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Thomas, | pay you a hundred and fifty dollars a week to be
my chauffeur, now don't just sit there...do something.

Late for dinner again.
My wife'll shoot me.

Will you watch that right fender, huh, Mac???

| hate people.

Especially people who drive cars.

Just what | need. A guy ina
helicopter broadcasting to me
on my car radio that there’s-

a traffic jam right where I'm
sitting and listening to my
car radio.

Do these people realize I'm a 25 thou a year man? Move!

Whee! | think I'm addicted to truck exhaust fumes.

The same to you, Charlie!

John, Darling, the pains
are coming
a little quicker now.

To solve America’s man-sized traffic jams,
Westinghouse needs man-sized minds.

We have already built the first com-
pletely automated experimental
transit expressway in Pittsburgh . . .
been awarded contracts for the pro-
pulsion and control system for the
160-mph New York-to-Washington

train ... and a completely automated
control system for San Francisco's
Bay Area Rapid Transit System.
Transportation is just one of many
areas at Westinghouse that needs
your talents, your capabilities, your

interests. Talk to the Westinghouse
recruiter when he visits your campus.
Or write Luke Noggle, Westinghouse
Education Center, Pittsburgh, Penn-
sylvania 15221.

An equal opportunity employer

You can be sure if it's Westinghouse



Can there be this kind of excitement in engineering?

You check your bindings again, adjust your goggles. .. then push off

TryXerox andsee

o
An engineer operates the keyboard of an experimental
information storage and retrieval system.

#Incidentally, we're near some of the finest skiing in the country
with slopes to please beginners and challenge the experts.

in a fast schuss down the first leg, skis hissing against the powdered
snow. This is the excitement of skiing — pitting your experience and
skill against speed and the variables of a new, fast-dropping trail.*

Can there be a corresponding excitement in professional terms?

An exhilaration in matching your engineering talent against new
technologies? We think so. And we feel you can experience this type of
professional excitement at Xerox.

We're working on new concepts in imaging and data handling and
graphic arts and education and many other areas. You've seen the
massive impact of past Xerox technical achievements on business and
industry. You can understand why, in the past three years alone,

we’ve put $100 million into research and development. And why the
climate for technical people here has to be experienced to be appreciated.

So if you feel that an engineering career should include a high level of
professional excitement and stimulation, lock into what Xerox has to
offer. Your degree in Engineering or Science can qualify you for some
intriguing openings in fundamental and applied research,

engineering, manufacturing and programming.

See your Placement Director or write to Mr. Roger Vander Ploeg,
Xerox Corporation, P.O. Box 1995, Rochester, New York 14603.

XEROX

-An Equal Opportunity Employer (M/F)
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This remarkably detailed picture of the mooi; compiled
from photos ‘taken by Survevor VIT on Janiary 10, 1s a
startling reminder of how far we hiave comie since Caltech’s
Jet Propulsion Labaratory developed Explorer 1 for launch
on- February. I, 1958-—and ushered in the space age ‘in
Ainerica. ‘The tenth anniversary of that event was cele-
brated at Caltech this month (page 24}.-A man who
helped set the stage for that success=Frank J. Malina—
tells (page 9} of pre-Explorer research at Caliech.

PICTURE CREDITS;
Caver—Jet Propulsion Labhoratory; 14-17, 24, 25-James McClanahan

STAFF

Editor and Business Manager—Edward Hutchings fr.; Associate Edi
tors=Bruce Abell '62, Phyllis Brewster, Julie Aun Davey, Jacquelyn
Hershey, Kathleen Marcom; Photographer—James McClanahan.

Fublished: monthly, October through June, at the California [nstitute of. Techiology, 120}
East California Blvd., Pasadena, Calif. 91109, Annual subsaription $4.50 domestic, $5.50
foreign, single copies 5G cents. Second class postage paid at Pasadena; Calif:, under the Act
of August 24, 1912. Al} rights reserved. Reproduction of material contained herein forbidden
without authorizativn. © 1967 Alumni Association California Institute of Technology.

February 1968



E&sS

HIS ISSUE

ROCKET
PIONEERS

Frank - Malina  recalls
the early davs.of rocket
research- inthe-article
starting on'page Y. Now
an grtist living i P
Malina has not lost hls
intérest 1 -aeronautics.
He iz deputy. director
of “the Totennational  Academy of “Astronantics and

chatrman of the Lunar Intermi w;ml Laberatory Com-
niittee in Stockholm, an organization devoted 1o the
stidy of technical problems related to the canstriction

ol -a-research-laboratory-on-the-moon:

SCIENCE AND
THE BISING SUN

Rov | Lockheimer - has
been -a student -of - Jap-
anese -affairs “since - his
undergraduate days - at
Tufts University. Doc-
taral research took him
to Japan i 1962, dur-
ifig which ©time he
served as-an. exchange research fellow at Keio. Uni-
versity and as 4 colummist far the Japan Times. Smce
1966 he has been a member of. the American Uni-
versities Field Staff, an arganization sponsored by 12
colleges (Caltech is a founding member) . that has
representatives throughout the world to- study and
report. on’ currént conditions. The article “on pages
20-23 was adapted from a lecture givenr in Beckman

Auditoriunm on January 29 and from a talk presented
by the authar at a Caltéch conference last Qctober.
It will also appear in a forthcoming AUFS publication.

CHEMICAL
GAMESMANSHIP

George Hammond, Arthur Amos Noyes Professor of
Chemistry, is acting’ directoi- of Caltech’s division of
chemistry-and cliemical engineering (page 24). His
current research is réviewed on pages 14-15.

P THREE DAYS
IN THE “GHETTQO”

Caltech senjor Michael
Meo is an astronomy
major with a growing
interest’ in earthly af-
fairs: He is quick to
volunteer his - energies
to-'a worthy “cause; al-
though his greatest asset
is his ability ta effectively criticize the cause he sup-
ports—such as the ghetto program he describes on
pages 16-17. Our intrepid reporter is shown at the
far left absarbing information on the ghetto at a
briefing session.
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3lst ANNUAL
ALUMNI SEMINAR

May 4, 1968

An outstanding program of lectures
to bhe given hy:

Mrs. J. L. Agresti, Graduate Student in Biology
Dr. J. F. Benton, Associate Professor of History
Do M. Delbruck, Professor of Biology
Dir. P. Wo-Fav, Associate Professor of History

Dir. C. R, Gates, Manager of Voyager Mission
“Operations Systems Division

Dr. J. L. Greenstein, Profesor of Astraphysics
arid Staff Meniber, Mount Wilson and Palomar
Observataries;: Gwens. Vallev.. Radio Qbesrva-
tory; Executive Officer for Astronomy
Dr. P. C. Jennings, Assistant Professor of
Applied Mechanics

Dr. D. J. Kevles, Assistant Professor of History
Dr. R. F. Scott, Professor of Civil Engineering
Dr. F. H. Shair, Assistant Professor of
Chemical Engineering

Dr. H. D. Smith, Prefessor of English and
Chairman of the Division of Humanities
and Social Sciences
Dy GrjoWasserburg, Professor of Geology
and Geophysics

special lecture for all-attendees by

Dt Paul D. Saltman, Provost
Revelle College, University of California,
San Diego

The day will end with a social hour and dinner
at the Huntington-Sheraton Hotel

guest speaker

Mr. Thornton A. Wilson,
Executive Vice President
The Boeing Company

Complete program and registration form
will be mailed in April

Engineering and-Science




How Western Electric gets uplift from a downdraft

Hickine somethine un
by blowing 2 stream of
air down an il noy
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about Bur o vn wend
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paper *{hsrz
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Formore information write fo: Manager of College Relations, Western Electric C
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pickiin is danceroy
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physies 1o ol them op f only
shows the exlent of the mg&rswi‘y
Western Flectric applies in s job
of manulacturing communications
equpmeﬁi for the Bell Syﬁtem

n 25104, 222 Broadway, New York, N.Y. 10038, An equal opﬁértuniiy'émpby P
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The Cassiopeia Affair

by Chloe Zerwick & Harrison Brown

Doubleday & Co. 7000450

Caltech- geochemist and . po-

His: research has been so extensive,
int fact: that The Great Monkey Trial
runs to more than 500 pages, cons
taining evervthing that anvone will
ever want to knaw about the Scopes
trial=and then some. (For example,
this. iz the-way: Mr.. de Camp-intro-

Lt ntist has combined efforts

with a writer friend o produce a
unigue. hterary: mistare, The Cas-

duces Tohn Scopes: “John Thomas
Seopes, twentv-fourywas atall shm;
gangling, round-shouldered, freck-

stopezia Affalc s o a - scientifically

i BB bk z K s o
based: historical: novel=the history

of “the future: that-is. - Set- in -the
“late-1900’s,” the story- deals- with
the intriguing possibility. of life an
another planet autside our solar sys-
tem. A'group of American scientists
enigaged in 3 government-sponsored
praject of - “listening” . for signals
fram other eelestial bodies does; in
fact, get a message from somewhere
out. in space near Cassiopeia 3579,
How. this shattering discoverv af-
fects both - international - relations
anch the personal Jives of the people
imost closely involved “is” the sub-
stance of the novel

Harrison Brown, whose previous
wiitings have revealed his ability to
describe both: clearly and: lyrically
the excitement of science; has coni-

led, blue-eved vouth with wavy
blond hair; 4 high forehiead a fong
nese; and-frregular features.”)

Mr.-de Camp handles. this mass
of material with. great. skill—which
is mat at all surprising when vou
consider that he is the author of
about 40 books, ranging from sci-
ence. fiction to popular- works. on

bhook is not just good reading; it
shonld stand as the last word on this
world-famous. trial. After vears. in
which our impressions and beliefs
abont the case have been varigusly
colored by the biased reparting of

H: L. Mencken, ar the rousing dra- -

matics of Inherit the Wind, Mr. de
Camp has finally put the great mon-
kev trial intg true perspective.

astronomers: achleverments are writ-
ten in such a way as to be compre-
hensible to lavmen and acceptable
ta’scientists. V

The book begins in 1546 with
the life of Tvcho Brahe, a Dane whe
became one of the world’s greatest

observational astronomers prior o
the invention of the telescope. It
goes on to such colorfol Bgures as
Isaac Newton; Edumund Halley, who
predicted the return: of ‘the comet
that bears his name; John- Gaood:
ricke, who during his 22 vears of
life observed the variable star Algol:
Heinrich Samuel” Schwabe, whase
discovery “of the 1l-vear sunspot
eyvele in the middle of the 19th
century. showed the world that the
science of astronomy was not- ex-
hausted; Lady Huggins, a pioneer
in celestial photography; and Albert
Einstein. ..

The baok ends with the stories of
twao men who were colleagues of

son-and  Palomar  Observatories—
Seth Nicholson, who discovered four
satellites of Jupiter; and' Walter
Baade, whose research showed that
the universe was twice the size it

tributed these literary qualities to
this novel. And, from personal ex-
perience with many of the situations
and “settings in the* book (radio-
telescope listeninig posts, the .inner
offices of government leaders in
Washington, and the international
gatherings of representatives of sci-
ence and government) - Dr. Brawn
is able ta give credibility and au-
thenticity to this' story which lifts
it out-of the category of ordinary
science fiction.

The writing, the characters, and
the “dialogue are sometimes un-
even, but this is still a fast-moving;
suspenseful stary.

The Great Monkey Trial
by L.-Sprague de Camp "30

Doubleday & Co.ooeci $6.95

“Iny this book I have tried to tell
the story of the Scopes  evolution
trial of 1925, at Dayton, Tennessee,
as truthfully as possible.”

