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Who will pick up the gauntlet?· 
"How will we use it?" scientists ask as 
they strive to meet the challenge of an 
unusual molecule with extraordinary prop­
eities. Will it lead to a new plastic? Better 
rocket fuel? A cure for the common cold? 

Now Shell Chemical offers a molecule 
(in commercial quantities) with a myriad 
of uses - acrolein. Pronounced ah -crow' -
lee-in, it links to many other molecules to 
create whole new families of chemical 

derivatives. Some venturesome spirit with 
an eye to the future will accept the chal­
lenge presented by acrolein. In picking up 
the gauntlet, he may well trigger the most 
successful new product of 1965. 

. 

With a promising stepping stone 
to new materials, Shell Chemical 
helps American ingenuity set the 
future in motion. 

Shell Chemical Company 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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MISSION: MAN IN SPACE 

FILTER APPLICATION: PROTECT HYDRAULIC CONTROLS 

FILTER: PUROLATOR 
A malfunction in the lines of the hydraulic and 
pneumatic controls of the X-IS could send it off its 
programmed trajectory-alter the angle of re-entry­
cause deviation from the ballistic arc. 

So North American Aviation engineers took advan­
tage of Purolator's know-how and assistance. The ulti­
mate result is that new and unique designs to meet the 
wide range of operating temperatures, high capacity 
requirements and exacting space and weight restrictions 
are being supplied. 

The filters designed for the X-IS are just one example 
of the kind of imaginative engineering that's a specialty 
at Purolator. Purolator engineers have developed filters, 

in every known medium, to handle temperatures from 
-420°F to I,200°F -pressures from 0.000 to 6,000 psi­
flow rates from a few drops to thousands of gallons per 
minute-filtration from submicronic to 700 microns. 

Filtration conditions like these have been met by 
Purolator filters in scores of industries, including food 
and chemical processing, metalworking, transportation, 
petrochemicals, uranium processing, plastics manufac­
turing and liquid oxygen production. 

And the engineers who solved these filtration prob­
lems are ready to solve yours. A phone call, or a 
descriptive letter with blueprints, will receive their 
prompt attention. 

Filtration 

For Every Known 

Fluid 

PUROLATOR 
PRODUCTS, INC. 

RAHWAY. NEW JERSEY. AN� TORONTO ONTARIO. CANADA 
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Antoine Lavoisier ... on algebra as a language 

"Languages are not only intended, as is commonly sup­

posed, to express ideas and images by signs, but also are 

real analytical systems by which we advance from the 

known to the unknown, and to a certain extent in the 

manner of mathematicians: let us try to expound this idea. 

"Algebra is the analytical method par excellence: it has 

been contrived to facilitate the operations of the under­

standing, to make reasoning more concise, and' to contract 

into a few lines what would have needed many pages of 

discussion; in short, to lead by a more convenient, rapid, 

and unerring method, to the solution of the most compli­

cated questions. But a moment's reRection readily shows 

us that algebra is a real language: like all languages it 

has its representative signs, its methods, its grammar, if 

I may use this expression. Thus an analytical method 

is a language and a language is an analytical method; and 

these two expressions are, in some sense, synonymous." 

__ Methode de nomenclature chimique, 1787. 

THE RAN D COR PO RAT ION, SAN TA M 0 N I C A, CAL I FOR N I A 
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A nonprofit organization engaged in a program 01 research in the physical sciences, economics, mathematics, and the social sciences. 

Mathematicians at RAND develop new tools with which they, and scientists in every quarter, attack the urgent problems 01 the 

world 01 today and tomorrow; these applications, in turn, challenge them to the invention 01 even sharper tools. 
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flfCTROHYDRAUliC 
SfRVOMfCHANISMS 

IN INDUSTRY ... 
a 20 page illustrated discussion 
of components and applications 

CONTENTS: 

4 

DESCRIPTION OF A SERVOVALVE 
Single stage, Two-stage, Three-stoge, 
Mechanical feedback, Indvstrial. 

TYPES OF SERVOVALVES 
Flow control, Pressure control, Pressure­
flow control, Dynamic pressure feedback. 
Acceleration switching. 

APPLICATIONS OF SERVOVALVES 
Position control: Fixed position control, 
Point-te-point position control, Variable 
position control. 

Velocity controls: Constant speed con­
trol, Feed-rote control. 

Force controls :  Tension confrol, Pro­
grammed force control. 

CASE HISTORIES 
Spar mill tracer controls, Printing press 
steering control, Automatic cart steering 
control, Contour cavity mill control, Press 
brake tilt control. 

Does your company have on application for 
electrohydroulic servocontroJs? Yes 0 No 0 

Your (omments: ' ....... n •••• •  ".'"''' .... �,,,,,�, ... ,' ........ _ •• ,, .. ,, ... , ... '' 

Nome 

Company _.,." ... , ........ _, .... , ''' '' ' ._'._� .. ,." ... _ .. _ ... 

Add.... ..._ .. _ .... , ... _ .. _, .. _ ... ,._ ... , .... _ ... _ .. __ .... ..... ,.,..L.,_" 

"inc�ple produef. 

MOOG SERVOCONTROlS, I NC. 
INDUSTRIAl... DIVISION, EAST AURORA. N, Y. 

r I 

THE COVER 

The three glass plates on the cover were made by immunoelectrophoresis 
(see page 130), a technique used to study proteins and other biological 

substances. To prepare the plates Leonhard Korngold of the Sloan­
Kettering Institute in New York first coated them with a thin layer of 
agar gel and impregnated it with an electrically conductive solution. A 
few drops of the protein solution to be studied were then placed in a 
hole cut in the agar; the slide was connected to an electrophoresis appa­
ratus that separated the proteins according to their respective mobilities 
in an electric field. A trough was cut in the agar and filled with an anti­
body solution prepared previously by injecting the proteins to be studied 
into an animal. The antibodies diffused into the agar, each reacting with 
its protein counterpart to form an arc of precipitate. The arcs on the 
bottom plate, for example, were produced by reacting normal human 
blood serum (a complex mixture of proteins) with anti-macroglobulin 
(in upper trough) and anti-euglobulin (lower trough) from a rabbit. 
Similarly the plates at top and center show the reactions of serum proteins 
with various other antisera. The precipitates are stained with various 
protein-specific dyes to produce a permanent record. The scale at top is 
used to measure the distance the proteins moved through the agar. 
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Going up for «good seeiug." Un. 
manned balloon.observatory starts its 
ascent to take sunspot photos. "Project 
Stratoscope" is a continuing program 
of the Office of Naval Research and 
the National Science Foundation. 

One of the sharpest photos ever taken of 
sun's surface. It, and hundreds of others 
taken by stratoscope, may answer mystery 
of violent magnetic disturbances on earth. 

ANOTHER WAY 
RCA SERVES 

YOU THROUGH 
ELECTRONICS 

Exact position of photograph in relation 
to the total sun surface is shown here. Plotting 
and photography of precise areas was made 
possible by airborne RCA television. 

RCA REPORTS TO THE NATION: 

REMARKABLE NEW PHOTOS UNLOCK 
MYSTERIES OF SUN'S SURFACE 
Special RCA Television, operating from stratosphere, 

helps get sharpest photos of sun's surface ever taken 

Scientists recently - took the first, 
sharp, searching look into the center of 
our solar system. It was achieved not 
by a missile, but by a balloon posted 
in quiet reaches of the stratosphere. 

The idea was conceived by astrono· 
mers at the Princeton University Ob· 
servatory. They decided that a floating 
observatory-equipped with a tele· 
scope·camera-would offer a stable 
"work platform" from which sunspots 
could be photographed free of the distor. 
tion caused by the earth's atmosphere. 

But "Project Stratoscope" encoun· 
tered an unforeseen and major obstacle 
on its initial flight. A foolproof method 
was needed for aiming and focusing 
the telescope of the unmanned observ· 
atory. Princeton asked RCA to help. 

A special RCA television system was 
devised which enabled observers on the 

ground to view exactly what the tele· 
scope was seeing aloft. This accom· 
plished, it was a simple matter to 
achieve precise photography-directed 
from the ground by means of a separate 
RCA radio control system. 

The resulting pictures reveal sun· 
spot activities in unprecedented detail. 
They provide the world with important 
information regarding the magnetic 
disturbances which affect navigation 
and long. range communications. 

The success of "Project Stratoscope:: 
is another example of RCA leadership 
in advanced electronics. This leader. 
ship, achieved through quality and 
dependability in performance, has al· 
ready made RCA Victor the most trusted 
name in television. Today, RCA Victor 
television sets are in far more homes 
than any other make. 

RADIO CORPORATION OF AMERI CA 
THE MOST TRUSTED NAME IN ELECTRONICS 

5 

© 1960 SCIENTIFIC AMERICAN, INC



This odd vehicle, sometimes remotely controlled, carries nuclear "space" engines to test locations at the Atomic Energy Commission 
facility at Jackass Flats, Nevada. Bendix will supply some of the control rod drive mechanisms to regulate the power of these engines. 

THREE NUCLEAR ENGINES IN RACE FOR AIR·SPACE SUPREMACY 
In the all-out race for space and 
air supremacy the United States is 
developing three mighty nuclear 
engines-a nuclear aircraft engine, a 
nuclear ramjet and a nuclear rocket 
engine. They are for use in planes, 
missiles and space vehicles. 

Today's missiles gulp gigantic 
fuel loads in seconds. By compari­
son, the ramjet and aircraft engines, 
powered with atomic fuel, will have 
tremendously increased range just 
as nuclear power has greatly in­
creased the range of submarines. The 
nuclear rocket engine will also deliver 
far greater thrust per pound of fuel. 

Bendix® is playing a significant 
part in the development of all of 
these engines. A Bendix nuclear 
research reactor is being used by 
the Atomic Energy Commission in 
connection with the nuclear air­
craft engine. 

For the nuclear ramjet and rocket 
engines, Bendix supplies control rod 
drive mechanisms, which regulate 

6 

the power generated in the atom­
splitting, heat-producing process. 
In this case we are applying expe­
rience gained in building control 
rod drive mechanisms for Navy sub­
marines and for the prototype 
engine for the Navy's first nuclear­
powered surface ship. 

Similar Bendix control mecha­
nisms also regulate the Shippingport 
reactor, the first full-scale industrial 
atom power plant in the United 
States. It is operated by the 
Duquesne Light and Power Com­
pany of Pittsburgh. 

To w'arn of trouble and auto­
matically shut down reactors when 
safety requires, Bendix developed 
a transistorized" cut-off" switch for 

A thousand diversified products 

the large research reactor being built 
for the National Aeronautics and 
Space Administration. Radiation 
damage tests are being performed 
for the Air Force. Transistorized 
nuclear instrumentation is being 
supplied to the Army Package Power 
Reactor at Fort Belvoir. This project 
deals with reactors to supply power 
in remote locations, such as the 
Arctic, where fuel is lacking. 

To help train nuclear engineers, 
a Bendix research reactor is being 
built for the University of Kansas. 
Bendix is also associated in the 
development of the reactor which 
will supply industrial power to the 
Detroit Edison System. 

As a further indication of long 
experience in this new field, Bendix 
has operated the Kansas City 
Division for the past ten years. It 
is a large AEC facility covering 
1,300,000 square feet, employing 
nearly 8,000 people, and is devoted 
to the atomic weapons program. 
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TRANSISTORS 
OIODES 
RECTIFIERS 
SWITCHES 
REGULATORS 
REFERENCES 
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SILICONE NEWS from Dow Corning 

Silicones Soak Up Shock 

Dow Corning Damping Fluids 
Unaffected by Cold, Heat, Time 

"Steady.state" fluids - that's what some engineers call these exceptionally 
stable damping media. And steady they are. Their useful range extends 
from as low as -100 F on the cold side to over 400 F on the hot side! 
Within these extremes, viscosity varies but little. They're resistant to oxi· 
dation and to breakdown under shear; won't sludge; won't corrode metals. 
Because of such properties, silicone fluids are highly effective media for 
damping, springing and torque converting. 

Illustrated above is one example. It's a Radar Antenna Buffer, designed 
and built by Houdaille Industries, Buffalo, N. Y. Radar equipped with 
this unit, "Has silicone; won't over-travel." For that's where the buffering 
comes in. When the antenna swings to its travel limit, something must 
give, or the structure may be shock-damaged. What "gives" is the Buffer, 
and the working medium is Dow Corning silicone fluid. Because the 
damping fluid's viscosity is unaltered by temperature changes, perform­
ance of the Buffer varies less than 1 % per 100 Fahrenheit degrees. That's 
important, because installations of ballistic missile early warning radar, 
which use the Buffer, may vary from tropic to Arctic. 

This is but one of many designs where 
silicone fluids have aided the product engi­
neer. Others include auto fan drives, 
aircraft oleo struts, missile accelerometers, 
and truck scales_ If in your design you 
require a high performance damping or 
coupling fluid, investigate Dow Corning 
Silicones .. _ the fluids with "steady-state" 
viscosity. Write to Dept. 9803 for more 
detailed information. 

TYPICAL PROPERTIES OF DOW CORNING 200 FLUID' 

Cenli- Coelf. of 
slokes Pour Visc/lemp.' Expansion 

al 25 C Point, O F  Coefficient cc/ccrC 

10 -85 0.57 0.00108 

SO -67 0.59 0.00104 

100 -67 0.60 0.00096 

500 -58 0.62 0.00096 

1,000 -58 0.62 0.00096 

12,500 -51 0.58 0.00096 

"Available In a range of VISCosities to over a millIon 
centistokes. 1 

J 
_ Viscosity ot 210 F 

Viscosity at 100 F 

Your nearest Dow Corning office is the 
number one source for information 
and technical service' on silicones. 

Corning CORPORATION 
MIDLAND. MICHIGAN 

ATLANTA .OSTON CHICAGO CLEVELAND DALLAS LOS ANGIELES NEW YORK WASHINGTON, D. C. 
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This giant early warning "watchman" is 
a prototype model-designed and built by 
Goodyea;r Aircraft under contract to the 
Radio Corporation of America for the 
U.S. Air Force. The project: BMEWS­
Ballistic Missile Early Warning System. 

You get some idea of the size and capa­
bility of the Goodyear Aircraft compo­
nents when you consider these facts: 

-The concave tracking "dish" and rotat­
ing components weigh more than 200,000 
pounds, yet it rotates and maneuvers with 
fluid ease and perfect balance. 

-The supporting pedestal is three stories 
high, structured for the immense load it 
must carry, yet it is one of the most accu­
rate mechanisms of its type ever made. 

-The 140-foot-diameter radome can with-

wary 
watchman 

for 

stand gale-force winds and arctic storms, 
yet it offers almost complete electro­
magnetic transparency and requires no 
internal framework. 

These achievements stem from Goodyear 
Aircraft's long experience in radar and 
radome design, development, fabrication 
and testing. Such experience provides an 
invaluable background /01' virtually any 
rada1' system assignment - from farseeing 
radar structures of unprecedented accu­
racy to massive l'adomes of advanced 
architecture. 

W here can this experience solve a 

problem for you? WRITE for complete 
information to: 

Goodyear Aircraft Corporation, 
Dept. 91600, Akron 15, Ohio 

RADAR STRUCTURES AND RADOMES­
PRIMe CAPABILlTlE$ OF GOOD,IYEAR AIRCRAFT 

Plants in Akron, Ohio, and Litchfield Park, Arizona 
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a development 

of vital importance-to users 

of punch cards and tape 

The Dobeckmun Company is now successfully laminating foil, Mylar* and paper in 

varying combinations to produce tape and card stocks of extremely high dimen­

sional stability and strength. They have proven to be particularly valuable in complex 

control and programming systems that demand absolute fidel'ity of every compo­

nent part. 

If you have special tape or card stock requirements, we shall be delighted to work 

with your development people in producing a special material. We feel confident 

that somewhere within the framework of our skills and diversified products we can 

be of service to you. Write for brochure of complete details. 

DOBECKMUN 
The Dobeckmun Company, a Division of The Dow Chemical Company. Cleveland, Ohio. Berkeley 10, Calif . •  Offices in most principal cities. 
*MYLAR IS A. REGISTERED OUPONT TRADEMARK 
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is experienced 

... in Airborne 

Navigation Systems 

The bat isn't the only animal with 

a self-contained navigation system but 

it does have one of the most efficient. 

LFE is one of the original developers 

of self-contained navigation 

equipment for aircraft. Today, we 

are the major prime contractor of the 

United States Air Force for fully 

automatic navigation equipment 

operating totally independent of 

terrestrial navigation aids. 

For further details on Airborne 

Navigation Systems, write the Vice 

President of Marketing. Ask for 

Technical Data Digest No. 6011. 
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news of advanced systems and 
instruments from Perkin-Elmer 

TV-EQUIPPED SOLAR TELESCOPE TAKES � 
SHARPEST-EVER SUN SPOT PHOTOGRAPHS ' 

This past summer's Stratoscope I flights employed a 
closed-circuit television hook-up for ground-based aim, 
control and focus of a sun telescope borne 80,000 feet 
high in an unmanned balloon. Result: sun spots were 
photographed with unprecedented sharpness, as the 
accompanying photo shows. 

This is an active group of sun spots that caused a 
magnetic storm on earth the day before the flight. The 
spots are dark cores of relatively cool gases imbedded 
in a strong magnetic field. Enveloping them are wispy 
filaments of outward-moving warmer gases. 

These balloon telescope experiments-sponsored 
jointly by the Office of Naval Research and the National 
Science Foundation, and under the direction of Dr. 
Martin Schwarzschild of Princeton University - are 
providing fundamelltal data of value in such fields as 
communications, thermo-nuclear reactions and space 
travel. In this year's flights, the same basic 12-inch 
telescope-camera system designed and built by Perkin­
Elmer for the first successful high-altitude telescope 
flights in 1957 was used. Perkin-Elmer now is designing 
a much larger 36-inch balloon telescope, known as 
Project Stratoscope II, to he flown in 1961 for the study 
of planets, galaxies and nebulae. 

"NEW CONCEPT" POTENTIOMETER 

HELPS CHECK OUT 8-58 AUTOMATIC FLIGHT CONTROL SYSTEM 

A mobile test set, built by Eclipse-Pioneer Division of 
Bendix Aviation Corp. to check out the complex auto­
matic flight control system of the Air Force's Convair­
built B-58 Hustler bomber, utilizes a unique type of a.c. 
potentiometer developed by Perkin-Elmer. The Verni­
stat- is based on a new concept in relating shaft rotation 
to voltage. In the B-58 test set, several Vernistats pro­
vide accurate sources of test voltages used to simulate 
control system signals. An alternative method of sup­
plying voltage levels would have necessitated several 
additional components and would have cost four times 
as much as the Vernistat system. 

CAREER OPPORTUNITIES 

Perkin-Elmer's continuing growth has created need for 
additional engineers and physicists experienced in opto­
mechanical systems, reliability standards and transis­
torized electronic circuits at both East and West Coast 
locations. 

. 

You will be happy with the opportunities for individ­
ual recognition, professional growth, and advancement 
in responsibility and salary these positions offer. To 
investigate, forward resume to R. H. Byles, Electro­
Optical Division, Perkin-Elmer Corporation, 915c Main 
Avenue, Norwalk, Conn., or J. Armitage, Perkin-Eliner 
Corporation, 5670 East Washington Blvd., Los Angeles 
22, Calif. 
·Vernistot is 0 registered trodemork 01 The Perkin-Elmer Corpofolion. 

ANALYTICAL INSTRUMENTS MILITARY SYST EMS 
FINE O PTICS PRECISION ELECTRONIC COMPONENTS 

Perkin-Elmer will be happy to send you an 8 x 10 glossy print of the 
sun spot photograph. Forward your request to poE's Public Relations 

Department at the above address 
© 1960 SCIENTIFIC AMERICAN, INC



Making the incredible commonplace is our job. From fertilizers to fuels, 

from papers to proteins ... everywhere in production and processing, Beckman Instru-

, 
" ! • 

'-. •• 
• 41 •• 

• 

Beckman electrophoresis apparatus measures a molecu Ie ... a Beckma n ultracentrifuge 

isolates a virus - to speed medical and pharmaceutical research. And without fanfare, 

Beckman computers and data processing systems steadily shape the development of 

entire space programs. Scientists, manufacturers and processors throughout the world 

meet endless problems of accurate analysis, difficult measurement and critical control 

with Beckman instruments ... performing minor miracles on a regular schedule .Where 

ever electronics has application, it is our job to reduce the impossible to the routine ... 

to make the incredible commonplace. We do it every day. 

Beckman 

BECKMAN INSTRUMENTS, INC. ELECTRONIC COMPONENTS,INSTRUMENTS,SYSTEMS ... FOR ANALYSIS, MEASUREMENT, COUNTING AND CONTROL 

EXECUTIVE OFFICES: FULLERTON, CALI FORN IA I DIVISIONS: BERKELEY· HEll POT· INTERNATIONAL· SCIENTI FIC & PROCESS I NSTRU MENTS' SPI NCO· 

SYSTEMS I SU BSI DIARI ES: SHOCKLEY TRANSISTOR CORp· BECKMAN I NSTRU MENTS, G.m. b. H., GERMANY· BECKMAN I NSTRU M ENTS, LTD .• SCOTLAN D 

© 1960 B. I. I. Be 60090 
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What Would Paint 
Savings Like This* 
Mean in YOUR 
Finishing Department? 

Quality is all important in the production 

of fine Metalcraft furniture by George 

Koch Sons, Inc., Evansville, Indiana. 

That's why they use the Ransburg 

Electrostatic Hand Gun to apply a uni­

form clear coating on their brass-plated 

furniture. The protective coating is baked 

on. Although the bulk of their present 

production is in the popular brass line, 

they still paint the metal furniture in a 

variety of colors with the Hand Gun. 

Painting is CLEANER ... QUICKER • . .  CHEAPER 

with the Ransburg Electrostatic Hand Gun. 

*10 GALLONS OF PAINT 
NOW DOES THE JOB 
WHICH FORMERLY TOOK 
30 GALLONS 

On one item-a TV table-they formerly 

used 30 gallons of enamel to coat 1000 
units by combination dip and air spray 

method. Now-with the Ransburg Elec­

trostatic Hand Gun, they paint 1000 tables 

with only 10 gallons. And, they get a 

better, more uniform coating, too. 

No Reason Why You Can't Do It Too! 
See how the Electrostatic Hand Gun can save time 
• • .  paint • • •  and cut costs in YOUR finishing de­
partment. Or, if your production justifies, it'll pay 
you to investigate Ransburg's automatic electro­
stutic spray painting equipment. Write for our 
No.2 Process brochures which show numerous ex­
amples of modern production painting in both 
large and small plants. 

RANSBURG 
Elecf:ro-Coaf:/ng Corp. 
80x-23122, Indianapolis 23, Indiana 
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LETTERS 
Sirs: 

The note "Radiation Compromise" in 
your department "Science and the Citi­
zen" for December suggests that there 
has been a difference between the recom­
mendations of the International Com­
mission on Radiological Protection and 
the National Committee on Radiation 
Protection and Measurements. It would 
appear that considerable confusion with 
regard to the relative positions of these 
two bodies has arisen because of some 
slightly inaccurate reporting of this com­
plicated question by the daily press. 

First, I should like to point out with 
emphasis that there is not, nor has there 
ever been, any substantial disagreement 
between the recommendations of the two 
bodies. In fact, it would be very difficult 
for disagreement to arise, as there is so 
much overlap of membership between 
the two groups. 

For several years both groups have 
recommended a maximum permissible 
dose for the population outside of con­
trolled areas resulting from operations 
within controlled areas, at one tenth the 
occupational level. The same maximum 
values more recently have been extend­
ed either formally or informally by both 
groups to apply to individuals in the 
population at large. It is expected that 
by the use of such maximum values the 
average would be substantially less. 

The I.C.R.P. in its report issued last 

Scientific Amcl·icl.lll, 1\larch, 1960; Vol. 202, 
No. 3. Published monthly by Scientific American, 
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spring also suggested average permissi­
ble population doses for long-range 
planning purposes. These were set at a 
30th of the occupational level for somatic 
damage and a 100th for genetic damage. 
The same figures would derive from the 
1957 recommendations of the N.C.R.P., 
although the N.C.R.P. has never stated 
these figures in such a specific manner. 

I believe that the I.C.R.P. position 
will be made clear in a statement that is 
expected to appear in the January issue 
of Radiology. It is unfortunate that some 
of the press articles have given the ap­
pearance of accenting differences be­
tween the recommendations of these two 
bodies, when in fact there has been none 
of consequence since both were organ­
ized over 30 years ago. 

LAUlUSTON S. T A YLOH 

Chairman 
National Committee on Radiation 

Protection and Measurements 
Washington, D, C. 

Sirs: 
I should like to raise a question con­

cerning a most interesting and important 
point made by Knut Schmidt-Nielsen in 
his informative article "The Physiology 
of the Camel" [SCIENTIFIC AMEHICAN, 
December]. 

It is one of the fairly well-established 
facts of desert experience that men are 
prostrated after about lOoper-cent 
weight loss due to dehydration and that 
a 20-per-cent loss is almost certainly 
lethal, apparently due to inability of the 
heart to continue to pump blood after 
the viscosity increases as a result of the 
plasma water loss. Schmidt-Nielsen's 
work reveals, by contrast, that the camel 
is not in serious danger even after 25-
per-cent loss of total body-water. 

To understand the marked differences 
in physiological response to dehydra­
tion in camel and in man is clearly im­
pOl'tant for the study of both animals. 
Hence I wish to suggest that some re­
vision of Dr. Schmidt-Nielsen's osmotic 
interpretations seems to be necessary. If, 
as is apparently implied, both man and 
camel lose water via evaporative proc­
esses at the immediate expense of plasma 
water, then osmotic Row of water from 
nonplasma sources into the thickening 
plasma can, at most, bring the plasma's 
osmotic pressure back down to that of 
the rest of the body solutions. The au­
thor suggests that man's osmotic re­
sponse is anomalous and that the camel's 
is that which is to be expected, but the 
opposite seems true. How can a camel 
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AT RAYTHEON-

Scientific imagination 
focuses on FERROMAGNETICS 

Perrites, ceramic materials derived mainly from magne­
tite, combine high electrical resistivity with ferromagnetic 
properties. These characteristics make possible microwave 
devices such as isolators-units which conduct radio waves 
in one directiorl, but not the other-modulators, phase 
shifters and microwave switches. Unlike conventional 
microwave hardware, ferrites are simple, highly efficient 
solid-state devices. 

New types of microwave tubes require ferrites capable 
of operating at multi-megawatt levels. However, at high 
power, heat generated within the ferrite may cause a grad­
ual loss of magnetic properties. And at low frequencies, 
interaction among microwave, external and ferrite mag­
netic fields may seriously attenuate the transmitted signal. 

Through design innovations, new material formulations 
and special ceramic production techniques, Raytheon 
scientists and engineers have successfuUy minimized these 
effects in developing the first commercially-available UHP 
(350 to 400 mc) isolator for high-power-lO megawatt 
peak-radar. 

Out of the combined efforts of many professional discip­
lines-mathematical physics, metaUurgy, physical chemis­
try-have come major contributions to fundamental 
understanding of ferro magnetics and microwave behavior. 

Dr. M. H. Sirvetz of the Research Division, Dr. H. Scharf­
man, head of the Special Microwave Devices Operations, 
and Dr. S. L. Blum also of Research are among the many 
Raytheon personnel contributing to these fields. 
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NOW! You can increase drafting room production dramati­
cally - without the high cost for expansion or 
additional personnel! You can do it with the products 
and help offered only by your Bruning Man! 

He gives you the widest selection of the most advanced prod­
ucts on the market to save you time and money _ . . modern 
Auto-Shift drafting t.ables that enable 50% more productive use 
of space ... all-new Neoglide drafters that speed drafting up to 
40% . . . versatile intermediates that slash time of re-working 
drawings up to 90% . .. the brand new Copyfiex 675 reproduction 
machine that offers more operating conveniences and advancements 
than any other machine on the market. 

Your Bruning Man gives you the service, supply, and quality 
products offered only by a company with over 60 years' experience 
as researcher, manufacturer, and supplier. He provides you a 
single, dependable source for everything you need, simplifies 
ordering and stocking, saves you time and money. His sales-service 
branches and plants are near you to assure you the product or 
help you need when you need it! 

eBRUNING) Call your Bruning Man, today. He's 
located in principal cities of the 
United States and Canada. 

Charles Bruning Company, Inc. 
1800 Central Rd., Mt. Prospect, Ill. 

that has undergone 25-per-cent loss of 
total body-water exhibit only about a 
lOoper-cent loss of plasma water without 
defying thermodynamic laws-unless its 
total body-water loss involves some form 
of immediate drain on nonplasma sol­
vent rather than plasma solvent? If the 
latter were the case, this would be a 
point of great physiological interest. 

JAMES E. McDONALD 

University of Arizona 
Tucson, Ariz. 

Sirs: 
James E. McDonald's letter correctly 

states: "If, ... both man and camel lose 
water ... at the ... expense of plasma 
water, then osmotic flow of water ... 
into the thickening plasma can, at  most, 
bring the plasma's osmotic pressure back 
down to that of the rest of the body solu­
tions." McDonald's contention, that 
plasma volume should therefore be :'e­
duced in dehydration, is a widely held 
opinion, and I am happy to have this 
opportunity to explain that this is not 
necessarily so. 

The capillary wall is permeable to 
water and salt, but not to proteins, and 
therefore plasma proteins osmotically at­
tract water from the extravascular space. 
The influx of water is opposed by the 
hydrostatic pressure in the capillary. The 
net flux of water is zero when hydro­
static pressure and colloidal osmotic con­
centration are equal. In general, if water 
is lost from the plasma, the resulting in­
crease in protein concentration (in the 
absence of changes in hydrostatic pres­
sure) causes an increased influx of wa­
ter, diluting the protein until equilibrium 
is reached at the original protein .con­
centration, i.e., the plasma volume is re­
stored. In the specific case of 25-per-cent 
dehydration, salt concentration in plasma 
and tissue water is increased by one 
third, but since the capillary wall is free­
ly permeable to salt and water, this in­
crease has no effect on the eyuilibrium 
between hydrostatic pressure and osmotic 
concentration of proteins. Hence plasma 
volume, which is determined by this 
equilibrium, should be maintained with­
out "defying thermodynamic laws." As 
I briefly stated in the article, the camel 
approaches this situation, and the real 
problem is why man does not. 

K:-;:UT SCH_\I1])T -NIELSEN 

Department of Zoology 
Duke U niver�i(y 
Durham, N. C. 
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Bulova assigns project authority and responsibility to one man. 
The Bulova Project Manager is a customer's man. He 
holds full responsibility for meticulous control over 
every phase of a single project-including direct-line 
communication with the client. 

Reporting directly to the President, the Bulova Project 
"Exec" heads up a task force of specialists specifically 

assigned to his project. Though this task force changes 
during programming, the Exec doesn't. He's Bulova's 
unique single management control over that project. 

Experience in precision design and precision manu­
facture is the Bulova tradition, the Bulova capability. It 
has been for over 80 years. For more information write-

Industrial and Defense Sales· Bulova, 62-10 Woodside Avenue • Woodside 77, New York 

BULOVA 
Visit our Booth Numbers 1719-1721 at I. R. E. Show-No Y. C. 
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LI B RAse 0 PE 
Since 1940, ships-of-the-line-and-train have mastered the sea's 

kinematics with a lengthening list of Librascope computers ILl 

Attack directors, torpedo and missile angle solvers, weapons 

S H I P B 0 A R 0 control computers, attack plotters, depth plotters, position 

keepers, target motion analyzers, stabilization computers, roll 

eOM PUlERS 
and pitch computers. A t  sea as elsewhere, answers come fast 

and right from Librascope computers. For a� eye-openin� tour 

of the expand- .. mg boundanes of 

electronic calculation, in person or through literature, 

A Division of General Precision, Inc. II Librascope, 808 

dale, Calif. I!lI For career opportunities write G. Seltzer, 

write Librascope, 

WesternAve.,Glen­

Employment Mgr. 

computers that pace man's expanding mind 
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WHEN YOU WANT TO TOUCH 
THE UNTOUCHABLE 

You may design manipulators for radioactive materials ... 

control devices for corrosive chemicals ... laboratory equip­

ment for research on deadly viruses. Whatever you design, 

if it calls for precision instrument ball bearings, Fafnir 

can help you. Low torque, for example, is insured through 

Fafnir's balanced bearing and retainer design, extreme 

accuracy in geometry of parts, superior finishes, and "clean 

room" assembly. Let Fafnir's uniformly high standards of 

quality plus diversity of types, sizes, and materials help you 
"touch the untouchable" in meeting exacting requirements. 

The Fafnir Bearing Company, New Britain, Connecticut. 

PHOTO COURTESY GENERAL. ELECTRIC VAL.LECITOS ATOMIC LAQ;ORATORV 

Fafnir precision instrument ball bearings are 

available in four tolerance classes-ABEC 1, 

3, 7, and Modified 7- to meet specific needs. 
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Latest style in Albany, New York 
THIS IS A HARD HAT. It's worn by men who get things 

done. It's the perfect symbol for the new spirit in New 

York State ... a spirit that's working to create more 

and better job opportunities for everyone by encour­

aging business to grow. 

Focal point of this new spirit is the capital city of 

Albany. The city is alive with "doers." Successful busi­

ness and professional men who gave up positions of 

responsibility to help Governor Nelson Rockefeller 

make New York State an even better area for com­

panies to locate and grow ... an even more rewarding 

place to live and work. 

You'll see and feel the work of the hard-hat "doers " 

in many ways. In the interest in streamlining the ad-

ministration of laws affecting business ... in the new 

survey of New York's business climate ... in the new 

study of taxation . . .  in new approaches to plant 

financing and in many other new developments. 

If you agree that your company could grow and 

prosper in this hard-hat businessman's climate, get in 

touch with the Commissioner of Commerce, Keith S. 

McHugh. He will send you, free, confidential, up-to­

date reports on sites, labor, transportation, markets, 

raw materials, water. Write Keith S. McHugh, New 

York State Department of Commerce, Room 375, 112 
State Street, Albany, N. Y., or phone HObart 2-7511. 
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Constant search and research by Alcoa makes it pay to 

mix lmaglnatlon wlth Alcoa Alumlnas 
Out in East St. Louis stands the birthplace of new products and product improvements affecting nearly every 
American industry. There, you'll find ALCOA operates the only fully equipped laboratory facility devoted to the 
constant development of new forms, grades and uses for alumina, one of nature's most versatile 
materials. There, ALCOA has developed the variety of types and grades of alumina that have 
made possible-or made better-products ranging from tooth paste to missile nose cones. 
There, exist the facilities and the man power able to adapt the outstanding chemical, me­
chanical, thermal and electrical properties of alumina to your needs. Why not let us tackle 
your problem? Simply describe it in a letter to ALUMINUM COMPANY OF AMERICA, CHEMICALS 
DIVISION, 701-C Alcoa Building, Pittsburgh 19, Pennsylvania. 

