


Design a 2-lane steel bridge to cross a modern highway­

$44,000 in cash awards! 
American Bridge Division of United 
States Steel announces a $44,000 
STEEL HIGHWAY BRIDGE DESIGN 
COMPETITION dedicated to stimulat­
ing . the engineering mind to a more 
imaginative, more effective use of 
steel in the construction of small 
,bridges. 

.,y If you, as a pro:(essional or design 
engineer or as a college engineering, 
student, can come up with a more 
imaginative, attractive and econom­
ical design, not only may you win 
up to $15,000 in award money, but 
your efforts may contribute mate­
rially to the most challenging road­
'building program ever undertaken. 
For, according to conservative esti­
mates, the tremendous 41,000-mile 
Federal Highway Program will call 
for the construction of at least a 
bridge a mile! 

The competition involves solving 
a relatively simple but important 
problem that will not demand too 
much of your time. 

Send ,for your entry booklet now: Contains 
complete infor~ation on the Steel Highway 
Bridge Design Competition-everything you 
need to know to prepare your entry. Just fill 
in and mail the coupon and get started with ... 
your design without delay. ". 

@ 
United States Steel 

Awards for College Engineering Students 
each 

1 st Award, , , , , , , , , , , , ' , , , , , " , , " , , , ,$4,000.00 
1st Honorable Mention""""., .. ,., ,$2,000.00 
2nd Honorable Mention, , , , . , , , , , , , , , ,$1,000.00 
Four 3rd Honorable Mentions"",., .. $ 500.00 

Problem: Get two lanes of traffic across a 
modern 4-lane highway in accordance with 
latest standards for today's highways. 

Objectives: Originality of design, greater 
utilization of the inherent properties of steel, 
economy, and aesthetic appeal. 

Requirements: Just one. The steel bridge 
must comply with the Geometric Standards 
for the National System of Interstate and 
Defense Highways using H-20-816-44 load­
ing. The type of structure, the type of con­
nections, span length and number of piers, 
if any, are completely up to you since you 
are designing with steel. 

Eligibility: The competition is open to all 
professional and design engineers and col­
lege engineering students except employees 

Awards for Professional Engineers 
each 

1 st Award, , . "" ............... " . , ,$15,000.00 
1st Honorable Mention ............... $10,000.00 
2nd Honorable Mention .............. $ 5,000.00 
Five 3rd Honorable Mentions ......... $ 1,000.00 

and/or members, and their immediate fami­
lies, of the following firms and groups: 

United States Steel and its subsidiaries, 
divisions, agents and dealers 

Structural steel fabricating firms 
American Institute of Steel Construction 
Rules Committee and Judges 

See list of awards above. 

Rules and Judging: The competition will be 
under the supervision of the American In­
stitute of Steel Construction, which has 
appointed a Rules Committee and a panel 
of judges composed of prominent cons';lting 
engineers and architects. 

Deadline: Entries must be postmarked or 
expressed to arrive not later than midnight, 
May 31, 1959. USS is a registered trademark 

ELEVATION and CLEARANCE DIAGRAM 

------------------------------------l 
Competition Editor, Room 1831 
American Bridge Division 
525 William Penn Place 
Pittsburgh, Pennsylvania 

Please send me a copy of your $44,000 Steel Highway Bridge Design Competition entry booklet. 

Name ..................................................... " .......................... . 

Professional or Design Engineer ~ 0 
(Check one) 

Engineering Student 0 
Street ................... " ........................................................... .. 

City ..................................................... State ......................... . 

------------------------------------~ 



Barrier 
Breakers 

TEAMMATES-Young physicist Donald Swets-MS 1955-teains up 
with GM Research Laboratories physicist Robert C. Frank (r.) to use 
mass spectrometer for basic research on gases in metals. Glass tubing 
apparatus was developed specifically for this GM Research project. 

If y.ou're the kind .of engineer wh.o wants t.o d.o big things 
in a big way, perhaps General M.ot.ors has a place f.or 

y.ou. 

F.or at GM, "The Inquiring Mind" is free t.o r.oam-free 
t.o expl.ore the scientific w.orld in an eff.ort t.o find new 
and better r.oads t.o pr.ogress. 

And the men wh.o search f.or-and find-these new paths, 
als.o find .opp.ortunity with.out limit. 

F.or GM is quick t.o rec.ognize ability-quick t.o reward 
it with ever-increasing resp.onsibility-quick t.o pr.om.ote 
talented men t.o supervis.ory and executive p.ositi.ons 
thr.ough.out its .organizati.on. 

Where will y.ou use y.our abilities and talents? The fields 
c.over the entire spectrum .of engineering and science. 

Aut.om.obiles, trucks, l.oc.om.otives, aircraft, yes. But 
p.ower transist.ors and s.olar energy, t.o.o. Astr.onautics, 
astr.odynamics and electr.onics, as well. R.ocket propul. 
si.on, missile guidance, the entire field .of space engi­
neering and science are all c.oncerns .of vari.ous General 
M.ot.ors Divisi.ons. 

And y.ou will n.ot necessarily be c.onfined t.o just .one .of 
these fields. Depending .on where y.our talents lie, y.ou'll 
find y.ourself c.oncerned with many fields at vari.ous 
times. 

Breaking barriers .of techn.ol.ogy is a specialty with the 
engineers and scientists wh.o w.ork at General M.ot.ors' 
35 Divisi.ons and 126 plants in 71 cities and 19 states­
and at .our Technical Center near Detr.oit. If that's the 
kind .of w.ork that fascinates y.ou, let us hear fr.om y.ou. 

GENERAL MOTORS 
Personnel Staff, Detroit 2, Michigan 

GM Positions now available in 
these fields for men holding 

Bachelor's, Master's and Doctor's degrees: 

October, 1958 

Mechanical Engineering • Electrical Engineering • Industrial Engineering 
Metallurgical Engineering· Aeronautical Engineering· Ceramic Engineering 
Mathematics • Industrial Design • Physics • Chemistry 
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ACOUSTIC 
NOISE 
When huge rocket engines lift a 
ballistic missile or satellite vehicle 
into the air, the thundering noise of 
the engines violently shakes intricate 
electronic components and the missile 
structure itself. Acoustic noise is 
one of the many environments that must 
be thoroughly explored and understood 
by the missile designer. 

But it is expensive and impractical 
to conduct acoustic noise tests by 
operating rocket engines on the ground. 
Noise-of the same frequencies and 
amplitudes as rocket engine noise-must 
be produced in the laboratory. 

Engineers at Avco's Research and 
Advanced Development Division have met 
this problem by designing a versatile 
high-intensity acoustic noise generator. 
Based on electromagnetic principles, 
it creates noise environments of the 
same frequency spectra as rocket 
or jet engines. 

This successful effort is now part of 
the division's complete environmental 
testing laboratory, where it is producing 
information for Avco scientists and 
engineers responsible for ICBM nose cones. 

Acoustic noise work is one of the many 
development programs that proceed 
simultaneously with theoretical and 
applied research at RAD. The mutual 
stimulation of scientists and engineers 
in many disciplines occurs naturally 
at A vco, where the search for new 
knowledge and its application 
go forward under one roof. 

Research and Advanced Development is 
more than a descriptive title at Avco. 
It is a concept that promotes creativity. 

For information on unusual career 
opportunities for exceptionally 
qualified scientists and engineers, 
write to: Dr. R. W. Johnston, 
Scientific and Technical Relations, 
Avco Research and Advanced Development Div., 
201 Lowell Street, Wilmington, Mass. 



ENGINEERING AND SCIENCE 

On Our Cover 
three Caltech undergraduates b'y out 
the new campus benches-which are 
just one of the lively developments 
described by Brad Efron '60 in his 
report about summer on the campus, 
on page 25. 

James Bonner 
describes some exciting new research 
in progress in "The Biology of Micro­
somes" on page 20. Dr. Bonner, a bio­
chemist and plant physiologist, is pro­
fessor of biology at Caltech. This year 
he is also serving as acting chairman 
of the division of biology while chair­
man George W. Beadle is at Oxford 
University as Eastman Visiting Pro­
fessor. 

L. Winchester Jones, 
Caltech's dean of admissions, dis­
cusses "The Need for College Scholar­
ships" on page 31. This article has 
been adapted from a talk given by 
Dean Jones on October 3 to the 
Achievement Rewards for College Sci­
entists Foundation, Inc., in Los An­
geles. This organization has been set 
up by a group of Los Angeles women 
to obtain private funds to assist young 
science students. The immediate goal 
of ARCS is to raise money for scholar­
ships and fellowships at Caltech. 

Photo Credits: 
Cover-Harvev; 17-0£Ecial United 
States Navy photograph; I8-Harvey, 
John Bolton; 20-Upjohn Company; 
25, 26-Harvey; 27-George Strana­
han; 28-Graphic Arts; 30-Harvey. 
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Books 
The King's Agent 

by J. Kent Clark 

Charles Scribner's Sons, N.Y. ., $5.95 

Reviewed by John A. Hawgood 

By writing a "Restoration Novel" 
(the action opens at the battle of 
Sedgemoor in 1685) J. Kent Clark, 
associate professor of English at Cal­
tech, inevitably challenges compari­
son with two classics of that genre­
Thackeray's Henry Esmond and Kath­
leen Winsor's Forever Amber. 

It may be said at once, and with­
out reproach, that Dr. Clark's offer­
ing is likely to achieve neither the 
la~ting fame of the former nor the 
immediate notoriety of the latter, but 
it is nevertheless going to be read and 
enjoyed by a great many people. It 
was .already scheduled, before pub­

Jication, as the October selection of 
the Dollar .Dook Club-and it is f~r 
superior, both in literary craftsman­

'ship and in its treatment of history, 
to the run-of-the-mill historical ro­
mance. 

The King's Agent is based upon 
careful research, much of it pursued 
in the Huntington Library, which is 
particularly strong in material on 
seventeenth-century British history, 
the preserve of the late well-beloved 
Godfrey Davies, who would surely 
have enjoyed reading this book im­
mensely. 

But Dr. Clark wears his learning 
lightly, and disguises its fount success­
fully. The tale is crisply told in a 
modern but not too slangy idiom. 

A noted writer, a Pulitzer Prize­
winner with at least three of his 
stories made into movies, and with 
best sellers 'among the paperbacks, 
. recently gave the formula for a suc­
cessful historical novel to a neophyte 
at the game as: "An attempted seduc­
tion before page 100; an encounter 
Witll a scarlet woman before page 
200;3: completed s~duction before 
page 300. Then-Bingo!" 
.< Dr. Clark waits until page 274 
~(with preliminary fumblings to keep 
things moving on pages 167 and 
235). He thus measures up adequate-
ly to this yardstick, yet holds his fire 
quite prettily. But to make up for 
the belated and somewhat inverted 
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seduction (the heroine, tired of wait­
ing, had to come and get him!) our 
hero has his "required" encounter 
with a scarlet woman (the King's mis­
tress, Catherine Sedley, Duchess of 
Dorchester) as early as page 83: 

"'please stop gaping and sit down, 
Mr. Barnard . . . Have you never 
seen a woman before?'" 

His second is on page 215: 
"Ralph rose. 'You won't take it 

personally if I kiss you goodbye?' 
"'Not at alL'" 
(After which we almost expect 

Catherine-out of character as well as 
of period-to gush, "And next time 
you must come to tea, and meet 
Mother.") 

He meets Catherine for the third 
and last time on page 323: 

"'I would hate to believe you are 
more concerned with your head than 
with my body.' 

"'A habit, Kit,' he said. 'Only a 
disgusting habit.' 

"'Break it, by all means,' she 
said.' " 

But he didn't. It was too ingrained. 
So they parted forever, Sir Ralph 
Barnard's virtue (in this direction at 
least) still intact. 

Nevertheless, these three conversa­
tions with the notorious Catherine 
Sedley are retailed with great skill 
and are perhaps the most entertain­
ing parts of the book. 

If the hero, Ralph Barnard, emerges 
as a somewhat stuffy character (if not 
indeed, in places, a downright prig) 
this, at least, as with his heroine, is 
what the plot demands, and it rings 
the changes most refreshingly on the 
usual swashbuckling, epigram-drop­
ping, garter-snapping Restoration gal­
lant of fiction. 

Sir Ralph may be a trifle slow in 
the boudoir but he can undress a 
French diplomatic courier (male) in 
double-quick time, after first stun­
ning him by one well-directed blow 
with a blunt instrument, and can dis­
cover his secret despatches, hidden in 
his wig, in the twinkling of an eye. 

Though the narrative neither rol­
licks nor roisters, the plot is a good 
and fast one, subtly and at times ele­
gantly woven. 

Hollywood should take notice of 
this novel. It has a fine, upstanding 

continued on page 8 

from 
Deep space to 

Ocean floor 
Vought offers this range 

to the young engineer 

At Chance Vought the engineer's assign­
ments range from the depths of the ocean to 
the farthest reaches of space ... from hard­
ware operating aboard the Navy's nuclear­
armed submarines to space research vehicles 
still on the boards. 

Here the engineer contributes to projects 
such as the record-smashing Crusader jet 
fighter series ... the Regulus missiles ... 
and advanced weapons, details of which are 
still classified. 

Under the guidance of the Vought engi­
neer, such weapons take shape. He super­
vises critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share these 
experiences. Today, for example, Vought is 
at work on important projects involving: 

SPACECRAFT AND ASTRONAUTICS 

ADVANCED PROPULSION METHODS 

ELECTRONICS DESIGN AND MANUFACTURE 

ANTISUBMARINE WARFARE 

Vought's excellent! R&D facilities help the 
engineer through unexplored areas. And br 
teaming up with other specialists against 
mutual challenges, the Vought engineer 
learns new fields while advancing in his own. 

Would you like to know what men with 
your training are doing at Vought ... what 
you can expect of a Vought career? ' 

For full information, see our representative 
during his next campus visit. 

Dr write directly to: 

C. A. Besio 
Supervisor, Engineering Personnel 

Dept.CM-9 

Engineering and Science 



mis' sile.ry: its pioneers are young ... 

its future big at Vought 

Young engineers find in missiles the fast-breaking, 
pace-setting assignments they like. At Chance Vought, 
missiles also offer the added environmental challenges 
of sea and space. 

Vought's first space research vehicles - missiles of 
a very high order - are in preliminary design. Nuclear­
propelled pilotless weapons are under study. And 
Regulus II, Vought's nuclear-armed supersonic sharp­
shooter is aboard Fleet submarines, demonstrating its 

October, 1958 

rifle accuracy at bomber ranges. 
Behind these weapons is a rich store of thirteen 

years' missile knowledge ... an unmatched history of 
missile hardware. Vought's Regulus I, now on duty 
with both Fleets, has been operational with the Navy 
since 1955. 

INCORPORATED DALLAS, TEXAS 
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WiJjdJ of the fOllowmg are pClouoal appDoaUons 

of COPPER orCOPPERAllOYS? 
o 1. Ship fittings. 

o 2. Television antennae. 

o 3. Heat sinks for missile nose cones. 
[] 4. Architectural extrusions. 

[] 5. Prefabricated plumbing lines. 

[] 6. Pipelines for sodium hydroxide. 

o 7. Collector vanes for solar heating. 

[] 8. Resistance heating elements. 

o 9. Resistance-welding electrodes. 

o 10 .. Gold-plated jewelry. 

1. Yes~ Copper, and many of its alloys, have 
excellent resistance to salt water corro­
SIon. 

2. No. The important properties of copper 
are not needed and lighter, cheaper 
metals are usually used. 

3. Yes. Copper's high heat conductivity 
protects the delicate instruments inside 
by quickly dissipating the surface heat 
of re-entry. 

.. 4. Yes. Architectural bronze extrudes read­
ily and is used for a wide variety of ar­
chitectural shapes. 

5. Yes. Because copper tubing can be easily 

Now try your hand at these 
True-False Selections: 

o 11. Proved copper reserves have decreased 
in the last 20 years. OT, OF. 

o 12. On the machinability rating scale, Free­
Cutting Brass rates 100. OT, OF. 

o 13. The green patina of copper can be 
developed artificially. OT, []F. 

o 14. Copper and copper alloy parts should be 
joined only by riveting. []T, []F. 

o 15. Nickel Silver is an alloy of nickel and 
silver. OT, OF. 

and firmly soldered, it· lends itself well 
to prefabrication. The few unassembled 
joints are soldered on the site, eliminat­
ing the use of threaded fittings. 

6. Yes. Copper-nickel alloys have good re­
sistance to many alkalies and are often 
used in contact with them. 

7. Yes. Large vanes of copper are black­
ened and mounted on a roof t@ collect 
the sun's rays. The high thermal con­
ductivity of copper makes it very efficient 
for this use. The copper carries the heat 
to a circulating water system. 

8. No. The conductivity of copper and its 
alloys is too high for this purpose. 

Engineering and Science 



9. Yes. Here the current is introduced 
through the electrodes to the parts to 
be welded. Several copper alloys are 
well suited for this use because of their 
high strength at elevated temperatures. 

10. Yes. The low-zinc brasses are easily 
worked and are readily plated for high­
quality costume jewelry. Most copper 
alloys lend themselves well to polishing 
and plating. 

11. False. Reserves have increased. Pub­
lished figures are no indication of long 
run availability or total mineral de­
posits. The industry lists only those re­
serves which have been "proved" for 
immediate development. Since the cop­
per industry has grown in these years, 
so,too, have the proved reserves. Fu­
ture copper supplies are vastly greater 
than any known "reserve" figures would 
indicate. 

12. True. Free-Cutting Brass usually can 
be turned at maximum spindle speed 
and many other copper alloys at high 
speeds. A large number of copper alloys 
are available for easy machining. 

13. True. The Copper & Brass Research 
Association has developed a spray 
process which has been successfully 
used to give architectural and orna­
mental parts an attractive green patina 
much faster than nature would do it. 

October, 1958 

14:. False. Good joints between copper or 
copper alloy parts can be made by sol- . ., 
dering, brazing or welding. 

15. False. The Nickel Silvers are copper 
alloys. They derive their name from 
their silver-like color. A typical com­
position is 65% copper, 18% nickel, 17% 
zinc, and no silver at all. 

The copper alloys, of which there are 
more than forty that are standard and 
many more that are special in current 
use, have many properties just as 
unique as this "silver" that isn't silver. 
n you'd like to learn more about them, 
or if you really flunked this quiz, send 
for your copy of "A Guide to Copper 
and its Alloys." The Copper & Brass 
Research Association, 420 Lexington 
Avenue, New York 17, N. Y., will be 
happy to supply it. 

"A GUIDE TO 
COPPER 
AND ITS 
ALLOYS" 
2B-page booklet issued by the Copper 
& Brass Research Asscciation covers 
the Coppers, Brasses, Bronzes, Nick­
el Silvers and special alloys. The 
histories, properties and applications 
of each class of metals are reviewed 
in the illustrated text and tables. 
Write for your copy. Address Copper 
& Brass Research Association, 420 
Lexington Avenue, New York 17 ,N<Y. 
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SPACE 
TECHNOLOGY 
A wide variety of advanced 
problems of the Space Age 
fall within the interests and 
responsibilities of Space Tech­
nology Laboratories. 

The scientist or engineer with 
a high order of creativity and 
a technical background suited 
to the development of ad­
vanced space flight devices, 
will encounter interesting 
'research opportunities in 
these. projects. 

Typical analytical and devel­
opmental research areas 
include: 

• Re-entry and recovery 
of vehicles from satellite 
orbits; 

• Design of experiments 
for exploration of the 
vicinity of the moon and 
other planets. 

• Man's operational 
environment in space. 

• Navigation and commu­
nication requirements of 
interplanetary vehicles. 

A number of openings are 
curren:tly available on the 

, staffs of our Astrovehicles 
Laboratory and our Elec­
tronic Laboratory in connec­
tion with space flight pro­
grams. 

SpACE 

TECHNOLOGY 

LABORATORIES 
a division of 

THE RAMO-WOOLDRIDGE 

CORPORATION 

5730 ARBOR VITAE STREET 

LOS ANGELES 45, CALIFORNIA 

Books . . . continued 

hero (who is nevertheless a lawyer 
by profession and a secret agent by 
avocation), a lovely, eloquent but de­
ceitful heroine, a noble prostitute, an 
ignoble monarch, a lost cause, a court 
scene, a hunting scene, several bat­
tlefields, cloaks, daggers and plenty 
of sword and boudoir play. 

Hollywood casting 

Letting my imagination range over 
the freeways I already begin to cast 
The King's Agent for its ultimate but 
surely inevitable embalmment in cel­
luloid. With a little bit of cooperation 
between the major studios, Sir Ralph 
Barnard (James Stewart) serves King 
J ames II (Sir Ralph Richardson, bare­
ly needing to overact) chats and 
flirts with the king's mistress, Cathe­
rine Sedley (Marilyn Monroe), loves 
the cruel, double-crossing Esther 
Hemphill (Katharine Hepburn) mar­
ries the delectable Henriette (Taina 
Elg), and fights the villainous Ran­
dall (Basil Rathbone) in a back 
street of Paris. 

