of many industrial and consumer 
products. 

BEAUTIFUL BUT TOUGH-"Saucy Walker" greets "Mary Hartline", famed star of TV. 
Both dolls are members of the ever-popular Ideal Toy family. Molded with Hercules 
HercocelB Cellulose acetate, the dolls have that combination of beauty and durability 
that spells increased sales . . . happy children . . . satisfied parents. 

ONE PAINT I N  A HUNDRED-Toronto'snew $50,000,000 
subway is modern in every way, including its listen- 
ing tile walls and brightly ainted ceilings. f o r  the 
ceilin a aint was neede: that could resist high 
humi%ty. &ore than 100 were tested and a paint 
based on Hercules Parlonm (chlorinated rubber) 
selected. On all types of surfaces, interior and ex- 
terior, Parlon paints are providing outstanding service 
at lower long-term cost. 

FOR A WHITE HOT RECIPE-Pouring molten metal to r d u c e  castings weighin 
30 tons or more places a heavy demand on the sand. Mo ds and cores for steel an8 
cores for iron "stay ut" when bonded with Trulinem binder. Yet cores are easily 
removed when metal {as set. And Trdine means cores can be baked in half the normal 
time, preventing foundry oven bottlenecks; reducing man h o u ~ s  per ton. 
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ENGINEE 

I N  T H I S  I S S U E  

On our cover this month Dr. A. J. 
Haagen-Smit, Caltech Professor of Bio- 
Organic chemistry, is making a par- 
ticularly telling point during a dem- 
onstration lecture on smog. He has just 
mixed gasoline and ozone in the bottle - 
in front of him and smog is pouring 
out of the bottle, just as it pours out 
over L.A. these days, more often than 
not. 

Dr. Haagen-Smit has been devoting 
the major part of his time to smog re- 
search for just about five years now, 
and in 1950-51 he took a leave from 
Caltech to serve as full-time Research 
Cons~~ltant to the Los Angeles Air 
Pollution Control District. Twice be- 
fore Dr. Haagen-Smit has reported in 
E&S on research in progress on smog 
(December 1950 and May, 1952). He 
brings the story up to date on page 11 
of this issue with his article, "The 
Control of Air Pollution in Los 
Angeles." 

Field Marshal Viscount Montgomrry 
of Alamein, the British hero of World 
War 11, visited Caltetch for several 
days last month as the guest of Presi- 
dent DuBridge. While here, he was 
honored at a dinner given by the 
Trustees and the Asqociates of the 
California Institute of Technology at  
the California Club in Los Angeles. 
On that occasion Field Marshal Mont- 
gomery delivered a speech on "The 
Role of Science in Warfare of the 
Future.'' You will find this frank talk. 
which has already stirred np a good 
deal of controversy, on page 20 of 
this issue. 

PICTURE CREDITS 

Cover, 7 ,  11 Charles Kassler I l l  
p. 21 10s Angeles Times 
p. 3 0  Pasadena Star News 
p. 3 2  Pasadena Independent 
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paved inv i ta t ion  

This is the front door to one of the most exciting 

developments in the aircraft industry today.. . 

the development of a top team of Martin scientists, 

physicists and engineers to carry on a planned, 

long-range, top secret program. 

Never before has there been such an opportunity 

-and invitation-to creative engineers. 
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T H E  P R E S I D E N T ' S  R E P O R T  
Some highlights from Dr* DuBridge's 1953-54 r e p o ~  on activities and research of the Institute 

IN SH.4RP CONTRAST to many recent years in which major 
national and international events have shaken college 
campuses, the past year appears relatively uneventful. 
One is tempted to call it a "normal" year-though to 
define the term ''normal" would not be easy. It is cer- 
tainly not true that the year has been an uneventful one 
in the world at large. But either the events had a lesser 
reaction on our universities, or else our universities have 
hecome adapted to living in a world of turmoil and 
have stabilized their operations accordingly. 

This latter would certainly appear to be the case at 
Caltech. American universities have acquired a contin- 
uing obligation to aid in strengthening the technology 

of national defense. Consequently we have for several 
years past placed our chief contribution in this area- 
the Jet Propulsion Laboratory-on a long-term basis. 
We expect to be operating this $12,000,000-a-year de- 
fense effort for a considerable time in the future-and 
are proud of its success. 

Similarly, we are enlarging the Southern California 
Cooperative Wind Tunnel-at a cost to the participating 
companies of $8,000,000-in order that it may better 
w-v: the needs of an advancing aircraft industry. 

These two enterprises are managed but not $owned by 
Caltech. Through them we render a service to the com- 
mugity and the government. However, our major inter- 



est and service will always be the program of education 
and research conducted on the campus. Since it is not 
practical to teach students in one room and do "secret" 
work in the next, we do mot carry forward military 
projects on the campus. Our campus contributions to 
the country are more basic than inventing new weapons; 
we are educating the men and uncovering the new knowl- 
edge which are necessary to future weapons-and to 
future peacetime technology. 

Government service 

At the same time various members of our faculty con- 
tinue to devote many man-months of effort each year in 
direct government service. Professor H. P. Robertson 
has again been called away for an extended period? this 
time to serve in Paris as scientific adviser to General 
Gruenther, Supreme Allied Commander for Europe. 
Others? including your president, have been absent for 
many shorter periods. In these days when technology 
has made it possible for a nation to achieve overnight 
the destruction of an enemy7s industrial and military 
capacity, and when technology can also offer the hope 
of preventing such disaster, it is clear that the govern- 
ment can never cease calling on scientists for help. And 
no loyal scientist will refuse such help. 

These are the ways? at Caltech and elsewhere, that 
science serves the government. How does the government 
assist science ? 

The many dificult problems relating to the govern- 
ment support of (nonmilitary) science have not been 
fully solved but have become more or less stabilized. 
Although the National Science Foundation was looked 
upon as a mechanism for improving this situation, Con- 
gress has provided such meager funds that the Founda- 
tion can not yet be a commanding force. Worse still. 
Congress reduced the support of other research agencies 
this year by an amount at least as great as the increase 
in NSF funds, so that the support of basic science in 
universities is less than before. 

While the national picture is thus somewhat clouded. 
our own research program at Caltech is of such high 
quality that we have had no difficulty in obtaining gov- 
ernment financial assistance for the more important 
projects when we need it. Both private (including cor- 
porate) and government support for our program have 
increased and a reasonably stable and satisfactory bal- 
ance between them now exists. 

Selective service 

The calls of the military services upon the students 
remain in a less than comfortable status. Selective ser- 
vice policies are neither uniform nor consistent nor 
stable. Two students from different districts may receive 
quite different treatment and this leads to a general un- 
easiness. .The changing policies of the Air Force Re- 
serve Officers Training Corps have also led to uncer- 
tainty-and to a drastically lowered enrollment in the 

Caltech unit. A student can find no way whereby he can 
plan ahead for his education and his military service so 
as to make best use of his talents. Indeed? he can adopt 
no plan which may not be changed suddenly and for no 
apparent reason. Some students can adapt themselves to 
such uncertainty; others find it most frustrating. 

Such have been a few of the problems of steering a 
stable course in an uncertain world. 

THE CAMPUS 

AS FAR AS campus facilities are concerned this has been 
the most eventful year since the year 193S7 in which the 
Mudd and Arms Laboratories were built. Construction 
was begun this year on both the new athletic center and 
the Norman Church Laboratory of Chemical Biology. 
Each structure will be a decisively important addition 
to our facilities. 

These two buildings do not, however, solve all our 
most difficult space problems. An engineering building, 
a central library, a permanent health center? a graduate 
dormitory, a student union building? and an auditorium 
are still required to complete our campus plan. 

FINANCES 

THE REPORT OF the Comptroller shows that again this 
year we just failed to break even on our current funds. 
having spent about $1397000 more than the income we 
received. Our unrestricted surplus fund was thus re- 
duced by this amount. This? however, is well under one 
percent of our gross income. 

Nevertheless? because of additions to capital funds? the 
net worth of the Institute showed an increase? rising to 
$55?785?435. Our endowment capital increased by 
$17164,000 to the total of $30,007?692. The market value 
of our portfolio is nearly 8 million dollars higher than 
the above book value. 

One of the most valuable single gifts ever made to the 
Institute was the bequest, in the form of a trust? of 
Eudora Hull (Mrs. Keith) Spalding, who died in 1942. 
This trust, consisting of securities? mineral rights? and 
the 5000-acre Rancho Sespe (near Fillmore, California) 
has regularly yielded an income of around $200,000 a 
year, occasionally reaching as high as $400,000. The 
Institute owes a great debt to Keith Spalding, trustee 
of this estate, for his wise management and his gener- 
osity in seeking to maximize the Institute's receipts 
from it. 

During this past year the potential value of the Spald- 
ing trust was substantially increased by the discovery of 
oil on Rancho Sespe. Only two wells have been com- 
pleted and, though they are excellent producers, it is 
too early to predict how extensive a field has been 
tapped. Several years of further drilling will be required 
to test the pool, since it is a very deep one (over 14,000 
feet). Oil and gas royalties? which may in the next 
year or so amount to $1509000 per year? will be credited 
partly to income and partly to capital, and obviously 
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will be a most welcome addition to our resources. At 
the same time the magic word "oil" must not lead to 
unwarranted illusions. A ten percent increase in our 
endowment income is most welcome, but it does not solve 
all our financial problems. 

The costs of operating the Institute's program of edu- 
cation and research have continued the rise of recent 
years. The rise is caused partly by additions to and 
improvements in the program, partly by the general 
inflationary spiral, and partly by our attempt to increase 
our wage and salary scales. Our nonacademic pay 
scales are now comparable to the area rates. Our faculty 
salaries have been below the levels of those universities 
whose graduate and research programs are most nearly 
comparable to ours. We have, however, made good 
progress in the past two years in closing this gap. We 
can now say that-figured on the basis of 11 months of - 

service-our annual rates for the younger ranks are 
about equal to those of the best universities but our top 
professorial salaries are a little lower. However, one 
must quickly add that all university faculty salaries are 
tragically low, compared to those of industry. 

RESEARCH HIGHLIGHTS 

THIS PAST YEAR several divisions of the Institute initiated 
the preparation of separate research reports. Four divi- 
sions each published a volume of from 100 to 200 pages 
containing a summary of the status of every research 
project in the division, including the names of partici- 
pants and the sources of financing. 

These are impressive volumes, indeed (available on 
request to those interested). They show how impossiblv 
it is to "summarize" in this present report the work 
of a division which is carryingforward more than 100 
separate research projects (Biology, 144; Geology, 121; 
Engineering, 133; Chemistry, 119'). It is like "summar 
izing" the Encyclopaedia! 

Yet certain projects here and there stand out because 
of some element of particular interest. A few of thew 
are indicated herewith. 

Smog 

The Institute has avoided for many reasons under- 
taking on its campus any extensive project on air pollu- 
tion. However, when it became plain that smog affects 
plants in a research greenhouse and affects delicate 
chemical analyses (and also hides our mountains), it 
was inevitable that some one would take an interest in 
it. Several years ago Professor Haagen-Smit-a distin- 
guished biochemist-suggested that most of the objec- 
tionable features of Los Angeles smog (which is very 
different from the old Pittsburgh or St. Louis "soft-coal 
smog") were caused by oxidized components of gasoline 
vapors. Laboratory tests enabled him to produce from 
gasoline and ozone artificial smog which smelled, tasted. 
and looked like smog-and affected green plants in the 
same way. This idea broke the back of the scientific 
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mystery about the nature of smog and allowed a concen- 
trated attack on the problem of working out the detailed 
chemistry of the atmospheric processes, and initiated a 
search for the most important sources of the offending 
substances. Elimination of the emissions from refineries 
and oil storage tanks in Southern California is now well 
on the way to completion. Gasoline service stations and 
automobiles are less easy to control. But the attack is in 
full swing, and with a new and active private organiza- 
tion-the Southern California Air Pollution Foundation 
-now fully engaged in the effort, there is hope that 
progress may be accelerated. (See page 11.) 

Microsecond chemistry 

During the postwar years many startling advances 
have been made in techniques in both physics and chem- 
istry for dealing, on the one hand, with very tiny 
amounts of material-a thousandth of a millionth of a 
gram-and, on the other hand, with very small inter- 
vals of time, down to hundredths of a millionth of a 
second. Physicists are now quite skilled in electronic 
measurements of exceedingly fast processes involving 
very short times. Microseconds are important in chemi- 
cal reactions, too. An explosion, for example, is just 
a chemical reaction which goes very rapidly, and may 
be all over in a few millionths of a second. The speed 
of the reaction is clearly dependent upon how fast the 
individual atoms and molecules are moving. Hence, a 
technique for getting a fast "snapshot" of the reaction 
is useful to determine what is taking place. Recently 
Professor Norman Davidson and his co-workers have 
used optical methods to observe reactions caused by the 
passage of a shock wave through a gas. In this process 
molecules are dissociated and a quick "picture" of the 
process can be obtained. 

Geochemistry 

The measurement of millimicrograms is important in 
the relatively new field of geochemistry. Here much 
has been and continues to be learned about the origin 
and development of the earth by the measurement of tiny 
quantities of uranium and lead in rocks, in meteorites, or 
in the ocean The very slow radioactive decay of uranium 
into certain isotopes of lead has provided a sort of 
"clock" which has been running ever since the earth 
was formed some four and a half billion years ago. As 
geochemists learn how to read this clock they learn the 
age not only of the earth itself but also of younger 
formations of sedimentary or volcanic rock. 

Isotopic chemistry-the measurement of the relative 
abundance of different isotopes of an element-is open- 
ing a most powerful tool for many purposes. Thus it 
appears that in fossil fuels-coal and petroleum- the 
ratio of the carbon isotope C12 to the carbon isotope 
C13 is larger than in present day living plants. How- 
ever, a study of the C^/C13 ratios within successive tree 
rings of individual living trees has shown that this ratio 
is larger in the outer rings. Apparently the burning of 
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fossil fuels in homes and industry has increased the car- 
bon dioxide content of the air and also the C^/C13 ratio 
during the past 100 years, and trees and other plants 
which absorb carbon dioxide indicate this changing 
carbon content. 

This is but one interesting example of how a new 
technique yields new information about the earth's 
history. 

Turbulent flow 

When a gas or liquid is pumped through a pipe, 
forced into a reservoir or into a combustion chamber, or 
caused to stream past an object in a wind tunnel, the 
flow is generally not smooth like a quiet deep river, but 
is turbulent like a mountain torrent. When the turbu- 
lent fluid stream strikes a surface, hot or cold, it trans- 
fers to it momentum (and this results in a force) and 
the fluid also gives up, or takes away, heat. A good 
share of the chemical, oil and aircraft industries can be 
said to be based on phenomena of turbulent flow. Yet 
the detailed characteristics of momentum and heat trans- 
fer in such flow are not fully understood. The chemical 
engineering group at Caltech has had this as a major 
field of interest for many years. The aim is to develop 
a basic theory and to make measurements of specific 
materials which will allow accurate predictions of the be- 
havior of the fluids in a new chemical processing plant, 
for example. One particular problem recently examined 
was the rate of evaporation of a liquid droplet falling 
through a gas. 

The synchrotron 

When very high energy X-rays (above 250 million 
volts) fall on a hydrogen nucleus-a proton-the charge 
on the nucleus is "peeled off" in the form of a meson. 
leaving a neutron behind. There is nothing startling 
about this to a physicist. I t  was discovered several years 
ago that mesons could be "created" in the vicinity of 
nuclei by X-rays or gamma-rays. But it was startling 
to find from a detailed study of this process, carried up 
to over 500 million volts with the Caltech synchrotron, 
that the meson had a sort of virtual existence in (or 
near) the proton before its "creation". Thus, one more 
fact of meson physics is added to our store of knowl- 
edge. This particular fact, however, is very puzzling to 
the physicists and seems to deepen rather than reduce 
the mysteries of nuclear physics. 

The synchrotron has been shut down temporarily while 
alterations are being made which will allow it to accel- 
erate electrons to over a billion electron-volts energy- 
double the present level. This modification was planned 
from the start of the synchrotron project but it was 
deemed desirable to begin operation and gain some ex- 
perience for a couple of years at the lower energy. 

The synchrotron, incidentally, has proved a spectacu- 
larly successful machine and it has been most produe 
tive. In these days of "nuclear secrecy" it should be 

emphasized that neither the synchrotron nor any of its 
results are secret. It is located in the building where 
the 200-inch Palomar mirror was ground, and the same 
observation balcony overlooking the equipment is still 
open to the public. 

Astronomy 

The past two years have been exciting ones in the 
field of astronomy-an excitement which can be largely 
credited to the new observations made possible by the 
200-inch Hale telescope. The performance of this in- 
strument and the new results on the nature and structure 
of the universe have certainly exceeded the highest hopes 
of George Ellery Hale and the others who dreamed of 
and built this magnificent instrument. 

The first surprising discovery was that of Dr. Walter 
Baade several years ago when he found, contrary to sup- 
position, that the stars in the vicinity of the sun are not 
typical of all the stars in our Milky Way Galaxy. Our 
sun is far out near the edge of the Galaxy in one of the 
spiral arms. It now appears that such stars are probably 
younger than the stars near the center and have quite 
different characteristics and composition. This has re- 
quired a revision in the scale of distances as determined 
by the apparent brightness of certain types of stars. In  
addition, Dr. Allan Sandage has developed more accur- 
ate instruments for measuring brightness, thus correct- 
ing certain previous errors. The net result was the 
discovery that the great spiral nebula in Andromeda- 
our nearest neighbor universe, similar to our Milky Way 
-is 2.5 times as far away as had been thought. It is, 
therefore, 6.25 times as big and as bright as had been 
assumed-making it a colossal universe of stars, indeed. 
A second and more distant nebula has been measured 
and found to be 4 times as far away as previously de- 
termined-and hence 16 times as big and bright. 

