SCIENCE

Essential Oils

. . . page 7

ometime within the next several years, the first
American will soar into orbit around the earth. He will be
sealed i n a small, cone-shaped space capsule mounted atop an
Atlas missile. The missile will climb 100 miles i n less than six
minutes, where the capsule will disengage and go into orbit. The
man will be alone i n space.

The vehicle for this historic voyage is already i n production under
the auspices-of the Nati al Aeronautics and Space Administration's
''Project Mercury." one of the methods of heat protection is a beryllium heat sink, forged on two giant steel dies. Both dies are USS
Quality Steel Forgings. The top die (shown being rough-machined
on one of our vertical boring mills) will be convex, 20 inches thick
and will weigh 26,520 pounds. The bottom die, concave and 18
inches thick, weighs 27,700 pounds. Both are 92 inches i n diameter.
Steel is the starting gun i n the race to outer space. Space ships
and missiles couldn't get off the ground without it. And Steel depends on men like you. Send the coupon i f you would like to find out
about the many engineering financial analysis or sales career opportunities at U. S. Steel.
uss is a registered trademark

(GSS) United States Steel

This mark tells you a product is made
of modern, dependable Steel.

United States Steel Corporation
Personnel Division
525 William Penn Place
Pittsburgh 30, Pennsylvania
Please send me the booklet, "Paths of Opportunity."
Name

--

-- -

School
Address

City

-

--

-

--

---

Zone-State-

-

FACTS ABOUT

FORCE
FFICER TRAINING
FOR ENGINEERS
Who is eligible?
College graduates, with a degree from a n
accredited college or university, who are U. S.
citizens 20% to 27% at time of application.
Male applicants may be married or unmarried ;
female applicants must be single and have no
dependents. Applicants must complete written
and physical examinations for commissioning.

What kinds of engineers
are needed most?
Aeronautical, electrical, mechanical, civil,
architectural, industrial. (Also graduates with
any degree who majored in nuclear physics,
engineering physics or meteorology. )

What is Air Force
Officer Training School?

A precommission training course of 3 months'
duration at Lackland Air Force Base, Texas.
Officer trainees upon graduation receive a commission as second lieutenant. They are then assigned directly to duty or additional training.
May, 1961

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

How can further information
be obtained?
Write to OTS Information, Box 7608, Washington 4, D.C., or inquire at any Air Force Recruiting Office, listed in the telephone d i r e c t ~
under "U. S. Government -Air Force."
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The Air Force also offers challenging jobs for
engineers as civilians. Write t o Directorate of
Civilian Personnel, Hq. Air Force Systems Command, Andrews Air Force Base, Washington 25,
D. C., concerning opportunities for individuals
with degrees in aeronautical, electrical, elecIronic, and mechanical engineering. Write to
Directorate of Civilian Personnel, Hq. Air Force
Logistics Command, Wright-Patterson Air Force
Base, Ohio, concerning opportunities for individuals with degrees in industrial engineering.

IMPORTANT DEVELOPMENTS AT JPL...

PIONEERING IN SPACE RESEARCH
The Jet Propulsion Laboratory has been assigned
responsibility for the Nation's program of unmanned
lunar, planetary, and interplanetary exploration. The
objectives of this program are to contribute to mankind's
fundamental knowledge of space and the space environment and to contribute to the development of the technology of space exploration. For the next ten years, as
larger booster vehicles become available, increasingly
versatile spacecraft payloads will be developed.
JPL will conduct the missions, utilizing these spacecraft
to orbit and land on the moon, to probe interplanetary
space, and to orbit and land on the near and far planets.
Earliest of these spacecraft will be the "Ranger" series

now being designed, developed and tested a t JPI-. The
mission of this particular series will include first, exploration of the environment and later the landing of instrumented capsules on the moon.
Never before has such a wide vista of opportunity, or
a greater incentive been open to men trained in all fields
of modern science and engineering. Every day at JPL new
~ r o b l e m sarise, new theories are advanced, new methods
tested, new materials used and new principles discovered. This creates a stimulating work atmosphere for
trained individuals and an unlimited field for constructive
development o f a l o n g - r a n g e a n d rewarding career.
Wouldn't you like to take part in it?

Illustrated is a "Ranger"
proof-test model undergoing
design verification testing in
one of the laboratories at JPL.
Here design features are
tested and proved, operational
procedures developed and
handling experience gained for
the actual construction of the
initial flight spacecraft.
These spacecraft will be among
the earliest pioneers in the
development of space science.

Operated by the California Institute of Technology under contract with the National Aeronautics and Space Administration
PASADENA, CALIFORNIA

Employment opportunities for Graduate Students i n these fields
INFRA-RED OPTICS MICROWAVE SERVOMECHANISMS COMPUTERS LIQUID AND SOLID PROPULSION STRUCTURES CHEMISTRY
INSTRUMENTATION MATHEMATICS ENGINEERING MECHANICS TRANSISTOR CIRCUITRY AND SOLID STATE PHYSICS

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory.

9

Engineering avid Science

EN

NEER
MAY 1961

Books

VOLUME X X I V

NtJMBER

4

7

Essential Oils

The study of essential oils has had an exciting
past. Now, with improved analytical techniques, it has an equally exciting future.
by A. J. Haagen-Smit

O n Our Cower
A. 1. Haagen-Smit, professes of bioorganic chemistry, with the distillation apparatus used in the investigation of essential oils - a continuing
project in Caltech's biology laboratories, and the subject of Dr. HaagenSmit's article on page 7.
Dr. Haagen-Smit, a native of Utrecbt in the Netherlands, has been on
the Caltech faculty since 1937. He
has an international reputation for his
work in flavor chemistry and the isolation and structure determination of
various plant substances, as well as
investigations of food flavors, wine
and milk. Applying the same techniques he had developed for flavor
studies, he was able to identify smog
in his laboratory - and is now one of
the leading experts in smog research.

The Month at Caltec-2

The National Program for Lunar and
Planetary Exploration
14
Caltech's Jet Propulsion Laboratory is developing the spacecraft for lunar and planetary
exploration. Here are the plans for the next
decade.
by Albert R. Hibbs
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Albert R. Hibbs,
chief of the Division of the Space
Sciences at Caltech's Jet Propulsion
Laboratory- reports on the extensive
1un.u and planetary probes planned
for the future on page 14. Dr. Hibbs,
who received his BS from Caltech in
1945 and his PhD in 1955, has been
with JPL since 1950. As chief of the
Space Sciences Division, he is responsible for coordinating all scientific experiments in JPLYsspace program.

Picture Credits:
Cover, 13 - James McClanahan
7 - Egypt: UNESCO World Art
Series
12 - Harvey
I 4 - Columbia Broiidcasting Systen1

STAFF
...............
Publisher
Richard C . Arrnstrong '28
Editor and Business Manager
- ....................Edward Hutchings, Jr.
Assistant to the Editor ............................................Gerda Chambers
Strident News ............................................................ Lance Taylor '62
Roger No11 '62
Photographer ..................................... .................J
ames McClanahan

Published monthly, October through June, at the California Institute of
Technology, 1201 East California St., Pasadena, Calif. Annual subscription $4.50 domestic, $5.50 foreign, single copies 50 cents. Second class postage paid at Pasadena, California. All Publisher's Rights Reserved. Reproduction of material contained herein forbidden without written authorization.
Manuscripts and all other editorial correspondence should be addressed to:
The Editor, Engineering and Science, California Institute of Technology. @
1961 Alumni Association, California Institute of Technology.

Books
Popular Science

Oak Ridge Atomic Power Project.
This should be an engineer's delight, though there's no heavy engiMan's View of the Universe
neering emphasis. An impressive piece
by R. A. Lyttleton
of scholarship - and even better jourLittle, Brown ....................................$3.95
nalism.

1

here?

A small, tightly-packed, and wellillustrated book about what we know
of the astronomical universe today.
The British astronomer, Raymond
Lyttleton, is as good a popularizer as
his colleague, Fred Hoyle, and his
book makes an ideal introduction to
modern astronomy.

Man and the Moon
We're not looking for a
direct answer.

l ) y Robert S. Richardson
and C/iesley Bones-tell

This is just to remind you
that a good knowledge of
miniaturization i s worth having
wherever you go in the
world of engineering.

World

-

Keeping engineering minds
well-informed on the latest
progress in
and with
MPB miniature and instrument
bearings is one of our main
objectives. MPB bearings are
made in over 500 types and
sizes, with O.D.'s from 5/8"
to 1/10". They are used in
over 16,000 applications,
ranging from dental
handpieces to missile systems.

-

-

Magnificent Miniatures,
a 16mm color and sound film,
pictures the manufacture and
uses of MPB bearings. The new
with basic engineering information, describes the complete
line and many applications.
Both are available to your
class or group, without charge,
from Miniature Precision
Bearings, Inc., 21 Precision
Park, Keene, N. H.

Helps you perform
miracles in instrumentation
4

...............................................