For finer products, let Alcoa add new dimension to your creative thinking! 

For exciting drama, watch 
·.'Alcoa Theatre," alternate 
Mondays, NBC-TV, and "Alcoa 
Presents," every Tuesday, ABC-TV 
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cooler. • • less cloudy. • • better going 

Formaldehyde in water solution has always presented problems. It must be heated and then kept warm in transit 

and storage, otherwise the chemical tends to cloud the solution and fall to the bottom as a precipitate. Celanese research 

has recently discovered a better way to stabilize formaldehyde-a new process which permits shipment of 

formaldehyde at a full 15 to 20 degrees F. less than before! The savings in steam and heating plant at storage points is 

considerable. Higher concentrations can be shipped, with resultant economies in chemical processing. Celanese is headquarters 

for formaldehyde in all its variants. A leader in high-volume basic chemicals, CeJanese has pioneered many advances 

in chemical industry-several in formaldehyde. We'd be glad to help you find answers to your chemical problems and 

requirements. For a listing of the chemicals we produce, write to: Celanese Chemical Company, a Division of 

Celanese Corporation of America, Dept. 582-C, 180 Madison Avenue, New York 16, N. Y. CeJanese® 
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for a WORKHORSE CHEMICAL 

Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver 

Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Ave., New York 16 
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ANNOUNCING A NEW 

OXIDATION RESISTANT 

GRAPHITAR® 
(CARBON-GR A PHITE) 

fOR HIGH 

TEMPERATURE 

APPLICATIONS 

Culminating five years of intensive research, engineers of The United 
States Graphite Company have developed a new oxidation resistant 
GRAPHITAR. In exhaustive tests, GRAPHITAR parts were exposed 
in an oxidizing atmosphere (air) at 1200 degrees F and after 200 hours, 
the GRAPHITAR showed a weight loss of less than six percent! 

GRAPHITAR, which is available in many grades, is a versatile engi­
neering material with unusual and outstanding properties that make 
it ideal for tough applications. It is non-metallic, resists chemical 
attack, has self-lubricating properties and a low coefficient of friction. 
It is mechanically strong, lighter than magnesium and is the perfect 
material for packing rings, pressure joint seals, clutch release bearings, 
fluid coupling seals, piston rings, pump liners and vanes. 

For more information on this new oxidation resistant GRAPHITAR 
and its applications, write the GRAPHITAR product manager on 
your company letterhead. 

R-279·1 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION, SAGINAW 6, M ICHIGA N 

GRAPHITARE> CARBON-GRAPHITE • GRAMIXE> POWDER METALLURGY • MEXICANE> GRAPHITE PRODUCTS • USGE: BRUSHES 
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ADVANCED DESIGN CONCEPTS . WITH BEARINGS FOR MOTORS 
A major advance in electrical motor design has been 
made possible with the introduction of Torrington 
Drawn Cup Roller Bearings. 

The advantages of drawn cup outer race construc­
tion are now available in a compact, low-cost, pre­
cision roller bearing. Design restrictions imposed by 
the need for in-service lubrication are eliminated. 
These bearings can be pregreased for life. They insure 
highly efficient anti-friction performance, yet are com-

pact and exceptionally light in weight. They offer ex­
treme design simplicity in housing and installation. 
Their. cost is low. In many cases, armature bearing 
costs have been reduced by as much as 50%. 

Torrington Drawn Cup Roller Bearings have a field 
of application ranging from advanced servo-motors to 
domestic appliances. Their development is one more 
example of Torrington's continuing effort to improve 
bearings in design, material and performance. 

THE TORRINGTON COMPANY 
Torrington, Conn . •  South Bend 21, Ind. 

RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE 
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Teletype Model 28 Automatic Send-Receive Set A"com­
plete station" in one console-with facilities for send­
ing and receiving on message paper or sprocket-fed 
business forms _ • _ tape punching ... sending or re­
ceiving with tape . . .  integrating tape and manual 
keyboarding .. . producing tape automatically, as a 
by-product of send-receive operations. 

Teletype Model 28 Tape Punch Receives incoming 
electrical signals, punches a 5-level "common lang­
uage" tape, and prints data right on the tape, for 
easy identification and handling. Unit is used for 
message relaying ... for integrating data from several 
sources into a single'tape-... for providing punched 
tape as a by;product of send-receive operations. 

Teletype Model 28 Receive-Only Page Printer A mes­
sage receiving unit (without keyboard). This is 
"terminal" equipment, for use where two-way com­
munication is not necessary. No attendant is needed. 
Produces a printed record on plain paper or multi­
part business forms. Table models of this unit and 
the send-receive set at the right are also available. 

Teletype Model 28 Tape Reader This is a sending unit. 
Reads punched tape and instantaneously transmits 
data to local or remote receiving equipment. As with 
all Teletype transmitting units, data may go to one 
destination or a number of destinations simultane­
ously-either nearby or thousands of miles away. 
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Teletype Model 28 Send·Receive Page Printer Message 
originating unit, for sending and receiving. Model 28 
page units, including the Automatic Send·Receive 
Set, feature a built·in "stunt box" control system 
for automatic station selection and electrical control 
of remote equipment. Horizontal tabulation and 
form positioning arrangement available. 

Teletype Model 28 Tape Reader-Twin Shaft Besides 
reading punched tape for on-line transmission, twin­
shaft reader-distributor design offers facilities for 
simultaneous output on a multi-wire basis and direct 
translation (without tape) of signals from an external 
parallel-wire source for on-line transmission. 

For your 
communications system 

TELETYPE 
Model 28 Line 

• • • 

Presented here are the principal units of the 

Teletype Model 28 line� "Model 28" stands for 

an entirely new concept in record communica­

tions. It is an integrated line, designed on the 

modular principle, permitting a wide choice and 

ready interchange of components and providing 

accommodations for expansion. Typebox print­

ing on page units makes possible quick inter­

change of alpha-numeric characters. Speed is 600 

characters per minute with printing, up to 1,200 

characters per minute on tape units where print­

ing is not required. 

These new machines are manufactured to 

Teletype's precision standards for continuous 

day-in and day-out service. All-steel clutches and 

simple harmonic-design elements greatly reduce 

and simplify maintenance requirements. 

Exclusive with the Model 28 printer line is the 

versatile stunt box, which is actually a "robot 

brain." It responds to keyboard or line signals, 

and may be used for internal control of extra 

functions in the Teletype printer, as well as for 

external controls. 

More information. If you would like more infor­

mation on Model 28 equipment, please write to 

Teletype Corporation, Dept. 18C, 4100 Fullerton 

Ave., Chicago 39, Illinois. 

TELETYPE® 
CORPORATION 
SUBSIDIARY OF Westerll Electric CompallY INC. 
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CARBIDES 
for modern 

industry 
A wealth of experience in high tempera­

ture technology, symbolized by the 
NORTON FIREBIRD, has created carbides in 
commercial quantities for a wide range of 
industrial uses. 

In CHEMICAL PROCESSING, carbides of 
silicon, zirconium, and titanium are ideal 
source materials for many processes in­
cluding chlorination. Boron carbide is a 
starting point for high energy fuels ... 
The METAL INDUSTRY uses silicon carbide 
extensively as an additive in steel and 
grey iron production - other carbides as 
additives for nuclear steels and super al­
loys . . . Manufacturers of ELECTRONIC 
components utilize the high temperature 
semi-conductor characteristics of silicon 
carbide and other carbides. 

NORTON carbides are finding ever in­
creasing use as shapes and as coatings re­
sistant to unusual conditions of abrasion, 
erosion, and corrosion at elevated tem­
peratures. 

Why not investigate these versatile 
products for your needs? Write NORTON 
COMPANY, Electro­
Chemical Division, 
542 New Bond St., 
Worcester 6, Mass. 

Send for booklet 
on carbides and 

other Norton 
Electro-Chemicals. 

ELECTRO-CHEMICALS 
GIFTS OF THE FIREBIRD: compounds or s�licon 

zirconium· boron . aluminum· magnesium 

titanium· chromium· including many borides 

carbides· nitrides . oxides 

75 Years of ... 
Making better products ... 

to make your products better 
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50 AND 100 
YEARS AGO 

ME RICAN 
MARCH, 1910: "A recent test of 

wireless telephony was made to show 
its value for transmitting music. Several 
selections were sung into a transmitter 
at Park Avenue and Fortieth Street, New 
York, and were listened to by a group 
of newspaper men at the Metropolitan 
Tower. At times the singing was very 
clear, but frequently it was impossible 
to hear anything but a confused blur 
of sound." 

"Guglielmo Marconi writes: 'With re­
gard to the utility of wireless telegraphy, 
there is no doubt that its use has be­
come a necessity for the safety of ship­
ping, all the principal liners and war­
ships being already equipped, its exten­
sion to less important ships being only 
a matter of time, in view of the assist­
ance it has provided in cases of danger. 
Its application is also increasing as a 
means of communicating between out­
lying islands, and also for the ordinary 
purposes of telegraphic communication 
between villages and towns, especially 
in the colonies and in newly developed 
countries. However great may be the 
importance of wireless telegraphy to 
ships and shipping, I believe it is des­
tined to a position of equal importance 
in furnishing efficient and economical 
communication between distant parts of 
the world, and in connecting European 
countries with their colonies and with 
America.' " 

"Prof. E. E. Barnard of Yerkes Ob­
servatory informs us that on February 
27th last he obtained with a one-hour 
exposure a photograph of Halley's com­
et, showing a faint tail of two degrees, 
equivalent to a length of about 14,000,-
000 miles. This is rather important in 
relation to the question as to whether 
the tail will reach the earth on May 18th. 
From these photographs, taken so far 
from perihelion, it seems that the tail 
will be amply long to reach the earth." 

"The Royal Geographical Society of 
Italy, at a largely attended meeting, 
ratified the recommendations of the 

committee relative to the bestowal of 
medals and other distinctions for the 
year 1909. These include a gold medal 
to Robert E. Peary, for the discovery of 
the North Pole; silver medal to Captain 
Robert A. Bartlett, who commanded the 
steamship Roosevelt on the Peary ex­
pedition; gold medal to Lieutenant Sir 
Ernest H. Shackleton, for his 'nearest 
South Pole'; silver tablet to the Duke of 
the Abruzzi, for his expedition to the 
Himalayas, where he made a record 
ascent." 

"Every day some four or five million 
persons attend the 13,000 moving-pic­
ture shows of the United States. The 
pictures which flicker on the screen 
before the spectators are projected by 
means of apparatus the basic patents 
of which were taken out by Thomas A. 
Edison. These four or five million per­
sons, therefore, unwittingly pay royalty 
to Mr. Edison whenever they hand in 
their nickels or dimes at the box office. 
It is stated that about 1,440,000 feet of 
film are made by the members of the 
Motion Pictures Patents Company. On 
this production a royalty of half a cent 
per foot is paid to Mr. Edison, so that 
his revenue from the moving-picture­
loving public amounts to $7,200 per 
week." 

MARCH, 1860: "The continued yield 
of the Pennsylvania oil springs is creat­
ing much excitement in their vicinity 
and elsewhere, being calculated, as they 
are, to render that region of our country 
one of the richest in the Union. One 
gentleman commenced boring, and at 
the depth of 58 feet struck a vein, which 
is yielding him 12 barrels of oil per day. 
Others, from a greater depth, are secur­
ing 30 barrels. It now becomes a ques­
tion as to what the effect of these dis­
coveries will be upon the whale fishery." 

"The Homestead Bill passed the 
House of Representatives in Washing­
ton, on the 12th inst. by a vote of 11-1 
to 66. It provides that every person who 
is the head of a family and 21 years of 
age may enter one quarter section (160 
acres) of land, subject to pre-emption, 
and at the expiration of five years, if 
then a citizen, shall be entitled to a pat­
ent for it on payment of $10. We hope 
this bill will also pass the Senate at an 
early date. We have no doubt but much 
good will ultimately result from it to 

© 1960 SCIENTIFIC AMERICAN, INC



HE X-RAYS 
WOOD ... 
to help make 
telephone poles 
last longer 

Chemist Jack Wright developed the use of this X-ray fluorescence 

machine for testing the concentration of preservatives in wood. Here 

he bombards a boring from a test telephone pole with X-rays. 

This Bell Labs chemist is using a fast, new technique 
for measuring the concentration of fungus-killing preserva­
tive in telephone poles. 

A boring from a test pole is bombarded with X-rays. 
The preservative-pentachlorophenol-converts some of 
the incoming X-rays to new ones of different and charac­
teristic wave length. These new rays are isolated and sent 
into a radiation counter which registers their intensity. The 
intensity in turn reveals the concentration of preservative. 

Bell Laboratories chemists must test thousands of wood 
specimens annually in their research to make telephone 
poles last longer. Seeking a faster test, they explored the 
possibility of X-ray fluorescence-a technique developed 
originally for metallurgy. For the first time, this technique 
was applied to wood. Result: A wood specimen check in 
just two minutes-at least 15 times faster than before possi­
ble with the conventional microchemical analysis. 

Bell Labs scientists must remain alert to all ways of 
improving telephone service. They must create radically 
new technology or improve what already exists. Here, they 
devised a way to speed research in one of telephony's oldest 
and most important arts-that of wood preservation. 

Nature still grows the best telephone poles. There are over 21 million 

wooden poles in the Bell System. They require no painting, scraping or 

cleaning; can be nailed, drilled, cut, sawed and climbed like no other 

material. Scientific wood preservation cuts telephone costs, conserves 

valuable timber acres. 

BELL TELEPHONE LABORATORIES 
World Center of Communications Research and Development 
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NUCLEAR PARTICLE 
ANALYZING 
MAGNETS 
Unique understanding of the 
needs of experimental physics 
made possible the design of this 
broad range spectrograph which 
combines the features of a 
precision spectrometer. 

The magnet system of which 
this instrument is a major 
component includes other 
precision accessories for the 
sophisticated physics laboratory. 

The magnetic, vacuum, and ion 
optic capabilities of High 
V oltage Engineering are 
available to science and industry 
fer both fundamental and 
applied research. 

TYPICAL MAGNET SYSTEM 
FOR 12·MEV TANDEM 

Van de Graafl@ 

ACCELERATOR 

Combined magnetic 
spectrograph and 
spectrometer 

����-:.ort sw�'''.'". ,� 
��til,® 

�'7i."' '-� '';:J l 
I e,I ..-
, , . �\�"�I I.,' 

"""/\:i't';?*� .. /' � 2l , 

�'\�: 
90° beam analyzing 
and stabilizing mag· 
net for 8p = 865 
kilogauss·cm (12· 
Mev tritons) 

Combined Magnetic Spectrograph and 
Spectrometer" designed and built for 
Chalk River laboratories, Atomic Energy 
of Canada, ltd., for energy analysis of 
protons, deuterons, and alpha particles. 

• Magnetic rigidity -
Up to Bp = 865 kilogauss·em (12-
Mev tritons) 

• Resolving power (spectrograph) -
E/6E = 103 or better 

• Solid angle (spectrograph) -
!l = 1.4 X 10-3 steradians (max) 

• Solid angle (spectrometer) -
!l = 0.9 x 10-' steradians (max) 

• Reaction angle - 0 = 0 to 135 
degrees 

• Detector - Nuclear track plate 
and scintillation counter 

'For further technical reference, see 
H.A. Enge, RSI 29, 885 (1958) 

Pre-acceleration neg­
ative jon analyzing 
magnet 
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For detailed information on magnets and 

accelerators, write to Technical Soles: 

HIGH VOLTAGE ENGINEERING 
CORPORATION 

BURLINGTON, MASSACHUSETTS • U.S.A . 

many workmen in our cities. The success 
of this measure is due to the 'Land Re­
formers'-an organization of mechanics 
which was formed in New York City 
about 15 years ago, and which has ever 
since continued to labor for this object 
with much zeal." 

"The large submarine cables which 
have been laid down in Europe, as well 
as a new one connecting Australia with 
Tasmania, are said to be operating badly. 
The Channel Islands cable, the one in 
the Mediterranean between Malta and 
Cagliari and the one between England 
and the Isle of Man, are all failures to a 
certain extent. Some have attributed this 
to defective insulation in the first place; 
while others affirm that it is all owing to 
the rocky bottom on which they were 
laid, and the undercurrents to which 
they have been subjected. It is asserted 
that every submarine cable laid down in 
a muddy bottom has been successful, 
while those laid in shallow sea and on 
hard, rocky bottoms, without being 
made enormously thick to prevent abra­
sion, have all failed. In all likelihood the 
truth lies between the two opinions." 

"They do things up in grand style in 
London. The tunnel under the river 
Thames, and the Great Eastern, are 
world's wonders, and nowhere out of 
London could such projects be carried 
out at the present day. But something 
more magnificent still than the Thames 
tunnel is about to be achieved in Lon­
don, and the work has already com­
menced; this is the tunneling of the city 
itself for a grand 'trunk' underground 
railway, intersected by several lines, to 
get rid of the crowded thoroughfares." 

"The workers in stone and marble in 
our cities are subject to lung diseases by 
inhaling dust. Their average age is 38 
years, and they are very frequently sick. 
We have known several who had to quit 
the business in New York on accoulll 
of threatened consumption, who were 
otherwise of powerful frames and natu­
rally robust. Those who grind the knives 
and forks with which we eat our food 
are very short-lived. The dust which is 
inhaled by the lungs soon coats them 
with stone. Wet grinding, such as that 
of saws, axes, knives, is not so unhealthy, 
but the dry polishing of every tool great­
ly shortens the lives of those engaged at 
the business. An exhaust fan to draw off 
the dry dust should be applied to every 
emery wheel in factories under a penal­
ty, and all those engaged in these opera­
tions should never permit a razor to be 
drawn across the upper lip." 
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COED/IBM 704 FACILITY-speed and flexibility for real·time simulation of man/machine systems. 

CO ED . . .  computer operated electronic display 

The airborne data processing system for the EAGLE 
missile concept uses advanced digital data handling 
complemented by the intelligence of the human operator. 
Coordinated transfer of data between man and machine 
is implemented with human-factored electronic display 
and control devices. 

Balanced man and computer functions are assured in 
the development of the EAGLE electronic system through 
analysis and experimentation with realistic operational 
missions using the COED (Computer Operated Electronic 
Display) simulator. This simulation involves real-time 
programs for a large-scale digital computer which are 

integrated with cathode-ray-tube alpha-numeric displays 
and operator controls. 

The COED system has been developed to provide a 
special facility for versatile and realistic simulations of 
the man-machine interface. It is a stepping stone in the 
Bendix program of Intellectronics where the ultimate goal 
is the machine synthesis of man's unique perceptual and 

in tellectual faculties. 

Opportunities are available to better engineers and 
scientists who would like to participate in this and other 
systems programs of the highest technical integrity. 

Bendix Systems Division 7emJ't/ 
ANN ARBOR, MIGHIGAN A\IATlor,lORPORATlor, 
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THE 
SCIENCE 

OF 
PRACTICALITY 

The ability to move a highly complex prototype product from the 
research laboratory into economical quantity production is an important 

reason for the rapid growth of Varian Associates- major producer of 

microwave tubes, instruments,electronic components and scientific equipment. 

And with the recent acquisition of Bomac Laboratories by 

Varian Associates, depth and versati lity have been added to the volume 

production capacity of microwave tubes and other Varian products. 

Advance production techniques are the "science of practicality" 

at Varian, and in large measure account for the extraordinary performance 
standards of Varian products ... the frequency stability of Varian 

Klystrons, high resolution of the NMR Spectrometers, the high order 

of vacuum achieved by the Vaclon® pumps and the field 

homogeneity of Varian laboratory magnets. The maintenance of 

highest standards while at the same time achieving volume production, 

is an example of Varian creativity at work for science, industry 
and the mi litary establishment. 

__ VARIAN associates � 611 HANSEN WAY. PALO ALTO, CALIFORNIA 

BOMAC LABORATORIES, INC., BEVERLY, MASSACHUSETTS / VARIAN ASSOCIATES OF CANADA, LTD., GEORGETOWN, CANADA / S.F. D. LABORATORIES, INC., UNION, NEW JERSEY / VARIAN, A.G., ZUG, SWiTZERLAND 
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Microgllde* slide.-rule by Eugene Dietzgen Co., Chicago, III. 

THE INSIDE STORY: taking the stick-slip out of slip-sticks 
The sliding scale of this slide rule runs in 

grooves of a TEFLON TFE-fluorocarbon resin. 

Smooth operation is assured by the very low 

static and dynamic coefficients of friction of 

the TFE resin, which eliminate any stick-slip 

type of motion. 

Remarkable frictional properties are only 

one of the many design advantages offered by 
TFE resins. These tough materials have al­

most universal chemical inertness, resist heat 

and exhibit excellent dielectric strength . . .  in 
*Microglide is the registered trademark of Eugene Dietzgell Co. 

@POfID TEFLON® 

R£(i,U.SPATOff 
TFE-FLUOROCARBON RESINS 

BETTER THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 

short, they offer a combination of properties 

unmatched by any other single material. 

If you would like to find out more about 

how TFE-fluorocarbon resins make possible 

improved design, send for your copy of a 

booklet describing in detail the unique me­

chanical properties of these resins. Write to: 

E. I. du Pont de Nemours & Co. (Inc.), Poly­

chemicals Dept. T -393, Room 2526, Du Pont 
Building, Wilmington 98, Delaware. 

In Canada: Du Pont of Canada limited, Box 660, Montreal, Quebec. 

TEFLON is Du Pont's registered trademark for it$ 
fluorocarbon resins, including the TFE (tetra/luoro4 
ethylene) resins discussed Iwrein. 
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• • • news about metals and metal chemicals 

MARCH - APRIL, 1960 

UNION 
CARBIDE METALS 

Electromet brand ferroalloys, 
pure metals and metal chemicals 

Sub-micron Tungsten Powder -- Ultra-fine tungsten powder with particle 
size in the 0.015 to 0.030 micron range is a recent product of UCM research. 
Uses are proposed in powder metallurgy, dispersion hardening, and catalysis. This 
highly flowable powder has closely dimensioned, spherical particles; measured 
surface area is in the range of 10 to 20 sq. m. per gm. UCM's field representatives 
are available to discuss new applications. For properties request WPl-S6. 

* * * 

Columbium Alloy Readily Fabricated -- A new medium-strength columbium-base 
alloy -- CB-65 -- which has an ultimate tensile strength of 37,000 psi at 1800o� 
was announced by UCM. This alloy, containing titanium and zirconium, can be cold 
rolled extensively and also retains a high degree of notch-toughness at sub-zero 
temperatures. These properties indicate that the alloy is ductile and should 
exhibit good formability. The material is now available on a development scale. 
Properties of CB-65 are given in data sheet CBAl-S6, free on request. 

* * * 

40,000 psi at 2200 F -- Tensile strengths in excess of 40,000 psi at 
2200°F are indicated by preliminary data on CB-7, a member of UCM's family of 
columbium-base alloys. Recent tests also indicate that CB-7 has a high degree of 
oxidation resistance when compared to other columbium alloys presently known. The 
alloy has been developed for applications in the 20000F plus range for both sheet 
and forgings. The Company anticipates that limited quantities of the CB-7 alloy 
will be available for test purposes. For properties data request CBA2-S6. 

* * * 

Higher Yield Indicated With Activated Catalyst -- High yield, high 
isotactic crystallinity, and a clear polymer are indicated by laboratory test of 
UCM's activated titanium trichloride. Delving into the problem of activation, 
the Company's researchers are designing this modified form of titanium trichloride 
designated TiC13-lA -- especially for polypropylene catalysis. The unactivated 
product, TiC13-1, is also being evaluated in catalysis as well as in several 
other uses -- organometallic synthesis, reducing agent for organic nitro compounds, 
and special pigment. Data on titanium trichlorides are available in Bulletin TT2-S6. 

* * * 

Vanadium Mill Products Growing -- One of the largest vanadium shape orders 
to date -- 300 Ibs. of bar, sheet, and plate -- was delivered by UCM in February. 

The material, earmarked for Government use, represents another important stride 

toward commercial availability of vanadium mill products. UCM has made bar and wire 

in sizes down to 0.005 in. diam. and plate and sheet down to 0.005 in. thick in 

widths up to 18 in. Bulletin VMl-S6 gives general information on vanadium. 
* * * 

Hard, Oxidation-Resistant Coatings -- UCM's chromium carbide, titanium 

carbide, tungsten carbide, and chromium boride are being used or evaluated in 

coating applications. Applied by metallizing or flame spraying methods, pure or 

combined with metal binders, these compounds provide coatings which have high 

hardness and oxidation resistance. UCM sales representatives are exploring coating 

requirements with potential users. Data packet IM1-S6 gives properties of materials. 
* * * 

Union Carbide Metals Company, Division of Union Carbide Corporation, 
30-20 Thomson Avenue, Long Island City 1, N. Y. In Canada: Union Carbide Canada 
Limited, Toronto. 

"Electromet" and "Union Carbide" are registered trade marks of Union Carbide Corporation 
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Above: New successful 
environmental fuel and 
missile component test 
chamber constructed with 
pou?'ed in place Stafoam, 

F?'07ll te rII pe?'atu?'e con­
trols to C?'yogenics, the 
F?'eedlandm' R&D Labo­
?'atm'ies can p?'ovide new 
dimen.�ions in material 
technology. 

STAFOAM RIGID 
Thermal insulation 

Acoustic dampening 

Foam core construction 

Helmets and liners 

Packaging & flotation 

STAFOAM FLEXIBLE 
Aircraft & conveyance seating 

Commercial cushioning 

Shock padding (high hysterisis) 

Clothing insulation & liners 

Air & liquid filtering 

Hot or cold-inside or out! 
STAFOAM, the miracle urethane insulator, has achieved its 

place in space, protecting men and intricate machinery 
against the fury of unearthly temperature ranges. Reentry 
capsules, like the one pictured above, are being insulated 

with poul'ed-in-place rigid STAFOAM. Arctic shelters, missile 
defrosting mantles, refrigerator trucks, environmental fuel 
chambers, and airline food containers are only a few of the 
hundreds of new STAFOAM structural insulating applications. 

ManufactuTed in slab stock 01' poured in place by ... 

,����9!!-!!CTS CORP. 

POLYRUBBER 

3341 West El Segundo Blvd., Hawthorne, California 
ORegon 8-5021 OSborne 6-0141 
BRANCHE S: San Francisco, 42 Gough St.; 

Seattle, 2231 5th Avenue; Dalias, 13 0 0  Crampton St.; 

Houston, 401 Velasco; Omaha, 3304 N. 48th AvenAe 

A DIVISION OF THE DAYTON RUBBER CO. • 
Headquarters for New Ideas _ 

DAYCOLLAN 
Personnel shock padding 

Instrument & motor mounts 

Elastomer coupling 

Oxygen hose and masks 

Window and hatch gasketing 

POLYPOT 
Instrument potting 

Crystal clear windows & mtrls. 

Control knobs & accessories 

Electronic encasing 

Applicable hardware 

Gear, roller bearings, 0 rings 

Instrument & control knobs 

Instrument scope boots 

Airless wheels & tires 

Applicable hardware 
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MELPAR APPLIES 

ELECTRONIC 

CREATIVITY 

TO SEVEN 

PRINCIPAL AREAS 

OF ACTIVITY 

�DETECTION & IDENTIFICATION 
. 

• 
-Mel par has exceptionally broad expe-

", . ' rience in data analysis. Melpar designs 
, and develops special equipments and 

' systems for early detection and identifi-
r=iii� cation. A large engineering capability has 

LJ � -
been assembled in these areas. New de-

I . tection-identification methods and tech-
niques are constantly being developed. 
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ANTENNAS AND RADIATION-
Equipped with the best research and 
development facilities, Melpar is able 
to reduce customers' requirements to 
physical equipments. Melpar, support­
ing its leadership in advanced con­
cepts, has established 19 antenna test 
ranges for proof of performance. Also, 
Melpar provides a unique quick reac­
tion facility through its "follow on" 
production. The Company's experience 
in new ordnance and electronic counter­
measures systems is currently being ap­
plied to the nation's newer missile and 
satellite programs. 

FLIGHT SIMULATION & TRAINING 
-Concurrent design and development 
of simulation and training equipment 
that matches the exacting demands of 
new aircraft schedules gives Melpar 
proved ability to design and develop 
complete mission-type simulators for 
fixed and rotary-wing aircraft, radar 
and fire control, and missiles. Melpar 
excels in the ability to derive and re­
produce system analogs rapidly while 
accurately preserving all of the original 
equipment's tolerances. 

( 

COMMUNICATION & NAVIGATION f)-Leading in the application of novel 
printed circuit techniques to achieve 
a new order of miniaturization and 

. compact design, Melpar is responsible 
for many innovations and new con­
cepts in data transmission links, micro­
wave receivers, communication terminal 

- equipment, secure communications de-,,�. vices, and remote control systems. Mel­
par maintains extensive field operations, 
including a facility at Tucson, Arizona, 
where avionic equipment and systems 
are studied, installed, and tested for 
the Army's Electronic Proving Ground 
(Fort Huachuca). 

PHYSICAL SCIENCES-Recognizing 
the need for a partnership between 
electronics and physical sciences, Mel­
par has established a materials research 
laboratory within its electronics com­
plex. Research on the structure and 
application of new materials to support 
electronics is advancing at Melpar. 
Experienced research staffs are now 
evolving practicable, workable designs 
in such areas as high temperature effects 
on materials and molecular electronics. 
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• • • proved ability, experience 
assure 

electronic achievement 

MELPAR'S ENGINEERING DIVISION makes a continu­

ing creative contribution to electronic development. And a number 

of significant electronic achievements have resulted from Melpar's 

imaginative approach to project and system engineering. 

I 
Electronic achievement at Melpar resulted in the conception, design, 

and production of one of the largest airborne electronic systems 

ever developed-the first integrated electromagnetic reconnaissance 

system ... and two of the largest ground electronic systems-a 

ground based reconnaissance data handling system, and the F-I018 
weapon system simulator. 

( .0 " 

I 
I 

- , , 
MELPAR EQUIPMENTS form an integral part of many ad­

vanced weapons systems, and equipment developed at Melpar will com­

prise a part of the first manned-satellite launched into orbital flight. 

DATA HANDLING-Melpar designs, 
develops, and produces fully automatic 
data handling systems with both tre­
mendous data gathering capacity and 
the ability to process results in a 
relatively short time. New approach 
philosophies have been applied t o  
t h e  development of special purpose 
computers, tactical displays for weapons 
systems, and systems for both data reduc­
tion and data processing. Melpar has full 
data handling resources, with a broad 
rangQ of customer services-from prob­
lem analysis to complete system design. 

RECONNAISSANCE -Early design 
and development experience with reo 
connaissance system� led Melpar to rec­
ognition of the possibilities inherent 
in new reconnaissance techniques. Now, 
Melpar leads the industry in the devel­
opment, design, and production of re­
connaissance systems that incorporate 
new and sophisticated techniques. One 
example of Melpar's leadership in this 
area is the conception, design, and pro­
duction of one of the largest airborne 
electronic systems ever developed. 

For details on provocative job openings in advanced scientific, 
engineering areas, write to: Department 1-8, Profes­

sional Employment Supervisor, 3607 Arlington 

Blvd., Falls Church, Virginia, in historic Fairfax 
County, 10 miles from Washington, D. C. 

An Arsenal of Technology 'f..@."f 
MELPAR ��� INC , 
A Subsidiary of Westinghouse Air Brake Company 

--------------------------------, 
Department T·l 
MELPAR, INC. 
3607 Arlington Boulevard, Falls Church, Virginia 

Please send me a copy of your descriptive brochure, which 
outlines your full capabilities and resources for original con· 
ception, design, and production of complete weapons systems. 

NAME ______________________________________ _ 

TlTLE ______________________________________ _ 

COM PAN y __________________________________ _ 

ADDRESS ________ ____________________________ _ 
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AiResearch is now in production on 
two greatly simplified hot gas steering 
control systems: a reaction control 
system for outer space flight stabili­
zation and a hot gas actuator control 
system for terrestrial steering (in the 
atmosphere and under water)_ 

Both systems eliminate any need for 
pumps, heat exchangers, accumulators 
and other apparatus required in ear­
lier control systems. And both systems 
utilize hot gas, operating off either the 
main engine or a separate fuel source. 

The gas in the outer space reaction 
control system is fed into a set of noz­
zles which imparts spin to the missile 
to stabilize its Right through space. 

In the terrestrial hot gas actuator 
control system the gas is fed into an 
on-off controlled linear actuator which 
moves the fins controlling the missile's 
attitude in the atmosphere or under 
water. This system also utilizes a con­
cept developed from the AiResearch 
hydraulic "printed circuit." This 
approach eliminates complicated 
plumbing, thereby decreasing the 
weight and increasing the reliability 
of the system. 

AiResearch is a pioneer, leading developer and manufacturer 
of hot gas systems and other nonpropulsive power systems 

for atmospheric, underwater and outer space missions_ 
Your inquiries are invited. 

CORPORA .... ON 

?liResearch Manufacturing Divisions 

Los Angeles 45, California· Phoenix, Arizona 
Systems, Packages and Components lor: AIRCRAFT, MISSILE, ELECTRONIC. NUCLEAR AND INDUSTRIAL APPLICATIONS 
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FIELVS OF VIEW 
HIGH POWER 80 
LOW POWER 32° 

Cape Canaveral count-downs 
get Kollmorgen close-ups 

What happens on the pads at Cape Canaveral is 
subject ro the conrinuous close scrutiny of experrs 
thanks ro Kollmorgen bunkerscopes. During launch­
ing operations and static tests the trained observer 
sees exact detail in his choice of tWO magnifica­
tions and in true color, with complete safety even 
in cases of power failure. 

Bunkerscopes by Kollmorgen require virtually 
no mainrenance and are built to withstand blast 
forces such as may be expected around missile 
launching sites. They are easy ro operate, even by 
unrrained personnel, and can quickly be adapted 

RIGHT HANDLE HAS 
POWER CHANGE 
(6X AND 1.5X) 
LEFT HANDLE ELEVATES 
LINE OF SIGHT 

I 
3600 

CONTROL 

ro phorography and television use. 
These instrumenrs are typical of Kolimorgen 

experience with remore viewing and inspection 
equipmenr, wall periscopes, underwater periscopes, 
micro-phoro periscopes, conrinuous strip fuel-in­
spection cameras and other optical systems em­
ploying mechanical and electronic skills. In this 
field Kollmorgen is foremost, having served both 
industry and defense for nearly half a cenrury. 

If you are inrerested we would like ro send 
you our new illustrated 'facilities brochure. JUSt 
write us a note on your company letterhead. 

�KOLLMOR.GEN o optical corporation C NORTHAMPTON. MASSACHUSETTS 

NUCLEAR REMOTE VIEWI N G  EQUIPMENT . S UBM A R I NE 

PERIS COPES . OPTICS . BOR E S COPES • M O TION 

PICTURE AND TELEVISION LENSES • PRECISION OPTICAL 

INSPECTION AND A L I GNMENT DEVICES • ELECTRONIC 

CON T R O L S  AND COMPONENTS . N AVI GATIONAL AIDS 

WESTERN TECHNICAL REPRESENTATiVES ..... 