And—Mr. de Camp should have
added- as thoroughly as possible.
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The Star Lovers
by Robert S. Richardson

The Macmillan Company  $7.50

Robert. S.  Richardson, a. staff
member of the Mount Wilson and
Palomar QObservatories for 25 years,
retired several years ago ta do free-
lanee writing. Today he is one of
the most skillful, and prolific, writers
in the field of popular astronomy:

The star lavers of Dr. Richard-
son’s latest: book are 16 famous
astronomers whose lives span four
centuries.” They are not; as Dr.
Richardson explains;: “the - sixteen
greatest-astronomers. the world: has
knawn,” but’ “men - whose - person-
ality and work especially interested
me. No apology is offered for omis-
sionof  the numerous nanies. that
‘ought” to have been included.”

Easy to read and: seasoned with
humorous: glimpses  into the " per-
sonal lives ‘of the astronomers, The
Star Lovers neatly conveys the chal-
Tenge and excitement of astronomy
to the amateur. Explanations of the

i ¥ 3
was then thougng o })e,

LETTERS

Pasadena
EDITORS

In my article, “Nuclear Power
and - Nuclear Proliferation,” in the
January issue” of Engineering and
Science, - there was  one. editorial
ing. The article began: “The ma-
terials necessary for nuclear bombs
are spreading throughout the world.
This will, of course; lead to an in-
crease -in - the  number of - nations
which have nuclear weapans,” The
text “originally read: “The nuclear
materials which are necessary for
producing - nuclear bombs are be-
c¢oming widespread throughout the
world. There is the danger that this
diffusion of the essential bomb ma-
terials will Tead to an increase in the
number-of nations which have -

clear weapons,”
MILTON §. PLESSET

Engineering and Science



If you are contemplating a career in
aerospace, your next ten years are
critical ones. The exposure you get
to major projects, the caliber of your
associates; the quality and availahility
of educational institutions for advanced
study, and the recognition youget for
personal achievements will all count
heavily toward building your
reputation-and your income:

At Convair you will find management
sensitive to the importance of your
‘personal development and you
will work in an atmosphere of
achievement side by side with some
of the most capable people inour
industry—the people who developed
Atlas-Centaur and ather space age

" Atmosphere for Achievement

equipment and systems which are
making heddlines the world aover. You
wifl have access to four highly rated
calleges and universities for.advanced
study. Your-assignments wili be
selected from more than one hundred
key study and development projects.
‘A variety of outstanding career
opportunities are yours at Convair
in the following areas of concentration:
aeronadutical, electrical, electronic-and
mechanijcal engineering; engineering
mechanics and engineering physics.
Engineers will be assigned to
the following areas: advanced systems,
systems analysis, space sciences, life
sciences, information sciences,
scientific data processing, aero-

GENERAL DYNAMICS
Convair Division

San-Diego, California
An Equal. Opportunity Employer

ballistics, dynamics, thermodynarnics,
guidance; structures, mechanical
design, electrical design, reliability,
test engineering and materials
research.

See yaur placement afficer to arrange
a personal on-campus interview with
our representatives, or write ta

Mr. J. d. Tannone, Supervisor,
Professianal Placement and Personnel,
Convair Division of General Dynamics,
5633 Kearny Villa Road, San Diego,
Calitornia 92112;




If you want to rock the hoat, it's fine with us.

It could help us to keep moving ahead. We
discovered that during our: pioneering years
in a dynamic, young industry. It still applies
today. Imaginative, inquiring minds are pro-
viding the impetus for progress in our exciting
world of advanced VTQL aircraft systems.

Are you a factual innovator. .. impatient with
status quo? Does fast-paced engineering chal-
lenge turn you on-rather than pat solutions?
Then Sikorsky Aircraft can be your environ-
meni—in which to explore, expand and enrich
your capabilities. You'll enjoy the stimulus of
seeing your ideas become three-dimensional in
ultra-sophisticated airborne vehicles of
tomorrow,

Professional growth? Your demonstrated ability
will create all the opportunities you can
handle. And we think you'll appreciate our
“engineer's atmosphere” ‘that encourages an
active interchange of ideas with some of the
top men in your field.

If you're ready to take on responsible and
demanding assignments, you'll find them here

in: aerodynamics » human factors engineering
+ automatic controls » structures engineering -
weight prediction « systems analysis < opera-

tions research - reliability/maintainability
engineering -« autonavigation systems <« com-
puter technology - manufacturing engineering

And yvaur eareer advancement can be materi-

« information science « marketing. .. and mare.

ally assisted through our corporation-financed
Graduate Study Program—available at many
outstanding schools within our area.

Consult your College Placement Office for
campus interview dates—or—for further infor-
mation, write to Mr. Leo ]. Shalvay, Professional
and Technical Employment.

- Sikorsky
Aircraft

OIVISION OF UNITED AIRCRAFT CORP,

STRATFORD, CONNECTICUT

An Equal Opportunriy Employer
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The Rocket Pioneers

Memuoirs of the infant days of rocketry at Caltech

by Frank |. Malina

My interest in space exploration was first
aroused when 1 read Jules Verne’s De la Terre
d la Lune in the Czech language as a boy of 12
in Czechoslovakia where my family lived from
1920 to 1925. On our return to Texas I followed
reports on rocket work which appeared from
time to time in popular magazines. In 1933
I wrote the following paragraph for a tech-
nical English course at Texas A. & M. College:

Can man.do what he can imagine?—Now that
man has conquered travel through the air his
imagination has turned to interplanetary travel.
Many prominent scientists of today say that
travel through space to the Moon or to Mars is
impossible. Others say, “What man can imagine,
he can do.” Many difficulties present themselves
to interplanetary travel. The great distance sep-
arating the heavenly bodies would require ma-
chines of tremendous speeds, if the distances
are to be traversed during the lifetime of ane
man., Upon arrival at one of these planets the
traveler would require breathing apparatus, for
the astronomers do not believe the atmosphere
on these planets will support human life as our
atmosphere does. If a machine left the earth,
its return would be practically impaossible, and
those en the earth would never know if the ma-
chine reached its destination.

In 1934 1 received a scholarship to study
mechanical engineering at the California Insti-
tute of Technology. Before the end of my first
vear there ] began part-time work as a member
of the crew of the GALCIT (Guggenheim
Aeronautical Laboratory, California Institute
of Technology ) ten-foot wind tunnel. This led
to my appointment in 1935 as a graduate as-
sistant in GALCIT.

Fehruary 1968

The Guggenheim laboratory at this time,
a few years after its founding, was recognized
as one of the world centers of aeronautical
instruction and research. Under the leadership
of Theodore von Karman, GALCIT specialized
in aerodynamics, fluid mechanics, and struc-
tures. Von Karman’s senior staff included
Clark B. Millikan, Emest E. Sechler, and
Arthur L. Klein. The laboratory was already
carrying out studies on the problems of high-
speed flight, and the limits of the propeller-
engine propulsion system for aircraft were be-
ginning to be clearly recognized.

In 1935-36 William W. Jenney and I con-
ducted experiments with model propellers in
the wind tunnel for our master’s theses. My
mind turned more and more to the possihilities
of rocket propulsion while we analyzed the
characteristics of propellers.

In March 1935 at one of the weekly GALCIT
seminars, William Bollay, then a graduate as-
sistant under von Karman, reviewed the pos-
sibilities of a rocket-powered aircraft based
upon a paper published in December 1934 by
Eugen Singer, who was then working in Vien-
na. The following October Bollay gave a lec-
ture on the subject before the Institute of the
Aeronautical Sciences in Los Angeles.

Local newspapers reported on Bollay’s lec-
ture, which resulted in attracting to GALCIT
two rocket enthusiasts—John W. Parsons and
Edward S. Forman. Parsons was a self-trained
chemist who, although he lacked the discipline
of a formal higher education, had an uninhib-

9



ited, fruitful imagination. He loved poetry
“and the exotic aspects of life. Forman, a skilled
mechanic, had been working for some time
- with Parsons on powder rockets. They wanted

to build a liquid-propellant rocket motor but
found that thev lacked adequate technical and
financial resources for the task. They hoped to
find help at Caltech. They were sent to me.
and that was the heginning of the story which

led to the establishiment of the Jet Propulsion
Labaratory,
After discussion with Bollav, Parsons, and

Forman, | prepared in February 1936 a pro-
gram to design a high-altitude sounding rocket
to be propelled by either a solid- or liquid-pro-
pellant rocket engine.

We reviewed the literature published by the
first generation of space flight pioneers—
LmH\ows]«) , Goddard, Esnault-Pelterie, and
Oberth. In scientific circles this literature was
generally regarded as science fiction, primarily
because the gap between the experimental
demonstration of rocket-engine capabilities
and the actual requirements of rocket propul-
sion for space flight was so fantastically great,
This negative attitude extended to rocket pro-
pulsion itself, in spite of the fact that Goddard
realistically faced the situation by deciding to

rocket to surpass the altitudes attainable with
balloons. After much argument, we decided
that until someone could design a workable
engine with a reasanable specific impulse there
was no point in devoting effort to the design of
the rocket shell, propellant supply, stabilizer,
launching method, and pavload parachute.
We therefore set as our initial program
the following: (a) theoretical studies of the
thermodynamical problems of the reaction
principle and of the flight performance re-
quirements of a sounding rocket; and (b)
elementary experiments of liquid- and selid-
prapellant rocket engines to determine the
problems to he met in making accurate static
tests. This approach was in the spirit of von
Karman's teaching, He always stressed the im-
portance of getting as clear an understanding
as possible of the fundamental physical prin-
ciples of a problem before initiating experi-
ments in a purely empirical manner, which can
he very expensive in both time and money.
Parsons and Forman were not too pleased
with an austere program that did not include
at least the launching of madel rackets. They
could not resist the temptation of firing some
models with black powder mators during the
next three years. Their attitude is symptomatic

apply this type of propulsion ta a vehicle for
carrying instruments to altitudes in excess of
those that can be reached by balloons—an ap-
plication for an engine of much more modest
performance.

We concluded from our review of the exist-
ing information on rocket-engine design, in-
cluding the results of the experiments of the

American Rocket Society, that it was not pos-

sible to design an engine to meet specified
performance requirements for a sounding

of the anxiety of pioneers of new technological
developments. In order to obtain support for
their dreams, they are under pressure to dem-
anstrate them before they can be technically
accomplished. Thus there were during this
period attempts to make rocket flights which
were doomed to be disappointing and which
made support even more difficult to obtain.
The undertaking we had set for ourselves
required, at a minimum, informal permission
from Caltech and from the Guggenheim lab-

Frank Malina’s supporting role in the drama of early rocket research at
Caltoch, as well ds his part in the founding of JPL. and the Aergjet-General
Corp. is fairly well knowre: Less well kinown, however; is his enthusiasm for

cart and music. In the early fifties, with success in the fleld of aeronautics as-
sured, Malina proceeded to achieve international recognition in' the field of
kinetic art—a’ unique combination of art and science in which paintings are
tuminous and mobile and controlled by electricity: He has lived in Paris since

1953, and his paintings have heen exhibited throughout Europe and the United
¢ ¢urrently editor of Leonardo, an mternational joumal of the con-

temporary s

10

st whic,} h& foumnded:

" has been adapted from a paper prepared for the

'utmndl bwnpmmm ore the Histary-of - Astronautics held in Bel-
favig, in September 1967.

Engineering and Science



oratory bhefore we could begin. In March |
proposed to Clark Millikan that I continue my
studies leading to a doctorate and that my
thesis be devoted to studies of the problems of
rocket propulsion and of sounding rocket flight
performance. He was, however, dubious about
the future of racket propulsion and suggested
I should, instead, take one of many engineer-

at that time: His advice was no doubt-also in-

Hluenced by the fact that GALCIT was not
then carrying out any research on aircraft
power plants. Later he supported our work.

of flight performance of a sounding rocket,
while Tsien and I began studies of the thermo-
dynamic problems of the rocket motor.