$6.50

A large and lavish book about the
moon which includes everything from
descriptions of various features of the
moon by modern astronomers (up to
the Russians' account of the moon's
other side), to details of how man
will get to the moon and what he
will do there - by such writers as
Arthur C. C 1 a r k e , Wernher von
Braun, and Fred Whipple.
Robert S. Richardson, former staff
member of the Mount Wilson and
Palomar Observatories, and now associate director of the Griffith Observatory, serves as editor and commentator. Chesley Bonestell provides
plenty of his dramatic illustrations,
along with numerous photographs.

by Leo Szilard
Simon fLr Schuster

.

Hardbound $3
Paperback $1

Five science fiction stories by the
famous physicist, Leo Szilard, who
seems to have been writing these
things for his own amusement since
at least 1947 - and writing them, as
you might expect, like a pro. This is
the kind of science fiction to win over
people who never touch the stuff.

The Sirens o f Titan
by Kurt Vonnegut, }r.

Hougltton Mifflin

............................

$3.50

A wildly-swinging but engrossing
science-fiction satire that, reversing
the usual trend, first appeared as a
35-cent paperback book, and now appears in dignified hard ccvers. Almost deserves them too.

Alumni Books
b y Lyman F . Scheel
McGra~-HilZ ...................................... $12

b y Rcne P o w
...............................

The Voice of the Dolphins
and Other Stories

Gas and Air compression
Machinery

The Fifteen Wonders
of the World
Random House

Science Fiction

.$5.95

A French writer tells the stories of
1 5 of the greatest engineering feats
of all time - the Tower of Babel, the
Pyramids, the Great Wall of China,
the Roman Roads, the Palace of Versallies, the Transatlantic Cable, the
American Transcontinental Railway,
the London Underground, the Tay
and Forth Bridges in Scotland, the
Eiffel Tower, the Panama Canal, the
Simplon Tunnel, the Reclaiming of
the Zuyder Zee, the Volga and Tennessee Hydro-Electric Dams and the

A comprehensive analysis of the
selection and application of all types
of gas compressors by Lyman Scheel
'26, consulting engineer.

Elementary Concepts of
Topology
b y Paul Alexandra f f

Dover

...................................................

$1

An English translation, by Alan E.
Farley '57, of an introduction to
topology originally published in Germany in 1932. Paperback.

SEALMASTER Ball Bearing Units give a decided quality advantage at no premium in price. Exclusive SEALMASTER engineering features are designed to provide years of efficient
performance. SEALMASTER'S diversified lines of bearing units
enables you to meet all types of bearing applications and
specific

mounting arrangements. Whatever your bearing

requirements may be, with regard to quality, performance,
load or economy, you'll find SEALMASTER has it. For full

Normal-Standard-Medium Duty

Standard-Medium Duty

PILL0W BLOCKS

FLANGE UNITS

FLANGE CARTRIDGE
UNIT

IP PILLOW BLOCK

information on SEALMASTER Ball Bearing Units, including
the new low cost "L"

Series Units and "L"

Series Units with

contact seals, call your SEALMASTER factory sales representative or distributor, or write direct to the factory.

SEALMASTER BEARINGS A division of
STEPHENS-ADAMSON M F G . C O .
4 9 Ridgeway Ave.

*

Aurora,

Illinois

WRITE FOR
CATALOG 454
and BULLETIN 3

I F FLANGE UNIT

RTEC SYSTEMS

I

t
I

FOR ULTIMATE
PERFORMANCE

4-

BARRIER COUNTER
LOW NOISE AMPLIFIERS

IOC

Crn-244, Measured on a ProductionLine ORTEC surface-Barrier Counter (Active Area

50 mm2.

50 Volts Bias).

NOW OFFERING "OFF THE SHELF DELIVERY" O N MOST ITEMS
FOR INFORMATION, TECHNICAL BROCHURES, AND SPECIAL SERVICES, WRITE

IDGE TECHNICAL ENTERPRISES CORPORATION
DEPT. A
P.O. BOX 524 PHONE 483-1935
OAK RIDGE, TENNESSEE
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Oils were used abundantly in daily life in
ancient times. In
this early Egyptian
painting from the tomb
of Senejem, a son
presents a libation of
fragrant oil to
Senejem and his wife.

ESSENTIAL OILS
More than a million different species of plants and
animals have already been described by taxonomists,
and new species are discovered every day. Even in
densely populated areas it is still possible to discover
some new species, as George MacGinitie, Caltech's
emeritus professor of biology, proved in our time by
digging u p a nearly-one-foot-long animal, the urechis
caupo, on a California beach.
has the chemist done with this wealth of
m
? In handbooks on chemistry we find listings
of fat, carbohydrate, and protein content of many
anisms, and in addition some 10,000 miscellaneous
compounds which are found in individual species.
hen we realize that only a small fraction of all
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known organisms ( less than half of one percent ) have
received little more attention than a label from taxonomists, it is clear that much work still has t o be
done. Nevertheless, the study of natural products has
played an important role in the development of organic chemistry, and has given us products of great
commercial and medical importance.
The present revival of interest in these compounds
from natural products continues to give evidence of
the astounding synthetic abilities of living organisms.
Through a revolution in analytical methods, as well
as progress made in biochemistry, new research avenues have been opened for such classical problems as
those of alkaloids and pigments. These compounds no

The study of essential oils has had an exciting

Now, with improved analytical techniques, it has an equally exciting future.

longer stand by themselves as freaks of nature, but
have become expressions of general metabolic processes.
The same is true of another group of natural products known as essential oils. This name is a very old
one and refers to the alchemists' idea of the most
sublime extractive, the Quinia Essentia. This material
was, in general, the active ingredient of pharmacologically important drugs. Later the name was applied
to volatile materials responsible for the fragrance of
plants. The manifold aspects of these materials have
been studied by chemists, plant physiologists, and
pharmacologists as well as historians.
One could write a world history on the basis of
essential oils. These highly valued products have
played a very important role in the economy of many
countries - especially in classical times.
I n the ancient countries of the Orient, in Greece,
and in Rome the essence of flowers and roots was
extracted by placing them in fatty oils. The glass
les containing these mixtures were warmed in the
, and finally the odoriferous oils were separated
from the solid materials. Sometimes the flowers or
plants were macerated with wine, and the product obtained by digestion was then filtered and boiled to
a syrup.
These fatty oils and syrups containing the fragrance
of flowers and leaves and the oleoresin of trees such as labdanum, myrrh, and incense - were some
nets of commerce in ancient
Relics of the Egyptian period, several thousand
years ago, show evidence of the use of these products.
Even the one-room exhibit of Egyptian art in the
L.A. County Museum contains many items relating
to the abundant use of odoriferous oils and ointments
in daily life, and in religions ceremonies. The empty
mummy case in the corner of the Egyptian room has
in the bottom of the ease a life-size painting of the
deceased which shows an oil jar at his right containing odoriferous oil. The mummy itself was preserved
with cedar oil and other resins such as myrrh and
cinnamon.
In the Bible (Exodus 30:63 and 64) we find some
detailed recipes for the preparation of an ointment
with which the altar, its vessels, candlesticks, and
even the priest, should b e anointed. The exact com-
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position is also given for a perfume ( a name used in
the old original sense, meaning that which is produced by burning). I n many places it mentions the
use of spices and odoriferous oleoresins such as
myrrh, cinnamon, and labdanum.
Caravans from India and China brought many of
these products to Egypt. As the Bible tells us in
Genesis 37:25, after Joseph was cast into a pit by his
brothers :
' . . they sat down to eat bread: and they
lifted up their eyes and looked, and behold, a
company of Ishmaelites came from Gilead with
their camels bearing spicery and balm and myrrh,
going to carry it down to Egypt."

Often the fragrant oils were endowed with mysterious properties and it is said that Helen of Troy
possessed a secret perfume, revealed to her by Venus,
which was responsible for her fabulous beauty. While
the secret of such magic perfumes has been lost, later
generations tried t o make zip for this in quantity.
Laws were even passed in England during the reign
of King George 111, in 1774, which forbade women
to "seduce and betray into matrimony any of His
Majesty's subjects by the use of scents, cosmetics and
other artificial means." Penalties were the same as
those used against witchcraft and upon conviction
the marriage would b e null and void.
Our present Federal Food and Drug Administration
may not go quite so far. It has stated repeatedly
that it does not believe in the cure-all properties of
fragrant oils, nor in the radio and television claims of
irresistible effects of perfumes and ointments on males
and females. Everyone can readily agree, however,
that the fragrance of flower oils is pleasant, and the
industry is hardly to blame if it has supplied us with
an abundance of the volatile odoriferous products.
Today, as thousands of years ago, natural as well as
artificial scents accompany us from early morning to
late a t night.
These odors take many forms. The eucalyptus trees
in the center of the Caltech campus give off the odor
of a well-known brand of cough drops. On the other
hand, the eucalyptus at the entrance to the Athenaeum smells quite different and resembles lemon; in
fact it has been called E . ciiriodora, in distinction to
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Distillation in the
16th century: "In fire
the juice of all
bodies, bg means
o f art, becomes a
vigorous liquid."