COSTELLO Be COMPANY. LOS ANGELES, CALIFORNIA. 
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The story of Alfa and the Skunks-

An enemy might be able to hit any point 

in the United States with a mis s ile fired from a submarine. To 

protect us, the Navy must patrol millions of square miles of open 

sea. Task Group ALFA trains for the task. Ships and planes probe 

the bottom of the seas in a n eerie ga me of cat a nd mouse with 

sonar sets so delicate they must tell a school of snapping shrimp 

from a pack of enemy Hskunks," as unknown submarines are called. 

Our anti-submariners depend on steel-carbon steel, high-strength 

low-alloy steel, ultra high -strength alloy steels, Stainless Steel, 

With deadly patience, a helicopter hovers above a suspected submarine 

and lowers a sonobuoy into the water. Little larger than a football, the 

sonobuoy transmits any sound impulses from sub back to the heli­

copter, which can drop depth charges. The cable is specially designed 

multi-control electrical cable of steel and copper strands manufactured 

by the American Steel & Wire Division of U. S. Steel. It is the main 

artery of $1,000,000 worth of detection gear in the helicopter. 

These S2F "Guardians" are ideal for long-range, all-weather operations. 

Engine pods hold so no buoys ; on the wings are seven-million-candle­

power JULIE searchlights. It takes 78,000 tons of steel, counting the 

carrier and her supporting destroyers, to keep the task group's air­

craft operating. 
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electrical cable, or wire rope. And 

United States Steel maintains 

the technical service to guide 

users in the proper use of these 

rna ny steels a nd provide even 

better steel s  for the future. 

Before a program is ready for 

the drawing board consult with 

U NI TED S TA TES S TEEL. 

@ United States Steel 
TRADEMARK 

CARRIER VALLEY FORGE's steel mainmast is a maze of electronic 

devices, including steel radar and radio antennas that keep her in 

constant touch with all elements of the task group. Her radio can 

reach around the world. She coordinates all attacks, and has been 

modified to handle anti-sub helicopters, S2F IIGuardian" and AD 

"Skyraider" hunter-killer aircraft. Although not suited to handle 

modern Navy jets, V ALLEY FORGE's life has been extended by mod­

ification to anti-sub work. 
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A SKILLED HAND IN CHEMISTRY • • •  AT WORK FOR YOU 

NOPCO® 
LOCKFOAM 

pour-in-place 
plastic 
for 

industry 

As one of the pioneers in foamed­
in-place plastics, we have the 
experience to adapt the special 
properties of urethane foam to 
the benefit of many different in· 
dustries. Without large initial 
investment, Nopco -Lockfoam can 
be used in batch volume or on a 
production-line basis with fully 
automated equipment. Lock­
foam's unique quality of foaming 
in place opens up a vast number 
of uses in thermal insulation, 
structural reinforcement, potting 
and packaging-and its dielectric 
properties give it an important 
role in the electrical field. 

Nopco field engineers and rep· 
resentatives will work directly 
with your own engineers and 
designers. 

i NOPCO 
® 

NOPCO CHEMICAL COMPANY 
PLASTICS DIVISION 
North Arlington, N.J. 

4858 Volley Boulevard, Los Angeles, Calif. 
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WALTER C. LOWDERMILK ("The 
Reclamation of a Man-Made Desert") is 
a leading conservationist who was asso­
ciate chief of the Soil Conservation Serv­
ice in the U. S. Department of Agricul­
ture from 1933 until he retired in 1947. 
He was also chief of research for the 
Service from 1937 until 1947. Born in 
North Carolina in 1888, Lowdermilk ac­
quired his B.A. at the University of 
Arizona in 1912 and then attended the 
University of Oxford as a Rhodes scholar. 
He was in forestry work for many years 
in this country and in China, where he 
was associated with the University of 
Nanking. In 1929 he took his Ph.D. at 
the University of California. Since 1943 
Lowdermilk has been serving as consul­
tant on conservation to many foreign 
governments as well as to presidential 
commissions and the Supreme Allied 
Command of Japan. From 1955 to 1957 
he was visiting professor of agricultural 
engineering at Technion, the Israeli 
technological institute of Haifa. 

AUBREY B. MICKELWAIT, ED­
WIN H. TOMPKINS, JR., and 
ROBERT A. PARK ("Interplanetary 
Navigation") are two scientists and a 
writer-lawyer on the staff of the Space 
Technology Laboratories in Los Angeles. 
Mickelwait was born in Honolulu in 
1925 and took his degrees in physics at 
the Carnegie Institute of Technology. A 
theoretical physicist, he has been espe­
cially interested in quantum-field theory 
and meson theory. He joined the Space 
Technology Laboratories in 1955 and is 
associate manager of the guidance and 
navigation department, doing them'eti­
cal and design work on trajectories, pay­
loads and guidance systems for space 
vehicles such as the Pioneer moon 
Rights. Tompkins was born in Charlottes­
ville, Va., in 1928 and took his degrees 
in electrical engineering at the Virginia 
Polytechnic Institute and at North 
Carolina State College. From 1951 to 
1957 he worked with the Rocket Re­
search Group at North Carolina State 
and in 1957 and 1958 he taught mathe­
matics and electrical engineering there. 
He went to Los Angeles in 1958 and is 
now head of the navigation section in 
Mickelwait's department. Park, born in 
Stockholm in 1923, acquired an M.A. in 
English in 1949 and a Doctor of Laws 
degree in 1955, both at the University of 
Chicago. He has taught English there 

and at the University of Illinois and 
Wilson Junior College. From 1955 to 
1957 he was an assistant attorney gen­
eral for the State of Oregon. 

THEODORE A. BUCHHOLD ("Ap­
plications of Superconductivity") is a con­
sulting electrical engineer in the General 
Engineering Laboratory of the General 
Electric Company in Schenectady, N. Y. 
A native of Germany, he acquired his 
master's and doctor's degrees in electri­
cal engineering at the Darmstadt Tech­
nical University. After working in pri­
vate industry he became a professor at 
Darmstadt in 1934. During World War 
II Buchhold developed a very accurate 
accelerometer for V-2 rocket guidance 
and pioneered in work on magnetic am­
plifiers which were used in the V-2. In 
1946 he joined the Guided Missile De­
velopment Division at Fort Bliss, Tex., 
as chief of the control and guidance 
branch, which was later moved to the 
Redstone Arsenal in Huntsville, Ala. 
He developed the basic concept of a 
new inertial-guidance system for the 
Redstone missile. Buchhold became 
consultant to the vice president of 
engineering of the Ford Instrument 
Company in New York City in 1954, and 
a year later joined the G.E. laboratory. 

ROBERT E. MARSHAK ("The Nu­
clear Force") is Harris Professor of 
Physics and chairman of the physics de­
partment at the University of Rochester. 
He was born in New York City in 1916 
and attended Columbia University as a 
Pulitzer scholar. He graduated at the 
age of 19 and three years later took a 
Ph.D. in theoretical physics under Hans 
A. Bethe at Cornell University. Later he 
was associated with Victor F. Weisskopf 
at Rochester, and during the war he 
worked for the Manhattan Dist;·ict. He 
has written three other articles for 
SCIENTIFIC AMERICAN. 

LAWSON WILKINS ("The ThyrOid 
Gland") is professor of pediatrics at the 
Johns Hopkins University School of 
Medicine, and a leading authority on 
pediatric endocrinology. He was born in 
Baltimore and educated at Johns Hop­
kins University and the Johns Hopkins 
Medical School, taking his M.D. in 1918. 
The son of a general practitioner, he 
spent 25 years in the private practice 
of pediatrics, from which he retired in 
1946. In 1935 he set up the Pediatric 
Endocrine Clinic at Johns Hopkins, and 
has been its chief ever since. 

CURTIS A. WILLIAMS, JR. ("Im­
munoelectrophoresis") has since 1957 
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Avco "primes" America's newest peacemaker- Newest weapon in America's atomic 

defense is the Navy's submarine-launched missile, Polaris. The critical job of making sure the 

Polaris detonates on time and on target was handled by Avco's Crosley Division. Arming and 

fuzing for the Polaris-like the recent development of the Air Force's Titan nose cone-is typical 

of Avco's role in U. S. missilery. 
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AVCO MAKES THINGS BETTER FOR AMERICA I AVeO CORPORATION /750 THIRD AVENUE, NEW YORK 17. N. Y. 
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... the product that puts "can·do" in "do·it·yourself" paints! 
The ·electron micrograph behind the young lady shows why millions of Americans can become 

expert painters, and can afford to paint more often. It shOWS the spherical configuration and 

uniform size of resin particles in Velsicol's W·617 emulsion paint base. W·617 is a water emul· 

sion of light colored thermoplastic hydrocarbon resin. The average diameter of W·617 resin 

particles is .• 125/micron.Natural rubber latex particles have an average diameter of .600/micron. 

Latices and emulsions of small particle size have more binding power. They will take higher 

pigment or filler loadings without losing film strength. Penetrating characteristics are improved. 

The uniform size of the dispersed resin particles increases film smoothness. W·617 is one of 

many new products of Velsicol research 
that is now in commercial production. 
For more news about this product, and 
other developments of Velsicol research, 
please mail the coupon. 

MAIL COUPON FOR LITERATURE! 

� LOOI( FOR THIS MAN 

A 
. . .  your Velsicol Representa­

tive. 1.vho can help you -make 
. . 

better products for less! 

•••• UILD THE 

FINEST 

IICO 

KITS 

If you take pride in building with your own hands 
truly professional qualltJ equipment • • .  you will 
want to look over the 70 EICD electronics kits for 
stereo and mono hl·fi,"ham" radiO, citizens band 
radiO, test instruments, and transistor portables. 

£ICD KITS are deSigned to reward your own care· 
ful handiwork with nothing less than the finest 
prafessianal qualltJ results - rugged construction, 
intelligent layout, excellent parts, superb clr· 
cuitry, superlative performance. They are a joy to 
build even if you have no electronics knowledge -
pictorial, step·by·step instructions guide you un. 
erringly to a beautiful, preCision assembly. Only 
fiCO KITS are LIFETIME guaranteed - and you 
save up to 50%. 
Smail wonder the experts praise EICD as "Best 
Buys in Electronics." Over 2 million are In use. 
Send for name of your local dealer and 

free '11&,1; catalog 
fiCO, 33·00 Northern Blvd. Dept. SA, L.I. C. t, N. Y. 
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I • 330 East Grand Avenue, Chicago 11, III. 
I International Representative. VelslCol International Corp., C.A. 

I P. 0, Box 1687 • Nanau, Ballamas. B W,I 

I 0 Please send technical literature on W·617. 

I 0 Please have salesman call. 

I 0 Please send test sample. SA·3' 
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Higher-Temperature Backed 
Strain Gages from 

IJ II 

• Operating range to over 
4000 F. 

• Exceptional accuracy, repeat­
ability and ruggedness. 

• Ultra-thin, no integral leads, 
high flexibility and conform­
ability. 

• Exceptional uniformity for auto­
matic matching. 

• Wide range of sizes and con­
figurations-standard, rosette, 
miniature. 

Call or write for full information. 
INSTRUMENTS IJ I I 

I.""",, DIVISION 
P. O. Box 245 • Phoenixville, Pa. 

been a guest investigator at the Rocke­
feller Institute from the National Insti­
tute of Allergy and Infectious Diseases. 
He was born in Moorestown, N. J., in 
1927, attended Swarthmore College and 
took his B.S. at Pennsylvania State Uni· 
versity. This was followed by a period 
as a teaching assistant at Rutgers Uni­
versity, where he acquired his Ph.D. in 
1954. He worked briefly at the Carnegie 
Institution of Washington as a research 
fellow in biophysics, and from 1952 to 
1954 held fellowships at the Pasteur In­
stitute in Paris. In 1954 and 1955 he 
worked as a fellow at the Carlsberg 
Laboratory in Copenhagen, and in 1955 
came to the Rockefeller Institute as a 
research associate. 

LAWRENCE ZELIC FREEDMAN 
( " 'Truth' Drugs") is a research associ· 
ate in psychiatry at the Yale University 
School of Medicine, but is presently on 
leave at the Center for Advanced Study 
in the Behavioral Sciences in Stanford, 
Calif. Born in 1919 in Gardner, Mass., 
he is a graduate of Tufts College, and 
acquired his M.D. there in 1944. After 
service in the Navy he became a resident 
in psychiatry at Yale and remained there 
to become an associate professor in 1957. 
He has also been a co-operating faculty 
member of the Yale Law School and 
chairman of the Yale Study Unit in 
Psychiatry and Law. He is a permanent 
nongovernmental deiegate to the United 
Nations from the International Society 
of Criminology. 

CHARLES E. LANE ("The Portu­
guese Man-of-War") is professor of 
marine biology at the University of 
Miami. He took his Ph.D. degree at the 
University of Wisconsin in 1935 and has 
taught at the University of Wichita and 
at Stanford University. After serving for 
four years in the Army Air Force in 
World War II, he worked until 1949 in 
the special products division of the Bor­
den Company, studying the synthesis of 
various substances produced by marine 
organisms. During the past decade at 
the University of Miami Marine Labora­
tory he has investigated the general 
biology of wood·boring animals, the 
natural history of the local land crab, 
and the Portuguese man-of-war. 

MORTON WHITE, who reviews 
Ernest Gellner's book Words and Things 
in this issue, is professor of philosophy 
at Harvard University, the editor of The 
Age of AnalysiS, and the author of To­
ward Reunion in Philosophy, Religion, 
Politics and the Higher Learning and 
other books. 
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The voice, the pulse, the environment of 

THE ASTRONAUT 

-on one vital half-inch magnetic tape 

W HEN THE PROJECT MERCURY ASTRONAUT 

first probes the mysteries of space, 12 precious 

pounds of the capsule payload will be allotted 

to the task of collecting data. It is significant that 

the medium selected to take this vital record is 

magnetic tape. 

While man himself is the most complex com­

ponent in the capsule, he is yet unequal to tape 

in keeping a perfect record 

of the historic flight. Because 

of its peculiarly versatile 

character, magnetic tape can 

simultaneously take the 

astronaut's voice and com­

press discrete information 

about his reactions and the 

environment into one nar­

row half-inch-a record of 

perfect accuracy which can later be sifted and 

analyzed. 

The miniaturized recorder, measuring only 

11 x 13 X 35/s", will carry a 3 pound, 4800 ft. 

reel of "SCOTCH" BRAND Magnetic Tape which 

will record not only the astronaut's comments 

but six channels of multi-plexed data containing 

hundreds of facts received by sensitive pick-ups 

on his body and the capsule. 

Telemetry, of which this experiment is but 

one example, is just one of the ways "SCOTCH" 

BRAND Magnetic Tape for instrumentation can 

serve the future. The first practical magnetic 

tape devised, "SCOTCH" BRAND controls indus­

trial automation, helps the scientist explore sea, 

earth and space - remains the leader as new, 

more sensitive tapes are developed for science, 

business and industry. For details on tape con­

structions that can serve you, write Magnetic 

Products Division, 3M Co., 900 Bush Avenue, 

St. Paul 6, Minnesota. © 1060 3M Co. 

"SCOTCH" is a registered trademark of 3M Company, St. Paul 6, Minnesota. 

Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 

SCOTC'N BRAND MAGNETIC TAPE 

FOR INSTRUMENTATION 

£�� -�.).� M"UUSOTA MUUNG AND MANUFACTUarNG COM PAN" �"\ 
• • •  WHERE RESlAAC� IS THE KEY TO TOMORROW� 

<::>'::,>>W<.'7-� 
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IRC-HllD 
SEMICONDIICTOR CORPORRTION 
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THOR 
MACE 
TITAN 
HAWK 
ATLAS 
SNARK 
NIKE B 
BOMARC 

NIKE ZEUS 
SPARROW I 

SPARROW II 
SPARROW III 

NIKE HERCULES 
SIDEWINDER 
REGULUS II 
VANGUARD 
REDSTONE 
JUPITER C 
PERSHING 
BULL PUP 
MERCURY 
POLARIS 
CORVUS 
FALCON 

I/. S. Alq;O/' IIIIss/1e Aloko/'s fJopono on I\Dl?o/!oo/lily./ 
In super-precision high speed gyro rotors for guid­
ance systems ... or in delicately precise instru­
mentation ... more and more missile manufacturers 
are turning to New Departure for proven reliability! 

N.D. reliability starts in design . . . constant research 
in bearing geometry, metallurgy and lubricants 
enables N. D. to create the new and unorthodox 
designs that are solving today's speed, temperature 
and miniaturization problems. 

N.D. reliability is maintained in manufacturing .. . 

where advanced methods and successive inspec­
tions pay off in unerring prototype precision and 
uniformity . , . to ASA and AFBMA standards. 

N.D. reliability costs no more . . .  the growing 
number of America's leading missile manufacturers 
that are counting on N.D. reliability is proof in 
itself ... it costs no more. In fact, many manu­
facturers find it costs less! 

N.D. availability is added assurance . . .  while 
original orders are delivered in quantity when and 
where they're needed, strategically located inven­
tories prevent lost time and shortages in vitally 
important missile pro jects. 

For immediate information call or write Department 
L.S., New Departure Division, General Motors 
Corporation, Bristol, Connecticut. 

� IH*!!£ VV i • $. :::t • ' ... _.' 19::=2� F*¥ 
NlINIATURE Eo I., TRUNIENT BALL BEARINGS 

�roved re//abtlity you can bUIld around 
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HOW THE EARTH LOOKS ... A MILE BELOW THE SURFACE 
Cores of earth, brought up intact 
from as far as a mile underground, 
can help determine the amount of 
oil in a given place, and how to get 
it. But, from loose formations, con­
ventional coring tools bring up only 
scrambled heaps of sand and gravel, 
diluted with drilling fluid-useless for 
interpreting strata structure. 

T he problem of bringing these 
loose formations to the surface in un­
disturbed form was solved by a new 
tool that puts a tight, protective 
sleeve of nylon-reinforced Du Pont 
neoprene around the cut core. This 
unusual core barrel for sampling 
loose aggregates is currently being 
manufactured under license by the 

48 

As shown here, a neoprene sleeve is folded within 

the core barrel, with one end attached to the 

stripper tube. Both the stripper tube and the bit 

rest on top of the formation to be cored. As the 

bit cuts downward, the level of the stri pper tu be 

remains fixed. The descending barrel thus draws 

the sleeve arou nd the core to hold it in the exact 

position it occupies in the formation. The neoprene 

sleeve also protects the core from damage by 

drilling fluid, and makes an ideal package for safe 

delivery to the laboratory. During coring, the 

neoprene sleeve, 23/8 inches in diameter, is ex­

panded to 4 inches, then contracts to 3 inches to 

firmly hold the unconsolidated sand in position. 

Cores, I ike the small sample shown above, are 

extracted in lengths up to 20 feet. 

Christensen Diamond Products 
Company. 

Du Pont neoprene synthetic rub­
ber is used for the sleeve because it 
combines flexibility with resistance 
to oil, heat and abrasion. This bal­
anced combination of properties has 
contributed to the solution of diffi­
cult problems in many areas of re­
search and development. For more 
ideas on the use of Du Pont neoprene, 
write for a free subscription to the 
ELASTOMERS NOTEBOOK. E. 1. 
du Pont de Nemours & Co. (Inc.), 
Elastomer Chemicals Department 
SA-3, Wilmington 98, Delaware. 

SYNTHETIC RUBBER 
NEOPRENE HVPALON® VITON® ADIPRENE® 

<@POtID 
REG. U. S, PAT. OfF. 

Better Things for Better Living 
... through Chemistry 
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only with min ifon ® 

4 hour recording-
on tiny (IX oz.) mailable reel 

Instant load-Drop-in Tape Magazine 

Recorder-Dictater-Transcriber 

Instant Recording and Playback­

With MINIFON Pocket-Size 1% lb. 

Push-Button Recorder 

How to save time and money with MINIFON 

A new Brochure-"How to Save Time and 

Money with MINIFON' '-is yours-free. 

See how MINIFON is used in 179 ways in 

more than 100 businesses, occupations and 

professions. Improve communications. Build 

sales. Speed marketing and technical re­

search. Protect client relations. You can 

record that idea and preserve important 

data anytime, anywhere with MINIFON in 

your pocket, briefcase or desk drawer. 

MINIFON ATTACHE - Magazine-tape 13,4 lb. Pocket­

Size all in o ne Recorder-Dictater-Transcriber 

or during 

minute mailable 
indefinitely. Dy-

namic microphone with stop-start con­
trol. Complete transcription accessories. 
Dictate anywhere - office, home, plane, 
train, auto-in the field. You've never 
had it so easy-so convenient. 

et-Size Recorder-Dictater-Transcriber 
ent- Using 1 V2 Oz. Magazine-Tape 

write 

today 

for 

FREE 

brochure 

Valuable Dealer Franchises Available 
.............................................................................. � GEISS-AMERICA Exclusive U.S.A. Importers, Chicogo 45,111., Opt. S.A. 3 

Please send complete information on MINIFON RECORDERS 

for 0 Our Own Use 0 Dealer Franchise 

Name' ___________________ _______________ _ 

Name of Company ____________________________ _ 

Address. __________________ _ 

City _____________________ State ____________ _ 

My special interest in a miniature recorder is for ______ _ 
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Platinum does it for less. An important supplier of platinum catalysts for The 

Pure Oil Company and other refiners is Engelhard Industries, Inc., Newark, N. J., 
leading suppliers and fabricators of platinum metals, including catalysts • • • 

Where any metal but 
PlatinulU would 
cost too lUuch ... 
Why do The Pure Oil Company and other refiners use precious platinum 

in the processing of high octane gasoline? 

The answer is simple economy. Their use of platinum catalyst is the means of 

getting the quality desired ... at low cost. 

The fact that the platinum in the "spent" catalyst is recoverable 

is another important advantage. 

The superior activity of platinum metals catalysts has led to the essential roles 

they play in the processing of vitamins, pharmaceuticals, agricultural 

and other chemicals. 

It could pay you to use a platinum metal. 
Many reactions you are interested in might be more efficiently performed with one 

of the platinum metals ... where peak catalytic efficiency is required as in the 

refining of high octane gasoline . . .  where underwater huH protection is a 

problem . . .  where a combination of severe corrosion and erosion must be met, 

as in the case of spinnerettes for rayon production ... where wear-resisting, 

non-tarnishing surfaces are required, such as for printed electrical circuits . . •  

or where product purity must be retained despite high temperatures, 

as in the case of lens glasses ... the platinum metals have proved to be the most 

economical for certain critical equipment. 

Industry is going to higher temperatures and higher pressures. Perhaps your 

own progress has been blocked by the limitations of materials to withstand such 

severe conditions. The platinum metals have removed many barriers. 

Have you considered them for your problem? 

Platinum, paHadium, rhodium, ruthenium and iridium have unique potentials, 

weH worth your attention. Specialists are prepared to work closely with you 

in evaluating these metals for new commercial and scientific uses. 

As a first step, write us for additional data on the outstanding characteristics and 

successful applications of the six platinum metals and their alloys-

indicating your field of interest or how we might be of assistance. 

CAN THESE PROPERTIES OF THE 

PLATINUM METALS HELP YOU? 

Peak Catalytic Activity 

Exceptional Chemical Inertness 
Superior Wear Resistance 

High Temperature Stability 

Low Vapor Pressure 

The six platinum metals are: 
PLATINUM· PALLADIUM. RHODIUM. RUTHENIUM. IRIDIUM. OSMIUM 

<���> PLATINUM METALS DIVISION 
The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 
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PRICE: LESS THAN 1/2 THAT OF ANY EQUIVALENT SYSTEM! 

.... THE BENDIX G-15 

IS THE LOWEST-COST 

PUNCHED CARD COMPUTER 

YOU CAN RENT OR BUY 

By adding the Bendix Punched Card Coupler to the 

basic G-15, you have full alphanumeric punched card 

capabilities combined with the G-15's powerful com­

puting ability. Price: less than 1/2 that of any equiva­

lent system. The Punched Card Coupler allows the G-15 

to use seven standard models of card readers, punches, 

and accounting machines. Up to three may be con­

nected on-line at one time, and all input-output is fully 

buffered. And with the G-15, as standard equipment, 

you have a fully alphanumeric typewriter, a paper tape 

punch, and a search able high-speed p hoto-electric 

paper tape reader. Low-cost magnetic tape units are 

also available. The great versatility of this business­

scientific system, at such a remarkably low price, is 

setting new standards of computing economy. 

Write for details. 

,,-''''OJ'I1A4f,fh�I LOS ANGELES 45. CALIFORNIA 
DEPARTMENT C·IS 

DIVISION OF BENDIX AVIATION CORPORATION 
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Footwear manufactured by Tyer Rubber Company. Andover. Mass. 

How to get the jump on competition 
You can't miss with a quality product that's got an 

exclusive feature of wide appeal. For example, con­

sider the basketball shoes above. They offer everything 

you'd expect - sure-footed traction, light weight, good 

resilience, attractive appearance, easy washability­

plus an "exclusive" that's caught on fast. 

This sales-sparking "extra" is a combination ankle 

support and protective guard that's built right into 

the shoe. To produce this unique feature, a versatile 

sponge rubber compound was needed. Chosen: 

PLIOFLEx-for its unrivaled uniformity and good blow­

ing characteristics. 

In other parts of the shoe, PLIOFLEX was used because 

of its light color and remarkable retention of calendered 

designs. In the sole, PLIOFLEX provides outstanding 

nonslip qualities and exceptional flexibility. It also 

assures better adhesion of rubber to canvas. Through­

out the shoe, PLIOFLEX means long wear. And-happily 

for the manufacturer-PLIOFLEx usually means a sub­

stantial reduction in costs. 

If you're looking for a compound that can put your 
product on a better competitive footing, it will pay 

you to look into PLIOFLEx-now used in more products 

than any other synthetic rubber. For complete infor­

mation, write Goodyear, Chemical Division, Dept. 

0-9457, Akron 16, Ohio. 

CHEMICAL DIVISION 
Pliollex-T.l\1. The Goodyear Tire & Rubber Company, Akron, Ohio 
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IRRIGATED LAND of small·holders' settlement near Sea of Gali· 
lee (visible through gap in background) is watered by aluminum 

sprinkler pipes supplied from wells. Fields are planted to garden 

DESERT LAND in the Negev is made to support forage crops by 

diversion of flash·flood water, after methods employed by ancient 

Nabataeans. Water is trapped in basin fields, held long enough to 

crops and to forage for dairy cattle. On slope in foreground, still 
green from winter rains, is an old olive grove. Land is rented from 

the state on 49·year leases with rental at 2 per cent of laud value. 

soak the ground and then passed on to the field below over concrete 

spillways such as that under construction here. Agricultural en­

gineering students inspecting site are armed against border raids_ 
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The Reclamation of a Man -Made Desert 

Israel lS restoring to cultivation a land damaged by a lnillenni-L17n 
of abuse. The achievement lS an example to a world that must face 
the task of increasing food supplies to feed a rising population 

T
he State of Israel has undertaken 
to create a new agriculture in an 
old and damaged land. The 20th­

centUlY Israelites did not find their 
promised land "Rowing with milk and 
honey," as their forebears did 3,300 
years ago. They came to a land of en­
croaching sand dunes along a once-ver­
dant coast, of malarial swamps and 
naked limestone hills from which an 
estimated three feet of topsoil had been 
scoured, sorted and spread as sterile over­
wash upon the plains or swept out to sea 
in Rood waters that time after time 
turned the beautiful blue of the Mediter­
ranean to a dirty brown as far as the 
horizon. The land of Israel had shared 
the fate of land throughout the Middle 
East. A decline in productivity, in popu­
lation and in culture had set in with the 
fading of the Byzantine Empire some 
1,300 years ago. The markers of former 
forest boundaries on treeless slopes and 
the ruins of dams, aqueducts and ter­
raced irrigation works, of cities, bridges 
and paved highways-all bore witness 
that the land had once supported a great 
civilization with a much larger popula­
tion in a higher state of well-being. 

Last year, as a finale to the celebra­
tion of the 10th anniversary of the 
founding of the State of Israel, an inter­
national convention brought 485 farmers 
from 37 countries to see what had been 
accomplished. They found a nation of 
two million people, whose numbers 
had doubled in the decade, principally 

by Walter C. Lowdermilk 

by immigration. Yet Israel was already 
an exporter of agricultural produce and 
had nearly achieved the goal of agri­
cultural self-sufficiency, with an export­
import balance in foodstuffs. It had 
more than doubled its cultivated land, 
to a million acres. It had drained 44,000 
acres of marshland and extended irriga­
tion to 325,000 acres; it had increased 
many-fold the supply of underground 
water from wells and was far along on 
the work of diverting and utilizing the 
scant surface waters. On vast stretches 
of un cultivable land it had established 
new range-cover to support a growing 
livestock industry and planted 37 million 
trees in new forests and shelter belts. 
All this had been accomplished under a 
national plan that enlisted the devotion 
of the citizens and the best understand­
ing and technique provided by modern 
agricultural science. Israel is not simply 
restoring the past but seeking full utili­
zation of the land, including realization 
of potentialities that were unknown to 
the ancients. 

For the visiting farmers, many of 
whom came from the newer and less 
developed nations of the world, the 
example of Israel was a proof and a 
promise. Civilization is in a race with 
famine. The doubt as to the outcome is 
due not so much to the limitations of 
the earth's resources, plundered as they 
are, but to a lag in the uptake of pro­
gressive agricultural practices and fail­
ure in the distribution of the present 

output of food. More than two thirds of 
the people of the world are under­
nourished. Most of them live in the 
lands where mankind has lived longest 
in organized societies. There, with few 
exceptions, the soil is in the worst con­
dition. The example of Israel shows that 
the land can be reclaimed and that in­
crease in the food supply can overtake 
the population increase that will double 
the 2,800-million world population be­
fore the end of this century. Israel is 
a pilot area for the arid lands of the 
world, especially those of her Arab 
neighbors, who persist in their destitu­
tion in the same landscape that Israel 
has brought into blossom. 

The achievement of Israel is the more 
remarkable for the fact that politics 

showed little regard for the logic of ter­
rain and watershed in setting the bound­
aries of the state. The 7,815 square 
miles allocated to Israel in the 1948 
partition of Palestine make a narrow 
strip of land along the eastern shore of 
the Mediterranean, roughly 265 miles 
long and 12 to 70 miles wide. It com­
prises only part of the Jordan River Val­
ley, the principal watercourse of the re­
gion, with its three lakes: Lake Huleh, 
230 feet above sea level at the northern 
end; the Sea of Galilee, nine miles to the 
south and 680 feet below sea level; and 
the Dead Sea, 65 miles farther south and 
1,290 feet below sea level. More than 
half of Israel's territory is occupied by 
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true desert or near desert, and the princi­
pal agricultural acreage lies on the nar­
row coastal plain, on the northern up­
lands and on the western slope of the 
Jordan Valley from Lake Huleh down­
stream to 25 miles below the Sea of Gali­
lee, where Israel's boundary comes down 
to the river. This division of territory and 
the persistent hostility of Israel's Arab 
neighbors continue to frustrate programs 
to realize the full benefits of the water 
supply to al!

'
concerned in a region where 

wa ter is scarce. 
Climatically Israel much resembles 

California. Rains come in winter, and 
the summers are long and dry. More­
over, the erratic rainfall varies consider­
ably from one end of the country to the 
other, from an average of 42 inches in 
the north, to 26 inches at Jerusalem, to 
less than two inches at Eilat on the Gulf 
of Aqaba at the foot of the desert of the 
Negev. Temperatures range to similar 
extremes over short distances, being cool 
at high elevations and hot and tropical 
in the Jordan Valley. In the spring a hot, 
dry wind, called the khamsin, may blow 
for days at a time out of the desert to the 
east, �ith calamitous effect upon unpro­
tected crops. Harsh as these conditions 
are, there has been no significant dete­
rioration in climate since Roman times. 
The same plants still thrive in protected 
places, and springs recorded in the Bible 
still bubble from the ground. The "des­
ert" that took over the once-flourishing 
land was the work of man, not of nature. 

Fortunately one geologic feature 
operates in favor of the conservation of 
rainfall; the porous limestone of the 
landscape absorbs a high percentage of 
the rain and distributes the water wide­
ly from the regions of heaviest fall 
through labyrinthine aquifers under­
ground. The total discharge from springs 
exceeds the flow of the Jordan: a single 
great spring near the foothills of Judea 
gives rise to the Yarkon River. Another 
important source of water, the heavy 
summer dew, helps crops to grow in 
the uplands. 

The agricultural restoration of Israel 
began in the 1880's, with the arrival 

of the first immigrants brought by the 
emergent Zionist movement as refugees 
from the pogroms of Eastern Europe. 
They were able to buy "useless" marsh­
land on the coastal plain. These marshes 
had been created by the shoaling of 
erosion-laden streams and by the dam­
ming effect of the inland march of sand 
dunes. With heroic labor the early set­
tlers succeeded in draining the marshes 
and farming them successfully. But until 
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CONTOUR FARMING in lezreel Valley is being extended to all 

slopes that exceed the safe gradient for "safe·line" farming. Steeper 

slopes are terraced and crops are rotated on contour strips. These 

practices prevent erosion and conserve the rainfall on fields. 

the State of Israel was established, the 
effort was on a "first aid" basis. 

When the new government set out 
to frame a comprehensive program for 
the development of the country's soil 
and water resources, it could call upon 
a number of outstanding authorities 
among its own citizens: specialists in 
forestry, horticulture, soil science, plant 
breeding and civil engineering who had 
come as refugees from Germany and 
Central Europe. But with a major por-

tion of its expanding population coming 
from the Arab countries of North Africa 
and the Near East, Israel did not have 
enough experts in the many disciplines 
needed to establish a modern agriculture 
in short order. The government there­
fore was among the first to draw upon 
the technical assistance offered by the 
specialized agencies of the United Na­
tions and by the "Point Four" program 
of the U. S. I had the rewarding ex­
perience of sharing in this work as a 

member of missions that served in Israel 
under the Food and Agriculture Organ­
ization of the U. N. from 195 1 to 1953, 
consulting in the establishment of a na­
tional program of land development and 
in building up a staff of men to carry it 
out; and again from 1955 to 1957 help­
ing to build a department of agricultural 
engineering at Technion, the Israeli in­
stitute of technology. 