There are also bit parts for Sir 
Laurence Olivier (Colonel Jack 
Churchill, aftelwards Duke of Marl­
borough), Charles Laughton (Judge 
Jeffries), Bing Crosby (the Papal 
Nuncio) and Frank Sinatra (William 
of Orange-why not? He should try 
everything at least once), but not 
alas for eitller Alan Ladd or Brigitte 
Bardot, for all the characters talk a 
lot and with animation, while nearly 
all the time they are all more than 
adequately clothed. 

John A. Hawgood, professor of modem 
history and chairman of the School of 
History at the University of Birmingham 
in England, holds doctor's degrees from 
London and Heidelberg and received 
part of his training at Yale and Wiscon­
sin Universities. He has spent four out of 
the last five summers in California, doing 
research at the Huntington Library, 

No More War! 

by Linus Pauling 

Dodd, Mead, N.Y. . . $3,50 

Reviewed by Wolfgang K. R Panofsky 

This is an important book in two 
respects: it explains such things as 
the difference between atomic and 
nuclear explosions, the nature of ion­
izing radiation, and similar technical 
material, in an unusually lucid and 

popular language; and it documents 
the author's views on the current con­
troversy over nuclear testing. 

Dr. Pauling, professor of chemistry 
at Caltech, makes it quite clear that 
there exists no substantial disagree­
ment among the scientists whose 
views are on record concerning the 
basic scientific data on background 
radiation, exposure of the average 
citizen to medical x-rays, and the con­
tribution to radiation exposure from 
fallout; and that general agreement 
exists on the influence of radiation 
exposure on genetic changes, life-span 
shortening, and the more specific haz­
ards to health (with the exception of 
disagreement on the effects. of ex­
tremely small doses on the incidence 
rates of lukemia and bone cancer). 
Pauling documents the hazards of 
atomic war, including the radiation 
effects associated with atomic bomb­
ing, and it is unlikely that anyone 
will disagree with him that these 
hazards far outweigh all other dangers 
ever faced by man; his conclusion, 
as expressed in the title of the book, 
is that war is no longer a "morally 
defensible" means of settling the dif­
ferences among men and govern­
ments. 

Dangers of testing 

I will now comment on Pauling's 
discussion of the dangel~ of atomic 
testing. In his exposition on the ex­
posure of the population to nuclear 
radiation, he documents the common­
ly accepted rates: the average Ameri­
can receives in his life span about 
equal dosages from natural sources 
and medical diagnostic x-rays, and 
well under a tenth of either of these 
amounts from fallout if testing con­
tinues. Nevertheless, he singles out the 
fallout problem as dominant by dis­
cussing the additional rather than the 
relative health damage that could be 
caused. In so doing, he computes 
numbers of potentially damaged peo­
ple which, although they appear large, 
are extremely difficult to document in 
a statistically meaningful way. 

From the discussion of the fallout 
problem caused by atomic weapons 
testing as a health problem-which in 
my opinion is not a dominant danger 
per se of these times-Pauling devel­
ops his appeal for the stopping of 
testing as being synonymous with an 

continued on page 13 
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Westinghouse is the best place 
for talented engineers 

Howard Zollinger joined Westinghouse in 1951-
has since earned MSEE and two U. S. patents 

At 28, Howard A. Zollinger, a 1951 BSEE graduate of 
Michigan College of Mining and Technology is doing 
" ... exactly what I always wanted to do." Now a 
systems design engineer, he specializes in the develop­
ment of modern materials handling systems to support 
increasingly automated production techniques. Since 
completion of the Westinghouse Student Training Course 
in 1952, he has earned an enviable reputation as an 
expert in drive systems; and he has submitted fifteen 
patent disclosures, two of which are about to result in 
patents in his name. 

Most important, Howard Zollinger is doing exactly 
what he wants to be doing. At the completion of his train­
ing course, he specifically asked that he be assigned to 
his present department. And, when he decided that 
additional graduate study would be helpful, the West­
inghouse Graduate Study Program enabled him to 
combine this study with his regular job. After complet­
ing all required course work and his thesis last December, 
he was awarded his MSEE by the University of Pitts­
burgh in June. 

October, 1958 

Howard Zollinger is one of many talented young 
engineers who are finding rewarding careers with West­
inghouse. You can, too, if you've got ambition and you're 
a man of exceptional ability. Our broad product line 
and decentralized operations provide a diversity of 
challenging opportunities for talented engineers. Guided 
missile controls, atomic power, automation, radar, semi­
conductors, and large power equipment are only a few of 
the fascinating career fields to be found at Westinghouse. 

Why not find out now about the opportunities for you 
at Westinghouse? Write to Mr. L. H. Noggle, Westing­
house Educational Center, Ardmore & Brinton Roads, 
Pittsburgh 21, Pa. 

YOU CAN BE SURE ... fF ITS 

Westinghouse 
WATCH "WESTINGHOUSE LUCILLE BALL.DESI ARNAZ SHOWS" 

CBS TV MONDAYS 



10 

Freezing W'ater 
to W'arm a mine 
Inco shows a king-size operation 

that helps mine more Nickel 

The bigger the mine, the more men at work, 
the more air they need. Gales of air. Warmed 
in winter. Cooled in summer. That's the rea­
son for this mammoth "air conditioner" in 
an Inco-Canada mine. 

In winter it raises the temperature of cold 
air from outside by making ice. In summer 
it uses the ice to cool air that's too hot! (See 
diagram below) 

In winter, cold air is blown through sprays of 
warmer water. The water loses its heat, freezes 
into mountains of solid ice. In the process, the latent 
heat of freezing is transferred to the air, warms it up 
for use inside the mine. 

At full capacity in a winter season, this 
system alone can generate as much heat as 
350,000 gallons of fuel oil. During this 
period, 150,000 tons of ice may form. (~ee 
photo at left) 

Installations like this are expensive in 
time and money. Such outlays are typical of 
many made by Inco-Canada. Their cost adds 
up to millions. Results are-to continue the 
increased production of Nickel. 

Mining for Nickel is a 45-minute color film 
loaned to high school science groups, college 
engineering classes and; technical societies. 
Write to Educational Service, Development 
and Research Division, 

The International Nickel Company, Inc_ 
New York 6, N. Y. 

<!~> 
International 

Nickel 
The International Nickel Company, Inc., is the U. S. 
affiliate of The International Nickel Company of 
Canada, Limited (Inco-Canada) - producer of Inco 
Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium 
and Platinum, Palladium and Other Precious Metals. 

©1957. T.l.N.Co.,Ine. 

A mountain of ice, built up in this inside-a­
mine "air conditioner." The rock chambers, or 
"stopes," where the ice forms, are high as a 23-
story apartment, big enough to house 300 fami­
lies. Things have to be done in a big way to get 
Nickel in the tremendous amounts used by indus­
try to make metals that perform better, longer. 
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Why Lockheed-
Lockheed's leadership in aircraft is continuing in missiles. The Missile 
Systems Division is one of the largest in the industry and its reputation 
is attested by the number of high-priority, long-term projects it holds: 
the Polaris IRBM, Earth Satellite, Kingfisher (Q-5) and the X-7. 
To carry out such complex projects, the frontiers of technology in all 
areas must be expanded. Lockheed's laboratories at Sunnyvale and 
Palo Alto, California, provide the most advanced equipment for research 
and development, including complete test facilities and one of the 
most up-to-date computing centers in the nation. Employee benefits 
are among the best in the industry. 

For those who qualify and desire to continue their education, the 
Graduate Study Program enables them to obtain M.S. or Ph.D degrees 
at Stanford or the University of California, while employed in their 
chosen fields at Lockheed. 

Lockheed Missile Systems Division was recently honored at the first 
National Missile Industry Conference as "the organization that 
contributed most in the past year to the development of the art of 
missiles and astronautics:' 

For additional information, write Mr. R. C. Beverstock, College 
Relations Director, Lockheed Missile Systems Division, 
Sunnyvale, California. 

lllllkllllild / MISSILE SYSTEMS DIVISION 

SUNNYVALE, PALO ALTO. VAN NUYS, SANTA CRUZ, VANDENBERG AFB, CALIFORNIA 

CAPE CANAVERAL, FLORIDA. ALAMOGORDO, NEW MEXICO 
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Nearing completion at Convair­
Fort Worth - the world's largest 
Altitude Chamber of its kind. 

Bonded sandwich paneling­
pioneered by Convair-Fort Worth 
- is fabricated in an almost un­
limited variety of shapes and sizes. 

Final checkout of B-58 is performed 
with spedal 50-ton refrigeration 
unit to cool electronic equipment, 
and an electric power generator. 
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The huge Convair-Fort Worth plant is lo­
cated on the western edge of Fort Worth, 
and is connected to all parts of the city by 
a system of limited access freeways. 

Vital statistics for the engineer and 
scientist interested in a position affording 
a high potential for professional growth: 

• America's largest and most 
complete air craft manufactur­
ing facility located in the na­
tion's 12th market area 

• Nearly half-a-hundred highly 
advanced Air Force contracts 
now on hand 

• Extensive research and de­
velopment equipment and 
facilities 

• Broad educational and em­
ployee benefits 

• First to employ the weapons 
system management concept 

• Latest achievement . . • Am­
erica's first supersonic bomber 
• . . the all new B-58 

A resume of your training and experience 
will be evaluated by engineers in the 
department best suited to your particular 
qualifications. 

CONVAIR 
FORT VVORTH 

FORT WORTH, TEXAS 

CONVAIR IS A DIVISION OF 
GENERAL DYNAMICS CORPORATION 

DAEA"C '- newest and most ad­
vanced facility - permits static, 
dynamic, flutter and steady-state 
areoelastic testing of the complete 
airplane by means of direct elec­
trical analog. 

Full scale mock-up and test stand 
for B-58 h)'draulic powered flight 
control system. 
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Books ... continued 

appeal for abolition of nuclear war. 
It is this identification which involves 
questions of the political effect of 
stopping these tests; arguments con­
cerning these questions are given in 
the book to only a very minor extent. 
One of the arguments given-that a 
test ban would make it less likely for 
powers other than the United States, 
the U.S.S.R. and Great Britain to ac­
quire bombs - is clearly fallacious; 
atomic weapons of not too radical de­
sign could be developed by other 
nations without the need for tests; it 
should be recalled that the number of 
weap~ns which failed to function in 
the tests has been exceedingly small. 

My comments on Pauling's position 
on continued testing should not be 
taken to imply that I believe that the 
opposite arguments-that testing must 
be continued under any circumstances 
-are compelling. Rather, I conclude 
that neither the medical nor the politi­
cal arguments concerning nuclear 
weapons testing are sufficiently com­
pelling to allow consideration of this 
problem apart from the generally 
pressing need for a halt in the weap­
ons race. Pauling's conclusion that the 
present superweapons should preclude 
another world war will be disputed by 
few; his views in singling out nuclear 
tests as a logical first step to peace are 
much less convincing. 

W otfgang K. H. Panofsky is the director 
of the High Energy Physics Laboratory 
at Stanford University. He received his 
PhD at Caltech in 1942. 

Guide to Technical Reports 

by Henry Dan Piper & Frank E. Davie 

Rinehart & Company, Inc., N.Y. $1.00 

Reviewed by George R. MacMinn 

This exceptionally well-printed, at­
tractive pamphlet of 83 pages says 
everything essential about its subject 
with a clearness, conciseness, and 
readableness for which any writer of 
technical reports should be grateful. 
The guide is intended not only for 
students but also for professional en­
gineers and scientists, and for indus­
trial personnel in any category that 
may be concerned with technical writ­
ing. 

Direct, practical value is assured 
by the collaborative authorship of the 
pamphlet. Henry Dan Piper, associ­
ate professor of English at the Insti-
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tute, has been conducting the course 
in technical writing here for several 
years with notable success; in addi­
tion he enjoys the advantage of hav­
ing formerly been employed in the 
laboratories of E. I. du Pont de Ne­
mours & Co., Inc. Frank E. Davie 
is a mechanical engineer of many 
years' experience with the Shell Oil 
Company. Besides, these authors have 
had the benefit of suggestions from 
Dr. Peter Kyropoulos, now of the 
General Motors Styling Center, De­
troit, and from the engineering staff 
of Technical Communications, Inc., 
Los Angeles. An earlier version of 
the guide was thoroughly tested in a 
division of the Shell Oil Company, 
and the present text is based on a 
study of current practices in "well­
known and diversified industrial and 
governmental laboratories and engin­
eering organizations." 

One particularly interesting and 
effective feature of the guide is the 
presentation of the section on pro­
cedure for the fOlmal report in the 
form of such a report, thus immedi­
ately illustrating the principles de­
scribed. 

More than half the space of the 
pamphlet is given to an appendix of 
five examples, the first a formal report 
submitted by a student at Caltech, 
the four others informal reports of 
various kinds. "Exhibits" D and E are 
made especially useful by being pre­
sented, each of them, in three parts:, 
(1) the original report; (2) a recom­
mended revision of this first form; 
(3) a critical analysis of the two 
forms. 

It is gratifying to find that the 
authors emphasize the importance. of 
the report-writer's studiously project­
ing himself into the point of view of 
the intended or expected reader, with 
as much knowledge, imagination, and 
psychological acumen as such a not 
only preliminary but also continuous 
part of the process may require. Very 
commendable is the counsel, too, re­
garding tact, courtesy, and discretion. 
The student or, indeed, the occupant 
of high office, may be learning his 
most valuable lesson when he under­
stands that he is, first and last, a man 
writing for the benefit of other men 
as well as serving his own interests. 

George MacMinn, professor of English, 
emeritus, taught the course in technical 
writing at Caltech for 12 years. 

Imported CASTELL 

"BLACK GOLD" 

Glapnile 
adds skill to yourhaQa 
Horizontal opportunities are 
plentiful for 'graduate engineers' 
- but how about verti· 
cal opportunities? HoW" 
high will you grow in 
5 years? 

That will depend on 
your native talent, hard 
work and such profes­
sional habits as the use 
of imported A.W.FABER 
CASTELL. "black ,gold" 
graphite - the best na­
tural graphite testing 
out at more than 99% 
pure carbon - makes 
Castell the world's 
finest drawing pencil. It 
will add skill to your 
hand as it does to sea­
soned Pros the world 
over. Color-graded for 
instant identification in 
most of the 20 scienti­
fically-accurate degrees, 
8Bto 10H. 

If you prefer a 
Holder, try LOCKTITE 
Tel-A-Grade 9800 
which shows. your de­
gree in. a flash - plus 
imported "black gold" 
CASTELL 9030 Lead. 
Shop ill your college 
store and insist on 
CASTELL across' the 
board. > ' 

A.W. FABER·CASrELL 
PENCIL CO., INC. NEWARK 3, N. J. 
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the beginning of a million dollar detective story 

14 

Men. vehicles and instruments hound for the middle east 

The cast of this story may include a part for you. GSI is a leader in 

the worldwide search for new petroleum reserves. Emphasis! is shifting 

to foreign areas and there is a world of opportunity awaiting those who 

can qualify for a career in geophysical exploration. 

GSI has openings for college graduates trained in geophysics, 

physics, engineering, math and geology. 

For a rewarding career, which may take you from California to 

Calcutta, join the cast ... join GSI. 

Write for our booklet, "Witb GSI Tbe World Is Your Office. II 

-jtB!1I.. ~ I.eWMIip ~/;,wetJJ/J;-J.Mti/J; 

• 

GEOPHYSICAL SERVICE INc. 
Department 2 - Box 35084 

Airlawn Station, Dallas 35, Texas 
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-why hughes cannot hire 
the average engineer 

Gte our un 
nUln er 0 

eee ente 

There is no place for the average engineer at the Hughes Research & 
Development Laboratories. The reason-Hughes R&D Engineers must 
contribute beyond the present state of the art. 

Current Hughes projects like Ballistic Missiles, Space Vehicles, Advanced Airborne 
Electronics Systems, Nuclear Electronics and Subsurface Electronics demand a special 
kind of engineer-creative, unhampered by conventional approaches, happiest when 
a problem presents genuine challenge. 

The spectacular accomplishments of the Hughes Research & Development Labora­
tories is directly attributable to this special kind of engineer. He is responsible for 
Hughes' acknowledged reputation for leadership in the field of advanced electronics. 

The challenge and diversification of our current and proposed projects have established 
an ideal environment for above-average, creative engineers. The Hughes salary 
structures will reflect these exceptional abilities. 

Investigate these unusual assignments by writing directly to: 

the West's leader in advanced electronics 

October, 1958 

Dr. Allen Puckett 
Associate Director 
Systems Development laboratories 

I----------------------------i 
I I 

I HUGHES i 
I I 
I I L ____________________________ ~ 

RESEARCH 80 DEVELOPMENT LABORATORIES 

Scientific and Engineering Staff 

Hughes Aircraft Company, Culver City 52, California 

© H.A.C. 
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Benjamin Franl~lin ... on science and humanity 

"The rapid progress true science now makes. occasions 

my regretting sometimes that I was born so soon. It is 

impossible to imagine the height to which may be 

carried. in a thousand years. the power of man over 

matter. We may perhaps learn to deprive large masses 

of their gravity. and give them absolute levity. for the 

sake of easy transport. Agriculture may diminish its 

labor and double its produce; all diseases may by sure 

means be prevented or cured. not excepting even that 

of old age. and our lives lengthened at pleasure even 

beyond the antediluvian standard. 0 that moral science 

were in as fair a way of improvement. that men would 

cease to be wolves to one another. and that human beings 

would at length learn what they now improperly call 

humanity Y" 
-Letter to Joseph Priestley. February 8. 1780 

THE RAND CORPORATION, SANTA MONICA, CALI PORN IA 
A nonprofit organization engaged in Te~ear~h on problems related to national security and the public interest 
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The first of two 90-foot reflector antennas is lifted into place at Caltech's new radio observatory. 

Listening to the Stars 
A progress report on C altech' s radio astronomy research project 

The world's most versatile radio telescope starts op­
eration this month at Caltech's new $1,500,000 radio 
observatory near Big Pine, California. 

The first of two gO-foot reflectors has been hoisted 
onto its 45-foot pedestal at the observatory and is now 
ready to start receiving radio signals from space. A 
twin of this big 150-ton metal dish will be ready for 
listening in December, and by next spring the two 
reflectors will be hooked up for use together and the 
radio observatory will be in full operation. 

Operated by Caltech and financed by the Office of 
Naval Research, the observatory is 250 miles north of 
the campus, in the Owens Valley desert, shielded from 

October, 1958 

man-made radio and television interference by the 
high Sierra Nevada and the White Mountain ranges. 

The science of radio astronomy is only about 10 
years old. Actually, it represents an extension of opti­
cal astronomy to a range of wavelengths longer than 
the eye can see. Optical telescopes are sensitive to 
radiations from stars and other objects which are in 
the visible or near-visible range~that is, to light whose 
wavelength is anywhere from about one to- four-IOO 
thousandths of an inch. 

With the advent of radar during the second world 
war, new short-wave radio receivers were developed, 
which are sensitive to electromagnetic radiations in 
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the microwave or very high frequency ranges-from 
a few twenty-fifths of an inch to a few yards in wave­
length. 

When the new ultrasensitive short-wave receivers 
were directed to the sky it was found that radio waves 
were reaching the earth from the sun and from out in 
space in all directions. This opened a whole new field 
of astronomy-the systematic investigation of radia­
tions in the radio range coming from a large number 
of relatively small sources in the heavens. These 
sources were called "radio stars" for want of a better 
name. 

Caltech's research program in radio astronomy will 
include attempts to identify several hundred radio 
stars with visible objects and to study the mechanism 
responsible for generating the signals. So far, only 
about 50 of some 2,000 known radio stars have been 
identified. 

Some of the radio stars are associated with grand 
catastrophes in nature-such as the remnants of an 

;'exploded star, or the collision of two galaxies near the 
limit of the visible. universe. In fact, some of the 

, objects detected by the Owens Valley telescopes may 
be beyond the range of the largest optical instruments. 

The research program will also include studying 
solar outbursts which are believed to be due to streams 
of ionized matter, or pieces of atoms, blasted into 

.. space from the sun, and responsible for the aurora 
borealis. 

Though there are a number of other large radio 
telescopes in use throughout the world ( including 
England's 250-foot dish-the largest of all), the Cal­
tech instrument will be the most versatile because of 
its twin antennas. Stellar signal sources can be more 
accurately pinpointed by a team of two dishes operat­
ing as an interferometer. In order to detect very weak 
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John Bolton, professor of radio astronomy, is scientific 
director of the new Caltech radio observatory. ' 

signals, the two antennas can be steered to follow a 
star. To measure the angular diameter of the faintest 
objects, each antenna is set on a wheeled mounting, 
riding on railroad tracks 1,600 feet long. The tele­
scopes (each dish carries more than 6,000 square feet 
of steel as its reflector) are built to take winds of 80 

Workers adjust the expand­
ed aluminum mesh which 
covers the 90-foot telescope. 
When accurately adjusted 
(at 324 different points) the 
mesh forms a reflecting sur­
face that accurately focuses 
all rays coming in from 
space. 