the more common E . globulus.
Each plant has its peculiar odor, and this odor is
most frequently the property of the oils secreted in
special cells, or in intercellular spaces in the plant.
These oil-filled spaces can readily be observed in an
orange peel. By bending the peel, the cell walls of
the container are torn and the droplets of orange oil
form a spray, which can be seen by the light of a
candle. The simple process of release of the oil by
pressing is the basis of a large industry producing
orange and lemon oil in the nearby towns of Ontario
and Corona.
The old way of producing this oil was to press by
hand and collect the oil in a sponge. When the sponge
was saturated, the oil was squeezed out. This process
is still used in Italy and Spain. An operator can collect from one to two pounds of oil per day from 200
pounds of fruit.
Our California lemon and orange byproducts industry solves this problem by mechanically reproducing the work of the individual hand presser, In this
way the orange byproducts plant in Ontario supplies
400,000 pounds of orange oil per year. The lemon industry in Corona produces 650,000 pounds of lemon
oil per year.
The oils so obtained are practically insoluble in
water, just like fatty oils; however, unlike these, they
are volatile. A drop of volatile oil on filter paper disappears after a time, while a fat gives a lasting spot.
Turpentine can be used to remove the fat spot. This
fat solubility has been recognized for a long time and
forms the basis for a process called enfleurage still
ticed chiefly in the south of France. Flowers are
ead on glass plates covered with fat. These are

1961

held in a wooden frame and stacked one 011 top of
the other so that the flowers are surrounded by fat.
While the odors are given off by the flowers they
dissolve in the fat and afterwards the fat is collected
and extracted with alcohol. In this way the perfume
industry obtains the highly valued and very expensive
absolutes of enfleurage.
This process doesn't fit too well into our present
day economy and is gradually being replaced by solvent extraction with low-boiling petroleum fractions.
The oils obtained by pressing oranges or lemons, or
those obtained by fat extraction, are volatile by themselves, or they can be distilled over with steam.
In areas far from civilization these distillations
are carried out in very much the same way that was
described in the books on distillation printed in the
16th century.
In essential oil centers, on the other hand, we find
the most modern stills, capable of handling large
quantities of oil. American oil of turpentine is produced in this way in Georgia and Florida by steam
distilling of the oleoresins from the pine trees. When
the mixture of water vapor and the volatile material
is condensed, two layers are formed. The top layer,
above the water, is an oily liquid, which is the turpentine. What remains in the distilling flask is rosin.
In this country 300,000 barrels of turpentine are processed every year ( with 50 gallons in each barrel).
The same process is used in the preparation of oil
of peppermint. In Michigan, Indiana, Oregon, and
Washington, 1.5 million pounds a year are produced,
largely for chewing gum flavoring. In addition, huge
quantities are imported from Japan to satisfy the
demands of the flavor industry for candy, dental

cream, ice cream, and numerous other products.
The public demand for these products has established an essential oil industry with a yearly turnover
of an estimated $50,000,000. Far greater, however, is
the turnover of the finished products that go to the
consumer. Most of these finished goods, such as perfumes, require only a small amount of the oils, and
this business runs into many billions per year.
The modern perfumer draws on thousands of odoriferous compounds to compose perfumes and flavors.
The walls of his studio are lined with shelves filled
with bottles of natural oils, individual fractions of the
oils, and synthetics. None of the individual compounds would be satisfactory as a perfume, and it
requires a great deal of skill and good taste to blend
these so that they become acceptable.
Stimulated by the desire of the perfume and flavor
industry to substitute synthetic odors for the natural
ones, considerable work has been done on analysis
of natural products, and the establishment of the correct chemical structure of the individual pure components. Only 200 years ago a PhD candidate at a
university in Jena, Germany, could successfully defend the thesis that the ingredients of the distilled
oils consisted of sulphur or phlogiston, earth, and salt.
Now it is possible to indicate the exact structure of
most of the molecular species of distilled oils, and
synthetic methods allow the duplication in the laboratory of most of these molecules.

The terpenes - many and varied
The hundreds of pure chemical compounds isolated
from oils form a heterogeneous lot from a chemical
point of view, and we find among them hydrocarbons,
alcohols, aldehydes, acids, esters, open-chain and
cyclic compounds. Biochemically, however, most of
them are associated in some way with fundamental
life processes. Normal heptane from the turpentine
of Pinus jeffreyi as well as decyl aldehyde from
orange oil is linked to fat metabolism. The odoriferous
the evening by the night
blooming jasmine is related to the amino acid metabolisms of all organisms.
By far the most frequent and diverse group of compounds from oils are the terpenes, named after their
first isolation from turpentine. The odor from the
eucalyptus leaf is due to a typical representative of
this group. The cough-drop-smelling material is cineol, while the lemon type contains a large percentage
of citronellal. Numerous members of this group are
found in herb gardens and among many desert plants
such as sage.
Interesting terpenes with strong pharmacological
action are found in trees growing in southern California canyons. Anyone who has hiked through Monrovia
Canyon, or climbed up to Sturtevant Falls, has rested
in the shade of some large trees which spread a
peculiar aromatic odor. This odor comes from the

leaves of the California bay tree, Umbellularia Californica. In small amounts the odor is rather pleasant.
Try, however, to inhale deeply the odors of a
crumpled leaf and you will experience, for a second
or so, a bursting headache, caused by the inhibitory
action of one of the components of the volatile oil
on the vagus of the heart, with a resulting temporary
increase in blood pressure.
For the isolation of the compound the leaves are
distilled with steam, and, after fractionation of the
volatile oil, several pure compounds are obtained.
Umbellulone, the blood-pressure-raising substance,
is apparently the major component and is typical for
this oil. The other components occurring in small
quantities in this oil are major products in others. For
example, safrole is the major flavor compound of the
oil of sassafras, and consequently of root beer. ( I t
has been coming in for some unfavorable publicity
lately, since some attribute carcinogenic properties
to this compound.) Eugenol is typical for oil of cloves,
cineol is typical for eucalyptus oil, and pinene is the
main ingredient of oil of turpentine.

Duplicating natural products
Perfume and flavor industries have for many years
tried to make a complete analysis of essential oils
with the intention of duplicating natural products.
Only in recent years have the main difficulties towards this goal been overcome. Through the application of gas chromatography - aided by spectroscopic
methods - tremendous progress has been made in
the isolation and identification of oil compounds.
This revolution is well illustrated by comparing present day analytical results with those obtained only a
dozen years ago.
During the war years, an interest developed in the
product of home grown rubber. One of the best
sources was a desert shrub, Parthenium argentaturn,
commonly called guayule. This shrub is a most efficient rubber manufacturing plant and strains have
been developed which contain up to 16 percent
rubber. In addition, it contains 1/9 percent of volatile
products essentially similar to ordinary turpentine.
The presence of alpha-pinene, beta-pinene, limonene,
and a sesquitei-pene alcohol, was established. This
research took several months and a hundred pounds
of leaves, which were carefully fractionated.
The new separation techniques are essentially based
on difference in affinity. The gas mixture to be
analyzed is pressed through a glass tube packed with
a solid inert material coated with a solvent such as
diethylene glycol. The high-boiling compounds with
greater affinity to the solvent will move more slowly
through the column than the more volatile components, and will separate in distinct fractions. With a
sensitive detector, the organic materials which come
through arc measured and nicely separated peaks
appear in the recorder of the gas chromatograph.
Engineering and Science

The Mont
Caltech
Scientist of the Year
Frank Press, director of Caltech's Seismological
Laboratory, was named scientist of the year this
month by the California Museum of Science and Industry and its educational affiliate, the California
Museum Foundation. Dr. Press received the award of
$5,000 for proving that the earth is thrown into free
oscillations and ~ictuallyrings like a deep-toned bell
for from one to two weeks after an earthquake or

Frank Press, director of the Seismological Laboratory.
otller shock. The award was presented by Dr. Glenn
T. Seaborg: cl~airmanof the '4tomic Energy Commission and chief of the judges in the science selwtioxl,
at 2% banquet at the Beverly Hilton Hotel on May 11.

Kicl~ard M. Badger, professor of chemistry, has
been elected a Fellow of the American Academy of
Arts and Sciences. Also this month Dr. Badger was
named recipient of the hlfanufacturing Chemists' Association Medal and Citation for his superior work as
a teacher in the field of chemistry. This, the highest
honor in the education field which the Association
can bestow, consists of a medal, a citation, and $1,000.
I t is given ;innually to six chemistry teachers, chosen
for outstanding success in "awakening in students a
genuine interest in chemistry." Presentation of the
award will be made at the annual meeting of the Association in White Sulphur Springs, West Virginia,
(XI June 8.
Dr. Badger has taught undergraduates at Caltech
for 32 years. -4 Caltech graduate himself ( 1921), he
received his PhD here in 1924, then spent four years
on the staff as a research fellow. After :i year at
Goettingen and Bonn, Germany, as an International
Research Fellow, he returned to Caltech in 1929.
Dr. Badger is currei~tlydoing research on the structure of molecules by infrared spectroscopy at Caltech
on :I Gtiggenheim Fellowship.
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SENIOR
DITCH
DAY

1t'sthattimeofyearagain.Caltech
seniors took a day off t o go t o the
beach this month, and Caltech
iuttiors, sophomores and freshmcn
spent the whole long day redecoruting the seniors' rooms.