The work of our group had the benefit of
advice from von Karman, Clark Millikan, and
other GALCIT staft members. We realized
from the start that rocket research would re-
quire the ideas of many brains in many fields
of applied science.

I was very fortunate at this time to enter von
Karman's inner circle of associates because
he needed someone to prepare illustrations for
the texthook Mathematical Methods in Engi-

Lknew that my hopes rested finally with von
Karman. Only much later did I learn that back
in the 1920°s in Germany he had given a sym-
pathetic hearing to discussions of the possibili-
ties of rocket propulsion and that in 1927 he
had included in his lectures in Japan a refer-
ence to the problems needing solution before
space flight became possible. He was at this
time studying the aerodynamics of aircraft at
high speeds and was well aware of the need for
a propulsion system which would surmount
the limitations of the engine-propeller com-
binatiomn.

After considering my praposals for a few
days, von Karman agreed to them and gave
permission for Parsons and Forman to work
with me, even though they were neither stu-
dents nor on the staff at Caltech. This decision
was typical of his unorthodox attitude within
the academic world. He pointed out, however,
that he could not find funds.

During the next three years we received no
pay for our work, and during the first year we
bought equipment—some secondhand—with
whatever money we could pool together. Most
of our work was done on weekends or at night.

We began our experiments with the con-
struction of an uncooled rocket motor similar
in design to one that had been previously tried
by the American Rocket Society. For propel-
lants we chose gaseous oxygen and methyl
alcohol. :

Our work in the spring of 1936 attracted to
our group two GALCIT graduate students,
A.M.O, Smith and Hsue Shen Tsien. Smith was
working on his master’s degree in aeronautics;
Tsien, who became one of the outstanding
pupils of von Kérman, was working on his doc-
torate: Smith and T began a theoretical analysis
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neering which he was writing with Maurice
A. Biot. Bollay had been assisting von Karman
with the manuscript of the book, and when
he left for Harvard University, I inherited his
job as “caretaker” of the manuscript.
Thereafter I worked with von Karman on
many projects until his death in 1963. In a
way he became my second father. We worked
so closely during the formative vears of the
Jet Propulsion Laboratory that it is not always
possible to separate the contribution either of
us made to technical and organizational de-
velopments during the period 1939 to 1944.
It is necessary to point out, however, that
during the period of the GALCIT Rocket Re-
search Project the initiative rested with our
group, and it fell to me to hold it together.
The group heard with excitement in 1936
that Raobert H. Goddard would come to Cal-
tech in August to visit Robert Millikan. Milli-
kan was a member of a committee appointed
by the Daniel and Florence Guggenheim
Foundation to advise on the support given by
the foundation to Goddard for the develop-
ment of a sounding rocket. Millikan arranged
for me to have a short discussion with Goddard
on August 28, during which I told him of our
hapes and research plans. I also arranged to
visit him at Roswell, New Mexico, the next
month, when I was going for a holiday to my
parents’ home in Brenham, Texas.
Both Dr. and Mrs. Goddard received me
cordially. My day with him consisted of a tour
of his shop (where I was not shown any com-

launching range to see his launching tower
and 2,000-1b.-thrust static test stand, and a gen-
eral discussion during and after lunch. He did
not wish to give any technical details of his
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Frank Malina with the Wac Corporal at White
Sands. New Mexica. in November 1945,
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current work bevond that which he had pub-
lished in his 1936 Smithsonian Institution re-
port, with which I was already familiar. This
report was of a very general nature and of
limited usefulness to serious students.

‘The impression 1 obtained was that God-
dard felt that rockets were his private preserve,
so that any others working on them took on
the aspect of intruders. He did not appear to
realize that in other countries there were men
rived, independently of him, at the
same basic ideas for rocket propulsion, as so
tfrequently happens in technology.

Von Kéarman in his autobiography The Wind
and Beyond writes:

I believe Goddard became hitter in his later
vears because he hiad noreal success with rock-
ets, while Aerojet-General  Corporation - and
ather organizations were making an ‘industry
out of them. There is no direct line from God-

dard to present-day rocketry. He is on'a branch
that died. He was an inventive man and had a

creator. of science, and he. took himself foo
seriously. If he had taken others into his con-
fidence, I think he would have developed work-
able high-altitude rockets and his achievements
would have been greater than they were. But
not listening to, or communicating with, other
qualified people hindered his aceomplishments.

With this background to the relations he-
tween Goddard and the project, a summary
of his effect on our work can he made. This
appears needed, for erroneous impressions
exist as to his influence on rocket research at
Caltech. ,

As I pointed out earlier, the stimulus lead-
ing to the formation of the GALCIT Rocket
Research Project was Sanger’s work in Vienna.
Like Gaddard, our group at first believed that
the most promising practical application of
rocket propulsion would be a sounding rocket
for research of the upper atmosphere, which
was of interest at Caltech in connection with
cosmic ray studies and with meteorology re-
quirements. Actually it did not turn out this
way, for the first application of rocket power
we successfully made wus in assisting the take-
off of aircraft.

Our group studied and repeated some of
Goddard’s work with smokeless powder, im-
pulse-type motors, which he reported on in his
Smithsonian report of 1919. Work on this type
of solid-propellant rocket motar was, hawever,
dropped by the group in 1939 in favor of de-
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velopig ane of constant-pressure, constant-
thrust type. Goddard’s smokeless  powder
rocket engine did, however, find application in
armament rockets during World War 11
There is no doubt that had Goddard been
willing to cooperate with our Caltech group
his many years of experience would have had
a strong influence on our work., As it happened,
our gronp independently initiated the de-

velopment of dilterent liquid and solid propel-
lants from those that Goddard studied. Finally
in 1944 when T -initiated: the-construction of

In- November, ['wiote home as follows:
This has beena very busy week, We made
our first test on the rocket motor vesterday. It
is almiost inconceivable how much there is to
be done and thought of to make as simple a
test as we made. We have been thinking about
it for about six months now,. although we had
ta get all the equipment together in two days,
not by “chivice, but hecause there are classes,
and hours i the wind tunnel to be spent: Fri-
day we drove hack and forth to Los Arngeles
picking - upe pressure banks fittings-and  instigs
ments. Satirday momimg at 3:30 4. we felt
the setup was along tar enough to go home
and- spatch-three hours of sleep.-At 9 4m. an
Institute. truck took our heaviest parts to the

the Wae Corporal sounding rocket at the
Jet Propulsion Laboratory, it bore little tech-
nical relation to Goddard’s sounding rocket of
1936, about which we still did not have any
detailed information.

On October 29, 1936, the first try of the
portable test equipment was made for the
gaseous oxygen-methyl alcohol rocket motor
in the area of the Arroyo Seco back of Devil’s
Gate Dam on the western edge of Pasadena—
a stone’s throw from the present-day Jet Pro-
pulsion Laboratory. I learned several years
later from Clarence N. Hickman that he and
Goddard had conducted smokeless-powder
armament racket experiments at this same lo-
cation during World War 1.

Arrovo, about  three miles above  the Rose
Bowl where we found anideal location. Be-
sides "Parsons and me there were two students
working i the ' N.Y. AL
b pane before all our holes were dug, sandbag
filled; and equipment checked. By then Carlos
Wood and Raockefeller had arrived with twa of
the box type movie cameras for recording the
action of the motor. Bill Bollay and his wife
also came to watch from behind thie dump.
Very many things happened that will teach
s what to do next time. The most excitement
took place on the last “shot™ whei the oxygen
hase for “some reason ignited ‘and  swung
around on the ground, 40 feet from us. We all
tore out across the country wondering if our
check valves would waork. Unfortunately. Car-
los “and - Rocky had ta leave just before this
ot so that we have norecord an filim of what
happened. As 4 whole the test was successtul

continued on page 30

The GALCIT rocket research g;mﬁpmmakes final plans for the first jet-assisted taeoff test flight in 1941, From
left: Clark Millikai, Martin Summerfield, Theodore von Kdrman, Frank Malina and pilot Homer Boushey.
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Caltech scientists are engaged in a kind of
scientific gamesmanship in an effort to find out
how radiation produces chemical changes in
materials. '

The research is being done by Ge()rge S

Chermstly and ac,tmg Lhalrman of the divi-
sion of chemistry and chemical engineering,
along with other members of his research
group. They are taking what is already known
about photochemistry—the study of chemical
changes produced by light—and applying it to
elucidate the fundamental mechanisms of
chemical changes initiated by high-energy ra-
diation such as gamma rays.
Gamma rays, which are a very energetic
torm of x-rays, and light rays are both beams
of energy in tiny units called photons. The
energy of each gamma photon is much greater
than the energies of photons in visible or ultra-
violet light. High-energy gamma rays move
easily through matter, but when an interac-
tion with a molecule of matter does occur,
the molecule literally explodes and ejects
high-energy electrons. Most of the chemical
changes are not caused directly by these pri-
mary interactions but by secondary effects.
The electrons produced in the blowup excite
other molecules, producing excited states sim-
James ng Jr., }PL roscarch o group supervisor, uses ilar to those formed by ahsorption of light.

a Geiger counter to check the radaition level around The photochemistry of some substances is

4 cobalt-60 gamma ray source. This equipment is o ;
well known; these substances are used as exci-
used in experiments at JPL done by chemistry grad- bstanc 5 EXC

uate student Thomas Penner (upper left). tation monitors in the radiochemical experi-
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Caltech chemists use what they know about photochemistry to find out more about the

fundamental mechanisms of chemical changes initiated by high-energy radiation.

ments. These chemical detectors are put into
a system in small amounts, and samples are
then irradiated with gamma rays. Excited
states of solvent molecules are produced
which transfer energy to the test molecules
which act as energy scavengers. Analysis is
performed to show the extent to which the
scavengers have reacted by paths already fa-
miliar from photochemical studies. Finally, the
results are read backwards to tell the investi-
gator about the forms of excitation deposited
along the track of the gamma ray.

Last year John King, now a chemist in the
Chevron Research Laboratory in Richmond,
California, did work using an organic material
called TMO (tetramethyloxetanone) as a
scavenger. TMO undergoes an especially sim-
ple photochemical reaction in which it falls
and tetramethylketene. However, decomposi-
tion occurs only from excited singlet states of
TMO, not from the related triplet excited
states. By measuring the yields of the decom-
position products from TMO in benzene solu-
tions, Dr. King was able to make the first
accurate measurement of the vield of trans-
ferahle singlet excitations in the gamma radiol-
vsis of benzene.

Sometimes the game turns out to be more
complicated than anticipated. At the present
time Thomas Penner, a graduate fellow, is
studying the gamma-induced reactions of
CHD (1,3-cyclohexadiene ). The photochem-
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ical behavior of CHD has been previously
studied carefully by other members of Dr.
Hammond’s research group, so it seemed easy
to use the substance as an energy scavenger.
Irradiation of benzene solutions of CHD led
to formation of the familiar photoproducts—
along with other unexpected products. Ap-
parently the scavenger is catching and using
two kinds of excitations. At this stage in their
research Dr. Hammond and Mr. Penner be-
lieve that the nonphotochemical products arise
from positive ions, but still more experiments
with scavengers for ions will be required to
confirm their suspicions.

Radiation is constantly showered on the
earth from the sun, from cosmic rays, and
front other natural sourees. This radiation bath
causes many chemical changes in materials.
The consequences range from the life-sustain-
ing storage of light energy by green plants to
death from acute radiation sickness in animals.

The Caltech experiments might lead to de-
velopment of chemical mechanisms for pro-
tection against chemical damage from radia-
tion in nonliving materials. In living things,
however, the physiological toxicity problems
and the dynamic activity within the living
system that moves foreign materials around
would have to be observed carefully.