Engineering and Science 



Auxiliary 32-foot telescope, with its highly accurate solid surface, is used mainly for experimental purposes. 

mph, and Bruce Rule, Caltech's chief engineer, who 
designed them, admits that the structural problems 
were more severe than for Caltech's 200-inch optical 
telescope at Palomar. 

In Caltech's twin telescope, radio signals are caught 
in the dish-shaped reflector antennas, which focus the 
radio waves to a pOint, just as telescope mirrors focus 
light. The incoming signals are funneled into a radio 
receiver that amplifies them. Then the signals are 
presented on pen recorders, oscilloscopes or magnetic 
tapes. 

The 90-foot antennas will be used to study signal 
wavelengths ranging from about two inches to nearly 
forty inches long. A 32-foot dish for picking up short 
radio waves is already in operation at the observatory, 
as are two networks of wire antennas (called "arrays") 
for collecting the long ones. The 32-foot reflector, 
which used to operate at the Palomar Observatory, is 
used for waves two-fifths of an inch to two inches 
long. It will also be used to develop and test instru­
ments. The arrays (one of which covers 2 acres, the 
other, 10) are used to investigate the earth's upper 
atmosphere. They have been studying broadcasts on 
wavelengths ranging up to 40 feet for about a year. 

John G. Bolton, professor of radio astronomy, is 
scientific director of Caltech's radio observatory. 
Though he is only 36, Bolton was one of the pioneers 
in the field of radio astronomy. With Gordon J. 
Stanley, who is now also at Caltech, he discovered the 
first radio stars in 1947. Formerly principal research 
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officer of Australia's Commonwealth Scientific and 
Industrial Organization, he came to Caltech in 1955 
to help design the radio observatory and supervise its. 
construction. 

Gordon Stanley, senior research fellow, has been 
responsible for the design and construction of. the 
sensitive receiving equipment to go with the big dishes 
at the observatory. 

The research staff also includes Dr. J. A. Roberts, 
senior research fellow; Dr. T. A. Matthe'ws, research 
fellow; and Dr. K: C. Westfold, visiting associate pro-
fessor of astronomy. . .'j>' 

The observatory includes a one-story concrete block 
building containing electronic receiving equipment, 
living quarters for four people, two offices and a work­
shop. 

The Caltech observatory is one of several radio 
astronomy research projects being supported by the 
Navy. Aside from basic research, the Navy can expect 
some very practical applications to result from these 
studies. Research in this field will require advances in 
electronic techniques such as low-noise receivers and 
antennas, which may find future application in mili­
tary equipment. The research will contribute to our 
knowledge of the propagation of radio waves through 
the ionosphere and the troposphere and so may be of 
value in achieving improved radio communication. 
And, in time, radio stars may be used for navigation 
of aircraft and ships, and for the tracking and guid­
ance of missiles and space vehicles. 
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Upjohn Company's model of a human cell, 24 feet wide and 1,000,000,000 times larger than an actual cell. 

The Biology of Microsomes 
by James Bonner 

These are stirring times in the world of biology. We 
are beginning to find out a little bit about how pro­
teins are synthesized by living creatures. 

In recent years we have come to know a great deal 
about. the structure of proteins-as, for example, that 
proteins consist of· amino acids linked into long pep­
J~de chains, and that these chains are wound in heli­
~al .form. 

'.Now we are beginning to understand why individ­
ual proteins are different from one another, and why 
they have different enzymatic activities-even though 
they are all composed of the same 20 amino acid 
building blocks. We know that the individuality of a 
protein resides in part in the sequence in which its 
amino acid units are put together to form the protein 
peptide chain. But until recently the mechanisms by 
which the cell makes its many different enzymatic 
proteins was totally obscure. 
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It appears today that proteins are synthesized upon 
the surfaces of a particular kind of subcellular: entity 
-the microsome. The microsome, in turn appears to 
be made in the nucleus. The microsome is not only the 
engine of protein synthesis but also the device where­
by the coded information of the chromosome is car­
ried to and utilized by the protoplasm of the growing 
cell in the synthesis of its individual enzymes. 

Our new knowledge of protein synthesis has been 
made possible by the development during the past 10 
years of methods for separating the cell into its com­
ponent parts. These methods have, in part, been 
dev.ised at Caltech by Samuel G. Wildman (now pro­
fessor of botany at UCLA); George Laties, senior 
research fellow at Caltech; and others. 

The individual cellular components, whose struc­
ture and nature we know in some detail through elec­
tron microscopy, are in general separated from one 
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Our modest understanding of microsome biology 

is leading us to an understanding 

of the problems which lie at the very base of biology 

another quantitatively by differential centrifugation. 
Thus, a plant tissue is first ground at low temperature 
to rupture the cellulosic material of the cell wall and 
release the protoplasm. The broken cell walls and 
other cellular debris are then removed by centrifug­
ation at a few hundred times gravity for a few min­
utes. The supernatant for this centrifugation may now 
be spun briefly at higher speeds-perhaps 1,000 to 
2,000 times gravity-in order to sediment the rela­
tively large and heavy nuclei. Centrifugation of the 
supernatant at still higher forces-about 12,000 x g­
for a few minutes, results in quantitative sedimenta­
tion of the mitochondria, which are rod-shaped par­
ticles about 1 micron long, and hence visible in the 
light microscope. 

The supernatant, after removal of the mitochondria, 
contains still further particulate matter. It may con­
tain lipoprotein membranes-the so-called endoplas­
mic reticulum-although this is absent in some tissues. 
It also contains small spherical particles, the micro­
somes, which are attached to the membranes of the 
reticulum if this is present. Centrifugation of the 
mitochondria-free supernatant at forces of 100,000 
x g for 30 to 60 minutes results in sedimentation of 
membrane and microsomal particles together. 

In the case of the pea stem (worked on at Caltech 
by Paul Ts'o, research fellow in biology; Jerome Vino-. 
grad, research associate in chemistry; and myself) 
membranes are absent, and it is possible to obtain the 
microsomal particles in relatively homogeneous condi­
tion. The supernatant which remains after removal of 
the microsomes contains still further material. It is 
in this residue that the individual soluble enzymes of 
the cell-the common everyday garden varieties of 
enzymes-are to be found. 

The microsomal particles prepared by centrifug­
ation are homogeneous in the ultracentrifuge. They 
appear in the electron microscope as oblate.spheroids 
with a major diameter of 280 angstroms and a mole­
cular weight of about 4 million. They are composed 
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of 40 percent ribonucleic acid (RNA)· and the bal­
ance of their mass is entirely protein. . 

Interestingly enough, microsomal particles appear. 
to be much the same in size, shape and chemical com­
position throughout a wide spectrum of living crea­
tures. For instance, the microsomes of the pea plant, 
which we have studied, are very similar to those of 
yeast, which have been studied at the University of 
California at Berkeley by Fu Chuan Chao, graduate 
student, and Howard Shachman, professor of bio­
chemistry. They are also very similar to the micro­
somes of immature red blood cells ( reticulocytes ) 
studied at Caltech by Jerome Vinograd and Howard 
Dintzis, assistant professor of chemistry. 

Even the amino acid compositions of the Jllicro­
somes of these different forms are closely similar. All 
are characterized by high contents of the basic amino 
acids lysine and arginine, and by high contents of the 
acidic amino acids glutamate ~nd aspartate. . 

Research at Ca'Itech by Paul Ts'o and' his collabor­
ators has revealed that the microso{ual particle is co~­
posed of subunits: The microsome contains magnes:" 
ium ions, and these magnesium ions bind the subunits 
together to form the intact microsomal particle. If 
about half of the magnesium is removed by suitable 
means, the microsome reversibly comes to pieces to 
form two new particles of masses two-thirds and one­
third of the original, respectively (shown on p. 22). 

Further removal of magnesium results in further 
disaggregation of the microsome, each original parti­
cle yielding two subparticles with a mass one-third of 
the original and two subparticles with a mass one­
sixth of the original. Each of these microsomal sub­
units contain ribonucleic acid and protein in the same 
proportion as the original microsome-that is, they 
are ribonucleoprotein subunits. Binding of RNA to 
protein does not concern magnesium but is appar­
ently due to hydrogen bonds. 

The microsome is then made up of ribonucleopro­
tein units, the smallest of which is one-sixth of the 
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James Bonner, professor of biology and acting chair­
man of the, Division of Biology. 

original microsomal particle. The molecular weight of 
the microsomal RNA appears to be close to that ex­
pected on' the basis that the one-sixth particle con­
tains but a single giant RNA molecule. 

The molecular weight of this giant RNA molecule, 
approximately 280,000, may well place an upper 
~limit on the amount of information which can be con­
Jained within the microsome. Thus, the elementary 
RNA chain of the microsome is about 900 nucleotide 
units in length. Current coding theories suggest that 
a sequence of at least 3 nucleotide residues are 
required to determine the position of each amino acid 
in a peptide chain-supposing, of course, that RNA 
does somehow determine amino acid sequence. Ac­
cordingly, an RNA chain 900 nucleotides in length 
could code in sequence no more than 300 or so amino 
acids. A protein 300 amino acids in length would have 
a molecular weight of about 30,000. This is indeed the 
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average molecular weight of the mixture of cellular 
proteins. It is apparent then that each microsome con­
tains information sufficient to make only one or, at 
most, a small number of kinds of proteins. 

It was first suspected that the microsome has a role 
in protein synthesis because of the fact that when C14_ 
labeled radioactive amino acid is supplied to living 
tissues it appears most rapidly in the microsomal frac­
tion-a fact first noted at Caltech by Henry Borsook, 
professor of biochemistry, and his group in 1950. 
Although the microsomes of living tissue become 
labeled very rapidly in the presence of labeled amino 
acid, they do not become highly labeled and they 
reach a plateau within a short period of time. At this 
plateau, or steady-state level of labeling, about one­
tenth to one-half percent of the amino acid of the 
microsome has become labeled. This suggests im­
mediately that some small portion of the total micro­
somal protein is capable of rapidly incorporating 
amino acid, the remainder of the microsomal struc­
ture being relatively inert. 

In addition, the labeling of microsomes in the steady 
state is transitory. Labeled amino acid, once incor­
porated into the microsome, may be washed out again 
if the labeled amino acid is replaced by unlabeled. 
This is not true of the incorporation of labeled amino 
acid into the proteins of the soluble cytoplasm, for 
example. The kinetic evidence available is in agree­
ment, then, with the hypothesis that microsomes some­
how assemble amino acids into growing peptide chains 
and finally into protein molecules, which are then 
shed from the microsome to appear as soluble protein. 

Where do little microsomes come from? Cellular 
particles such as nuclei, chloroplasts and mitochondria 
multiply by division but this does not appear to be 

Remove 50% of Mg 
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Remove 95% of Mg J f? 
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When microsomes are robbed of their magnesium 
they come apart into fragments. S is the unit for measur­
ing the rate of sedimentation in the ultracentrifuge. 
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the case for microsomes. On the contrary, microsomes 
appear to be synthesized within the nucleus. Thus, 
with the electron microscope, objects resembling mic­
rosomes can be seen within the nucleus. In addition, , 

. it has been possible to isolate particles physically and 
chemically identica~ with microsomes directly from 
preparations of purHied nuclei. 

This has been done by Paul Ts' 0 and Clifford Sato 
at Cal tech and also by Soyozo Osawa and his group 
at Nagoya University. Particles identical with the 
cytoplasmic microsomes in molecular weight, RNA 
content and other characteristics have been prepared 
from such isolated nuclei. 

Microsomes are then contained in the nucleus. Are 
they in fact synthesized within the nucleus? It has 
been known for some years that the nucleus is the 
seat of active RNA synthesis and that much of the 
RNA of the cell is formed there. Cells which do not 
contain nuclei do not possess the ability to form RNA, 
or at least they form RNA sluggishly. Cells which con­
tain nuclei possess the ability to form RNA abundant­
ly. If tissues containing nuclei are supplied with 
labeled precursors of either RNA or protein, the label 
is recovered in the nuclear microsomes at relatively 
high levels of activity, as would be expected if micro­
somes are synthesized within the nucleus. 

And, finally, the matter has been approached direct­
ly in the laboratory of Alfred E. Mirsky, a former 
Caltech research fellow who is now a member of the 
Rockefeller Institute. In the experiments of Mirsky, 
V. G. Allfrey and Syozo asawa, the synthesis of RNA 
and of protein was studied in isolated nuclei from the 
thymus gland. In these experiments, it has been shown 
that ribonucleoprotein (material which we now be-

Jerome Vinograd, research associate in chemistry, at 
the analytical centrifuge. 
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Paul Ts' 0, research fellow in biology and leader of the 
Caltech group studying microsome biology. 

lieve to be in part nuclear microsomes) is formed in 
the nucleus, and that the formation of such material 
takes place only in nuclei containing intact DNA 
( deoxyribonucleic acid), intact chromosomal materiaL· . 
Treatment of the isolated nucleus with the enzyIhe " 
DNAase, which destroys DNA, abolishes the ability 
of the nucleus to synthesize ribonucleoprotein. 

How do the microsomal particles, once made in the 
nucleus, escape into the cytoplasm? Experiments with 
amoebae by L. Goldstein and ,Walter Plaut, research 
fellows at the U~iversity of Calif~)fnia 'in Berkelw, 
have shown that such escape does take place. , 

In these experiments, nuclei containing labeled RNA 
were transplanted to unlabeled cytoplasm of a second 
amoeba. The RNA from the labeled nucleus escaped 
to and filled the cytoplasm of its host. No experiment 
has as yet been done, however, which directly shows 
the movement of microsomal particles from nucleus 
to cytoplasm. Such an experiment, difficult as it would 
be, is a logically essential one. 

When tissues which are actively synthesizing RNA 
are supplied with labeled amino acid the microsomes 
may attain very high levels of labeling. In such micro­
somes, the structural protein of the particle itself 
becomes labeled. 

We must distinguish therefore between two kinds 
of protein synthesis. We have, on the one hand, syn­
thesis of the structural protein of the microsome. This 
apparently takes place within the nucleus and leads to 
high levels of microsomal labeling. Synthesis of pro­
tein by microsomes, on the other hand, occurs outside 
of the nucleus. This is a process in which microsomes 
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Microsomes are synthesized within the nucleus. They 
escape to cytoplasm. There they participate in protein 
formation. 

become labeled rapidly, to be sure, but in which only 
a small proportion of the microsomal protein is lab­
eled in the steady state. 

The microsome then is a component of the protein 
synthesis mechanisms. But it is only one link in the 

"" chain. We now know that protein synthesis consists 
of a serie's of events. The nature of these events has 
been eluCidated by work on animal tissues done by 
former Caltech research fenows Richard Schweet 
(now at the City of Hope), and Paul Zamecnik (now 
at the Massachusetts General Hospital) and his group 
-including Mahlon Hoagland, Elizabeth Keller and 
others; and by work on plant systems at Caltech done 
by George Webster (now associate professor of bio­
chemistry at Ohio State University), John Clark, J r. 
(now instructor of biochemistry at the University of 
Illinois), Paul Ts'o, and others. 

In this sequence of events, amino acids are first con­
verted into activated forms which we call AMP-acyl­
amino acid complexes. This is the step of amino acid 
activation. It appears that both plant and animal tis­
sues contain separate amino acid-activati.ng enzymes 
for each of the 20 individual amino acids which com­
pose proteins. 

Amino acid, once activated, is next transferred to an 
acceptor which is soluble cytoplasmic RNA. This was 
first discovered at Caltech by Robert Holley (now 
of the Agricultural Research Service at Cornell Uni­
versity), and was studied in detail by Mahlon Hoag­
land, and by Richard Schweet and his group. 

Richard Schwee(s research also indicates that there 
. are individual soluble acceptor ribonucleic acids, one 
'for each of the individual activated amino acids. 
"Transfer of RNA-acyl-amino acid complex to the mi-
crosomal surface appears to be the next event in this 
catenary sequence. Amino acid is somehow trans­
ferred to the microsomal surface, there to be incor­
porated into peptide bond linkage with other similar­
ly activated and transferred amino acids. 

It appears probable that the microsome contributes 
to this process by acting as the long-postulated tem­
plate, and by ordering in proper sequence the amino 
acids which are being assembled in the growing 
peptide chain. 

24 

This is suggested by the experiments of Howard 
Dintzis, which show that microsomes of red blood 
cells, which manufacture hemoglobin, receive acti­
vated amino acids and assemble them in the relative 
nbundances characteristic of hemoglobin. Then, too, 
the work of Richard Schweet, Hildegarde Lamfrom, 
and Esther Allen shows that immature red cell micro­
somes make hemoglobin even if wedded to activating 
enzymes and soluble RNA of liver. Clearly, it is the 
microsome which contributes information to thc 
process of amino acid assembly into protein. 

It has already been noted that the store of informa­
tion as to the appropriate sequence which can be con­
tained within one microsome is finite and in fact small. 
vVhile a single microsomal particle may contain the 
information necessary to assemble a few hundred 
amino acids in proper sequence, it can hardly be 
imagined to contain the information necessary to 
assemble more than this small number. It appears 
quite probable, therefore, that the individual micro­
some is concerned with the synthesis of one individual 
kind of protein. Although they appear similar in struc­
ture, the microsomes actually seem to be different 
from one another-each containing, in RNA code, in­
formation appropriate to the synthesis of a particular 
kind of protein. 

Genetic information 

Interestingly enough, the number of nucleotides in 
the elementary RNA chain of a single microsome 
corresponds approximately to the number of nucleo­
tides estimated by geneticists to be contained in the 
DNA of a single gene. The attractive possibility 
presents itself that each individual gene sends out 
its information to the rest of the cell in the form of 
a single species of microsome-that each microsome 
contains in RNA language the message contained 
in DNA language in a single gene. Indeed, the work­
ing hypothesis and rallying cry of the microsome 
biologist today is "one gene, one microsome, one en­
zyme." 

We know today, at least, that the problem of how 
proteins are synthesized is a problem which can be 
solved. The mechanism by which energy is made 
available for peptide bond formation is known. Mi­
crosomes appear to be the engines of protein synthesis. 
Microsomes appear also to be the agency by which 
the information contained in the DNA of the chromo­
somes is transmitted to, and utilized in, the synthesis 
of soluble cytoplasmic enzymes. 

An understanding of the complex processes of dif­
ferentiation itself may ultimately flow from Our in­
creasing knowledge of microsome biology. Differentia­
tion may well consist merely in enrichment or impov­
erishment of the cell in particular kinds of microsomes 
at the expense of others. Our modest understanding of 
microsome biology is giving us understanding of prob­
lems which lie at the very basis of all biology. 
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Student Life 

The summer sort of dribbles to an end . .. it's a lonel!J time. 

The Three-One Plan 
Summer school - the easy way 

This was my second summer spent at Caltech on 
the 3-1 plan-study three seasons and work one so 
you can come back for the next three. Since this 
was my second summer here, I was able to avoid 
many of the pitfalls and excesses of the first-thus 
opening up time for a whole new field of excesses. 

With my family safely exiled in Minnesota, I was 
free to do as I pleased, with only my conscience and 
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the law as a guide. Somehow, despite this freedom 
and the pent-up emotions of nine months' previous 
schooling, I managed to do surprisingly little. This 
is the usual way things go for me, though, so I'm 
practiced at salvaging pleasant overall memories from 
uneventful periods of my life. 

One of the first pitfalls I avoided was the Old 
Dorm. Despite the best efforts of Mrs. Lyall and her 
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You get to meet the big and sometimes wonderful 
Caltech community. 

crew, the Old Dorm remains slightly inferior to the 
dollar-a-day joints in East L.A. Four fellow under­
grads and I moved into a nearby home rented from a 
vacationing faculty member. It was a large pleasant 
home, nice to live in after two years of dormitories. 
A private bedroom (which is not also a living room, 
study and bathroom) can seem quite a luxury. 

Perhaps our little cooperative didn't keep the place 
too clean, but we didn't ruin it either, and we did 
have a lot of fun. The only real wear came during 
our parties, which were large and I fear sometimes 
boisterous. The best of these was our "Baby Party," 
so-called (quick explanation) because the accepted 
dress was baby-wear, and couples roamed the neigh­
borhood drinking punch from baby bottles. 

Tempting jobs 

The house was only two blocks from school, very 
handy since three of us were working on campus. 
Campus jobs are one of the nicest things that happen 

~ to a Caltech undergrad, and though the pay's not 
_~ensational, it would take quite a bit more to tempt 
Imeaway (nobody's doing any tempting, so I'm safe). 
I worked at the Synchrotron, which is just full of 
people worthy of spending half-hour coffee breaks 
with. 

My group was involved in an important bit of 
basic research, as you could tell from our continual 
shouts of "More black tape!" I was assigned to build 
small devices for the big expensive device that was 
our project. Mostly I built coils of various sizes and 
designs. Sounds dull, but you can learn a lot be-
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tween turns. Actually, the non-monetary values of a 
campus job are at least three-fold: 

1. You get a lot of technical know-how. It doesn t 
do much good to learn Maxwell's equations if you 
don't know where the resistors are kept. 