Birthday Celebration
Theodore von Karman7 professor oi aeronautics7
cmeri ttis, and director of NATO's Advisory Group
for Aeronautical Research and Development7 ~ 7 a s
honored on his 80th birthday on May 11 at an all-day
celebration at the Park-Sheraton Hotel in Washington,
D.C., a t t e ~ ~ d eby
d representatives of scientific and
military organizations in America and Europe. Joseph
V. Charyk, undersecretztry of the Air Force7 was the
speaker at an evening b a n q ~ ~ eand
t ~ Edward Teller,
director of the Radiation Laboratory of the University
of California7 was toastmaster. Dr. von Karman was
director of Galtech's G~iggenheimAeronautics Laboratoly from 1930 to 1949.

Frontiers in Science
Frontiers in Science, the book made u p of articles
from Engineering and Science, has just been selected
by the Anlerican B ~ ~ k s e l l e rAssociation
s
as one of
books published over the past

se library for the Chief
ceived from sales of
p~iblishedin 19S87

to a time of 3:33.9 compared to second-place Occidental's 3:34.1.
Caltech first places were scored by Gary Turner,
a iunior, in the 200 Individual Medley and 200 Backstroke; Pete Mayer, a senior, in the 200 Breast Stroke;
and bj7 the 400 Medley Relay team of Gary Turner,
Alan Htiber, Bill Howard, and Gary Mitchell.
Gary Tibbetts, a senior. established new Caltech
records in two events7 though winning neither. His
time of 2: 12.5 in the 220 Freestyle was good for third,
and his 4:49.0 was good for second in the 440 Freestyle. New/ Conference records m7ere established by
the winners in both events.
Bruce Chesebro, a sophomore, placed second in the
50 and 100 Freestyle events. His times of 23.7 in the
50 and 53.6 in the 100 established new Caltech varsity
records.
The Caltech victory was very muc11 21 team effort,
as points w7ere scored in every event, and in almost
every case Tech men turned in their best performances of the year. The final team scores were Caltech
- l15, Occiciental - 68> Redlands - ,56> ClaremontHarv(>y Mtidd - 20. and Whittier - 7. Pomona did
not enter the meet this year.
Galtech finished third in the frosh division behind
Occidental and Claremont-Harvey Mudd. Dave Seib
established new Caltech school recorcls of 2:20.9 in
the 220 Freestyle and 5 : l l . s in the 440 Freestyle.

Albert R. Hibbs,
director of the
Division of
Spczce Sciences
at Caltech's Jet
Propukion
Laboratmy.

The National Program for Lunar
and Planetary Exploration
a

The Jet Propulsion Laboratory of the California
Institute of Technology was established more than
twenty years ago to undertake research and development of guided missiles. Until 1958, the end p r o d ~ ~ c t s
of these activities were military weapons systems.
For example, the Corporal - the nation's first operational guided missile - and the Sergeant - now entering operational status as a second-generation succ e s s to
~ ~the Corporal - were the products of research
and developinent efforts of JPL. In the pt~rsuitof its
objectives. the Laboratory was responsible for num-

erous ft~ndamental clevelopments in rocketry7 guidance> co~n~nunication~
and instrtimentation.
These skills? which the Laboratory had developed
as the founder of American guided missile technology,
were used in the design and construction of this
co~intry's first s~iccessfulartificial satellite, Explorer
I. At the time of latinching of Explorer I, on Jan~iary
31, 1958>the Laboratory w7as tinder contract to the
United States Army7 ancl it joined with its companion
organization> the Army Ballistic Missile Agency
( ABMA ) > t ~ n d e rthe technical leadership of Dr. Wern-
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her von Braun, in the launching of this satellite.
I n addition to a series of s ~ ~ c c e s s flaunchings
t~l
of
artificial satellites7 JPL and ABMA launched two
probes intended for lunar exploration, Pioneer 111
and IV. Neither of these came sufficiently close to
the moon to merit the label of lunar probe; nevertheless, Pioneer IV successfully escaped from the gravitational field of the earth to take u p its independent
orbit around the sun >is this country's first artificial
planet.
This successf~il launching occt~rred in March of
1959, three nimths after the Laboratory had been
transferred from tlie direction of the United States
Army to the direction of the National Aeronautics and
Space Administration (NASA). For more than two
years, the Jet Propulsion Laboratory has been one of
the three space flight centers of the National Aeronautics and Space Administr at ion.
'
The st~ccessfulteam which launched the Explorers
and the first successful Pioneer has been kept intact.
Dr. Wernher van Braun's group at Huntsville, Alabama, also has been transferred to the auspices of
NASA and named the George C. Marshall Space
Fliqht Center. The third center has been organized
by NASA in Greenbelt, ~Maryland,under the name
of t l ~ eCoddard Space Flight Center.
The NASA has assigned to each of its three space
flight centers their partic~~lar
roles in the space flight
program. Goddard Space Flight Center is constructing
payloads for the earth-satellite and sounding-rocket
program. The Marshall Space Flight Center in Huntsville> Alabama, is developing and operating the
latlnching rockets. The Jet Propilsion Laboratory in
Pasadena is developing the spacecraft for lunar and
planetary exploration.
The lunar program is characterized by a stead,v increase in the complexity of exploring spacecraft. The
program begins in 1961 with spacecraft development flights and continues in 1962 with "rough-landing" missions. Next, lunar orbiters, capable of photographing the moon from a few hnndred kilometers

RANGER ..........................
ROUGH LAND1 NG
CENTAUR
LAND NG ...................

Flight Schecl~desto the Plallets

above it7 and lunar soft-landers, capable of exploring
their immediate environs, are scheduled in the period
from 1963 to 1965,
In the second half of the decade, more complicated
and larger lunar vehicles
e employsd. These vehicles are capable of returning samples of lunar material to the earth and roving over the surface to
extend the exploration program to a much more diversified type of lunar material and surface.
The flight schedules t o the planets are limited by
the motions of the planets in their orbits. The planetary program will begin in 1962 with a Venus fly-by
passing close enough to the planet to obtain better
resolution in planetary i~ieiist~re~nents
than could b e
obtained either from the earth or from 2111 earth satellite in this same time period. The second flight, later
111 1962>will gather only interplanetary d a t a Similar
flights will he made past Venus in 1964 and possibly
i ~ 1965.
i
1111963, a Mars spacecraft will be flight-tested and
i11 1964 will be flown on a mission to observe Mars.
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Availability of the Saturn booster in the second half
of the decade will permit experiments with spacecraft put in orbit around the target planets and landed
on the surface of Mars, and possibly on Venus, if continued temperature measurements indicate that this
is practical.
T h e increased capability of Saturn vehicles will provide spacecraft flexibility in the explolitation of new
discoveries and will allow such special missions as
fly-bys of Mercury and Jupiter and a flight considerably out of the plane of the ecliptic to be flown near
t h e end of the decade.
Only the very earliest spacecraft involved in the
lunar and planetary programs can b e described here
since only for these is sufficient design detail available to make such a description valuable.
Two vehicles> Banger 1 and 2, will be launched
during the last half of 1961 to begin the interplanetary exploration program. The trajectories for these
two spacecraft, and the trajectories for Ranger 3, 4,
and 5, are shown above.
Rai~ger1 and 2 will be sent on a long elliptical trajectory whose apogee is approximately one million kilohe earth, which means that they will be
lannched with a speed- nly slightly less than escape
speed. They will spend about one or two months
measuring the characteristics oi space a t the order of
scx~eral ht~ndred thousand to a million kilometers
from the earth*
Ranger 3, 4, and 5 will be sent on trajectories toward the moon and will carry with them a capsule
containing a seismometer. This capsule will be dcltacl~edfrom the main bus of the spacecraft, slowed
by a retrorocket, and landed on the surface at a speed
of a few hundred miles an hour.
Most of the scientific experiments which will be
carried out by the first two Ranger spacecraft will be
directed toward the objective of measuring interplanetary fields :xnd charged particles. There are two
exc~ptionsto this category; namely) a meas~~rement
of
density of interplanetaiy dust) and an observation of
the neutral hydrogen geocorona.