The experiments are carried out using the
cobalt-60 gamma source at the Jet Propulsion
Labaratory and supported by a contract from
the Air Force Office of Scientific Research.
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THREE DAYS
IN THE “GHETTOQ”

hv Michael Meo

No domestic question has the importance

today of the Negro problem—yet few issues
are less easily resolved by means of the tradi-
tional Caltech method of equation and slide
rule. In order to give Caltech students a first-
hand acquaintance with the actuoalities of
ghetto life, the Caltech YMCA sponsored a
program last month in which 20 students lived
and worked in northwest Pasadena for three
days, sleeping in the homes of Negro hosts at
night and participating in social work during
the day. The major focus of the program to
those participating was in the area of com-
munication, and the reactions of the students
varied according to either the enhancement or
frustration they experienced in this area.

The living-in was “Phase Three” of the Y
project, “The Urban Ghetto: Blight and Prom-
ise,” that has already sponsored a visit to the
campus by United States Senator Thomas
Kuchel and the stay on campus of a dozen or
so articulate Negroes who lived in the student
houses for three days. The Westside Study
Center, a community social service organiza-
tion run by Pasadena Negroes, was co-sponsor
with the YMCA of “Phase Three.” A keynote
present in both organization and execution of
the project was informality—informal assign-
ments, informal requirements of the host.

Because of an unfortunate stress on the word
“ghetto,” the view many students had received
of the Pasadena ghetto before they entered the
program was usually considerably different
from the reality they encountered. Some ex-
pected to see rats biting children, but they did
not; few “ghetto facts to make an honest
man shudder” came to light. Indeed, most of
the homes to which the Caltech students were
assigned were middle class; I slept one night
in a home which had a swimming pool.
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The author doe
Westside Study

A briefing ses . , v participants prepares
Caltech students for “the actualities of ghetto life”

If the aim of the project was limited to
showing liberal-minded Caltech students (for
they were the only kind who participated } that
Negroes are people who are just as kind, gen-
erous, and friendly as white people, then it
succeeded overwhelmingly. The students’ re-
ception, in spite of the fact that one Caltech
participant was beaten up as he walked along
Fair Oaks Avenue the final afternoon of the
program, was extremely hospitable. After only
one day in the ghetto, students commented
on the large number of blacks who uncritically
accepted them as comrades, joked and laughed
with them. After three days at a Head Start
program center, one Caltech student half-
seriously boasted that he was an “old hand”
around the place. What was true where the
students worked was even more true where
they slept. Almost every family invited its
guest to return some day, and many mothers
described their guest as “one of the family.”
No participants had any reservations in their
praise of this aspect of the program.

The superficial acceptance among ghetto
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A Caltech senior reports on his

brief exposure to ghetto life in Pusadena

arren Burton, assigned to work in a Head Start
Center for three davs, now volniteérs every week.

tility was to join it Once the Caltech students
had found that the Pasadena Negroes wauld
readily work and laugh with them, they usu-
ally made little eftort to probe fturther. Some
of those who did probe more deeply were will-
ing to accept a one-sided view of the problem
and to repeat what I call the black “party line.”

To explain the term, consider that it is an
Establishment “party line” that only hoodlums
and eriminals were responsible for the riots in
American cities recently. Such a one-sided
view is disproved by the fact that there were
65 race riots last summer alone and the fact
that riots have been breaking out for the last
three vears. Most intelligent men reject such a
formulation of the story. I call a black “party

residents made some students overly optimis-
tic about their experiences. Relief that they
were not ignored,‘ resented, or viewed with
suspicion (as had been predicted they might ),
made many students feel that their ability to
communicate with and understand black peo-
ple and their problens was greatly heightened.
One of the participating students likened his
experiences with the Negro problem to a three-
stage development. When he came to Caltech
he was in ignorance; when the Negro tutors
spoke to him last term about life in the ghetto,
he conceived the magnitude of the problem;
finally, after spending 72 hours in the Pasadena
ghetto, he reached the level of understanding.
Negro hosts and co-workers, however, doubted
the validity of such sweeping statements.

In contrast to the roseate visions of some of
the Caltech students, many Westside Study
Center personnel had pessimistic apprehen-
sions about the white man’s approach to the
Negro problem. And an other occasions a more
apen and puzzling hostility manifested itself.
One way for the students to deal with this hos-
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line” an explanation of current history that
has similar oversimplification and bald disre-
gard of contradictory evidence, but tends to

the black “line” is the allegation that every
major American city is a concentration camp,
and that the mayor and the police chief are the
keepers; yet such is the feeling of a number of
Caltech students after listening and watching
for three days in the uorthwest of Pasadena.
Another example is the tendency of black
men to overemphasize their disadvantages.
One hoy whose father had an MA and whose
grandparents had only finished the eighth
grade tried to tell me about his disadvantage.
But my own father has only a BS and my
grandparents did not finish grammar school.

If the YMCA program had as its goal the
appreciation by its participants of the psychic
as well as the socioecanomic distance between
the black and white communities, it had par-
tial success; if it intended to foster real com-
munication it was, to a great extent, only su-
perficially successtul.
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Some say we specialize in power. ..
power for propulsion . . . power for
auxiliary systems . .. power for aircraft,
missiles and space vehicles . . . power for
marine and industrial applications . . .




...1hey’re right. And wrong.

It might be said, instead, that we specialize in people, for
we believe that people are a most

important reason for our company’s success. We act

on that belief.

We select our engineers and scientists carefully. Motivate
them well. Give them the equipment and facilities only a
leader can provide. Offer them company-paid,
graduate-education opportunities. Encourage them to push
into fields that have not been explored before. Keep them
reaching for a little bit more responsibility than they can
manage. Reward them well when they do manage it.

You could be one of the reasons for Pratt & Whitney Aircraft's
success ... if you have a B.S., M.S. or Ph.D. in:
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And we could be the big reason for your success. Consult
your college placement officer—or write Mr. William L.
Stoner, Engineering Department, Pratt & Whitney Aircraft,
East Hartford, Connecticut 06108.

Pratt & Wh itney q i rC raft DIVISION OF UNITED%NAFT CORP.
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‘Science and the Rising Sun

by F . Roy Lockheimer

Creative science in Japan needs cultivating —

a specialist in Far Eastern affairs tells why.

Japan is the only Asian country to have in-
dustrialized successfully, and it has done so
extremely well. Japan today is first in the pro-
duction of ships, second in the production of
automabiles, third in the production of steel in
the world, and will very shortly, I predict, be-
come the fourth nation to launch its own satel-
lites with its own rockets. All of this adds up
to the somewhat startling fact that Japan is
today the third most significant industrial unit
in the world. That is quite a development in
less than 100 vears.

In nearly every aspect of its national life,

then Western science would have to be im-
ported just as it was. While Japan possessed an
artistic and philosophical basis for exchang-
ing ideas with the West at all levels, it had no
basis for a scientific exchange and thus no pos-
sihility for adaptations and modifications to
lead to new approaches.

Even before the government was stabilized
and had begun itroducing Western science
into the nation, almost 100 Japanese had heen
abroad for foreign study. Although this num-
her may not appear large, its significance be-
comes clearer when it is realized that as a

Japan was a well-developed society in the mid-
dle of the 19th century—perhaps more de-
veloped than some underdeveloped countries
are today. Every field of endeavor that existed
in the West flourished in Japan before 1868
except science and its ensuing technology. In
the mid-19th century, however, after 250
years of almost complete seclusion, Japan was
abruptly shaken out of its isolation by an ex-
pansionist West whose source of strength
stemmed from a rich scientific tradition that
was unknown in Japan. At the same time, in-
ternal tension had brought the country close
to dangerous strife at the highest levels of
government. The old regime was weak, near
the point of collapse.

~ Yet, within 15 years after the appearance
of Perry’s ships, Japan had not only set its
house in order, but it had also launched a wild-
ly successful program of nation-building along
Western lines. Fukoku kyohei (“rich country.
strong army’ ) became a national password,
and priorities were adjusted accordingly. If the
country was to become a Western-style power,
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general rule foreign travel was prohibited. The
government itself sponsored study abroad for
the first time in 1862 and by 1868 had sent 47
students abroad for study in France, Great
Britain, the Netherlands, Russia, and the U.S.
Time was not wasted on “frills.” Whatever
was needed to make the nation prosperous and
strong received emphasis: medicine, gunnery.
engineering, general science, agriculture, man-
ufacturing, and commerce. By 1912, more than
65 percent of all the students who had gone
abroad for study under sponsorship of the
Ministry of Education had specialized in the
“hard” areas of the basic and applied sciences.
especially the latter. (The only other major
emphasis was on legal studies—encouraged to
help make Japan strong and independent. }
The government was dedicated to strength-
ening the country as rapidly as possible. If de-
sired results could not be ohtained at home
with native talent, or if study ahroad proved
inadequate, then what was needed could be
imported—not only foreign teachers, but for-
eign technology, patents, licenses, and pub-
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lications. All was done at great expense, but
with spectacular results. The goal of develop-
ing Japanese science was certainly a long-
range one, but for reasons of expediency rather

short-range measures were adopted—with the
result that even today Japan is without a strong
creative tradition in basic science. There comes
a time when the price of fareign technology
hecomes too high. :

TAPAR -ADAPTS PO WESTERN SCIENCE

Japan was able to receive Western science,
and adapt it to its purposes. because by the

mid-1800s existing conditions were quite con-
ducive to the development of science. The
country had a flourishing culture based on a
settled agricultural economy, with educational
institutions, communications, a bureaucracy,
and a tradition of scholarly discourse, as well
as sone preliminary acmnnulation of scienh’ﬁc
hmlted cont&ct wnh W estern sueﬂtlﬁ,(: puh’
lications. It was also a national entity—a state.
Japan possessed large cities and a developing
national economy. The country was not di-
vided by differences in language or culture; on
the contrary, the insularity of the Japanese
islands had engendered strong feelings of

unique identity among the people. The tra-
dition of centralized government and bureau-
cracy was a valuable legacy, as was a well-
developed national system of education.

No matter how well endowed a country may
he in the prerequisites for science, its society
may not respond favorably—or even with mon-
umental inertia—to the introduction of scien-
tific concepts. But once science is broadly in-
troduced and well received within a society,
then social change is bound to occur. Japan's
experience is testimony to this process:

Japan’s natural insularity made the Japanese
suspicious of foreigners, but it also made them
very curious about the outside world. Even
before the 16th century they had shown great
interest in- Chinese - cultural - achievements,
many of which they adapted to their own use.
Acceptance of foreign ideas, therefore, was not
a new aspect of Japanese history by the 19th
century. Infornied Japanese could understand
that their country did not have all the answers,
that there was much to be learned from the
outside world.
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The Japanese are keenly competitive, sue-
cess-minded, goal-oriented people. Causes,
conditions, and circumstances change, and
when they do, Japanese values change with
them. If the majoritv of the Japanese were anti-
foreign when Perrv attempted to end their
isolation, in less than 15 vears those same Jap-
anese were reaching with enthusiasm for West-
erirways, Three generations later, another ma-
jority of - Japanese were convinced that their
nation was fnvineible and that they would fight
to the last rather than swrender, but after a
few short and painful vears. they surrendered
i all meekness, submitting to detfeat and oc-
cupation at foreign hands. Why? Part of the
explanation in both cases for this amazing
change in national attitudes is that national
circumstances had changed; therefore, so did
national goals. The Japanese drive for success
was not altered; they simply adjusted to new
goals, which now seemed proper against the
background of their new environment.

Japan’s value system, with its situational
ethic and goal orientation, allowed the nation
an extraordinary receptivity to science after
1850, much in the same way that it allowed
the population ta behave with dignity and
cooperation while under the occupation of a
formerly detested enemy after 1946.

But it is one thing to recognize national
needs and quite another to respond quickly
to fulfill those needs, even with a high degree
of national receptivity to foreign concepts.
Leadership is required. This leadership was
undertaken by the Japanese government, he-
ginning a tradition of governmental initiative
and bureaucratic influence in the sciences
that has continued to the present.