Thus a whole new conception of the distances and 
sizes of the nebulae has been introduced which gives 
us a new concept of the size and the age of the universe. 
It will take much more data, however, before adequate 
determinations can be made of other nebular distances 
and hence before new size and age numbers can be de- 
duced. But it seems clear that the faintest and most dis- 
tant nebulae are not a mere 1 billion light years distant 
but may be 2 to 4 billion light years away. 

The discovery a few years ago that the heavens con- 
tain sources which emit radio-frequency energy has 
opened up a new field of astronomy. We now know that 
the sun itself emits radio waves and these show irregu- 
larities which are synchronized with sunspot disturb- 
ances and with large flares at the sun's surface. Also 
there are sources of radio energy in space, called "radio 
stars", some of which can be identified with known 
sources of visible light, and some cannot. These may 
be dark masses of matter which emit only radio waves. 
In any case the radio spectrum now has become as im- 
portant to astronomers as the visible spectrum and it is 
clear that work in this field must be initiated here. Funds 
for this purpose are now being sought. 
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T H E  C O N T R O L  

O F  A I R  P O L L U T I O N  

L O S  A N G E L E S  

by A. J. HAAGEN-SMIT 

T H E  SAME METEOROLOGICAL and geographical conditions 
which made the Los Angeles basin famous set the stage 
for a serious air pollution problem when five million 
people and their industries began to crowd this area. 
The inversion condition, a warm layer of air above the 
colder, ground layer, prevents dispersal of the pollu- 
tants. This layer of polluted air is blown inland by a 
slow sea breeze during the day, to return frequently at 
night, carried by an even slower land wind. 

Detailed meteorological studies at ground level show 
that on days of severe smog stagnant air conditions usual- 
ly prevail during the night and early morning hours, 
which permit the build-up of pollution. When the in- 
version height is lower than 1,000 feet, air pollution be- 
comes noticeable; people begin to complain of eye irri- 
tation and odor, farmers notice damage to their crops. 
and a dense haze blankets the area. 

The chemical analysis of smog air shows the presence 
of a great number of materials, among which are sulfur 
dioxide and dusts, well known as trouble-makers in other 
industrial areas. Control measures by the Los Angeles 
County Air Pollution Control District have brought these 
emissions below the 1940 level, when the word "smog" 
was still unknown in California. Hundreds of tons of 
sulfur are now recovered at the refineries, and emissions 
of metal dusts from foundries and steel mills are largely 
controlled. 

Public burning dumps have been abolished, but pri- 
vate rubbish burning still goes on, and there is consid- 
erable opposition to replacing it with more advanced 
disposal systems. Another needless source of pollution 
is created by the "smokers"-automobiles which, because 

of poor maintenance, continually emit smoke from their 
exhausts. But even cars in good condition produce 
smokes which, by depositing on the outside as well as 
on the inside of our houses, raise our maintenance costs. 
These same deposits are at present causing concern to 
the medical authorities. 

While these visible sources are not responsible for 
typical smog damage to crops, and the eye irritation 
caused by them is mostly of a local nature, their con- 
tribution to at least one aspect of the smog-the h a z e  
already justifies the insistence of the Air Pollution Con- 
trol District that the numerous small sources of smokes 
and fumes should be controlled. Anyone desiring clean 
air should support the authorities in this part of their 
difficult and often unpopular task, which is essential to 
obtaining better visibility. 

This part of the control program is not expected to 
reduce considerably the eye irritation felt over hundreds 
of square miles, nor will it give relief to the farmer, 
reduce the peculiar chemical odor associated with smog, 
or prevent excessive rubber cracking in this area. 

Chemically, the most characteristic aspect of smog 
is its strong oxidizing action. The intensity of this 
oxidizing action correlates closely with eye irritation and 
other smog symptoms such as plant damage, rubber 
cracking, and smog odor. The amount of oxidant can 
readily be determined through a quantitative measure- 
ment of iodine liberated from potassium iodide solu- 
tion, or of the red color formed in the oxidation of 
phenolphthalin to the well-known acid-base indicator, 
phenolphthalein. To demonstrate these effects, it is only 
necessary to bubble a few liters of smog air through the 
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Chemically, the most characteristic aspect o f  smog is its oxiding action. Daily determinations show that the oxidant 
rises shortly after sunrise, reaches a maximum in  Pasadena between 1-2 p.m., is practically absent at night. 

t- 

3 
Q 

colorless solutions. A marked color change occurs, indi- 
cating the presence of oxidizing materials. 

Daily determinations (as in the chart above) have 
shown that shortly after, sunrise the oxidant rises, and 
reaches a maximum at some time during the day-in 
Pasadena most often from one to two o'clock. At about 
sundown the oxidant decreases considerably, and it is 
practically absent during the night. We ha& been meas- 
uring these effects for more than a year, and have found 
that when the oxidant value passes a certain level, eye 
irritation occurs. 

The chart below shows the fluctuation in the daily 
maximum recorded at the California Institute of Tech- 
nology in Pasadena. The fluctuations are largely caused 
by meteorological conditions. However, there is a distinct 
weekly pattern which shows that Sundays are definitely 
less smoggy than other days of the week, especially 
Thursdays and Fridays. This phenomenon is not clearly 

SEPT. 30 OCT. I OCT. 2 OCT. 3 OCT. 4 
SMOG ' SMOG SMOG NO SMOG SMOG ODOR 

0.- 

understood. I t  could be due to reduced activity of in- 
dustry as well as to a change in the traffic pattern during 
week-ends. 

The value of these records lies in the objective esti- 
mation of smog intensity, and when continued, the data 
will be an aid in judging progress made in smog control. 

From these records we can see that the worst smog 
period this year, from August through October, was not 
as bad as last year, either in intensity or in duration 
(hours per day). Nevertheless, the eye irritation level 
was exceeded in Pasadena during that time on 65 out of 
90 days. 

The oxidizing action of smog air is due to the release 
of large quantities of organic material, mostly hydro- 
carbons, and oxides of nitrogen. When these gases are 
exposed to sunlight, eye-irritating substances are formed, 
and in the fumigation of plants typical smog damage 
symptoms are produced. At the same time aerosols 
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Fluctuations i n  daily maximum of oxidant i n  Pasadena show that this year's worst smog period ivas not as bad as 
last year's-and reveal a distinct weekly pattern, with Sundays definitely less smoggy than other days of the week. 
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(pollutants in the air which are so small they do not 
settle out, but are in stable suspension) are formed and 
a smog odor is apparent. Plant damage observed in this 
area is quite different from that caused by sulfur dioxide 
or fluorine compounds, and'its reproduction in fumiga- 
tions with the photochemical oxidation products of gaso- 
line and nitrogen dioxide (NO;) was the basis of one of 
the most convincing arguments for the control of hydro- 
carbons by the oil industry. 

It was interesting that the same damage could be ob- 
tained when ozone was mixed with gasoline vapors in 
the absence of sunlight. In the vapor phase reaction of 
ozone with olefins present in gasoline we may expect 
the formation of ozonides and other substances of per- 
oxidic nature, as well as acids and aldehydes. The 
possibility of producing typical plant damage and other 
smog symptoms by the oxidation of hydrocarbons either 
with nitrogen dioxide, air and sunlight, or with ozone, 
indicated that similar products are involved, and fur- 
ther research has established that ozone actually is pro- 
duced in the air by  the action of sunlight on organic 
material in the presence of nitrogen dioxide. 

The concentrations of organic materials-hydrocar- 
bons, aldehydes and acids-and those of the oxides of 
nitrogen determined in our polluted air fully account 
for the high concentrations of ozone found in this area. 
During severe smog attacks, ozone concentrations of 0.5 
ppm., twenty times higher than in country air, have been 
measured. From such analyses the quantity of ozone 
present in the basin at that time is calculated to be about 
500 tons. 

Since ozone is  subject to a continuous destruction in 
competition with its formation, we can estimate that 
several thousand tons of ozone are formed during a smog 
day. It is obvious that industrial sources or occasional 
electrical discharges do not release such tremendous 
quantities of ozone. A transport of ozone from the upper 
air is also out of the question during inversion 
conditions. 

The mystery of the abnormally high ozone content of 
smog air was solved several years ago, and our discovery 
that photochemical oxidation of organic material is 
accompanied by ozone formation gave further scientific 
evidence for the necessity of controlling hydrocarbon 
emissions. It also made clear why the oxidant values 
rise during the day and decrease as soon as the day is 
over. Ozone, a major part of the oxidant, is generated 

PHOTOCHEMICAL OZONE FORMATION 
WITH 3 METHYL HEPTANE AND VARYING CONCENTRATION OF NiTROGEM OlOXiBE 
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Photochemical formation of ozone is responsible for 
severe rubber cracking in this area. Cracking of stand- 
ardized rubber is now a test method for estimation of 
ozone in air. 

RUBBER CRACKING WITH 3-METHYL HEPTANE AND NITROGEN BlOXIbE 

Phenomenon of ozone formation is limited to a definite 
range of concentration of hydrocarbon and nitrogen 
dioxide. 

in the presence of sunlight, but as soon as this produc- 
tion decreases in the evening, the reactions which destroy 
ozone gain the upper hand and rapidly remove it from 
the atmosphere. The eye-irritating reaction products, 
however, can often be noticed in the air for a much 
longer time. 

The photochemical formation of ozone is also respon- 
sible for the severe rubber cracking observed in this 
area. Rubber is an unsaturated hydrocarbon, and its 
reaction with ozone is similar in principle to that of 
ozone and the unsaturated components present in gaso- 
line. We have used the cracking of standardized rubber 
as a convenient and highly specific test method for the 
estimation of ozone in the air. During severe smog in- 
itial cracking appears in about four minutes, as com- 
pared to an hour or more required on smog-free days, or 
at night. 

In duplicating the photochemical ozone formation in 
the laboratory, known concentrations of hydrocarbons 
and nitrogen dioxide were exposed to artificial light and 
the ozone formed was measured by the rubber cracking 
method or by chemical means. It is found that for a 
given hydrocarbon concentration-for example, three 
parts per million-a small but definite amount of nitro- 
gen dioxide is necessary before ozone can be detected. 
After passing through a maximum at about 2 ppm, of 
NOa, the ozone formation decreases, and is nearly ab- 
sent at about 5 ppm., as shown in the chart at left for 
3-methylheptane. 

The results of many measurements at different concen- 
trations of hydrocarbon are presented in the chart at the 
above on a logarithmic scale. We see that the phenomenon 
of ozone formation is limited to a definite range of con- 
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AREA OF OZONE FORMATION 

Limited area of concentration in which ozone formation 
occurs is clearly shown in linear presentation. 

centration of hydrocarbon and nitrogen dioxide, and 
this is even more striking when a linear presentation is 
used (above). The composition of the air in Los An- 
geles during smog days is in the order of 0.4 to 0.8 ppm. 
of NO2 and 1-2 ppm. of hydrocarbon, and falls directly 
within the range at which ozone formation occurs. The 
amounts of ozone formed in laboratory experiments cor- 
respond closely to those measured outside. 

The phenomenon that ozone formation is limited to 
definite relative proportions of hydrocarbon and nitro- 
gen dioxide, observed with 3-methylheptane, is apparent- 
ly quite true for other saturated hydrocarbons, as well 
as for olefins, and their oxidation products, acids and 
aldehydes. It  has been observed that as the length of the 
carbon chain increases from four to nine carbon atoms, 
the ozone-forming capacity becomes greater. Methane, 
ethane and propane were found to be inactive. The 

. highly branched hydrocarbon, 2, 2, 3-trimethylbutane 
(triptane), well known for its anti-knock value and high 
critical compression ratio, does not form ozone in any 
appreciable quantities, even upon prolonged irradiation. 
On the other hand, the unsaturated n-heptene-3 is very 
active in this respect. The chart at the right compares the 
relative ozone-forming capacity of these compounds 
with our standard hydrocarbon, 3-methylheptane. This 
marked effect of branching and the location of double 
bonds on ozone formation is being further investigated to 
explore the possibility of a change in fuel composition. 

From a practical point of view, it is important that the 
irradiation of gasoline vapors (straight run, as well as 
cracked) in the presence of nitrogen dioxide also leads 
to the formation of ozone, and the Los Angeles County 
Air Pollution Control District has demonstrated the 
ozone-forming property of air near sources of hydro- 
carbon release. 

The oxides of nitrogen necessary for this reaction are 

formed in all high temperature combustions through a re- 
action between nitrogen and oxygen from the air. The 
main sources are the burning of fuel gas, fuel oil and 
gasoline, whereby nearly 500 tons of nitrogen oxides are 
produced per day. No satisfactory way for the control 
of  nitrogen oxides is known yet, and therefore most of 
the attention is given to the other partner in the smog 
reaction, the hydrocarbons. 

The hydrocarbons are emitted to the air by evapora- 
tion from storage tanks and through many activities of 
the oil industry. The control of these sources is well 
under way, and about 400 tons of hydrocarbons per day 
are now being collected which formerly went to waste. 
The remaining emissions are estimated to be approxi- 
mately 250 tons per day. 

Automobile exhaust 

The other large source of hydrocarbons is automobile 
exhaust. The exhaust contains both ingredients for the 
production of smog-hydrocarbons and oxides of nitro- 
gen-and this ready-made mixture gives all of the typ- 
ical smog symptoms upon irradiation with sunlight. 

The exact knowledge of the range of concentration of 
hydrocarbon and NOz where ozone formation takes place 
was very helpful in showing that automobile exhaust 
after irradiation gives ozone. The only data required are 
the hydrocarbon and nitrogen dioxide concentrations in 
the exhaust sample. Then from the graph on page 15 
we can read how far the sample must be diluted to reach 
the ozone-forming area. 

The exhaust of a cruising car contains about 600 ppm. 
of NO2 and 600 ppm. of hydrocarbon. A dilution of 600 
to 1 brings it into the area of ozone formation. For 
acceleration exhaust, with its high NO2 content, a dilu- 
tion of 1,000 to 1 is necessary. Deceleration exhaust falls 
within the area, and idling exhaust contains too little 
NOz to be able to form ozone upon dilution. However. 
if we mix deceleration, idling and acceleration exhausts, 
the "stop-and-go" phase of driving, we have a mixture 
that is equal to that of cruising exhaust, and ozone can 
be formed. 

O Z O N E  F O R M A T I O N  W I T H  H Y D R O C A R B O N S I 3  P.RW 

A N 0  

N I T R O G E N  Dl  O X I D E  1ZP.RM.l 

TIME I N  HOURS 

Comparison of relative ozone-forming capacity of other 
saturated hydrocarbons with standard, 3-methylheptane. 
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The important conclusion is that somewhere behind 
the car the exhaust gases will be sufficiently diluted to 
form ozone. 

More than 4,000,000 gallons or 12,000 tons, of gaso- 
line are consumed each day in the Los Angeles area. To 
this should be added 30,000 gallons of lubricating oil 
which are also burned or lost. The loss in unburned or 
partially burned gasoline from the exhaust is about seven 
to ten percent of the gasoline used, and it is estimated 
that the emission of hydrocarbons to the air is on the 
order of 300,000 to 400,000 gallons, or about 1,000 
tons per day. 

Driving conditions in Los Angeles 

The Los Angeles County Air Pollution Control District 
has determined the gasoline losses during idling, acceler- 
ation, cruising and deceleration. The losses are not equal- 
ly divided over the different phases of automobile opera- 
tion. As a result of a survey on driving conditions in 
Los Angeles, we can estimate the lime spent on each 
phase. Tabulation of these results shows the relative im- 
portance of the different phases of automobile operation 
with respect to hydrocarbon emission. 

DRIVING CONDITION IDLING ACCEL. CRUISING DECEL. 

Time Driven-% --.-.-.-----.. 18 18 46 18 

Hydrocarbon Concen. 
mg./liter ..Ã‘---...-.-------- 5.8 0.8 0.9 15.0 

Exhaust Flow 
cu. ft./min. ........--....-.-- 14.2 56.0 28.4 30.2 

Hydrocarbons into 
Atmosphere~units .-.... 17 8 13 62 

It  is interesting to note that although only 18 percent 
of the driving time is spent in deceleration, 62 percent 
of the total hydrocarbon loss occurs during that time. 
Stop-and-go traffic, which includes deceleration, idling 
and acceleration, contributes 87 percent to the total loss. 
Substantial improvements in exhaust emission can there- 
fore be expected from a reduction in the number of re- 
quired stops. The use of freeways allows a constant flow 
of a large number of vehicles with a minimum of stop- 
and-go driving. The construction of freeways is there- 
fore an excellent means towards the reduction of exhaust 
fumes. 

The automobile industry in Detroit is seeking a solu- 
tion through improvements in engine design, carburetion, 
etc., and it was recently announced that a 30-50 percent 
reduction of the hydrocarbon emission would be feasible. 

The increase in the number of freeways and the im- 
provements in fuel economy are, of course, most wel- 
come to the driver. This cannot be said for the attempts 
to reduce the exhaust emission through the use of rather 
expensive corrective devices on the exhaust. There is a 

great deal of misconception about the purpose of these 
gadgets and the conditions under which they have to 
operate. The removal of carbon monoxide, for example, 
does not help in the reduction of smog. It is often over- 
looked for each gallon of fuel consumed, one quart of 
water and more than half a pound of chemicals are 
leaving the exhaust. Removal by scrubbers or chemical 
agents is therefore impractical. 

The main ingredients that we want to remove from the 
exhaust by such devices are of hydrocarbon nature, and 
the only practical way to remove them is by combustion. 
At the present time, two so-called "afterburners" show 
definite promise. However, considerable time for testing 
is needed before these muffler-type burners can be recom- 
mended for adoption by the two-and-a-half million auto- 
mobile owners in this area. It  is held possible that these 
mufflers can be installed in the not too distant future 
on trucks and buses. 