The cl~arged-particlemeasurements will b e carried
out by instruments covering a range of energies. At
the lowest enersy range, there are electrostatic analyzers capable of examining the spectrum of protons
from 0 to 5000 electron volts and the spectrum of
electrons u p to a few hundred electron volts. These
analyzers will thus be the first ones flown which extend their measurements into this very low region,
characteristic of the hypothesized solar wind. Medium-range particles will b e detected by a group of
counters relying both on the solid-state property oi
semi-conductors and on traditional geiger tubes. Ionization chambers such as those flown on balloons in
the earth's atmosphere, and triple-coincidence t e l e
scopes, such as those which were 11sec1on Pioneer V,
ill complete the charged-particle measurements by
covering the highest energy range in the neighborhood of 10 to 100 rnev for protons.
Closely associated with the behavior of charge
particles is, of course, the belmvior of the interplanetary and magnetic field. This will be measured with
a rubidium vapor magnetometer.
The neutral hydrogen cloud around the earth will
be observed by a scanning telescope which detects
scattered radiation of the Lyman-alpha frequency.
As the spacecraft recedes from the earth, this telescope will repeatedly scan the vicinity of the earth,
including in its st~ccessivepictt~resa larger and larger
field of view.
The micrometeorite detectors on the Ranger will
g i w information on both the energy and momentum
of t h particles
~
striking it.

million 7cilotneters from the e m f h to explore interplanetary s p ~ c Ranqers
~.
.3, 4 and 5 take a path t o
the moon to drop seismomefers on ifs surface,
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MAGNETOMETER

T h e model of the spacecraft for Rangers 1 and 2.
These probes will
measure interplanetary fields
and charged particles.
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The spacecraft for Ranger 1 and 2 (above) has
the rubidium vapor magnetometer located near the
ront end, where it is as far removed as possible from
hose parts of the spacecraft which may introduce a
spurious magnetic field. The ionization chamber is
below it, located in a position where it will be
shielded as little as possible by the structure of the
spacecraft. The six electrostatic analyzers are positioned so that they can see freely along opposite
directions of each of three coordinate axes.
The spacecraft itself is powered by solar panels
which operate after the attitude-control system has
successfully aimed the spacecraft directly at the sun.
The attitude-control system will thereafter maintain
this aiming direction throughout the lifetime of the
experiment. The directional parabolic antenna will
be aimed at the earth with the same attitude-control
system by means of rolling the spacecraft around its
longitudinal axis after the sun direction has been
fixed. In this way, and by hinging the antenna out
from the spacecraft to the appropriate angle, the antenna can be made to point at the earth.
The Ranger 3, 4, and 5 spacecraft is similar in many
ways to that used for Ranger 1 and 2. However, the
ontaiiiing the scientific instruments
ed by a superstructure supporting an
antenna and surrounding the lunar
together with its retromotor is being
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sub-contract to the Laboratory. This spacecraft is also
powered by solar panels and communicates with the
earth by means of a directional parabolic antenna.
As the spacecraft approaches the moon, a succession of photographs will be taken by a vidicon camera
which is aided toward the lunar surface. The vidicon
tube will employ a 200-line scan, and the optics will
be such as to take a picture measuring approximately
40 kilometers on a side at the initiation of the picturetaking sequence and decreasing steadily to 600 meters
on a side for the last picture expected to be successfully recovered from the data.
While the vidicon is in operation, a gamma-ray
spectrometer, positioned far from the spacecraft so as
to avoid the effect of secondaries, will measure the
ambient radioactivity in the region of the spectral
line associated with the decay of potassium 40. This
experiment has been so designed that, even if the
moon is composed of material as low in natural radioactivity as the chondritic meteorites, the detector will
observe the lunar potassium 40 gamma rays above the
background expected from interplanetary and cosmicray sources.
Approximately 30 kilometers above the lunar surface, after the spacecraft has been properly positioned,
the capsule, together with its retromotor, will be detached from the parent spacecraft.
The capsule is spun to maintain its aiming direction.
Thereafter, the retrorocket is ignited, which slows

down the capsule to a zero speed relative to the lunar
surface a t a n altitude of about 400 meters. The capsule then falls freely from this altitude to impact with
a speed of about 30 meters per second.
Variations in retromotor performance will, of course,
result in a variation of landing speeds. The expected
standard deviation of landing speeds is approximately
30 to 40 meters per second. The landing capsule and
all of the instrumentation within it - that is, the
seismometer, its amplifier, transmitter, and antenna,
power supply, righting mechanism, temperature control device, zeroing motor, and automatic calibration
device - have all been designed to withstand several
thousand G's of impact acceleration.
The seismometer carried in the capsule of Ranger
3, 4, and 5 is designed to operate thereafter for a
period of 30 to 60 days. Even if no internal seismic
activity occurs on the moon, it is likely that the
impact of meteorites on the moon will create sufficient seismic disturbances to be detected by this device.
Detailed lists of experiments for the first flights in
the planetary exploration program have not all been
fully formalized. However, committees of the National Academy of Sciences' Space Science Board, as
well as groups of consultants working with NASA
personnel to advise the Space Science Steering Committee of NASA Headquarters, have considered in
some detail the most pressing problems of planetary
science which should be investigated with our earliest
probes. A listing of experiments for the first Venus
flight, the Mariner A, is now available.

The Mariner A, designed to make the first exploratory
flight to the near vicinity of Venus.

This spacecraft, designed to make a single pass in
the near vicinity of Venus, will measure the temperature of the planet's surface, atmosphere, and ionosphere, evaluate the atmospheric composition of Venus;
measure its magnetic field and the interplanetary
magnetic field; and investigate the dust and chargedparticle spectrum near Venus and in interplanetary
space. Some of the instruments for these experiments
will produce their results only during the period of
the near-pass of the planet. Others will operate all
the way from earth to Venus. The magnetometer, for
example, is in this latter class and consequently must
be designed to measure not only the fields of the
order of a few gammas which are expected to occur
in interplanetary space, but also fields of the order
of a gauss which may occur in the close vicinity of
Venus.
A spacecraft designed to pass close to the planet
Mars would carry very nearly the same instruments;
however, their order of priority would differ. A clifference which obviously affects the selection of instruments is the fact that the surface of Venus is not
available to optical instruments, as is the surface of
Mars.
Although the selection of experiments to be carried
out bv the first spacecraft to be soft-landed on the
moon is not final a number of design studies of possible instruments have been completed. These studies
have considered such devices as drills, geophysical
instrument packages for both down-hole and surface
measurements, and instruments for chemical and mineralogic analysis of surface material and material
recovcrcd from the drill hole.
In addition to these devices, the spacecraft will contain several television cameras with the total capability of a complete panorama sweep of the vicinity of
the spacecraft as well as close-up observation of the
material in the immediate neighborhood of the spacecraft. This Surveyor spacecraft is now being developed bv the Hughes Aircraft Corporation under
a subcontract with JPL.
The instrumentation and the spacecraft described
here will initiate this nation's program for the exploration of the moon and planets. The successful development of this exploration program will yield, for example, geophysical and geochemical information
about the moon which will help us to understand not
only the nature of our sister planet but perhaps also
something of the origin of the solar system, since the
moon may still retain on its surface the five-billionyear-old record of these early processes. I t is possible
that the biologic exploration of Mars may reveal
extraterrestrial life forms. The chemical analysis of
such life, developing in an ecology completely separate from the earth, may bring us closer t o the understanding of the origin of life. But even the excitement
inherent in such possibilities as these will undoubtedly
b e surpassed by the reality of the discoveries which
lie before us.
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THIS YOUNG ENGINEER
IS ON THE ROAD TO MANAGEMENT
Dick Cotton knew he wanted t o take the
engineering route into management long before
he joined New Jersey Bell Telephone Company.
In fact it was his goal when he was working for
his engineering degree a t Rutgers.
When he graduated, he had his lines out to
eleven other companies. He came to New Jersey
Bell because: " I didn't feel I was just a number
to these people. There was no doubt in my mind
that this job would be the best for the long pull."
His first assignment was a tough one. A complex of major telephone cables lay in the path of
the approach to the new traffic level of the George
Washington Bridge on the Hudson. Dick's job
was to find the most practical and economical
way to reroute these cables, and a t the same time
to provide for future telephone growth in the
area around the bridge approach.
Dick ironed that one out and got a crack at
another tough job.
Next stop: New Jersey Bell Headquarters
Engineering Staff, Special Studies Group. Here

Dick was a member of a four-man team whose
job was to find ways to eliminate some of the
routine work of field engineers to give them
"more time to think." Dick also helped plan
and control a $lOO,OOO,OOO annual telephone construction budget.
Presently, Dick is responsible for telephone
equipment engineering projects in the Camden,
New Jersey, area.
How does Dick look a t it? "This is a growing
business. I work with this growth every day.
And growth means more room a t the top. Of
course, I don't figure I'll get there overnightbut on my jobs so far I've had a chance to take
a good look a t how this business is run. And I
think the sky's the limit for a man who really
wants to work for it."
If gou're a guy who can tackle a tough job and
deliver the goods-then you're the kind of m a n who
should find out more about the Bell Companies.
Visit your Placement Office for literature and additional information.

'Our number one a i m i s to have in all
management jobs the most vital, intelligent, positive and imaginative men we
can possibly find."
FREDERICKR. KAPPEL,P r e s i d e n t
A m e r i c a n Telephone & T e l e g r a p h Co.

BELL TELEPHONE COMPANIES
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New Books from

Control of Nuclear Reactors and
Power Plants, Second Edition
By M. A. Schultz, Engineering Manager, Westinghouse Testing Reactor, Waltz Hill, Pennsylvania.
462 Pages, $12.50.
A revision and up-dating of a unique book concerned with
the use of servomechanism techniques as a method for the
control of a nuclear power plant. The new material includes
concepts that have arisen since the original publication, and
the author has made some of the original ideas more applicable by including material on reactors other than the pressurized water type. Basic control problems of all types of
reactors from homogeneous reactors to boiling reactors are
handled.

Theory of Machines
By Joseph E. Shigley, University of Michigan. T h e
McGraw-IJil! Mechanical Engineering Series.
Ready in June, 1961.
This i s a combination volume of the author's KINEMATIC
ANALYSIS OF MECHANISMS and his DYNAMIC ANALYSIS OF
MACHINES (both available separately.) I t i s designed to
bridge the gap between engineering mechanics courses and
the professional courses in mechanical design. The tools of
dynamic analysis are studied and used to synthesize and analyze the motions, velocities, and accelerations of many
mechanisms. Then, a more useful tool i s introduced, the threedimensional unit vector approoch, for the solution of space
mechanisms.