THREE PERIODS OQF SCIENTIFIC GROWTH

A hroad view of the development of science
and technology in Japan over the past century
shows three main periods of growth: (1) 1868
to the outbreak of World War I, 1914; (2)
the interwar period, 1918-1937; (3) the period
after World War 11, 1945 to the present.

The first period saw the establishment of
many of the basic educational institutions that
had the responsibility of training native scien-
tists. The University of Tokyo was founded
i 1877, then reorganized and combined with
the college of technology in 1886 as Tokyo
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‘ Im;}ﬁnai Umnzs;t*g The government-spon-
sored ordinance which defmed the character
of the Imperial University stated the school’s
purpose clearly: “The aim . .. shall be to teach
and study such sciences and practical arts as
meet the demands of the State.” Other im-
perial universities were established in Kyoto,
Sendai, and Fukuoka. As earlyv as 1884, an
astronomical observatory was established at
the University of Tokvo
The first steps taken by the government
toward the development of pative science and
technology were more internal ones, however.

advancement of knowledge without neces-
sarily seeking practical applications, never
was given a chance to take root in Japanese
soil. The brief period of promise after World
War I, when there was a slight opportunity
tor the development of independent science
in Japan, went unfulfilled. Within three gen-
erations, science in Japan had progressed from
magic to a foundation for national develop-
ment—only to suffer an almost disastrous blow
from the distorted influence and increasing
isolation brought on by the military adventures
that eventually led to defeat in World War 11.

A ministrv of engineering was established in
1870, and under its aegis the building of rail-
ways and lighthouses, the erection of tele-
graphic services, and the development of mod-
ern techniques in mine and factory manage-

NATIONAL POWER—FIBRST PRIOGRITY

During the second major period of Japan’s
development of science from 1914 to 1937,
tremendously significant advances were made
in heavy industry and its supporting technol-
ogy, again with the building of national power
receiving first prioritv. Electricity, gas, chem-
icals, ceramics, metals, machinery—all em-
ploying the most recent improvements in tech-
nology and in methods of mass production—
made large strides forward. But, faced with
the prime responsibility of expanding national
power, Japanese science during the interwar
years did not have time to keep up with for-
eign scientific developments.

The interruption in scientific communica-
tion caused by the outhreak of World War 1
made the Japanese realize how dependent
their science was on foreign sources of infor-
mation. Japanese attention was drawn ta the
task of creating an independent foundation for
scientific research, again largely under govern-
ment initiative and direction. Although con-
cern was expressed at the time about the need

“to develop a better foundation for basic sci-
ence, it is probably fair to say that the raison
d’etre of the new research institutes was to
serve industrial and military technology.

With the launching of its program of ag-
gression on China in 1937, Japan's science and
technology were mobhilized for war. Basic sci-
ence, the investigation of phenomena for the
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Japanese science did not grow during World
War I1. Some important technological inmova-
tions were made to meet wartime require-
ments, but, duplicating the experience of
World War I and with very much increased
gravity, fapan was cut off from worldwide
scientific developments.

Defeat in war brought Japan under military
occupation . for almost seven years, during
which time significant change was wrought
in the organization of national science and
technology. In the early days of the occupa-
tion, scientific research in Japan almost came
to a halt. Any investigation that had military
implications was naturally prohibited, espe-
cially studies concerning atomic energy. In-
terestingly enough, Japanese investigation of
the effects of atomic bombings was not en-
tirely prohibited. Gradually, as the occupation
developed more confidence in itself and in the
Japanese, the resumption of research was per-
mitted, and inr some cases even encouraged.

ADVICE TO DEMOCRATIZE

One of the recommendations made by
American scientific advisory missions to the
occupation authorities was to discourage the
Japanese tendency to organize science and
scientists on a hierarchical basis. As a result,
the accupation encouraged the democratiza-
tion of the Japanese scientific world on all
fronts. The establishment of the Science Coun-
cil of Japan (SCJ) in 1949 was a direct result
of this occupation policy. The primary aim of
the SCJ was to mobilize professional talent in
all fields to advise the government in the de-
velopment of science and technology, re-
search utilization, research training, scientific
administration, and the infusion of science in-
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to industrial and national life, Unfortunately,
drastic changes occured in the Asian political
setting in 1949, and, as a consequence, rela-
tions between the government and the occupa-
tion authorities on one side, and the SCJ on the
other, became increasingly strained. Japanese
science since that time has been heavily po-

litical through the efforts of various groups,

sCHEMNCE - FOR M AR AND PEACE

The shibboleth of politically oriented Jap-
anese scientists is peace, and consequently all
research becomes divided into two categories:

peace and war. This extreme sensitivity to pos-
sible military applications of scientific research
~both a legacy from wartime experience and
4 requirement of postwar conformity to an
anti-military posture—has caused, for exam-
ple, serious delays in the development of Jap-
anese space science. Research in rocketry may
be permissible, the reasoning goes, but since
guidance systemns help to turn observation
rockets into war missiles, guidance systems had
better be avoided. Research on guidance sys-
tems was not emphasized for a long time at
the University of Tokyo, and, perhaps as a con-
sequence, the university has yet to achieve
success in orbiting a scientific satellite.

During 1966 and 1967, the University
launched three Lamhda rockets, somewhat
similar to the American Scout rocket. The
primary design purpose of the Lambda was
probably not to launch a satellite, but there
was some possibility that it could, so the Jap-
anese decided to see if it would work. The
Lambda Rockets were launched from Uchi-
nourd, the most important space base in ]apan,
which is run by the University of Tokvo The

nother base in Tanegashlma, and there is a
military base on the island of Niijima off
Tokyo. This points up the division in rocket re-
search sponsored by the gavernment, by edu-
cation, and by the military. The scientists who
engage in rocket research for the military do
nat participate in the space research activities
being carried out at the University of Tokyo,
primarily because the university wants to
develop rockets only for peaceful purposes.

If the politicizing of science and the hyper-
sensitivity - of certain = scientists to alleged
schemes of the military to control research
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activity are unhappy conditions that evolved
out of the accupation period, the increased
participation and greater mobility of Japanese
scientists are decidedly happy results. Al-
though the occupation wrought these changes
m attitudes as well as others in scientific edu-
cation, in the organization of research insti-
tutes and scientific societies, and in the direc-
tion of international scientific exchange, the
foundation of science in Japan went unaltered.

Government initiative and the importation
of foreign technology remain the basic key-
stones of science in Japan. Creative science
has yet to come to full bloom. Like other
nations, Japan cannot escape the influence of
its history. The old master-apprentice relation-
ships, the custom of secret techniques, the
prestige of the national over the private uni-
versities, the tendency to departmentalize and
equalize research, the consciousness of a hier-
archy and mutual exclusiveness among re-
searchers in universities and in industry, the
fear of military applications—all of these fac-
tors have worked both to impair scientific co-
operation and to hinder the development of
creative scientific traditions.

THE LESSON TG BE LEARNED

After a century of development in the sci-
ences, the problems of basic science and the
development of its creative aspects are be-

Japan. The countly is gr()pmg tm the estab-
lishment of a national science policy. Such a
program might go a long way in replacing
jealousy, suspicion, rivalry, and shortsighted-
ness with scientific cooperation.

The most important lesson that can be
drawn from the Japanese experience is that
no matter how much effort is spent on build-
ing scientific traditions swiftly, there is neither
a shortcut nor a substitute for the development
of a nationally based, cooperatively organized,
research foundation for the stimulation of
creative, basic science. Science through gov-
ernment initiative and foreign technology, and
science for national power, may offer signifi-
cant encouragement for the growth of native
scientific: traditions, hut creative science does
not appear to flourish until scientific research
is supported for its own sake, without any
immediate thought of practical applications.
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THE
‘MONTH
AT

CALTECH

EXPEORER'S BIRTHDAY

More than 200 prominent physicists, space
executives, and military officials gathered in
Caltech’'s Beckman Auditorium on February 1
tor a two-day symposium celebrating the tenth
amiversary of the launching of Esplorer 1—
and the beginning of the space age in Ameri-
can science.

Speakers at the Explorer Anniversary Sym-
posium included James A. Van Allen, head of
the University of lowa’s physics and astronomy
department, who verified the radiation belts
discovered by Explorer I; Lt. Gen. Austin W.
Betts, chief of research and development, U.S.
Army; John Findlay, chairman of the lunar and
planetary missions advisory board of NASA;

George S: Hammond

SCTING CHAIRMAN IN CHEMISTRY

George S. Hammond, who has been Arthur
Amos Noyes Professor of Chemistry at Caltech
since 1964, became acting chairman of the
division of chemistry and chemical engineer-
ing on February 1. He will serve for a I4:

imd ]oseph Kapian ULJLA pwfessor of physv
tl()l]dI (xeophyslcal Year wheu the ﬁrst Ex-
plorer was launched.

Following the first day of the symposium,
Lee A. DubBridge, president of Caltech, and
William H. Pickering, director of Jet Propul-
sion Lahoratory, were hosts at an anniversary
banquet at the Huntington-Sheraton Hotel.

Explorer I, developed at JPL, was launched
at 3:55 a.m. on February 1, 1958, following a
hectic 80-day periad after the Soviets launched
Sputnik 1. The satellite was carried into orbit
by the Jupiter C rocket and its Redstone first
stage, designed and built by an Army Ballistic
Missile Agency team led by Wernher von
Braun.

Dr. von Braun was a special guest at the
celebration along with Maj. Gen. John B. Me-
daris, retired former head of the Army Ballistic
Missile Agency; Lt. Gen. John H. Hinrichs,
retired Army chief of ordnance; and Col, Frank
Borman, one of the first U.S. astronauts and
a Caltech alumnus.
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maonth period while John D. Roberts, division
chairman since 1963, takes a temporary leave
to devote more time to research and writing.

Dr. Hammond’s appointment, which was to
have been effective July 1, was rescheduled
when Dr. Roberts broke his leg in a skiing
accident on December 20.

Dr. Hammond has been on the Caltech
taculty since 1956. He is distinguished for his
research in photochemistry and believes that
the field may ultimately lead to development
of new methods for the harvest, storage, and
transfer of energy. He is a consultant for a
number of government agencies and industry
and is also known as an innovator in chemical
education.

HONORS AND AW ARDS

Pol Duwez, Caltech professor of materials
science, delivered the American Society for
Metals’ Edward De Mille Campbell Invita-
tional Lecture for 1967 in recognition of his
outstanding ability in meta}lm gical science
and engineering.
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Jolin R MeMillan, president of the Reserve
Oil and Gas Company, has been elected presi-
dent of the California Institute Associates. He
succeeds Samuel F. Bowlby, a retired petro-
leam executive, who has held the office since
1964. Also elected were William Burgess and
Franklin Doannell, vice presidents; John R.

White, secretary; Preston Hotchkis, treasurer;
and Theodore Combs, assistant secretarv-as-

sistant treasurer. Newly elected board mem-
bers are Mrs. Anna Bing Arnold. Francis D.
Frast Jr., and W. Morton Jacobs.

Allan- R. Sandage, staff member of the
Mount Wilson and Palomar Observatories,
has been awarded the David Rittenhouse Sil-
ver Medal for his work with quasars and in
the field of cosmology. The medal was pre-
sented to Dr. Sandage in Philadelphia by the
Rittenhouse Saciety, the second oldest astro-
nomical society in the United States.

Hans W. Liepmann, Caltech professor of

aeronautics, has been named as the first Dry-
den Research Lecturer by the American Insti-
tute of Aeronautics and Astronautics.

APPOINTMENTS

vsis of materials found in meteorites will be
conducted under Gerald Wasserburg, profes-
sor of geology and geophysics.