Also under way are investigations on the effect of fuel 
composition on the irritating properties of the exhaust 
gases. The feasibility of converting at least buses and 
trucks to the use of LPG (Liquid Petroleum Gas) is 
being considered, since hydrocarbons such as propane 
and butane are free from some of the objectionable qual- 
ities of gasoline. Our findings that there is a consider- 
able difference in the ozone-forming capacity of different 
hydrocarbons suggest that investigation of the behavior 
of individual hydrocarbons might give a lead towards 
improvement in fuel composition. We should not forget, 
however, that the high temperatures which occur during 
the explosion change these compounds, and that the eval- 
uation of their smog-forming character should be made 
not only on the fuel itself, but also on the products 
resulting from its incomplete combustion. 

While engineering is in progress on the exhaust prob- 
lem, everyone can help in the reduction of exhaust emis- 
sions by keeping his engine in good mechanical condi- 
tion, by practicing the driving habits recommended when 
gasoline was rationed, by supporting the construction 
of freeways and by urging a greatly improved public 
transportation system. 

PHOTOCHEMICAL OZONE FORMATION FROM AUTOMOBILE EXHAUST 

Graph shows how far a sample of auto exhaust must be 
diluted to reach area where ozone-formation takes place- 
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In order to evaluate the result of such reduction, we 
have to refer to our graph showing the ozone formation 
at different concentrations of hydrocarbon and NOg. A 
more detailed view of the region of concentration meas- 
ured during the smog is shown below. This graph shows 
the ozone level reached after four hours' irradiation with 
sunlight at  varying concentrations of nitrogen dioxide 
and 3-methylheptane. Notwithstanding the use of a single 
hydrocarbon in these experiments, the values of ozone 
found seem to agree well with those found during smog 
periods, when not only the concentration of hydrocar- 
bons, but also the concentrations of their oxidation prod- 
ucts are used in the computation. This method of com- 
putation is  necessary because the concentrations of 
hydrocarbon and NOa determined during a smog attack 
do not represent the initial concentrations. Oxidation is 
continuously going on, reducing the original hydrocar- 
bon and NOz concentrations and increasing the concen- 
trations of aldehydes, acids and other oxidation products. 

Ozone formation 

In  the first place, we notice on our graph that the con- 
centration of ozone formed is directly proportional to the 
product of the hydrocarbon and NOg concentrations. An 
increase of 20 percent in the hydrocarbon and NO2 will 
therefore result in a 44 percent increase in the ozone for- 
mation, and this might well explain some of the increase 
in ozone levels during the last five years. 

The graph also allows us to predict the effect that will 
be obtained by a reduction in the hydrocarbon. If the 
initial concentration of hydrocarbon is in the order of 
2 ppm., and that of the nitrogen oxides 0.4 pprn., a re- 
duction of 50 percent in hydrocarbon will enable us to 
remain just below the threshold of irritation of 0.1 ppm. 
of ozone. However, when the NOg concentration is 0.8 
ppm., a quantity which has actually been found during 
severe smog, a 75 percent reduction in hydrocarbon 
(from the original concentration of 2 pprn.) would be 
necessary to reach the same threshold. Unfortunately, 

OZONE FORMATION WITH 3-METHYL HEPTANE AND NO, 
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(,'oncentration of ozone formed is directly proportional 
to the product of hydrocarbon and NOs concentrations. 
Graph shows potential effect of hydrocarbon reduction. 
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the tendency at present is towards a steady increase in 
the NO2 concentration, which demands, greater and 
greater efficiency in hydrocarbon recovery. The alterna- 
tive is to reduce the NO2 concentration as well as that 
of the hydrocarbons. 

The sources of smog are well known, and there is 
general agreement that the control measures taken to- 
wards the reduction of dusts, smoke, sulfur dioxide and 
hydrocarbons were fully justified, and that this program 
should be continued with vigor. 

Vigilance and planning needed 

There is every reason to expect that the present diffi- 
culty will be overcome. The question is, however, how 
long will this improvement last? Every reduction in 
the harmful emissions from the industrial plants is but 
a partial one, and a small percentage of the pollutants 
still escapes into the air. The reduction in the emissions 
from the automobiles through exhaust devices or im- 
provements in engine performance will probably be, in a 

practice, not much better than 75 percent. The oxides 
of nitrogen, partners in the smog-forming reactions, have 
continued to increase at a rate of four to five percent 
per year without any practical means of their control in 
sight. This unfortunate fact, together with a renewed, 
gradually-increasing emission of organic materials, will 
eventually result in even higher concentrations of the 
irritants, such as ozone, than we notice today. This toxic 
agent may then exceed the level which conservative 
hygienists consider unhealthful. If the present trend 
continues, we might expect in ten or twenty years a repe- 
tition of our unpleasant experiences of today. At that 
time, however, a further reduction will be considerably 
more difficult and expensive, and will have to include 
the control of oxides of nitrogen. 

To insure clean air for the future, the present control 
measures will have to be implemented by bold civic 
planning which will include not only the city of Los 
Angeles, but the entire Los Angeles basin. Plenty of 
breathing space in  the form of spacious parks should be 
included in the plans, together with the creation of a 
badly needed rapid public transportation system. City 
planners and engineers may even have to scrutinize care- 
fully such revolutionary proposals as the relocation of 
industries and power stations, community air purifica- 
tion plants, and other similar projects which may seem 
fantastic at this time. 

Fresh air limited 

We have now received two warnings that our fresh air 
supply i s  limited. The first, a wave of eye irritation dur- 
ing the war years, was controlled within a year through 
corrective measures at a single plant. The second at- 
tack of severe air  pollution has lasted eight years and 
involves hundreds of industries and millions of people. 
We shall ovprrome our immediate problem, but only 
constant vigilance and thorough planning will assure 
a permanent solution. 
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Cooking class at Throop Polytechnic Institute at the turn of the century 

L O O K I N G  

B A C K W A R D  

Some memories of student life 

at Caltech's forerunner, 

Throop Polytechnic Institute 

by IVY E. ARTHUR '01 

Now THAT MY GRANDSON, Eric Arthur Johnson, has been 
enrolled as a student in the California Institute of Tech- 
nology, it has been suggested that I write down some of 
my memories of Caltech's forerunner, Throop Polytech- 
nic Institute, which I attended for two years-1899-1901. 
My older brother was a student there for five years and 
my younger sister for two years. I do not have a t  hand 
any of the Year Books or catalogues, so these jottings 
are, merely from memory and should not be taken as 
authentic statistics. 

The campus of TPI as I knew it took up less than a 
city block. It was bounded on three sides by Raymond 
Avenue, Chestnut Street, and Fair Oaks Avenue. There 
were two plain, substantial, red brick buildings, two 
stories high. In East Hall were the classrooms for the 
academic and collegiate studies, the art department and 
the science laboratories. Clay modeling and wood-carv- 
ing were taught in the basement. The Assembly Hall 
was on the second floor. West Hall housed the manual 
training departments-the machine shops, art metal 
work quarters, woodwork shops, sloyd,* chemical lab- 
oratory, sewing room and cooking room. 

Throop Polytechnic Institute was the first school west 
of Chicago to teach manual work. Amos G.  Throop 
founded the Institute with the idea of uplifting the man- 
ual skills to the level of arts and sciences. A large oil- 
painted portrait of "Father" Throop hung on the wall 
above the platform in the Assembly Hall. The school 
was patterned after the Massachusetts Institute of Tech- 
nology, so we were told-co-educational and non- 
sectarian. When the public schools took up the idea of 
manual training many of the graduates of Throop's 

* A  system of manual training which originated in Sweden, 
and was based on the use of hand tools in woodcarving. 
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Sewing, another course which was dropped from the Caltech curriculum, was a Throop favorite in 1900, 

Normal Department were given key positions as 
instructors. 

The tuition at TPI  at the time I enrolled was $105 a 
year, and was later lowered to $75 a year. Extra 
fees were charged for materials used in the laboratories 
and domestic science classes. We purchased our own 
books and working materials. 

The fare on the Pacific Electric cars from Los Angeles 
was 25 cents a round trip. Students could get 40-ride 
books of tickets for $3.00. The Pacific Electric carline 
terminated at the Throop campus. This was almost the 
outskirts of the city of Pasadena. Beyond, to the north, 
except for a few residences, were vacant natural fields 
stretching up to Altadena, then on up to the foot of the 
Sierra Madre Range. 

In the springtime the fields were carpeted with bril- 
liant golden poppies. The poppy fields were famous as 
a tourist attraction anrl cmld  be seen for many miles. 
Permanent residents of the southland also enjoyed the 
wild flowers and the views of the mountains which 
seemed so close, as if the pure unpolluted air were 
a magnifying glass. There were no automobiles in those 
days. Horse-drawn vehicles, electric cars, or bicycles 
took people where they wished to go. 

High on the mountain-side, and in plain view from 
the mountains to the sea, was a huge white or sand- 
stone-colored letter "T", which had been carved out by 
the Throop boys. Perhaps the future surveyors or civil 
engineers did the work, clearing away the vegetation 
down to the bare rock. 

Each of our school days began with a 15-minute, non- 
sectarian chapel exercise in the Assembly Hall. After 
a prayer, a song and a greeting from our president or 
other members of the faculty, we heard an address hy 
some local clergyman, business man, benefactor of the 
college, or distinguished visitor to this community. One 
speaker that I remember clearly was "Buffalo Bill" 
Cody. He told of his thrilling experiences, but the 
theme and purpose of his talk was to stress the impor- 
tance of temperance, morality, and the strength of char- 

acter to say "no" in the face of temptation. 
We had inspirational talks by such men as Dr. Nor- 

man Bridge, who did so much to make Throop and its 
ideals a success. There were two clergymen whose 
names were Reverend Socks and Reverend Stocking, (the 
spelling may not be correct but that is the way their 
names sounded when pronounced). One w a s  short and 
broad, the other tall and thin. We always enjoyed their 
talks. 

Throop Polytechnic Institute did not enter into sports 
events to any extent. Occasionally there was a track 
meet or hall game with some local high school or neigh- 
boring college. Sometimes there was a tennis match 
between the Pasadena High School and Throop, on the 
Throop Courts. On the Pasasena High School team were 
the three Button sisters, famous tennis champions. Throop 
never won against them. 

West Hall was a building of many odors, as I remem- 
ber it. On the south end where the sloyd was taught we 
smelled clean sawdust and sweet-scented shavings. I 
sniffed at the smell of baking bread, gingerbread, pud- 
dings, and savory meats and vegetables, from the cooking 
room on the floor above me. Down the hall a way was 
quite a change of smells. The chemistry room sent out 
the odors of foul gases which made us hurry past, hold- 
ing our hands over our noses. 

Ordinarily the machine shops and foundry were no- 
ticed by their noise from the lathes and heat from the 
furnaces, but on one occasion they sent out an odor to 
top all other bad odors. The boys of the biology depart- 
ment had found a dead horse out on the countryside. 
They brought the carcass back to the shops and placed 
it in a big vat of water over the fire and boiled it until 
the flesh dropped off the bones. When the hones were 
salvaged and the mess cleared away, the boys re-assem- 
bled the bones and proudly displayed the perfect 
skeleton of a horse. 

A great day for Throop was the Tournament of Roses 
on New Year's Day. For weeks ahead we planned and 
worked on our entry in the parade. A horse-drawn tally- 
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ho was filled with the prettiest girls of the school, and 
from among the boys were selected the bugler and the 
outriders. Volunteer workers spent many hours in the 
sewing room wrapping the harness for the six horses 
with strips of white sheeting. The wheels and detach- 
able parts of the coach were also wrapped. The day be- 
fore the parade the students scoured the area of Pasadena 
and other communities for donations of white and 
orange colored flowers-those were our school colors. In 
the early days of the Rose Parade locally grown flowers 
were used, and were plentiful. After the flowers were 
ready the workers were busy all night pinning and sew- 
ing the white chrysanthemums and deep yellow mari- 
golds, calendulas, and roses onto the muslin-covered 
equipment and body of the tally-ho. 

One year (1900, I believe) the girls were dressed as 
colonial ladies with powdered hair and large picture 
hats. They carried parasols that were covered with 
flowers. The bugler and outriders wore white satin 
colonial suits trimmed in gold, and had powdered wigs 
and tricorn hats. 

The last Wednesday of each school year was Exhibi- 
tion Day. The public was invited to view all the work 
and achievements of the year. Each department had 
its best work of students on display, and lectures ex- 
plaining the school's training were given in the Assembly 
Hall. Domestic Science students served luncheon at noon, 
and throughout the day and evening they served punch. 
Other students were appointed to be guides and show 
the visitors about. Throngs of people filled the halls 
and classrooms from opening to closing of Exhibition 
Day. 

Throop had been attracting the attention of the very 
wealthy, the most successful, the famous and the cultured 
people of the local community, as well as the more dis- 

tant places. These families sent their young people to  
Throop Polytechnic to get the practical training so 
needed in everyday life, along with the academic and 
collegiate education. 

The middle class-well-known and professional peo- 
ple-entered their children in Throop because of its cul- 
tural and scientific education along with the manual 
arts. Then there were those parents who had very mod- 
est finances, but felt that no sacrifice was too great if 
their children could have the fine education and environ- 
ment offered by Throop Polytechnic. 

When the public schools began to establish manual 
training courses, it was then that the dream of Amos G. 
"Father" Throop to give equal opportunities to all  chil- 
dren for this practical training was fulfilled. 

Young Throop was now an adult and had to look t o  
bigger and more advanced technical training for the 
more mature minds. Although the new Throop was not 
born until 1910, as early as the turn of the century the 
trustees and faculty were making plans and discussing 
the possibilities of an expanded but more concentrated 
program of technical studies, research, chemistry, astron- 
omy, and other sciences. Looking forward to the new 
buildings, in 1900 the students in the Art Department 
were given the project of designing friezes, gargoyles, 
and other embellishments for the Throop Hall which 
was to be on the spacious campus on California Street. 

We who knew and loved the parent Throop felt a 
little sad when its offspring decided to change its name 
to California Institute of Technology, but were somewhat 
appeased when told the big "T" on the mountainside 
would remain there and would stand for Technology 
as well as Throop. ( I  wonder if it is still there? Perhaps 
my grandson Eric can tell me, if he can see the moun- 
tains through the smog). 

A group of industrious students in Throop Polytechnic's bustling, well-equipped biology laboratory 
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T H E  R O L E  O F  S C I E N C E  

I N  W A R F A R E  O F  T H E  F U T U  

A great military leader considers the possibility of war 

between East and West-and gives his own ideas on 

how such a war should be conducted. 

by FIELD MARSHAL THE VISCOUNT 

MONTGOMERY OF ALAMEIN 

THE WORLD IS SPLIT IN TWO and the aims of the two 
parts, East and West, are in direct conflict. In some 
areas the conflict is violent and has led to fighting. These 
local wars are part of what is called the "cold war". 
A better name would be the cold peace. 

History records that from time to time evil men arise, 
seize power, and attempt to exert their will by force. 
Hitler was such a man. Therefore the possibility of the 
cold war turning to a hot war is always with us, and we 
must be prepared accordingly. 

Both are global, the cold war and the hot war. In - 
trying to win the cold war one side or the other may mis- 
calculate and bring on a hot war, though neither side 
wanted it. So once again, war is a possibility. 

But as we advance further along the road of develop- 
ment of atomic and thermo-nuclear weapons, guided 
missiles, and ballistic rockets, it will become increasing- 
ly clear that a hot war will be mutual suicide for the 
contestants. Therefore, the great problem regarding the 
cold war now in progress is how to win it without pre- 
cipitating a hot war, 

Local wars call for the use of conventional weapons, 
and for a readiness to use new weapons if the circum- 
stances demand it. It is obvious that the use of atomic 
and thermo-nuclear weapons is going to have a profound 
effect on the conduct of war, on weapon systems, on 
strategical and tactical conceptions, and therefore on 
the organization of forces. 

I want to make it absolutely clear that we at Supreme 
Headquarters Allied Powers, Europe are basing all our 
operational planning on using atomic and thermo-nu- 
clear weapons in our defence. With us it is no longer: 
"They may possibly be used." It is very definitely: 
"They will be used, if we are attacked." 

The reason for this action is that we cannot match the 
strength that could be brought against us unless we use 
nuclear weapons; and our political chiefs have never 
shown any great enthusiasm in giving us the number of 
men to be able to do this without using such weapons. 

It all calls for a certain reorganisation of our forces, 
and in our strategy. We have reached the point of no re- 
turn as regards the use of nuclear weapons in a hot war. 
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Field Marshal Viscount  
Montgomery, British hero 
of World War 11, now serv- 
ing as Deputy Supreme 
Commander of the Allied 
Powers in Europe, on a 
visit to Pasadena last month 
as guest of Caltech. 

In our thinking ahead we need sbme realistic founda- 
tion. Let us therefore consider a war between two power- 
ful groups of nations, and let us call them East and West. 
You can make any grouping within this broad statement 
that you think suitable. I would suggest that we include 
the NATO nations in the West. 

We will assume that the West has at present a super- 
iority in atomic and thermo-nuclear weapons together 
with the means of delivery, but that as the years pass 
that margin of superiority is likely to decline. 

So far as we can see today we are not justified in de- 
pending on air bombardment alone, even with nuclear 
weapons, to bring a world war to a successful conclu- 
sion; still less a local war or disturbance. Wars today 
can be won only by fighting, and, in a hot war, fighting 
will continue in the air, at sea, and on land until one 
side loses the will to fight on. 