Mechanical Behavior of Materials
at Elevated Temperatures
Edited by John E. Dorn, University of California,
Berkeley. Ready in June, 1961.
A timely new book containing a series of coordinated chapters by nationally recognized authorities on various aspects
o f the scientific basis and engineering application of the
latest information on high temperature behavior of materials.
The major intent of the book is to provide a systematic background for the scientist and engineer in dislocation theory and
its application to creep and related high temperature properties.
4
.

Semiconductor Devices and
Applications
By Richard Greiner, University of Wisconsin. T h e
McGraiv-HiH Electrical and Electronic Engineering Series. Ready in May, 1961.
An advanced level work explaining how diodes and transistors function and are used in circuits. A thorough discussion
of the properties of semiconductors and junctions leads into
an analysis of the transistor operation. Extensive application
of the transistors to a variety of signal circuits, a detailed
description of switching effects and switching circuits, and
many completely worked example problems are included.

Space Astrophysics
By William Liller, Harvard College Observatory.
Ready now.
This book i s the product of a lecture series given at the University of Michigan Department of Astronomy during the
1959-60 academic year on the aspects of astronomy and
astrophysics which are concerned with or can be studied
from outer space. Many of these lectures by leading space
scientists are made available to students and scientists here
for the first time.

Introductory System Analysis:
Signals and Systems in Electrical
Engineering
By William A. Lynch and John G. Truxal, Polytechnic Institute of Brooklyn. T h e McGraw-Hill
Electrical and Electronic Engir~eering Series.
Ready now.
This text, the first of a two volume sequence, has been prepared primarily for the undergraduate course in Introductory
Electrical Engineering and focuses attention to linear system
analysis, electronic circuits and analog simulation and computation. A handy reference for practicing engineers seeking an
introductory treatment of linear system analysis.

Heat Transfer
By Benjamin Gebhart, Cornell University. 454
pages, $10.75.
A senior level text and reference book containing a description of the physical processes, theories, and methods of analysis in the field of heat transfer. The theories and fundamental formulations of the three modes of heat transfer are
followed by phase change processes, combined mode analysis,
exchange design, and analogues. The physical nature of heat
transfer processes i s emphasized.

Meteor Science and Engineering
By D. W. R. McKinley, National Research Council,
Ottawa, Canada. Ready in May, 1961.
A technically sound and highly interesting review of the study
of meteors slanted toward the radio engineer. Major emphasis
i s placed on the interesting and useful connections that have
developed in recent years between the modern science of
radio and the small flying particles known as meteors.

Science in Space
By 1. V. Berkner, Graduate Research Center, Inc.,
Dallas; and Hugh Odishaw, National Academy of
Sciences~SpaceScience Board. 458 pages, $7.00.
This new book comprehensively discusses the opportunities and
problems presented by space. Much of the book i s devoted to
on exploration of the interests and needs of research in
physics, astronomy, geophysics and geology, and the biological sciences.

Send for copies on aPprot~al

McGraw-Hill Book Company, Inc.
350 West 42nd Street

20

New York 56, New York
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Bringing space down fo earth .. this
laboratory space capsule is designed to measure
man's physiological and psychological limits and
test life support systems under simulated space
flight conditions. Now scientists will be able to
study, simultaneously, the space flight stresses of
high altitude, acceleration, heat and isolation.
Developed and being built by Garrett's AiResearch divisions for the U.S. Air Force's Wright
Air Development Division, this ground test space
capsule is an example of Garrett's research leadership in life support and secondary power systems
for space vehicles for long duration flight at zero
gravity. Development of these life support systems
utilizing cryogenic gases and efficient turbine

drive secondary power systems using solar or
nuclear energy are opening up vast new worlds
of exploration and career achievement for engineers in the space age.
A world leader in the development and manufacture of major systems and components for
aircraft and missiles as well as advanced flight
vehicles, The Garrett Corporation provides an
orientation program lasting a period of months
for the newly graduated engineer, working on
assignments with experienced engineers in laboratory, preliminary design and development projects.
Should you be interested in a career with The
Garrett Corporation, write to Mr. G. D. Bradley
in Los Angeles.

CORPORATION

4iResearch Manufacturing Divisions
Los Angeles 45, California Phoenix, Arizona
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alteeh Alu ni Endo ment Fund
The April issue of Engineering and Science carried
a brief statement about our Alumni Fund and its new
and important purpose, the raising of funds for unrestricted endowment.
How did the Alumni Fund Council decide upon
this particular use for the Fund? Son~eweeks ago the
Council invited representatives of Institute management to s~iggestFund purposes. Previous decisions
la~inched the gymnasium-swimming pool fund, the
scholarship fund and the alumni phase of the Development Program. These ptirposes had basic common principles. They were all timely and the need
was urgent. With these principles in mind the suggestion was made to concentrate alumni vitality on
the securing of unrestricted endowment funds.
What about an Endowment Fund? Is it timely? Is
it urgent? Consider these facts:
Just three years ago endowment income represented
almost a third (32% ) of the total current income for
campus expenditures. In 1958-59 the figure had
dropped to 28%. Last year it was down again to 25%.
Additions to endowment have always been dependent upon the bequests from the estates of indi-

viduals interested in Caltecl~.The Balches, the Eagles,
the Robinsons, the Eiicketts', the Flemings - all have
given generously through their bequests. We cannot
wait, however, for fortunes to be made and disbursed.
But when "live" endowment additions are counted
the amounts are discouraging - $37,720 in 1958-59;
and $38,306 in 1959-60.
Our contributions to endowlnent can help the Institute in several ways. First, these contributions will
produce unrestricted income. Second, the present
level of endowment additions by live donors could
well be tripled through thoughtful alumni giving.
Third, alu~nnicontributions will emphasize the importance of ez~dowmentgifts as a stable and secure
method of financing the growth of the Institute.
There is a fourth point which also has appeal. As
donors we will have the satisfaction of knowing that
our contributions will produce annual income forever.
Institute management has pointed to the problem.
We hope that you will feel as we do that it is now up
to us to help see that it is solved.
- Howard B. Lewis, Jr. '48
Go-director, Alumni Fund
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CEILING REQUIRED. This customized "Perfect Vision7'@

installation, which embodies the use of plastic louvers
between the luminous panels, is itself a "ceiling of light?
8 IMPROVED LIGHTING. Customized louvered SmootHolman "Perfect Vision"@ luminaires provide a light
level of approximately 150 foot candles of comfortable,
shadowless illumination.
8 EASY T O M A I N T A I N . Installation has lamps at the ceiling line for easy cjeaning and relamping.
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The first six years
f s p a c e T e c h nology Leadership

Personals
1925
Thon~asP. Simpson7 general manager
of engineering and operations analysis
at the Socony kfobil Oil Company,
has retired after 35 years of service. He
was one of the developers of the thermofor catalytic cracking process> which
was vital in the n~anufactureof highoctane gasoline for the armed forces
chring World War 11.
Ton2 joined the company as a chemical engineer ancl in 1933 he became
process laboratories supervisor of the
General Petrolet~in Corporation, a former West Coast affiliate. He was transferred to Socony 3fobil in New York ill
1935 as chief clevelopinent engineer, became assistant director of research in
1944, aud manager of research and developn1cnt in 1947. He assumed his
engineering a1-d operations title in 1959.

is colnmander of the Air Force Cainbridge Research Laboratory, where some
650 research scientists are working in
areas which range from satellite com~~~unications
to Arctic investigatiom. The
Holzmaris and their 17-year-old daughter, Katherine? a senior at Concord-Carlisle Regional High School, live in Bedford, Mass.

1932
Patrick B. Lyons writes that "I'm currently checking on our Eastern branch
as a member of the ten-week program
for senior executives at MIT. I'm still
with the Western Electric Company, and
:tin an assistant works manager of the
Collxn~biaWorks in Ohio where we make
central office switchboards and associated apparatus9 primarily for the Bell
Telepl~oneSystem."

1926
Since 1954, when the Air Force ballistic
missile program was accorded top national priority, Space Technology Laboratories has been engaged in virtually
every major phase of research, development, testing and technical management
of missile and space systems. STL's contributions have hastened the day of operational capability for Air Force ballistic
missiles, and have been applied as well
in satellite projects and space probes.
roday, as STL's activities expand in
significance and scope, STL offers exceptional opportunity to the outstanding
scientist and engineer whose talents and
training will add to, and benefit fromf the
accumulated experience that has enabled
STL t o conceive and accomplish major
advances in the state-of-the-art. STL's
creative flexibilityf anticip
sponding t o the demands of space progress, ranges i n application from abstract
analysis t o complex hardware fabrication
for military and civilian space projects.
STL invites scientists and engineers
t o consider career opportunities in both
Southern California and Central Florida.
Resumes and inquiries directed t o Dr.
R. C. Potter a t either location will receive
meticulous attention.