EDWIN BUCHMAN 1904-1968

Edwin Raphael Buchman, Caltech research
associate in organic chemistry, died on Feb-
ruary 6 at the age of 63. He had been at Cal-
tech since 1937. Before coming to the Institute,
he had done research-at Columbia University
and was responsible. with two colleagues, for
synthesizing vitamin B-1. At Caltech he con-
tinued his work on vitamin B-1 with James
Bonner. During World War 11 he helped direct
an anti-malaria research project here. He also
did exploratary work on the problem of the
synthesis of cyclobutadiene. During the past
15 years he was involved largely in mathe-
matics research, specializing in very large
prime numbers.

A memorial service for Dr. Buchman was
held in Caltech’s Dabney Hall lounge on Feb-
ruary 12. Dr, Bonner, John Roberts, and Max
Delbriick, who were colleagues of Dr. Buck-

his life and his work.

Rear Admiral John E. Clark, USN (Ret.},
has been named deputy director of the Jet
Propulsion Laboratory. Concluding a distin-
guiShed naval career, Admiral Clark retired
last September. He was commandant of the
12th Naval District, with headquarters in San
Francisco. He will assume his new duties at
JPL on February 19.

Royal H. Tyson has been appointed campus
architect for Caltech. Mr, Tyson came to Cal-
tech from Stanford University where he has
served as principal campus planner for the
past seven years. He is president of the Nation-
al Association of University Architects.
STAR STUDY GRANT

Caltech has received a $200,000 grant from
the National Science Foundation for continu-
ing research on how stars and other cosmic
objects generate energy and synthesize chem-
ical elements. The research is under the direc-
tion of William A. Fowler, professor of physics.

Additional studies involving detailed anal-

LS B LEAKEY, world-renowned archeologist from
Kenya, after his lecture at Caltech on January 26, re-
ceived the special tribal greeting of the Kikuyus of
Kenya from Wairimu Bowman, wife of Caltech re-
search fellow Dave Bowman (right) and their daugh-
ter, Patricia Njeri. Dr. Leakey is a tribal member.
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will a job with
LTV Aerospace
make you more exciting,
sought after,
healthy, wealthy

and wise?

Why shouldn’t youenjoy the good
things of life when vaou're out to
conquer _ the - universe? Sound
far fetched? It's not. O Your
first job with LTV Aerospace
sets you on a path that can

today’s spheres of action at LTV
Aerospace. They are the fron-
tiers of tomorrow. O A repre-
sentative of LTV Aerospace

Corporation will visit your
campus soon. Talk to him.

lead you almost anywher ’ Talk specifics about pro-
you want to go- 0 LIV = grams, assignments,
Aerospace Corporatio duties, salaries. Then,
makes produéts, of cours B talk futures. Ask ques-
(1 The A-T—=F-8—-Gam . tions about where your
Goat — MACV — Lance first job can take you.
Sea Lance— Scout ’ - » (3 He'll have answers

prim | 7 for you, and they
turals for the 747 a ' ' won't be vague gen-
the SST. That’s a f . - ; eralities. He'll show
Design, develop . . ~ you where LTV
and production req 7 . B Aerospace Corpora-
systems engineering s , . tion is heading in the
enormously diversil o . total environmental ad-
capabilities. ] At L . ’ venture, and how you fit
Aerospace those capabi ~ , ' : in. 1 You could find your-
are being examined in R self getting pretty excited
of the total environment: ' : ~about it. And that’s a darned

ture—sea, land, air,space ~ good way to feel about your first
space —in ocean sciences — hi job. [0 See your Placement Office for
ground vehicles — missile systems ___interview date or write College Relations
commercial aircraft, V/STOL—Iaunéh~ve-1 e x| Office, LTV Aerospace Corporation, P. O. Box 5907,

vehicular activity research and development. These are “Dallas, Texas 75222. An equal opportunity employer.

A SUBSHIIARY OF LING - TEMCO - VOWLGHT. iING DALLAS
FAISEILES AND SPACE DIVISION - YOUGHT AERONAUTICS DIVISION - KENTRON HAWAL LTD - RANGE SYSTEMS DIVISION




Depends on the giant. Actually, some giants are just regular
kinds of guys. Except bigger.

And that can be an advantage.

How? Well. for one thing, you've got mare going for
you. Take Ford Motor Company. A giant in an exciting
and vital business. Thinking giant thoughts. About develop-
ing Mustang. Cougar. A city car for the future.

Come to work for this giant and you'll begin to think

like one:
Because you're dealing with- bigger problems, the
consequences, of course, will be greater. Your responsibilities

heavier. That means your experience must be better—-mor
complete. And so, you'll get the kind of opportunitics onlva
giant can give. B
Giants just naturally seem to attract top professionals.
Men that you'll be working with and for. And some of that
talent is bound to rub off.

Because. there's more ta do, youlll learn more. In
more areas,

You'll develop a talent for making hard-nosed, imagina-
tive decisions. And you'll know how these decisions affect
the guts of the operation. At the grass roots. Because you'll
have been there.

If vou'd like ta be a giant yourself, and your better
ideas ‘are in finance, product engineering, manufacturing,
marketing and sales, personnel administration or systems
research, see the man from Ford when he visits your campus.
Or send your resume to Ford Motor Company, College
Recruiting Department.
You and Ford can grow bigger together.

THE AMERICAN ROAD, DEASBORN,; MICHIGAN
AN EQUAL OPPORTUNITY EMPLOYER.

What’s it like

_towork
for a giant?

1I'd like a big job please.
‘ ~




cCoNsTERUGTIEN

THE ARMY CORPS OF ENGINEERS

offers vou a challenging civilian career with:

B The world‘s foremost and largest engineering organization
in the construction field, pianeering new and advanced engineering
praciices: and concepts.

M An organization whose ‘work spans virtually the entire
range of madern engineering, including comprehensive planning
for development of “water ‘and ‘related fand resources of entire
river basins; design and construction of multi-unit, multi-purpose,
integrated systems that encompass navigation; flaod contral and
major droinage, hydroeleciric power generation, municipal and in-
dustrial water supply, irrigation, water quality control, beach ero-
sion . conirol andf hurricane protection, -water-oriented recreation,
preservation-and enhancement of fish, wildlife, and natural beauty
values; and planning; design, and construction of complicated, ad-
vanced-concept military structures such“as the Nike-X anfi-missile
system, launch facilifies ond bases for the intercontinental ballistic
missiles; airfields, housing, schools,:laboratories, and nuclear power
facilities. In addition are the allied fields of cartography, geodesy,
mathematics and engineer intelligence.

M An organization that recognizes each engineer as an in-
dividual, providing well-rounded career development programs
with on-the-job training; courses ot government expense in colleges,
universities, and seminars as necessary to assure steady progression
ta top professional and managerial fevels; encouragement and as-
sistance in attaining professional registration and recognition; and
an opportunity fo win national and international awards.

W An organization with offices and projects in rearly every one
of the 50 States and in many foreign countries that encourages
employees to further their development by accepting new and chal-
lenging assignments. : :

M An organization which provides excellent rates of pay with
liberal fringe benefits, including generous retirement annuity, com-
plete health: and' fife. insurance: coverage, paid vacation leave,
military training leave with pay, generous sick leave; and special
pay awards for outstonding performance and suggestions that im-
prove operating efficiency.

If you're thinking this is all too good to be true, you're wrong!
All" of the above is available to you in a civilian engineer career
with the U. §. Army Corps of Engineers. If you are interested, you
can get further information from the Chief of Engineers, Department
of the Army, Washington, D. C. 20315,

AN EQUAL OPPORTUNITY EMPLOYER

WRITE FOR AN ILLUSTRATED BROCHURE “YQUR CAREER"



ats agood
engineer like you

Well, here are & few things you can do:

Engineer microwave relay, telemetry and switching
systems.

Advise and consult on total communications systems.
Advance your education—at our 18-month work-study
course at Bell Telephone Laboratories, or our data
communications school at Cooperstown, N.Y., or one
of many colleges we send men to for advanced study.

Anticipate and plan the future of communications.

The opportunities for. warkirig . with a Bell Telephone

Compariy are endless, and challenging . . .and nowl

You will work with the scientists and engineers at Bell
Telephone Laboratories and Western Electric Company

oing inalocal

Bell Telephone
Company:

designing, installing and mainfaining advanced communica-
tions services for government, industry and home custaomers
in the area served by your local company.

You will be given immediate responsibility with a chance to
prove your potential early. And from then on you'll have every
opportunity to advance your career as rapidly as you can.

You may work with the Telephone Company in your home
area or with any one of the other 21 Bell System Companies
in other parts of the country, ,

If you'd like to be in the forefront of rapidly developing
communications changes and innovations, call or write:

Personnel Manager, Coliege Emplayment

American Telephone & Telegraph Company

195.Broadway, Room 2116A ' @ AT&T
New York, New York 10007 B aid Assaciated Compasies
Phone: Area Code 212 - 393-3687

or contact your local Bell Telephone Company.



PIONEER

confinuéed

Aniinber of tests were made with
this-transpartable gEper rvenial wi‘,-

“How do we open a fund at Caltech
tor our project?” he was flabber-
gasted.

What has been called the original
GALCIT rocket research group was
now complete. It consisted of Par-
sons, Forman, Smith; Tsien; Amold,
and myself. In June 1937 studies
made by the group up to that time.
including Bollay's paper of 1935,
were-collected  together into what
our group. called its “hible.”

uprs the lust one on January 1
when the siotor van :
at a chamberpressure of 75 Hm per
spre inch,

When van - Kérmidn | gave the
graup permission to make siall
scale experiments of racket motors
at GALCIT, we decided to mount

b Mareh 1937 Snth and Foam-
pleted . ouranalysis - of - the flight
perforiance of - a Lonstaui—th; ust
sounding racket.. The. results. were
sa-encouraging that our project obs
tained from von Karman the con-
tinued ‘'moral support of GALCIT.
We were . authorized  to. conduct
small-scale rocket motor tests in the
laharatory. This permitted us to re-
duce the time we wasted putting up
and-down the transportable equip-
ment we had used in the Arrovo
Seco. Von Karman also asked me to
give a report on' the results of our
first vear’s work at the GALCIT
semninar at the-end of April:

The unexpected result of the sem-
inar was the offer of the first finan-
cial support for our project. Weld

Arnold, then an “assistant. in “the
astrophysical laboratory at Caltech,
came to me and said that in return
for his being permitted to work with
our “group as. a_ photographer: he
would - make  a  contribution = of
$1,000. His offer was accepted with
alacrity, for our project was desti-
tute. : V

This: enabled Parsons and me to
give up our effort to write an anti-
war- govel with a plot; of course,
revolving “around the woark of -a
group of rocket engineers.: We had
hoped to sell it for a large sum to'a
Hollywood ‘studio -as- a° hasis for a
movie script- to - support the work
of the projectl This-was of some re-
lief to mie. for I ¢ould then spend
Tess time in Parson’s hause, where he
was . accumulating tetramtmmeth~
ane in hig kitchen.

Amold, who commuted the five
miles between Glendale and Caltech
by bicycle; brought the first $100
for our ‘project in one dollar and
five dollar bills in a4 bundle wrapped
in newspaper. We never: learned
When I pldced the bund]e on (,Iark
Millikan's. desk with the question.
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arpiotorand prepellant supplvon
a hob-of a-50foot ballistic pendir-
lam, wsing the deflection of the
pendulum. to. measure. thrust. The
pendulun was suspended from the
third floor of the laboratorv with
the bob in- the basement. It was
planned to make tests with: various
oxidizer-fuel combinations.