On the other hand, the skillful employment and accu- 
rate application of superior nuclear fire-power in com- 
bination with the operations of streamlined land forces, 
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can be a decisive factor in the battle on land. The prob- 
lem will be, how to force the enemy to concentrate his 
armed forces sufficiently to offer a worthwhile nuclear 
target, without exposing our own forces to destruction 
by the enemy's nuclear attack. 

I suggest that such a war will have three phases. 
First Phase: A world wide struggle for mastery in 

the air and of the oceans. It will be 
vital during this phase to prevent 
enemy land forces overrunning and 
neutralizing Western bases and terri- 
tories. 

Second Phase:The destruction of the remaining 
enemy land forces. 

Third Phase: The bargaining phase, when the en- 
emy's homeland and all it contains is 
at the mercy of the Western air 
power. We will then carry the air at- 
tack to the point where the enemy 
accepts our terms. 
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MONTGOMERY . . . CONTINUED 

The second and third phases may be concurrent. 
Against the background of this overall strategy, let 

us consider the war under three headings: The War in 
the Air. The War at Sea. The War on Land. 

THE WAR IN THE AIR 

It is clear from the strategy I have outlined that the 
dominant factor in future war will be air power. And 
that is my very firm belief. But like so many things we 
do we too often pay only lip service to this great truth. 

The greatest asset of air power is its flexibility. The 
main factors in determining the degree of flexibility are 
the methods of command and control, the range of air- 
craft and the mobility of supporting equipment. 

Flexibility and centralized control of all the air forces 
in a theatre of war are vital to success. But the West 
has sacrificed much of its flexibility by basing the air 
command organisation on the requirements of "direct 
support" of the land forces, whereas it should be based 
on the organisation necessary to gain the greatest meas- 
ure of control in the air. 

Air power is indivisible. If you split it up into com- 
partments you merely pull it to pieces and destroy its 
greatest asset-its flexibility. If we lose the war in the 
air, we lose the whole war and lose it quickly. We will 
never win the war in the air with the organisation for 
air command and control that we have at present. The 
present organisation is unworthy of a group of nations 
who claim to have some knowledge of war. 

Now let us have a look at  the war in the air. 
If we maintain the ability to start a tremendous nu- 

clear bombardment of the East the moment we are at- 
tacked, they cannot afford to do nothing about it. 

I t  must affect the employment of their air forces. It 
must force them to devote a considerable effort of their 
long-range air forces and nuclear weapons to attempt 
to hit our strategical air forces and the installations on 
which they depend. It must force them to expend effort 
on air defence, no easy problem for them. 

Against this background, I suggest there are three suc- 
cessive stages to consider in the War in the Air. 

The first stage 

This stage would be if war comes in the near future. 
In this period, as I see it, both sides will rely princi- 

pally on piloted aircraft in both the strategical and tacti- 
cal fields. I see no sign, within this period, of either 
side being able to create an air defence system which 
could greatly affect the present balance in favour of the 
offensive in the air. 

The results of this great battle for'mastery in the air 
will have a tremendous effect on the whole war, and we 
must win it. But we cannot afford to rely on air re- 
sources which depend on mobilisation. The air forces 
we need, together with all the means necessary to keep 

them operational, must exist in peace-time. And by cen- 
tralizing Air Command on the highest possible level we 
must restore to the air forces the flexibility they have 
largely lost. 

The second stage 

In the not too-far distant future, the East may create 
a sufficient stock of atomic weapons, and the long-range 
means of delivering them, effective enough for them to 
strike at the outbreak of war a devastating blow at our 
means of delivering offensive air power. At this stage, 
as far as I can see, both sides will still be relying prin- 
cipally on piloted aircraft, both for offence and defence. 

Before this period arrives, it will be of tremendous 
importance that we should have developed, and have in 
being, a highly effective global early warning system, 
together with the best air defence that the scientists can - 

give us; in order to prevent our offensive air power being 
crippled from the start by a surprise attack, and to mini- 
mize the effect of such an attack. 

The third stage 

Later on still, the East may have developed means of 
delivering their weapons with accuracy, both short-range 
and long-range, which do not rely on piloted aircraft, 
e. g., the ballistic missile. 

Our ability to counter that threat by both offensive 
and defensive measures will be much reduced, because 
the targets will be far less vulnerable-whether they 
are launching sites, or the weapons themselves actually 
in the air. 

We must ask ourselves seriously what, at that stage, 
are to be the targets of our offensive air power. 

Will it then be true that offensive operations by our 
aircraft or missiles will directly affect the enemy's abil- 
ity to deliver his weapons against us? 

I do not see the aeroplane disappearing altogether. In 
the tactical field I am sure that there will always be 
tasks for piloted aircraft in support of land and naval 
forces. The enemy's aircraft used for these purposes, 
and their bases, will remain an important target for 
our aircraft and missiles. 

What are the conclusions? 
Now that we have solved the problem of endurance in 

the air, and an aircraft can remain in the skies for pro- 
longed periods and in all weathers, air power is becom- 
ing the decisive factor in warfare. We must therefore 
get organised accordingly. What we must do now is to 
organise the command and control of our air forces so 
as to retain the greatest degree of flexibility, centralizing 
command in the highest commander who can effectively 
exercise that command: so that he can wield the avail- 
able air forces in a theatre of war as one mighty weapon. 

If we are attacked, we must set in motion an imme- 
diate air offensive on the largest possible scale, directed 
at the enemy's air forces and at his homeland. The 
means of delivering an immediate air offensive must 
exist in peace. 
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A CAMPUS-TO-CAREER CASE HISTORY 

W .  D. Garland, E.E. '52, Univ. of 
California, is working for the Pacific 
Telephone Company. We  thought 
you'd be interested in what Don 
told us about his first assignment. 

(Reading time: 45 seconds) 

Here Don Garland makes noise distribution measurements 
with a Level Distribution Recorder 

66 My job is to help solve problems 
of noise and other interference on tele- 
phone lines due to power interference. 
Inductive co-ordination is the technical 
term for the work. 

"First thing the Chief Engineer ex- 
plained to me was that 'all the answers 
aren't in the book.' He was right. Most 
of the problems have required a corn- 
bination of electrical engineering, a 
knowledge of costs and generous 
amount of ingenuity. 7 like it that way. 
It's given me an immediate opportunity 
to put into practice the theory I learned 
at school. 

"In addition to this on-the-job ex- 
perience, I have attended several spe- 
cial training courses conducted by the 
company. Now I'm breaking in a new 
man, just like when I started." 

Don Garland's work is typical of many 
engineering assignments in the Bell 
Telephone Companies. There are simi- 
lar opportunities for college graduates 
with Bell Telephone Laboratories, 
Western Electric and Sandia Corpora- 
tion. If you'd like to get more details, 
see your Placement Officer. He will be 
glad to help you. 

BELL TELEPHONE SYSTEM 
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MONTGOMERY. . CONTINUED 

We must develop an effective, and global, early warn- 
ing system in order to have some chance of being able 
to take the offensive in the air should we be attacked. 
And we must study air defence urgently; I will say 
something on this subject later on. 

It  is vital that our air forces should be able to absorb 
nuclear attack, and survive to strike back. The prin- 
ciple of dispersion must be explored from every angle. 
We must get away from the enormous concrete runways 
of today, and develop aircraft which can land and 
take off from small pierced-steel-planking airstrips dis- 
persed over the countryside. In this respect "vertical 
lift" aircraft have very great possibilities. 

THE WAR AT SEA 

Now let us discuss the war at sea. 
As things stand today, it is my view that the West 

could not win if it lost control of the Atlantic. If we 
cannot deploy in Europe the power of the American 
continent, Europe could fall. 

In the open seas the great threats are the submarine 
and air attack. In the narrow waters, the threat of the 
mine must be added and attack by aircraft will be more 
effective. 

Naval forces of today require air support in the same 
way as do land forces. I t  is essential in the conditions 
of today, that navies called on to operate in the great 
oceans should have their own air forces. 

The navies of those nations whose work lies entirely 
in narrow seas, such as the Mediterranean, or in Euro- 
pean waters, are in a different situation; in my view. 
such navies do not need their own air forces. What I 
have said about the war at sea is applicable only for 
today and for the next few years. But the more one con- 
siders the future the more the problem of control of the 
seas becomes difficult to foresee. The question to be 
faced, and decided, is: "In the future, will the seas be 
controlled from the sea or from the air?" 

When one considers the range and power of aircraft 
of the future, and the progress that is likely in radar 
and electronics, I am personally forced to the conclu- 
sion that the time will come when the major factor in 
the control of the seas will be air power. 

I consider that the day of the large warship on the sur- 
face of the sea is over. The emphasis in the future is 
likely to be on the smaller type of vessel and on under- 
water craft. 

If it is true that the seas will in the future be con- 
trolled mainly from the air, then it is for consideration 
whether this control would not be best exercised by na- 
tional air forces and not by naval forces. If this is the 
case, then navies will not in the future require their own 
air forces. 

w 

That time has not yet come. But in my view it will 
come eventually. If this is true, then we should at once 
stop building any more aircraft carriers; because they 
are very expensive and will not a dividend. 

What it amounts to is that new weapons have not yet 
rendered the aircraft-carrier obsolete, but they will do 
so in the future. And I see control of the seas eventually 
passing to air forces. 

THE WAR ON LAND 
To fight successfully on land we need the following 

four essentials, as a minimum:- 

First: 

Second: 

Third: 

Fourth: 

We must have first-class forces "in being" 
in peace time, up to strength and ready at 
all times to act as our shield without any 
mobilisation procedure. These forces must 
be trained and equipped to the highest 
pitch: mobile, hard-hitting, offensive troops 
of magnificent morale, very highly disci- 
plined, under young and active command- 
ers. These are the troops and the com- 
manders who have got to stand firm in the 
face of the horrors and terrors of the open- 
ing clashes of an atomic war, and they will 
stand firm only if they are highly trained 
and highly disciplined. 
We need reserve forces, well organised, ca- 
pable of being mobilised in echelons, and 
each echelon receiving sufficient training in 
peace to ensure it is fit to fight at the time 
it is needed. 
Our forces, active and reserve, must be 
backed by a sound logistic and movement 
organisation, which should exist in peace to 
the degree necessary to ensure success in 
the opening weeks of war. 
We must have a sound Civil Defense organ- 
isation in each national territory. 

The whole philosophy underlying these needs in land 
forces is, that the active forces "in being" in peace will 
make it impossible for the East to launch an attack suc- 
cessfully without a preparatory build-up of their forces, 
which we would know about; it would be difficult for 
the enemy to surprise us. 

Our active forces will prevent the Eastern forces from 
reaching our vital areas, while we are assembling and 
moving forward our reserve forces. 

Let us have a last look at the war in the air, at sea, 
and on land. 

The w a r  in the air  

We have got to win the war in the air. We will not 
win it unless the air forces are allowed to regain their 
flexibility and unity, and unless air command is organ- 
ised according. It is vital that this matter be tackled at 
once on the highest political level. 

We must maintain in peace the ability to launch an 
immediate offensive in the air against anyone who 
attacks us. 

The West is vulnerable to nuclear attack. Great 
offensive power is wasted unless it is married to de- 
fensive power and can be launched from a secure base. 
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"NEW DEPARTURES" IN T 
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Naturally Dr. Diesel was proud of his engine. He 
was delighted! He'd spent the best years of his life 
on this "new departure." So many experiments. So 
many failures. He finally succeeded in 1897, and 
engineers everywhere acclaimed the Diesel engine. 

Ever since, better and better Diesels have been 
built. Smoother-running, more compact, more 
powerful, more dependable. And New Departure 
has helped. For example, the double-row angular- 
contact bail bearing which supports the rotors in 
the GM Diesel Supercharger. This bearing was 
designed and developed by New Departure. It is 
just one of many reasons for New Departure's wide 
reputation for ball bearing leadership. 

Two double-row angular- 
contact bal l  bearings 
provide close axial and 
radial location of rotors 
and timing gears in the 
GM Diesel Supercharger. 
This bearing type is one 
of many originated at 
New Departure. 

NEW DEPARTURE DIVISION OF GENERAL MOTORS BRISTOL. CONNECTICUT 
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As time passes and the offensive capability between 
East and West levels out, the advantage will go to that 
side which has the greater defence strength, which can 
protect itself against attack, and can survive to strike 
back. 

There is at the present time no sure defence against 
the aeroplane or ballistic rocket. Indeed, so far as we 
can see today, trying to get a secure defence against air 
attack is rather like trying to keep the tide back on the 
sea shore with a picket fence. This situation must not be 
allowed to continue. 

The best scientific brains we possess should be gath- 
ered in to help in the task, working in close cooperation 
with air forces. I say "air forces" because I hold the 
view that air defence should be organised and handled 
by air forces, and that Antiaircraft Commands should be 
handed over to that Service. 

The war at sea 

Today, the navies must handle this war. They must 
be given the minimum means to ensure control of the 
seas and of the approaches to essential ports, and no 
more. It is essential that they should not dissipate those 
means on tasks which do not affect the war at sea. But 
we must not be hide-bound by past traditions. I give 
it as my opinion that the time will come when the seas 
will be controlled from the air. If this is true, the future 
must be planned and organised accordingly. 

The war on land 

In the organisation of land forces the emphasis must 
be on strategical and tactical mobility, and on simplicity 
of weapons systems. We need Divisions that can be 
moved rapidly by air;  this will necessitate suitable air- 
craft for the purpose. 

To gain full advantage of the immense fire-power that 
nuclear weapons have provided, and to avoid destruc- 
tion by enemy nuclear attack, armies must develop a 
more lively and opportunist type of battle leader than 
exists at present, in both junior and senior ranks. Such 
a leader must have the imagination, the daring, and the 
resource to seize fleeting local opportunities; he must 
be trained to act independently and immediately within 
the framework of a general plan, rather than on precise 
and detailed orders, or only after reference to a superior. 

I should add that these qualities in a leader apply 
equally to navies and air forces. 

Land forces must become less dependent on roads 
and more capable of cross-country movement. The sup- 
ply system of land armies must be streamlined. They 
must become much less dependent on fixed lines of sup- 
ply such as roads and railways, which involve frequent 
transfers of load. 

Armies need a simple line of supply based on an air 

lift. Today, when supply lines are cut by enemy action, 
armies cease to operate efficiently. The system of the fu- 
ture should provide air supply to forward maintenance 
areas from Base Depots many miles to the rear, and 
well dispersed. 

The air lift from Base Depots to forward maintenance 
areas must be by some type of "vertical lift7' aircraft, 
which can take off and land vertically, and which fly 
at a fast speed like an ordinary aircraft in level flight. 
The air supply must be capable of being maintained in 
all weathers, and by day and night. 

I see Base Depots being replenished by large freight- 
carrying aircraft which can land and take off from 
pierced-steel-planking airstrips. 

There is clearly a tremendous future for "vertical lift" 
aircraft. It is my opinion that this vast air organisation 
for the land armies will be best handled by the air 
forces, since you cannot separate an air transport sys- 
tem from air operations. 

Such a supply organisation would do away with the 
vast array of units and headquarters which today consti- 
tute the enormous "tail" of a modern army. It would be 
the first step in restoring to armies the "freedom of the 
countryside," and the tactical mobility, that have so 
largely disappeared. By simplifying the tail we shall 
get more bite in the teeth. 

The armies of today have to a large extent lost their 
mobility; they are becoming road bound and are 
weighed down by a gigantic administrative set-up in and 
around them. Staffs are far too big; the amount of paper 
that is required to produce even quite small action is 
terrific. We seem to have lost the art of command, other 
than by paper. No ordinary man can read half the 
paper that is in circulation; I doubt if the other half is 
worth reading. 

The gist of the whole matter 

We stand today at the cross roads, not knowing which 
turning to take. 

Absolute defence against air attack will be impossible 
in the future. A deterrent, the means with which to hit 
back instantly, and to give more than you r e c e i v e  
this is the surest way to make an aggressor think twice 
before he attacks. The West must build up such a de- 
terent, capable of being delivered immediately by air 
forces which must be "in being" in peace time. 

It is then vitally necessary to guard against a surprise 
attack, and against treachery, and to be able to hold such 
an attack long enough to enable nations to spring to 
arms behind the shield and mobilise their collective 
strength. 

The Western nations must also retain the ability to 
absorb atomic and thermo-nuclear attack, and must en- 
sure that their means of instant retaliation are not com- 
promised by surprise or treachery. 

Political, financial, and economic considerations will 
make it impossible for armed forces to have all they 
want, or do all they would like. It will become more 
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Another page for 

The shafts that hold the bevel gears in this 
farm machine gear box carry two kinds of 
loads. Loads from the bevel gears run 1)  
along the shaft and 2 )  at right angles to  it. 
Timkenm bearings, being tapered, carry both 
loads at once, hold gears rigidly in place. 
Perfect tooth-mesh is maintained; gears last 
longer. 

How to increase bevel 
gear life 

How TIMKEN bearings 
hold shafts rigid 

The line contact between rollers and races of 
Timken bearings gives shafts rigid support over a 
wide area. Shaft deflection is minimized. And end- 
play is eliminated because the tapered design of 
Timken bearings lets them take radial and thrust 
loads in any combination. 

VaA0t.W.P.x nEG. U S. Par. OSF. 

TAPERED ROLLER BEARINGS 

Want to learn more about 
bearings or job opportunities? 
Many of the engineering problems you'll face after - - * 

graduation will involve bearing ap- 
plications. For help in learning more 
about bearings, write for the 270-  
page General Information Manual 
on Timken bearings. And for infor- 
mation about the excellent job op- 
portunities at the Timken Company, 
write for a copy of "This Is Timken". 
The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. 

N O T  JUST A BALL 0 N O T  JUST A ROLLER o=> THE T I M K E N  TAPERED ROLLER o= 
BEARING TAKES RADIAL (I A N D  THRUST 4)- LOADS OR ANY COMBINATION Â¥)Â¥ 
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important than ever to concentrate on essentials and to 
have our priorities right. 