The first order of business, begun in 
195 1 and completed in 1953, was the 

OLD SETTLEMENT of small·holders at Nahalal is laid out on the eastern European pattern CITRUS GROVES, managed on a 

with the village at center, surrounded by individual truck·garden farms, each seven acres in extent. cooperative basis, support a com-
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SOIL RECLAMATION has halted gully erosion and brought a 

limited area of heavily eroded soil under cultivation in the north· 

ern Negev. The soils in this region developed a "bad land" topo­

graphy during centuries in which they were stripped of grass cover_ 

taking of a comprehensive inventory of 
the land. This comprises the 2.38 mil­
lion acres north of the 60th parallel, 
about half the territory of Israel, where 
major agricultural development is pos­
sible. One of the most thorough in­
ventories of its kind in the world, it 
furnished a secure foundation for land­
use policy and for the immense task of 
reclamation and water development that 
has followed. Classification of the in­
ventoried land by end-use shows that, 

given adequate water supply, about 40 
per cent, or a million acres, can be 
made suitable for general cultivation; 
about 15 per cent for orchard, vine­
yard, pasture and other use that will 
keep a permanent plant cover on the 
soil; 20 per cent for natural pasture 
without irrigation; and 25 per cent for 
forests, parks and wasteland. Outside the 
area of detailed survey, in the Negev, an 
extensive reconnaissance has projected 
a program for range development and 

for the cultivation of forage crops in 
those areas where the scant winter run­
off can be diverted or impounded to sup­
port irrigation. 

A major feature of the land inventory 
was the classification of the lands ac­
cording to their relative exposure to 
erosion by wind and water. In the 
hands of the Israeli Soil Conservation 
Service this has served as a blueprint 
for measures to preserve the best soils 
and ultimately to reclaim land nOw 

munity on the Sharon Plain. Tall· 

er eucalyptus trees shelter groves. 

NEW SETTLEMENT has begun to farm land opened up to cultivation by irrigation and soil­
conservation measures. Open center of the village is eventually to be occupied by service buildings. 
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IRRIGATION BY SPRINKLING is the method that has proved most economical in bring. 

ing water to the field in Israel. Aluminum pipes are moved from field to field as needed. 

unusable. The hazard of erosion in· 
creases in geometrical ratio with in­
crease in the gradient of the soil. The 
first line of defense is directed against 
the dynamics of the falling raindrop 
and includes measures of soil manage­
ment that are also required for sustained 
crop yields such as the build-up of or­
ganic matter to increase the water-hold­
ing capacity of the soil and the use of 
crop litter to absorb the energy and re­
duce the splash-erosion of the raindrop. 
Contour plowing and the planting of 
crops in strips along the contour provide 
the second line of defense and usually 
suffice against the hazards of moderate 
storms. These defenses can be set up by 
the individual farmer or farm coopera­
tive and are everywhere encouraged 
through education and demonstration by 
the Soil Conservation Service. But rains 
in Israel characteristically come in down­
pours, in a few heavy storms during 
the rainy season and in extreme storms 
every few years. Where such rains over­
tax the first two lines of defense, more 
elaborate and costly measures must be 
designed and laid out by soil-conserva­
tion engineers of the Soil Conservation 
Service. Slopes must be broken by broad­
base terraces to pick up and slow storm 
runoff and the terraces must be intercon­
nected by waterways to keep the accu­
mulated water from cutting gullies 
through the fields. Storm waters are then 
available for storage in surface ponds 
and reservoirs or to recharge ground wa­
ters. This line of defense must be accu-
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rately and adequately engineered, for 
running waters do not forgive a mistake 
or oversight in design. 

O ne of the effects of man-induced 
erosion in the past was the creation 

of marshes on the narrow coastal plain, 
notably at Hadera, Kabri and in the 
Jezreel Valley. Carrying through the 
work started by the early settlers, Israel 
has now fully reclaimed these lands, 
drainmg and planting them to eucalyp­
tus trees in the lowest spots and to citrus 
groves and crops on the higher ground. 

A more substantial engineering chal­
lenge was presented by the marshlands 
of the Huleh basin at the head of the 
Jordan Valley. In Roman times and be­
fore, this region was fertile and thickly 
populated, but it had become a dismal 
swamp and a focus of malarial infection 
to the country at large. Sediments from 
the uplands to the north had progressive­
ly filled in the northern end of Lake 
Huleh, thus creating a marsh that was 
overgrown with papyrus. The marshes 
have now been drained by widening and 
deepening the mouth of the lake to 
bring down its water level and by a 
system of drainage canals. With the 
papyrus cleared away, the deep deposit 
of peat beneath yields richly to cultiva­
tion, much as do the delta peat-lands at 
the head of San Francisco Bay. The 
Huleh Reclamation Authority estimates 
that this little Garden of Eden will sup­
port a population of 100,000 in an in­
tensive agricultural economy, cultivating 

vegetables, grapes, fruits, peanuts, 
grains, sugar cane, rice-even fish (in 
ponds impounded on the old lake bed) . 
The yield of fruits and vegetables will 
soon require the installation of proc­
essing and canning plants on the spot. 
Another gain achieved by the reclama­
tion of this land is the conservation 
of water; the reduction of the evapo­
ration surface of the lake and surround­
ing marshes will save enough water to 
irrigate 17,000 to 25,000 acres of land, 
depending on the rainfall of the dis­
trict to which these waters will be de­
livered. The Huleh Drainage and Irriga­
tion Project is not great in size, but it 
symbolizes the determination of Israel 
to make the most of its resources. 

The development of water supplies 
and irrigation constitutes the most sig­
nificant achievement of the new nation 
and differentiates its agriculture most 
sharply from that which prevails in all 
but a few areas in the surrounding Arab 
countries. Since the time of Abraham, 
when "there was famine in the land," 
agriculture in this region has been at the 
mercy of the variable winter rainfall. In 
ancient Palestine irrigation was limited 
to small areas that could be fed by grav­
ity from perennial springs. These works 
had long since fallen into disuse, and 
at the beginning of this century ve\'y 
little of the Holy Land was irrigated. 
In 10 years the State of Israel has 
quadrupled the acreage under irriga­
tion, from 72,500 to 325,000 acres. It 
was this achievement that made pos­
sible the absorption of the great influx 
of immigrants. Irrigation has increased 
yields per acre from three to six times 
and more over those achieved by dry 
farming in the region and has secured 
dependable yields from year to year. 

With most of the water coming from 
wells, irrigation in Israel is accomplished 
by sprinkling, rather than by furrow or 
border ditch. The grid of pumps and 
pipes delivers the water under pressure 
but at low rates of flow. Irrigation en­
gineers soon found that sprinkling was 
best adapted to this mode of delivery 
and for application of the water to sandy 
soils and to rougher, stony land unsuited 
for leveling. The high investment in 
pumps and piping has been more than 
offset by the intensive year-round culti­
vation made possible by irrigation and 
by the urgent need to settle immigrants 
in self-supporting activity on the lands. 
Each year from 25,000 to 30,000 addi­
tional acres are being brought under irri­
gation, and the prospect is that this will 
continue until the limit of water supply 
is reached. 

Meanwhile extensive field research 
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is devoted to achieving the most effi­
cient use of water. In the northern 
Negev, for example, it has been found 
that about six inches of irrigation water, 
applied just before the winter rains to 
soak the soil to its water-holding ca­
pacity down to a depth of about four 
feet, will make up the equivalent of 
20 inches of rainfall, sufficient for winter 
grain. In many soils irrigation raises a 
serious drainage problem. Evaporation 
from the soil and transpiration by crops 
in the "consumptive" use of the water 
leave behind the salts it carries in solu­
tion. After a few years the accumulation 
of salts may reach toxic proportions. Cer­
tain crops, such as sugar beets, take up 
some salts and mav be planted in rota­
tion to reduce this accumulation. But 
whatever the crop, drainage must be 
provided in time to leach away the salts, 
and the chemical composition of the soil 
must be kept under surveillance. 

To bring much of the land under irri­
gation and cultivation has required 
strenuous repair of the damage don e by 
centuries of erosion. The slopes in stony 
soils are typically covered by an "ero­
sion pavement" made up of stones too 
heavy to be moved by rain splash and 
by the sheet flow of the storm runoff 
that carried away the topsoil. In some 
parts of the country, farmers have raked 
these stones from the fields and piled 
them into great heaps. ''''here erosion 
has exposed the rock or gullied the deep 
soils beyond plowing, the land has been 
put to some lower use, such as rough 
pasture or woodlot. In many parts of the 
highlands modern farmers have been 
able to take advantage of the soil-con­
servation works of the ancient Phoeni­
cians. My own investigations indicate 
that the Phoenicians, 3,000 to 4,000 
years ago, were the first people in the 
Middle East to clear and cultivate moun­
tain slopes under rainfall agriculture and 
so were the first to encounter soil erosion. 
They were also the first to control soil 
erosion by using the principle of the 
contour and by building stone walls to 
convert a slope into a series of level 
benches. Most of these ancient terraces 
had been allowed to fall in ruins. Today 
they are being reconstructed and rede­
signed. Since the terraces are narrow and 
so suited only to hand labor, the practice 
is to collect the stones from old terrace 
walls and to pile them into ridges spaced 
more widely apart on the contour, creat­
ing terraces with gentle gradients for 
cultivation by tractor-drawn farm imple­
ments. Under sprinkler irrigation the 
new terraces are proving to be favorable 
sites for vineyards and orchards. 

Over the large stretches of the COUIl-

SAND DUNES carried inland from coast have been encroaching for centuries upon arable 
land. Dunes are now being held in place by planting and even reclaimed for cultivation. 

FLASH FLOOD from winter downpour rushes over ruins of ancient desert irrigation works 

in northern Negev. Waterfall in foreground demonstrates gully·cutting action of floods. 

PLOWING BY CAMEL in Gaza Strip on Israeli border "eflects survival of primitive agri. 

cultural practices that over the past millennium have wasted the soil resources of the region. 
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try that are beyond such reclamation and 
are too dry for forests, the effort is to 
develop the land for pasture. Through­
out the Near and Middle East and North 
Africa the land has been overgrazed for 
more than 1,000 years. What sheep will 
not eat, goats will, and what the goats 
leave, camels will graze. By the time 
these hardy animals have ranged over 
the land through the long, hot, rainless 
summer, there is little plant cover left to 
protect the soil from the winter rains. 
But if one may judge by the relict spe­
cies of forage grasses and plants that sur­
vive in rocky places and thorn thickets 
beyond the reach of goats and camels, 
it may be surmised that this land was 
once a pastoral paradise. The prompt re­
turn of a good cover of grasses and herbs 
after the goats were removed from the 
land by the Israeli Government in 1948 
confirms this appraisal. The Soil Conser­
vation Service has since been reseeding 
the range with native plants and with 
species imported from the U. S. and 
South Africa. In addition, certain woody 
bushes and low trees are being planted 
to hold the soil and furnish browse for 
livestock; the rich beans of the hardy 
carob tree, for example, yield as much 

JORDAN·NEGEV CANAL 

JORDAN· NEGEV TUNNEL 

JORDAN·NEGEV PIPELINE 

YARKON·NEGEV PIPELINE 

WESTERN GALILEE PROJECT 

HULEH DRAINAGE CANALS 

OTHER PROJECTS 

---- MEDITERRANEAN·JORDAN POWER PROJECT 

DAMS 

� YARMUK YABOQ SCHEME 

� POWER P LA NT 

t:. PUMPING PLANT 

� POWER AND PUMPING PLANT 

MASTER WATER PLAN o[ Israel (color) 
is based upon plan originally designed to 

maximize water resources for entire Jordan 

River Valley, including both Israel and 

what is now the Kingdom of Jordan. Basic 

scheme calls for diversion of water from 

the head o[ the Valley, where rainfall is 

heaviest, to add lands in the south. Via the 

Jordan.Negev canal, a tunnel and a I08·inch 

pipeline now under construction, water from 

Lake Huleh region is to be carried to the 

Negev, with additional water from the Yar· 

kon River being carried by the Yarkon· 

Negev pipelines. The Mediterranean·Jordan 

Power Project and Yarmuk.Yaboq scheme 

await cooperation and action by Jordan. 
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feed as an equal planting of barley. 
Measures to divert and spread the storm 
waters over the pastures are further in­
creasing the yield. Herds of beef and 
dairy cattle are now beginning to mul­
tiply on the restored range. 

Early in the Jewish immigration to 
Israel the planting of trees came to 

be a symbol of faith in the future. Af­
forestation now plays a central role in 
the control of erosion, in reclamation 
of stony hills and in sheltering orchards 
and garden plots from the winds, 
whether from the sea or the desert. 
Some 250 million trees, both native 
and imported species selected by the 
Israeli Forest Experiment Station, are to 
be planted in the next 10 years. The 
growing of stock in the nurseries and the 
planting of trees on uncultivated hill­
sides, on roadsides, in shelter belts and 
on sand dunes provides interim employ­
ment for new immigrants until they be­
come. established. Already the new 
stands are yielding timber, poles and 
fuel products-valuable commodities in 
a deforested land. 

The land inventory has served to pro­
tect the best agricultural lands from be­
ing engulfed by the growing cities and 
towns of Israel. Along the coast, for ex­
ample, the communities have been en­
couraged to expand their boundaries into 
the sand dunes rather than into sur­
rounding cultivable land. The dunes 
comprise 10 per cent of the coastal land 
and; under the drag of the prevailing 
westerly winds, are overwhelming good 
land, orchards and even houses. Experi­
ments are under way to hold the shifting 
dunes by stabilizing the sand surface 
and by aggregating sand grains into 
crumb structures. This is accomplished 
by plantings of hardy shrubs and sand 
grasses, and of such fibrous-rooted plants 
as alfalfa, with water supplied to some 
tracts by sewage effluent and partially 
rectified sewage water. The rapid growth 
of the plants where this has been tried 
converts the sand in a few years into a 
stable soil-like material suited to the 
planting of trees and even some crops. 
But the full reclamation of the dunes to 
agricultural use is still in the research 
stage. 

Ultimately the expansion of agricul­
ture is limited by the availability of wa­
ter. The Israeli Water Planning Agency 
is seeking to double the 1956 water sup­
ply by 1966, giving the country a total 
of 14.5 million acre feet (an acre foot is 
12 inches of water per acre) per year. 
A central feature of the plan derives 
from a survey that I conducted in 1938 

CONCRETE PIPE 70 inches in diameter for Yarkon.Negev pipeline is delivered to location 

where it is to be set in place in a great trench and buried. This line will carry water from 
the Yarkon River in the north to the add lands of the Negev (see map on opposite page). 

and 1939 for the U. S. Department of 
Agriculture and from the proposal, grow­
ing out of that survey, of a Jordan Valley 
Authority to achieve the fullest develop­
ment of the surface and underground 
waters of the valley for the entire origi­
nal Mandate under the League of Na­
tions, including what is now the King­
dom of Jordan as well as Israel. That 
proposal called for the development of 
ground waters and diversion of the up­
per Jordan waters within Israel to the 
dry lands in the south and for the diver­
sion of the waters of the Yarmuk River 
to the eastern side of the Jordan Valley 
for irrigation of a promising subtropical 
region in Transjordan. In order to re­
place the flow of these rivers into the 
Dead Sea, salt water was to be brought 
in from the Mediterranean Sea through 
canals and tunnels to drop through two 
sets of hydropower stations nearly 1,300 
feet below sea level to the Dead Sea. This 
salt water would not only produce elec­
tric power but also would maintain the 
level of the Dead Sea for the extraction 
of the minerals and chemicals that are 
there in fabulous amounts. The plan was 
declared feasible by an international con­
sulting board of engineers. All parts of 
the plan that do not require the collabo­
ration of the adjoining Arab states are 
now being carried out by the Israeli 
Government. The prestressed-concrete 
sections of the main 108-inch pipeline 
that will carry upper Jordan water down 
as far as the Negev are now being fabri-

cated and set in place in a great trench, 
and the tunnels to carry it through inter­
vening hills are under construction. 

B eyond this major undertaking the 
country is conserving for use and re­

use such minor flows of water as are 
represented by the sewage of its cities 
and the runoff of intermittent streams 
along the coast. In the southern Negev, 
where the annual rainfall is less than six 
inches, the Soil Conservation Service is 
adopting the methods of ancient Naba­
taeans to impound the waters of flash 
floods for the irrigation of forage crops. 

Prospects for the future have recently 
been brightened by progress in the de­
salting of sea water. A new method de­
veloped in the laboratories of the Gov­
ernment is about to be tested in two 
pilot plants, each with an output of 
250,000 gallons per day. Success in this 
undertaking would be a major victory 
not only for Israel but also for all the 
other arid-land countries of the world. 

On the anvil of adversity the State 
and people of Israel have been hammer­
ing out solutions to problems that other 
nations must sooner or later face up to. 
There are no more continents left to ex­
plore or to exploit. The best lands of the 
earth are occupied and in use. All of 
them, to a greater or lesser extent, need 
the same measures of reclamation and 
conservation that have succeeded so well 
in Israel. The frontiers of today are the 
lands under our feet. 
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Interplanetary Navigation 

To bring a rocket to a precise rendezvous with another planet 

conflicting demands requires difficult compromises among the 

of payload, radio communication, guidance and available power 

by Aubrey B. Mickelwait, Edwin I-I. Tompkins, Jr., and Robert A. Park 

W
ithin the next year or two in­
terplanetary flight should be a 
reality. Lttnik I and Pioneer IV 

have demonstrated that existing rockets 
can carry a package of scientific instru­
ments away from the earth's gravita­
tional field and on toward the orbits of 
Venus and Mars; in fact, Lttnik 1 is as­
sumed to have come fairly close to the 
orbit of Mars. But achieving the neces­
sary distance is only the first step. In the 
next class of flights the rockets must 
bring the instruments close to-or even 
land them upon-another planet while 
transmitting information back to earth. 
To accomplish this objective with avail­
able propulsion and control systems and 
to secure a sufficient return of scientific 
information to justify the effort places a 
premium on the new art of interplaneta­
ry navigation. 

If interplanetary vehicles could travel 
under continuous power they could be 
navigated continuously to their destina­
tions. For the time being, however, the 
vehicle must be a rocket that travels un­
der power principally during the first 
few minutes of flight, when it is lifted 
from the surface of the earth. The navi­
gation that is to bring the rocket to its 
destination must be accomplished dur­
ing those few minutes. Through the long 
journey to a rendezvous with its far-off 
moving target, the vehicle travels as a 
satellite of the sun. It was already in mo­
tion around the sun before it started 
from the earth, and its velocity on its 
own orbit is now only weakly modified 
by the escape velocity that carried it 
free. The task of the trajectory designer 
is to place the vehicle on an optimum 
orbit: one that will minimize the require­
ments of propulsion and control and 
maximize the payload and yield of in­
formation back to earth. He must reckon 
that the earth and the target planet are 
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moving at different speeds, albeit in the 
same direction, on orbits inclined to each 
other and are thus constantly changing 
their positions with respect to each other 
in space. His primary decision is to 
choose a launching year, day and hour 
that will find the earth and target planet 
in the most favorable relative positions 
to bring the vehicle and target together 
with a minimum expenditure of energy 
and within transmitting distance of the 
earth months later, when all three have 
traveled around the sun on their courses. 

The practical prospect of interplan­
etary Right has awakened fresh inter­
est in celestial mechanics, the branch of 
astronomy that deals with the motion 
of bodies in a gravitational field. Celestial 
mechanics was the first branch of physics 
to attain scientific maturity. By 1687 
Isaac Newton had published in his P1"in­
cipia the complete equations of motion in 
a gravitational field and had shown that 
Johannes Kepler's three empirical laws 
of planetary motion followed from these 
equations. Despite the great names as-

TILT OF PLANETARY ORBITS with respect to the orbital plane of earth, or ecliptic 

(white), is the chief complicating factor in interplanetary navigation. For most flights the 
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socia ted with this branch of physics, one 
unsolved theoretical problem remains to 
confront the trajectory designer: that of 
predicting the motion of a body through 
two or more simultaneously acting gravi­
tational fields. A century after Newton, 
Joseph Louis Lagrange developed an ap­
proximate method for handling such mo­
tion. By 1845 calculations by similar 
approximations had been sufficiently re­
fined to reveal a discrepancy of about .01 
degree of arc per century between the 
predicted and the observed motion of 
Mercury. That tiny discrepancy served, 
a century later, to provide partial verifi­
cation for Albert Einstein's general the­
ory of relativity. The application of 
celestial mechanics to interplanetary 
navigation requires equally refined 
methods, though the laborious computa­
tions can now be handled by computer. 

The problems involved in designing 
a trajectory for an interplanetary vehicle 
may be elucidated, however, by means 
of a much simpler approximation of 
reality. Since it is difficult to handle 
the analysis of more than one gravita­
tional field acting simultaneously, the 
solar system may be divided into three 
regions, each governed by a single gravi­
tational field. In the first region, which 
surrounds the earth out to a distance of 

about a million miles, only the earth's 
gravitational field is assumed to affect 
the motion of the vehicle. In the second 
region, through which the vehicle passes 
on most of its flight, only the sun's gravi­
tational field is considered; in the third 
region, only the field of the target planet 
[see top illustmtion on page 68]. 

According to the equations of Newton 
the trajectory of an object moving 
through any one of the regions will as­
sume the form of one of the familiar 
conic sections when viewed from the 
central gravitational body in each re­
gion: a hyperbola if the object is moving 
fast enough to escape from the region, 
an ellipse if it is not. For example, the 
several man-made satellites now in orbit 
about the earth, lacking the energy to 
escape the earth's gravitational field, 
move on elliptical paths. The interplan­
etary vehicle, with much greater energy, 
will leave the earth's gravitational field 
on an "escape" hyperbola. Viewed from 
the sun, it will then proceed along an el­
lipse. When, and if, it is caught by the 
gravitational field of the target planet, 
the vehicle appears to move on a hyper­
bolic course as it makes a swing around 
the planet and returns to its elliptical 
path around the sun. Braking rockets 
may be fired at this juncture to remove 

��'" 
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energy from the vehicle and place it on 
a permanent elliptical orbit around the 
target planet. Or, if the trajectory was 
successfully designed for "impact," the 
hyperbola will intersect the target [see 
bottom illustration on page 68]. 

To achieve an escape hyperbola from 
the earth on a course that will reach the 
orbit of Venus or Mars, the vehicle must 
attain a velocity at burnout (the moment 
when its rocket motor ceases firing) in 
excess of 36,000 feet per second with 
respect to the earth, assuming that its 
altitude at burnout is at least 200 miles. 
By the time it has coasted "uphill" out 
of the earth's gravitational field it has 
lost about three fourths of this velocity. 
It is therefore traveling at about 10,000 
feet per second with respect to the earth 
when it enters the sun's sphere of influ­
ence. But even before the vehicle left the 
earth it was traveling on the earth's orbit 
at 97,000 feet per second with respect 
to the sun. The residual escape-velocity 
is small compared to this figure, but it 
can modify the solar velocity of the 
vehicle sufficiently to carry it on to a new 
orbit around the sun. If all or part of 
the residual velocity is added to the 
97,000-foot-per-second solar velocity by 
launching the vehicle in the direction of 
the earth's motion, the vehicle will move 

vehicle must be aimed above or below the ecliptic, a procedure 

that raises fuel requirements and may increase the necessary ac· 

curacy of aim and velocity. The actual tilt, here somewhat exag­

gerated, is about 2 degrees for Mars and 3.4 degrees for Venus. 
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ahead of the earth and out on an ellip­
tical course toward Mars. If residual 
velocity is subtracted, by launching the 
vehicle against the direction of the 
earth's motion, it will fall behind the 
earth on an elliptical course toward 
Venus [see illustratiol1 011 these two 
pages]. There is no chance that the 
vehicle will fall into the sun. Such a 

trajectory-one that would also bring the 
vehicle to rendezvous with Venus when 
VeJlus is closest to the earth-would re-

quire cancellation of all of the velocity 
imparted by the earth. This would re­
quire more energy than a voyage de­
signed to escape from the solar system 
entirely. Either trip is beyond present 
technology. 

S
ince the tra jectory designer's objec-
tive is to transport a maximum pay­

load to the target planet, he seeks at the 
outset a trajectory that can be achieved 
with minimum expenditure of energy. 

To secure the maximum modification 
of the original 97,OOO-foot-per-second 
velocity by addition or su btraction of the 
residual escape-velocity, it is clear that 
the designer should seek to launch the 
vehicle straight along the line of the 
earth's motion. All of the vehicle's escape 
velocity will then be added to, or sub­
tracted from, the earth's velocity. If the 
solar system were two-dimensional, that 
is, if all of the planets moved in the same 
plane, the "ideal" minimum-energy tra-

"ESCAPE" TRAJECTORY of a space vehicle leaving earth is de· 

picted in these drawings, which show the positions of the vehicle 

and the earth at intervals of "bout eight minutes. In relation to 

earth the vehicle takes off "long a hyperbolic path (gray lines). 

For a flight to Venus (top) the vehicle is aimed backward along 

the orbit of the earth so that it moves more slowly than the 
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jectory would bring the vehicle into 
rendezvous with the target planet just 
180 degrees around the sun from the 
starting point, and the orbit of the ve­
hicle would lie tangent to that of the 
planet. Any other trajectory requires that 
the vehicle cross the orbit of the target 
planet, traveling farther outward or in­
ward, and so consumes more energy. 
The two-dimensional minimum-energy 
trajectory has the additional advantage 
of bringing the vehicle to its target at 

TO VENUS 

TO MARS 

the lowest possible "approach velocity." 
This allows the instruments more time 
to do their work and, if the vehicle is to 
go into orbit around the planet or make 
a landing on it, reduces the fuel needed 
for braking. 

Plainly the achievement of the mini­
mum-energy orbit, even in the two-di­
mensional model, calls for a happy co­
incidence in the relative positions of the 
earth and the target planet. At launching 
time the earth must be just 180 degrees 

around the sun from where the target 
planet will be at rendezvous. Since the 
planets move at different speeds around 
the sun, the proper orientation of earth 
and target occurs at comparatively long 
time intervals: about 584 days for Venus 
and 780 days for Mars. An almost ideal 
minimum energy launching day for 
Venus was June 8, 1959. By increaSing 
the launching velocity and thereby in­
creasing or decreasing both the flight 
time and the angle turned in space 

earth, as wggpsted by the lengths of the heavy black lines that 

plot the trajectories of the earth and the vehicle as seen from space. 

As a result the sun's gravitation pulls the vehicle inward toward 

Venus. For a flight to Mars (bottom) the vehicle is fired in the 

direction that the earth is moving. Since it is now traveling more 

rapidly than earth, it moves outward toward the orbit of Mars. 
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IDEALIZED TWO·DIMENSIONAL TRAJECTORIES requiring a minimum of power are 
semi·ellipses (heavy black lilies) tangent to the orbit of earth at one end and to that of the 

target planet at the other. Rendezvous with the target is exactly 180 degrees aronnd the 

sun from the take·off point. Radial lines give a very simplified picture of the gravitational 

fields of the sun and the planets. The size of the planetary fields is exaggerated 10 times. 

"APPROACH" TRAJECTORY to a planet, such as Venus, follows a hyperbola, as does 

the escape trajectory. The vehicle may swing around the target (left) or, by applying a brak· 

ing thrust (c olored arrow), go into orbit about it (center). At right is an "impact" trajectory. 
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around the sun before rendezvous, the 
launching date may be set with some 
Hexibility. But the feasible dates will 
still group roughly around a minimum­
energy date. The higher-energy orbit 
will not simply graze the target orbit but 
will cross and recross it on the outbound 
and inbound legs of the Hight. An earlier 
or later launching date will thus permit 
rendezvous at either intersection [see 
illustration on page 70j. Necessarily, 
however, the vehicle will make its cross­
ing at a larger angle and thus at a much 
higher velocity with respect to the tar­
get. This is undesirable both for simple 
probes that will sample the properties of 
the target planet as they pass by, as well 
as for the more complicated vehicles that 
are intended to make "soft" landings or 
enter satellite orbits around the target 
and so must slow themselves down. 

T
he designing of a trajectory and the 
selection of a launching date are 

raised to another order of complexity by 
the third dimension of the solar system. 
The orbit of Venus is inclined at an angle 
of about 3.4 degrees to the plane of the 
earth's orbit (the ecliptic) and that of 
Mars is inclined at about two degrees. 
These angles are small, but they intro­
duce considerable error into a trajectory 
or an optimum launching date calculated 
from a simplified two-dimensional pic­
ture of the solar system. In its motion 
around the sun Venus is at times as much 
as three million miles out of the earth's 
orbital plane. To make a successful ren­
dezvous with Venus the vehicle must ap­
proach to within 10,000 miles of the 
planet. Since Venus spends only about 
one day in 112 within this critical range 
of the ecliptic, there is little chance that 
the day will also correspond with the ren­
dezvous date of a minimum-energy flight 
wholly within the plane of the ecliptic. 
Even on such a day the geometry of the 
situation would bring the vehicle into 
rendezvous with Venus at an angle of 3.4 
degrees and so at an unfavorable speed 
for effective observation or for placing 
the vehicle in orbit around the planet. 
One way out of this three-dimensional 
dilemma is to launch the vehicle in the 
plane of the target planet's orbit, that 
is, on a day when the earth is crossing 
the plane. Such an orbit has many fea­
tures of the two-dimensional model. 
However, there is again no assurance 
that such a day will coincide with a 
minimum-energy day. On June 8, 1959, 
the last minimum-energy day for a 
Venus flight, it happens that the earth 
was also crossing Venus's orbital plane. 
An equally favorable opportunity will 
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RADIO RECEPTION OF DATA from a space vehicle may force 

alterations in its trajectory, Graph at bottom shows estimated 

range at which nondirectional signals of different power can be 

received by radio telescopes of various sizes. Heavy colored line 

shows the range of the largest present telescope, at J odrell Bank 

in England; broken colored line, that of the 600·foot telescope now 

under construction. Diagrmll at lOp shows nlininlunl·energy flights 

to Mars and Venus dming 1960 and 1961. For Mars rendezvous is 
over 200 million miles from earth, beyond reception range; to reo 

duce range to 90 million miles will require an additional 1,000 

feet per second velocity at take·off. For Venus rendezvous is only 

about 40 million miles from earth, well within radio range. 
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lieved by more sensitive receiving gear 
on earth. The 250-foot paraboloid reflec­
tor of the J odrell Bank radio telescope 
in England has already served this pur­
pose in the Pioneer I and II flights. The 
600-foot radio telescope now being built 
in West Virginia will extend the range 
even farther. On the other hand, the 
designer can solve this problem by 
choosing a launching day that will bring 
the rendezvous point closer to earth. A 
minimum-energy flight to Mars might 
establish rendezvous at 200 million miles 
from the earth, close to the operating 
limits of-present transmitters and receiv-

G ers. To reduce the distance to the more 
reasonable figure of 90 million miles the 
trajectory designer may set the launch­
ing on another day at a cost of an extra 
1,000 feet per second in burnout veloc­
ity. Fortunately the most useful trajec­
tories for a flight to Venus in 1961 will 
bring the rendezvous to a point about 
40 million miles from the earth, well 
within the range of transmission. But the 
ideal date of June 8, 1959, would also 
have produced the same favorable trans­
mitting distance. Man's conquest of 
space has come just too late to exploit 
the advantages of that day! 

TWO CLASSES OF TRAJECTORY are possible if the orbit of the vehicle crosses the 
The interplanetary navigator's most 

difficult problems all derive from the fact 
that present vehicles are ballistic and so 
can be significantly guided only during 
the first few minutes of flight. The im-

target orbit twice. Class I trajectory (black) places the rendezvous at the first intersection 

of the orbits; Ctass II (solid gray), at the second. As shown here the two trajectories are 

schematic. In p,·actice each of them would require a different take·off date from the earth. 

not occur again for many centuries, 
though 1967 will bring a close approx­
imation. 

Until then the only solution is to de­
sign a trajectory that will be canted at 
a small angle to both the ecliptic and 
tbe orbital plane of Venus. While this 
method will work on any otherwise fav­
orable day, it will require somewhat 
higher take-off energies than the two­
dimensional model predicts. Approach 
velocities will generally also be higher 
because the vehicle approaches the or­
bital plane of the target at an angle. 
\Vhen the designer sets out to plot such 
a three-dimensional trajectory, he faces 
tricky compromises between take-off and 
approach velocities. For example, the 
next minimum-energy day for a flight to 
Venus, early in 1961, will require a burn­
out velocity fairly close to the 1959 ideal. 
But to hold the approach velocity down 
to a reasonable value the actual launch­
ing day must be advanced about a month 
to a time when the earth is closer to the 
plane of Venus. A successful launching 
on this day will call for an additional 
1,000-feet-per-second of burnout veloc­
ity. This is one of the paradoxes of three­
dimensional flight: a higher take-off 
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velocity can mean a lower approach 
velocity. 

The blessing of nature that set all of 
the planets traveling in the same direc­
tion around the sun now becomes appar­
ent. With the "chase" approach that this 
makes possible, the vehicle can spend a 
reasonable time in the vicinity of the tar­
get planet. If the two objects were travel­
ing in opposite directions, their courses 
would add, not subtract, their respective 
velocities. 

S
ince the purpose of the flight is to 

deliver information back to earth, 
the designer has to take account of still 
another problem. The vehicle must make 
its rendezvous within the range of radio 
communication. That range depends in 
part upon the power of the transmit­
ter. But greater power means greater 
weight. The weight of the transmitter 
can be of course reduced by equipping 
the vehicle with a focusing antenna to 
beam its signal energy. But this requires 
that the vehicle also be equipped with 
instruments to sense its orientation in 
space and with stabilizing rockets to 
point the beam at the earth. Some of 
the burden on the vehicle can be re-

mense distances to be traveled will many 
times magnify any initial errors in aim 
or velocity. Although a Mars-bound 
vehicle can miss the planet by as much 
as 6,000 miles and still fall within its 
gravitational influence, even this near 
miss requires, for certain trajectories, a 
burnout velocity accurate to within one 
foot per second and an aim accurate to 
.001  degree. This is equivalent to shoot­
ing a duck at a distance of 11 miles. 

Not all orbits require this degree of 
accuracy in both aim and velocity. In 
orbits approximating the two-dimension­
al case-for example, the lost opportunity 
of June 8, 1959-the vehicle makes a 

more nearly ideal chase approach to the 
target planet. As a result, minor altera­
tions may be made in the take-off veloc­
ity in order to reduce the sensitivity of 
the orbit to small launching errors. In 
three-dimensional flight, inclination of 
the orbit to the orbital plane of the tar­
get planet diminishes the chase aspect 
of the approach. At an inclination of 
90 degrees the chase aspect disappears 
altogether. For this reason three-dimen­
sional Right sets much more severe guid­
ance requirements than the two-dimen­
sional model would suggest. In a flight to 
Venus during 1960 and 1961 the de­
mands on the guidance system will be 
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FOUR TYPES OF FLIGHT PATH which take account of the in. 

clination of the orbit of V en us to that of earth are shown here 

schematically; the angle between the orbits is greatly exaggerated. 