We selected the comhination of
methyl aleohol.and nitrogen dioxide
for our initial try. Our first mishap
occurred when Smith and 1 were
trying to get a-quantity of the nitro-
gen dioxide from a cylinder that we
had placed “on the lawn: in front
of Caltech’s Gates Chemistry Lab-
aratory. The valve on the cylinder
jammmed; causing a fountain of the
corrosive liquid to erupt all over

jury up to the present day at jPL.
Unfortunately, Parson’s familiarity
with exploswes led to contempt,
and in 1952, when moving his Pasa-
dena home laboratory to Mexico,
he dropped a fulminate of mercury
cap which exploded and killed him.
Twas a great loss. His work wag of
great significance in the histarv of
the development of American rocket
techmology, both as regards storable
liguid . propellants and composite
solid propellants,

Buring - this period Tsien and |
continued aur theoretical studies of
the thermodynramic characteristics
of wracket-motor. To check our re-
sults; steps were taken to design and
construct a test stand- for a small
racket motor burning gaseous oxyv-
gen and ethylenie gas. Von Karmian
reviewed our plans and agreed that
we could build the apparatus on a
platform: on the: eastern side of

FALCIT. Tn 1939 this apparatus
exploded. 1 escaped serious injury
only because van Karman had called
me to bring him. a typewriter at his
home. Parsons and. Forman were
shaken up bt unhurt.

“Arnold, who commuted
between Glendale and
Caltech by bicycle, broughi
the first $100 for our

the Tawn; This Teft a brown patch
there for several weeks, to the irri-
tation of the gardener,

Wheén we:finally tried- an experi-
ment-with the miotor on the pendu-
hirn, there was a misfire. The result
was that acloud of NG,-alcohol mix-
ture permeated most of GALCIT,
leaving behind a thin layer of rust
o much of the permanent equip-
nient of the laboratory. We were
told ta miove our apparatus outside
the building at once. We alsa were
thereafter known -at Caltech as the
“Suicide Squad.”

We remounted the pendulumi in
the open from the roof of the build-
ing and obtainéd a limited aiount
of useful information. We made the
first, or one. of the first, experiments
in-America with a rocket motor us-
ing a ‘storable liquid ‘oxidizer. On
the basis of this experience with
nitrogen- dioxide, Parsons later de-
veloped red-fuming nitric acid as a
storable oxidizer which is still heing
ised today.

Although rocket research un-
avoidably involves experimentation
of a dangerous nature, to mv knowl-
edge no one has suffered a fatal in-

project in one dollar and
five dollar bills wrapped
in newspaper.”

Smith ‘made simple experiments
to determine the material from
which we should make the exhaust
nozzle of the motor. He describes
these experiments-as follows in a
recent letter to me:

Sornetime; perhaps in the 1937-

38 school vear. perhaps before

Fit- was in the spring of 19381,

we' began investigation of ma-

terials—ceramics, metals, carbo-
nindum, ete. I developed a stan-
dard simple test. I would use the
fargest-tip (No. 10, I believe ) on
an oxy-acetylene torch and play

it over a specimen for one minute.

Some super refractories spalled

and popped like a pan of pop-

corn and some just. melted. You
obtained a 14" cube of molyh-

denurm and T tested that. It did

not melt, but ‘when T removed

the neutral protecting atmosphere

of the torch, before my very

eves I watched it literally go

up in smoke. While cooling, it
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dwindled from about a 147 cube
to 5 14" cube giving off avdetise
white sinoke.. As part of this
phase voirand I visited the Vitre-
fax Corporation in- Huntington
Parkto gét help froithem about
super “refractories. - One “impor-
Utant refractory - was - forcefully
brought . to. our. attention. We

watched: them make mullite and
sawJarge graphite | electrodes
wirking unse e harge pots

of boilimg super refractory: This
Gpened our wves to the possibili-
ties of “graphite:; It tested well
sneder the torch, Later, shorily

smokeless: pawder constant-voluine
combtistion rocket motor similar to
the one tested by Goddard, With it
they extended Goddard’s results. To
my knowledge, na practical solution
has everbeen foundfora long-dm a-
tion” solid-propellant vocket engine
using the impulse technique.

The . negativeconclusions . we
resched as regards the practicability
of dmmng an lmpulse—S\ stem rock-

seeengine Tor Tong=duration propuls
101 made us. turie to the study of
the possibnlity of devéloping 4 cam-
posite solid propellant which would
burn in 2 ‘combustion” ¢hamber in

before Tl Callech i lane
1938, T happened 6 try the torch
on g ¥ 2% 127 Joiig piece of
capper bar stock: The torch could
aot hure this “piece - at alland
this test opened our eves to the
possibilities of massive copper for
resisting heat.

The  first combustion ~ chambeér
liner and exhaust nozzle of the mo-
tor were made of electrode graphite.
Biater the exhaust nozzle was made
of copper. An experiment made in
Mav 1938 ‘at 300 1bs. per square
inch chamber pressure for a period
of -one minute showed - that the
graphite had withstood the tem-
perature, -and  the -exhaust ‘nozzle
throat, which was 0.138 inches in

diameter; suffered only an enlarge-

ctgarette fashion. Parsons decided
fitst to try-extending the” burning
time of the black powder pyrotech-
nic. sky rocket.:He finally. construc-
ted 4 piodified black -powder 12-
secand, 28-1h.-thrust rocket unit in
1941

Durmg - the - sumpier “of 1938,
Smith began working in-the engi-
neering department of the Douglas
Afreraft Co.“where he is still “eni-
plaved. Avhald Tett Caltech for New
York - and’ completely vanished . as
far as we were concerned. It “was
not until 1959 that I learned that
he was a member of the bodard of
trustees of the University of Nevada:
We “then ' corresponded until - his
death in 1962. Tsien was able to
devate less time to the work of the

The fact that our wark was hav
ing a real impact in America came
from two sources, In May 1938 von
Karman -had receivedan inkling
that the U.S. Armyv Air Corps was
getting interested in rocket propul:
sfom:

“In 1944 1 proposed a jet
prapulsion section at
Caltech. It was decided
that it would be premature.
Lustead, von Karmdn and
I founded JPL.”

Then - August 1938 Rubern
Fleet; the president of thie Consoli-
dated Aircraft Co. of San Diego,
California, approached GALCIT far
information on the possibility of us:
ing rockets for assisting the takeoft
of large aircraft, especially Hying
boats.: I went to San Diego to dis-
cuss the matter and prepared a re-
port: entitled . “The. Rocket Motor
and“its -Application” as an Auxiliary
to the Pawer Plants of Conventional
Aireraft.” 1 concluded that the rock-
et engine wag particularly adaptable
for assisting the takeoff of aircraft,
ascending ta operating altitude; and
reaching high speeds. The Consoli-
dated Aircraft Co. appears to have
been the first American commercial
arganization to recognize the po-

ment of 0.015 inch.. The motor de-
livered: & thrust of the order of
five pounds.

“The word ‘rocket’ was
still in such bad repute in
serious scientific circles
that it was felt advisable

to drop the use of the word.”

In the winter of 1938, Tsien and
I also extended Smith’s -and my
study. of ~the ‘performance of 4
sounding rocket to the case of pro-
pulsion by successive impulses from
a constant-volume solid-propellant
rocket “engine. We had reviewed
Goddard’s 1919 paper on “A Meth-
od-of Reaching Extreme Altitudes”
and decided to find a mathematical
solution’ for the flight calculation
problem; which  Goddard had not
carried out. We did this in spite
of the difficult practical problem of
devising a reloading mechanism for
such a rocket engine, for at that
time na propulsion method could he
discounted.

Parsons

and Forman built a

Februarv 1968

project, as he was completing his
doctorate” under van Kdrméan. -1
struggled on with Parsons and For-
man, little suspecting that in the
next few months the project- would
become a full-fledged GALCIT ‘ac-
tivity supported financially by the
federal government.

We also had léss time to devote
to rocket research, for we had to
support ourselves. Parsons and For-

mantook part-time jobs with: the
Halifax Powder Co. in the California
Mojave Desert, -and I began to do
some work  ‘on- problems of wind
erosion of soil ‘with von Karman for
the Soil Conservation Service of the
U.S. Department of ‘Agriculture.

From the beginning the work of
the group” onrocket research -at
GALCIT attracted the attention of
newspapers and popular scientific
journals. Since our work was not
then' classified as “secret;” we were
not averse to discussing with jour-
nalists our plans and results. There
were times that we were abashed
by ‘the sensational “interpretations
given of our work; for we tended fo
he, if anything, too canservative in
our estimates of its implications.

tential importance of rocket-assisted
aircraft takeoft: It was. not, how-
ever, until 1943 that hiquid-propel-
Jant rocket engines, constructed by
the  Aerojet-General . Carporation,
were tested ina Consolidated Air-
craft flying boat on’ San Diego Bay.

In October 1938 a senior officer
of the U.S. Army Ordnance Division
paid a visit ta Caltech and informed
our group that on the basis of the
Army’s experience with rockets he
thought. there was little” possibility
of using them for military purposes!

I had leamed: during the year of
the REP-Hirsch International Astro-
nautical Prize, which was adminis-
tered: by the Astronautics Commit-
tee of the Société Astronomique de
France.: The prize was named for
the French -astronautical - pioneer
Robert Esnault-Pelterie (REP) and
the banker - rocket-enthusiast of
Paris; André-Eouis Hirsch.

The money contributed by -Arnold
was rapidly being used up. In the
hope of augmenting the funds of
the project, 1 decided to enter the
competition by sending a paper on
some of my work. T did not leamn
intil 1946 that the prize had been
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senerak He Ac Arnolds then Come
PIONEER manding General of the Army Air
o ~ 7T Corps, asked the Academy ta give
advice was the possible use of rock-
ets for the assisted takeoff of heavily
loaded aireraft..I prepared a repart
which: -econtained "~ the . following

(L) Fundamenta] concepts

cantinued

awarded to me in 1939, The out- propulsors, (
break of World War Furope - tons of jet vaulsmﬂ e
FOT with than-aiz. o
1t] i ¢ e, In - Present sm@ of developm
1954 iy;fdggu G Haley, then presi- - propulsion, and (5) Research pmv
dent of the International Astronau- - gram for developing jet propulsion.
treal “Federation, arranged for the The ward Trocket” was still- in
medal to - berpresented: tome by such bad repute in Tsedous” Soiens
André-Louis Hirsch at the IXth In-  tific circles at this time that it was
ternational - Astronautical Congress  felt advisable by von Kérmdn and
at Amsterdam. The prize was then  myself to follow the. precedent of
warth a fraction of its former value.  the Air Corps of dropping the use
In" December 19381 was in- of the word. It did not return to
formed by von Kirman, Robert  our vocabulary until several vears
Millikan, and Max Mason that I was  later, by which time the word “jet”
ta go to Washington, D.C., ta give  had become part of the name of our
expert informatjon to the National laboratory (JRL) and of the Aero-
Academy of Sciences Committee on. .. jet-General Corporation.
Army Air Corps Research. Lpresented my report ta the com-
One of the subjects on which mittee on December 28, 1938, and

shiortly: thereafter the Academy ac-
cepted von-Karman's offer to study
with our GALCIT rocket research
groupr the problem of the assisted
takeoff of aircraft on the basis of
available. information, and to pre-
pare g proposal for a research pro-
grant, A sum of $1,000 was provided
for this work.
Parsons and Forman were de-
lighted when I returned from Wash:
mg,mn ‘Js ith.the news that the wark
1 dane during the past three
s to be rewarded by being
given government financial support
and that von Kdrman would join us

asdirector of the program. We could

even expect to be paid for doing our
rocket researchl

Thus in 1939 the GALCIT Rock-
et Research: Praject became the Air
Corps Jet Propulsion Research Pro-
ject. In-1944 I prepared a proposal
for the creation of a section of jet
propulsion ® within ‘the - division - of
engineering at Caltech. It was de-
cided that it would be premature
ta.dao.so. Instead, von Kirmén and
T founded JPL.

i
[N: 43 ]- HAWAIIAN ACREAGE

REALTY [ 8 VICTOR M. LOZOYA — REALTOR
| &1 26 N. LAKE, PASADENA - 449-8892

MEMORANDUM
To: The Caltech Comnmunity
Fram: Victor M. Lozoya

This seems an appropriate time to thank the many Caltech and
JPL people who have come to our-office for assistance in housing
and for investment counseling. Tt has been a pleasure to serve
you: We hope vou feel we have served you well.

we are naw thmoughly resealchmg condaminium developments
on the Kana Coast. Within the next few months we expect to be

able to offer some fine new condominiums at moderate prices.
A ‘condominium in Hawaii is a umque investment opportumt},
providiig excellent rental income as well as a vacation home,
and commanding an exceptionally high resale price. We will be
happy to keep vou informed on the condominium: situation if
you will contact us.