In the scientific age into which we are moving, which 
is also an age of ever-increasing costs, Governments have 
got to ensure that their armed forces and security meas- 
ures are built up within a framework of economic reali- 
ties and against a background of sound inter-Service 
responsibilities. 

If what I say has validity, then the priorities will call 
for the following: 

Bigger air forces. 
Smaller and more immediately-ready regular 
armies with great strategical and tactical mo- 
bility. Better organised and more efficient re- 
serve armies. 
Smaller navies. 
The organisation of the three fighting Services 
based on more atomic and thermo-nuclear 
power, and less manpower. 
A Civil Defence organisation which exists in 
peace to the degree necessary to ensure it can 
operate in top gear in an emergency. It must 
be understood in this respect that while great 
destruction may be caused at the point of burst 
of a nuclear weapon, tremendous saving of life 
and property will be possible on the fringes. 

CONCLUSION 

I would like to put some points to you in conclusion. 
1. We are living today in an age of great scientific 

progress. The possibilities that lie ahead are almost lim- 
itless. If ever war should come again to this distracted 
world, which God forbid, the key to our success will lie 
in your hands. I would put forward the following points 
for your consideration. 

The scientific advances of today in civilian life, and 
in the realm of defence, are creating a demand for highly 
trained technicians and engineers in ever-increasing num- 
bers. Most nations are falling behind more and more in 
the attempt to meet this need. 

I have been told that Russia is producing more of 
these technicians than the United States. I t  is not im- 
portant whether you produce more technicians than 
Russia. I t  is important that you have enough to meet 
your needs for defence and to keep ahead in new develop- 
ments. And your needs are also the needs of the free 
world. 

I believe there is a further problem in the field of 
science that needs to be watched. Your nation has earned 
a great reputation as a mass producer and for your abil- 
ity to take an idea and improve on it. I suggest that you 
want to have the same reputation in basic research. 
Basic research has given us some near-miracles in the 
past, and we want more in the future. I suggest you con- 
centrate on this and lend your assistance, so that you 
gain for the United States a reputation in basic research 

that matches your reputation for production and applied 
techniques. The survival of the free world may well 
depend on your success in this vital matter. 

2. What is needed today in every nation i s  a clarion 
call and a roll of drums. That call must be one to dis- 
card out-of-date doctrines and methods of past wars, and 
to organise our affairs to take full advantage of the pro- 
gress of science. 

We see today the rise of air power and the emergence 
of the Air Forces as the decisive arm in warfare. We see 
the big warship disappearing from the seas. We see the 
day of the aircraft carrier approaching its end. 

It  is no good trying to fight against the inevitable, as 
some people do. Do not let us be mesmerised by what 
worked in past wars; it will not work again. We must 
take off our hat to the past and roll up our sleeves for 
the future. 

Service chiefs must cooperate closely with the scientist, 
put their problems clearly and simply to them, and give 
them all possible help in solving those problems. 

We require a fighting machine which is backed by a 
sound logistic organisation. Both of these, the fighting 
machine and the logistic organisation, must be planned 
in full accord with scientific progress. There will be 
much opposition. 

The citadels of vested interests must be swept away; 
out-of-date procedures and techniques must be discarded. 
All this will require courage, and decision. 

And the first courageous decision will be to acknowl- 
edge the dominance of air power, and to place air forces 
in the position of being able to play their part as the 
decisive weapon in future war. This decision must be 
taken at once; delay will be dangerous. 

3. In the past the defence programme of a nation has 
often been decided as a result of compromise decisions 
by Chiefs of Staff. If this practice is followed in the 
future we shall fail. 

The vital thing today is to produce a military weapon 
which is in all respects adequate for the national needs 
and for the collective security system of the free world. 

In the Navy, the Army, and the Air Force each nation 
has a team. By themselves the individual members can 
achieve little. The team can achieve victory if it is prop- 
erly constituted. The progress of science is likely to 
change the former responsibilities of the three members 
in certain directions. Parts of the load are shifting from 
the shoulders of one Service to the shoulders of another. 

In particular, the air is coming to the front as the dom- 
inant factor in war and the decisive arm, as I have 
already said. This is going to introduce difficult prob- 
lems and in solving them do not let us bother unduly 
about the colour of our uniform: dark blue, light blue, 
khaki. 

What is vital is to find the right answer and the one 
which is best for the nation, and to reach that answer 
without ill-feeling and inter-Service quarrels. 

Finally-The key to the future lies in the hands of the 
scientists, and in Institutes of Technology such as yours. 
I am confident you will not fail us. 
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1923-first aerial refueling 

1954-Boeing KG97 tankers completed 16,000 refuelings last year 

30 years of progress in aerial refueling 

The  small picture shows the first aerial 
refueling by the Air Force. The large 
picture shows a Boeing KC-97, today's 
standard Air Force tanker, transferring 
600 gallons of fuel a minute to a Boeing 
B-47 Stratojet bomber. 

Boeing pioneered aerial refueling 
tankers and equipment. Further, during 
its 38 years, it has constantly pioneered 
trend-setting designs in commercial and 
military aircraft. This has meant such 
continuous growth that Boeing now 
employs more engineers than ever be- 
fore, including the World War I1 peak. 
Boeing offers stable careers to engineers 

of virtually EVERY type: civil, me- 
chanical, electrical and aeronautical. 
The company employs draftsmen and 
engineering aides for routine work, thus 
freeing engineers for more creative 
assignments. 

Boeing engineers enjoy long-range ca- 
reers-46% of them have been at Boeing 
5 or more years, 25% have been here 
' 10 years, and 6% for 15 years. 

In addition to stability, Boeing offers 
an unusual variety of research, design 
and production opportunities, includ- 
ing work with new materials, guided 
missiles, jet bombers and transports, 
and research in nuclear-powered air- 
craft and supersonic flight. 

Boeing makes it possible for engi- 
neers to take graduate studies while 
working, and reimburses them for all 
tuition expenses. 

For further Boeing career information, 
consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer-Personnel 
Boeing Airplane Company, Seattle 14, Wash. 
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James R. Page Retires 

JAMES R. PAGE, retiring after 11 years as chairman of 
Caltech's Board of Trustees, was honored at a dinner 
given by the Trustees and Associates of the Institute at 
the California Club in Los Angeles last month. 

Mr. Page was one of the 100 original members of the 
California Institute Associates when they organized in 
1926. He was elected their president in 1931. 

"It was the Associates," said President DuBridge, in 
his speech at Mr. Page's retirement dinner, "whose 
moral and financial support was the decisive element in 
converting a small engineering college into the great 
center of pure and applied science that we know today." 

Mr. Page retired officially on November 1, and was 
succeeded by Albert Ruddock. (E&S, November 1954). 
He will continue to serve on the Board as chairman of 
the finance committee. 

Mr. Page became a Trustee of the Institute in 1931, 
and in 1943 he succeeded the late Allan C. Ralch as 
chairman of the Board. 

"Since then," said Dr. DuBridge, "he has occupied the 
chair with grace, with good humor, with friendliness, 
with firmness or with any other mood which seemed to 
him appropriate for each particular occasion." 

A native of Memphis, Tennessee, Mr. Page came to 
California in his youth and over a period of sixty years 

President DuBridge, 
James R .  Page, and 
William C. McDuffie, 
member of the Caltech 
Board of Trustees, at 
the testimonial dinner 
honoring Mr. Page 
on his retirement as 
chairman of the Board 
of Trustees. 

A T  C A L T E C H  

has been active in the business, cultural, civic and reli- 
gious affairs of the Los Angeles community. 

He is currently a director of the I. N. Van Nuys Build- 
ing Company, the Gladding McBean Company, the South- 
ern California Edison Company, the First Safe Deposit 
Company and the Union Oil Company of California. He 
is also a trustee and the treasurer of the Henry E. Hunt- 
ington Library and Art Gallery. 

For five years he was   resident of the California Bank. 
He served four terms as president of the All-Year Club 
of Southern California. From 1923 to 1929 he was sec- 
retary of the Greater Los Angeles Harbor Committee of 
200, which employed the engineers and experts who de- 
signed the Los Angeles harbor as it is today. 

Mr. Page has been a leading figure in the Community 
Chest for more than 20 years and was its president for 
four years. An active churchman, he served as a vestry- 
man and warden in the Episcopal Church for more than 
30 years. He is a trustee of the Good Samaritan Hos- 
pital, the Barlow Sanatorium and the Santa Barbara 
School in Carpenteria. 

Reviewing Mr. Page's career, William C .  McDuffie of 
the Caltech Board of Trustees, said: "This impressive 
list of activities was possible only because Jim was doing 
the things he really liked best to do. He did not play 
golf, own a boat, horses or a country home. His one 
big hobby has been his work and this community has 
greatly profited thereby." 
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THE 
A L U M I N U M  INDUSTRY 

W A S  B O R N  ON 
SMALLMAN In 1888, the aluminum industry consisted of one company- 

located in an unimpressive little building on the east side of 
STREET Pittsburgh. ~t was called The Pittsburgh Reduction Company. 

The men of this company had real engineering abilities and 
viewed the work to be done with an imagineering eye. But 
they were much more than that. They were pioneers . . . 
leaders . . . men of vision. 

A lot has happened since 1888. The country.. . the 
company. . . and the industry have grown up. Ten new 
territories have become states, for one thing. The total 
industry now employs more than 1,000,000 people- 
and the little outfit on Smallman Street? Well, it's a lot 
bigger, too-and the name has been changed to Alcoa. 
ALUMINUM COMPANY OF AMERICA . . . but it's still the 
leader-still the place for engineering "firsts". 

As you prepare to trade textbooks for a position in 
industry, consider the advantages of joining a 
dynamic company like Alcoa-for real job stability 
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Honors from France 

DR. ALFRED STERN, Associate Professor of Languages 
and Philosophy at Caltech, received the insignia of a 
Knight of the Legion of Honor, one of France's highest 
awards, at a ceremony on the Caltech campus last month. 

The Legion of Honor was established by Napoleon 
Bonaparte in 1802 for recognition of distinguished civil 
and military service. By recent decree of the President 
of France, Dr. Stern was proclaimed a Knight of the 
order for his outstanding scholarly contributions to 
French culture and the valuable service he rendered the 
cause of France during World War 11. 

Lt. Col. Hubert de Pazzis, chief of staff for General 
De Castries at Dien Bien Phu, presented Dr. Stern the 
insignia of the order, a star with five two-fold rays sur- 
mounted by an oak and laurel crown and bearing the 
inscription, Honneur et Patrie. 

Dr. Stem has published a number of books and arti- 
cles in French, English, Spanish and German, many of 
which deal with French philosophy and literature. 
Among his best-known works are The Philosophy of Val- 
ues, The Philosophy of Laughter and Tears, and his 
latest book, Sartre-His Philosophy and Psychoanalysis. 
Dr. Stern also wrote the basic article on French science 
and philosophy for the current edition of the Encyclo- 
pedia Americana. He has lectured frequently in this 
country in French philosophy and literature. 

Dr. Stern came to Caltech in 1947. In addition to 
teaching here, he also lectures at the University of South- 
ern California. He came to the United States from 
Mexico City, to which he had escaped when France was 

Dr. Alfred Stern receives 
the insignia of a Knight of 
the Legion of Honor, one 
of France's highest awards, 
from Lt. Col. Hubert de 
Pazzis, right, chief of staff 
for General DeCastries at 
Dien Bien Phu. 

overrun by the Nazis in  World War II. At that time he 
was a volunteer in the French Infantry. Soon after arriv- 
ing in Mexico City in 1942 he became active in the 
Comit6 National Francaise, headed by General Charles 
de Gaulle. As a writer for this committee, Dr. Stern 
published in the next three years a book and hundreds of 
articles in support of the cause of Free France. 

Dr. Stern has taught at the University of Paris, the 
New University of Brussels, the National University of 
Mexico, the French College in Mexico City and the 
French University in New York. He holds a PhD from 
the University of Vienna. He is a contributor to many 
scholarly journals in the United States, France and Latin 
America. In France he holds the "Academic Palms" and 
the title, "Officer of the Academy." 

"What I have done for France," said Dr. Stern, after 
receiving his award, "is much less than what she has 
done for me. I owe France an immense enrichment of 
my life in the realms of intellectual, moral and artistic 
values. 

"When, in 1933, still five years before the annexation, 
I had to leave my native Austria because of her growing 
totalitarian intolerance which prevented me from contin- 
uing my academic career, France opened for me the 
doors of her first university, the Sorbonne. The years I 
had the privilege of teaching philosophy there belong to 
the proudest and happiest of my life. Thus, I had every 
reason to love France, and what is done from love is 
always beyond merit. In recognizing as a merit what 
was only the result of the impulses of my heart, France 
gives a new proof of her generosity." 
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M OST MEN graduating from college don't have a 
clear idea of what they want to do. These indi- 

viduals are helped by Allis-Chalmers Graduate Train- 
ing Course to find the right job whether it be in design, 
sales, engineering, research or manufacturing. 

"My case is a little different, however. I started the 
course with all my interest centered on tool design and 
'in-plant' service. The reason is that I started getting 
vocational guidance from some very helpful AUis- 
Chalmers men back in 1940." 

Served Apprenticeship 
"At their suggestion I had gone to school part time 
while working full time. This not only gave me the 
chance to serve an apprenticeship as a tool and die 
maker, and earn money, but I learned what I wanted 
to do after graduation. 

"Then came the war and service in the Navy. After 
the war I finished school. By the time I started on the 

course in 1948, I knew what I liked and seemed best 
fitted to do. As a result, my entire time as a GTC stu- 
dent was spent in the shops. 

"The 18 months spent in the foundry, erection floor 
and machine shop have all proved valuable background 
for my present job. 

"As supervisor of plant engineering at the Norwood 
Works, I am concerned with such problems as: Plant 
layout, material handling equipment and methods, new 
construction, new production methods to be used in 
building motors, centrifugal pumps, and Texrope 
drives. It's an extremely interesting job. 

"From my experience, I'd say, whether you're a 
freshman or a senior it will pay you to talk to an Allis- 
Chalmers representative now. You can't start plan- 
ning your future too soon. And you can't plan starting 
at a better place, because Allis-Chalmers builds so many 
different products that you'll find any type of engi- 
neering activity you could possibly want right here." 

Facts You Should Know About the ALLIS-CHALMERS Graduate Training Course 
1. It's well established, having been 
started in 1904. A large percentage of the 
management group are graduates of the 
course. 

2. The course offers a maximum of 24 
months' training. Length and type of 
training is individually planned. 

3. The graduate engineer may choose the 
kind of work he wants to do: design, en- 
gineering, research, production, sales, 
erection, service, etc. 

4. He may choose the kind of power, 
processing, specialized equipment or in- 
dustrial apparatus with which he will 
work, such as: steam or hydraulic, turbo- 
generators, circuit breakers, unit substa- 
tions, transformers, motors, control 
pumps, kilns, coolers, rod and ball mills, 
crushers, vibrating screens, rectifiers, in- 
duction and dielectric heaters, grain mills, 
sifters, etc. 

5. He will have individual attention and 
guidance of experienced, helpful superiors 

in working out his training program. 

6. The program has as its objective the 
right job for the right man. As he gets ex- 
perience in different training locations he 
can alter his course of training to match 
changing interests. 

For information watch for the Allis- 
Chalmers representative visiting your 
campus, or call an Allis-Chalmers district 
office, or write Graduate Training Sec- 
tion, Allis-Chalmers, Milwaukee 1, Wisc. 

Steam turbines, condensers, transformers, switchgear, Motors, control, Texrope V-belt drives-all by Allis- 
regulators are built for electric power industry. Chalmers are used throughout industry. 

C.;i- 713 
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This year, acsp needs just 9 engineering graduates for 
good, secure, important jobs. 

Here's why these 9 will be lucky men.. . 
They'll be with one of America's best-known and 

oldest manufacturers of ball and roller bearings - a 
medium-sized company where their work will be im- 
portant to top management right from the start. 

They'll be engaged in activities so basic they will be 
in contact with practically every industry. 

They'll have a chance to get into sales, development 
or production engineering. 

They'll have unsurpassed job security in good, 
friendly working conditions. 

They'll have all the benefits they naturally expect - 
group insurance, retirement plan, paid vacations, good 
starting pay, frequent and fair salary reviews. 

If you'd like to talk about being one of these lucky 9, 
the time to do it is right now. Waiting may well close 
the door to work so diversified you'll never tire of it, so 
basically important it's always secure. Why not fill in 
and mail the coupon today and let us tell you more? 

7 5 6 0  

SKF INDUSTRIES,  I N C . ,  P H I L A D E L P H I A  3 2 ,  P A .  
- manufacturers of sKF" and HESS-BRIGHT@ bearings. 

p-.BÃ‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘---_.-Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã 

1 Mr. Ralph Palmer, Personnel Dep't., I 
I SKF" Industries, Inc., Philadelphia 32, Pa. I 
I I 

YES, I'd like to know more about a good I 
1 job as an SKI? sales, development or pro- I 
1 duction engineer. Send your literature to I 
I I 

Name I ' Address I 
I 1 
I School I 
I 1 City State 

I 
I 

I My  degree will be I 
L Ã‘..Ã‘Ã‘-.Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘Ã‘ 
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Dinner Meeting 

THE NEXT Alumni Dinner Meeting, to be held on Janu- 
ary 12, will have Elmer S. Nelson, economic consulta~t,  
as speaker of the evening. Mr. Nelson will discuss "Busi- 
ness Conditions and the Industrial Trend in Southern 
Californa f o r  1955-56." 