2. You learn what a scientist's life is really like. This 
can be discouraging for those raised on the notion of 
steely-eyed, white-smocked men running around 
yelling "Eureka!" 

3. You get to meet the big and sometimes wonder­
ful Cal tech community of grad students, research fel­
lows, senior research fellows, assistant professors, 
associate professors, full professors, secretaries, ma­
chinists, electricians, window-washers, and Ed Hutch­
ings. Somehow, undergrads get left out of this con­
vivial community during school-probably because of 
their own aloofness. They miss the fun of such com­
munity meetings as occurred at the performance of 
Kent Clark's musical comedy late in August. A good 
show in its own right, made more so because it was 
written by a neighbor. 

I began this summer with a definite theme in mind 
-culture. No longer would I be the village slob, 
wallowing in rock 'n roll and the Saturday Evening 
Post. Instead, I would sample the intellectual nectar 
of the Greater Southern California area. Being a 

Caltech's Arena Theatre-I came as a scoffer but left 
a humbler young man. 
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tourist at heart, I began my sampling at the Holly­
wood Bo"vl. Symphonies Under the Stars (and air­
planes) proved to be somewhat of a disappointment.
A :Mack truck in low gear is pretty stiff competition
even for Beethoven.

Much happier were my visits to the far-flung net­
work of progressive jazz and Dixieland restaurants
(bars). They're everywhere-Hollywood (Ben Pol­
lack's, Jazz Cellar, Beverly Caverns); Hermosa Beach
(Lighthouse); even Pasadena (Zucca's Cottage, The
Track). I didn't become an expert on the music, but
I did learn to tap my foot in accepted fashion.

All this, though, was just a prelude to my adven­
tures with the little bohemian coffee shops that thrive
in Hollywood. (Most famous: The Unicorn, which
has the advantage of an avocado tree growing through
the center of it.) Bad paintings, exotic coffees, and
discussions of such things as Zen Buddhism and The
"Vay of Yoga keep one on one's toes. For awhile I was
on the verge of chucking my Caltech life entirely and
joining an Ouspensky group. Then I found out that
one of Ouspensky's chief tenets involves changing liv­
ing quarters every two hours in order to avoid stag­
nation.

Despite my travels, the best thing I attended all
summer was given in Culbertson Hall. Caltech's Arena
Theatre's presentation of All My SOilS by Arthur i\IIiller
was definitely a professional job. I came as a scoffer
but I left a humbler and quieter young man.

There were tl1l'ee occurrences this summer that de­
serve special mention because of their heart-warming
effect on loyal Caltechers. (Caltechites? Calticians?
Caltacos? Let's have a contest to choose a better
name.)

Dr. Beadle appeared suddenly on the cover of
Time. It was a square-jawed, hard-eyed Dr. Beadle,
who seemed a far cry from the pleasant gentleman
who just laughed when he caught you taking a jar of
fruit flies from Biology 1 lab. Still it was our Dr.
Beadle and it was nice to "vrite home that my biology
teacher was on the cover of that week's T'ime.

Da:nge'l': empire builders

One day in late July, the homes on San Pasqual
between Holliston and Chester suddenly sported
"Danger, Keep Out" signs. Perhaps there was some­
thing sad about watching those homes be flattened
out and hauled away in dump trucks, but they were
going to make room for the new $16 million worth
of Caltech. Just call us the empire builders.

A more humble event, but in my opinion even a
bappier one, took place just at the end of August.
Some one in the administration, and my blessings on
him, had wooden benches installed under the trees
in front of Engineering. Tradition in the making as
anyone could see.

I predict great things for those benches. At least
five generations of secretaries and students will share
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Goodbye Sue, Morylee, Lura, NOllcy, 'Velldlj, Karen,
Joony, Binny.

lunches on them. Of course no freshmen will be
allowed to sit there, with dire penalties for those who
do. Perhaps a thousand girls will be kissed under
the protection of those trees (not during the rainy
season, though).

I stood around while the workmen installed one
set of the benches, and, as soon as they were finished,
sat down. Me and Edmund Hillary.

The summer sort of dribbles to an end, and all the
girls you and your buddies have been taking out go
away to school. Goodbye Sue, Marylee, Lura, Nancy,
\iVendy, Karen, Joany, Binny. Have fun at Berkeley,
Vassar, Smith, Arizona, Colorado. See you next year
if you don't get pinned to some jerk.

Tech starts later than most schools, so there's about
two weeks of meditating time for the summer student,
with few earthly distractions to disturb the mind.
It's a lonely time, and you miss the exiled family
more than usual. But soon school starts again, and
the only thing you have time to miss is sleep.

-Brad Efron '60
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L. A. DuBridge and Arnold O. Beckman
at Caltech groundbreaking.

The Month

Donald F. DuBois, instructor in mathematics, who
will receive his PhD at Caltech in June, 1959.

I. S. Edelman, MD, senior research fellow in chem­
istry, from the University of California Medical Cen­
ter in San Francisco, where he is chief of Medical
Service. A graduate in medicine from Indiana State
University in 1944, Dr, Edelman is on a leave of
absence for one year to conduct research on proteins
and nucleoproteins,

George S, Hammond, professor of organic chemis­
try, from Iowa State College where he has been pro­
fessor of chemistry since 1955. Dr. Hammond, who
received his PhD from Harvard in 1947, was a re­
search associate in chemistry at Caltech in 1956.

Robed L. Hardel', instructor of electrical engineer­
ing, is working for his PhD at Caltech. He received
his BS and !v1S degrees from the Carnegie Institute of
Technology.

Thomas E. Hull, visiting associate professor of
mathematics, from the University of British Colum­
bia in Vancouver, B,C., where he is associate pro­
fessor of mathematics. He has been at UBC since
1949 when he received his PhD from the University
of Toronto.

Robe1t A. Huttenback, master of student houses
and lecturer in history, from a year in New Delhi,
India, on a Ford Foundation Fellowship. He is a 1951
graduate of UCLA and served as soccer coach at
Caltech for several years.

Robel't fahn, assistant professor of jet propulsion,
from the physics department at Lehigh University.
Dr. Jahn received his PhD from Princeton in 1955.

fohn L. Kerl'ebrock, senior research fellow in jet
propulsion, from Oak Ridge National Laboratories
where he has spent the past two years as a research
scientist. He received his PhD from Caltech in 1956.

Ha'l'ry A. Kirkpatrick, research associate in physics,

Engi.neering and Science

at Caltech

GroU'ndbl'eaking

Caltech entered the construction phase of its $16,­
100,000 Development Program on September 16.
Ground was broken for the first of 15 new buildings
when a signal from Explorer IV activated a power
shovel. The ceremony took place at the corner of San
Pasqual Street and Holliston Avenue, the site of a
new $600,000 physical plant building,

Although the Development Program has been under
way only a few months, a total of $5,800,000 has al­
ready been contributed. Six of the 15 buildings being
planned are now assured by specific gifts. The most
recent contribution was a gift of $850,000 for the con­
struction of a 1200-seat auditorium on campus by Dr.
and 1\11rs. Arnold O. Beckman. Dr. Beckman is presi­
dent of Beckman Instruments, Inc., of Fullerton, Cali­
fornia, and a member of the Caltech board of trustees,
He received his PhD from Caltech in 1928 and is
serving as chairman of the Institute's Development
Program.

Faculty Cha'nges

New members of the Institute's staff of instruction
and research for 1958-59 include:

Charles E, Gl'ecle, associate professor of mechanical
engineering, from Barry Controls, Inc., in vVatertown,
Mass., where he was vice president of the engineering
company. He is also a national vice president of the
American Society of Mechanical Engineers.

Gordon K. Douglass, instructor in economics, from
the Sylvania Electric Corporation in New York where
he has been an economist for the past five years. MI'.
Douglass received his BA from Pomona in 1950.

Daniel G. Dow, assistant professor of electrical en­
gineering, from Stanford where he received his PhD
in June.
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is professor of physics emeritus at Occidental College.
He received his BS there in 1914 and his PhD at
Caltech in 1931.

James K. Knowles, assistant professor of applied
mechanics, from the department of mathematics at the
Massachusetts Institute of Technology where he re­
ceived his PhD in 1957.

\~1. A. ]. Lu:rembul'g, assistant professor of mathe­
matics, from the University of Toronto where he has
been assistant professor of mathematics since 1956. He
received his PhD from the University of Leiden in the
Netherlands in 1955.

Charles J. Mankin, assistant professor of geology,
from the department of geology at the University of
Texas in Austin. He received his PhD there in June.

Paul D. V. Manning, professor of chemical engi­
neering, from the International Minerals & Chemicals
Corporation in Chicago, 'where he was senior vice
president for the past 15 years. He received his MS
from Caltech in 1917.

Peter V. Mason, instructor in electrical engineering,
received his BS in 1951 and his 1VIS in 1952 from
Caltech, and is now studying for his PhD.

Robert M. Mazo, assistant professor of physical
chemistry, from the Enrico Fermi Institute of Nuclear
Studies in Chicago where he was research associate.

Carver A. Mood, instructor in electrical engineer­
ing, received his BS in 1956 and his JvIS in 1957 at
Caltech and is now studying for his PhD.

Dino Morelli, lecturer in mechanical engineering,
from Strollee of California in Los Angeles ,"vhere he
has been a design engineer. He received his PhD here
in 1946 and was assistant professor of mechanical en­
gineering £rom 1949 to 1956.

Frances J. Mullin, assistant professor of electrical
engineering, £rom the University of California in
Berkeley where he received his PhD in June.

J. B. Oke, assistant professor of astronomy, £rom
the University of Toronto in Canada where he has
been assistant professor of astronomy since 1956. He
received his PhD £rom Princeton University in 1953.

Ian P'I'Oudman, visiting associate professor of aero­
nautics, £rom the Cavendish Laboratory at Cambridge
University. He is a Fellow of Trinity College where he
holds a university lectureship in mathematics.

Mmtin A. Reif, instructor in history, has been a
teaching assistant at UCLA since 1955 while working
for his PhD and also was an instructor at L.A. State
College during spring semester.

Ja'mes A. Roberts, senior research fellow in radio
astronomy, £rom the division of radiophysics of the
Commonwealth Scienti£c and Industrial Research
Organization in Australia. He is a senior research
officer there.

\V illard V. T. Rusch, instructor in electrical engi­
neering, who is studying for his PhD at Caltech. He
received his MS here in 1955.

\~lUlian/' R. Sa'mples, assistant professor of civil en­
gineering, from Harvard University where he has
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been a research fellow since 1955 when he received
his MS there.

David R. Smith, instructor iJl English, from Pomona
and Fullerton Colleges where he has been an instruc­
tor. He received his BA from Pomona in 1944 and
his MA £rom Claremont Colleges in 1950.

Gordon J. Stanley, senior research fellow in radio
astronomy, who has been at Cal tech as a research en­
gineer since 1955.

Robert R. Stoll, senior research fellow in mathe­
matics, from Oberlin College in Ohio where he has
been professor of mathematics since 1952. He re­
ceived his PhD £rom Yale in 1943.

Cecil E. Tilley, visiting professor of geology, from
Cambridge University in England where he is profes­
sor of mineralogy and petrology. He received his PhD
from Cambridge in 1923.

Richard 'M. Sutton, professor of physics and direc­
tor of relations with secondary schools, from Case
Institute of Technology in Cleveland where he taught
science and technology to business executives. He got
his PhD at Caltech in 1929 and did research here
£rom 1925 to 1931.

Hamo Takeya/1la, senior research fellow in engi­
neering, from HiTOshima University in Japan where
he is professor of physics.

Jurg \Vaser, professor of chemistry, from Rice In­
stitute in Houston, Texas, where he was professor of
chemistry. He received his PhD here in 1944 and was
instructor, research fellow and senior research fellow
from 1942 to 1948.

Hatten S. Yodel', Jr., visiting professor of geochem­
istry, from the Geophysical Laboratory at the Car­
negie Institution in \iVashington, D.C., where he has
been a research geochemist since 1942.

H. J. Zassenhaus, visiting professor of mathematics,
from ~"IcGiJl University in ~vIontreal, Canada, where
he is professor of mathematics.

PRO~'IOTIONS:

To Professor:
John G. Bolton-Radio Astronomy

To Associate Professor:
Allan J. Acosta-Mechanical Engineering
Norman H. Brooks-Civil Engineering
Thomas K. Caughey-Applied Mechanics
Roy W, Gould-Electrical Engineering
Hardy C. Martel-Electrical Engineering
Robert D. Middlebrook-Electrical Engineering
Anatol Roshlw-Aeronautics
Alvin V. Tollestrup-Physics
Thad Vreeland-Mechanical Engineering
Wal'(l Whaling-Physics

To Assistant Professor:
Fred C. Anson-Analytical Chemistry
Matthew Mcselson-Physical Chemistry
George N. Richter-Chemical Engineering
\Vinston Royce-Aeronautics
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To Senior Research Fellow:
)'uen Chu Leung-Chemistry

ON LEAVE OF ABSENCE:

George YV. Beadle, chairman of the division of bi­
ological sciences, to the University of Oxford in Eng­
land, as Eastman Visiting Professor for 1958-59.

Feli:'!: Boehm, senior research fellow in physics, to
Heidelberg University in Germany for one year as
visiting professor of physics.

Richard Feynman, professor of theoretical physics,
to Cornell University in Ithaca, N.Y., as visiting pro­
fessor for the 1958 fall term.

Robert Finn, associate professor of mathematics,
for a year of teaching and research at the Technische
Universitat in Berlin.

Yuan-Cheng Fung, associate professor of aeronaut­
ics, to Europe for one year on a Guggenheim Fellow­
ship.

Guido Munch, associate professor of astronomy and
staff member of the ~tbunt \Vilson and Palomar Ob­
servatories, to the Max Planck Institute of Physics in
Goettingen, Germany, for a year of research.

John D. Roberts, professor of organic chemistry, to
Harvard for six months as visiting professor of chem­
istry.

Allan Sandage, staff member of the Mount '~'ilson
and Palomar Observatories, to South Africa for re­
search at Radcliffe Observatory in Pretoria and the
Royal Observatory in Capetown for five months and
to the Royal Greenwich Observatory in England for
one month.

Frits Vi'ent, in charge of Caltech's Earhart Labora­
tory, to the Missouri Botanical Gardens in St. Louis
as director for one year.

Calvin \,V-ilco:t, assistant professor of mathematics,
to the U.S. Army Research Center at the University of
\Visconsin for one year.

David S. \Vood, associate professor of mechanical
engineering, to the Massachusetts Institute of Tech­
nology for six months as visiting associate professor
of mechanical engineering.

DEPARTURES:

Gunnar Bergman, assistant professor of chemistry
and mechanical engineering, to Hughes Aircraft.

Arthur Code, associate professor of astronomy, to
the '~'ashburn Observatory in Madison, \Visconsin, as
director.

Howard M. Dintzis, assistant professor of chemistry,
to the Massachusetts Institute of Technology in Cam­
bridge, as a senior research associate in the biology
department.

Donald E. Osterbl'Ock, assistant professor of astron­
omy and staff member of the Mount '~'ilson and Palo­
mar Observatories, to an appointment in the depart­
ment of astronomy at the University of '~'isconsin.

Robed S. Ric7w1'Clson, staff member of the Mount
\~'ilson and Palomar Observatories, to the Griffith
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Observatory in Los Angeles, as associate director.
Harry Rubin, senior research fellow in biology, to

the Virus Laboratory at the University of California
at Berkeley, as associate professor.

Vcl'Iler Schomaker, professor of chemistry, to the
Union Carbide and Carbon Corporation in New York.

Ronald Shreve, instructor in geology, to the Swiss
Federal Institute of Technology in Zurich for one year,
on a National Science Foundation Fellowship.

Chendst'J'y C]ul'i'l'1na:n

Ernest H. Swift, professor of analytical chemistry,
was named chairman of Caltech's Division of Chem­
istry and Chemical Engineering this summer. He
replaces Linus Pauling, who has resigned to devote
full time to his teaching and research, which is cur­
rently concerned with the molecular chemistry of
mental disease.

Dr. Swift was graduated from the University of
Virginia in 1918, then received his MS and PhD de­
grees at Caltech, and has been a member of the
faculty here ever since. During \Vorld \Var II Dr.
Swift was an official investigator for the Office of
Scientific Research and Development, working on
problems related to the identification of chemical
warfare agents and their detection in the field.

His most recent pioneering research has been in
the development of coulometric analysis-the use of
an electric current to measure chemical elements
quantitatively. In 1955 he won the annual $1,000
Fisher Award, given for "outstanding contributions to
the science of analytical chemistry."

Ernest H. Swift, chairman of the D-ivision of Chem­
istry and Chell1'ical Engineering.
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The Need 
for College Scholarships 

by L. Winchester Jones 
Dean of Admissions 

If anyone were to ask me for a justification for 
spending large sums of money on educational scholar­
ships I would point first to what has been happening 
to the personnel requirements of industry in this 
country in roughly the last 30 years. 

In the first quarter of this century there were few 
jobs in business or industry that required much more 
than the ability to read and write as far as a strictly 
formal education was concerned. Many a successful 
enterprise was founded, operated and controlled by 
men who had not had the opportunity to study be­
yond the twelfth grade, if that far, and who chose 
even their most important executives on the basis of 
such qualities as industry, shrewdness, ambition and 
common sense without much regard to the quantity 
of schooling involved. 

Even in such a technical field as engineering the 
man with experience, a little knowledge of trigonome­
try, and a genius for tinkering with gears and levers 
still managed to hold his own. The scientist in indus­
try was a rare bird indeed. Except in a few far­
sighted corporations, he was simply ignored and 
classed with Dr. Johnson's lexicographer as a harm­
less drudge. 

I do not think that I need to enlarge on the con­
trast between this situation and the one that exists 
today-when a man without at least a bachelor's de­
gree can hardly hope to rise above the rank of laborer 
or clerk-when each year it becomes more necessary 
for the engineer to go even beyond the bachelor's 
degree in order to rise in his profession-when indus­
try is begging the scientist for more basic ideas to ' 
keep the wheels turning, or at least greased to the 
point at which the turning will result in profits-and 
when an ever-increasing number of those in the most 

October, 19.58 

important positions are entitled to write PhD after 
their names. 

This extraordinary change does not mean that we 
have any less respect for industry, shrewdness, ambi­
tion or common sense. It means simply that our society 
has grown so bewilderingly complex that these quali­
ties by themselves are no longer sufficient. We musL 
have men and women trained well beyond the scope 
of a high school education to attack the problems with 
which modern society is faced, and to make the kind 
of decisions which-if improperly made, without a 
complete grasp of the complexities involved-could 
result in the disintegration of, our society. Further­
more we must ,have these trained pe.ople {n very lar~e 
numbers, not only in industry, but in government, in 
the professions, and-if we are to continue to turn' 
them out at all-in education. They are no longer a 
luxury, a frill or a small elite group. They are essen­
tial to our survival and they are a fair-sized army. 

There is no longer any question of the value of a 
college education either to the individual or to the 
society in which he lives. There is only the question 
of how we can educate enough people to care for our, 
great need with the facilities we now have, or are 
likely to be able to create in time to do much good. 

This brings us to the question of who should be 
educated beyond the high school level. I am not 
going to attempt to answer that one, but it seems clear 
that we cannot afford to carry everyone through four 
years of college-nor would this be desirable if we 
could. Selecting those who will most profit from a 
college education and afterward yield the biggest 
return on the investment is something on which, ac­
cording to my official title, I am supposed to be an 

continued on page 34 
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FLORIDA RESEARCH AND 

ISOLATION - Ten square miles comprise the site of 
Pratt & Whitney Aircraft's new Florida Research and 
Development Center. Experimental shops and offices 
covering some 17 acres are in the foreground, while the 
tests areas, barely visible in upper left, lie four miles in 
the background. 

LOCATION-The new Center is located at United, 
Florida, midway between West Palm Beach and Lake 
Okeechobee, in the upper Everglades area. It is almost 
surrounded by a wildlife sanctuary. Most employees live 
in the cities and towns along the east coast of Florida, 
driving to the Center on excellent new highways. 



DEVELOPMENT CENTER ... 
Another Unmatched Engineering Facility to 
Advance Propulsion Systems of the Future· 

Future aircraft and missiles may require propulsion 
systems far different from those in wide use today 
- different in size, power output, appearance, and 
perhaps even in the basic method of utilizing energy. 

To probe the propulsion future ... and to build 
and test greatly advanced propulsion systems for 
coming generations of flight vehicles, Pratt & 
Whitney Aircraft is now operating its new Florida 
Research and Development Center. This facility 
supplements Pratt & Whitney's main research and 
development installations in Connecticut. 

The new Florida Center, financed and built by 
Pratt & Whitney Aircraft, is unique in America's 
air industry. Here a completely air-conditioned 
plant with 17 acres under roof is specially designed 
and equipped for the development of new power 

plants of virtually any type. Testing is handled in 
special isolated areas;' the nearest is four' miles 
from the plant and many miles from any inhabited 
area. The new Center can be greatly expanded on 
its 10-square-mile site. Continued isolation is in­
sured by a vast wildlife sanctuary in which the 
Center is located. 