A vehicle launched in the orbital plane of earth (1) must reach 

Venus at a time when Venus is crossing that plane; the relative 
positions of the planets rarely permit such a flight. The same 
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objection applies to a flight launched into the orbital plane of 

Venus when earth is crossing that plane (2). The vehicle migbt be 

shifted toward the orbital plane of Venus (3) by a strong correc· 

tive thrust (broken arrow), but would have to carry much fuel for 
this sole purpose. The most practical flight path (4) lies in a plane 

(hatched) that intersects the orbital planes of the two planets. 
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ENERGY REQUIREMENTS of flights to Venus during the 1959 

(top) and 1960·61 (bottom) launching seasons are shown for 

selected orbits of widely differing characteristics. The "best" flight 

iflFebruary, 1961, would require little more energy than the "ideal" 

flight of June, 1959, but would approach Venus at an undesirably 
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high velocity. Ellipses suggest the area within which nUl1Imum· 

approach velocities are possible; arrows indicate the dates wlien 

earth crosses the orbital plane of Venus. For a reasonably low· 

approach velocity during the 1960·61 season, the take·off date would 

have to be advanced and energy requirement raised considerably. 
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10 times as stringent as those that held 
in 1959. To design a three-dimensional 
trajectory requires the analysis of simul­
taneously acting gravitational fields, the 
very theoretical problem that has defied 
physicists and mathematicians for near­
ly three centuries. The present empirical 
solution is to run the equations of motion 
for many alternative trajectories on a 
large digital computer and plot sensi­
tivity curves for the results. Such curves 
reveal the surprising fact that changes 
in the burnout velocity amounting to 
only a few feet per second can increase 
or decrease the sensitivity by a factor 
of 100. 

At some sacrifice in payload, launch­
ing errors can be corrected by small 
rockets installed in the vehicle and fired 
on radio command from the earth. But a 

corrective thrust in the right direction 
implies control over the orientation of 
the vehicle in space. This can presently 
be achieved by imparting a spin to the 
vehicle at take-off; gyroscopic action 
then holds the axis of the vehicle stable 
with respect to any fixed point in space. 
As the vehicle proceeds on its elliptical 
orbit the axis goes through a slow but 
predictable shift with respect to the or­
bital direction of the vehicle. At some 
moment it will be pointing in the right 
direction for firing the corrective thrust. 

More powerful rockets, now in the 
offing, will extend the range of possible 
launching velocities. But speed is no 
solution to the problem of error. Burnout 
velocities of double the minimum-energy 
value would multiply aiming and ap­
proach problems 10-fold. Any increase 
in power will therefore be employed to 
increase the mass of the vehicle, making 
it possible to install more sophisticated 
course-correction devices and observing 
instruments. A larger vehicle might car­
ry a computer and instruments to sense 
the position of the sun or certain bright 
stars. Small rocket jets, turning the ve­
hicle in response to these instruments, 
could point the vehicle in the right direc­
tion for a corrective thrust. 

Ultimately, still more powerful rockets 
will lift continuous-propulsion space ve­
hicles free of the earth's gravitational 
field. These vehicles will be driven by 
small engines, perhaps powered by nu­
clear reactors [see "Nuclear Rockets," 
by John J. Newgard and Myron Levoy; 
SCIENTIFIC AMERICAN, May, 1959]. 
Such vehicles can be continuously navi­
gated by automatic or even human 
pilots. But all the important aspects of 
their trajectories will still be designed 
in advance by earth-bound trajectory 
analysts. 
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GUIDANCE REQUIREMENTS of a Venus flight on June 9, 1959, are shown here for Class I 
(color) and Class II (black) orbits. Graph at top gives the effect of velocity errors; graph 

at bottom shows the result of errors in the two aiming components: azimuth (solid lines) 
and flight.path angle (brokell lille). Evidently no burnout velocity can simultaneously mini· 

mize the effect of all three types of error. June 9, 1959, was an nlmost "ideal" launching 

date; the guidance requirements for 1960·61 flights to Venus will be 10 times as stringent. 
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Applications of Superconductivity 
When certain metals are cooled almost to absolute zero) they become 

that lS) their electrical resistance disappears. This superconductive) 

relTlarkable phenolTlenon is now being turned to technological purposes 

Superconductivity-the total disap­
pearance of electrical resistance­
is a strange property of matter that 

makes its appearance in the remote 
realm of temperatures close to absolute 
zero. It confounded the classical theory 
of electromagnetism when it was discov­
ered some 50 years ago. It remained un­
til four years ago an intractable riddle to 
the new quantum physics. Yet in a very 
few years from now superconductivity is 
going to prove to be a windfall to tech­
nology. Engineers are engaged in the 

by Theodore A. Buchhold 

design of superconductive bearings dis­
tinguished by the absence of friction, 
electric motors with extraordinary effi­
ciency, tiny and reliable switching ele­
ments for computer circuits, magnetic 
lenses with unprecedented resolving 
power for electron microscopes, noise­
less amplifiers and other devices with 
characteristics that approach ideal 
standards. In the future workers in oth­
er fields of engineering are sure to find 
that superconductors, insulated from 
their immediate environment in cold 

SUPERCONDUCTIVE GYROSCOPE, shown here in pilot model, is being developed by 

the General Electric Company. The spherical rotor floats without friction in an "atmos­

phere" of magnetic flux. Upper housing has been removed to show interior structure. 
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chambers, will provide unexpected solu­
tions for an increasing variety of design 
problems. 

It was well understood in classical 
electromagnetism that the resistance of 
an electrical conductor should fall with 
temperature. The explanation could be 
pictured quite graphically. An electric 
current consists in the flow of free elec­
trons through the crystal lattice of the 
conductor. At room temperature the 
thermal vibration of the atoms in the 
lattice increases the probability that the 
electrons will collide with them; this im­
pedes the flow of electrons and sets up 
resistance to the current. At lower tem­
perature, with the vibration of the atoms 
reduced in amplitude, the electrons col­
lide with the atoms less frequently, and 
the current encounters less resistance. At 
absolute zero the atoms were supposed 
to cease vibrating entirely. But there 
would remain some resistance to the flow 
of current because a few electrons would 
still collide with the now-stationary 
lattice and with the defects and impuri­
ties that distort the lattice structure in 
all but perfect crystals. 

This model worked with complete 
satisfaction down the temperature scale 
as investigators approached closer and 
closer to absolute zero. Then, in 1911, 
it failed completely when the Dutch 
physicist Heike Kamerlingh Onnes froze 
mercury in a bath of liquid helium. He 
ran a current through the mercury and 
watched as his instruments showed re­
sistance declining with temperature. 
The familiar relationship between the 
two properties held until the tempera­
ture reached 4.2 degrees absolute (de­
grees centigrade above absolute zero). 
Suddenly the electrical resistance of the 
mercury vanished; there was not even 
the residual resistance betokening colli­
sions between electrons and defects and 
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LOW·TEMPERATURE ENVIRONMENT is maintained in this helium (at 4.2 degrees) in the inner double·walled flask. Tall 

Dewar flask within a Dewar flask. Outer double·walled flask holds cylinder, weighing 12 pounds, is supported by magnetic flux of 

liquid nitrogen (at 77.3 degrees absolute), which insulates liquid small cylinder at bottom. Bubbles are due to boiling of liquids. 
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LOW·TEMPERATURE INSTALLATION at the General Engi. 

neering Laboratory of the General Electric Company is the site of 

PROTOTYPE OF SUPERCONDUCTIVE MOTOR includes sup· 

porting elements (left llnd right) and stator housing (middle). 

Hexagonal structure in stator housing is the rotor, an aluminum 
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the experimental apparatus depicted on the preceding page. The 
large Dewar flask is at right center. Cans contain liquefied gases. 

core wrapped in niobium foil, which turns at 700 revolutions per 

minute in a bath of liquid helium. Its hexagonal shape, necessary 
for it to develop torque, is explained in top illustration on page 81. 
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impurities in the lattice predicted by the 
classical model. 

Kamerlingh Onnes found that other 
metals, among them tin, lead, tantalum 
and niobium display the same abrupt 
disappearance of resistance near abso­
lute zero. It does not occur in all metals; 
strangely, the best electrical conductors, 
copper and silver, do not become super­
conductive. But certain alloys and com­
pounds, as well as pure metals, become 
excellent superconductors under the 
right conditions. The property puts in 
its appearance and disappearance just as 
suddenly in each material but at a dif­
ferent "transition" temperature-general­
ly only a few degrees above absolute 
zero. Superconductivity can also be de­
stroyed if the metal or alloy is exposed 
to a magnetic field of sufficient strength, 
whether the field is applied externally 
or set up by the current flowing through 
the superconductor itself. In each mate­
rial the field strength required to erase 
superconductivity varies with tempera­
ture within the range in which the ma­
terial is superconductive. The metal 
niobium, for example, has a transition 
temperature of 8 degrees; its critical 
field-strength is 2,000 oersteds at 4.2 de­
gre�s and rises to 2,400 oersteds at 1 de­
gree. Critical field-strength varies not 
only with temperature, but also with th� 
purity of the material, with mechanical 
stress and with the configuration of the 
specimen in question. Depending upon 
these factors, niobium has shown field­
strengths as high as 4,000 oersteds. An 
alloy of niobium and tin has so far shown 
the highest transition temperature, 18 
degrees, and may have a critical field­
strength as high as 16,000 oersteds at 
4.2 degrees. 

Experimental findings of this kind 
troubled theoretical physicists for 

more than 40 years. Superconductivity 
was the one phenomenon in the domain 
of quantum physics which that powerful 
system could not explain. Some six years 
ago B. T. Matthias of Bell Telephone 
Laboratories set out to discover by em­
pirical methods the order underlying the 
appearance of superconductivity in ele­
ments and compounds. He made system­
atic measurements on a great variety of 
materials, and in the course of his inves­
tigation developed many promising new 
superconductors. He also found a pat­
tern of results that sometimes helps in 
predicting which materials will become 
superconductive. In general it appears 
that elements with three, five or seven 
electrons in their outer electron-shells 
become superconductive most easily, 

o 

, I 
I 
I 
, 
I 
I 
I 
I 
, -' 

TEMPERATURE (DEGREES K) 
ABRUPT DISAPPEARANCE OF RESISTANCE in superconductors as they approach 

absolute zero (-273 degrees centigrade) is indicated by the broken line in this graph. 
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CRITICAL FIELD STRENGTH of superconductors rises as temperature falls. Niobium 

(top curve ) becomes superconductive at about 8 degrees absolute, but at that temperature 
even the weakest magnetic field renders it resistive again. At 5 degrees niobium withstands 

a field strength of some 1,600 oersteds; at 1 degree, a field strength of almost 2,500 oersteds. 
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while those with only one or with more 
than eight do not become superconduc­
tive at all [see "Superconductivity," by 
B. T. Matthias; SCIENTIFIC AMERICAN, 
November, 1957]. 

As Matthias proceeded on this line of 
investigation, John Bardeen and his col­
leagues at the University of Illinois suc­
ceeded in bringing superconductivity 
within the equations of quantum theory. 
They found that some fraction of the 
total population of current-carrying elec­
trons in a superconductor are "paired" 
in the sense that the resistance set up by 
the collision of one electron is precisely 
offset by the rebound of its partner from 
a simultaneous collision, so that no net 
resistance to the current is set up. At 
temperatures above the transition point, 
or in magnetic fields of greater than criti­
cal strength, these electrons are "un­
paired." Their collisions are no longer 
self-canceling but additive, and elec­
trical resistance is restored. 

The first practical applications of su­
perconductors arise not so much from 
the currents they conduct so easily as 
from the magnetic fields these currents 
set up. Once a current has been started 
in a superconductor it continues to flow 
without variation or decay-theoretically 
forever-after the power source has been 
disconnected [see top illustration on 
page 80]. The superconductor thus be­
comes a kind of perpetual-motion ma­
chine. But it is the magnetic flux, frozen 
into the superconductor with the current, 
that makes this curious phenomenon use­
ful. The frozen-in flux makes it possible 
to use the current to calibrate other cur­
rents. The current to be calibrated is 
simply conducted through the cold en­
vironment, and its magnetic flux is com­
pared with that of the superconductor. 

The same relationship between elec-
tricity and magnetism accounts for 

another remarkable property of super­
conductors: they act as insulators against 
magnetic fields. vVhen an external mag­
netic field is brought near a supercon­
ductor, or any conductor for that mat­
ter, it sets up eddy currents in a surface 
layer of the material. In an ordinary 
conductor this surface layer may be rela­
tively deep, and the resistance of the 
material quickly suppresses the eddy 
currents. In a superconductor, on the 
other hand, the eddy currents are con­
fined to a layer only about .0001 milli­
meter deep, and they continue to flow 
without deterioration. The magnetic 
flux associated with the eddy currents 
is oriented in a sign parallel to that of the 
external field. In effect the surface of 
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the superconductor becomes a magnetic 
mirror, reflecting the lines of force of 
the impinging field. 

The magnetic-mirror effect suggests 
a variety of useful applications of super­
conductivity. In an electron microscope, 
for example, magnetic fields focus the 
image formed by the beam of electrons. 
These fields are shaped to act as 
"lenses" by the doughnut shape of the 
magnet that produces them, the lines of 
force being concentrated in the hole in 
the middle. Since the magnetic-mirror 
effect involves only the outer surface of 
materials, a superconducting foil shield­
ing the contours of the center hole and 
employed as shielding elsewhere in the 
instrument will perfect the shape of the 
magnetic lens. The improvement in reso­
lution may make it possible to produce 
an electron microscope in which atoms 
can be seen. For certain biological and 
chemical investigations (for example, 
studies of free chemical radicals) which 
require low temperatures in any case, 
the necessary refrigeration will create 
no serious complications. 

Superconductive surfaces might also 
improve the performance of the reso­
nant cavities of the oscillators that gen­
erate microwaves. Because supercon­
ductors offer little resistance to high­
frequency electric currents, they would 
greatly enhance the efficiency of these 
cavities and stabilize the oscillator on its 
frequency with an accuracy approach­
ing that of an atomic clock. In the low­
temperature environment necessary for 
superconductivity, moreover, metals 
neither expand nor contract; the en­
hanced structural stability would hold 
the geometry of the resonating cavity 
constant. 

The magnetic-mirror effect inevitably 
suggests the idea of a frictionless mag­
netic bearing, one that would ride upon 
a cushion of magnetic flux. At the Gen­
eral Engineering Laboratory of the Gen­
eral Electric Company we have made a 
model of such a bearing. It consists of a 
superconductive coil of niobium wire 
above which we mount a superconduc­
tive disk in such a way that it can move 
vertically but not laterally. A current 
passing through the coil creates a mag­
netic flux that repels the disk and pushes 
it upward. With the flux trapped in the 
coil [see top illustration at right], the 
disk remains suspended on the flux. 
Pushing the disk downward toward the 
coil compresses the flux, raising its den­
sity, thereby increasing the current in 
the coil and amplifying the repelling 
force of the flux; the upward force of 
the flux increases, in fact, as the square 

of the increase in the flux density. Tests 
have shown that the model bearing can 
produce an upward push of 300 grams 
per square centimeter of coil surface. 
With small gaps between disk and coil, 
good bearing stiffness can be obtained. 
Conventional magnetic and electrostatic 
devices cannot match this performance 
without the aid of complicated feedback 
circuitry. 

I t is only a small leap of the imagi­
nation from a simple bearing such as 

this, which sustains a vertical load, to a 

MAGNETIC BEARING is based upon the 

ability of supel'conductors to insulate mag· 
netic fluxes. J n the illustration at left the 
magnetic flux (black lines) generated by 
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MAGNETIC·INSULATING SHIELDS may 

so greatly enhance the resolving power of 

electron.microscope lenses that they could 
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pair of magnetic bearings to support a 
rotating shaft [see bottom illustration 
on page 80]. In another small leap one 
can conceive of a three-dimensional ar­
rangement of six such bearings to float 
a body in a magnetic "atmosphere." If 
the floating body is now rotated, it be­
comes in effect a gyroscope in which the 
superconduczive magnetic bearings re­
place the conventional gimbals. To make 
it spin, the body would of course become 
the rotor of an electric motor. 

The superconductive electric motor is 
a topic in itself. Superconductive bear-

ings would eliminate the major source of 
friction. If the stator coils as well as 
the rotor are made superconductive, the 
motor should have an efficiency of nearly 
100 per cent. The rotor, however, can­
not have the conventional cylindrical 
shape. Since the lines of force set up 
by the stator coils are perpendicular to 
the surface of the rotor, they produce no 
torque, and the rotor will not turn on 
its bearings. If the rotor is given the 
shape of a polygon, the lines of force 
exert the desired torque [see top illus­
tration on page 81]. A rotating flux, 

produced as in any alternating-current 
polyphase winding motor, will turn the 
rotor; increase in the frequency of the 
coil currents will turn the rotor faster. 
We have built a model motor on these 
principles and driven it up to 20,000 
revolutions per minute, the speed being 
limited only because the rotor was not 
built to withstand higher centrifugal 
forces. The low temperature in which 
the motor must operate to maintain su­
perconductivity limits its usefulness to 
special applications; for example, a high­
precision gyroscope. 

! 
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the electromagnetic coil passes unhindered through a disk which 

is not superconductive. The magnetic insulating ability of a super· 

conductive disk (middle illustration) arises from its ability to reo 

pulse the magnetic Aux. In the illustration at right this ability to 

insulate against magnetic Aux is applied in design of a bearing that 

has extremely low friction. As the superconductive disk descends 

under a load (arrow), it compresses the Aux lines of the supercon­

ductive coil. Their increased density repels the disk more forcefully. 
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make atoms visible. Illustration at left shows unwanted stray lines 

of magnetic Hux (black lines), which are among factors that 

limit ability of conventional lens to focus image·carrying electron 

beam. Superconductive shields (colored areas) on the lens at right 

eliminate stray Hux lines and shape the magnetic field, thereby im­

proving its ability to focus the electrons and form a sharp image. 
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FLUX TRAP (left) is basis of several superconductive devices. Superconductive circuit 

(color) in low·temperature environment (gray) conducts current from source at left. Small 

heating coil keeps shunt (light color) resistive when switch is closed; when switch is open, 

coil cools and shunt becomes superconductive. Opening switch in nonsuperconducting part 

of superconductive circuit then cuts circuit from power source, trapping current and its 

lIux indefinitely. Middle drawing shows analogy between resistive and superconductive 

states of shunt. When resistive, it is in effect an open switch; when superconductive, it is a 

closed one. Drawing at right shows a printed cryotron. When lIux of vertical element ex· 

ceeds the critical field strength of the horizontal element, the latter becomes resistive. 

Superconductive amplifiers comprise 
another branch of the family of devices 
that derive from the basic magnetic 
bearing. In the bearing the vertical mo­
tion of the disk acts on the magnetic 
flux of the coil and converts its steady, 
or direct, current to a changing one. In 
the case of the amplifier the flux, instead 

of being trapped, will be produced by a 
current fed in from a signal source. The 
up-and-down motion of the disk will 
now vary the density of the flux. With 
an insulated second coil wound around 
the first one the changing flux will in­
duce an alternating voltage in the second 
coil. As the current in the first coil is in-

SUPERCONDUCTIVE BEARING supports a rotating shaft without friction. The T·shaped 

structure affixed to the shaft is superconductive. It rests on opposed magnetic fields (black 

loops), which are generated by concentric but noncontiguous coils, by repelling them. 
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creased or decreased the output voltage 
of the second coil is increased or de­
creased proportionately. Here is the 
working principle of an amplifier that 
would convert direct current to alternat­
ing current. Since the superconductive 
coils offer no resistance to electrical cur­
rent, regardless of the number of turns 
of wire in their construction, the ampli­
fier would have infinitely high gain, or 
amplification. 

To increase the operating frequency 
of such an amplifier, the disk can be 
segmented like a Maltese cross and, in­
stead of moving vertically, can be made 
to rotate between four opposed pairs 
of fixed superconductive coils [see top 
illustration on page 82]. The flux of an 
encircling direct-current coil would be 
alternately repelled and passed by the 
blades and spaces of the rotating disk. 
The interinittent flux would induce an 
alternating current in the coils with a 
frequency dependent upon the speed at 
which the disk rotates. Such an amplifier 
would have zero drift, that is, perfect 
stability; and since it is always super­
conductive it would also be noiseless. 

The responsiveness of superconduc­
tors to small changes in temperature and 
field strength qualifies them for service 
in high-precision switching and sensing 
devices. A superconductive heat-detec­
tor will operate in the narrow area with­
in which resistance very rapidly declines 
to zero [broken line in top graph on page 
77]. In this area very slight changes of 
temperature cause sharply defined 
changes in the resistance of the super­
conductor. The change in resistance 
thus provides an accurate measurement 
of change in temperature. 

Superconductors are as sensitive to 
changes in magnetic-field strength as 
they are to changes of temperature. The 
cryotron, a relatively simple switching 
device, operates on the principle that 
a superconductor is rendered resistive 
by a magnetic field that exceeds its criti­
cal field strength. One element of a 
cryotron, a superconductive coil having 
a high critical field strength, surrounds: 
the other eleinent, a wire having a lower 
critical field strength. A slight increase 
in the coil current, and hence in its flux, 
renders the wire resistive; a decrease of 
coil current weakens its flux and allows 
the wire to become superconductive_ 
The superconductive-resistive states of 
the cryotron correspond to the binary 
"on" and "off" states of ordinary com­
puter elements. Since superconductivity 
is a surface phenomenon, very small 
cryotrons can be made with printed­
circuit techniques. One element simply 
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intersects the other in the circuit [see 
top illustration all opposite page J. Print­
ed cryotrons could reduce the bulk and 
the power requirements of present com­
puters and enhance their reliability and 
versa tili ty. 

In the more distant future supercon­
ductivity promises improvements for 
special power-generating and transmis-

sion eCluipment. If the hollow conduc­
tors in the stators of a generator could 
be cooled sufficiently to make them su­
perconductive, the generator could pro­
duce much more power. Liquid helium 
seems prohibitively expensive for this 
use. But materials might be found that 
become superconductive at the higher 
temperatures of liquid hydrogen (20.4 

degrees) or, better still, of liquid nitro­
gen (77.3 degrees). Due to heat trans­
fer through the driving shaft it does not 
seem possible to cool the rotor down 
to superconductive temperatures. The 
large currents produced by supercon­
ductive generators might be carried 
great distances with low losses to resist­
ance by means of coaxial transmission 

ROTOR OF SUPERCONDUCTIVE MOTOR would not rotate if it 

had conventional circular cross-section (le/t), because forces 

{arrow.s) exerted by magnetic flux (ellipses) of stator coil (colored 

dots), being perpendicular to rotor surface, could not develop 

torque_ Rotor with polygonal cross-section (right) would in ef­

fect have lever anns (broken lines) that would introduce torque. 
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-� -� SUPERCONDUCTIVE WINDING 

PRINTED TRANSFORMER COILS, made feasible by supercon­
ductive metab, could replace the massive coils of present trans­

iormers. Printed on an insulating base, the superconductive coils 

(shown in color) would be immersed in a low-temperature b::th or 
liquid hydrogen or nitrogen and insulated against ambient heat. 

Superconductive cables would be used to complete power circuits. 
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SUPERCONDUCTIVE AMPLIFIER converts direct current, in fixed outer coil, to alter· 

nating current in fixed coil pairs. As the superconductive disk rotates, its blades block the 

lines of magnetic flux (black loops) generated by outer coil, and its spaces pass the flux. 

Alternate blocking and passing of the constant flux make the current induced in the coil 
pairs an alternating one. The shaft, which rotates the disk, is powered by external source. 

lines whose center conductors would be 
superconductive. 

Such superconductive cables could 
feed power to superconductive trans­
formers. But the usual power-loss in a 
transformer can be reduced by making 
only one of its windings superconduc­
tive. This would provide a further sig-

nificant advantage. Instead of massive 
quantities of metal in huge coils, the su­
perconductive winding would consist of 
a cylinder bearing a printed coil [see 
bottom illustration on preceding page]. 
In installations requiring two b'ansform­
ers, one coil of each transformer might 
be installed in a low-temperature envi-

ronment; the other coils would be out­
side this environment. 

The particle accelerators employed in 
nuclear physics might gain immediate 
advantage from progress in the tech­
nology of superconductivity. Their mag­
netic coils consume great quantities of 
power, much of which is lost to resist­
ance. As superconductive alloys with 
higher critical field strengths are de­
veloped and fashioned into coils for ac­
celerators, they will quite possibly elim­
inate all losses. By applying the prin­
ciple of the flux trap, magnetic energy 
may be stored indefinitely in the mag­
netic coils and, under appropriate con­
trol, released in short pulses as is now 
done with banks of capacitors. 

Applied superconductivity is a young 
technology, now at a stage of develop­
ment similar to that of electricity after 
Michael Faraday made his discoveries 
a century ago. Much that is envisioned 
is not yet technologically feasible, or 
where it is feasible, it is not yet eco­
nomically competitive. Though proto­
types of superconductive bearings, 
motors, switches and resonant cavities 
have been built, they await improved 
refrigerating systems to become more 
attractive. Meanwhile more research 
should be devoted to attaining higher 
critical field strengths and higher transi­
tion temperatures. With adequate enter­
prise along both lines, the meeting of the 
two technologies may occur sooner than 
we can now foresee. 

OPERATION OF SUPERCONDUCTIVE AMPLIFIER is based 

upon rotation of superconductive disk. At left spaces of disk pass 

constant flux (black loops) set up by peripheral coil. As disk 1'0' 

tates, flux reaches small coils (drawings in middle and at right), 

where it induces a current. Induced current alternates between 

positive and negative values as the flux is blocked and passed. 
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___ Kodak reports on: 
the question of whether or not instrumentation people really need ultra-fast film ... the profit 
viewpoint on nondestructive testing ... a gimmick the committee needn't resist ... a new 
gravimetric reagent for potassium 

1600-no waiting 
How come after all those promises we 
have made to innumerable instrumen­
tation people over the years that some 
day there would be 16mm, 35mm, and 
70mm film as fast as Kodak Royal-X 
Pan Recording Film now is-Index 
1600-how come we now find our­
selves in the ridiculous position of be­
ing able to make it at a greater rate· 
than they're buying it? How come? 

Don't they know that a note or phone 
call to Eastman Kodak Company, Photo 
Recording Methods Division, Rochester 4, 
N. Y., will set up the channel to supply it 
through a local dealer? 

Not too good, not too bad 
One lady and 106 gentlemen, all ma­
terialists by profession whatever their 
private spiritual views, have labored 
long and brought forth two volumes 
of material philosophy that weigh in 
about average for newborn babes. 

Title: Nondestructive Testing Hand­
book. Editor: Robert C. McMaster, 
The Ohio State University. Publisher: 
The Ronald Press Company, New 
York. Price: $24. No charge for the 
applause rendered the work here. 
What's good for nondestructive testing 
is good enough for Kodak. 

Nondestructive testing seems to be 
analytical physics, counterpart to ana­
lytical chemistry. The public pictures 
the "purpose" of chemistry as mostly 
analyzing things, just as the physicist 
fashions atom bombs out of cosmic 
rays. This book shows that physics, 
too, can have a "purpose" in better, 
safer, more profitable living. However, 
the book is not written for the public. 
Deeply concerned with profit it is 
indeed. 

Too much control of product char­
acteristics squanders resources. Too 
little squanders reputation. Profit per­
fumes the happy valley in the middle. 

The first section develops these 
thoughts in a manner to interest and 
please the management, whether the 
product is bathtubs or Venus probes. 
The remaining 53 sections pursue the 
theme down every crevice of technical 
detail, not only in our own specialties 
of film radiography and optical gaging 
but in such others as liquid penetrants, 
magnetic particle tests, electrified par­
ticle tests, eddy currents, ultrasonics, 
brittle coatings, photoelastic coatings, 
strain gaging, radiation sources, fluor-

os copy and x-ray image devices, x-ray 
diffraction and fluorescence, and even 
vision itself, properly aided. 

Silicon over the sound track 
Quietly, Kodak Pageant Sound Pro­
jectors have stolen a march, scored a 
scoop in their field. You have heard 
of the "solar battery" which generates 
useful electrical power when light falls 
on silicon? The power source for com­
munication from satellites and inter­
planetary space? Here it is, in over­
the-counter civilian hardware, doing a 
product-improvement job that is ap­
parent even to those who can resist 
the temptation of a gimmick. If you 
are on a committee to select a sound 
movie projector for audio-visual in­
struction, the facts to lay before your 
fellow committeemen are these: 

Early attempts at sound movies 
through a variable light pattern on the 
film employed selenium cells. They 
foundered. An EMF-generating se­
lenium cell (not to be confused with a 
device that changes resistance in re­
sponse to light) has an inherently slow 
time constant for adequate frequency 
response. The movies had to wait for 
the evacuated phototube to give them 
a good voice. 

At left is a phototube such as em­
ployed today in most sound projectors. 
Being a little bulky, light that has 
passed through the sound track of the 
film must be somehow transmitted to 
it. At right is the new silicon "solar" 
cell. It holds 0.014 square inch of sili­
con directly above the sound track. It 
therefore requires a less critical optical 
arrangement. More important, it gen­
erates a varying EMF instead of valv­
ing from a constant EMF that must be 
supplied to it. This considerably sim­
plifies the circuitry. There is less to get 
out of whack. Also, a solid-state gen­
erator happens to generate less ran­
dom fluctuation than a photocathode 
system that must be kept under elec-

This is another advertisement where Eastman Kodak Company 
probes at random for mutual Interests and occasionally a little 
revenue from those whose work has something to do with science 

trical tension. Less "white noise" 
shows up at the speaker. The old 
trouble from inadequate frequency re­
sponse with selenium is gone. 

]f the old boys had known enough 
solid-state physics to place their bets 
on silicon instead of selenium, people 
with vivid memories of the silent movie 
queens would be even older, on the 
average, than they feel as it is. 

We are talking about Kodak Pageant 
Sound Projectors, Models 8K5, AV-085, 
and AV-255-S. Your local audio-visual 
dealer will take it from here. 

Made in U.S.A. under 
hygienic conditions 
The Japanese have developed a new 
gravimetric reagent for potassium 
which we now offer as N-(2,4-Dinitro­
l-naphthyl)benzenesu/fonamide (East­
man 7828). And regardless of how 
scarce are good gravimetric reagents 
for potassium that can be used even in 
the presence of one-third as much so­
dium and magnesium as potassium, if 
that numeral in front of the "naphthyl" 
in the name had been 2 instead of I, 
we would not offer it as Eastman 7828 
or Eastman anything else. Our medi­
cal director feels so strongly about the 
carcinogenic properties of /3-naphthyl­
amine that it would seem wiser to let 
the science of chemistry go shift for 
itself than to observe the safety pre­
cautions he demands before he will 
let it into the plant. Pure a-naphthyl­
amine is OK, as far as we know. 

You dissolve the new reagent in 
lithium chloride solution and use it for 
the precipitation and conductometric 
titration of potassium. The precipi­
tated potassium salt of the reagent is 
washed with the saturated solution of 
potassium salt and dried at 100°C 
for an hour. As for the fine details of 
the procedure, you can either buy 10 
grams of Eastman 7828 from us for 
$4.45 and work them out for yourself, 
or you can first read up on them in 
Nippon Kagaku Zasshi, 79, 598 (1958). 

We expect no flood of $4.45 checks for po­
tassium reagent. We merely make the point 
that some 3800 Eastman Organic Chemi­
cals with a multitude of uses are stocked by 
Distillation Products Industries, Roch­
ester 3, N. Y. (Division of Eastman Kodak 
Company). 

Price is list and subject to change without no/ice. 
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STRA1:TS' 
TIN 

Automatically soldered 
printed circuits are substituted for a 

maze of wires and relays in the in­

strument panel of the 1960 Mercury. 

This is another example of the use of 

tin-lead solder to help reduce elec­

trical failure and simplify service. 

Tin cuts bacteria 80% on 
hospital floors-according to Colum­

bia University research on the organo­

tin compound tributyltin oxide (TB­

TO). Certain other compounds from 

nontoxic tin salts can become power­

ful biocidals, rivaling DDT as insecti­

cides. Tanners use them as disinfect­

ants; paper mills as slimicides and 

anti mold-growth agents in water 

systems. 

Tin replaces chromium as 
a coating for trumpet valves and 

trombone slides. The antifriction alloy 

of tin and nickel has a high degree of 

lubricity, reduces excessive wear. 

Architects are rediscovering the 

tin roof ... century-old terne roofing 

is making a comeback as an econom­

ical, corrosion-resistant and fireproof 

covering. Terne, tinplated steel sheets, 

offers permanent protection. Lighter 

than other metal roofing, it ends need 

for special load-bearing substructures. 

Tensile strength is high; no cracking 

or creeping with climate changes. 

Write today for more 

data on these items or 

for a free subscription to 

TIN NEWS-a monthly 

bulletin on tin supply. 

prices and new uses. 

The Malayan Tin Bureau 
Dept. 15C, 2000 K street, N.W., Washington 6, D.C. 
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General-Relativity Test 

T
he first terrestrial experiments to 
test the gravitational red-shift ef­

. feet predicted by the general 
theory of relativity were announced at 
the New York Meeting of the American 
Physical Society in January. A group 
from the British Atomic Energy Re­
search Establishment reported that elec­
tromagnetic waves falling in the earth's 
gravitational field undergo a change in 
frequency approximately equal to the 
amount called for by the theory. Physi­
cists at Harvard University, who had 
performed a similar experiment, said the 
results were as yet inconclusive. 

Both groups made use of the recently 
discovered Mossbauer effect: the emis­
sion and absorption of gamma radiation 
of highly uniform energy, or frequency, 
by radioactive nuclei in crystalline 
solids ("Science and the Citizen," Janu­
ary). In the English experiment, per­
formed by T. E. Cranshaw, J. P. Schiffer 
and A. B. Whitehead, the radiation was 
emitted from iron-57 nuclei at the top of 
a 40-foot evacuated tower and absorbed 
by other iron nuclei at the bottom of the 
tower. The shift in frequency was de­
tected by the change in absorption as 
compared with that measured when the 
emitter and absorber were only a few 
feet apart. At Harvard R. V. Pound and 
Glen A. Rebka used iron-57 in a 70-foot 
tower. By switching the positions of 
emitter and absorber they studied the 
shift in frequency for rays traveling both 
upward and downward. 

These experiments do not actually 
test the general theory of relativity it­
self, but the more general "principle of 
equivalence" that underlies it. The prin-

SCIENCE AND 
ciple says that the effects of gravity on 
masses and electromagnetic radiation are 
indistinguishable from the effects of uni­
form acceleration. Both groups of ex­
perimenters expect to increase the accu­
racy of their results in further trials. 

Special-Relativity Test 

One of the most precise experiments 
ever performed has produced fur­

ther confirmation of the basic postulate 
of the special theory of relativity. This 
states that the speed of light or other 
electromagnetic radiation in a vacuum is 
constant, regardless of the relative mo­
tion of the light source and the observer. 

The first demonstration of this con­
stancy, and the inspiration for Albert 
Einstein's theory, was the famous Michel­
son-Morley experiment. By observing in­
terference patterns in visible light, A. A. 
Michelson and E. W. Morley showed in 
1887 that the speed of light traveling 
parallel to the earth's orbit was the same 
as that of light moving perpendicular to 
this orbit. In other words, there was no 
relative '\vind" generated by the earth 
moving through a motionless sea of 
ether. The accuracy of that experiment, 
however, was less than one part in 100 
million, which meant that it would not 
have detected a difference in speed less 
than a sixth the speed of the earth on its 
orbit. Subsequent experiments improved 
the figure to a 20th. 