SPACE TECHNOLOGY
LABORATORIES, INC.
F'. 0.Box 95005 JJ, Los Angeles 45, California
P.0. Box 4277 JJ, Patrick AFB, Florida
a subsidiary of Thompson Ramo Wooldridge lnc.

Sterling B. Hcnclricks7 PIID, chief
scientist at the Mineral Nutrition Laboratory for Pioneering Research in the
Agric~~ltural
Research Service of the U.S.
Departn~entof Agriculture, is one of six
career civil servants to be given the
1960-61 Rockefeller Public S e r v i c e
Award for distinguished achievernent as
an cinployee of the Federal governme11t.
The awards m7ere presented in Washington last month. Each winner was
given a $3,500 honorarium and the privilege of applying for an additional grant
to permit time for lecturing, writing, resectrcl~ or some ed~icational endeavor
whicli woulcl extend the benefit of his
experience to others.
A federal career enlployee since 1928,
Sterling has won many awards for his
investigations into the genesis and nature
of soils. He was educated at the University of Arkansas? the University of
Iowa? and the Kansas State Agriculk~re
College as we11 as Caltech,

1928
Sydneg B. Ingram, PhD, director of
technical employment at the Bell Telephone Laboratories, has been elected
chairman of the EJC Engineering
power Commission for 1961. He has been
with Bell since 1930 as electronic research engineer, director of education
training.
and research ancl ind~~strial

1929
At~thonyLarrecq is president of Power Generators? Inc., and Design Engineering, Inc. He is living in 17ard1ey, Pa.
The Larrecqs have three children; the
eldest graduates from Vassar this year.

1931
Gen. Benjamin G. Holzman,

Charles F. Tlaomas is now manager of
marketing and planning of RCA's major
defense systems in New 'Jersey. He was
formerly corporation director of n~ilitary
sales for the Lockheed Aircraft Corporation. Charles has two married daughters
living in California, and a 14-year-01d
daughter and a 4-year-old son at home.

1936
E. V . Watts was named vice president
of exploration and producing at the
Mobil Oil Company in Houston, Texas.
He has been with the company sincc
1936.

1938
Vermr Schomaker, PhD, interim project director of Union Carbide's Research
Institute in New York, has been named
vice president of the American Crystallographic Association for 1961.

1939
L. G. Borgeson, MS '40, has been division vice president in charge of consumer products service of the RCA Service Conlpany in New Jersey for the
past two years. He has been with RCA
since 1940Charles H . Townes, PhD, was appointed Provost of MIT last month* He
will assume his new duties in the fall*
He is now on leave from his post as
professor of physics at Columbia University to serve as vice president and
director of research for the Institute for
Defense Analysis in Washington, D.C.
Rear Adm. Leonidm D. Coates> MS,
is now Chief of Naval Research in
ington, D.C. He was formerly director
of development planning in the Office
of the Chief of Naval Operations.

continued on page 26
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BUT, MONSIEUR BERTRAND, OUR COINS HAVE MEMORIES!

You said7 "A coin has neither a memory nor a conscience." The reliability of our inertial guidance
system depends on its having both. Thus, our reliability engineers must go beyond your venerable
formulae in developing dependable guidance packages for missiles like Titan.
lassical theories as Bertrand's to space age guidance
about AC's Program for Recent Graduate Engineers
aining in Reliability, Manufacturing and Engineering.
contact your placement office?or write G. F. Raasch,
owell, Milwaukee l7Wis. Professional speakers from

ONICS

DIVISION

OF GENERAL

MOTORS
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Personals . . . continued
1939
Lloyd R. Zunxtualt, PhD, is now senior
research advisor at the General Atomic
Division of General Dynamics in La
Jolla. He has been with the company
since 1956.

1940
Frederick C. Brunner, MS '41, is head
of all chemical engineering work at C. F.
Braun & Company's new eastern office
in Murray Hill, N.J. The office is currently engagecl in the design of two
plants - a polybutadiene plant in Kentucky, and a urea plant in Spain.
A. M . Zarem, MS, PhD '44, president
of Electro-Optical Systems, Inc., in Pasadena, has been named a Fellow in the
Institute of Radio Engineers. The honor
was awarded at the group's annual banquet in New York City in March, and
was given to Dr. Zarem for his contributions in the application of millimicrosecond electronic instrumentation
techniques.

1946
L. Wayne Mullane, MS, AE '47, has
b e e n e 1 e c t e d vice president of the
Downey plant of Aerofet-General. He
has been manager of the plant since 1959
when Acroiet-General acquired it from
the Rheem Mfg. Company.

1948

W e don't believe in cogs. We
believe in individual people particularly when i t comes to
mechanical engineers. We don't
assign them to drawing boards.
We assign them to projects : in
machine design, in assisting
customers on proper fastening
design, in sales engineering,

a cog, then write to us before
you graduate. Liberal benefits,
a s you would expect from a 115
year old company that's the
leader in its field.
RUSSELL BURDSALL& W A R D
BOLT A N D NUT COMPANY
Port Chester,

N. Y.

Stuart Butler, vice president of the
western division of the Fruin-Colnon
Contracting Companj , has been transferred to their Burlingame office. He
was formerly in the company's division
at Kirkwood, Mo.

1950
Marvin C. Brooks, PhD, was recently
transferred from his position as department head of the U.S. Rubber Research
Center in Wayne, N.J., to quality control manager of the main plant in Detroit.
Warren E . Krum writes that he's still
making chicken feed (for chickens) at
his Artesia and San Marcos plants.

1951
Steve fardee, MS '52, writes that he
left the Bell Laboratories in 1959 and is
now working for the TRW Computers
Company as manager of a study team
that is assisting the research division of
the FAA in carrying out real-time simulation studies of terminal area air traffic
control systems. The work is being done
at the Bureau of Research and Development Center near Atlantic City. The
Pardees (including David, 4, and Stephanie, 2 ) have rented a house about a
block from the ocean.

1952
Jose Luis Reissig, PhD, has spent the

last six years in Europe (Scotland, Denmark, and France) doing research in
genetics. He is finally back home in
Buenos Aires, where he is now professor of genetics at the School of Sciences
at the University of Bucnos Aires. Jose
has one daughter.
Willianz A. Kemmel, }r., MS '53, is
now associated with the patent law firm
of Miketta, Glenny and Poms. After he
left Tech, Bill worked for the Goodyear
Atomic Corporation and then served in
the U.S. Army. For three years he
worked as an examiner in the U.S.
Patent Office while attending night law
school at George Washington University.
He passed the California bar examination
shortly after that. Bill is married and has
two children.

1955
Stephen F. Crumb, PhD, is now professor of electrical engineering at Arlington State College in Texas. From 1945
until he joined ASC, he worked for Convair at Fort Worth. His most recent position there was as assistant project engineer

1957
W. H. Dietrich was released from
service last August shortly after he had
received his MS in industrial engineering
at Ohio State University, and is now
working as an industrial engineer at
Norton Air Force Base in San Bernardino. Bill has a nine-month old son.
David.

1959
Wilfried Stockmair, AE, writes from
Germany that, "Having received my degree from Caltech in June, I returned
to Germany where I received the degree
of Diplom-Ingenieur in November. I am
now employed at the German Research
Council as a research assistant at Technische Hochschule Munchen in the Institute of Mechanics and Testing Materials."
Robert J. Kwik, MS, is now a student
pastor at Princeton Seminary and is enjoying his studies in theology. Last year
he worked part-time on magnet design
at Princeton University's Forrestal Research Center with the BEV synchrotron.

I960
Richard E . Bradburg, MS, is a physicist in the spectroscopy department of
the quantum electronics division at Electro-Optical Systems, Inc., in Pasadena.
He was formerly a research assistant at
JPL.
Carleton B. Moore, PhD, formerly assistant professor of chemistry at Wesleyan University in Middletown, Colin., has
been appointed director of the Nininger
meteorite laboratory at Arizona State
University.
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Laboratories1," describes an outstanding experimental physics
program. Write us for a copy.

Nuclear-Structure Research
Initial work with the 12-Mev
Tandem Van de Graaff has confirmed beyond expectations our
early conviction that this accelerator system would greatly extend areas of useful research. A
previously "dark" area, in fact
the whole upper half of the periodic table, can now be investigated with precision. The range
now beginning to be explored
with extremely stable monoergetic particle beams includes
many isotope-rich elements and
the important domain of fissionable materials. Current research
indicates the Tandem has increased the number of resolvable
energy levels by an order of magnitude. In constructing a theory
of the nucleus, the precision we
speak of is every bit as important
as the extension in energy. Tandem ion beams permit discrimination between closely associated
energy levels and reveal new
subtleties in the fine structure
of heavier elements.
The Tandem Van de Graaff's
external ion source at ground
potential is a boon to experimenters. There are seventeen
stable nuclei up to oxygen, and
all of these may be used as bombarding particles. With multiple
stripping and two-stage acceleration, oxygen ions have been
accelerated to 60 Mev.