Of the many people employed at the Center to­
day, about half are scientists, engineers and highly 
trained technicians. By late next year, the total 
number is expected to be almost doubled. 

The new Florida Research and Development 
Center is one more reason why Pratt & Whitney 
Aircraft is able to continue producing the world's 
best aircraft propulsion systems . . . in whatever 
form they take. 

For further information regarding an engineering career at 
Pratt & Whitney Aircraft, contact your college placement officer. 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER - United, Florida 



College Scholarships ... continued 

expert, and I can assure you that I-and all the other 
experts - have as yet found no satisfactory answer. 

There is only one point on which I think we would 
all agree. The selection cannot be made wisely on the 
basis of the ability of the candidate or his family to 
pay the freight. History records the ruins of many a 
civilization which confined the special culture on 
which that civilization depended to a privileged few 
who became so self-protective and rigid that, like the 
dinosaur, they failed to adapt to changing conditions. 
One never knows from what kind of a background or 
environment-rich or poor, luxurious or squalid-the 
right combination of genes will develop into a mind 
which, if given the proper training, will be able to 
solve some problem that cries out for solution. In 
making our selections we must, therefore, leave our­
selves the widest possible field of choice, and this 
means at least the elimination of the size of the family 
bank account as a limiting factor. 

Who then is going to pay the bill? A college edu­
cation is expensive and it must become more so as 

, time goes on or it must deteriorate in quality. There 
are very few coJleges in this country today whose 
tuitions cover even half the cost of the education of 
,a student. Thus every student, whether on scholarship 
or not, essentially costs the college money. It is in 
recognition of this fact that many scholarship donors 
have with each scholarship made an additional dona­
tion in some amount to the college's general funds. 

Tuition goes up 

In the past the difference between the tuition fee 
and the actual cost has been made up from the 
interest from endowment funds given by farsighted 
and generous people who, thanks to a more favorable 
tax structure, were able to accumulate fortunes to be 
given away. Because of these endowment funds col­
leges have been able to carry those highly desirable 
students who could pay their own way only partially 
or not at all. But the income from endowment funds 
is largely a fixed one. As a rule colleges cannot afford 
to indulge in the kind of investment that will yield 
enough to keep pace with inflation. 

Five years ago the tuition at the California Insti­
tute was $600 a year. Today it is $900 and in 1959 it 
must go to $1275. Thus in 1959 we will have to take 
over twice as much from our endowment funds to 
give the same relative amount of scholarship support 
as we did in 1953, and this does not take into account 
those who must have more than full tuition in order 

; " '"t() eat and have a place to rest their weary heads. 
Additional endowment funds large enough to yield 

significant amounts in interest are rare in these days 
when individual initiative must more and more con­
tent itself with being its own reward, and colleges 
must rely more and more on annual gifts received in 
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one year and spent in the next-if indeed they have 
not already been spent in anticipation. 

Individuals, foundations and corporations have been 
and are being extraordinarily generous. The colleges 
are most certainly grateful. I hope I do not appear to 
detract from this gratitude when I say that it behooves 
these individuals, foundations and corporations to be 
even more generous in the future. If one hundred and 
sixty million people in these United States are to exist 
together in reasonable harmony with themselves and 
the nations around them, are to be supplied with the 
goods and services that make for a decent standard of 
living, and are not to fall into chaos, we will need all 
of the wise leadership at every level and in every line 
of endeavor that all of the colleges of this country can 
possibly select and train-and in our selection we can­
not afford to pass over the leadership potential that 
may happen to develop from an economic environ­
ment that cannot pay for the training. 

If, by now, I have made clear the reasons why wc 
must strive to discover and to educate at the college 
level every promising boy and girl, regardless of eco­
nomic background, and why the colleges can no 
longer hope to do this on their present resources­
why, because of rising costs and increased demand, 
they must have additional scholarship funds-I have 
done what I set out to do. But if I were asked to help 
in this essential endeavor I would want to know some­
thing more. I would want to know whether there 
were not other and even better ways of taking' care 
of this problem than adding one more worthy cause 
to the dozens already clamoring for my attention. I 
would-before anything else-want to look at the al­
ternatives. 

Neglected money 

For example, what about the rumor that there are 
thousands of dollars of scholarship money lying 
around unused? Personally I have never run across 
any of this sadly neglected money nor have I met anv 
other scholarship officer who has unless-and this J 
think may be largely responsible for this rumor-the 
donor so restricted the conditions of his gift that only 
once in 20 years can a candidate be found who meets 
the qualifications. Any college that itself possesses un­
restricted idle funds must either be unable to attract 
students or fail to encourage applications from those 
who cannot pay their way. 

What about loan funds? A number of colleges report 
surpluses in these funds so why not cut down on the 
free rides? There are two answers to this question. 
First there is the reluctance on the part of parents to 
commit a 17-year-old freshman to several thousand 
dollars worth of indebtedness to be paid off after 
graduation, especially in fields like engineering and 
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ROBERT H. SWISHER, B.S.E.E., GROVE CITY COLLEGE, '54, SAYS: 

"1 like my job. Here's why.",. 

"I'm a radio transmISSIon engineer for Bell, Telephone 
Company of Pennsylvania. My work is interesting and 
full of variety, and 1 get all the responsibility 1 can 
handle. Have a look at today's assignment, for example 
-and see for yourself." 

"8:30 a.m. I'm at my desk applying a new method for over­
comihg interference on Pittsburgh's mobile radio channels. It 
involves operating inactive channels on reduced power." 

"1 :30 p.m. After lunch, I take a company car out to the 
transmitter tower site. Here I check wiring and explain our 
plan to one of our mobile radio maintenance men." 

"Final phase. The operational test is made from an actual 
mobile radio unit. I'll make test calls and monitor the chan­
nels from various points within the Pittsburgh area." 

October, 1958 

"10:45 a.m. Before any modifications can be made, it's impor­
tant that I check apparatus and wiring options. That's what 
I'm doing here at the· Remote Control Terminal equipment." 

"3: 15 p.m. I review my proposed modifications of auxiliary 
control circuits with Supervisor Sid Graul. Now I'll prepare 
work orders, and next week we'll make operational tests." 

"See what 1 mean? 1 really get to 'carry the ball.' 
Soon I'll be taking a special course in advanced elec· 
tronies at Bell Labs-a great opportunity. As 1 said 
-I like my job." 

Like Bob Swisher, you may find a bright engi. 
neering future with the Bell Telephone Companies. 
Talk with the Bell interviewer when he visits your 
campus. And read the Bell Telephone booklet on 
file in your Placement Office. 

BELL TELEPHONE COMPANIES 
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FOR T:H:E Sl?.A..CE AGE 

Systems in the Air 

The march of electronics into the Space Age is being quickened 
as a result of Hughes work in airborne electronics systems. 

One such development is the Hughes Electronic Arma­
ment System, which pilots high-speed jet interceptors to 
enemy targets, launching Hughes air-to-air guided missiles, 
and flies the plane home. Even more sophisticated Electronic 
Armament Systems completely outstrip those presently re­
leased for publication. 

Working on space satellites, Hughes engineers are active 
in the preliminary design of guidance and control systems, 
communication and telemetry systems, sensing devices using 
infrared, optical and radar techniques. 

Data Processors, which monitor hundreds of aircraft and store the 
information for high-speed assignment of defense weapons, 
comprise one part of an advanced Hughes ground defense system. 

Members of our staff will conduct 

CAMPUS INTERVIEWS 
on November 24 and 25. For interview 

appointment or informational literature consult 
your College Placement Director. 

© 1996, HUGHES AIRCRAFT COMPAN.Y 

October, 1958 

Information resulting from Hughes study in the fields of 
air-to-air and ballistic guided missiles is presenrly paying 
dividends into the fund of space knowledge. 

Hughes engineers have developed space hardware using 
high-reliability wire wrapping to replace soldered connec­
tions and miniaturized "cordwood" circuit modules to al­
low high component density. 

The advanced nature of Hughes electronic systems-in 
the air, on the ground, and tor industry-provides an ideal 
growth environment for the graduating or experienced 
engineer interested in building rewarding, long-range pro­
fessional stature. 

Capacitors which provide for electrical, rather than mechanical 
tuning of circuits, are being produced by Hughes Products, the 
commercial activity of Hughes. 

the West's leader in advanced electronics 

r----------------------------, 
I I 

I HUGHES I 
I I 
I I L ____________________________ ~ 

HUGHES AIRCRAFT COMPANY 

Culver City, Bl Segundo, 
Fullerton and Los Angeles, Californitl 
Tucson, Arizontl 
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College Scholarships ... continued 

science, in which a very large proportion will want 
to go on to several years of graduate work. 

Even in the unlikely event that we can hold to the 
present rate for room and board, it will, commencing 
in 1959, cost a student living in our dormitories 
$2500 a year to cover everything including a small 
amount for clothing and personal expenses. Even a 
moderately well-to-do family with two or three other 
children in or about to enter college will find it diffi­
cult to meet this charge, and there are many hun­
dreds of worthy applicants whose families could not 
contribute a half or even a quarter of this amount. To 
borrow the remainder would, by the time a student's 
formal education had ceased, create a really heavy 
burden of indebtedness. 

Deferred payment plans 

The second answer to this question is that, in the 
face of. rapidly rising costs, colleges already are more 
aI¥l more resorting to a system of part loan and part 
scholarship in attempting to cover fivancial need. Cal­
tech in 1959. will offer' a choice of several deferred­
tuition payment plans, whereby about one-third of 
the tuition is paid in the usual way and the remainder 
plus. a small amount of interest is paid in monthly 
installments spread over a period of as much as ten 

. years from the date of matriculation. For years we 
nave required all seniors who ask for scholarship aid 
to take one half of their need in loans, whether or not 
they intend to go on for graduate work, and for the 
past three years we have in a number of cases offered 
loans in place of scholarships to entering freshmen. 

The fact remains, however, that few applicants 
without fairly strong family resources will commit 
themselves to a large indebtedness at graduation. 
Rightly or wrongly most of them will rather forego 

. the kind of education that they want and deserve, 
and either accept one not as suited to their abilities 
or give up th~ idea of college altogether. Loans are 
an important 'factor in the problem and will become 
more so, but they can never be a major solution. 

To what extent should a student be required to 
earn his own way? This wilL of course, depend on 
the other demands made on his time by the particular 
college he is attending. His most important task is 
to get the most out of the educational opportunities 
t~at are offered him. Many colleges now offer a kind 
o(package deal consisting of some scholarship, some 

; .lokn, and a part-time job. Caltech requires that every 
scholarship student beyond the freshman year earn at 
least $600 a year, including term time and vacation 
periods. If he fails to do so without very good reason 
his scholarship is reduced by the amount which he 
falls short of the $600. 

Most colleges will agree that a student should not 
try to earn money during his freshman year. The 
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average student will then in a four-year period earn 
a total of about $2,000, to be applied against bills 
amounting to $10,000. 

It is true that a very few fortunate individuals 
may earn nearly $2,000 in one year. If they do 
we have consistently refused to penalize them and 
have considered their need as we do the others on the 
basis of the $600 minimum. It is our hope that addi­
tional scholarships will enable us to continue to 
reward the industrious and the self-reliant by not 
confiscating the savings which they themselves have 
earned. 

And now, finally, what about the government­
state or national? Why not pass the burden to the 
taxpayers? The state of California is starting its third 
year of a state scholarship program. It is a good 
program and well administered, but the maximum 
amount of aid which an individual can receive from 
it is $600 a year, and while this amount may some day 
be increased it is unlikely that those who meet in 
Sacramento will ever feel that the voters will stand 
for an increase sufficient to keep up with rising costs. 
Furthermore, these scholarships are, of course, avail­
able only to California residents and must be used at 
California colleges. Where similar programs develop 
in other states they follow the same pattern. To a 
college which for excellent reasons wishes to main­
tain a fair degree of geographical distribution among 
its students, and one at which the tuition alone is 
nearly twice the maximum award, such scholarships 
are certainly a help but are hardly the whole answer. 

Federal scholarships 

Well, then, what about the Great White Father in 
Washington? We hear that he was recently frightened 
by a bear and is about to give out millions to train 
thousands of bright little Daniel Boones to clear the 
woods of varmints. It is true that the men on Capitol 
Hill got a scare-or at least an abrupt awakening­
and as a result a number of Federal Scholarship bills 
have been presented in Congress. The one which has 
received the most publicity provides for 25,000 schol­
arships a year-or a total of 100,000 in all four under­
graduate years when the plan shall be in full opera­
tion. Each scholarship carries a stipend of $1000 a 
year. 

There is now a college population of somewhat 
over 3,000,000, which the best estimates indicate will 
increase to 6,000,000 in 1970. Of the 3,000,000 pres­
ently in college probably at least 2,000,000 now need 
-or will need in the near future-scholarship aid in 
some amount. The ratio of Federal scholarships to 
those in need is therefore 1 in 20 and by 1970 it will 
be 1 in 40. It is true that as long as the varmints are 
in the woods there may be occasional increases in the 
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Allis-Chalmers offers training course 

In nucfeonics, Andrew Selep, 
Brooklyn/Polytechnic Institute, BME 
'53, is working on the problem of 
reactor safeguards. 

Special engineering by Paul W. 
Clark, Iowa State College, EE '49, 
is of large job involving combined 
electrical equipment. 

Sales manager, Robert Horn, 
Marquette University, EE '51, heads 
sales of voltage regulators used 
on power lines. 

Electronics man, William f. Martin. 
Alabama Polytechnic Institute, BSEE 
'53, engineers applications of i,,· 
duction heaters. 

plus wide choice of type and fields of 

Design of generators for steam 
turbines is directed by G. W. 
Staats, Illinois Institute of Tech. 
nology, Ph. D. '56. 

field sales of America's widest 
range of industrial equipment is 
career of Carl E. Hellerich, U. of 
Nebraska, ME '49. 

Promotion man, Robert I. Carlson, 
Worcester Polytechnic Institute, ME 
'50, directs promotion Qf switchgear, 
and substations. 

Application and -sales of steam. 
condensers for power plants are 
handled by William E. Ellingen, U. 
of Wisconsin. ChE '49. _y 

work on equipment for many industries 
THE outstanding training course started 

by Allis-Chalmers has proved a spring­
board to many worthwhile careers. In fact, 
most of the A-C management team has 
stemmed from its ranks. 

Up to two years of theoretical and practi­
cal training are offered, This experience leads 

to jobs in research, design, manufacturing, 
application and sales. 

Even though you may not know exactly 
what you wish to do, the Allis-Chalmers 
training course is designed to help you find 
the type of work and the field to which you 
are best suited. 

ALLIS-CHALMERS 
October, 1958 39 
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Now you can why only 
leads I: pencils give you perfectly 

YOU ALWAYS GET PROVEN QUALITY FROM TURQUOISE DRAWING LEADS AND PENCILS 

PROVEN GRADING -17 different formulae make sure you get exactly the line you expect­
from every pencil, every time. 

PROVEN DURABILITY-Because compact lead structure gives off no chunks of useless "dust" 
to blow away, Turquoise wears down more slowly. 

PROVEN NEEDLE-POINT STRENGTH - as electron photomicrograph shows, Turquoise lead struc­
ture is finer-and therefore stronger. It holds a needle point under 
drawing pressures for long lines of unchanging width. 

EAGLE PENCIL COMPANY. NEW YORK· LONDON. TORONTO. MEXICO. SYDNEY. BOGOTA 
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Eagle Turquoise 
sharp drawings 

eTURQUOIS 
CLEANTEX 
ERASER: 
Super-soft, 
non-abrasive 
rubber_ 

October, 1958 

This Electron Microscope takes per­
fect pictures 7,500 times actual size 
-lets you sea the startling difference 
between Eagle's "Electronic" Tur­
quoise Lead and the lead in the 
usual quality drafting pencil_ 

Photographs courtesy of 
ladd Research Industries, Inc. 
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College Scholarships ... continued 

number and even in the amounts of the awards, but 
again I would be willing to gamble that those in­
creases will not keep pace with the need. 

But there is an additional and a very compelling 
reason why I do not want to rely on Federal scholar­
ships. If I were asked by a man from Mars to state 
the basic difference between a democracy and a dic­
tatorship I would reply that in the former the citizens 
are free to discriminate and some of them are taught 
to do so; whereas in the latter the people are per­
mitted only to believe. The ability to discriminate is 
the basic requirement for reaching sound conclusions. 
It can be acquired only under conditions in which 
people are free to examine ideas. It can be taught 
only if the colleges and universities are uninhibited 
in their efforts to investigate, to weigh and to eval­
uate. To attempt to teach discrimination in an atmos­
phere in which in any area of human endeavor only 
one side of a question may be considered is a contra­
diction in terms. It is the most mentally emasculating 
experience to which any citizen can be subjected and 
can result only in flabby minds existing within a 
protective shell of authority. 

I am not suggesting that the proponents of govern-
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ment scholarships are plotting to seize control of 
education. I am not even objecting to Federal schol­
arships in the modest proportion now being proposed. 
I am trying to point out that if private citizens, pri­
vate foundations, private corporations decline to 
support scholarship programs and leave this field 
entirely to the government, the colleges and thosc 
who attend them must sooner or later became govern­
ment dependencies to some important degree. No 
matter how good the intention may be in the begin­
ning, eventually the man who pays the piper calls 
the tune. 

If this tune can be changed from day to day by 
public hysteria, public whims, enthusiasms and preju­
dices which cannot help affecting legislative bodies 
the colleges will not long be free. That is why I do 
not think that private citizens and private enterprise 
can afford to delegate their responsibilities in the field 
of education to the authorities in Washington, and it 
is why we in the colleges feel justified in turning to 
private sources for help in discovering and educating 
those to whom we must some day turn for leadership. 
That these people shall be ready when we need them 
is certainly to our mutual advantage. 

Ch"IIellgillg Opportullities ill 
Research anti Development for 

Mechanical Design Engineers 
Mechanical Engineers experienced in mechanical 

design for packaging electronic equipment 
to meet environmental conditions. 

Fluid Mechanics Engineers 
Engineers of advanced standing for work in basic 
and applied research in field bf underwater pro­
pulsion and related subjects, including cavitation, 

hydroelasticity, and hydrodynamic control 
of submerged bodies. 

OPPORTUNITIES FOR GRADUATE STUDY 

FACULTY ApPOINTMENTS FOR QUALIFIED 

ApPLICANTS 

EXCELLENT WORKING AND LIVING CONDITIONS 

Send Resume to: 
ARNOLD ADDISON, Personnel Director 
The Pennsylvania State University 
Ordnance Research Laboratory 
P.O. Box 30 
University Park, Pennsylvania 
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AiResearch engineered and produced 
this electro-hydraulic servo system­
the most reliable and responsive 
steering control system for missiles 
yet produced. Extremely lightweight, 
it consists of three control valves and 
six actuators. 

This unique system represents but 
a part of the challenging, important 
work under way at AiResearch in 
missile, electronic, nuclear, aircraft 
and industrial fields. 

.... 

Specific opportumtIes exist in sys· 
tern electronics and servo control 
units; computers and flight instru­
ments; missile auxiliary power units; 
gas turbine engines and turbine and 
air motors; cryogenic and nuclear 
systems; pneumatic valves; indus­
trial turbochargers; air conditioning 
and pressurization; and heat trans­
fer, including electronic cooling and 
nuclear applications. 

Intensified engineering is con· 

ducted by small groups where indio 
vidual effort and accomplishment are 
quickly recognized, providing oppor. 
tunity for rapid growth and advance· 
ment. An eight-month orientation 
program is offered prior to perma­
nent assignment to help determine 
your placement from a variety of 
analytical or development projects. 

Advanced education is available 
through company financial assistance 
at outstanding nearby universities . 

• For full information write to Mr. C. D. Bradley 

THE GARRETT ... CORPORA'I'ION 

9851 S. SEPUL.VEDA BL.VD •• L.OS ANGEL.ES 45. CAL.IFORNIA 

DIVISIONS: AIRESEARCH MANUFACTURING. L.OS ANGEL.ES • AIRESEARCH MANUFACTURING. PHOENIX. AIRSUPPL.Y 

AIRESEARCH INDUSTRIAL. • REX. AERO ENGINEERING. AIR CRUISERS. AIRESEARCH AVIATION SERVICE 
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Alumni News 

Robert W. Alcock 

On the morning of July 14, 1958, Robert W. Al­
cock was having breakfast in the new Hotel Baghdad 
in Iraq. He was there to confer with Mr. M. M. 
Hadid of the Vegetable Oil Extraction Company on a 
proposal for a new detergent plant to be built in that 
country. Bob was there as chief engineer of Indus­
trial Engineers, Inc., of Los Angeles. He had flown to 
Baghdad the night before from Kuwait where he had 
been helping the Aminoil Company with process prob­
lems. It was the very morning that the revolution in 
Iraq exploded. Bob and two other Americans, Mr. 
George S. Colley, senior vice-president of the Bechtel 
Corporation, and Mr. Eugene Burns, a newspaper­
man, were forced by the revolutionary mob to leave 
the hotel. Apparently these Americans were chosen at 

"'random from the hotel guest list and shortly thereafter 
all three were killed in the streets'of Baghdad. 