Now C. H. Townes of Columbia Uni­
verSity and J. P. Cedarholm of the I.B.M. 
Watson Laboratory have, according to 
their report in NatuTe, reduced the un­
certainty to a 1,000th of the earth's 
orbital velocity. Instead of light waves 
they used radio waves generated by a 
pair of "masers" in which excited am­
monia molecules create an extremely 
stable oscillation of approximately 24,-
000 million cycles per second. The mole­
cules of one maser moved in the direc­
tion in which the earth travels around 
the sun, while the molecules in the other 
moved in the opposite direction. The 
two masers were periodically inter­
changed in direction by rotating the 
whole assembly 180 degrees in order to 
double any differences in the output 
frequency of the masers caused by the 
earth's motion in an ether. If the velOcity 
of light had been affected by the motion, 
the orbital velOcity of the earth would 
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THE CITIZEN 
have produced a difference of 20 cycles 
per second in the frequencies. The larg­
est difference detected, however, was 
only a 1,000th of that-about a 50th of 
a cycle per second. Masers oscillate so 
precisely that the experiment is accurate 
to one part in a million million. Townes 
and Cedarholm made the maser observa­
tions during 24-hour periods at intervals 
of three months throughout a year in 
order to be sure that the orbital motion 
of the earth at the time of the measure­
ment did not happen to be canceled by 
the movement of the solar system in 
space. 

Older Universe 

A cluster of stars that appear to be 
24 billion years old has been dis­

covered in our galaxy by astronomers of 
the Mount Wilson and Palomar Observ­
atories. This figure, reported by Allan 
R. Sandage at the western winter meet­
ing of the American Physical Society 
in Pasadena, is more than twice the age 
of any celestial object previously known. 
If it stands up under further investiga­
tion, it will either force another major 
revision in the astronomical distance­
scale, or will clinch the argument in 
favor of a steady-state universe rather 
than one that started with a "big bang." 

The estimate of age is based on the 
current theory of stellar evolution. It is 
thought that when stars are formed they 
consist almost entirely of hydrogen. As 
they start to burn, their hydrogen is 
converted to heavier elements through 
certain sequences of nuclear-fusion re­
actions. As long as there is hydrogen fuel 
at the center of the star, where most of 
the burning takes place, the star is a 
member of the "main sequence." This 
means that if its luminosity is plotted on 
a graph against its surface temperature, 
it falls somewhere on a diagonal line 
ranging from bright, hot stars at the 
upper end to dim, cool ones at the lower. 
When the hydrogen at the center of the 
star is used up, the star changes in ap­
pearance and moves off this line on the 
chart. The hotter and brighter the star, 
the sooner its central hydrogen is ex­
hausted, and the sooner it leaves the 
main sequence. The time elapsed from 
birth to departure from the main se­
quence depends on the rate of burning, 
which has been calculated for stars of 

Installed at Atomics International, Canoga Park, California, Stokes 
50KW vacuum furnace is accomplishing diverse and unusual melting 
and casting tasks. 

Photograph courtesy of Atomics I nternational, a division of North American Aviation, Inc. 

How a Stokes vacuum furnace handles 
tough nuclear assignments ... 

There's practically no margin for error in melting 
and casting uranium for reactor fuel. For the excep­
tional precision and unusual versatility of equipment 
demanded in this application, Atomics International, 
a division of North American Aviation, Inc., in­
stalled a Stokes 50KW vacuum casting furnace. 

The Stokes furnace has handled some notably tough 
assignments at Atomics International. For example, 
it cast long, hollow uranium cylinders to such size 

tolerances that no subsequent machining was re­
quired. For another project, the furnace was operated 
remotely in the casting of uranium fuel slugs. In 
both applications, maximum precision had to be 
sustained through tight, large-scale production sched­

ules. The achievement of melting assignments such 
as these demand nothing short of the utmost in 
equipment and process efficiency. 

Take advantage of Stokes advanced vacuum tech­
nology. The Stokes Engineering Advisory Service 
will help you plan the installation that best meets 
your individual requirements. 

Vacuum Metallurgical Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. STOKES 
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Now you can record test data on-the-spot. In both lab and field you 
get accuracies equal to or better than big, rack mounted units. Just pick 
up and move a multi-channel (up to 14) PI tape recorder/reproducer 
as you would any other item of test equipment. 

Instead of 1,000-lb. cabinets, requiring 1000 watts, you're working 
with recorders 10 times smaller and lighter, using 250 watts or less. 

In the Reld, you get laboratory performance under the most difficult 
environments. PI fits many places where 19-inch racks won't go. One 
man can carry a rugged PI recorder to virtually any test site. 

How did PI put precision in a small package? By combining transistor­
ized electronics with unique stacked reel tape magazines. PI recorders 
use standard tapes and heads, are compatible in every way with standard 
recording practices and other recording equipment. 

KEY SPECIFICATIONS (Model PS-207 Series unit) 
FM SYSTEM: Frequency response ±1/2 db 0·10 kc, SIN ratio 43 db, better than 
1.5% total harmonic distortion, less than 2%) drift 400 to 120Cl F.r linearity 1 %. 
DIRECT SYSTEM: Response ±3 db 50·100,000 cps. 

POWER: 115 vac, 48·62 cps or 24 vdc. 

FLUTTER: Less than 0.1 % rms de to 300 cps or .5% peak·to·peak at 30 ips. 

PS-207 shown contains electronics for 7 record/reproduce channels. 

After you note these key specs, may we suggest you call your PI 
representative to arrange a demonstration? If you are uncertain who 
he is, please write direct. Address Dept. 70-3. 

Precision Is Portable 

PRECISION INSTRUMENT COMPANY 
1011 COMMERCIAL STREET. SAN CARLOS, CALIFORNIA. PHONE: LYTELL 1·4441 
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various brightnesses and luminosities. 
Thus the brightest main-sequence mem­
ber remaining in any group of stars is an 
index to the age of the group. 

A recent survey with the 200-inch 
telescope of the cluster known as N.G.C. 
188 shows that the brightest main-se­
quence star in the cluster is one magni­
tude fainter than any star observed be­
fore in such a group. According to the 
estimate of burning rates a star of this 
luminosity should stay on the main se­
quence for 24 billion years. The com­
putation is rough, and the correct an­
swer may be as little as 12 billion or as 
much as 48 billion. But even the small­
est number is unexpectedly high. Sand­
age suggests that the burning rates 
should be reassessed. 

If stars as old as 24 billion years really 
exist, and if the presently accepted dis­
tance-scale is correct, the universe can­
not have started from an explosion. 
Measurements of the expansion rates 
show that such an explosion must have 
happened no more than nine to 13 
billion years ago. Either there was no 
such beginning, and the universe has 
always been in the same, steady state of 
expansion, or cosmic distances must be 
twice as great as now believed. 

The Structure of Antarctica 

T he controversy over whether Ant­
arctica is a continent or an archi­

pelago has come closer to being resolved 
as a result of expeditions begun during 
the International Geophysical Year. Sev­
eral U. S. teams have traversed most of 
West Antarctica, an area extending from 
Wilkes Land (south of Australia) to the 
Filchner Ice Shelf south of the mid­
Atlantic. Writing in Science, four mem­
bers of the teams-C. R. Bentley, N. A. 
Ostenso, E. C. Thiel and A. P. Crary­
state that their magnetic, geologic and 
seismic data indicate that West Ant­
arctica consists of a vast extension of the 
Palmer Peninsula (which stretches 
southward from the vicinity of Cape 
Horn) and a mountainous island or se­
ries of islands com prisin g the coastal 
ranges of Marie Byrd Land. 

The data also indicate that beneath 
the ice sheet covering the area lies con­
tinental (as opposed to ocean-basin) 
rock divided into at least three geo­
logically distinct parts by a deep chan­
nel. The channel separates the volcanic 
mountains of the Executive Committee 
Range on the north from the metamor­
phic Sentinel Mountains to the east and 
the sedimentary Horlick Mountains to 
the south. 

From the configuration of the ice and 
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General Electric RTV silicone rubber 
New liquid rubber cures without heat, useful from - 70 F to + 600 F, ideal for 

sealing, electrical insulation and flexible molds. 

HEAT R E S ISTA NT SEA LING, such as shown on this 
Douglas DC-8 Jetliner, is made possible with RTV 
(room temperature vulcanizing) silicone rubber. RTV 

cures without application of heat; won't shrink (no sol­
vents) ; forms no voids_ It has excellent bond strength, 
plus resistance to high temperatures, moisture, weather­
ing, ozone, aircraft fuels and solvents_ 

PRECISION M OLDING of proto­
type and engineering models 
and replacement parts is simpli­
fied and improved with RTV flex­
ible mold material. G-E RTV's 
low shrinkage permits close tol­
erances and fine surface detail. 

LOW-COST TOOLING with flexible 
RTV mold material offers added 
savings in time and expense_ RTV's 
"built-in" release agent provides 
easy removal of this epoxy coil­
winding form from mold_ Total cost 
reduced 81%, delivery time 90%_ 

EN CAPSULATION OF STATOR WIN DING S, 
introduced by General Electric motor depart­
ments, extends service life of motors_ RTV's re­
sistance to moisture and other contaminants 
enables these dri pproof motors to meet certain 
applications formerly requiring enclosed units_ 

POTTING OF A IRBOR NE EQUIP­

MENT provides protection from high 
altitude arc-over and corona as well 
as vibration and moisture_ RTV 
silicone rubber protects this cath­
ode ray tube up to 70,000 feet. 

RTV COIL IMPREGNATION enables this 
Hughes Aircraft Co_ transformer to pro­
vide top performance at 250°_ Unlike 
other insulations tried, G-E RTV com­
pounds proved successful both for coil 
impregnation and full encapsulation_ 

For application data and samples of General Electric RTV silicone rubber write Section U314, General Electric Company, 
Silicone Products Department, Waterford, New York 

GENERAL fi ELECTRIC 
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IF PHENOLICS CAN DO IT, PLENCO CAN PROVIDE IT 

AND DOES-FOR AMPHENOL 

caMPHENoJ) 
connectors provide 

vital links to tomorrow, 
with 

the help of 

PLEN�C> 
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phenolic molding compounds 
IN MISSILES, in aircraft, in communications, 

computers, and other electronic equipment, all 

important connectors "hook up" to keep energy 

on the go. They have to be molded of materials 

that can stand up to high heat, extreme cold, 

rough handling. 

Amphenol Connector Division of Amphenol­

Borg Electronic Corporation, leading U. S. pro­

ducer of these electromechanical components, 

finds the answer in the broad selection of PIe nco 

general-purpose molding materials. 

Plenco 300 G.P., for one. Developed for the 
widest range of applications and conditions, 

and specified for Amphenol connectors used by 

the radio, television, and electronics industry, 

as well as the military in testing apparatus and 

transmitting/receiving equipment. To them, 

Plenco 300 G.P. assures topmost electrical, 

mechanical, and physical properties. 

Ready-m ade or special l y-mad e, Plen c o  

phenolic molding materials have the answer to 

your product or production requirements. Call 

on us at any time. 

PLASTICS 
ENGINEERING COMPANY 
Sheboygan, Wisconsin 

Serving the plastics industry in the manufacture of high grade 
phenolic molding compounds, industrial resins and coating resins. 

I rock surfaces in these regions the in­I vestigators concluded that the West Ant­
arctica ice mass originated as two sepa­
rate icecaps: one in the vicinity of the 
Executive Committee Range and the 
other between the Horlick and Sentinel 
mountains. The caps expanded and con­
verged over the water between them, 
probably joining a floating iceshelf in 
the process. The shelf gradually grew 
thick enough to fill the sea basin and 
produce the present single sheet of ice. 

Ultraviolet Stars 

'r he first telescope to be used in rocket 
astronomy has given man a brief look 

at the ultraviolet radiation of several hot 
stars and has supplied a possible ex­
planation for the brilliant ultraviolet 
"clouds" that surround them. Data from 
a rocket-borne telescope fired to a height 
of over 60 miles over New Mexico last 
November suggest that current theories 
of the structure and evolution of stars 
may require revision. 

The flight was described by Herbert 
I'riedman of the Naval Research Labo­
ratory at the New York meeting of the 
American Physical Society. It carried a 
four-inch reflecting telescope coupled to 
a photodetector, signals from which 
were telemetered to the ground. Though 
the apparatus could scan only a small 
part of the sky during its brief journey, 
its Signals revealed at least seven stars 
that appear to be point sources of ultra­
violet radiation, each star surrounded 
by a region of ultraviolet nebulOSity. 

While none of the stars has yet been 
positively identified, preliminary results 
suggest that their ultraviolet luminosity 
is conSiderably smaller than had been 
expected. Previous estimates of stellar 
ultraviolet emissions were based on 
rough extrapolations from the visible 
part of their light, which for a hot, blue 
star may account for only 5 per cent of 
the total energy-output. Rocket studies 
of the sun have already shown a similar 
but smaller gap between estimated and 
observed ultraviolet radiation. The dis­
crepancy is ascribed to absorption by 
outer layers of the solar atmosphere. 
The larger discrepancy for hot stars, pre­
sumably due to similar atmospheric ab­
sorption, may force revisions in present 
models of stellar atmospheres. 

Other results from the flight, together 
with data from previous flights, indicate 
that almost all the nebulous radiation 
surrounding hot stars lies in a narrow 
band surrounding the Lyman-alpha line. 
YI uch of this energy was originally radi­
ated bv the star itself at higher fre­
(luencv, and then converted to ultra-
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This model of the binary symmetric channel symbolizes the probability of error, p. How can a one received in the zero slot be caught and corrected? 

Group codes for prescribed error patterns 
Information signals, representing zeros and 
ones, are transmitted through a binar�T sym­
metric channel at such high speeds that they 
are subject to channel noise. Through group 
codes it is possible to detect and correct 
automaticall�· large classes of errors that 
ma'- arise from such disturbances. 

Usually, in optimizing these codes all 
possibilities are classified and samples of 
each are evaluated. But this task can be­
come enormously complex. For large infor­
mation blocks, such as a 70-place code, 
there may be billions of possibilities to 

evaluate. To reduce the need for these ex­
haustive methods, IBM scientists have 
evolved a preliminary theory for construct­
ing group codes through a correlation anal­
ysis of error patterns. 

Correlated patterns of errors are organ­
ized into equivalent classes and a code is 
formulated to overcome the error-producing 
characteristics of the communications chan­
nel. A code for one pattern of errors may 
be transformed mathematically into codes 
for other patterns of the same class. By pre­
scribing which error patterns can be cor-

rected, codes with a minimum number of 

checking signals may be formulated. 
This optimizing process can have prac­

tical significance since every checking sig­
nal for a given number of information signals 
in a group code increases the cost and delay 
in information processing. In addition to the 
work described here, other approaches to 
the problem of code simplification are being 
made at IBM through linear programming 
and computer simulation. 

Investigate the many career opportunities available in exciting new fields at IBM. 
International Business Machines Corporation, Dept_ 6590, 590 Madison Avenue, New York 22, New York 

© 1960 SCIENTIFIC AMERICAN, INC



90 

DR. EDWARD HEROLD DR. LOUIS MALTER DR. ROBERT .JEPSEN 

TOP LEADERSH:IP :IN H:IGH VACUUM 

Varian recently announced the creation of a separate Vacuum Prod­
ucts Division as a direct result of the universal acceptance received by 
Varian's VacIon® Pumps since their introduction two years ago. 
The Varian men pictured above provide the managerial and research 
leadership which assures continued progress in high vacuum and other 
electronic fields. 
The Va cIon Pump, a unique electronic device 
for achieving clean, ultra-high vacuum, was 

originally developed at Varian Associates to im­
prove the quality of the company's microwave 
tubes. The exceptional simplicity and reliability 
of VacIon Pumps have since led to widespread 
acceptance for research and production in all 
applications requiring high vacuum. For an in­
sight into the applications and importance of 
this new equipment, please write for a compre­
hensive brochure and technical data. Address 
Vacuum Products Division. 

VA R I A N associates 
PAL 0 A L TO 7, CAL I FOR N I A 

Representatives thruout the world 

40 LITER 
PER SECO ND 

VAclO N PUMP 
V·11404 

KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS, HIGH VACUUM EQUIPMENT, LINEAR 
ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, NMR & EPR SPECTROMETERS, MAGNETS, MAGNETO­
METERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVIC ES 

violet bv the excitation of hydrogen in 
the stellar atmosphere. Thus the atmos­
phere acts as a spectrum converter, 
transforming almost all the high-energy 
emission of a star (about half its total 
output) into ultraviolet radiation. 

Of Porpoises and Ships 

L\ new outer coating for ships, modeled 
.L - after the skin of a porpoise, promises 
to reproduce that animal's remarkablv 
effortless glide through the water, ac­
cording to a recent announcement by the 
United States Rubber Company. 

Max O. Kramer, inventor of the coat­
ing, was inspired by a school of por· 
poises swimming past an ocean liner 
carrying him to this country from his na­
tive Germany. He calculated that the 
drag on their bodies must be only a 
10th of that which would have been 
expected for their shape and size. Sub­
sequent studies showed that the animal's 
skin, which is elastic and ducted, damps 
out turbulent eddies that would other­
wise form along its sides. 

Kramer and a team from U.S. Rubber 
then set out to make a structurally anal­
ogous rubber "skin" to reduce the tur­
bulent drag on the hulls of ships. The 
coating they have developed consists 
of two thin sheets of rubber separated by 
thousands of tiny, closely spaced rubber 
pillars. Between the pillars is a viscous 
liquid silicone. The elasticity of the rub­
ber and the hydraulic action of the sili­
cone combine to make the coating resili­
ent enough to suppress turbulence. Pre­
liminary tests indicate that the coating 
reduces drag on streamlined submerged 
objects by about 50 per cent. Kramer is 
now investigating methods of improving 
the coating and applying it to torpedoes, 
submarines, pleasure boats and even air­
craft. It is of little value on ocean liners 
and other large surface ships because 
their motion is chiefly impeded by bow 
waves, which create a drag far more 
powerful than that caused by turbulence. 

The Changing Van Allen Belt 

T he Van Allen radiation belts are be-
coming both more and less puzzling. 

Recent data from earth satellites and 
rockets have clarified the origin of the 
belts but have shaken previous ideas 
about their structure and shape. 

Data from the heavily instrumented 
earth satellite Explorer VII indicate that 
the northern rim of the outer belt passes 
over the northern U. S.; previous obser­
vations had placed it over the zone of 
maximum auroral activity about 1,000 
miles to the north. Moreover, the loca-
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At 00hoom01s GMT February 1, 1960, Martin logged its 425,412,000th mile of space flight 

Without electronics it is i mpossible to design, build, test, 
launch, guide, track or communicate with a missile. That is why 
40% of Martin's 7,500 engineers are electronic/electrical engineers. 
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NEW "EARTH CREATURES" FROM SYLVANIA 
These are the structures typical of new and unusual electron tubes under development at SYLVANIA. 

They are inanimate, silent. Yet they are capable of comprehending every language of the universe. 
Electron tubes are vital components of electronic devices and systems. They are essential ingredients 
in man's explorations of time, space, and matter. 

Advanced tube structures such as those shown here will one day be basic components in "sophisticated" 

designs for reliable electronic computers, industrial electronics, communications, TV sets, radios, and 

monophonic and stereophonic music systems. 

New materials, new techniques, new concepts of electron tube designs are being constantly created 

at SYLVANIA. No wonder SYLVANIA electron tubes are setting new standards for performance and 
reliability in electronics. 

The exciting story of SYLVANIA electron tubes is told in the booklet, "A New Era ... ". For your copy 

please write to Sylvania Electronic Tubes, a division of Sylvania Electric Products Inc., 1740 Broadway, 

New York 19, N. Y. 

Subsidtaryof GENERAL TELEPHONE & ELECTRONICS 
© 1960 SCIENTIFIC AMERICAN, INC



tion of the rim is constantly shifting by 
as much as 500 miles from north to 
south. Radiation intensity at a given alti­
tude and latitude may vary lO-fold with­
in a few hours; sometimes sharp "spikes" 
of radiation, only a few miles thick, 
reach down toward earth. The inner belt, 
lying over the magnetic equator, appears 
by contrast to be stable in both location 
and structure; the same was true of the 
"shells" of charged particles injected be­
tween the two belts by high-altitude 
nuclear explosions in 1958. 

The cause of the changes in the outer 
belt is not yet clear. Some of the spikes 
have been associated with disturbances 
on the sun and with magnetic storms on 
earth. One of the sharpest spikes, ob­
served last November 27, coincided with 
one of the most violent magnetic dis­
turbances on record and with an un­
usual red auroral display over Canada, 
Alaska and the central U. S. 

Information from the "paddlewheel" 
satellite Explorer VI indicates that both 
belts are larger and probably more ho­
mogeneous in structure than was orig­
inally thought; some data suggest that 
the two belts may at times become one. 

A rocket flown through a portion of 
the outer belt last summer has provided 
the first comprehensive data on the 
angular motions and energy spectrum 
of the electrons in it. John B. Cladis of 
the Lockheed Missiles and Space Divi­
sion reported to the New York meeting 
of the American Physical Society that 
most of the electrons are of low energy. 
Half of them have energies under 100,-
000 electron volts; less than 1 per cent 
exceed 500,000 electron volts. 

This energy distribution provides fur­
ther confirmation for the theory that the 
particles in the outer belt originate in 
the sun, rather than from the decay of 
neutrons liberated by cosmic rays. How­
ever, the observed energies are not 
wholly consistent with the solar origin 
theory. Some of the particles may be 
accelerated by a sort of cyclotron mech­
anism in which they are swept in ex­
panding spirals about the sun; others, 
by some still-unknown effect of terres­
trial magnetism. 

Cancer-Inducing DNA 

A form of deoxyribonucleic acid 
(DNA) that produces cancer in 

experimental animals has been extracted 
from a mouse-cancer virus by workers at 
the National Institutes of Health and the 
Sloan-Kettering Institute for Cancer Re­
search. This is the first DNA of proved 
infectiveness to be isolated from a virus, 
although infective ribonucleic acid 

MISSILE DESIGN WITH HITeO IN MIND 
HITCO is one of the world's leading developers and manu­

facturers of ultra-performance thermal materials capable 

of resisting extremely high temperatures, even up to 

15,OOO°F. for short duration! Call  or write us for 

• REF
'
RASIL Materials 

• HITeD Metal Siankets 

• THERMO-COUSTI Materials 

• THOMPSOglas Materials 

Capabilities Brochure and complete Technical Data' r= ___ " 
• ASTROLITE Reinforced Plastics 

• HITCORE Structural 

H. I. THOMPSON FIBER GLASS CO. Core Materials 

1733 Cordova Street· Los Angeles 7, Calif . •  REpublic 3-9161 • HITeD Electric Blankets 

EXECUTIVES • • • 

"site-see" 
INDUSTRIAL COLORADO 

... right .���.'" 
at 

• Discover how your company .can profit 
positively in Colorado. 

• learn why Colorado has become "the 
State that more than meets your site 
requirements. 

• Examine the documented facts on Colo­
rado's great wealth of Manpower, Ma­
terials, Markets. 

• See why Pleasant Living, a product of 
Colorado's magic climate, is such a 
valvable bonus to industry. 

This revised·to-the-minute 9-booklet port· 
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tunities awaiting new an'! exp anding indus­
try in Colorado. 

WRITE FOR YOUR COPY TODAY I 

COLORADO 
DEPARTMENT OF DEVELOPMENT 

bO STATE CAPITOL BLDG.. DENVER 2, COLO. 

Your inquiry will be held in strictest confidence. 

OZONE 
OZONE RESEARCH & EQUIPMENT 
CORPORATION PROVIDES 
SCIENTIFIC EQUIPMENT AND 
FACILITIES TO SERVE INDUSTRY 
AND GOVERNMENT: 
• OZONE ENVIRONMENTAL CHAMBERS 

• OZONE STRIP CHART RECORDERS 

• AUTOMATIC CONTROL INSTRUMENTS 

• OZONE GENERATORS 

• WATER PURIFICATION SYSTEMS 

• OZONE TESTING OF PRODUCTS 

• OZONE RESEARCH: 

BIOLOGICAL 

PHYSICAL 

• PROCESS ODOR CONTROL 

• OZONE CONSULTATION 

• CUSTOM OZONE EQUIPMENT 

• RESEARCH & DEVELOPMENT 

WRITE FOR LITERATURE 
INQUIRE AT NO OBLIGATION 

Ozone Research & Equipment Corp. 
3840 NO. 40th AVE. 
PHOENIX, ARIZONA 
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THE SAGINAWb/bSCREW 

SA'Iro 1HE DAY 
WHEN. • • 

A Garland Telescopic Crane Had to Lift an Atlas Missile! 

"We were really up against it when we had to put up a 3-ton Atlas Missile for display 
at the Wodd Congress of Flight in Las Vegas. Our telescopic crane was unable to 
"boom up" that much weight, with the high-friction threaded shaft we'd been using. 
Thanks to the competent assistance of your factory representative, and prompt 
delivery of the proper Saginaw Ball Bearing Screw, we licked the problem over a 
week-end. The Saginaw Screw's 90%-plus efficiency actually tripled our crane's 
boom-raising capability! It even brought us a second order from the Air Force. 
We're not only going to add Saginaw Screws to every new Garland crane, but install 
them in every one of the 1200 Garland cranes already in use!" says Carl Frye, 
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Sales Manager, Garland Crane Co., Long Beach, California. 

Perhaps the Saginaw bib Screw can give your products that 
greater Sales Appeal you're looking for. Want details? Just 
write or phone Saginaw Steering Gear Division, General 
Motors Corporation, Saginaw, Michigan- world's largest pro­
ducers of bib screws and splines. 

The Saginaw bIb Screw converts 
rotary motion into linear motion 
with over 90% elficiency. Saves 
power, space, weight, gives day­
in, day-out dependability. 

(RNA), has been separated from sev­
eral viruses. It is also the first nucleic 
acid of any kind that has been shown to 
cause cancer. Since DNA is the material 
of the genes, the new finding may throw 
important light on the basic process that 
converts a normal cell to a cancerous one. 

In experiments described in P1'Oceed­
ings of the National Academy of Sci­
ences, the Sloan-Kettering and N.I.H. 
investigators extracted nucleic acid from 
virus particles grown on mouse-embryo 
cells and added it to fresh mouse-cell cul­
tures. Fluids taken subsequently from 
these cultures produced tumors when in­
jected into hamsters or other laboratory 
animals. In later experiments the nucleic 
acid itself was injected into test animals, 
without being passed through a tissue 
culture, and also proved to cause cancer. 
The material was identified as DNA by 
showing that it was inactivated by an 
enzyme that destroys DNA, but not 
RNA. 

Roman Vital Statistics 

lloman tombstone inscriptions indicate 
"the average lifetime of the ancients 

was short-as short, or shorter than, it 
is now, even in the parts of the world 
where conditions of health and mor­
tality are at their worst." John Durand 
of the United Nations Bureau of Social 
Affairs, writing in American Journal of 
Sociology, concludes that a Roman born 
during the first two centuries A.D. could 
probably look forward to about 25 or 
30 years of life. This compares to an 
estimated life-expectancy of 32 years in 
India, as of a decade ago, and some 70 
years in the U. S. 

The idiosyncrasies of the Romans 
make the estimating of life expectancy 
from their tombstones an adventurous 
enterprise. Many inscriptions do not 
mention age, and those that do are sus­
pect. The tombstones of young children 
tend to heighten pathos by recording 
them as even younger. So, also, women 
who died in their middle years are 
accorded the deference of understated 
age. Since. beyond a certain point age 
meant prestige, however, the ages of 
older men and women are often rounded 
off to the next higher decade. 

The high mortality rate, even though 
offset by a high fertility rate, indicates 
that population replacement in ancient 
times must have been precarious. "The 
balance of births and deaths could easily 
have been shifted to the negative side," 
Durand says. This may explain the de­
population of the western Empire that 
is thought to have occurred during the 
last centuries of Roman sway. 
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PHILCO HAS THE CAPACITY ... 
the people, the capabilities, the facilities, to conduct the research and de­

velopment, engineering, design and manufacturing 

FOR MANY AND VARIED ELECTRONIC PRODUCTS AND 

SYSTEMS including weapons systems, satellites, space instrumentation, 

guided missiles, global communications, radar, data links, fire control sys­

tems, underwater ordnance, air traffic control, data processing systems and 

closed-circuit TV. 

DEADLY SIDEWINDER . .. Developed by Philco in conjunction with the Navy, engineered and produced by Philco, this renowned air-to-air 
guided missile is an outstanding example of the results of close coordination between Philco and the Military on weapons systems development: 

SATELLITE COMMAND AND TRACK· 

ING . . .  As sub-contractor for Discoverer's 
entire communications system, Philco 
designed and developed the vast com­
plexity of gtound-space communications, 
commanding, tracking, data gathering 
and processing system. 

DATA PROCESSING . . . Recognized as the 
world's first and finest all-transistor, large-scale 
data processing system, the Philco-2000 truly 
represents a new horizon in the state of the art. 
The Philco-2000 is the only asynchronous computer 
commercially available. This means faster com­
puting and freedom from obsolescence. 

WORLD'S LARGEST COMMUNICA­
TIONS SYSTEM .. . Under contract 
with the U. S. Air Force, Philco will mod­
ernize and expand Aircom, for phase 
"Quick Fix". This vast global network 
will utilize advanced techniques in point­
to-point and air-to-ground communications. 

Philco Corporation/Government and Industrial Group/Philadelphia 44, Pennsylvania 
Communications and Weapons Systems Division. Computer Division. Sierra Electronic Division. Western Development Laboratories 

PHI LCO® 
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DOUBLE·SCATTERING EXPERIMENT is photographed at the 

University of Rochester. The first scattering target is located within 

the accelerator (not shown ).  Second target appears at top center. 
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Just below it are a neutron counter (left ) and a proton counter 

(right ) which respectively record the recoiling neutrons from a 
deuteron target and the deflected protons of the incident beam. 
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THE NUCLEAR FORCE 

The deflection of high-speed nuclear particles by samples 

of n1atter is yielding new information about the strong 

and complex force that holds the atomic nucleus together 

W
hat holds the nucleus together? 
The problem remains one of the 
most challenging in physics, as 

it has been ever since Lord Rutherford 
discovered that the atom has a nucleus.  
Discussing the question in SCIENTIFIC 
AMERICAN six years ago [September, 
1953], Hans A. Bethe guessed that it 
hau consumed "more man-hours than 
have been given to any other scientific 
question in the history of man}dnd." 
Since then the man-hours have con­
tinued to pile up, and considerable 
progress has been made. 

It would be satisfying to be able to 
report an advance in fundamental un­
derstanding. The fact is that we are not 
noticeably closer to the eventual goal : 
a theory that will allow us to deduce 
nuclear forces mathematically from a 
few basic assumptions and experiments. 
But we do know much more about what 
the forces are like. While still unable to 
predict them, we are at least learning 
how to measure them. 

This is no trivial accomplishment.  An 
enormous effort has gone into designing 
and performing experiments to illumi­
nate different aspects of the complicated 
interaction of the particles that make up 
nuclei.  And once the experiments were 
done, theoretical physicists had to work 
equally hard to interpret the results .  

Simpler Forces 

Before plunging into the complexities 
of nuclear forces, let us recall ,  for pur­
poses of comparison, some of the proper­
ties of more familiar, and much simpler, 
forces . Consider first the force of 
gravity . As everyone knows, it is an 
"inverse-square law" force: the gravita­
tional attraction between two masses 
varies inversely as the square of the 
distance between them. ( If the distance 

by Robert E. Marshak 

is doubled, the force is divided by four, 
and so on. ) Gravity is also a "central" 
force. It depends on the distance be­
tween the attracting masses but not on 
their relative direction, and always points 
along the line joining the two masses 
[see illustmtion at left on next page I. 

There is another way of looking at the 
interaction between two attracting ( or 
repelling ) bodies that the physicist often 
finds more convenient.  Instead of talk­
ing about forces he speaks of potential 
energy. The potential energy stored up 
in a pair of attracting bodies is  equal to 
the work that would be necessary to pull 
them infinitely far apart, so that they 
would no longer act on one another . Ob­
viously the amount of work depends on 
the way in which the force of attraction 
decreases with distance. For gravity, 
where the force varies as 1/r2, the poten­
tial energy varies as 11 f, f being the dis­
tance of separation [see illustmtion at 

top of page 101]. In general there is a 
simple relation between the two con­
cepts: Force is measured by the rate 0'£ 
change of potential energy. In graphical 
terms this means that where a plot of 
potential energy is steep, the correspond­
ing force-curve has a large value. Where 
the potential-energy curve is compara­
tively flat, that is, has a low rate of 
change, the force is small . 

Suppose now that we did not know 
the laws of gravitational force or poten­
tial energy. How could we discover 
them? One possibility would be to study 
the motions of objects under the influ­
ence of gravity. The laws of motion tell 
how bodies react to any force. Thus 
by observing their particular paths and 
speeds when acted on by gravity alone, 
the nature of the force can be deduced. 
When Isaac Newton calculated the el­
liptical paths of the planets around the 
sun, he was proving his inverse-square 

law of gravity, as well as demonstrating 
the validity of his laws of motion . 

Al! the characteristics of gravity that 
have been listed apply equally well to 
electrostatic forces.  These too are cen­
tral and obey the inverse-square law. 
They differ only in being very much 
stronger than gravity, and in having two 
possible directions :  attractive and re­
pulsive. 

W'hen we consider magnetic forces, 
however, we find a different situation . 
If two magnets are held near each other, 
the force between them depends not 
only on their distance, but also on their 
relative direction with respect to their 
north-south axes [see illtlstmtion at Tight 

on next page I. Because of its mathemati­
cal properties, a force that behaves this 
way is known as a tensor force. 

To find the force between a pair of 
magnets experimentally would be some­
what more difficult than to determine the 
nature of gravitational or electrostatic 
force. M any more measurements would 
be necessary in order to exhaust the vari­
ous possible relative directions .  In prac­
tice, of course, no measurements are 
necessary. We know enough about mag­
netism to compute the force between any 
pair of magnets in any relative position . 
Not only that, but magnetic, electric and 
gravitational forces can all be deduced 
from underlying theories . 

The Nuclear Force 

Now let us turn to the nuclear force. 
When the problem first presented itself, 
about all that could be said was that the 
force of attraction between particles in 
the nucleus must be extremely strong, 
but can only extend over a very short 
range. The fact that positively charged 
particles ( protons ) are bound together 
in nuclei showed that the nuclear attrac-
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GRAVITY AND MAGNETISM are contrasted in these diagrallls. 