Now a consultant to private business on economic, 
financial, and trade problems, Mr. Nelson was appointed 
Trade Expert and Economic Advisor to the U. S. govern- 
ment under President Woodrow Wilson in World War 
I. He later served on the World Trade Board, the War 
Industries Board, the U. S. Food Administration and the 
U. S. Shippine Board. During World War I1 he served 
with the Office of Price Administration and the War 
Assets Administration. In 1947 he went with the U. S. 
Department of Commerce, and in 1951-52 he was Super- 
visory Economist for the Office of Price Stabilization. 
He has also been on the staff at UCLA, giving courses 
in economics, money, banking, foreign trade, and 
transportation. 

The dinner will be held at the Carolina Pines Res- 
taurant, 7315 Melrose Avenue, Los Angeles. The time 
is 7:00 p.m. Wives are welcome. And the committee 
promises that the tariff will be $3 or-if possible- 
under. 

Alumni Picnic 

THE ANNUAL ALUMNI PICNIC will be held this year on 
Saturday, June 25 at the Marineland of the Pacifiic 
located on Palos Verdes Peninsula. The Oceanarium, 
picnic areas, restaurant and parking space will be avail- 
able to alumni. Save this date for your visit to this 
exciting marine display-and for an organized picnic 
with your family and friends. 

Continued Story 

COLONEL JOHN K. ARNOLD, '41, MS, command pilot of 
a B-29 shot down over Korea in January, 1953, was 
listed as "missing in action" until October, 1954, when 
word was received that he had been located as a prisoner 
of war. An AP dispatch from London, dated November 
23, gives further details on Colonel Arnold. 

"Thirteen Americans who dropped out of sight on 
aerial missions against the Communists in the Ko- 
rean war were sentenced by a Red Chinese military 
court today to prison terms ranging up to life on 
spy charges . . . 

"Colonel John Knox Arnold, Jr. of Silver Spring, 
Md., was the highest ranking of the prisoners listed 
. . . the commander of a B-29 shot down January 
12, 1953, he drew 10 years. 

. . . By the Peiping account, Col. Arnold was the 



New Small ~ C c r a f t  Gas Turbine Developments 
drtunities For You At General Electric 

Small Power plants under development or study by G. E. 
include these engines for use on helicopters, fighters, trainers, 
transports, missiles and dromes. 

You will work on XT-58 Helicopter Engine being developed 
for U. S. Navy as shown above in  front of J47-GE-17 let 

You can now join General Electric engineers who 
once again lead the way into new fields of aircraft 
propulsion. A new and expanding department offers 
the stability of employment traditionally provided 
General Electric professional people in addition to 
individual professional development and an oppor- 
tunity for self-expression and rapid advancement. 
Investigating a variety of power plant systems is 
providing challenging problems in mechanical de- 
sign, aerodynamics, control design and other related 
fields. This work combines t h e  great potential of 
the gas turbine with the interesting and progres- 
sive field of aeronautics. 

Located in New England, the G-E Small Aircraft 
Engine Department with its current staff of out- 
standing men in the field of propulsion systems is 
seeking to fill positions of responsibility. Work is 
being carried on under contract in areas of design, 
development and manufacture affording an oppor- 
tunity for all phases of engineering activity. 

For Further Information Contact 
David B. Price 

Small Aircraf t  Engine Department 

1000 Western Avenue 

engine, or on other small engines and related developments. West Lynn, Massachusetts 
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commanding officer of the 581st Supply and Com- 
munications Wing of the U. S. Air Force, 'charged 
with the task of carrying out espionage in the serv- 
ice of the U. S. Central Intelligence Agency7 against 
Red China and the maritime areas of the Soviet 
Union in the far east. 

'Against American reports that his B-29 fell over 
North Korea, the Chinese said it was shot down 
'after intruding into China's territorial air space 
over Liaoning Province' of Manchuria, across the 
Yalu. 

"News of the court action came out only a few 
weeks after delivery of some letters from the Air 
Force prisoners to their relatives in the United 
States through Chinese Red Cross Channels. These 
lifted a blanket of silence lowered by the Reds al- 
most two years ago.'' 
A later newspaper dispatch quoted the Chinese as 

saying that Colonel Arnold had confessed that the mis- 
sion of his wing was to "bring in, supply, evacuate or 
recover underground personnel." The U. S. story is 

that his group was engaged in psychological warfare, 
dropping leaflets-and that Colonel Arnold and his 
operations officer merely went along for the ride on the 
day that they were shot down. 

Open House 

ALUMNI LITERALLY went back to campus. life recently 
when Caltech's eager football squad met Oxy's Tigers 
in the classic contest November 12. Not about to be 
overwhelmed by the adverse combination of a halftime 
score of 0-27 and an especially damp Patterson Field, 
the pigskinning Beavers provided alumni and students 
alike a great second half by outscoring Oxy 13-12. 

Appropriately enough, a "victory" celebration had 
been planned at Dabney Lounge on campus, at which 
the Alumni Association played host to old grads and 
present students. Thanks to a warm hall, coffee, and a 
band, the evening proved to be a success for all-includ- 
ing the twenty-some men who put up such a determined 
battle earlier in the evening. 

When Thomas A. Edison first put B&W 
Boilers to work in the Pearl Street Station, 
he launched a new industry of electric 
power which made possible an era of tre- 
mendous growth. Electricity-cheap, avail- 
able, abundant-is the bedrock of America's 
strength. And certainly, this great pioneer 
envisioned all the wonders still to come, in 
the soft glow of his first practical lamp. 
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Delbert N. De Young receiveda B.S. in Chem. Eng. from the University 
of Wisconsin last June. Now he is working for an M.S. degree. By asking 
questions, he's learned that many excellent industrial opportunities are 
passed over because they're not understood by the average undergradaate. 

Clarence "Ding" Bell answers: 

Well, if I said "All  sort^,^' i t  might sound a bit vague to 
you, Del, but it would be very close to the truth. That's 
because technical sales work a t  Du Pont-bearing in 
mind the great diversity of products we have-is broader 
in scope than a lot of other technical assignments, and 
requires additional talents. 

Let's suppose that one of Du Pont's customers is 
having technical difficulties-needs help in adapting 
"Teflon" to a specific gasketing application, for exam- 
ple. When our sales representative calls, he naturally 
must carry with him the engineering knowledge that's 
the basis for sound technical advice-data on flexural 
fatigue? chemical passivity and deformation under load. 
The customer is receptive. He wants to make a better 
product, increase his sales, reduce costs-or do all three. 
Naturally, he's looking for reliable technical advice and 
intelligent actions that apply to his specific conditions. 
With the cooperation of the customer and help from 
our own research people, when necessary, the problem 
will sooner or later be "licked." 

We have found, though, that if a technical service 

B E T T E R  T H I N G S  F O R  B E T T E R  L I V I N G  

. . . T H R O U G H  CHEMISTRY 

Del De Young wants to know: 

What sort of 
work is 
involved in 
technical sales 
at Du Pont? 

Clarence D. Bell, B.S., Chem. Eng., Univ. of 
Pith. (1937), joined DuPont as a chemical engineer 
immediately after graduation. He began in the re- 
search group of the Ammonia Department, pro- 
gressed steadily through assignments onnylon and a 
number of other products. Today he is an Assistant 
Director of Sales in the Polychemicals Department. 

man is going to be truly effective in such a situation, he 
must possess certain human qualities in addition to his 
technical ability. That is, he must really Like people and 
be sincerely interested in helping them solve their prob- 
lems. He must-in every sense of the word-be an 
"ambassador" who can handle human relationships 
smoothly and effectively. 

Take the depth suggested by this simple example, 
Del, and multiply it by a breadth representing all the 
challenging problems you'll run into with Du Pont's 
diversity of products. If your slide rule isn't too far out 
of alignment, the resulting area should give you some 
idea of what I meant by "all sorts7' of work. 

Let me emphasize one more point. The importance of 
effective sales work is fully understood and appreciated 
at Du Pont! In the past? sales work has been one of the 
active roads to top management jobs. There is every 
reason to believe that this will continue in the future. 

Are you fnclined toward sales work? There are four main 
types of sales activity in the Du Pont Company-tech- 
nical sales service$ sales development, market research 
and direct selling. Information on sales, and many other 
facts about working with Du Pont, are given in "The 
Du Pont Company and the College Graduate." Write for 
your copy of this free 36-page booklet to E. I. du Pont, de 
Nemours & Co. (Inc.), 2521 Nemours Building, Wilming- 
ton, Delaware. 
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1915 
Earle A. Burt has been 40 years with 

the Los Angeles County Road Department. 
As Chief Deputy Road Commissioner, his 
job keeps developing new aspects almost 
daily, due to the expanding needs for high- 
way facilities. Earle also proudly reports 
that he now has two grandsons and one 
granddaughter. 

1925 
Robert W. Fulwider, a partner in the 

h s  Angeles law firm of Fulwider, Mat- 
tingly and Huntley, reports that they have 
recently opened a branch office in San 
Diego for the practice of patent law. 
Valtcr Huntley '32, and Warren Patton, 
'34, are also members of the firm. 

1926 
Allen L. Laws, District Manager of the 

Southern California Edison Company in 
Los Angeles, was elected President of the 
San Marino City Club at  the November 
elections. 

Joachim F. Voelker was recently pro- 
moted Chemical Engineer for the Penn- 
sylvania-Dixie Cement Corporation, with 
headquarters at the company's general 
office in Nazareth, Pa. Before this ad- 

vancement, he was superintendent of one 
of the plants. He has been with the com- 
pany since 1950. 

1928 
Tomizo Suzuhi joined the Japan Con- 

struction Agency in January of this year as 
a civil engineer and special consultant, and 
is acting as field inspector at one of the 
U. S. Army bases near Tokyo. Before 
this, he worked four years for the Okinawa 
Engineer District. Tomizo writes that in 
general the people of Japan have a hard 
time, due mostly to the deflationary policy 
of the government. The Suzukis have three 
children, all busy in school. 

1929 
Leonid. V. Leomrd bas been with the 

Shell Oil Company (Pacific Coast Areal 
as an Area Gas Engineer for 20 years. 
and has been working on the design and 
construction of gasoline and gas process- 
ing plants. In the last few years he has 
visited both South America and Canada in 
connection with gas processing problems. 

Thomas Clements. MS, PhD '32, has just 
completed 25 years on the faculty of the 
Department of Geology at USC (21 years 

as head of the department). He just pub- 
lished a booklet entitled Geologicd Survey 
of Death Vdley, and has been elected 
president of the Death Valley 49'ers. 

1930 
Roscoe P. Downs is now project man- 

ager on the Demirkapue Dam, 60 miles out 
of Imi r ,  Turkey. Roscoe and his wife 
spent three and a half months in Europe 
this summer, when he was first aalled to 
Turkey to act as consultant on the dam. 
While Roscoe was in Turkey, Mrs. Downs 
did a bit of sight-seeing throughout 
Europe, and in September they returned 
to Los Angeles together. Roscoe returned 
to Turkey in October, and Mrs. Downs 
should be joining him very soon, as they 
plan to spend the holidays in Jerusalem. 
Roscoe is employed by Entreprises Metro- 
politaines et Coloniales, a French company. 

1932 
.Millard Y. Barton is  a research engineer 

with the Ramo-Wooldridge Corporation in 
Los Angeles. Before joining the company 
he was chairman of the Department of En- 
gineering Mechanics at the University of 
Texas. 

Wire it with this in mind: 
it must be modern tomorrow, too! -- -"".,",*-"- 

W.T. 
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1937 
Lawrence Fleming recently resigned from 

the Diamond Ordnance Fuze Laboratories 
in Washington, D. C.-where he was chief 
of the Instrumentation Section, Electronics 
Division-to devote full time to activities 
as a consultant and patent agent. He has 
served as  a project engineer in acoustic 
instrumentation and on proximity fuzes a t  

the Naval Ordnance Laboratory, and on 
fuzes in the Ordnance Division of the Na- 
tional Bureau of Standards, as well as in 
the Electron Tube Laboratory at NBS 
Lawrence is now living in Falls Church 
Virginia. 

George F. Francis, MS, sends a postcard 
from Sonth America with news of recent 
activities: "Returned in September to 
Punta Areanas, Chile (the world's most 
fioutherly city, with the most southerly 
golf course and race track) for a second 
two-year contract as party chief for the 
United Geophysical Company. Work is 
with Empress Nacional del Petroleo (gov- 
ernment) . . . seismograph prospecting for 
oil on the mainland and on the island of 
Tierra del Fuepo, both sides of the Straits 
of Magellan. There are about 20 Ameri- 
cans working in, and training local people 
in geolo~y, seismology, drilling, production, 
and refining. 

"Weather is generally cool, sometimeq 
-10Â° in winter, and very seldom 65' in 
qummer. Also rates as the world's windiest 
area. Life is generally calm. No night 
clubs, two or three picture shows, a few 
partie?. People generally pleasant." 

1939 
Churles MacKintosh, MS, a partner in 

the consulting en~ineering firm of Mac- 
Kintoqh and MarKintosh, Los Angeles, has 
develoned a new line of compact and com- 
fortable nesting chairs and tables, which 
is now being manufactnred commercially. 

Harry 0. Davis has become assistant 
project engineer on the new C-13OA turbo- 
prop cargo a i r ~ l a n e  that Lockheed is build- 
ing at its Marietta, Ga., plant. Harry 
started with Lockheed in 1940, and be- 
fore his new appointment was assistant 
project engineer on the B-47 project. 

1940 
Kiyou Tomiyasu, engineering section 

head for Microwave Research at the Sperry 
Gyroscope Company in Great Neck, New 
York, delivered a paper at the National 
Electronics Conference held in Chicago in 
October. His paper, which was prepared 
with another engineer at Sperry, was on 
1Microwave Components for Double Ridge 
Waveguide. 

Ellis Lapin, MS '41, is assistant super- 
visor of the Aerodynamics Research Group 
at Douglas Aircraft in Santa Monica. 

1942 
Fred Bauer is living in Amsterdam, Hol- 

land, as the Foreign Field Representative 
for the AiResearch Manufacturing Corn- 

ELE,CTRICAL ENGINEERS 
or 

PHYSICS GRADUATES 

RADAR or ELECTRONICS 
or those desiring to enter these areas.. . 

The time was never more opportune than now 
lor  becowi~g associated with the j e l d  o f  advanced electronics. 

Because o f  military emphasis this is the most 
rapidly growing and promising sphere of endeavor)r the young 

electrical engineer or physicisf. 

Since 1948 Hughes Research and Devel- 
opment Laboratories have been engaged 
in an expanding program for design, de- 
velopment and manufacture of highly 
complex radar fire control systems for 
fighter and interceptor aircraft. This re- 
quires Hughes t e c h c d  advisors in the 
field to serve companies and mibtaq 
agencies employing the equipment. 

As one of these field engineers you iuill 
become&miliar with the entire systems in- 

I 

: volved, including the most advanced 
I electronic computers. With this advan- 

tage you will be ideally situated to 

[ broaden your experience and learning 
I more quickly for future appEcation to 
: advanced electronics activity in either the 

military or the commercial field. 
I Positions are available in the continen- 
1 tal United States for married and single 

1 men under 35 years of age. Overseas 
I assignments are open to single men only. 
I 
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P E R S O N A L S  . . comwm 

pany of Inglewood, California. Fred's work 
involves getting U. S. equipment on Euro- 
pean airplanes. 

Enver Murqdoglu is president of Yo1 ve 
Yapi, Ltd., a Turkish contracting firm now 
engaged in three NATO airfield construc- 
tions (in Turkey) and two highway proj- 
ects, costing four to five million doIlars. 

S. Ke,ndall Gold, formerly president of 
the New York chapter of the CaItech 
Alumni Association, resigned when he was 
recently transferred to England as Chief 
Engineer of the United Overseas Petroleum 
Company, Ltd. 

1943 
Robert M. Benson has been appointed 

vice president of Gyromechanisms, Inc., in 
charge of the West Coast Division, with 
headquarters in Los Angeles, Bob will co- 
ordinate sales and engineering activities 
for the company's western customers- 
mostly manufacturers of aircraft and 
missiles. 

1945 
John L. Stern has opened a real estate 

and insurance office in Los Angeles. He 
has taught real estate at  UCLA and was 
previously sales engineer for the Walter 
Leimert Company. 

Walter L. Hunter, PhD, is vice president 
iu charge of engineering for the Lamson 
Aircraft Company of Seattle. The company 
designs and manufactures special-purpose 
airplanes. Walt mentions that one of their 
planes is a crop dusting-spraying plane; 
another, an "air tractor", was ready for 
flying last month. Walt was with Roeing 
before joining Lamson. 

Ralph D. Winter received his PhD in 
general linguistics from Cornell University 
in September, '53, and is now taking fur- 
ther graduate study. The Winters have one 
child, and are living in Somerville, N. J. 

1946 
John A. Anderson reports "Escaped from 

the Navy in March after two years in 
Japan at Yokosuka Naval Rase. The first 
six months were interesting, but the last 
year and a half boring as hell, First born, 
Susan Elaine, arrived August 19. At pre5- 
ent am with North American Aviation in 
Industrial Engineering Department. Whilc 
in Japan Bill Libbey, Don Meixner, anni 
Howard Jensen, all class of '46, came sail 
ing through:' 

1947 
David Caldwell thinks he's in a rut-at 

any rate, he can't seem to get away front 

The spindle of a popular electric power tool 
for hobbyists literally floats on four Fafnir 
pre-lubricated Mechani-Seal Type Ball Bear- 
ings. Since the power tool operates in both 

BALL BEARINGS 
MOST COMPLETE LINE IN AMERICA 

Institutes of Technology. He just returned 
from Europe, where he studied at the 
Swiss Federal Institute of Technology on 
a National Science Foundation Postdoc- 
toral Fellowship, and is now in the Physics 
Department at MIT. 

Le Val Lund received his MS in civil 
engineering last June from the University 
of Southern California. 