Robert \Vas born in Iowa City, Iowa, and was an 
honor student at University High there. He graduated 
from CIT in 1940 and received an MS in ME in 1941. 
He was well known and well liked, having been 
elected president of Dabney House in 1940, vice presi­
dent of the ASME, and was a member of the Photo 
Club and the Dabney Hunt Club. He was also an 
ardent skier and was very active in the social life of 
the campus. He trekked regularly to the Scripps Col­
lege campus in Claremont where he met his wife-to-be. 

After Caltech, he went to Lockheed Aircraft as an 
engineering trainee. He soon returned to the Institute 
to work on the OSRD rocket project and was instru­
mental in devising pressure-time measuring equip­
ment, high-capacity hydraulic extrusion presses for 
propellants and special machine tools. He then went 
with Industrial Engineers, Inc., and became their chief 
engineer. He supervised the design and installation of 
a number of important process plants, including a 
detergent plant in Tokyo and one in Mexico City. 

Robert. is survived by his wife Erminia (Nina) 
Aguirre Alcock, Scripps '41, and eight children rang­
ing in age from 1 to 16. The family lives at 126 East 
Palm in Altadena. , 

Great assistance has been given to Mrs. Alcock by 
the Alumni Association and members of the CIT facul-

,-',ty. Dr. DuBridge has been in contact with Dr. Wal­
lace Brode, the science advisor to the U.S. Depart­
ment of State, for the purpose of pressing claims for 
reparations against the Iraqui government. The Alumni 
president, Edward Fleisher, and other alumni have 
been writing their representatives in Washington to 
encourage the State Department to press for repara­
tions. Congressman Edgar W. Heistand has done an 

44 

outstanding job. He has been in constant contact with 
Mrs. Alcock and the State Department. He introduced 
a resolution in Congress asking that the new lraqui 
government not be recognized until reparations were 
made. The new Iraqui government indicated that it 
would pay any valid claims and was subsequently 
recognized by the United States. 

All of Bob's friends are shocked and grieved over 
his untimely death and feel a sense of frustration over 
this tragic occurrence. Some have questioned the wis­
dom of exporting our technical talents and wealth to 
underprivileged countries which have such unstable 
governments as to pose a threat to the lives and prop­
erty of American citizens who are there to help. ,How­
ever, if we are to encourage such countries in the 
development of their own resources we have no choice 
but to continue to share our technical knowledge in 
spite of these tragic accidents. Robert will stand as a 
symbol of this American point of view. 

Bob's two eldest sons have been given full scholar­
ships to the Webb School in Claremont by the Henry 
J. Kaiser Foundation. 

A Robert W. Alcock fund has been started for Mrs. 
Alcock and the children. Contributions may be sent 
to Mrs. Ynte Posthuma, 22lO Midlothian Drive, Al­
tadena, 

-Gardner P. Wilson, '38 

F all Dinner Meeting 

Nothing is more subject to criticism than the tech­
nical accuracy of a blockbuster movie-and the major 
studios maintain extensive research staffs to circum­
vent this criticism. 

The Caltech Alumni Association is fortunate in hav­
ing one of the most distinguished of these research 
men as speaker at its Fall Dinner Meeting on October 
16 at Eaton's Santa Anita Restaurant in Pasadena. 

Henry Noerdlinger, research consultant to Cecil B. 
DeMille and Paramount Pictures, has worked with 
writers, producers and technical staffs in the filming 
of such epics as Samson and Delilah, The Greatest 
Show on Earth, and The Ten Commandments. His 
work has required research on every conceivable sub­
ject from costuming to contemporary slang. 

At the Fall Dinner Meeting Mr. Noerdlinger will 
discuss some of the techniques involved in film docu­
mentation-illustrating these techniques with observa­
tions based on his experiences while working in Egypt 
on The Ten Commandments. 

-James C. Crosby, Chairman, Fall Dinner Meeting 
continued on page 46 
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You're on 

the right 

road ... 

October, 1958 

The biggest construction job in history is under way. 
It's the building of a vast new network of Interstate 
Highways. Miles and miles of highway. For trucking. 
For travel. For defense. Some 41,000 miles in all. In 
addition, many thousands of miles of primary and 
secondary roads are being built in a greatly expanded 
"ABC" Highway Program. 

With these new highways will come new industries 
... new communities ... a greater share in national 
life for everyone... 

It's a big job ••• an important job! 
, ~,. 

And you're on the right road when you study aspha1t 
technology ... asphalt's characteristics and its appli­
cations in pavement construction. 

Asphalt pavement is playing a leading role in the 
construction of the Interstate System. 

It now surfaces 81% of State Primary and Munici­
pal Extensions - the nation's most heavily traveled 

PETROLEUM ASPHALT FLOW CHART 

This simplified graphic chart 
,hows the inter-relationships of 
pelroleum products, with goso .. 
line, oil Gnd asphalt nowing 

UQUIO 
A5PHALnc 
MATlRlAlS 

from the same oil well. _---" , 

PAVING ASPHALT • Me 5 ASPHALT CEMENTS g ~H~5~ 
1.; ,.co ,ono"GtJon\ RcrGASOUII 

'4050 He ~ lIilAPliTIIA) 
ASPHAlT 6070 RCl <U".CI 

IAI,bl,no" 851001 R(4ASPHAm 
120 ,~o R( S 
'lOO300 IMUlSl()M 

OIlIDI:r.ID ~"'·M'!'·!,(Ml/LSrnED 
Ill." AS'HALT$ L---.r ~s I ASPHAlTS 

• , .. ,.' ... """"""- SSlh 

roads-and 85% of all paved roads and streets 
in the c.ountry. 

Your contribution - an.d reward - will Q..e­
pend in part on how much you know about it. 

Do you know, for example, how .Asphalt 
fits into the over-all petroleum family? This chart 
illustrates the inter-relationship of Asphalt with other 
refined petroleum products. 

The semi-solid form - Asphalt cement - is the basic 
paving material. It is used in hot-mix Asphaltic pave­
ments for roads, airfields, parking lots and thousands 
of construction and industrial applications. 

Liquid Asphalt materials - road oils, emUlsions and 
cutbacks - are used extensively for a variety of con­
struction and specialty applications. 

Special Student Kit on Asphalt Technology Free! 

Literature included gives you a broad concept of 
Asphalt products-its sources, production, characteris­
tics and uses. Put yourself on the right road by send­
ing for your kit today. A postcard will do. 

THE ASPHALT INSTITUTE 
Asphalt Institute Building, 
Cqmpus- University of Maryland 
College Park, Maryland 

Ribbons of velvet smoothness .•. 
ASPHALT·paved Interstate Highways 
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Alumni ... continued 

. Class Reunion 

Sixteen members of the Class of .1933 had a reunion 
flt the home of J. Stanley Johnson in Altadena on 
June 11. Pictured above: (front row ) Art Mathewson, 
Bob Smallman, Walter Scholtz, Bill Moore, Doug 
Marlow, Sam Johnson, George Pickett and Lee Carle­
ton. (Back row) Fred Detmers, Bob Grossman, John 
Meskell, John Monning, Bill Wheeler, Trent Dames, 
Jack Sparling and Stan Johnson. 

r; 
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VROJ\tIAN'S has books 
by all the best authors 

* Hutchings 
Clark 
Pauling 
Watson 

. . . 

and quite a few others, too! 

If you read you should visit Vroman's. 
You're welcome to browse and/or buy 
from our fabulous collection of books. 

* Edward Hutchings, Jr. 
FRONTIERS IN SCIENCE 

L Kent Clark 
THE KING'S AGENT 

Linus Pauling 
NO MORE WAR! 

Jane Werner Watson 
THE WORLD OF SCIENCE 

$6.00 

$3.95 

$3.50 

$4.95 

Alumni Development Campaign 

A coast-to-coast telephone conversation with alumni 
by President L. A. DuBridge launched the Caltech 
alumni campaign in the Institute's $16,100,000 Devel­
opment Program on October 7. Through a telephonic 
public address wstem, Dr. DuBridge talked with 
alumni meeting in 33 cities and briefed them on their 
task of reaching a goal of $1,100,000. The alumni 
campaign has already received over $150,000 in ad­
vance gifts, about 13 percent of the ultimate goal. 

For Your Calendar 

The Caltech Student Body will present a Pasadena 
Jazz Festival on October 18 at the Civic Auditorium, 
featuring Louis Armstrong and his All Stars, the Fire­
house Five Plus Two and singers Jackie Cain and 
Roy Kral. Tickets are available at any Mutual ticket 
agency or at the Caltech News Bureau on campus. 

The first of a Caltech TV series called "The Next 
Hundred Years" will be shown on Channel 4 at 6:30 
p.m. on Saturday, November 1. The opening show 
will feature Harrison Brown, professor of geochem­
istry, who presents "The Story of the Irish Potato." 

COMPUTER SERVICE COMPANY 
GENERAL CONTRACTING' COMPUjER INSTALLATIONS 

221 N. ARDMORE: AVE., LOs ANGELES 4, CALIF. 

DUNKIRK 5~41'6 
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IMPORTANT DEVELOPMENTS AT JPL 

PIONEERS IN EARTH-SPACE COMMUNICATIONS 

The exploration of outer space will take a new step for­

ward with the completion of the new giant radio antenna 

being installed by JPL near Barstow, California. This huge 

"dish," 85 ft. in diameter, will enable the Laboratory 

scientists to probe still farther into space problems. 

Information thus obtained and combined with lessons 

still being learned from the successful Army "Explorer" 

satellites, will provide invaluable basic data for the 

development of communication systems to serve space 

exploration programs. Long range communication will 

begin as a one·way link from space to earth, developing 

later into tracking and communicating with lunar vehicles 

at far greater ranges. 

This activity will be part of a great research and devel­

opment program to be operated jointly by JPL and the 

United States Army Missile Command. 

48 
JET PROPULSION LABORATORY 

A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA. CALIFORNIA 

JOB OPPORTUNITIES NOW ~ SYSTEMS ANALYSIS· INERTIAl GUIDANCE· COMl'UTER EQUIPMENT· INSTRUMENTATION· TElEMETERING 
OPEN IN THESE FIELDS' FLUID MECHANICS· HEAT TRANSFER· AERODYNAMICS· APPLIED PHYSICS· PROPELLANTS· MATERIALS RESEARCH 
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MARS outstanding design SERIES 

um'brel/a'd stadia 
While it isn't always true, an interesting approach 

often results in a good design, as in these twin all-
. weather stadia designed by Harry Barone and Arnold 
Horn, Pratt architecture students. Each bowl would 
be umbrella'd by its own tentlike roof of translucent 
plastic, hung from the center of soaring arches. Ac­
cordion-pleated, these roofs are planned to fold to­
gether out of the way in fair weather, their lower 
edges riding along the rims of the bowls. Cables that 
guy the arches form a decorative pattern tying the 
two stadia together. The big football-baseball bowl 
would hold 65,000 spectators; the smaller, 20,000. 

No matter which of today's bright ideas become 
tomorrow's reality, it will be as important then as 
it is now to use the best of tools when pencil and 
paper translate a dream into a project. And then, as 
now, there will be no finer tool than Mars-from 
sketch to working drawing. 

Mars has long been the standard of professionals. 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
Tradition-Aquarell painting pencils, have recently 
been added these new products: the Mars Pocket­
Technico for field use; the efficient Mars lead sharp­
ener and "Draftsman's" Pencil Sharpener with the 
adjustable point-length feature; and-last but not 
least-the Mars-Lumochrom, the new colored draft­
ing pencil which offers revolutionary drafting advan­
tages. The fact that it blueprints perfectly is· just Qne 
of its many important features_ . 

48 

The 2886 Mars·lumagraph drawing pencil. 19 
degrees. EXEXB to 9H. The 1001 Mars·Technico 
push·bullon lead holder. 1904 Mars·lumograph 
imported leads. 18 degrees. EXB to 9H. Mars. 
lumochram colored drafting pencil. 24 colors. 

J.s·ISb~~~~~!E~~.· 
(It all good engineering and drawing materia' suppliers 

Personals 
1917 

A. R. Kemp, MS '18, is now research 
associate at the University of Southern 
California in Los Angeles. He is doing 
fundamental research in the field of rub­
ber and organic polymers under the aus­
pices of the Tlargi Rubber Technology 
Foundation. Since leaving Bell Labs in 
New York in 1948, Archie has been ac­
tively engaged in consulting work. For 
the record: Archie was the first man to 
get an MS in chemistry at Caltech 
(which was still Throop in those days). 

1918 
Eugene H. Imler died of a heart at­

tack on July 30 in Brawley, California. 
He had been city engineer for the cities 
of Brawley, Seeley and Westmoreland. 
Gene was a member of the Alumni Asso­
ciation's board of directors from 1934-36 
and served as secretary-treasurer from 
1923 to 1924. He is survived by his wife, 
Hazel. 

1922 
Robert J. Crissman, general traffic su­

perintendent of the Pacific Telephone 
and Telegraph Company, died at his 
home in San Marino after a heart attack 
on July 7. Bob had been with the tele­
phone company for 36 years. He is sur­
vived by his wife, a son and two grand­
sons. 

Hallan N. Marsh and George N. Ram­
seyer (BS '23) are both celebrating their 
35th year with the General Petroleum 
Corporation this year. Hallan is manager 
of the company's production engineering 
and equipment section, with headquar­
ters at Vernon. A former director of the 
Caltech Alumni Association, he has also 
been national chairman of several petro­
leum industry committees. 

George is manager of operations in the 
company's marketing department in Los 
Angeles. 

1924 
F. Douglas Tellwright has been ap­

pointed executive vice president and di­
rector of the Pacific Telephone and Tele­
graph Company in San Francisco. He 
had been vice president of the public 
relations department there. 

Joseph E. Mayer, professor of chem­
istry at the University of Chicago's En­
rico Fermi Institute for Nuclear Studies, 
was the winner of this year's Gilbert N. 
Lewis Award, given by the California 
Section of the American Chemical So­
ciety. He received it for his contribu­
tions to statistical mechanics of fluids and 
solutions, his successful theoretical and 
experimental investigations of critical 

continued on page 52 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 

President, Douglas Aircraft Company 

In your field, as most of you well know, it's easy 
to be complicated ... it's hard to be simple. At 
Douglas, I'm happy to say, we do things the 
"hard" way. This matter of simplicity is vitally 
important. We work intensive hours, days and 
months to achieve it. 

Why this extra effort ? Well, simple things work 
easier, last longer, are more easily maintained 
and are lots more reliable. We are rewarded for 
our greater engineering effort with a product 

October, 1958 

that performs better for our various customers. 
We know that good engineers, working in an 

atmosphere which stimulates them to do their 
best, have been largely responsible for our suc­
cess. If you enjoy solving challenging problems in 
the simplest manner, we'd like to talk with you 
about joining us. 

Please write to Mr. C.C. LaVene 
Douglas Aircraft Company, Box 6101-F 

San ta Monica, California 

49 



;.,. ,,.., 

50 

Specially.campaunded coatings and housings enable IRe resistors to 
withstand a higher degree of impact, shack and vibration than ony 
other resistors of their type. 

The skillful combination of protective coatings and resistive elements 
assures superior moisture resistance and heat dissipation, as well as 
protection from severe humidity or temperoture conditions. 

Exactly how important are resistor insulations? 
In a sense, a resistor is simply a mechanical device for packaging ohms. So it is easy to see 
why the materials making up the mechanical package greatly determine resistor perform. 
ance. In fact, insulation is so important that more than one-third of the 200 technicians at 
IRC are engaged in developing custom-tailored insulating coatings and housings for IRe 
resistors. That's why every IRC resistor is better protected from damage and ambient con­
ditions than any other of its type. And at no extra cost. 
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EENV 

MEENY MINY 

MO 

Industry's demand for capable graduates in the fields of science and 
engineering is still exceeding the supply produced by American colleges 
and universities. As a result, the most promising members of this year's 
class may well wind up with a number of openings to consider. 

In such circumstances, who would blame a bright young man for at 
least letting the phrase "eeny, meeny, miny, mo" slip through his mind! 

Of course, there is one inescapable conclusion to be considered: open­
ings are one thing, genuine opportunities quite another. Thoughtful 
examination of such factors as potential growth, challenge, advance-
ment policy, facilities, degree of self-direction, permanence, and 
benefits often indicates that real opportunity does not yet grow 
on trees. 

Moreover, the great majority of personal success stories are 
still being written by those who win positions with the 

most successful companies. 

For factual and detailed information about careers 
with the world's pioneer helicopter manufac­

turer, please write to Mr. Richard L. Auten, 
Personnel Department. 

SIKORSKV AIRCRAFT 
One of the Divisions of United Aircraft Corporation 

Bridgeport-Stratford, Connecticut 

- .; 
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Personals . . . continued 

phenomena and his work on the theory 
of electrolytes. 

Rolland Thomas writes that he is start­
ing his 29th year as instructor and head 
of the industrial arts department of the 
Woodrow Wilson High School in Long 
Beach. For about 10 years he has also 
been operating engineer and president of 
the board of directors of a mutual water 
company in Garden Grove. 

Tommy has a daughter now living in 
Hayward, California, who is the mother 
of three children. His oldest son is the 
production engineer for the reactor unit 
of the new U.S.S. Long Beach and works 
for the Westinghouse Corporation in 
Pittsburgh, Pa. He is the father of two 
children. And Tommy's youngest son is a 
senior at Long Beach State College, 
majoring in physics. 

1925 
'William F. Aggeler has been promoted 

to full professor of French at the Uni­
versity of California in Santa Barbara. 
He has taught there since 1940. He has 
also had a book published recently­
Learning French Is Fun, written in col-

><laboration wtih Mme. Yvonne Bardet of 
Berkeley. 

1926 
Theodore C. Coleman, president of the 

Coleman Engineering Corporation in 
Torrance, has been elected president and 
board chairman of the Strategic Indus­
tries Association, a national trade group 
of independent defense producers. 

1927 
Robert Creveling, staff member of the 

Sandia Corporation in Albuquerque, New 
Mexico since 1950, writes that both of 
his daughters are married now; Letitia 
in 1953 and Mary Patricia last June. 

Alan E. Capon, assistant general man­
ager and chief engineer of the Public 
Service Department of the City of Bur­
bank, was recently elected chairman of 
the Burbank Chapter of the American 
Red Cross and is also serving on the 
1958-59 board of directors of the Los 
Angeles Section of the American Insti­
tute of Electrical Engineers. His son, 
Alan, is taking business administration 
at the University of California in Berke­
ley. 

1928 
Richard C. Folsom, MS '29, PhD '32, 

was formally installed as president of 

1 Seconds From Nothing Flat! 
It takes only seven seconds for the new 00 Brown &. 
Sharpe Automatic Screw Machine to produce the brass 
part shown above. That's a 42% increase in rate of pro­
duction over the previous B & S model. 

One of many new features that contribute to the re­
markable performance of the 00 machine is a chain 
driven ball ~earing spindle (diagram). Fafnir engineers 
worked with Brown & Sharpe in selecting bearings for 
this application, involving some 208 spindle speed com­
binations ranging from 34 to 7200 RPM. To assure 
absolute spindle rigidity and running accuracy, Fafnir 
super-precision ball bearings are mounted in the posi­
tions indicated. 

Thousands of similar bearing success stories help ex­
plain why design engineers turn to Fafnir for help with 

. bearing problems. The Fafnir Bearing Company. New 
Britain, Connecticut. 

,~ ., 

~< so YOU WANT A CAREER IN A GROWTH INDUSTRY 

The New Brown & Sharpe No. 00 
Automatic Screw Machine with 
Fafnir'equipped spindle. 

FAFNIR 
BALL BEARINGS 

Mon COM'L1T1 • IINI 'N AM ... C" 

Sin'ce ihe advent of the automotive age,. Fafnir'. 
record of growth has been inseparably linked with 
the over·all mechanization and phenomenal growth 
af industry itself - right down to present·day ad. 
vances in automation and instrumentation. Fafnir's 
field of operations is, moreover, industry·wide ••• 

little affected by momentary ups and downs of in­
dividual companies or industries. Find out what 
Fafnir offers you in the way of professional chal­
lenge, diversity, and stability in a "growth indus­
try" with a future as promising as the future of 
America. Write today for an interview. 
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Rensselaer Polytechnic Institute in Troy, 
N.Y., early this month. He had been 
head of the University of Michigan's En­
gineering Research Institute since 1953. 

1930 
Franklin M. Murphy, consulting geol­

ogist, died of a heart attack on March 
10, 1957, in Las Vegas, Nevada. He is 
survived by his mother, Mrs. Estelle 
Murphy. 

1931 
A. Carl Tutschulte is now divisional 

petroleum' engineer for the Tidewater Oil 
Company's western division, with head­
quarters in San Francisco. Carl has been 
with Tidewater since 1936. 

1933 
C. Merrill Berkley, owner of the Berk­

ley Engineers and Equipment Company 
in Los Angeles, with a home office in 
Honolulu, spent some time in Europe 
during the summer on business. He vis­
ited Brussels, Paris, Geneva, Zurich, 
Frankfurt and Copenhagen. 