A characteristic of truly new
research tools is evident in the
wuy the Tandem is shaping the
direction and objectives of nfivsics research programs. As a
result, four laboratories with
machines installed and performing to specifications, and others

"Low-Energy" Physics
As we address ourselves to
this subject, more elegantly
called nuclear-structure physics,
the reader may conclude we
have an axe to grind, and we
admit it. We believe a great
deal of research remains to lie
uclei. There is, for

CENTER OF MASS ENERGY IN MeV

Data from current experimentation
with the Tandem Accelerator at Chalk
River Laboratories. Atomic Energy Of
Canada Limited.

awaiting Tandem delivery, are
planning to undertake work that
is new and challenging.
At High Voltage, careful
thought is already being given
to feasible extension of the basic
Tandem principle. A three-stage
injector Tandem with guaranteed 17.5-Mev proton energy is
on order for the University of
Texas, and Tandem systems with
22-Mev proton energy are feasible today. This "second generation'' of Tandems will employ
higher terminal potentials, three
stages of acceleration and developments to increase beam
current. We are also investigating pulsing techniques for
Tandems, and the possibility of
polarized ion sources is being
studied.

A paper at our recent Accelerator Conference, "Current Experimentation with the Tandem
Accelerator at the Chalk River

warding precision nuclear spectroscopy to fill in gaps in existing
energy level data, as well as new
research related to the conservation of isotopic spin, excitation
energies of low excited states
and direct interaction mechanisms.
Because much nuclear-structure research can be accomplished with standard Van de
Graaffs in the 1-5 Mev energy
range, equipped with ion sources
for hydrogen, helium or heavy
elements, these machines represent ideal research instruments
for the university physics laboratory of modest proportions. We
are presently compiling information on exactly where machines
of moderate cost and energy can
make significant contributions in
illuminating concepts of nuclear
structure and would be happy
to discuss this subject with you.
W . E . G o r e , Proceeding\ of t h e Second
' A u elerator Conferenre Am ster dam. O f t .,
1960 ( N o r t h ~ o l l a n d 'Publishing, Camp a n y , 1961) @. 63.

HIGHVOLTAGE
ENGINEERING
CORPORATION

BURLINGTON. MASSACHUSETTS. U.S.A.
APPLIED RADIATION CORPORATION
HIGH VOLTAGE ENGINEERING (EUROPA) N-V.

ANNUAL ALUMNI MEETING
June 7 , 1961
Reunion of the Classes of
1906, 1911, 1916, 1921, 1926, 1931, 1936, 1941 1946, 1951, 1956

A Special Talk to Caltech Alumni b y
John L. Bums, President, Radio Corporation of America
and
Report to the Alumni b y Lee A. DuBridge, President
California Institute of Technology
Cocktails at 6:00 - Dinner at 6:30

Rodger Young Auditorium
936 W e s t Washington Blvd., Los Angeles

ALUMNI ASSOCIATION OFFICERS
SECRETARY
PRESIDENT
Ralph W. Jones, '38
Donald S. Clark, '29
TREASURER
VICE-PRESIDENT
John R. Fee, '51
Holley B. Dickinson, '36
BOARD OF DIRECTORS
Robert J. Barry, '38
John D. Gee '53
William L. ~ o l l a d a y ;'24
Franklin G. Crawford, '30,
Frederick W. Drury, Jr., 50
Howard B. Lewis, Jr., 48
Claude B. Nolte, '37

ALUMNI CHAPTER OFFICERS
NEW YORK CHAPTER
President

Victor Wouk, '40
1225 Park Avenue
Bruno H. Pilorz, 44
75 Echo Lane
Larchmont, N;Y.
Harry J. Moore, 48
590 Madison Avenue

Vice-president
Secretary-Treasurer
WASHINGTON, D.C. CHAPTER
Chairman

Secretary

Major Lothrop Mittenthal, '48
3420 Livinston St., N.W.
Willard M. Hanger, 43
2727 29th St., N.W.

SAN FRANCISCO CHAPTER
President

James A. Ibers, '51
Shell Develo ment Co., Emeryville
-e A. Henderson 54
Weld Rite Compan oakand
Secretary-Treasurer
Edwin P. ~chli'nger, 52
Scott-Buttner Co., Inc., Mountain View
Meetings: Fraternity Club 345 Bush St., San Francisco
Informal luncheons every Thursday

c"

Vice-president

CHICAGO CHAPTER
President
Laurence H. Nobles, '49
Department of Geology, Northwestern University, Evanston
Philip E. Smith, '39
Vice-president
Eastman Kodak Company, 1712 Prairie Avenue
Secretary-Treasurer
Thorne 1. Butler, '51
Medical Center, Northwestern University
SACRAMENTO CHAPTER
President
George Langsner '31
Division of Hi hways State of California
~ o n a l dMeixner, Jr. 46
Vice-president
Dept. of Water Resources, State of Califor?ia
Secretary-Treasurer
John Ritter 35
Division of Hi hways, State of California
Meetings: University Club, 1319 "K" Street
Luncheon first Friday of each month
Visiting alumni cordially invited-no reservation
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SAN DIEGO CHAPTER
Chairman

Secxetaxv
Program Chairman

Maurice B. Ross, '24
3040 Udal Street
Frank I. Dore, '45
Convair
Herman S. Englander, 39
U.S. Navy Electronics Laboratory
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Interview w i
Francis J. Boucher
anager-Manufacturing

ffer
Q. Mr. Boucher, with all the iob interviews a graduating engineer goes
throughl how can he be reasonably
sure he has made the right choice?

A. This is a good question because
few seniors have enough work experience in industry, government
and educational institutions to
allow them to make a fully reasoned choice. However, I think the
first step is to be sure that shortterm factors like starting salary
and location don't outweigh longrange factors like opportunity and
professional growth. All of these
factors should be evaluated before
making a final commitment.
Q. But you do feel that starting salary
i s important?

A. Very much so. If you are married-it
may be an even greater
consideration. But you should also
look beyond starting salary. Find
out, for example, if the company
you are considering has a good
salary administration plan. If there
is no way of formally appraising
your performance and determining
your appropriate rewards, you run
the risk of becoming dissatisfied
or stalemated due to neglect of
these important considerations.
Q- What considerations do you feel
should be evaluated in reaching a iob
decision?

A. Let me refer you to a paper
written by Dr. L. E. Saline? now
Manager of Information Systems
in our Defense Systems Department. I t is titled "How to Evaluate
Job Offers." (Incidentally, you may
obtain a copy by writing as directed in the last paragraph.) In
it, Dr. Saline proposes six questions-the answers to which should
give you much of the information
you'll need for an objective joboffer evaluation. He suggests you
determine . . .
to what degree will the work be
challenging and satisfying?
0 what opportunities are available
to further develop abilities?
0 what opportunities are there for
advancing in the Company (and
how dynamic the Company is in
the marketplace is an important
aspect of this question).

what salary potentials are possible with respect to the future?
what about geographical location
-now and in the future?
what effort does the Company
make to establish and maintain a
professional climate?
There is more to these questions
than meets the eye and I think
you would enjoy reading Dr.
Saline's paper.
0

@

Q. What about the openings on defense projects that are listed in the
various magazines and newspapers?

A. Presumably, there will always
be a need for technical manpower
in the defense business. But I
want to point out to you that most
of these opportunities are for experienced personnel, or personnel
with specific additional training received at the graduate level.
Q. How do you feel about training
programs? Do they offer any particular
advantages over any other offer I
might accept?

A. I feel training programs are particularly helpful in easing the transition from an academic to a
business environment. Of course
they provide formal training designed to add to the individual's
basic fund of knowledge. They
also provide working experience in
a variety of fields and a broad
knowledge of the company concerned and its scope of operations.
Upon completion, the individual is
generally better prepared to decide
the direction in which he will pursue his professional career.
General Electric conducts a number of training programs. Those
that attract the greatest number
of engineers are the Engineering
and Science, Manufacturing, and
Technical Marketing Programs.
Each combines a formal? graduatelevel study curriculum, on-the-job
experience? and rotating assignments. There is little question in
my mind that when an engineer
completes the Program of his
choice? he is far better prepared to

.

a

choose his field by interest and by
capability. I might also add that
because of this, he is more valuable
pany as an employee.
Q. Then you feel that

training program i s the best alternative for a
graduating engineer?

A. Not always. Some seniors have
already determined the specific
field they are best suited for in
terms of their own interests and
capabilities. In such cases, direct
placement into this specific field
may be more advantageous. Professional self-development for these
employees, as for all General Electric technical employees, is encouraged through a variety of
programs including the Company's
Tuition Refund Program for work
toward advanced degrees, in-plant
courses conducted at the graduate
level, and others designed to meet
individual needs.
Q. For the recordl how would you
rate a iob offer from General Electric?

A. I've tried to get across the need
for factual information and a longrange outlook as the keys to any
good job evaluation. With respect
to the General Electric Company,
seniors and placement offices have
access to a wide variety of information about the Company, its
professional environment and its
personnel practices. I think qualified seniors will also discover that
Genera1 Electric offers professional
opportunity second to none-and
starting salaries that are competitive with the average offered
throughout industry today. From
the above, you can see that I
would rate a job offer from General
Electric very highly.

W a n t more information about
General Electric's training programs? Y o u can get i t , together
with a copy o f Dr. Saline's paper
"How to Evaluate Job OfEers"
b y writing t o "Personalized Career Planning," Genera1 Electric
Company, Section 959-lSj Schenectady 5 , New York.