Gravitational forte (le/t) is "central"; i.e., it depends only on 

distance between attracting masses (dots) and not on their rein· 

live direction. Magnetic foree (right) is a "lensor'� force, differing 

for different directions wilh respect to magnetic axes. Arrows xep· 

resent forces on outer bodies due to presence of body at center. 

tion was stronger than the force of elec­
trical repulsion. We now know that at a 
distance of one fermi (10.13 centimeter ) 
the nuclear force is 35 times as strong as 
the electrostatic force and 1038 times 
stronger than gravity. ( The fermi is the 
natural unit of length in this domain of 
physics . A nucleus measures a few fermis 
across . )  At somewhat shorter distances 
it is even stronger. And at still shorter 
distances it  reverses its direction and be­
comes repulsive. On the other hand, at 
distances beyond a few fermis the nu­
clear force rapidly drops to zero. The in­
teraction of nuclei with particles a little 
way outside of them is almost wholly 
electric and magnetic. 

When the English physicist James 
Chadwick discovered the neutron in 
1932, it became clear that there are two 
types of nuclear building-blocks, or nu­
cleons : the neutron and the proton.  This 
meant that there m ight well be three 
kinds of nuclear force : proton-proton, 
neutron-neutron and proton-neutron. 

How could they be measured? To use 
nuclei containing many protons and neu­
trons would only be compounding the 
difficulties. It is very hard to calculate 
the behavior of an assembly of many par­
ticles even when the law of force be­
tween them is known. To try deducing a 
law of force, or possibly several different 
laws, from the properties of the assembly 
is  hopeless . The only practical way to 
begin was by studying isolated pairs of 
nucleons. 

Nature has provided just one such 
combination-the deuteron. This nucleus 
of heavy hydrogen consists of one proton 
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and one neutron. M ore than 20 years ago 
studies of the behavior of deuterons be­
gan to reveal some of the details of the 
nuclear force. It at once turned out to 
be more complicated, as well as more 
powerful, than anything that had been 
known previously. The attraction be­
tween neutron and proton proved to be 
of at least two kinds. In part it was cen­
tral: the same for all relative directions 
of the particles, like gravity. In part it 
was tensor : differing for different direc­
tions, like the force between two mag­
nets.  

Although we could not have predicted 
in advance that there would be a non­
central component, we did know that 
there might be. In order to have a force 
that depends on relative direction there 
n1ust be some standard of reference by 
which one direction can be distinguished 
from another. In the case of electrostatic 
forces, for example, there is no such 
standard. A charged sphere looks exactly 
the same from any angle . Hence elec­
trostatic forces cannot possibly be any­
thing but central. A magnet, on the other 
hand, has a north-south axis .  Seen from 
different vantage points, the axis takes 
on different orientations and thereby dis­
tinguishes among them. Thus magnetic 
force can be, and in fact is,  noncentral . 

Nucleons also have a built-in direction 
indicator : the axis about which each one 
eternally spins .  Hence they too can inter­
act differently in different relative posi­
tions .  ( By convention the spin axes are 
assigned a direction depending on the 
sense of the rotation around them . If 
vou curl the fingers of your right hand 

in the direction of the spin, your thumb 
gives the direction of the spin axis .) 
Notice that the existence of a reference 
direction does not guarantee that there 
will be a non central force. The sun and 
the planets have spin axes, but nature 
has not chosen to make gravity a non­
cen tral force. 

The properties of the deuteron, then , 
demonstrated that part of the proton­
neutron force is noncentral and began to 
yield some specific figures for the 
strength of the force . But only a limited 
amount of information can be obtained 
from the deuteron. It tells only about the 
force between neutron and proton and 
only at the rather large distance of sev­
eral fermis.  The nucleons in the deuteron 
are much less tightly bound than the 
nucleons in heavier nuclei. Furthermore, 
the spin axes of the two particles always 
point in the same direction and can give 
information only about this relative 
orientation. 

Scattering 

To learn more we must make different 
kinds of two-nucleon systems. "Ve do 
this by shooting one nucleon toward an­
other at high speed . For a brief moment 
they come within range of the nuclear 
force, then separate again . In the process 
the projectile nucleon swerves from its 
original path and the target nucleon is 
pulled out of position. By studying the 
deRections we get an idea of the force 
that caused them. 

Of course we do not actually deal with 
a sin gle pair at a time. Instead we send 
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a dense beam of nucleons from a cyclo­
tron or other accelerating machine 
through a target material and count the 
numbers of particles emerging at vari­
ous angles . The beam may consist of 
protons or neutrons . The target may be 
hydrogen, whose nucleus is a single pro­
ton, or deuterium, whose nucleus has a 
proton and a neutron, or in some cases a 
heavier element. Thus all the combina­
tions can be studied : proton-proton, 
neutron-neutron and neutron-proton. By 
using beams of different energies we ob­
tain information a bou t the force at dif­
ferent distances, as we shall see. 

In describing the process by which a 
beam is scattered it is usual to speak of 
"collisions" between incident and target 
particles . But a better picture is a near 
miss, with incident and target particles 
orbiting around each other for the brief 
period that they are within effective 
range of the nuclear force. Scattering 
experiments are analogous to the obser­
vation s on the orbits of the planets, 
which led to Newton's law of gravita­
tion. They differ, however, in that the 
orbits are not closed ellipses, but open 
curves like the path of a rocket vehicle 
that swings once around the moon and 
then heads out into space. The Similarity 
would be greater if the vehicle were as 
heavy as the moon and pulled the moon 
off course as it went by. 

Even then the analogy would be im­
perfect. Any picture of an atomic or nu­
clear process that involves distinct little 
balls speeding along well-defined paths 
is misleading. Not only are the particles 
far too small to see and to trace, but also 

the uncertainty principle of quantum 
physics tells us that sharp trajectories do 
not even exist except at energies much 
higher than those we shall deal with. The 
only rigorous way to predict, or even to 
describe, the interactions we are inter­
ested in is to think of the particles as 
waves, and of their mutual effects as a 
mingling of waves. In our discussions 
and diagrams we use both waves and 
particles . This is only to convey a rough, 
intuitive idea of what is going on. The 
actual computations whose results we 
are describing are carried out by the 
consistent but abstract method of wave 
mechanics. 

Angular Momentum 

'With these reservations in mind we 
can return to semifictional particle lan­
guage to describe a scattering event. To 
simplify matters we may suppose for the 
moment that the target nucleon remains 
stationary while the bombarding, or in­
cident, nucleon swings around it in a 
roughly hyperbolic orbit [see illust1'ation 

below]. When the force is attractive, 

the orbit curves toward the target ; when 
repulsive, the orbit curves away. 

As has already been mentioned, both 
incident and target nucleons are spin­
ning, and the relative direction of their 
spin axes may have a great effect on the 
force between them . If they were "classi­
cal" particles , the spins could be in any 
relative direction whatever. Quantum 
mechanics makes things much simpler ; 
a pair of nucleons can spin only in the 
same direction or in opposite directions . 
In other words their spin axes must be 
either parallel or antiparallel . 

This rule applies to any particle 
which, like a nucleon, has a spin of one­
half unit. The unit is Planck's constant, 
h, divided by 27T, and it measures the 
angular momentum associated with any 
type of rotational motion in the quantum 
domain. Thus a nucleon has a spin angu­
lar-momentum of one-half unit. If  the 
spin axis is in one direction, say up, the 
angular momentum is considered to be 
plus one-half unit. If it is in the opposite 
direction, or down, the angular momen­
tum is minus one-half unit. 

A system of two interacting nucleons 

SCATTERING EVENT is illustrated in this greatly simplified drawing. Projectile nucleon 

(solid dot) follows curved trajectory (colored line) around target nucleon (open dot) . 

(In fact both particles move.) Small curved arrows represent spins; small vertical arrows, 

the spin angular-momentum vector; horizontal arrow, linear-monlentum vector; large ver­

tical arrow, the orbital angular-momentum vector; d, the distance of closest ap proach. 
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has a total spin angular-momentum, 
found by adding the spins of the parti­
cles. 'vVhen the individual spins of the 
two nucleons are parallel, the total spin 
i s  one; when they are antiparallel, the 
total spin is zero . Hence for the case of 
parallel spins there is a net total spin, 

> 

> 

providing a reference line with respect 
to which relative directions between th0 
two nucleons can be differentiated. Two 
nucleons with parallel spins can, and in 
fact do, have a noncentral component in 
their interaction. But for antiparallel 
spins the total spin is truly zero . It is as 

if the separate particles were not spin­
ning at all. There is no reference direc­
tion and hence no noncentral compo­
nent; the force between the two nucleons 
is entirely central. 

In addition to the spins of the sepa­
rate particles the scattering system has 

< 

< 

/ I I I 

�: 

CENTER·OF-MASS coordinate system (colored axes) is illustrated 

in relation to laboratory coordinate system (black axes) at left, 

,md as a stationary frame of reference at right. Incident particle 

is shown as solid dot; target particle, as open dot. Black arrows 

indicate velocities in laboratory frame; colored arrows, in center· 

of·mass frame. Views of approaching particles appear at top and 

center and a view after collision at bottom. Scattering angle, theta 

((J), in the laboratory system is half that in center-oC·mass system. 
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another rotational feature : the curved 
orbits of the particles . Associated with 
this type of motion is an orbital angular­
momentum. In the simplest case, of uni­
form mo tion in a circle, the amount of 
orbital angular-momentum is found by 
multiplying the linear momentum by the 

radius of the circle. For the open curve 
of a scattering orbit we can find the 
orbital angular-momentum by multiply­
ing the linear momentum of the incident 
particle at the moment it is nearest the 
target by this distance of closest ap­
proach. As with spin angular-momen-

tum, the direction of orbital angular­
momentum is represented by an arrow 
pointing perpendicularly to the plane of 
the curved path in accordance with the 
right-hand rule. 

In the quantum world, angular mo­
mentum is a particularly important 

S WAVE (1=0) P WAVE (1=1) 

>-f-
U5 
Z w 
f-
Z 

w 
> 

� w 
"'" 

o 45 90 135 

seA HERING ANGLE (DEGREES) 

D WAVE (1=2) 

>-f-
U5 
Z w 
f-
Z 

w 
> 

� w 
"'" 

0 45 90 135 

SeA HERING ANGLE (DEGREES) 

180 

180 

SCATTER ING PATTERNS for pure S-wave, P-wave and D-wave 

cases, corresponding to the orbital angular-momentum numbers 
(I) zero, one and two, are plotted at top left, top right and bottom 

left respectively. Points at lower right are experimental values of 

>-f-
U5 
Z w 
f-
Z 

w 
> 

� w 
"'" 

o 

>-f-
U5 
Z w 
f-
Z 

w 
> 

� w "'" 

0 

45 90 135 180 

SeA HERING ANGLE (DEGREES) 

0 0 0 o 0 00 

0 0 0 
0 

0 
o 0 

o 0 
0 

o 0 0 o 
0 0 0 

00 
•• • 0 

• 
• 

• • 
• 

• • • • • .. 

45 90 135 180 

seA HERING ANGLE (DEGREES) 

relative particle counts in neutron-pt'oton scattering experiments at 

neutron energies of 18 million electron volts (top), 40 Mev (mid­

dle) and ISO Mev (bottom) . The geometrical designs appearing 

above the S, P and D curves are polar plots from zero to 180 degrees. 
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quantity, and it is subject to two crucial 
conditions.  First, when the two nucleons 
have a spin of one ( that is, when their 
individual spins are parallel ) ,  the total­
spin angular-momentum vector can have 
three, and only three, directions with 
respect to the orbital angular-momentum 
vector : the two can be parallel, perpen­
dicular or antiparallel. This relationship 
provides a criterion for distinguishing a 
second type of non central force. In addi­
tion to the relative direction between the 
two spinning particles, which is the basis 
of the tensor type of noncentral force, 
there is now the relation between total­
spin angular-momentum and orbital an­
gular-momentum. Nature has taken ad­
vantage of this opportunity to differen­
tiate and set up a second component of 
noncentral force between two nucleons 
which we call the spin-orbit force. ( Like 
the tensor force it can exist only when 
the spins of the particles are parallel ; 
when they are antiparallel, there is no 
spin angular-momentum and no spin­
orbit force. ) 

The second quantum characteristic of 
orbital angular-momentum is that it can 
have only integral values . It can be zero, 
one unit, two units and so on. What does 
zero orbital angular-momentum mean? 
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In classical terms it means that the dis­
tance of closest approach of the two 
nucleons is zero. vVe must think of the 
incident particle passing directly through 
the target particle. This is rather hard 
to imagine, so we must here have re­
course to wave ideas. It  is easy enough 
to picture one wave passing through an­
other. For the higher values it is pos­
sible to picture curved paths, but they 
"really" represent wave processes too. 
The wavelengths of these waves depend 
on the orbital angular-momentum and 
on the distance of closest approach, as 
we shall see. 

Beam Energy 

So much, then, for the complicated 
anatomy of a single scattering event. 
Imagine now a stream of billions of par­
ticles approaching a still larger number 
of target nuclei, as in an actual scattering 
experiment.  First let us make the un­
likely assumption that each incident par­
ticle is headed dead center at a target. 
In other words all the orbital angular­
momenta are zero. If the particles can 
be thought of as passing through each 
other, we might suppose that the beam 
would simply continue straight ahead 
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ENERGIES associated with orbits of various angular momenta (l) are plotted as curved 

lines, with even values solid and odd values broken. C urve corresponding to zero momen· 

tum is the coordinate axes t hemselves. Colored horizontal lines represent energies of par· 

ticle beams, and their intersections with the curves show the corresponding distances of 

closest approach. Shaded region withi n  1.4 fermis represents the range of nuclear force. 
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and that no sideward scattering would 
be observed. But not at all. If detecting 
counters are moved around the target, 
particles are found in varyin g amounts 
in all directions from zero deflection 
through 90 degrees ( for a hydrogen tar­
get ) .  The effect can be explained in 
wave terms as a diffraction process, like 
the angular spreading of a beam of ligh t 
when it passes through a transparent dif­
fraction grating. 

Next assume that all the incident par­
ticles are aimed in such a way as to give 
orbits with an angular momentum of one: 
unit. Now a quantum condition comes 
into play. As we have said, orbital angu­
lar-momentum is the linear momentum 
( mass times velocity, or mv), mu Itiplied 
by the distance of closest approach, 
which we shall call d. The product mvd 
must be equal to one unit in the case we 
are considering. Thus the greater the 
value of v, the smaller d will be, which 
means the nearer the approach to the 
target. It is customary to describe par­
ticles in a beam in terms of their energy, 
which of course depends on velocity, 
rather than in terms of velocity itself. So 
we can equally well say that the greater 
the energy, the nearer the approach. 
Conversely, the less the speed or energy, 
the greater d must be, or the farther the 
particles are separated at their closest 
approach. 

But nuclear forces extend over very 
short distances. If the speed of the in­
coming particle is too low, making d too 
large, the projectile and target will re­
main entirely out of range so far as the 
n,uclear force is concerned. Then there 
will be no scattering at all. In order to 
get scattering at an orbital angular-mo­
mentum of one unit, the energy of the 
incident beam must exceed a certain 
minimum. 

The same is true for the higher orbital 
an gular-momenta, the minimum effec­
tive energy being successively greater. 
( If mvd equals two units, v must be still 
larger to make d small enough to fall 
within range of the nuclear force. ) 

If it were possible to have a pure beam 
of orbital angular-momentum one, then 
if the energy were above the necessary 
minimum, an angular scattering pattern 
would be observed that is quite different 
from the one for orbital angular-mo­
mentum zero. Similarly, the values two, 
three and so on would each give their 
own distin ctive pattern. 

Patterns of Scattering 

What do the scattering patterns look 
like? The raw angular distributions as 
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thp,y are obtained in the laboratory have 
rather complicated shapes . But they be­
come much simpler if translated into the 
so-called center-of-mass coordinate sys­
tem.  This reference system, universally 
employed in collision problems because 
of its mathematical convenience, has as 
its zero point the center of mass of the 
two particles . Where the two have equal 
masses, as they do in all the experiments 
we are considering, this point is midway 
between the two particles at every in­
stant [see illustration on page 1021. If 
we imagine ourselves riding on the cen­
ter of mass and consider ourselves at rest, 
then before the collision the particles 
would seem to be moving toward each 
other, each one having half the speed of 
the moving particle in the laboratory 
frame of reference. After the collision the 
particles will seem to be moving in ex­
actly opposite directions, as can be seen 
in the illustration, and the scattering 
angle will be twice that measured in the 
l aboratory frame of reference. 

In the center-of-mass system the scat­
tering pattern for zero orbital angular­
momentum is spherical.  An equal num­
ber of particles is deflected at every 
angle. For an orbital angular-momentum 
of one unit the pattern becomes a solid 
figure eight ; the number of scattered 
particles is greatest in the forward di­
rection, decreases to zero at 90 degrees, 
then increases again from 90 to 180 de­
grees and repeats on the other side of 
the center line, from 180 to 360 degrees 
I see illustration on page 103]. Higher 
orbital angular-momenta give still more 
complicated patterns, with several lobes . 
These shapes are commonly denoted by 
the letters S, P, D, F, G, H, etc . ,  for 
patterns corresponding to the values 0, 
1, 2, 3, 4, 5, etc . ,  of orbital angular­
momentum. 

Although the curves are obtained by 
counting particles scattered at different 
angles with respect to the direction of 
the incident beam, they may be thought 
of in another way. They are pictures of 
the different waves that can make up a 
two-particle system . We speak of S­
wave, P-wave, D-wave scattering and so  
on. The wavelength of a l l  the waves 
grows shorter as the energy of the inci­
dent beam increases ( varying inversely 
as the square root of the energy ) .  It call 
be shown that the distance of closest ap­
p roach is equal to the wavelength times 
number of orbital angular-momentum 
units . 

In practice it is possible to have pure 
S -wave scattering when the energy of 
the incident beam is low. 'vVe do not see 
pure P, D or higher waves, however . As 
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NON CENTRAL FORCES between pairs of n ucleons depend on the relative orientation of 

the particles. The tensor force is illustrated in the left-hand column; the spin-orbit force, in 
the right-hand column. The thickness of horizontal arrows is proportional to the size of the 

force in each case_ The smail, straight arrows passing through each particle are spin angular-

11lomentuln vectors. The large vertical arrows are orbital anglllar�lnonlentum vectors. 
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TRIPLE·SCATTERING EXPERIMENT at the University of 

Rochester employs three targets. The first is within the synchro· 

cyclotron, the edge of which appears at lower left. Polarized beam 

passes through cylinder of liquid hydrogen (lower left center) and 

then to third target·assembly mounted on track at  right. This as· 

sembly can move around track to count particles at different angles. 

the beam energy increases, the various 
higher modes are added to the S-wave 
pattern in greater and greater degree. 
This means that the beam contains par­
ticles of various angular momenta, with 
the higher values contributing increas­
ingly to the scattering pattern as the 
beam energy increases. 

Perhaps the easiest way to visualize 
the situation is to plot a series of curves, 
where each curve shows the energy as­
sociated with one value of the orbital 
angular-momentum number ( usually de­
noted by l) at various distances of sepa­
ration [see illustTation on page 104]. On 
this graph a straight horizontal line rep­
resents the beam energy in a scattering 
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experiment. Any such line will cross the 
successively higher orbital angular-mo­
mentum curves at greater and greater 
distances, which represent the increas­
ing distances of closest approach. If we 
indicate the effective range of the nu­
clear force on the same graph, we can 
see at a glance which angular momenta 
will contribute to scattering at a given 
energy. 

The "range" of the nuclear force is  
generally taken as 1.4 fermis .  At this 
distance it does not drop to zero, but to 
about one third of its maximum value. 
In about two more removes of 1.4 fermis, 
the force becomes essentially zero. Any 
momentum curve crossing the beam-en-

ergy line beyond 1.4 fermis does not 
contribute very strongly to the scattering 
pattern . 

Resolving Power 

What the graph demonstrates is the 
increasing resolving power of higher and 
higher beam-energies. As energy in­
creases, waves of higher orbital angular­
momentum enter into the scattering 
process .  As we have seen, the distance 
of closest approach of the two nucleons 
is equal to the wavelength times I, so 
that larger I means shorter wavelength. 
In addition, for any value of I, higher 
energy means shorter wavelength . Thus 

© 1960 SCIENTIFIC AMERICAN, INC



all the waves-S, P, D, etc.-have shorter 
wavelengths at higher energies . Just as 
in an optical observation, the shorter the 
wavelength compared to the dimensions 
of the object being studied, the finer the 
detail that can be seen. Here the "ob­
ject" is a pair of particles within the 
range of the nuclear force : about 1.4 
fermis . The more wavelengths that fit 
into this range, the higher the resolving 
power. 

At first glance it might seem that re­
solving power could be increased indef­
initely, up to the highest energies avail­
able in accelerating machines . However, 
above an energy of 300 million electron 
volts (300 Mev ) a new factor compli­
cates the scattering process.  At such 
energies the nucleons do not simply orbit 
around one another and separate; in­
stead new particles are created in the 
collision . These are pi mesons, or pions, 
which are the "field quanta" of nuclear 
forces [see "Pions," by Robert E. M ar­
shak; SCIENTIFIC AMEHICAN, January, 
19.57 J. The creation of additional par­
ticles greatly complicates the analysis of 
scattering. 

Fortunately we need not consider en­
ergies above 300 M ev if we are inter­
ested in the force holding nuclei to­
gether, as opposed to the more general 
nucleon -nucleon interactions of particle 
physics .  Within the nucleus the average 
kinetic energy of the constituent nucle­
ons is about 25 Mev. The maximum 
energy ever acquired by an individual 
nucleon with respect to a neighbor is 
approximately 100 Mev. Scattering ex­
periments at energies much higher than 
this do not represent conditions that 
could occur with any significant proba­
bility inside a nucleus.  In this article we 
consider only experiments up to 300 
Mev, thus limiting ourselves to the range 
of nuclear physics rather than of all par­
ticle physics. 

Our picture of scattering is now com­
plete except for one final quantum re­
striction : the famous Pauli exclusion 
principle. The principle says that no 
two identical particles of spin one-half 
unit can be in exactly the same quantum 
state. In the familiar case of atomic elec­
trons orbiting around a nucleus, this 
means that each orbit can contain only 
two electrons with spins in opposite di­
rections .  The application of the exclu­
sion principle to the open "orbits" of the 
scattering process is somewhat different. 
Here the restriction is that pairs of ( iden­
tical ) nucleons  with parallel spins must 
have odd orbital angular-momenta (l = 

1, 3, 5, etc . ) .  Nucleons with antiparallel 
spins can have only even orbital angular-

momenta (I = 0,2,4, etc . ) .  Hence for 
proton-proton or neutron-neutron scat­
tering, two cases are to be distinguished: 
parallel spins, in which only odd scat­
tering modes ( P, F,  H ,  etc . ) enter, and 
antiparallel spins, which go with the 
even modes (S, D, G, etc. ) . In neutron­
proton experiments the Pauli principle 
does not apply, and all the orbital angu­
lar-momenta, even and odd, contribute 
to scattering for both parallel and anti­
parallel spins .  

Now throughout this detailed descrip­
tion of the dynamics of nucleon-nucleon 
interactions we have been speaking as if 
the actual particles were visible to us, 
and we could see them spinning, curv­
ing, diffracting and so on.  It should be 
remembered, however, that all we can 
really see are the recording devices of a 
particle-counter, or the dark spots on a 
photographic emulsion, representing rel­
ative intensities of a particle beam scat-

POLARIZATION experiment is dia­

grammed schematically. The original beam 

of nucleons (top) is unpolarized, with as 

many clockwise spins as counterclockwise. 

As particles pass nucleons in first target 

(dot in upper gmy area), they separate ac­

cording to spin directions. Polarized beam 

passing through second target (lower gray 

area) scatters preferentially in one direction. 
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tered in various directions .  From these 
data the experimenter draws a curve, 
which he then presents to the theoretical 
physicist and asks : What kind of force 
produced such a graph? 

The theoretician realizes that the pat­
terns contain unknown mixtures of S ­
waves, P-waves, D-waves and so on;  that 
they may correspond to antiparallel or 
parallel spins; and that the parallel spins 
may have pointed in different directions 
with respect to the orbital angular-mo­
mentum. And all these variations can 
lead to different forces .  How can they 
be disentangled? 

Polarization 

For a long time the situation seemed 
almost hopelessly complicated .  The ear­
lier scattering experiments had helped 
outline the cruder features of nuclear 
forces, but the fine details were beyond 
their power to illuminate. Then in 1 953 
C. L.  Oxley and his colleagues at the 
University of Rochester, working with a 
240-Mev synchrocyclotron, discovered 
that high-energy proton beams are 

strongly polarized after being scattered 
from a hydrogen target. The p articles 
emerging at various angles contain a pre­
ponderance of one spin direction , up or 
down with respect to the plane of the 
incident and scattered beams .  Here was 
a powerful new tool to help discriminate 
among the bewildering array of possible 
interactions .  Soon a number of other 
laboratories took up polarization experi­
ments alon g with Oxley's group . In par­
ticular the work was carried on at Har­
vard University and at the Atomic En­
ergy Research Establishment in Har­
well, England, with 1 50-Mev accelera­
tors, and at the University of California 
and the University of Liverpool in Eng­
land with 300-Mev machines.  A number 
of theoretical physicists have applied 
themselves to analyzing the results with 
the help of large electronic computers . 
Out of this far-Hung effort is emerging a 
much clearer picture of the nuclear force . 

Looking back, we can see that polari­
zation should have been expected to re­
sult from non central forces. To under­
stand why, imagine a beam of un polar­
ized protons ( with as many upward 

S C INTILLATION COUNTERS ( rectangular plates to left and right of center at top) 

measure the numbers o f  parti cles scattered at a given angle to either side of  the third target. 

1 08 

spins as downward ) passing to the right 
and left of target nuclei [see illustration 
on page l07J . Those passing to the right 
have their orbital angular-momentum 
pointing up; those to the left, down. This 
means that on one side the upward spins 
are parallel to the angular momentum 
and the downward spins anti parallel ; on 
the other side the situation is reversed. 
If  the force is different for the parallel 
and anti parallel cases, the particles will 
be scattered differently dependin g on 
their upward or downward spin.  Any 
difference in force is enough to upset the 
symmetry of scattering.  Thus the spin­
ning particles are segregated, one group 
going preferentially to the right and the 
other to the left. If  the force changes 
from attractive to repulsive, as it  can in 
some cases, the separation would be 
complete and the beams would be 1 00 
per cent polarized. 

The counters used to detect scatter­
ing, however, do not discriminate be­
tween the two types of spin . To gather 
the information contained in polarized 
beams an analyzer is  needed, just as it is 
in polarized-light experiments .  A second 
hydrogen target provides the necessary 
analyzer. If  the particles approaching it 
are all, or almost all, spinning in the 
same direction, then they will be scat­
tered most strongly in the preferred di­
rection. The scattering pattern will now 
show an asymmetry as between right 
and left. From this asymmetry the de­
gree of polarization can be measured 
[ see top illustration on page 1 1 3 ] .  Thus 
double-scattering experiments yield 
much more information than single-scat­
terin g ones. They were the first to dem­
onstrate unequivocally that the proton­
proton force has noncentral components . 

Pictures of the Force 

Recently the method has been extend­
ed another step, and the asymmetrical 
beam has been scattered a third time. 
These triple-scattering experiments re­
veal still further details.  They were first 
performed by the Nobel laureates Emi­
lio Segre and Owen Chamberlain and 
their colleagues at the University of 
California. 

vVhat are the results? From all that 
has been said it is obvious that we can­
not speak of the nuclear force .  \;\,1e can 
only study all the nucleon combinations 
individually and determine the force for 
each . The one that has been most in­
tenSively studied so far is the proton ­
proton interaction.  Having an electric 
charge, protons are easier projectiles to 
handle than neutron s .  They can be ac-
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G U L F . . .  A N D T H E  R E M A R K A B L E P R O G R E S S  O F  P ET R O C H E M I CA LS 

I N  M E  D i e  I N  E . . .  Where does chemistry stop and medicine begin? At 
some point in the transition of benzene to sulfa? When a sheet of polyethylene 
forms an oxygen tent? When phenol changes into aspirin? When blood starts flow­
ing through a plastic tube? 

Petrochemicals have already given much to medicine. And the prospect of future 
contributions is inspiring. The petrochemical industry is young and modern 
in concept. But in spite of its youth, it is strong, vigorous, and bursting with pro­
duct potential. 

Gulf supplies part of the momentum behind the driving potential of the petro­
chemical industry. For Gulf supplies the basic raw materials to begin with. Benzene, 
ethylene, isooctyl alcohol, propylene. Propylene trimer and tetramer, sulfur and 
toluene. All are produced to highest quality standards and are available for de­
livery on a prompt and dependable basis. Gulf stands ready to assist you with 
your contributions to medicine . . .  to mankind. Write or phone: Petrochemicals 
Department Sales Office, Gulf Oil Corporation, 360 Lexington Ave. ,  New York 17. 

Qual ity Petrochemicals to Beg in With 
Benzene · Ethyl e n e ' I sooctyl Alco hol  • Propylene . 

Propylene Tr imer a n d  Tetra m e r  - S u l f u r . Tol u e n e  
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"Walk" a I S OO-mile pipeline in seconds . . .  take the pulse of 

many pumps-dispatch the flow of oil-all at the flick of a dial? 

It has been done , with aid from Automatic Electri c !  

Supervisory signals a r e  sent o u t  over an electronic system that 

has both brains and brawn . Automatically, they measure pres­

sure, temperature and flow rate-open and close valves-start 

pumping stations working. They even type out a report and 

"hand it in" at a central control station ! 

M aking m achines act with intelligence is a trick AE learned 

long ago. For automatic control is  a telephone art, and AE 

pioneered automatic telephone switching! 

Remember this : More and more devices or systems that are 

operated automatically use the type of switching and relay units 

originated and manufactured by A utomatic Electric. 

If you're working in communications or control, the odds are 

that AE can help . We're equipped to provide engineering aid, 

basic components or a control "package . "  For help, j ust write 

the D i r e c t o r ,  I n d u stri al Products  E n g i n e e r i n g ,  A u t o m atic 

Electric, Northlake, lllinois. 

M A K I N G 

I D E A S  

WO R K  

A U T O M AT I C A L LY 

AUTOMATIC ELECTRIC 
S u b s i d i a ry of  
GENERAL TELEPHONE & ELECTRONICS 
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celerated, focused and aimed by elec­
tric and magnetic fields. Furthermore, 
there are targets of protons alone but not 
of neutrons alone. 

At the bottom of the next page and on 
paee 1 1 4 are samples of the various com­
ponents that combine to make up proton­
proton forces . ( The curves themselves 
show the potentiab . )  They represent a 
�ynthesis of calculatIOns done by P. S .  
Signell and R .  A .  Bryan i n  collaboration 
with the author at the University of 
Rochester and by J. L. Gammel and 
H. M .  Thaler at the Los Alamos Scien­
tific Laboratory. We are fairly confident 
of the values of the potentials at dis­
tances greater than about one fermi, but 
are increasingly uncertain about the ac­
curacy as the distance decreases. The 
bottom graph on page 1 1 3 shows the po­
tential for the conditions of antiparallel 
spin, where the force has only a central 
component . The size of the force de­
pends only on the distance between the 
particles .  We see that at distances great­
er than .7 fermi the potential-energy 
curve slants up to the right, implying 
that the force is attractive. At shorter 
distances the curve slants up to the left, 
indicating a repulsive force . The force 
curve itself is a broken line. 

The top graph on page 1 14 contains 
three curves, representing the potential 
energy due to the central force and one 
sample of the possible combinations of 
spin and orbital angular-momentum for 
the tensor and spin-orbit forces .  We see 
that the central force differs for the anti­
parallel and parallel spin states .  At larger 
distances the force for the antiparallel 
state is stronger ( i .e . ,  the potential-ener­
gy curve slopes upward more sharply ) .  
The curve for the tensor potential repre­
sents the case where the particle-spins 
are at right angles to the orbital angular­
momentum.  The potentials are different 
when the spins are parallel and when 
they are antiparallel to the orbital angu­
lar-momentum. The same is true for the 
spin-orbit curve . Both types of force are 
strong and of short range, but the range 
of the spin-orbit force is about half that 
of the tensor force . This means that 
higher energy is required to bring the 
spin-orbit force into play than is required 
for the tensor force. 

So we find that the nuclear force be­
tween two protons is about as compli­
cated as it could possibly be. Two types 
of central force, depending on the rela­
tive orientation of the spins, and two 
types of noncentral force are necessary 
to explain all the experimental facts . And 
the noncentral forces even change their 
s igns and magnitude depending on the 

SECOND TAR GET in triple-scattering experiment is liquid hydrogen contained in the 

brass cylinder photogra phed in close-up. Particles pass through the window at the bottom_ 

I I I  
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The o cean depths . • •  

an area 

of prime strategic significance 

. . . an ana of critical interest 

to StrombeTg-Carlson. 

Quiet, swift and deep-running, 

nuclear-powered submarines 

demand new performance 

from undersea warfare devices. 

Equipment is urgently needed 

for improved underwater 

detection, classification 

and localization. 

Stromberg-Carlson 

research programs will result 

in new undersea warfare 

electronic systems. 

Unequalled tank-test 

facilities and 

automatic test 

instrumentation 

enable Stromberg­

Carlson to conduct 

the exhaustive tests 

required to develop 

the complex ASW 

equipment of 

the future. 

Brochure on request. 
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DEGREE OF POLARIZATION produced in scattering process va ries with the scattering 

angle. Each point on this graph shows the per cent of total particles with spin vectors 

pointing up emerging at a specific angle from target. Lines represent limits of error. 

relative orientation of the spin and or­
bital angular-momenta . 

What about neutron-neutron forces? 
S ince there are no pure neutron targets, 
the experiments must necessarily be less 
direct. Neutrons are scattered from tar­
gets such as deuterons, containing both 
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protons and neutrons, and the effect of 
the pure neutron-neutron force must be 
calculated .  S o  far as we can tell, these 
experiments confirm the long-suspected 
principle of charge symmetry. N ature 
has made an asconishing choice in favor 
of simplicity. With a clear opportunity 
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D ISTANCE ( FERMIS ) 

PROTONS WITH ANTI PARALLEL SPINS can have only a central force. Corresponding 

potentiaL energy is shown by solid curve. B roken curve indicates shape of force itself. 
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to distinguish between protons and neu­
trons, she has chosen not to do so.  The 
nuclear force between two neutrons ap­
pears to be exactly the same as that be­
tween two protons .  