John S. Warfel, manager of the Avion­
ics Division of Aerojet-General in Azusa, 
was elected a vice president of Avionics 
in July. This branch of the company is 
one of the largest infrared research .and 
development activities in the country. 
John has been with Aerojet since 1946. 

1934 
John T. Cortelyou, standards e~gineer 

for the Southern California Gas Com­
pany, writes that his daughter, Dorothy, 
was married on August 23 in Inglewood. 
Jack thinks he is probably the first mem­
ber of the class of '34 to have a married 
child. 

James W. McRae, MS, PhD '37, is 
now a vice president of the American 
Telephone and Telegraph Company. He 
had been vice president of the Western 
Electric Company and president of the 
Sandia Corporation, a western subsidiary. 
He will now serve as coordinator of de­
fense activities for the Bell System. 

1935 
Alfred Romer, PhD, was promoted to 

the . rank of professor of phYSICS at St. 
Lawrence University in Canton, New 
York, this summer. He has been at the 
university since 1946. 

Alan Beerbower, chemical engineer at 
Esso Standard Oil's Baltimore refinery, 
has rejoined the staff of Esso Research 
and Engineering in Linden, N.J. He is 
continuing research on lubricants and ap­
plications of radio isotopes-as he has 
been doing for various sections of Esso 
for the past 22 years. 

He writes that he will be vice chair­
man of the Process and Industries Sec-
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Personals ... continued 

tion of the Nuclear Engineering and Sci­
ence Congress next April-and that he 
has just received his 23rd patent and had 
his 6th article published. His daughter, 
Marjory, attends Goucher College in Bal­
timore. 

1937 
Walter H. Albach, MS, died of a heart 

attack on October 15, 1956, according to 
a recent note from his widow. Walt was 
a lecturer at the University of Southern 
Californ~a in Los Angeles. 

John R. Austen is now assistant super­
intendent of the compressor division of 
Ingersoll-Rand in Phillipsburg, Pa. He 
had formerly been superintendent of the 
forge division. The Austens, who live in 
Palmer Township, have two sons-John, 
13, and Stephen, 11. 

Martin J. Poggi writes/that "this year I 
started my own business as a manufac­
turer's representative, covering Washing­
ton, Oregon and Alaska. I represent five 
companies and am concentrating on 
products used in the aircraft, guided mis­
sile and nuclear industries in these areas. 
We built a home in Bellevue on the Lake 
Washington waterfront last year and 
hope to stay permanently now." 

1938 
Saul Winstein, PhD, professor of chem­

istry at UCLA, presented the annual 
Edward Mack, Jr., Memorial Lecture at 
Ohio State University last summer. The 
lecture is sponsored by the Ohio State 
chemistry department and by Phi Lamb­
da Upsilon. 

Charles F. Robinson, MS, PhD '49, has 
been appointed chief research physicist 
at Consolidated Electrodynamics Cor­
poration in Pasadena. He has been with 
CEC since 1947. 

Duane W. Farnham, MS, has moved 
from Tulsa to the New York offices of 
Pan American International as operating 
superintendent in the company's produc­
tion department. His work in Tulsa had 
been associated with exploration, drilling 
and production activities of the com­
pany's subsidiaries operating in the Car­
ibbean area. 

Frederic H. Moore, senior project en­
gineer at The Texas Company in Wilm­
ington, California, was recently installed 
as governor of Toastmasters International 
District 51 for 1958-59. This district com­
prises the southeastern section of L.A. 
County from Redondo Beach to Seal 
Beach and Fred has 40 clubs under his 
supervision and the assistance of seven 
area governors. 

1939 
Andrew A. Fejer, MS, PhD '45, is now 

director of the department of mechanical 
engineering at the Illinois Institute of 
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Technology in Chicago. He had been at 
the University of Toledo, as professor of 
aeronautical engineering, since 1949. He 
is also a member of the research division 
of the Curtiss-Wright Corporation. Andy 
used to work as a research engineer in 
Caltech's JPL, and he was also a mem­
ber of the committee responsible for the 
design and construction of the Southern 
California Cooperative Wind Tunnel. 

1940 
G. R. Brown, division petroleum engi­

neer for The Texas Company in Fort 
Worth, has been transferred to New York 
as staff petroleum engineer to the vice 
president of domestic production. His 
wife and their son, Reynolds, will join 
him in their new home in New Canaan, 
Conn. 

1941 
James T. Harlan, Jr., senior technolo­

gist at the Shell Chemical Corporation in 
Torrance, writes: "My family (3 chil­
dren and 1 wife) are glad to be back in 
Southern California again after a long 
absence. In recent years I have been 
studying various aspects of the nuclear 
field for my employer-a very challeng­
ing assignment-and am now engrossed 
in work chiefly in the field of radiation 
chemistry research. One particularly in­
teresting experience was a one-year as­
sociation with AEC's Argonne National 
Laboratory. Part of the time was spent 
with an international group represent­
ing some 30 different countries-quite an 
effective way to gain an international 
viewpoint. " 

1942 
George P. Sutton, manager of the ad­

vance design section at Rocketdyne in 
Canoga Park, has been named Hunsaker 
Professor of Aeronautical Engineering at 
MIT for 1958-59. He is the first man 
from industry to be selected for the en­
dowed visiting professorship and will 
conduct a course on rocket engine pro­
pulsion at MIT and will also engage in 
research on the design and development 
of rocket engines. During the year he 
will deliver the Minta Martin lecture to 
scientific audiences throughout the na­
tion. 

George joined North American Avia­
tion in 1946 and has been active on all 
phases of the Navaho, Redstone, Thor, 
Jupiter and Atlas engine development 
work conducted at the company's Rock­
etdyne division. His wife and two daugh­
ters, Christine, 13, and Marilyn, 11, are 
moving with him to Boston. 

1943 
David M. Mason, MS '47, PhD '49, has 

been promoted to full professor of chemi-

continued on page 56 

Thousands of 
ITT engineers are 

"space men" 
NOT literally, of course, but they are 
engaged in so many electronic activ­
ities associated with the vast air , 
world above us thanhey might well 
be broadly identified as "space men." 

Many have achieved a high record 
of success in research, design; pro­
duction, testing, and field engineer­
ing of air navigation and traffic con­
trol systems ... including ILS, Tacan, 
Vortac, Data Link, VOR, DME, Nava­
screen, Navarho, and automatic 
"typewriters" serving the N arcast sys-,,>-, 
tem for in-flight weather reporting. 

Other ITT "space men" are mak­
ing important contributions to air 
reconnaissance, inertial navigation, 
infrared, missile guidance and con­
trol, electronic countermeasures, ra­
dio communications, radar, scatter 
communications, and other catego­
ries vital to national defense. 

These are only a few of the many 
activities at ITT laboratory and 
production centers - coast to coast 
- where challenging problems are 
constantly opening the way to top 
careers. 

Consult your College Placement Officer 
for interview date, or write to ITT 
Technical Placement Office, 67 Broad 
Street, New York 4, New York. 

INTERNATIONAL 
TELEPHONE AND TELEGRAPH 

CORPORATION 

67 Broad Street. New York 
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Tough Fire Protection Problem 

Solved by 

GRINNELL 

At.. Grinnell ProtectoSpray on upper pa!' 
of unit cools equipment and washes 
burning oil and solvent into area pro­
tected by foam blanket below • 

..... Grinnell ProtectoFoam safeguards the lower section of 
hexane solvent extraction unit with a blanket of foam, to 
prevent formation of explosive mixtures. 

At Canadian Vegetable Oil 
Processing Ltd., Hamilton, 
Ontario, hexane solvent is used 
in extracting vegetable oil 
from soybeans. Because of the 
highly flammable nature of 

the solvent, Grinnell designed a special system for this 
unit, consisting of 162 ProtectoSpray nozzles - to 
drench the superstructure with fine water spray; and 
24 ProtectpFoam spray heads - to blanket the diked 
area with foam. This water-foam combination protects 
the lives of personnel, as well as shielding equipment 
from costly damage. 

Solving tough fire problems like this with installations 
engiJ;leered to the hazard, tailored to the need, built 
of highest quality materials is something Grinnell has 

. been doing successfully for more than 85 years. 

Grinnell Fire Protection Systems include: 
• Automatic spray sprinklers - wet pipe, dry pipe, Simplex, 

and deluge systems 

• Emulsion and vapor dilution ex,inguishment with water 
sprays - Mulsifyre and ProtectoSpray systems 

• Cooling, insulation and controlled burning with water 
sprays - ProtectoSpray systems 

• Mechanical foam blanket - PratecloFoam systems 

• Carbon dioxide systems 

• Dry chemical systems 

Manufacturing, Engineering and Installation 

of Fire Protection Systems since 1870 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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'WE WANT MEN TO CREATE TOMORROW'S HEADLINES! 
The new, dynamic and diversified Northrop Aircraft, Inc., 
creates an ideal work climate for forward-thinking scientists 
and engineers. Our three autonomous divisions are all in 
Southern California - are all headed by progressive manage· 
ment eager to examine and try new ideas. 

Let's assume that you are a man who can qualify for one of 
our engineering teams - a man who can create history! 

You'll earn what you're worth, get increases as often as you 
earn them - based on your own individual achievements. Our 
salary structure is unique in the industry; our vacation 
policy extra·liberal, as are all of our other fringe benefits. 

You'll learn while you earn, with no·cost and low·cost educa· 
tion opportunities at leading Southern California institu· 
tions - earn advanced degrees and keep abreast of the latest 
technological advances in your own chosen field. 

You'll work with men who are acknowledged leaders in their 
fields - men chosen for their own capabilities and for skills 
in guiding and developing the creative talents of younger 
men. And, these are men who delegate authority, assuring 
your fair share of credit for engineering triumphs. 

You'll be flexible - able to apply your talents to the work you 
enjoy, in the field best suited to your own inclination and 
ability. Northrop Aircraft and its divisions offer wide diver· 
sity, with over 30 operational fields to choose from. All offer 
challenge aplenty - opportunity unlimited! 

NORTRONICS DIVISION 
Pioneers in celestial and inertial guidance. At 
Hawthorne: exploring infrared applications., 
airborne digital computers and interplan. 
etary navigation. At Anaheim:' developing 
ground support, optical and electro·mechani'" 
cal equipment, and data processing devices. 

Write: Engineering Personnel Mgr., Nortronics Division, 
222 North Prairie Ave., Hawthorne, California 
or: 500 East Orangethorpe Ave .• Anaheim, Calif. 

NORTHROP DIVISION 
Creators of the USAF Snark SM·62, now 
operational with SAC. Currently active in 
programs for the ballistic recovery of orbit­
ing man; readying the USAF· Northrop T-3S 
supersonic twin·jet trainer and the Northrop 
N-156F counterair fighter for flight tests. 

Write: Engineering Personnel Mgr., Northrop Division. 
1001 East Broadway, Hawthorne, California 

RADIOPLANE DIVISION 
Creator of the world's first drone family; has 
produced and delivered tens of thousands 
of drones for all the U.S. Armed Forces. 
Now developing ultra· advanced target drone 

Now choose! See what each division of Northrop Aircraft systems for weapon evaluation, surveillance 
has done and is doing. Then choose the division that offers drone systems, and guided missile systems. 
you the most challenge. Write today to reserve your spot Write: Engineering Personnel Mgr., Radioplane Division. 
where news is happening - for your own chance to create 
tomorrow's headlines! 8000 Woodley Avenue, Van Nuys, California 

••• NEWS IS HAP P EN I NG AT NORTH R ~ N.RTHROP AIRCRAfT. ,NC •• """ Hili •• C,II',,," 
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Equipping 
soldier­

,explorers 
SPACE'- like the world's historic 
frontiers-will be secured by soldier­
explorers, using bold, unprecedented 
equipment. . 

Astronomers, physicists, scientists 
and engineers at Chance Vought are 
hurrying this equipment into reality. 
Astronautics-in less than two years' 
time - has'become a major Vought 
effort. . 

Membership on Boeing Airplane 
Company's Dyna Soar development 
team underlines Vought's space qual­
fications. And, alongside this space 
glider program are other, original 
Vought studies-aimed at space. 

Multistaging ... space communica­
tions ... nuclear and ionic propulsion 
... celestial navigation: these are 
growing components today in Vought's 
man-in-space program. As space re­
search vehicle target dates approach, 
a need for additional qualified spe­
cialists exists in Vought's Astronautics 
team. 

ASTRODYNAMICS SPECIALISTS, for ex-
. ample. Vought offers full challenge 
·to men' experienced in computing 
space trajectories by means of digital 
computers and accurate integration 
techniques. Knowledge of orbit cal­
culations is required. 

PRELIMINARY DESIGN ENGINEERS also 
can turn their talents toward space. 
Especially needed are designers who 
dih turn thrust, payload and mission 
approximations .. into practical con­
figurations; also, designers with field 
experience, to create orderly, "stream­
lined" launch systems. 

• 
Astronautics and preliminary design 
specialists are invited to inquire: A. L. 
Jarrett,Manager, Advanced Weapons 
Engineering, Dept. TIC-l 

Personals . . . continued 

cal engineering at Stanford University. 
From 1949 to 1955 he was an instructor 
and later a research group supervisor at 
JPL. 

1944 
Jay R. Borden, MS '47, is now senior 

instrumentation engineer of ·Waste King 
Corporation's Technical Products Division 
in Los Angeles. He was formerly chief 
engineer at the Clary Dynamics Corpora­
tion in San Gabriel, and before that was 
senior development engineer at JPL. The 
Bordens live in Pasadena and have two 
children-Thomas, 7, and Patricia, 5. 

1946 
William N. Lipscomb, Jr., PhD, head 

of the division of physical chemistry at 
the University of Minnesota, received the 
14th annual Harrison Howe Aw:otrd from 
the American Chemical Society's Ro­
chester Section. The award, which con­
sists of a citation and a $500 cash prize, 
is given annually to recognize achieve­
ment in chemistry and to promote dis­
cussion of problems likely to be impor­
tant in the future of chemistry. The first 
award, made in 1946, went to Linus 
Pauling, PhD '25, Caltech professor of 
chemistry. 

John W. Sease, PhD, received a pro­
motion to full professor of chemistry this 
summer at Wesleyan University in Mid­
dletown, COlli1. Now studying at UCLA 
under a National Science Foundation 
Fellowship, John was a research assist­
ant with the National Defense Research 
Council before joining the Wesleyan 
faculty in 1946. 

Earnest H. Clark, MS '47, has been 
appointed vice president and assistant 
general manager of Baker Oil Tools, Inc., 
in Los Angeles. He has been with the 
company for 11 years, serving most re­
cently as head of new product research. 

1947 
Richard C. Gerke, MS, contracting en­

gineer at the Bethlehem Pacific Coast 
Steel Corporation in Los Angeles, an­
nounced the arrival of the fifth addition 
t~ the family last spring-a second son, 
Carl Alexander. 

George B. Melrose, Jr., MS, chief of 
aeromechanics wiili the space flight and 
missiles division of the Bell Aircraft Cor­
poration in Buffalo, N.Y., has been ap­
pointed president of the Technical So­
cieties Council of the Niagara Frontier­
comprised of ilie local chapters of 40 
national professional societies with a 
total membership of about 8,000. He has 
also been elected to the advisory board 
of the Institute of the Aeronautical Sci­
ences. The Melroses, who live in Ken­
more, have two children-Mark, 5, and 
Diane, 2. 

1950 
Vern Allan Edwards, process engineer 

at Fibreboard Paper Products, Inc., in 
Los Angeles, reports that two-year-old 
Jeanne now has a sister, Amy, born on 
June 27. 

Edsel A. Worrell writes that "I am a 
senior engineer for Westinghouse Elec­
tronics Division in Baltimore, Md., and 
my major duties consist of mathematical 
analysis of electronic systems, mostly 
radar. Since coming to Baltimore in 
1953 I have acquired a wife, Louise, (in 
April, 1955) and 2-year-old Frank Henry. 
Currently we are buying a house and will 
move early in the fall." 

1951 
Leo L. Baggerly, MS '52, PhD '56, 

formerly senior research engineer at JPL, 
has been granted an award under the 
State Department's international educa­
tional exchange program to enable him 
to serve as a visiting professor in mathe­
matical physics at the University of 
Ceylon in Colombo. He has been serving 
at ilie University of Ceylon for the past 
year on a Fulbright Lectureship. 

1952 
Randolph G. Moore received his MS 

in electrical engineering from the Uni­
versity of Arizona in Tucson last May. 

Robert E. Stanaway is now manager 
of the spectron department of the trans­
ducer division of the Consolidated Elec­
trodynamics Corporation in Pasadena. 
Spectron designs, develops and manu­
factures precision optical assemblies and 
components for geophysical, industrial 
and aeronautical needs of companies in 
the instrumentation field. Bob has been 
with the company since 1956 and was 
formerly a development project engineer. 

Michel Bader, PhD '55, writes that he 
and his wife have infectious cases of in­
flated ego-the probable cause being a 
new daughter, Annette, born in August. 
Michel is an aeronautical research engi­
neer at the National Advisory Committee. 
for Aeronautics at Moffett Field, Califor­
nia, 

Robert W. Zwanzig, PhD, has joined 
the staff of the National Burea,u of Stand­
ards and will be working on the Bureau's 
free radical research program. Prior to 
this appointment, he was assistant pro­
fessor of chemistry at Johns Hopkins 
University, 

1953 
George W. Sutton, MS, PhD '.55, re­

search engineer in aerophysics at Gen­
eral Electric's Aerosciences Laboratory in 
Philadelphia, is currently working on 
projects associated with outer space con­
ditions and space flight, undertaken by 

continued on page 60 
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PROGRESS REPORT FROM AVCO RESEARCH LABORATORY 

NEW LIGHT ON MHD* 

NO MAGNETIC FIELD. This shock tube photograph, taken by 
emitted light only, shows the typical shock wave configuration 
formed by high-velocity gas flowing around a pointed cone. 

WITH MAGNETIC FIELD. Here is shown the magnetohydrodynamic 
displacement of the shock wave. The magnetic field is caused 
by electric current flowing through a coil of wire within the cone. 
This experiment qualitatively demonstrates the interaction of 
a high-temperature gas with a magnetic field. This effect would 
be expected to produce drag and reduce heat transfer to the body. 

Avco! l RESEARCH 
UBORATORY 

A Division of Avco Manufacturing Corporation/Everett, Mass. 

AK Division 

Crosley Division 

October, 19.5S 

Other divisions and subsidiaries are: 
Ezee Flow Division 

Lycoming Division 

New Idea Division 

Moffats Limited 

The Avco Research Laboratory wat 
founded a little more than three yeats 
ago for the purpose of examining high.:; 
temperature gas problems associat,ed with 
ICBM re~entry. The success of this 
research led to the birth of a new cor­
porate enterprise, A vco's Research and 
Advanced Development Division. 

The Research Laboratory, now estab­
lished as a separate A vco division" has 
expanded to embrace all aspects of physi­
cal gas dynamics. We are currently gravid 
with several embryonic projects which we 
anticipate will likewise grow into new 
corporate enterprises. Our work in the 
physics, aerodynamics and chemistry.of 
high-temperature gases is growing in the 
following areas: 

Magnetohydrodynamics-
Flight and industrial power­
generation applications 

Space f1ight-
Manned satellites 
Electromagnetic propulsion 

These developments have created a num­
ber of openings for physicists, aerody~ 
namtcists and physical chemists. If your 
background qualifies you to work in any 
of these areas, we would be pleased to . 
hear from you. 

Dr. Arthur K'lntrowitz, Director 
Avco Research Laboratory 

P. S. A listing of laboratory research re­
ports indicative of the scope and depth 
of our activities is available. Address 
your request: Attention: Librarian, Avco 
Research Laboratory, 2385 Revere Beach 
Parkway, Everett, Massachusetts. 

*Magnetohydrodynamics, the study of the dynam­
ics of electrically conducting fluids interacting 
with magnetic fields. 

Crosley Broadcasting Corporation 

Research and Advanced Development Division 
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Pictorial PROGRESS REPORT 

The photographs above illustrate some o/.the recent research, 

development, and manufacturing activities at Ramo-Wooldridge. 

Work is in progress on a wide variety of projects, and positions 

are available for scientists and engineers in the following fields: 

Digital Computers and 
Control Systems" 
Communications and 
Navigation Systems 
Guided Missile Research 
and Development 
Infrared Systems 
Electronic Countermeasures 
Electronic Instrumentation 
and Test Equipment 
Basic Electronic and 
Aeronautical Research 

The Ramo-Wooldridge Corporation 
L.OS ANGELES 45. CALIFORNIA 
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EDISON NEEDS ENGINEERS 

CIVIL 
ELECTRICAL 

MECHANICAL 

SOUTHERN CALIFORNIA EDISON COMPANY, the fastest-growing 
electric utility company in the United States, serves'one of the 
fastest-growing areas of the nation. 

To cope with the constantly increasing demand for power, Edi­
son now has in operation its first atomic electric generating plant. 
This is the first installation of its kind in the west to produce elec­
tricity for commercial use by atomic energy. 