1948 
Conway Snyder, PhD, decided to leave 

industry and go into the teaching field 
this fall. He is now Assistant Professor of 
Physics at Florida State University. He 
resigned from the FairchiId Engine and 
Airplane Company, where he had been 
since 1949. As senior physicist be worked 
on the Nuclear Energy Propulsion Aircraft 
Project, set up research programs, conduct- 
ed nuclear research a t  Oak Ridge, and 
travelled for the company, giving lectures 
on atomic energy at various universities. 

Philip Blenkush, MS, PhD '49, is em- 
ployed by the Radioplane Company in Van 
Nuys as chief of their Preliminary Design 
Engineering Division. Before this last pro- 
motion, PKil was project engineer of the 
Weapons Systems Division. 

Robert G .  Stokeley, senior design en- 
gineer of the Guided Missile Division at 
Convaii, is now coaching the Convair bas- 
ketball team. Bob thinks today's Beavers 
are going to have an easier time of it than 
they did when he was in school--a recent 
look at the new gym on campus, he says, 
brought back a flood of memories of the 
long daily trips to Muir and the Armor) 
for basketball practice. 

1949 
Paul Saltman, FhD '53, Assistant Pro- 

fessor of Biochemistry at USC, has re- 
ceived a $7,776 grant from the Tobacco 
Industries Research Committee. Paul will 
use the grant to study the dark-fixation of 
carbon-dioxide in the leaves of the tobacco 
plant. 

William MoeUering is now at Heidel- 
berg, Germany, studying at the Physi- 
kalisches Institut. 

William N .  Harris will join the Navy in 
January, and has been accepted for the 
OCS class at Newport, Rhode Island. 

Edward P. Fisk and wife Mary report 
the birth of their second daughter, Donna 
Lee, born on September 20. Ed is work- 
ing in Los Angeles for the Bell Petroleum 
Company as manager of drilling production. 

Hugh C. Carter became a father on No- 
vember 18th when John Clendenin was 
born. 

1950 
Andrew G. Fabula, MS, and his wife 

(the former Connie Triesch of Glendale) 
announce the arrival of a son, David, on 
November 15th. Since leaving Caltech, 
Andrew has been with the Pasadena Annex 
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Lockheed Expands 
Aerodynamics Staff 

LOCKHEED 
A I R C R A F T  C O R P O R A T I O N  

B U R B A N K  CALIFORNIA 
DECEMBER, 1954 

Jim tlong, Aerodynamics 
Division head, discusses 
results of high-speed win, 
tunnel research on drag 
of  straight and delta wing 
plan forms with Richard 
Heppe, Aerodynamics 
Department head 
(standing), and 
Aerodynamicist Ronald 
Rfchmond (seated right). 

With five prototypes already in or near flight test, L o c k h ~ ~ ' ~  
Aerodynamics Division is expanding its staff to handle 
greatly increased research and development on future aircraft 
in commercial and military fields. 

The five prototypes, which show the breadth and versatility of 
Lockheed engineering, are: The F-104 supersonic superiority 
fighter; XFV-1 vertical rising fighter; C-130 U.S.A.F. turbo-prop 
cargo transport; R7V-2 U.S.N. turbo-prop Super Constellation 
transport; and an advanced jet trainer of the T-33 type. 

New projects now in motion are even more diversified and offer career-minded 
Aerodynamics Engineers and Aerodynamicists unusual opportunity to: 
Create supersonic inlet designs for flight at extremely hiih altitude; match 
human pilots with rapid oscillations of supersonic aircraft at 
low altitude; develop boundary layer control systems for safe take-off 
and landing of fighters and transports; remove aileron reversal 
and tail flutter problems incurred in high speed flight through analysis and 
design; participate in determining configurations of turbo-prop 
and jet transports and advanced fighters, interceptors and bombers, 

Career Positions at Lockheed 
Lockheed's expanding development program has created a number 
of positions for Aerodynamics Engineers and Aerodynamicists 
to perform advanced work. 

In addition Lockheed has positions open for Electronics Engineers, 
Thermodynamicists, Flight Test Analysis Engineers and Stress and Structures 
Engineers to perform advanced studies on such diverse projects as: 
Applications of nuclear energy to aircraft, turbo-prop and jet transports, 
bombers, trainers, supersonic fighters with speeds far surpassing those 
of present-day planes, and a wide range of classified activities. 

Program for Advanced Study - To encourage members of its engineering 
staff in study leading to advanced degrees, Lockheed reimburses 50% 
of the tuition fee upon successful completion of each course relating to 
the engineer's field at the University of Southern California and 
University of California at Los Angeles. Both universities offer a wide 
night school curriculum in science and engineering. 



of the U. S. Naval Ordnance Test Station. 
working on hydro-dynamics and ballistics. 

Michel Gossot, MS, studied two years in 
Paris after leaving Caltech. Now living in 
Brest (Finistkre), France, he gives a run- 
through of his recent activities: "Was 
married in April, 1953, and have a nice 
baby named Dominique, born February 2, 
1954. Am now working for the Navy-a 
very fine job where one can actually build 
thing3 and make them work. The job is 
connected with most branches of industry 
and is both scientific and practical. Been 
traveling since I left school-39 states in 
the U. S., France, Germany, Italy, Switzer- 
land, Spain, England, Belgium, Holland, 
Denmark, Norway, Sweden, and Austria. 
Have also been aboard ships. I sail on 
weekends on a little sail ship, or learn to 
play the cello, or polish my Spanish. Still 
interested in non-representative photog- 
raphy. I have a nice wife, a nice home. 
All is well." 

1951 
William R. Smythe was married on No- 

vember 27 to Carol Evelyn Richardson of 
Pasadena. Carol attended UC at Santa 
Barbara. 

John G. Elliot was married on October 
17 to Ann James, of Tucson. Arizona, a 
graduate of the University of Arizona and 

the Huntington Memorial Hospital School 
of Medical Technology. 

John H. Walter received his PhD from 
the University of Michigan last June, and 
is now an instructor at the University of 
Washington, in Seattle. 

1952 
Henry B. Keswick joined the Aramco 

Oil Company as area engineer in the 
Abqaiq District of Saudi Arabia-and look 
what happened: "Am engaged to an Aus- 
tralian girl I met in Madrid last winter. 
and am going to marry her on Bahrain 
Island, in the Persian Gulf, and then bring 
her here to Abqaiq. Became engaged while 
on a three months vacation from the com- 
pany. Took this fatal step in England. 
Incidentally, while in Copenhagen, a Cal- 
tech classmate, George B. Cooke, '53, and 
I just missed two other classmates, Augus- 
tu t  Soux and John McCourt, both '52." 

Joseph J .  Picornell, MS, is now in Man- 
ila as production engineer with the Indus- 
trial Textiles Manufacturing Company of 
the Philippines, Inc., which has 830 em- 
ployees. The work is mostly concerned 
with the introduction and adaptation of 
modern production methods to local re- 
quirements. Off-hours, Joe gets in a lot 
of sailing and swimming. Still single, he 
says-so far. 

Jose Lids Reissig, PhD, is another '52 
bachelor, now a research worker, studying 
the behaviour of enzymes in the Institute 
de Investigaciones Bioquimicas, a privately 
supported Buenos Aires Institution. 

1953 
Morris Robkin is now working in the 

physics department of the Westinghouse 
Atomic Power Division and, at the same 
time, going to graduate school (physics) 
at Carnegie Tech in Pittsburgh. 

1954 
David A.  Heiser, MS, a private in the 

Army, has been assigned to the Chemical 
Corps at Muscle Shoals, Alabama. 

Richard Hodges and William Nevill. 
PhD, have accepted positions with Procter 
and Gamble. Dick is working in factory 
management at P&G's Long Beach factory, 
and Bill is in research and development at 
the new company laboratories just outside 
Cincinnati. 

Paul Concus spent an interesting sum- 
mer working at the Bell Telephone Labs, 
and enjoying the wilds of New York City. 
Now he's joined the rest of the Caltech 
delegation at Harvard graduate school, 
where he is majoring in physics. 

Richard F. Dondanulle is now in the 
Army Air Force, stationed at Lowry Air 
Force Base in Colorado. 

A Key to K&E Leadership 
Measurements-by the mechanic or "Do-it-yourself" 
man working to sixteenths of an inch, or the en ineer 
measuring to thousandths-must be reliable. ~ & E ~ t e e l  
Tapes-such as the original WytefaceB, the doubly 
durable Albadurea, the highly precise Optical Tooling 
Tapes - assure lasting legibility, sturdy endurance, 
essential precision. Such reliability is a key to K&E 
leadership in drafting, reproduction, surveying and 
optical tooling equipment and materials, in slide rules 
and measuring tapes. \ KEUFFEL & ESSER CO. 

EST. 1867 
New York Hoboken, N. J. 

Chicago St. Louis Detroit San Francisco Los Angeles Montreal 

PENDULUM 
Caltech's Student Literary Magazine 

contains some really fine 
writing . . . and proves efl'ec- 
tively that the Caltech man 
can do more than operate a 
slide rule. 

' . . one o f  the most attrac- 
tively made literary magazines 
in  the coun try .  . . and it should 
become one of the best . . ." 

DR. LINUS PAULING 

you will enjoy each issue of 
PENDULUM . . . readable . . . 
understandable . . . and pro- 
fessional in approach. 

published 3 times a year 

SUBSCRIPTIONS, $1 

Mail t o :  

Charles Bodeen, PENDULUM 
Blacker House 
California Institute of 
Technology 
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nuts 
Here are ten typical fastening problems. One device, the 
ELASTIC STOP nut, solves them all-without additional parts 
or operations. Deliberately undersized in relation to bolt diameter, 
the red elastic collar grips the bolt with a perfect fit, exerting 
a continuing self-locking pressure against the threads, and 
holding the nut securely in place at any point on the bolt. I t  also 
provides a tight seal against the bolt threads, which prevents 
seepage and wear-producing axial play. And because the bolt threads 
are protected against moisture from without, the nuts are 
not "frozen" to the bolt by corrosion. 
ELASTIC STOP nuts stay tight, right where you put them, in spite of 
vibration and stress reversals. Yet they are not jammed in place, and can be 
removed with a wrench and reused many times. 
For further information on ESNA self-locking fasteners, 
mail the coupon below. 
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STOP 

/ti 

NUT CORPORATION OF AMERICA 

1 Dept. N40 , Elastic Stop Nut Corporation of America 
I 2330 Vauxhall Road, Union, New Jersey 

1 Please send the following free fastening information 

1 Elastic Stop nut bulletin IJ Here i s  a drawing of our product. What self- 

locking fastener would you suggest? 

Title 

I 
1 Street 

I city Zone-State 
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L O S T  A L U M N I  

1906 
Norton, Frank E. 

191 1 
Lewis, Stanley M. 

1912 
Humphrey, Norman E. 

1918 
Pease, Francis M. 

1922 
Beman, Willard J. 
Cox, Edwin P. MS 

1923 
Skinner, Richmond H. 

1924 
McKaig, Archiiald 
Miller, Palmer 

1925 
Bailey, Emerson 
Smith, Dwight 0. 

1926 
Barnes, Orrin H. 
Chang, Hung-Yuan 
Higman, Arch 
Hsaio, C. Y. 
Huang, Jen Chien 
Huang, Y. H. 
McCarter, Kenneth C. 
Schueler, Alfred E. 
Yang, Kai Jin 

1927 
Langer, R. Meyer, PhD 
Peterson, Frank F. 

1928 
Chou, Per-Yuan, PhD 
Hicks, Hervey E. PhD 
Martin, Francis C. MS 
Morgan, Stanley C. MS 

1929 . . -. 
Briggs, Thomas H. Jr. MS 
Nagashi, Masahiro H. 
Nelson, Julius (Espinosa) 
Robinson, True W. 
Sandberg, Edward C. MS 

1930 
Chao, Chung-Yao PhD 
Janssen, Philip 

The Institute has no record of the present addresses of the 
men whose names appear in the list below. If you find 
your own name h e r e ~ o r  that of someone you know- 
please drop a card, giving the current address, to the 
Alumni Office, C.I.T., 1201 E. Calif. St., Pasadena 4. 

Moyers, Frank N. Huang, Hsia-Chien MS 
Russell, Lloyd W. Jackson, Oscar B. MS 
White, Dudley Koons, Harry M. 
Wilkinson, Walter D. Jr. McCoy, Howard M. MS 

1931 McNeal, Don MS 
Crossman, Edward B. Obatake, Tanemi 
Ho. Tsene-Lo MS Rivas, Dagoberto 
Matison. ~ a r r v  

 oak,' Alfred S. 
West, William T. 
Woo, Sho-Chow PhD 
Yoshika. Carl K. 

1932 
Fraps, A. W. MS 
Harshman, E. Nelson 
Marshall, Donald E. MS 
Schroder, L. D. MS 
Wright, Lowell J. MS 

1032 . , -" 
Applegate, Lindsay M. MS 
Ayers, John K. 
Hsu, Chuen Chang MS 
Kitusda, Kaname MS 
Larsen, William A. MS 
Lockhart, E. Ray 
Michal, Edwin B. 
Murdock. Keith MS 
~ a u l y ;  William C. 
Rice, Winston H. 
Schlechter, Arthur H. MS 
Shaunell. M a d e  D. PhD 

Core, Edwin J. 
Hooper, Duncan L. MS 
Liu. Yun P u  PhD 
~ u t e s ,  David W. 
Magden, John L. MS 
Marmont, George H. 
Radford, James C. 
Read, John PhD 

1935 
Becker, Leon 
Ehrenberg, Gustave Jr. 
Gelzer, John R 
Harney, Patrick J. D. MS 
Huang, Fun-Chang MS 

1936 
Bassett, Harold H. MS 
Chu, Djen-Yuen MS 
Creal, Albert 
Hartlein, Robert L. 
Kelch, Maxwell 
Kurihara, Hisaynki 
Ohashi, George Y. 
Onaka, Takeji MS 
Van Riper, Dale H. 
Weber, Bruce T. 

Burnight, Thomas R. 
Cheng, Ju-Yung MS 
Easton, Anthony MS 
Fan, Hsu Tsi MS 
Jones, Paul F. MS 
Lotzkar, Jack MS 
Maginnis, Jack MS 
Miller, Shirley S. MS 
Moore, Charles K. MS 
Munier, Alfred E. MS 
Murphy, Joseph N. MS 
Nojima, Noble 
Park, Noel R. MS 
Parry, H. Dean 
Penn, William L. Jr. 
Rechif, Frank A. 
Servet, Abdurahim MS 
Shaw, Thomas N. 
Smith, Joe M. 
Tsubota, George Y. MS 
Yin, Hung Chang PhD 
Yuan, Shao-Wen MS 

1938 
Ackerman, John B. MS 
Gershzohn, Morris MS 
Goodman, Hyman D. MS 
Hughey, Albert H. MS 
Kanemitsu, Sunao MS 

aeronautics 
astronomy 
bioogy business design 
chemistry 
economics Woodson ,  Wesley E., HUMAN 
electronics ENGINEERING GUIDE FOR EQUIP- - 

engineering MENT DESIGNERS (U. Calif. $3.50) 
geology 
management All technical books are available at 
mathematics 
mechanics 
metallurgy 
meteorology 

VROMAN'S 
Technical Book Division 

mineralogy 
nucleonics 695 E. Colorado St., Pasadena 
petroleum 
physics 

ST 3-1 171 RY. 1-6669 
plastics Industrial Discount Write for 

statistics Inquiries Welcomed Free Catalog 
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Koch, Walter L. MS 
Lowe, Frank C. 
Ofsthun, Sidney A. MS 
Okun, Daniel A. MS 
Scoles, Albert B. MS 
Shanahan, Edmond F. 
Stone, William S. MS 
Tilker, Paul 0. 
Tsao, Chi-Cheng MS 
Velasquez, Jose L. 
Wang, Tsun-Kuei 
Watson, George G. 
Watson, James W. 

Green, Jerome 
Jones, John W. 
Kuo, I. Cheng PhD 
Robinson, Frederick G. 
Shelton, Edward E. MS 
Skalecky, Frank H. Jr. 
Taylor, D. Francis 
Truesdell, Clifford A. 
Vartikian, Onick 
Waigand, LeRoy G. MS 
Whitfield, Hervey H. MS 
Yung, En-Ying MS 

1939 
I 7 t - C .  

Bebe, Mehmet F. CE 
Asakawa, George Bergh, Paul S. 
Brown, William Lowe Callaway, William F. 
Burns, Martin C. MS Gayer, Martin R. 
Carter, Robert T. Go Chong-Hu MS 
Coates, Leonidas D. MS ~~v~~ ~ ~ ~ i ~ l  MS 
Jackson, Anderw M. Jr. MS ~ ~ b ~ ~ t  E. 
Jones, Win th ro~  G- MS Martinez, Victor H. MS 
Kyte, Robert M. Sternberg, Joseph 
Liane. Can" Chia-Chane MS 
~ e a l ~ ~ i l s o n  H. MS " 
Poon, Yuk Pui 
Robertson, Francis A. 
Sinclair, George W. 
Tatom. John F. MS 
Yood, 'Bertram MS 

1940 
Batu, Buhtar MS 
Green. William J. MS 
~ e y w i o d ,  ~ a r o l d  E.MS 
Hofeller, Gilbert W. 
Pai, Shih-I PhD 
Paul. Raluh G. 
~ a j i m a ,  ~ u j i  A. 
Tao, Shih Chen MS 
Wang, Tsung-Su MS 
Wild, John M. 