Students

Faculty

Members Printed in
BOSTON

College 105 ANGELES

Libraries LONDON

SUBSCRIBE
NOW

AT

HALF
PRICE

Clip this advertisement and return it
with your check or money order to:

The Christian Science’ Monitor
One Norway St., Bosfon, Mass. 02115

{7 1 YEAR $i2 [J 6 mos. $6
[J COLLEGE STUDENT

O FACULTY MEMBER
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Why engineering students graduate to Lockheed. rogess is amarterof
deorees. But, that's only the beginning. At Lockheed Missiles and Space Company, we're working on wideworld . ..
atherworld ... upperworld ... and subworld projects. [J We're prefty high on space...we've got Agena to prove if.
And, when it ‘comes to hallistic missiles, Polaris and Poseidon shaow an arc of iriumph. We think deeply, too..,
consider-our-deep submergence vehicles, for-example: ‘And, just 1o show you our feet are solidly on the ground,
we're working on advanced land vehicles. Informatian? Business, government and industry get it out of cur

sysiems. 1. For.mare information write to: Mr. R. C. Birdsall, Prafessional Placement Manager, P.Q. Bax 304,
Sunnyvale, California 94088, Lockheed is an equal opportunity employer. LOCKHEE D

MISSILES & SPACE COMPARY
or G )

Twister
(Advanced land vehicles)

Deep Suhmergence
Rescue Vehicle

Polaris

] o
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1f you Vwa’nt a career with the only
'big computer company that makes

retail data systems complete

from sales registers to computers,

where would you go?

Guess again.

It's NCR, and this is not the only surprise you may get if
you take a closer look at NCR.

We're a company alive with new ideas, research, de-

velopment. A year never passes without NCR increasing its
investment in research. We have hundreds of engineers,
chemists, and physicists exploring their own ideas for the
company that's willing towait and let them do it.
Take a closer look and you'll see that NCR makes com-
puters, electronic accounting systems, highly sophisticated
solid-state communications systems for space and defense
applications, and you'll see that even our good old cash reg-
isters have become advanced information machines for
businessmen.

In a list of “emerging ideas of 1966,” Business Manage-
ment magazine credits NCR with two out of seven: pioneer-
ing in laser technology for recording data, and development
of our new PCMI microform system that puts the Bible on
a projector slide.

When you start looking, look closely at NCR. NCR can sur-
prise you; maybe you have some surprises for us. Write to
T. F. Wade, Executive and Professional Placement, NCR,

Dayton, Ohio 45409.
®

An Equal Opportunity Employer.




USAF SRAM. New U.S Air Force short-

NASA Lunar Orbiter. Designed and built by

LS. Supersonic Transport. Boeing has won

range attack missile. now being designed
and-developed: by Boeing. is-a.-supersonic
air-ta=ground missile with nucfear capabil-
ity. Boeing also will serve as system.inte-
gration: and test contractor.

NASA Apolio/Saturn V. America’s. moan
rocket will carry three astronautsto. the moon
and return them to earth. Boeing builds 7.5
million-pound-thrust first stage boaster, sup-
ports NASA in other phases of the program.
Boeing 747.-New. superjet. (model shown
above) is the largest airplane ever designed
for commercial service. [t will carry mare
than. 350 passengers. at faster speeds than
today’s jetliners, ushering in"a new era in
jet transportation.

the design campefition for America’s super-
sonic transport. The Boeing design features
a. variable-sweep:wing, titanium- structure
and-ather riew concepts and innovations.

CH-47C Chinook Helicopter. Boeing's new-
est U.S. Army helicopter is in flight test at
Vertol Division near Phifadelphia. Other
Baeing/Vertal helicopters  are serving wvith
U.S. Army, Navy and Marine Carps.
USAF Minuteman [l. Compact, quick-firing
Minuteman missifes are stared in biast-
resistant underground sifos ready for launch-
ing. Boeing is weapon system integrator on
Minuteman program.

Boeing. the Lunar Orbiter was the first U.S.
spacecraft 10 orbit the moon. 10 photograph
earth from 'the'moon and to photograph the
farside of the moon. All-five Orbiter faunches
resulted in successful missions.

Boeing 737. Newest and smallest Boeing
jetliner, the: 737 is the world’s most advanced
short-range jet. It will cruise at 580 mph,
and operate quietly and efficiently from
close-in airports of smaller communities.

USN Hydrofoil- Gunboat “Tucumcan®'. De-
sigried and-being built by 'Boeing, this sea-
craft will' be first of its kind for U.S. Navy.
Powered by water jet, itis capable of speeds
in excess of 4Q knots. Qther features include
drooped or anhedral foils, designed for high
speed turns.

Opportunity has many faces at Boeing.

Shown above are some of the challenging aerospace programs at Boeing that
can provide you with a dynamic career growth environment.

You may begin your career in applied research, design, test, manufacturing,
service or facilities engineering, or computer technology. You may become
part of a Baeing program-in-being, or be assigned to a pioneering new project.
Further, if you desire an advanced degree and qualify, Boeing will help you
financially ‘with its Graduate Study Program at leading universities near
company facilities.

See your college placement office or write directly to: Mr. T. J. Johnston,
The Boeing Company. P.Q. Box 3707, Seattie, Washington 98124. Boeing is

an equal opportunity employer. EHEI”G

GIVISIONS Commeroial Airplere « Missile & inforrmaton Systems’ ¢ Spade ¢ Veitol « Withits ¢ A0 Boeing Sdienufic Résearch Labioratones
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Henry Budd's will said in part,
*“...if my son, Edward,
should ever wear a moustache,
the bequest in his
favor shall be void.”

You can put restrictions on be-
quests to Caltech, but we hope you
won’t make them as limiting as
Henry Budd’s. For further infor-
mation on providing for Caltech in
your will or through a life income
trust or annuity, contact:

WILLIAM C. CASSELL
DIRECTCGR OF INCOME TRUSTS AND BEQUESTS

CALIFORNIA INSTITUTE OF TECHNOLOGY

1201 E. CALIFORNIA BOULEVARD
PASADENA, CALIFORNIA 91109
OR PHON‘E: (213) 795-6841

4th ANNUAL WINE TASTING LECTURE
March 8, 1968 (For the Novice)
March 15, 1968 (For the Sophisticate)
$2.00 per person

Attendance limited to 200 for each lecture
tor Alumni and their ladies

Reservations accepted in order of receipt

Announcements were mailed February 5

ALUMNI ASSOCIATION OFFICERS AND DIRECTORS

PRESIDENT SECRETARY
Frederic T. Selleck ‘49 Donald S. Clark, '29
VICE PRESIDENT TREASURER

Donald D. Davidson ‘38

Fred C. Anson, '54
Horace W. Baker, '35
William F. Chapin, ‘41
Mantred Eimer, ‘47

John R. Fee, ‘51

Craig T. Elliott, 58
Sidney K. Gally, 41
Robert C. Perpall, ‘52
Martin H. Webster, ‘37

ALUMNI CHAPTER OFFICERS
NEW YORK CHAPTER

President Willis A. Bussard, ‘44
Appleby Drive, RFD 1, Box 78B, Bedford, N.Y. 10506

Vice-President Frederick E. Wood, Ir., /51
c/o IBM 1000 Westchester Ave., White Plains, N.Y. 10604
Secretary-Treasurer Harry J. Moore, Jr., ‘48
¢/o IBM, Old Orchard Rd., Armonk, New York 10504

BOSTON CHAPTER

President Francis Morse, '40
16 Reservoir Rd., Wayland, Mass. 01778
Theodore G. Johnson, '57

Annursnac Hill Rd., Concord, Mass. 01742
Thomas C. Stockebrand, ‘53

Depot Rd., Bexborough, Mass. 01720

WASHINGTON, D.C. CHAPTER

President Willard M. Hanger, '43
4720 Sedgwick St.,N.W., Washington, D.C. 20016
Bernard B. Walson, ‘35

Research Analysis Corporation, McLean, Va. 22101
Secretary-Treasurer John T. Cookson, Jr., ‘66
1225 Noyes Drive, Silver Springs, Md. 20910

Vice-President

Secretary-Treasurer

Vice-President

CHICAGO CHAPTER

President Laurence H. Nobles, '49
Dept. of Geology, Northwestern Univ., Evanston, I11. 60201
Vice-President Philip E. Smith, '33
714 Forest Ave., Wilmetts, I11. 60091

SAN FRANCISCO CHAPTER

President G, Neal Huntley, '54
3136 Padre St., Lafayette, Calif. 94549
‘Willigm N. Harris, '49
5 Pembroke Pl., Menlo Park, Calif. 94025
Harrison W. Sigworth, '44
10 Casa Viejg, Orinda, Calif. 94563
Meetings: Engineers’ Club, 16th floor, Hong Kong Bank Bldg.,
an Francisce
Informal luncheons every Thursday at 11:45 A.M.
Contact Mr. Farrar, EX 9-5277, on Thursday morning
for reservations.

SACRAMENTO CHAPTER

President Kenneth M. Fenwick, '28
6161 Riverton Way, Sacramento, Calif. 95831
‘Wayne MacRostie, 42
3840 San Ysidro Way, Sacramento, Calif. 95825
Secretary-Treasurer Herbert H. Deardorff, ‘30
3849 Annadale Lane, Apt. 4, Sacramento, Calif, 95821

Meetings. University Club 1319 “'K'* St.

uncheon first Friday of each month at noon
Visiting alumni cordially invited—no teservation.

Vice-President

Secretary-Treasurer

Vice-President




STUDENTS...

PROFESSORS...

CLEARPRINT IS THEIR COMMON DENOMINATOR

The reason for that is quality. To do the best work
you have to start with the best materials. For over 30
years Clearprint Technical Papers have served stu-
dents, educators, and professionals with distinction.
B Clearprint’s unchanging character includes 1009%
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition to Clearprint’s ideal ink and pencil surface.

W Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet to
the light. Not a chance of a ghost! B Repeat and re-
peat this test. The results will amaze you. You will
agree — Clearprint is America’s finest technical pa-
per. Introduce your students to it today. ® Write now
for Clearprint samples, sizes, and prices.

T



General Electric
engineers and scientists
are helping to satisfy the
needs of society...

like beautiful cities

A technical career at General Electric can put
you in the position to help beautify our cities.

Ingquisitive minds in research and advance
development at G.E. are evolving many concepts

fo give our cities a clean, all-electric look.

Design engineers are translating concepts into
components and systems, while manufacturing
engineers are developing the methods and machines
that bring designs into being as useful products.

Technical marketing specialists are working with
electric utilities and city planners to give
mushrooming urban landscapes like Phoenix,
Atlanta and Chicago, a bright, all-electric face.

Urban living has already begun to change as a
result of the contributions made by General

Electric engineers and scientists, contributions

like air and water purification systems, underground
power equipment to preserve nature's beauty,
all-electric heating facilities, rapid-transit

systems, and a hundred more.

You can help develop new products and concepts,
new facilities, processes, and manufacturing
systems, or new applications and markets in
your technical career with General Electric.

For more information write: D. E. Irwin,

Section 699-20, Schenectady, New York 12305.

GENERAL @3 ELECTRIC

An Equal Opportunity Employer