Because of Edison's growth and its policies of leadership in 
technological fields and promoting from within, the opportunities 
for advancement with the company are at an uriprecedented high. 

Edison's employee benefits include a medical and sick leave' 
plan plus outstanding retirement, vacation and insurance plans. 
For all the details please write or call: 

Mr. C. T. Malloy, Southern California Edison Company, P.O. 
Box 351- MAdison 4-7111, Los Angeles 53, California. 

SOUTHERN CALIFORNIA • COMPANY 

LIVE BETTER-ELECTRICALLY 

CRESCENT 
HYVOL T SHIELDED POWER CABLE 

M 
SHIELDING 
TAPE 

.,"n'"-"""'''~ILlUCTING 
TAPE 

FOR MORE AMPERES PER DOLLAR OF INSTALLED COST 
CRESCENT HYVOLT insulation is made from butyl rubber which is inherently resistant to 
ozone, heat, moisture and aging with excellent electrical characteristics. For 5000 Volt 
or higher service, HYVOLT cables are provided with shielding to protect them from surface 
burning, corona, and lightning surges. 

CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON, N. J. 
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Personals . . . continued 

the company's missile and ordnance sys­
tems department. The most recent re­
search has been directed toward the de­
sign and development of a nose cone for 
the Air Force's Atlas and Thor ballistic 
missiles. The Suttons and their two chil­
dren live in Ambler, Pa. 

1955 
Armin D. Kaiser, PhD, has received a 

promotion to assistant professor of micro­
biology at Washington University in St. 
Louis, Mo. 

Stephen L. Stamm, MS, was graduated 
from the General Electric Company's 
advanced engineering program in June. 
The program was established more than 
30 years ago to make advanced study in 
applied physics and mathematics avail­
able to young engineers of exceptional 
promise. Steve joined the company in 
1955. 

Allen E. Fuhs, MS, is now an assist-

ant professor of mechanical engineering 
at Northwestern University in Evanston, 
Ill. He was formerly a lecturer at Cal­
tech's Jet Propulsion Laboratory. 

Vincenzo M. Cestari, BS '55, !o,IS '55, 
writes that he is still working for Con­
solidated Electrodynamics in Pasadena as 
a development engineer. "I have been 
here for the past two years," Vincenzo 
writes, "and have worked in many proj­
ects, all related to D.C. amplifiers of high 
sensitivity and stability. In August I 
start on a leave of absence of two years 
to study at the Harvard Business School. 
If all goes well, I will have an MBA in 
1960." 

1957 
Thomas C. Hays, MS '58, writes that 

"after receiving my MS in electrical en­
gineering in June, I married the former 
Mary Ann Jergens of Los Angeles. I am 
now serving with the Air Force as a 2nd 
Lt. at the Wright Air Development Cen-

ter at Wright-Patterson AFB in Ohio." 

Victor Evtuhov, MS, is one of ten out­
standing postgraduate students who will 
attend Caltech this semester under Ho­
ward Hughes Fellowships in Science and 
Engineering. Three other Caltech alumni 
will be here as Hughes Fellows: John P. 
Andelin, '55; Donald C. Forster, MS '57; 
and John]. Merrill, '55, MS '56. 

Edwin X. Berry, student in the edu­
cation department of Sacramento State 
College, announced the arrival of a son, 
Kim, on July 21. 

1958 
Donald B. Chesnut, PhD, is now on 

the research staff of Du Pont's Central 
Research Department as a physical chem­
ist at the Experimental Station near 
Wilmington, Del. 

Anthony Demetriades, PhD, research 
fellow in aeronautics at Caltech, now has 
a son, Anthony, born in August. 

S I 'I' II. \ ~ Ii 1\ N I) R E L A X ALUMNI ASSOCIATION OFFICERS 
PRESIDENT SECRETARY 
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Let Calmec Manufacturing Company 

Worry About 

Your Metal Parts and Products 

We 'have the most modern facilities and most 

complete plant to give you the maximum of 

service, whether it is a small part, a large part, 

or a product from your ideas to the shipped article 

direct to your.customers, under your name, from 

our plant. 

CALMEC MANUFACTURING CO. 
Robert A. McIntyre, M.S. '38 KImball 6204 

5825 District Blvd. Los Angeles 22, Calif. 

Edward P. Fleischer, '43 Donald S.Clark, '29 
VICE-PRESIDENT TREASURER 
Frank C. Bumb, '51 George B. Holmes, '38 

BOARD OF DIRECTORS 
Frank E. Alderman, '30 William W. Haefliger, '50 
L. Fort Etter, '35 Ralph W. Jones, '38 
John E. Fleming, '46 Francis E. Odell, '44 

Nick T. Ugrin, '34 

ALUMNI CHAPTER OFFICERS 
NEW YORK CHAPTER 
President Frank F. Scheck, '48 
Pennie, Edmonds, Morton, Barrows & Taylor 
247 Park Avenue 
Vice-President and Treasurer Dudley B. Smith, '45 
Cluett, Peabody & Company, 530 Fifth Avenue 
Secretary E. Morton Holland, '36 
A. G. Edwards & Sons, 485 Lexington Avenue 

WASHINGTON, D.C. CHAPTER 
President Frank H. Shelton, '49 
Armed Forces Special Weapons Project 
Secretary-Treasurer Richard G. King, '49 
Applied Physics Laboratory, Johns Hopkins University 
Silver Springs, Maryland 

SAN FRANCISCO CHAPTER 
President Jules F. Mayer, '40 
Standard Oil Co. of Calif., Chemical'Division, Richmond 
Vice-President Norman Bulman, '52 
Shell Oil Company, Martinez 
Secretary-Treasurer James A. Ibers, '51 
Shell Development Co., Emeryville 
Meetings: Fraternity Club, 345 Bush SI., San Francisco 

Informal luncheons every Thursday 

CHICAGO CHAPTER 
President 
Department of Geology, 

Laurence H. Nobles, '49 
Northwestern University, Evanston 

Vice-President Philip E. Smith, '39 
Eastman Kodak Co., 1712 Prairie Avenue 
Secretary-Treasurer Thorne J. Butler, '51 
Medical Center, Northwestern University 

SACRAMENTO CHAPTER 
President Charles M. Herd, '30 
State Division of Architecture, 1120 "N" Street 
Vice-President Kenneth M. Fenwick, '28 
State Division of Highways, 1120 "N" Street 
Secretary-Treasurer ) oseph A. Dobrowolski, '49 
Portland Cement Association 
Meetings: University Club, 1319 "K" SI. 

Luncheon first Friday of each month 

SAN DIEGO CHAPTER 
Chairman 
3040 Udal Street 
Secretary 
Consolidated Vultee Aircraft Corp. 
Program Chairman 
U. S. Navy Electronics Laboratory 

Maurice B. Ross, '24 

Frank J. Dore, '45 

Herman S. Englander, '39 
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New Beauty on Cleveland's Skyline 

Got lifetime service valves 
and got them fast 
by choosing JENKINS 

More than top quality in valves was required 
for this $17,000,000 aluminum-and-glass 
building, completed in April 1958 to provide 
offices for the Cleveland Electric Illuminat­
ing Company and other industrial and com­
mercial tenants. In addition to valves that 
would last for the building's lifetime, the build­
ers sought assurance that a close delivery date 
would be met. 

Both were assured by the choice of Jenkins 
Valves for all plumbing, heating and air con­
ditioning lines. 

For almost a century the name JENKINS has 
meant enduring quality. Jenkins Valves in 
service for fifty years and good for many more 
are often reported. 

And, when valves are needed quickly, Jenkins' 
efficient, national system of distribution can't 
be surpassed. Jenkins Bros., 100 Park Avenue, 
New York 17. 

Architects: 
Carson and Lundin, New York 

Consulting Engineers: 
Jaros, Baum & Bolles, New York; 

McGeorge, Hargett and Associates, 
Cleveland 

General Contractor: 
George A. Fuller Company, New York 

Heating-Air Conditioning Contractors: 
Kerby Saunders Company, New York; 
Feldman Brothers Company, Cleveland 

Plumbing Contractors: 
Kerby Saunders Company, New York; 
Gorman Lavelle Plumbing-Heating Co., 
Cleveland 

Managing Agents: 
Ostendorf-Morris Company, Cleveland 

Typical of more than 4,000 Jenkins Valves of bronze, 
iron and cast steel serving this building owned by the 
55 Public Square Corp., Cleveland. 

October, 1958 

THE ILLUMINATING BUILDING 

Sold Through Leading Distributors Everywhere 
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Where the Engineer Designs His Ovvn Career 
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Here's an industry that started big after the war ... surged ahead in every direction ... keeps 
on growIng today when others are tapering off ... and still has its biggest years ahead. The 
electric utilities business is basically an engineering business. Many of its top executives come 
from engineering ranks; from systems planning, design, operations, research, or sales; and 
with backgrounds ranging from electronics and nucleonics to older branches of scientific 
learning. If you want a career in an expanding industry that is based on engineering look to 
our electric public utilities. We know you'll like working with them. We have been doing it for 
many years in supplying this great industry with Kerite quality insulated wire and cable. 
See your placement officer, or write us at 30 Church Street, New York 7. N. Y. 

KERITE CABLE 
~ KERITE ~a:t: 'hU:~Ref ~e dflS/le-nce-
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TALENT PROSPERS AT BENDIX 
Talent prospers at Bendix. And proof 
of this is the vast number of Bendix 
engineers filling positions of executive 
responsibility in the world's largest 
and most diversified creative engi­
neering and manufacturing company. 
Many are men who only a few years 
back faced the same problems and 
decisions now confronting you as a 
graduate engineer. 

Bendix-producer of more than a 
thousand products for many basic 
industries-operates twenty-four 
separate manufacturing divisions; 
nine of them created or acquired 

since 1950. All are staffed by key men 
from within the company. 

At Bendix you will enjoy the advan­
tages of being with a big company, 
plus the opportunities for self-develop­
ment and personal recognition 
inherent in small companies. 

Bendix needs young men of talent 
-graduate engineers wanting to build 
solid careers with a solidly established, 
growing organization offering chal­
lenging tasks, opportunities for self­
advancement, good compensation and 
a liberal program of personal benefits. 

Bendix has special need for graduate 

engineers in these and related fields: 
Electronics, Electromechanics, Ultr:a­
sonics, Systems Analysis, Computers, 
Automation and Controls, Nucleonics, 
Hydraulics, Aerophysics, Instrumen­
tation, Solid State Physics, Combus­
tion, Heat Transfer, Propulsion, 
Metallurgy, Communications, Carbu­
retion, Ignition, Radar, Sonar, 
Structures. 

See your placement director or 
write to Dr. Gerald A. Rosselot, 
Director of University and Scientific 
Relations, Bendix Aviation Corpora­
tion, Fisher Building, Detroit 2, Mich. 

A thousand products a million ideas 
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ALUMNI EVENTS 

October 16 Fall Dinner Meeting 

November 14 Homecoming Game 
and Dance 

January 15 Winter Dinner Meeting 

March 7 Annual Dinner Dance 

April 11 Annual Seminar 

June 10 Annual Meeting 

J~ne 27 Annual Picnic 

ATHLETIC SCHEDULE 

WATER POLO 

. October 10 
Caltech at Santa Barbara 

October 11 
Caltech Alumni at Caltech 

October 14 
L.A. State at Caltech 

October 17 
Whittier at Caltech 

October 21 
Caltech at Long Beach State 

October 24 
Caltech at Pomona 

October 28 
Claremont-Harvey Mudd 
at Caltech 

October 31 
Caltech at Occidental 

FOOTBALL 

October 10 
Redlands at Rose Bowl 

October 17 
Pomona at Rose Bowl 

October 25 
. Caltech at D.C., Riverside 

November 1 
Cal tech at Whittier 

November 8 
Cal Western at Caltech 
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ALUMNI ASSOCIATION 
CALIFORNIA INSTITUTE OF TECHNOLOGY 

Pasadena, California 
BALANCE SHEET - As of June 30, 1958 

Caoo. in Bank 
Postage Deposit 
Accounts Receivable 
Investments: 

ASSETS 

Share in Consolidated Endowment Asset 
Portfolio of C.I.T. 6-30-58 

Share in Savings Accounts 
Total Investment 

Furniture & Fixtures (at nominal amount) 

Total Assets 

LIABILITIES 
Accounts Payable 
1958-59 Membership Dues Paid in Advance 

Total Liabilities 

Life Membership Reserves: 
Fully paid life memberships 

Total Reserves 

Surplus, June 30, 1958 

RESERVES 

SURPLUS 

. Provisions for Supplement to Directory 
Total Liabilities, Life 
Memberships, Reserves, and Surplus 

$53,870.45 
13,972.79 

$ 290.91 
6,979.00 

$51,700.00 

$ 8,005.46 
1,366.08 

STATEMENT OF INCOME 
For the Year Ended June 30, 1958 

INCOME 
Dues 
Less: Subscriptions to Engineering and Science 

Monthly for Annual Members 

Net Income from Dues 
Income from Consolidated Endowment Asset 

Portfolio of C.I.T. 
Investment Interest Income 
Program and Social Functions: 

Income 
Expense 

Annual Seminar: 
Income 
Expense 

Sundry Income 

Net Receipts 

EXPENSES 
Engineering and Science Subscriptions-Life Members 
Administration: 

Directors' Expense 
Postage & Miscellaneous 
Supplies & Printing 

Total Administration Costs 
Alumni Membership Solicitation 
Fund Solicitation 
Program Committee 

Total Expenses 

Net Income 
Less: Directory & Supplement Appropriation 

Net Income to Surplus 

AUDITOR'S REPORT 

$ 2,358.32 
472.69 

$ 4,263.11 
4,227.81 

$ 4,407.00 
4,002.67 

$ 173.90 
1,043.43 
1,070.65 

Board of Directors, Alumni Association, California Institute of Technology 
Pasadena, California 

$ 

$ 

452.91 
38.20 

6.10 

67,843.24 
1.00 

$68,341.45 

7,269.91 

$51,700.00 

9,371.54 

$68,341.45 

$12,407.53 

7,755.00 

$ 4,652.53 

2,831.01 

35.30 

404.33 
41.14 

$ 7,964.31 

$ 1,727.50 

$ 2,287.98 
370.20 

1,000.00 
11.14 

$:5,396.82 
2,567.49 
1,500.00 

1,067.49 

I have examined the Balance Sheet of the Alumni Association, California Institute 
of Technology as of June 30, 1958, and the related Statement of Income for the year 
then ended. My examination was made in accordance with generally accepted auditing 
standards, and accordingly included such tests of the accounting records and such 
other auditing procedures as I considered necessary in the circumstances . 

In my opinion, the accompanying Balance Sheet and Statement of Income present 
fairly the financial position of the Alumni Association, California Institute of Tech­
nology at June 30, 1958, and the results of its operations for the year then ended, in 
conformity with generally accepted accounting principles applied on a basis consistent 
with that of the preceding year. 
September 9, 1958 DALE J. STEPHENS, Public Accountant 

3491 Cahuenga Blvd., Los Angeles 28, Calif. 
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"Tree Rubber" made In U. S.A. for tires of tom,orrow 
Photography and x-rays pointed 
the way for Goodrich-Gulf 
Chemicals Inc. to achieve a 
synthetic that matches natural 
rubber. 

Heavy-duty truck and airplane tires 
always had to have tree rubber to 
assure acceptable performance. 
Usual man-made rubber didn't 
quite fill the bill. Its molecules didn't 
hang together like natural rubber. 

But now Goodrich-Gulf scientists, 
using x-ray diffraction photographs 
to check molecular structure, have 
produced Ameripol SN, a man-made 

rubber with the same physical prop­
erties as crude rubber even to tack 
and stickiness. It's an achievement 
that can mean a source of supply for 
the nation's new-rubber needs. 

Playing a part in research like this 
is only one ofthe many ways photog­
raphy is working for business and 
industry today. In addition, it also 
delves into problems of product 
design, production, and quality con­
trol. It trains employees, dealers and 
salesmen-does a selling job right 
to the consumer. 

Photography is saving time and 

. "" cutting costs for all kinds of busi-
nesses, large and small alike. It 
works for you in whatever occupa­
tion you choose. 

, 
Photographic nega­
tive showing the 
x-ray diffraction 
pa ttern prod uced 
by a molecule of 
natural, tree-grown 
rubber. 

The x-ray diffraction 
pattern of a molecule 
of Ameripol SN rub­
ber shows the scien­
tist that this rubber 
is identical to nat­
ural rubber. 

EASTMAN KODAK COMPANY, Rochester 4, N. Y . 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

CAREERS WITH KODAK 

With photography and photographic processes 
becoming increasingly important in the business 
and industry of tomorrow, there are new and 
challenging opportunities at Kodak in research, 
engineering, electronics, design and production . 

If you are looking for such an interesting oppor­
tunity, write for information about careers with 
Kodak. Address: Business and Technical 
Personnel Dept., Eastman Kodak Com-
pany, Rochester 4, N. Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. 



Where do you find better advancement 
opportunities-in a large company or a 
small one? To help you, the college 
student, resolve that problem, Mr. Abbott 
answers the following questions con­
cerning advancement opportunities in 
engineering, manufacturing and tech­
nical marketing at General Electric. 

Q. In a large Company such as General 
Electric, how can you assure that every 
man deserving of recognition will get it? 
Don't some capable people become lost? 

A. No, they don't. And it's be­
cause of the way G .E. has been 
organized. By decentralizing into 
more than a hundred smaller oper­
ating departments, we've been able 
to pinpoint both authority and re­
sponsibility. Our products are engi­
neered, manufactured and marketed 
by many departments comparable 
to small companies. Since each is 
completely responsible for its success 
and profitability, each individual 
within the departmen t has a defined 
share of that responsibility. There­
fore, outstanding performance is 
readily recognized. 

Q. If that's the case, are opportunities 
for advancement limited to openings 
within the department? 

A. Not at all. That's one of the 
advantages of our decentralized 
organization. It creates small oper­
ations that individuals can "get their 
arms around", and still reserves and 
enhances the inherent advantages of 
a large company. Widely diverse 
opportunities and promotions are 
available on a Company-wide basis. 

Q. But how does a department find the 
best man, Company-wide? 

A. We've developed personnel reg­
isters to assure that the best quali­
fied men for the job are not over­
looked. The registers contain com-

One of a series* 
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Advancement in a Large 

Company: How it Works 
plete appraisals of professional em­
ployees. They enable a manager to 
make a thorough and objective 
search of the entire General Electric 
Company and come up with the 
man best qualified for the job. 

Q. How do advancement opportunities 
for technical graduates stack-up with 
those of other graduates? 

A. Very well. General Electric is 
recognized as a Company with out­
standing technical skills and facili­
ties. One out of every thirteen em­
ployees is a scientist or engineer. 
And approximately 50 per cent of 
our Department General Managers 
have technical backgrounds. 

Q. How about speed of advancement? 
Is G.E. a "young man's Company"? 

A. Definitely. A majority of all 
supervisors, managers and outstand­
ing individual contributors working 
in the engineering function are below 
the age of forty. We believe that a 
job should be one for which you are 
qualified, but above all it shpuld be 
one that challenges your ability. As 
you master one job we feel that 
consideration should be given to 
moving you to a position of greater 
responsibility. This is working, for 
in the professional field, one out of 
four of our people are in positions of 
greater responsibility today than 
they were a year ago. 

Q. Some men want to remain in a 
specialized technical job rather than go 
into managerial work. How does this 
affect their advancement? 

A. At G.E. there are many paths 
which lead to higher positions of 
recognition and prestige. Every man 
is essentially free to select the course 
which best fits both his abilities and 
interests. Furthermore, he may mod­
ify that course ifhis interests change 

as his career progresses. Along any 
of these paths he may advance 
within the Company to very high 
levels of recognition and salary. 

Q. What aids to advancement does 
General Electric provide? 

A. We believe that it's just sound 
business policy to provide a stimu­
lating climate for personal develop­
ment. As the individual develops, 
through his own efforts, the Com­
pany benefits from his contributions. 
General Electric has done much to 
provide the right kind of opportu -' 
nity for its employees. Outstanding 
college graduates are given graduate 
study aid through the G-E Honors 
Program and Tuition Refund Pro­
gram. Technical graduates entering 
the Engineering, Manufacturing, Of 
Technical Marketing Programs start 
with on-the-job training and related 
study as preparation for more f"e­
sponsible positions. Throughout. 
their G-E careers they receive fre­
quent appraisals as a guide for self 
development. Company-conducted 
courses are offered again at all 
levels of the organization. These 
help professionals gain the increas­
ingly higher levels of education 
demanded by the complexities of 
modern business. Our goal is to see 
every man advance to the full limits 
of his capabilities. 

If you have other questions or want 
information on our programs for 
technical graduates, write to E. G. 
Abbott, Section 959-9, General 
Electric Co., Schenectady 5, N. Y. 

*LOOK FOR other interviews dis­
cussing: • Qualities We Look For 
in Young Engineers • Personal 
Development. Salary. 
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