1941 
Blake, Charles L. MS 
Bruce, Sydney C. MS 
Clark, Morris R. 

1 Damberg, Carl F. AE 
Dieter, Darrell W. MS 
Frank-Jones, Glyn 

1943 
Angel, Edgar P. MS 
Bethel, Horace L. MS 
Bridgeland, Edgar P. MS 
Brownson, Jackson C. MS 
Bryant, Eschol A. MS 
Burlingtin, William J. M S  
Carlson, Arthur V. MS 
Calvin, James H. MS 
Daniels, Glenn E. MS 
Dewdney, Harold S. 
Edelman, Leonard B. MS 
Gould, Jack E. MS 
Hamilton, William M. M S  
Hewson, Lawrence MS 
Hillyard, Roy L. MS 
Hilsenrod, Arthur MS 
King, Edward G. MS 
Koch, Robert H. MS 
Kong, Robert W. MS 
Leeds, William L. MS 
Lundquist, Roland E. MS 
Mampell, Klaus PhD 
Mataya, Jack L. MS 
McNeil, Raymond F. MS 

A E C ENGINEERING 
A N D  CONSTRUCTION COMPANY 

ENGINEERS CONTRACTORS DESIGNERS 

STEAM POWER PLANTS PROCESS PIPING 

MECHANICAL EQUIPMENT INSTALLATIONS 

Phoenix LOS ANGELES Las Vegas 

Normandy 3-8291 

Merrill Berkley Robt. M. Heidenreich 
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This is one of IBM's four laboratories, each providing 
the most advanced facilities for engineering achievement. 

In every field of human endeavor there are 
individuals whose unique abilities-whose 
important contributions to progress in their 
own professions and to the happiness, wel- 
fare, and prosperity of mankind - have 
earned them the high esteem of their fellow 
professionals. 

The physician's physician. The author's 
author. The engineer's engineer. 

IBM mechanical and electronic engineers 
have won the respect of their fellow pro- 
fessionals for their creative thinking, their 
concern with perfection, their daily stand- 
ards of performances. 

Equipment from the minds and hands of 
IBM engineers has opened doors to progress 
for other engineers and scientists. IBM's 
giant digital computers, for example, are 
helping petroleum engineers speed their 
search for oil - aeronautical engineers to 
conquer time and space-nuclear physicists 

to harness and apply the atom's power for 
defense and peace. 

On life's broader scene, products of IBM 
engineering make significant contributions 
to wealth and well-being. They are helping 
medical science in its fight against many 
diseases. They assist our law enforcement 
agencies in providing greater protection for 
life and property. They enable business and 
industry to produce more with less effort 
and at lower cost for the mutual benefit of 
maker and user. 

Whenever IBM equipment is used-elec- 
tronic digital computers, electronic and 
electric accounting machines, electric type- 
writers or time equipment- the sum of 
human progress increases. 

INTERNATIONAL BUSINESS MACHINES 590 MADISON AVENUE, NEW YORK 22, N. Y. 
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MarKinnnn. Neil A. AE 

Mixsell, Joseph W. MS Johnson, William M. MS 
Moore, Paul R. MS Kern, Jack C. Jr. MS 
Mowery, Ir l  H. Jr. MS Labanauskas, Paul J. MS 
Nesley, William L. MS Leenerts, Lester 0. MS 
Neuschwander, Leo Z. MS Ling, Shih-Sang MS 
Newton, Everett C. MS Lobban, William A. MS 
O'Brien, Robert E. MS Lockhart, William H. MS 
Patterson, Charles M. MS Maier, Mark MS 
Pearson, John E. MS Parker, Theodore B. MS 
Rambo, Lewis Pearce, Rufus B. Jr. MS 
Rhoades, Walter F, Jr. MS Shults, Mayo G. MS 
Rivers, Nairn E. MS Stanford, Harry W. MS 
Roberts, Fred B. MS Stein, Roberto L. MS 
Rupert, James W. Jr. MS Sullivan, Richard B. MS 
Scholz, Dan R. MS Sunalp, Halit MS 
Shannon, Leslie A. MS Taylor, Garland S. 
Stewart, John T. D. MS Trimble, William M. 
Tindle, Albert W. Jr. MS Wilson, John H. 
Vicente, Ernesto, MS Writt, John J. MS 
Walsh, Joseph R. MS Yik, George 
Washburn, Courtland L. MS 1945 
Weis, William T. MS ~ ~ d ~ ,  william G. 
Wood, Jesse A. MS Bunze, Harry F. MS 
Wood, Stanley G. MS Fanz, Martin C. 
Yung, Chiang H- MS Gibson. Charles E. MS 

1944 
Ahuza, Victor B. MS 
Alpan, Rasit H. 
Baronowski, John J. MS 
Barriga, Francisco D. MS 
Beek, Barton B. 
Bell, William E. MS 
Birlik, Ertugrul MS 
Burch, Joseph E. MS 
Burke, William G. MS 
DeMedeiros, Carlos A. MS 
Ditman, Keith S. MS 
Estrada, Neil S. MS 
Fu, Ch'eng Yi PhD 
Harrison, Charles P. MS 
PII, Ning PhD 

Jenkins. Robert P. 
Knox, Robert V. 
Lien, Wallace A. MS 
Nesbitt, Mason W. MS 
Romney, Carl F. 
Tatlork, William S. 
Tiernan, William F. Jr.MS 
Werme, John V. 

1946 
Anderson, John B. MS 
Barber, John H. MS 
Burger, Glenn W. MS 
Conradt, Robert H. 
Dethier, Bernard 
Dyson, Jerome P. 
Esner, David R. 

- - . . - - - - - - - - - 

Hoffman, Charles C. MS 
KeYuan, Chan MS 
Lewis, Frederick W. MS 
Libbev, William H. 
Lowei.  Robert H. MS 
~ a c D & a l d ,  Norman J. 
Miller, Jack N. MS 
O'Meara, Donald J. MS 
Siltanen. John C. MS 
Simmons. George F. 
~r in ivasa i ,    ate son MS 
Tung, Yu-Sin MS 
Uberoi, Mahinder S. MS 
Vincent, Harry L. Jr. 
Weitzenfeld. Daniel K. MS 
Williams, Ralph C. MS 

1947 
Atencio, Adolfo J. MS 
Baen. Silencer R. M S  
~agn'all: Brian D. MS 
Das, Subodh C. MS 
Hauger, Harry H. Jr. 
Hsueh. Chi-Hsun MS 
Hso, chi-  an MS 
Huang, Ea-Qua MS 
Hutchison, Paul T. MS 
Kamath, Mundkur V. ID 
Kine. Emmett T. ID -, 
Lawrence, Harvey 
Leo, Fiorello R. MS 
McClellan. Thomas R. MS 
Monoukiai. John MS 

~ i s e l l ,   red E. J ~ ~ M s  
Sappington, Merrill H. MS 
Schroeder, Henry W. 
Shackford. Robert W. MS 
Swatta, Frank A. MS 
Vadhanananich, Charoen 
Vanden Heuvel, Geo. R. MS 
Veale. Joseph E. MS 

1948 Matteson. Robert C. MS 
A ~ ~ ~ ~ ,  ~ ~ d d ~ ~  W. MS McElligott, Richard H. AE 
Barker, William A. I1 MS Charles C. MS 
Bineham, Andrew T. MS Wallace, Richard A. ID 
~ 1 ~ ~ .  D~~~,~~ K. MS Yu, Sien-Chiiie PhD 
Browne, ~ h a r l e  I. Jr. MS 1950 
Crawford, William D. MS grYan, william C. AE 
Holditch, James E. Coons, Thomas P. 
Hoyer$ Horst MS Crossley, Harry E. ME Hsiao, Chien MS Curtis, Robert N. 
Hsieh, Chia Lin MS ~ i ,  chung ~~i~~ MS 
Lambert, Peter C. Ludwig, Rubin W. MS 
McCollam, Mbert E- MS McDaniel, Edward F. M S  
Metzler, David E. Mclntyre, Richard M. 
Mitchell, Edward E. McLaughlin, Jack E. Phi)  
Morehouse, Gilbert G. MS  ill^^, ~~b~~~ MS 
Oberman, Carl R. Pao, Wen Kwe PhD 
Roberson, Harvey L. Porcher, Calvin E. Mr 
Staros, Basil MS Roberts, Morton S. MS 
Stewart, Robert S. MS ~ ~ d d i ~ k ,  james A. MA 
Strand, Torstein MS ghen, sari chuin p h ~  
Swain, John S. Vivian, James A. MS 
Swan, Walter C. ME 
Swank, Robert K. MS 1951 
Walters, James W. Jr. MS Carter, Cevil V. MS 
White, Harvey J. ID Carter, Joseph M. MS 
Winniford, Robert S. MS Davison, Walter F. 
Yanay, Joseph D. ChE Lafdjian, Jacob P. MA 

1949 
Ostrander, Max H. AeE 
Rodriguez, Sergio E. 

Atkins, Douglas C. MS 
Barish, David T. MS 1952 
Baman ,  John L. J r  MS ~ ~ ~ ~ t ~ ' ,  Ji2sp Ms 
Bauman, Laurence I. 
Blazina, Thomas D. MS Lamar' " 
Clancy, Albert H. Jr. AE Long' ^lph F- Ms 
Clendining, Harbert C. MS L u n d a ~ 9  Adrian C' Ms 
Craighead, Emery M. MS g:?~~;" f 'Ms  
Darrow. Robert A. 
Davis, Raymond E. Robhins, Howard M. PhD 
Foster, Francis C. ID suttOn> E' 
Hughes, Richard F. MS wiberg' Edgar Ms 
Kine. Daniel W. 1953 

Wan, Pao Kang MS Krasin. Fred E. Einwohner, Theodore 
Wellman, Alonzo H. Jr. MS Lamb, William E. AE Rankin. Fred W. MS 
Ying, Lai-Chao MS Linderman, Harold J. Vidal, Jean L. 

PRESIDENT 
Kenneth F. Russell '29 

VICE-PRESIDENT 
C. Vernon Newton '34 

ALUMNI ASSOCIATION OFFICERS 
SECRETARY B O A R D  OF DIRECTORS 

Donald S. Clark '29 Willard E. Baier '23 Philip Cravitz '29 
Robert R. Bennett '45 Douglas G. Kingman '28 

lREASURER Hugh C. Carter '49 William F. Nash, Jr. '38 
George B. Holmes '38 Charles P. Strickland '43 

ALUMNI CHAPTER OFFICERS 
New York Chapter: Chicago Chapter: 
PRESIDENT Thomas S. Southwick '27 PRESIDENT Eben Vey '41 
U. S. Weather Bureau, Washington, D.C. Dept. of Engineering, Illinois Institute of Technology 
SECRETARY-TREASURER Frank F. Scheck '48 VICE-PRESIDENT E. T. Groat '24 
Attorney, 247 Park Ave., New York 840 S. Canal Street, Chicago 80, Illinois 

SECRETARY-TREASURER L. H. Nobles '49 
Department of Geology, Northwestern University 

Washington, D. C. Chapter: 
PRESIDENT Charles R. Cutler '45 
800 World Center Bidg., Wash. 6 
SECRETARY-TREASURER Clarence A. Burmister '25 
U.S.C. & G.S., Radiosonic Laboratory, Wash. 25 

San Francisco Chapter: 
PRESIDENT Robert G. Heitz '36 
Dow Chemical Company, Pittsburg, California 
VICE-PRESIDENT Louis H. Erb '22 
Pacific Tel. & Tel. Co., San Francisco, California 
SECRETARY-TREASURER Harrison W. Sigworth '44 
California Research Corp., Richmond, California 

Sacramento Chapter: 
PRESIDENT Mervin A. Schuhart '32 
State Division of Highways, 1120 "N" Street 
VICE-PRESIDENT Luther J. Eastman '28 
California Board of Equalization 
SECRETARY-TREASURER Harris K. Mauzy '30 
California Division of Highways, Bridge Department 

San Diego Chapter: 
C H A I R M A N  W. L. Bryant '25 
U. S. Navy Electronics Lab., San Diego 52 
P R O G R A M  C H A I R M A N  Maurice B. Ross '24 
San Diego City Schools, 22nd and J Sts. 
SECRETARY Frank John Dore, Jr. '45 
Consolidated Vultee Aircraft Corp. 
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C A L T E C H  
C A L E N D A R  

December, 1954 

ALUMNI CALENDAR ATHLETIC SCHEDULE 
Varsity Basketball 

Jan. 12 Dinner Meeting 
Jan. 8 Caltech at Chapman 

Carolina Pines Restaurant 
Jan. 11 1.B. State at Caltech 

Feb. 5 Dinner Dance Jan. 14 Caltech at 

Oakmont Country Club Occidental 

Jan. 15 Caltech at Cal Poly 
April 16 Seminar Day 

Jan. 1 8  Pomona at Caltech 

June 25 Annual Picnic Jan. 21 Whittier at Caltetch 

ALLEN MACHINE & TOOL CO. 
Designers and Builders of Special Machinery and Tools 

Also General Machine Work 
13409 S. Alameda Street Compton, California 

Phones: NEvada 6-1219 - NEwmark 5-8141 

I L A B O R A T O R Y  

1 COLOR FILM PROCESSING COLOR PRINTS . PHOTO CHEMICALS 1 
RALPH B. ATKINSON '30-7273 SANTA MONICA BLVD, HOLLYWOOD 46, CALIF. I 

DAMES & MOORE 
Trent R. Dames '33 William W. Moore '33 

Soil Mechanics Investigations 

General Offices: 816 West Fifth Street, Los Angeles 17 
Regional Offices: Los Angeles, San Francisco, Portland, 
Seattle, Salt Lake City, Chicago, New York, Atlanta, London 

Life Insurance Annuities Estate Planning 

HAROLD 0. GRONDAHL 
NEW YORK LIFE INSURANCE COMPANY 

234 E. Colorado Street Pasadena 1, Calif. 
Sycamore 2-7141 Res.: SY. 3-5514 Ryan 1-8431 

Oil Properties Consultants, Inc. 
Complete Petroleum and Production 

Engineering Service 
Subsurface Geology Micropaleontology 

Reservoir Mechanics 
Secondary Recovery and Evaluation 

Registered Engineers 

Petroleum Engineering 
Associates, Inc. 

Complete Laboratory Service 
Core-Analysis PVT Fractional Analysis 
Florent H. Bailly, '27 Ren6 Engel, Ph.D. '33 
709-711 South Fair Oaks Avenue Sycamore 3-1156 
Pasadena 2, California Ryan 1-8141 

OLNEY BROTHERS 
RUG AND FURNITURE CLEANING 

ORIENTAL RUG EXPERTS 
312 N. Foothill Blvd. Pasadena 8, Calif. 

Sycamore 3-0734 

455 EL DORADO, PASADENA 5, CALIFORNIA I 

1 SMITH-EMERY COMPANY 1 
since 1910 

Chemists-Engineers 
Chemical and Physical Testing Laboratories 

781 E. Washington Blvd. Los Angeles 21, California 
Member American Council of Commercial Laboratories 

Research - Consultation - Analyses - Testing 
+ * I 

Growing Young Instrument Co. 
Requires mechanical or electro-mechanical engineers 

Challenging development work with rapidly expanding firm. 
BS or advanced degree, 2 to 3 years experience required. 

NORTH AMERICAN INSTRUMENTS, INC. 
2420 North lake  Avenue Altadena, California 

- - - -- 

ANNUAL ALUMNI DINNER DANCE 
Oakmcnt Country Club, Glendale Saturday, Feb. 5 ,8  p.m. 
Bring your wife and enjoy a wonderful evening. The bar 
opens at  7, dinner at 8. Dancing to the rhythms of the 
La Verne Boyer orchestra. The cost? Little. Don't miss it! 

- - - 
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u 1 how anode grows i n  
use. From such facts, 
National Carbon devel- 

In air-depolarized hearing-aid batteries, anode size determines battery oped a battery with the 
largest possible anode life. But anodes swell in use. How big could one be for a tiny new case? in a small case, 

National Carbon Company used x-rays and photography and found out. 

N EW electronic developments were making 
hearing aids more effective, smaller, more 

convenient. What was needed was a power supply 
equally advantageous. Could this be had without 
sacrifice in battery life? 

National Carbon Company thought so-put x-ray 
photography to work-and came up with a mighty 
midget "Eveready" with unusually long life. 

Checking internal conditions like this-proving 
the soundness of castings and welds-inspecting 
the inside of "sealed-in" assemblies-are all in the 
day's work for photography. 

In fact, graduates in the physical sciences and in 
engineering find photography an increasingly valu- 
able tool in their new occupations. Its expanding 
use has also created many challenging opportuni- 
ties at Kodak, especially in the development of 
large-scale chemical processes and the design of 
complex precision mechanical-electronic equip- 
ment. Whether you are a recent graduate or a 
qualified returning serviceman, if you are inter- 
ested in these opportunities, write to Business & 
Technical Personnel Dept., Eastman Kodak Com- 
pany, Rochester 4, N. Y. 

Eastman Kodak Company, Rochester 4, N. Y. 
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Looking ahead with General Electric 

How do you measure up - 
in leadership qualities? 

A young  man who can lead has always hail a good 
chance of success, but his prospects were never better 
than now. There's a steadily growing demand in industry 
for men to fill top professional and management jobs . . . 
fellows with a special ability to work well with other people 
and inspire their best work. At General Electric, we're 
constantly on the lookout for them. 

EDUCATIONAL IICLArfONS, GENERAL 

DID YOU KNOW? Opportunities for G-E 
leadership jobs are expected 
to double in the next 10 
years. The need: technical 
and non-technical profes- 
sional~ and managers. 

- 

Ten traits we look for, above, add up to a pretty good 
indication of potential success in business. Not everyone 
hah them all to d top degree. but the basic characteristics 
are always present and can be developed in thk men w 
pick. to help lead General Electric. We hope you can rate 
yourself very high on the list and find it helpful. 

ELEC~UIC CO., SCHWECrAOY, N. Y 

h g r e s s  Is Our Most Imporfad Prodw/ 