Furthermore, the independence of the 
nuclear force with respect to charge 
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200 

> 
� 
G 1 00 
"" 
w 

Z 
w 

\ 

seems to extend to the neutron-proton 
system, but with a new and complicating 
feature added. Because the neutron and 
proton are different particles, the Pauli 
principle does not apply to them. There­
fore they can go together in combina­
tions that are excluded for two protons 
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PROTONS WITH PARALLEL SPINS have a central force ( broken curve) , a tensor i'orce 

( black curve) and a spin·orbit force ( gray curve ) .  The curves actually show potential 

energy rather than force itself. The tensor and spin·orbit curves that are drawn here apply 

to the case where the spin vector is perpendicular to the orbital angular·momentum vector. 
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F O R C E  B ETWEEN PROTON AND NEUTRON can have components that are ruled out 

in proton·proton and neutron·neutron cases by the Pauli exclusion principle. D ashed curve 

gives potential energy for anti parallel spins and odd orbital angular·momentum ( l) .  

Gray curve applies to the central force for parallel spins and even l ;  black cnrve, t o  the 

tensor force for the same situation. The existence of a spin ·orbit force is still uncertain. 
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and two neutrons .  Specifically, they can 
have antiparallel spins together with odd 
orbital angular-momentum, and p arallel 
spins together with even orbital angular­
momentum. 

Unfortunately no triple-scattering ex­
periments for neutron and proton have 
been carried out so far ; they are verJ 
difficult. But there have been single- and 
double-scattering experiments for quite 
a range of energies . The lack of triple­
scattering data and the fact that there 
are more possible states have made it 
much more difficult to pin down the nu­
clear force between the neutron and the 
proton. 

Analyses of the available scattering 
results, and of the properties of the deu­
teron ( which is a bound neutron-proton 
system with parallel spins and even or­
bital angular-momentum ) suggest that 
the neutron-proton force is also the same 
as that between two protons for the 
states they share in common ( even orbit­
al angular-momentum and antiparallel 
spins ;  odd orbital angular-momentum 
and parallel spins ) .  The potential ener­
gies for the other two combinations of 
states are different .  The bottom graph 
on this page summarizes what we know 
about them. Note that a tensor force is 
the only noncentral type represented. 
We do not yet have enough information 
to decide whether there is  a spin-orbit 
force as well . 

Working with these recently discov­
ered potential energies between two nu­
cleons,  theorists are having increasing 
success in explaining the properties of 
nuclei larger than the deuteron. As the 
force picture is further sharpened, nu­
clear physics will  continue to advance. 

vVhat of the dream of a true theOJ'eti­
cal understanding of the nuclear force? 
At the moment we can hardly do more 
than hope we are on the right track. 
There seems every reason to suppose 
that Hideki Yukawa's famous conjecture 
was right, and that the pion is the "agent" 
that is responsible for the force between 
two nucleons . But although we can write 
equations based on this idea, we do not 
know how to solve them. Therefore we 
cannot even be sure that the equations 
themselves are right. Very rough approx­
imate solutions do seem to give the cor­
rect nuclear force for large distances. 
For smaller distances, however, the an­
swers do not agree with the experimental 
results . 

We are still confident that some day 
we shall be able to write down the cor­
rect equations and find a way of solving 
them. M eantime there seems no choice 
but to push ahead with the empirical ap­
proach described in this article. 
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Our civilization, our culture - even life itself ­
survive and thrust forward only as man and man, 
man and society are able to communicate one with 
another. Meeting the demands of society for ever­
growing communications, by progressive improve­
ments, results simply in continuously new demands 
for bigger, better, faster and farther communications. 
Communications engin�ers of ITT Laboratories are 
engrossed in solving these myriad problems . . . 
finding more room in the spectrum, from direct 
current to cosmic rays, and finding improved means 
of utilizing the spectrum. Active research is under­
way, pushing high and low ends ; in-between we are 
contributing to better communications through such 
things as parametric amplifiers, tropo-scatter micro­
wave links, satellite communications systems, atmos­
pheric propagation studies and global communica-

tions networks, as well as advanced computers and 
digital communications systems. 
As an engineer you will find ITT Laboratories a 
stimulating and rewarding place to explore the 
spectrum, to work the rest of your active days 
toward advancing mankind's communications - on 
earth, in the far reaches of space, and in-between. 
Write Manager Professional Staff Relations to find 
out where you can fit into this unique organization. 

ITT LABORATO R I ES 
A Division of International Telephone 
and Telegraph Corporation I I I�� 
5 0 0  Washington Ave nue , Nutley, New Jersey 

Fort Wayne, Indiana • Palo Alto and San Fernando, California 
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Every farm in t h e  U n ited States u s e s  p r o d u cts made 
by Borg-Warner d iv is ions a n d  s u b s i d i a r i e s .  I n  t h e  
f i e l d  are s u c h  m a c h i n e s  a s  c o m b i n e s ,  d i s c  h a r r o w s ,  
m o l d board a n d  d i s c  p l o w s ,  seed e r s ,  corn p i c k e r s ,  
rotary c u tters a n d  s p readers w h i c h  contai n B o r g ­
Warner  p a r t s .  T h r o u g h o u t  t h e  farm are p u m p s ,  
steel f e n c e  posts,  s a w s ,  s h ov e l s  a n d  s p a d e s .  I n  t h e  
f a r m  h o m e  a r e  N o r g e  a p p l i a n c e s ,  Y o r k  f u r n a c e s  a n d  
a i r  c o n d i t i o n e r s ,  I n g e r s o l l - H u m p h ry e s  p l u m b i n g  
ware, Alfol  i n s u lati o n ,  Kooishade® s u n  screen s .  
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AN 0 HARVESTI N G 

BY BORG -WARN ER 
A rev i ew of t h e  ro l e s  w h i c h  a 

versati l e  c orpo rati o n  p l ay s  i n  h e l p i n g  

t h e  farm e r  p lant a n d  h arvest h i s  crops 

This is a Mechanized A g e  down o n  t h e  farm - a  time 
of automatic corn-crib loading, of tractors with tre­
mendous lugging power, of deserts-turn ed-cotton fields 
through irrigation. And Borg-Warner has played no 
small part in helping the farmer achieve his present­
day efficiency . 

Ever since first making disc blades for walking 
plows in 1 884, Borg-Warner has blazed a trail (and a 
name for itself) in agricultural equipment- such as 
hydraulic pumps and valves, impact-resistant plow 
discs, high-speed chain drives. You might say we 
pioneered our way into becoming one of today's  most 
important part-suppliers to makers of tractors and 
harrows and balers and harvesters. 

At our large and modern Roy C. Ingersoll Research 
Center in Des Plaines, Illinois, we're actively engaged 

in the "tomorrow . "  There, we're devoting time and 
imagination to proj ects designed to bring even greater 
efficiency to farming. 

The products of Borg-Warner Corporation fall into 
seven categories. Farm equipment is one. Oil , steel 
and chemicals is another . Industrial machinery, still 
another. Of course , our name is readily associated 
with automotive parts and home equipment. We are, 
in addition , a leader in making parts for the aviation, 
missile and rocket industries and for national defense. 
All in all , Borg-Warner makes hundreds of products 
with thousands of uses for the benefit of millions. 

BORG -WARNER 
200 South M i c h i g a n  A v e n u e . C h icago 4 ,  I l l i n o i s  

I t's a bette r prod uct when Borg -Wa rner ma kes it 

HEART O F  I R R I G A T I O N  S Y S T E M  
i s  t h e  d e e p w e l l  t u r b i n e  p u m p  above­
d e s i g n ed and produced by the Byron 
Jackson D i v i s i o n-one i n  a broad l i n e  
of p u m p s  to a n swer i rr igat ion need s .  
large o r  s m a l l ,  a t  h o m e  a n d  abroad . 

SAVES T I M E  A N D  LABO R :  New 
power take-off adapter by the Warner  
A utomotive Div is ion f its any tractor, 
operates i m p l ements at 540 and 1 000 
r p m ,  e l i m i n ates se parate power ta ke­
off for i m plements of d iffere n t  speed s .  

U P  GOES A N O T H E R  F E N C E  
of G o l d  Crown Steel Posts,  
w h o s e  exclusive s h r u n k- o n  a n ­
c h o r  p l ates are g u aranteed not  
to c o m e  off , made by C a l u m et 
a n d  Fran k l i n  Steel D i v i s i o n s .  

7 5  Y E A R S  O F  E X P E R I E N C E  sta n d  b e h i n d  
leaders h i p  of I n g ersol l  Product s  D i v i s i o n  i n  
i m p l e m e n t  d i s c s  a n d  cou lter b l a d e s .  Today's  
models ,  of specia l ly  h eat-treated cross-rol led 
steel ,  have p u n c hed out a n g l e  n otc h e s a n d  keep 
pace with speed and power of modern tractors.  

OTHER ESS E N T I A L  BO RG-WA R N E R  P A RTS for  tractors a n d  p l o w s  are 
( 1 )  Soft-center steel for mold board p lows a n d  s h ares by I n gersol l  Steel  D i v i s i o n ; 
(2) c l utch by Rockford C l utch D i v i s i o n ;  (3) h y d ra u l i c  p u m p s  a n d  valves by Wooster 
D i v i s i o n ; (4) u n iversal  joint a n d  (5) propel ler  s h aft by M e c h a n i c s  U n iversal  Joint Di­
v i s i o n ; (6) carbu retor by Marvel-Schebler  Prod ucts D i v i s i o n ;  (7) t i m i n g  c h a i n  by 
Morse Chain C o m pa n y ; (8) ra d i ator by L o n g  M a n ufactu r i n g  D i v i s i o n ; (9) seat,  a n d  
other sta m p i n g s ,  by I n g er s o l l  P r o d u cts D i v i s i o n .  A l s o  contri but i n g  to a g r i c u lture 
are t h e  Borg & Beck,  Marbon C h e m i c a l  a n d  Spr ing D i v i s i o n s .  

WHAT BORG- WA RNER MEANS TO YOUl 
T o u r  t h e  a i s l e s  of a food store,  a n d  y o u ' r e  f lan ked by A m erica's  b o u n ty-cou ntry­
fresh d a i ry prod u ct s ,  a M a i n e-ta- C a l i f o r n i a  vari ety of fruits and vegeta b l e s ,  a re­
fr ig erated case f u l l  of meat s ,  fish and p o u ltry.  H e r e ' s  taken-for-granted freedom 
from want ,  n u trit i o n  for  y o u r  fami ly ,  t reats for taste buds.  Exte n d  a n  a p p reciative 
n o d  i n  t h e  d i rection of t h e  farmer,  and h e  wil l  s h are t h e  credit  with others-with ,  
f o r  i n stan c e ,  t h e  parts a n d  p r o d u cts m a d e  b y  d i v i s i o n s  a n d  s u b s i d ia r i e s  of 
Borg-Warner Corporati o n .  
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G e n e ral  Motors p l ed g e s  

A C  Q U E S T M A N S H I P  

AC Seeks and Solves the Significant- S i nce G M  h a s  p ledged its resou rces to t h i s  nat io n ' s  d efe n se ,  AC 

p la n s  to fo rge to t h e  forefro n t  i n  t h e  i nternati o n a l  race fo r tech n o logica l s u p e r i o rity. T h e  reso l ut ion  of ' 

sci e nt if ic  p ro b l e m s  eve n m o re co m plex tha n AC h i eve r i n e rt i a l  g u i d a nce - t h a t ' s  what AC now h a s  o n  

i t s  age n d a  / Th i s  i s  A C  Q U ESTMA N S H I P. I t ' s  a n  excit i n g  creative q u est fo r n ew i d e a s ,  m ethod s ,  co m ·  

pone nts a n d  systems . . .  t o  p romote AC ' s  ma ny p rojects i n  g u i d a n c e ,  na vigat io n ,  co ntro l  a n d  d etect ion  / 
Q u e stma n s h i p  i s  rea d i ly a p pa re n t  i n  AC M a n ufactu ri ng,  h e a d e d  by M r. Roy M cC u l lough , AC Wo rks 

M a n age r. H i s  gro u p  " offe rs an o utsta n d i ng cha l l e nge to e ngi n e e rs ca pa b l e  of u n d e rsta n d i ng the most 

a d va n ced scie nt if ic  co ncepts . . .  a n d d evelo p i ng t h e  tech n i q u e s  a n d too l s  to i m p l e m e n t  those co nce pts 

on a p rod u ct ion  ba s i s "  / T h e re may be a posit i o n  fo r yo u on o u r  s peci a l ly se l ected staff . . .  i f  yo u h ave 

a B . S . , M . S . or Ph . D . i n  t h e  e l ect ro n ics ,  sci e nt if ic ,  e l ect ri ca l or m e c h a n ica l f i e l d s ,  p l u s  related experi e nce.  

I f  you a re a "seeker  and solve r, "  you shou ld  wr ite  AC ' s  D i recto r of Sci ent i f ic  and Profess i o n a l  E m p loy­

m e nt ,  M r. R o b e rt A l l e n ,  Oa k C re e k  Pla nt ,  Box 746, So uth M i lwa u ke e ,  Wisco n s i n .  

G U I D A N C E I N A V I G A TI O N I C O N T R O L  I D E TE C TI O N I A C S PA R K  P L U G  .gg, The Electronics Division o f  General Motors 
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THE THYROID GLAND 

I-formones secreted by this pad of tissue in the neck control the speed 

of basic processes in the body. The overproduction or underproduction 

of the hormones can have grave consequences, particularly in childhood 

O
ur general well-being depends 

strongly upon the rate at which 
our bodies "live." The speed of 

virtually all the basic cellular processes 
of the body is regulated largely by 
the thyroid gland, a pad of pink tissue 
that weighs somewhat less than an 
ounce and is located at the base of the 
neck just below the vocal cords. The 
thyroid hormones, distributed by the 
bloodstream, stimulate the metabolism 
of practically all the cells of the body. 
Disorders of the thyroid usually manifest 
themselves to the body as a whole in one 
of two ways: the gland produces too 
much hormone and races the metabo­
lism ( hyperthyroidism) or the gland 
produces too little hormone, causing the 
metabolism to slow down to subnormal 
and even vegetative levels (hypothy­
roidism). Either condition, when acute, 
may devastate body and mind, and 
either may be associated with the dis­
figuring enlargement of the thyroid 
known as goiter. 

Goiter has been a familiar malady 
since ancient times. Pliny the Elder, 
Vitruvius and Juvenal commented upon 
the prevalence of goiter among the in­
habitants of the Alps. (The term derives 
from the Latin word guttur, throat.) 
The second-century Greek physician 
Galen believed that the thyroid secretes 
a lubricating fluid to facilitate speech. 
This theory had proponents as recently 
as 150 years ago, even though the great 
Renaissance anatomist Vesalius had ac­
curately described the gland and noted 
that it has no duct through which a 
lubricating fluid could flow. In 1656 
the English physician Thomas Wharton 
proposed the name thyroid (from the 
Greek word for "shield-shaped") for the 
gland. He thought that it served simply 
to round out and beautify the neck, "par­
ticularly in females to whom for this 
reason a larger gland has been assigned." 

by La \\'"On Wilkins 

Other writers, observing that the gland 
has a generous supply of blood vessels, 
concluded that it must be a shunt to 
catch excess blood that may rush from 
time to time toward the brain. 

Toward the end of the 18th century 
physicians began to observe that goiter 
is often accompanied by severe systemic 
disease. Among goitrous individuals in 
the Alps, some appeared to be apathetic 
and mentally dull; they had a slow heart­
beat, a cool, dry skin and the flabby, puf­
fy condition of the tissues called myxe­
dema-all symptoms now identified with 
hypothyroidism. The medical literature 
of the day also observed that in children 
goiter was often associated with cretin­
ism, a condition in which mental de­
ficiency and a marked stunting of growth 
and physical development were added to 
the other symptoms of hypothyroidism. 
But the picture was not clear-cut. Many 
people had goiter and were otherwise 
healthy. Goiters were so common in 
some regions that individuals without 
them were considered abnormal and less 
attractive. On the other hand, in Eng­
land and elsewhere there were occa­
sional children and adults who had all 
the worst symptoms of the endemic goi­
ter of the Alps, except that they had no 
goiter. Autopsies showed, in fact, that 
they had no thyroid tissue at all. 

The clinical picture of goiter became 
even more confused early in the 19th 
century, when several physicians in 
England, Spain and Germany independ­
ently described the first recorded cases 
of what is now called hyperthyroidism. 
The patients had goiters, but their other 
symptoms were the exact opposite of 
those associated with endemic Alpine 
goiter. They exhibited warm, moist, 
flushed skin; violent, rapid heart action; 
excessive nervousness and emotional in­
stability; and loss of weight despite a 
large appetite. In addition, they had 

prominent, staring eyes. The disorder 
came to be called exophthalmic (bulg­
ing-eyed) or thyrotoxic goiter. 

The first real understanding of the 
function of the thyroid dates from 

1883. In order to relieve pressure on the 
windpipe and other organs, three Swiss 
surgeons completely removed over-large 
goiters from 46 patients. The operations 
brought the expected mechanical relief, 
but within a few months almost all of the 
patients had developed the worst symp­
toms of endemic goiter. Then experi­
ments were performed on animals in 
which removal of the thyroid in early life 
duplicated even the symptoms of cretin­
ism. These observations suggested that 
the thyroid must contain some substance 
essential for health and for normal 
growth and development. By the early 
1890's physicians were successfully 
treating hypothyroid patients by adding 
sheep's thyroid to the diet and by ad­
ministering extracts of thyroid gland. 

In 1896 the German chemist E. Bau­
mann was surprised to discover that the 
thyroid contains iodine, an element not 
previously known to be present in the 
body. Later analysis revealed that the 
normal human thyroid contains about 
eight milligrams (.0004 ounce) of io­
dine, and the rest of the body some 30 
milligrams. Since this was one of the 
first elements to be found in "trace" 
amouJlts in the body, physiologists at 
first paid little attention to Baumann's 
discovery. 

It was a young American physician, 
David Marine, who demonstrated that 
iodine is essential to health. Upon gradu­
ating from the Johns Hopkins Medical 
School in 1905, he went to Cleveland 
to work in pathology. On his first day 
there he noticed that many people and 
most dogs had goiters. Even the fish in 
the streams of the area displayed goiters 
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(all vertebrates possess a thyroid gland) . 
Marine conceived the idea that lack of 
iodine in the local food and water sup­
ply might be the cause. To test this 
idea he deprived experimental animals 
of dietary iodine and succeeded in giv­
ing them goiter. He then discovered 
that he could cure the goiters by feed­
ing the animals minute quantities of 
iodine. 

........ �., . � 

FRONT VIEW 

;-;;--�---i-- THYROI D In 1916, after a decade of laboratory 
investigation, Marine obtained permis­
sion to give traces of iodine to some 
schoolgirls in Akron, Ohio. He was able 
to demonstrate that these children were 
much less prone to goiter than those who 
did not receive iodine, and similar tests 
elsewhere quickly confirmed his thesis 
that endemic goiter is caused by iodine 
deficiency in the water, soil and plants, 
and hence in the diet. (An adult needs 
only 15 billionths of an ounce of iodine 
a day, but even that may not be avail­
able.) Marine �rged that iodides be 
added to drinkin!}water and table salt in 
regions of endemic goiter. But his pro­
posal drew as much opposition as the use 
of fluorides to prevent tooth decay does 
today. It was nearly 10 years before 
Marine and other workers convinced the 
world that such a simple precaution 
would prevent endemic goiter. 

Thus by the early 1920's physicians 
could diagnose the principal thyroid dis­
orders and had simple and effective rem­
edies for most cases of them. The clinic, 
however, was far ahead of the labora­
tory. Little was known about how the 
gland synthesizes, stores and releases its 
hormone. Progress in research had to 
await the refinement of biochemical 
techniques and the availability of radio-

LOCATION OF THE THYROID GLAND is shown in these views of the neck. The gland 

is shaped roughly like an H, with lobes on either side of the trachea and larynx. Beside the 

active iodine (iodine 13 1), both of 
which developments have occurred dur­
ing the past 15 years. 

T he normal thyroid is composed of 
millions of spheroidal sacs or folli­

cles, each in effect a separate gland 

THYROID FOLLICLES in healthy gland (left) tend to be spherical; cells of wall are cuboidal. 

Open area inside the follicles is a colloid containing hormones. Blood capillaries run between 
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about the diameter of a pin point. Al­
though the sacs have no external open­
ings, they are richly supplied with mi­
nute blood and lymph vessels that bring 
supplies of iodide and carry away the 
thyroid hormones. In a healthy gland a 
follicle consists of a single layer of cu-

the follicles. In hype,·thyroidism (center) 

walls of follicles are folded inward; 
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THYROID -'------:--;-� 
��.,:-;--. PARATHYROIDS 

ESOPHAGUS 

BACK VIEW 

gland in front view are the internal jugular veins (arrows pointing 

dowlI in directioll of blood flow! ; in back view are the common 
carotid arteries (arrows pointing up!. The four small parathyroid 

glands are located on the backs of the lobes of the thyroid gland. 

boidal cells surrounding a cavity, or lu­
men, filled with a homogeneous col­
loidal substance. In an iodine-deficient 
goiter, however, the cells are flattened 
and the follicles are greatly distended 
with colloid that is poor in active iodi­
nate compounds. In the goiter of an 

cells increase in number and are colum­

nar; there is little colloid substance. 

exophthalmic, hyperthyroid individual 
the follicles do not get larger but their 
number may increase by 10 to 20 times, 
with corresponding enlargement of the 
gland. The cells become columnar in 
shape, and they increase in number. 
As a result the walls of the follicles 

fold into the lumens and develop a 
much greater surface area for produc­
ing hormone and liberating it into the 
bloodstream. The lumens now contain 
little colloid, because the active constit­
uents of the colloid are not stored but 
are released as soon as they are formed. 

Hypothyroid follicles (right) are distended with the colloid which is poor in thyroid hormones; 

the cells of the follicles are flat. Many goiters are t he result of follicles swollen in this way. 

12 1 
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CONTROL OF THYROID-HORMONE OUTPUT by the pituitary gland and hypothalamus 

is su g gested by this diagram_ Thyroid-stimulating hormone from pituitary (opell circles) 

travels in bloodstream and causes thyroid to produce and excrete hormones (red dots)_ 

They in turn su ppress pituitary production of stimulatin g hormone, furnishin g feedback 

controL The hypothalamus of the brain (hatched area) receives nerve messages that may 

indicate need for rise in metabolism, and sends neurohumoral secretions to pituitary that 

cause it to form more thyroid-stimulating hormone_ The hypothalamic secretions travel ill 

s pecial blood vessels within the narrow stalk that connects the pituitary to the hy pothalamus_ 
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At least six major enzyme systems are 
involved in the synthesis and liberation 
of thyroid hormone. One system obtains 
iodine from the blood, mostly in the 
form of sodium iodide. Another enzyme 
system changes the iodide ion (1-) to 
elemental iodine (12)' a form in which 
iodine combines, probably through the 
mediation of a third enzyme system, 
with tyrosine (one of the 20-odd amino 
acids of which the body's proteins are 
made) . Some tyrosine molecules take up 
only one atom of iodine, producing 
mono-iodotyrosine; some take up two 
iodine atoms, making di-iodotyrosine. 
These iodinated tyrosines do not become 
biologically active until a "coupling" en­
zyme-system combines them to form io­
dothyronines, which can have two, three 
or four atoms of iodine. The best known 
and most abundant of these is thyroxine 
(tetra-iodothyronine) , which has four 
iodine atoms and is 60 per cent iodine 
by weight [see diagrams on pages 128 
and 129]. 

Thyroxine was isolated in 19 14 and 
synthesized in 1927. Until the early 
1950's it was thought to be the only 
active thyroid hormone. Then the work 
of Charles Leblond, J. Gross and Rosa­
lind Pitt-Rivers resulted in the isolation 
of tri-iodothyronine and the demonstra­
tion that it is three to five times as potent 
as thyroxine, though it is active for a 
shorter length of time. More recently 
J. Roche of France has discovered in the 
thyroid gland small amounts of a di-iodo­
thyronine that has biological activity. 

All of these substances are stored in 
the colloid of the thyroid-follicle lu­
men. Their molecules are attached to 
the giant molecules of the protein thyro­
globin, which are so big that they cannot 
normally penetra!e the wall of the folli­
cle and escape into the bloodstream. The 
thyroid hormones are released into the 
blood when they are split from thyro­
globin by a fifth enzyme system. The 
splitting also releases the intermediate 
compounds mono- and di-iodotyrosine, 
which are not utilized by the body. A 
sixth enzyme system removes elemen­
tal iodine from these intermediates as 
the blood carries them through the 
gland. A defect in, or interference with, 
any of the six enzyme systems may lead 
to inadequate production of thyroid hor­
mones. 

T he thyroxine and tri-iodothyronine 
secreted by the gland are transported 

to the cells in loose chemical combina­
tion with the globulin fraction of the 
proteins in blood serum. In this state 
the hormones can be precipitated from 
the blood for measurements of "protein-
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FORECAST 

Laboratories for space science at Martin are now studying and forecasting the physical, psy­

chological, and biological factors that will affect man in space ... another tremendously 

fascinating program which attracts persons with exceptional professional abilities. If you have 

these abilities, you are invited to communicate with N. M. Pagan, Director of Technical and 

Scientific Staffing ( Dept. G-10) The Martin Company, P. O. Box 179, Denver 1, Colorado. 

DE:fVVE:F=? DIVIS/C:::>fV 
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Dr. Kent Van Horn photographed with electron microscope. Photograph by Bruce Davidson 

DOCTOR VAN HORN GETS THE "GREEN LIGHT" 
You could staff a college of engineering 

from the Alcoa Research Laboratories, 
for 37 of 762 technical experts hold a 

Ph.D. degree and 275 more are Masters 
of Science. Alcoa built this talent pool 

with the same philosophy that raised 

research and development expenditures 
to $18,000,000 in a recession year when 

other aluminum firms chopped already 

slim budgets 20 to 50 per cent. 

This year, Director Kent Van Horn 

has  the "g reen l ight" f o r  a n e w  
$30,000,000 science center. Yet this 

news is no surprise to men who know 

that Alcoa investments in research cre­
ated 95 per cent of all aluminum alloys 

. . .  invented the alclad process to 

thwart corrosion ... developed anodic 
treatments to give aluminum color and 

abrasion resistance . . . pioneered the 
fabricating techniques that turned alu­
minum from a curio into a metal with 

over 4,000 product applications. 
For 70 years, Alcoa research has 

helped to put more than just 16 ounces 
of metal into every pound of Alcoa® 

Aluminum. If you have a question on 
aluminum, there is no better place to 

get the answer than Alcoa Research 
Laboratories. You begin by calling your 
local Alcoa sa les office. Aluminum 

Company of America, 2019-C Alcoa 

Building, Pittsburgh 19, Pennsylvania. 

I ALCOA helps you design it, make it, sell it 
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Alcoa has hundreds of 

Kent Van Horns to help you 

design it, make it, sell it 

All of Alcoa's skills are mobilized to a 
single purpose: To put more than just 
16 ounces of metal in every pound of 
Alcoa Aluminum you buy. Here are 
12 of the dozens of ways to do it: 

1. Research Leadership, bringing you 
the very latest in aluminum alloys and 
applications. 

2. Product Development by specialists 
in your industry and your markets. 

3. Process Development Labs for aid in 
finishing, joining and fabricating. 

4. Service Inspectors to help solve pro­
duction problems at your plant. 

S. Quality Control to meet top stand­
ards or match your special needs. 

6. Complete Line including all commer­
cial forms, alloys, gages, tempers. 

7. Availability via the nation's best 
stocked aluminum distributors. 

8. Foremost Library of films and books 
to help you do more with aluminum. 

9. Trained Salesmen with a wealth of 
on-the-spot information. 

10. Sales Administrators constantly on 
call to service your orders. 

U. Year-Round Promotions expanding 
your old markets, building new ones. 

12. The Alcoa Label, leading symbol of 
quality aluminum, to mark your goods. 

Added Values 

With Alcoa 

Aluminum 

... is a case book of Alcoa special serv­

ices and a guide to their availability 

in design, manufacture and sales. Your 

copy, with some of the most rewarding 

information you may ever read, is 

waiting and it's FREE. Write: Alumi­

num Company of America, 2019-C 

Alcoa Building, Pittsburgh 19, Pa. 

bound iodine" (PBI) that provide the 
most reliable index of the quantity of 
thyroid hormones in the circulation. 
Normally the concentration is four to 
eight micrograms of protein-bound io­
dine per 100 cubic centimeters of blood 
serum, or four to eight parts per 100 
million. In hyperthyroidism the concen­
tration may rise to 10 to 20 micrograms, 
and in hypothyroidism it may drop to 
less than one microgram. 

Although it is the regulator of the 
body's metabolism, the thyroid is regu­
lated in turn by the pituitary gland. 
Located in a bony cavity just beneath 
the hypothalamus of the brain, the pitu­
itary orchestrates the work of other en­
docrine glands such as the thyroid, the 
adrenals and the ovaries or testes. In 
regulating the output of thyroid hor­
mones the pituitary releases a thyro­
tropic, or thyroid-stimulating, hormone 
in greater or lesser quantity. Removal of 
the pituitary from experimental animals 
causes the thyroid gland to shrink and 
secrete very little hormone; as a result 
the animal develops hypothyroidism. 
Through the agency of the hypothala­
mus the nervous system indirectly con­
trols the thyroid. Under nervous stimula­
tion the hypothalamus secretes so-called 
neurohumors into blood vessels along the 
narrow stalk that connects it to the pitui­
tary; these secretions cause the pituitary 
to produce the thyroid-stimulating hor­
mone. 

The final link in the chain of controls 
is established by feedback from the thy­
roid itself: the thyroid hormones sup-

press the production of the thyroid­
stimulating hormone. In response to an 
excess of thyroid hormone the pituitary 
normally reduces its output (a fortunate 
protection against unwarranted thyroid 
medication sometimes prescribed by mis­
guided physicians). In response to a de­
ficiency of thyroid hormone in the blood­
stream the pituitary automatically se­
cretes more thyroid-stimulating hor­
mone. This stimulates the thyroid to 
work harder and may result in its en­
largement into a goiter. If the enlarged 
gland cannot compensate, hypothyroid­
ism results. 

The recently acquired understanding 
of the synthesis of thyroid hormones and 
of the interrelationships of the hypo­
thalamus, the pituitary and the thyroid 
gland have made it clear that there are 
many different causes of thyroid de­
ficiency. In areas where iodine is ade­
quate in the diet, by far the commonest 
cause of hypothyroidism is the absence 
of the thyroid gland. In the kind of con­
genital hypothyroidism known as athyrot­
ic cretinism, the gland is either com­
pletely missing at birth or is present only 
as tiny and inadequate rudiments in ab­
normal positions in the neck and tongue. 
It is possible but not verified that in some 
cases the thyroid may have been de­
stroyed in early embryonic life by anti­
bodies from the mother or by some other 
agent. Sometimes the thyroid gland 
atrophies in a previously normal child or 
adult, resulting in hypothyroidism. The 
disappearance of the gland may be due 
to a lack of stimulation by the pituitary 

RICH BLOOD-VESSEL SUPPLY of thyroid follicles is depicted. Darker tubes are tiny 

veins; lighter ones are arteries. Large, flat vessels helong to lymph system_ Thyroid follicles 

are separate from one another and have no openings or ducts leading outside the gland. 
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or to some disease process or antibody. 
In certain individuals a thyroid gland 

that is normally formed and appears to 
be physically undamaged is still unable 
to manufacture adequate amounts of 
thyroid hormone and often becomes 
goitrous. Once it was thought that all 
these cases were due to iodine deficiency, 
but in 1950 it was discovered that goi-

FOOD 

trous hypothyroidism is sometimes due 
to congenital defects of certain enzyme 
systems. This disorder is one of the many 
inherited enzymatic defects that are 
proving to be the cause of widely differ­
ing congenital diseases. Cretins with en­
zymatic defects of the thyroid may not 
have a goiter in early life, and they can 
be distinguished from those in whom 
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HORMONE SYNTHESIS AND SECRETION is accomplished by six major enzyme systems 

(colored arrows) in thyroid gland (represented by large rectangle). The first takes iodides 

from blood. The second changes them to elemental iodine. The third attaches iodine to 

tyrosine. The fourth couples iodinated tyrosines to make hormones. The fifth system splits 

the hormones from thyroglobulin. The sixth reclaims iodine from iodotyrosines in hlood. 
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the gland is lacking only by a study of 
their uptake of radioactive iodine. In 
fact, the radioiodine studies can even 
indicate which enzyme system is de­
fective. If a child with such a condition 
is not treated, its thyroid will eventually 
become goitrous. This is the only form 
of hypothyroidism that is inherited, and 
it may affect several children in the same 
family. It is possible that the "simple 
goiter" that occurs in some adolescent 
girls and pregnant women is due to 
similar but milder defects in the enzyme 
systems of the thyroid, causing goiter at 
times of life when more hormone may be 
needed. 

Goitrous hypothyroidism may be in-
duced by certain substances that 

block the action of normal enzyme-sys­
tems in the thyroid. These substances in­
clude perchlorates, thiocyanates, cobalt, 
some of the sulfonamides, iodides in 
large quantities and derivatives of thiou­
rea and thiouracil. Curt P. Richter of 
the Johns Hopkins Medical School, who 
was studying the inability of rats to taste 
the poison phenyl thiourea, was the first 
to observe that thiourea caused enlarge­
ment of the thyroid. In 1943 E. B. Ast­
wood of the Harvard Medical School, 
believing that this was due to an an­
tithyroid effect, successfully employed a 
thiourea derivative to treat hyperthy­
roidism. The treatment is still standard, 
and when certain of these drugs ar� 
given in excessive amounts during preg­
nancy the newborn infant may have a 
goiter and sometimes mild hypothyroid­
ism. Fortunately the infant's thyroid 
usually reverts to normal. Many plants­
particularly cauliflowers, turnips, cab­
bage, kale, Brussels sprouts and other 
members of the Brassicae family-con­
tain antithyroid substances. It is ex­
tremely rare for anyone to eat these 
vegetables in large enough quantities to 
produce goiter, but many goiters did ap­
pear among schoolchildren in Tasmania 
when a free-milk program was intro­
duced and local farmers supplemented 
the diet of their cattle with a type of 
kale. In such· cases the goiters disappear 
as soon as the antithyroid food or sub­
stance is withdrawn. 

All types of hypothyroidism result in 
physical and mental sluggishness, slowed 
circulation and other symptoms of a low 
"rate of living." Hypothyroidism has its 
most devastating effects in infancy and 
childhood. The normal changes in body 
proportions and in the face fail to occur, 
the formation and eruption of the teeth 
are delayed and cartilage is not convert­
ed to bone in the normal manner. In 
congenital hypothyroidism, when the 
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Are you after highest 
alloy properties in 
heat-after-heat? 
100 per cent composition control 
assured by vacuum 
induction melting 

Highly reactive elements enhance 
high-temperature alloy properties. 
Today, only one production metal 
refining process can effectively con­
trol the action of these elements, 
and-heat-after-heat-meet the 
most exacting alloy specifications. 

The process is vacuum induction 
melting, and the only specialist in 
this process is theMetals Division, 
Kelsey-Hayes Company. 

In a specially designed plant which 
contains seven vacuum induction 
furnaces with a monthly capacity of 
1 million Ib, the Metals Division 
produces over 50 alloys for critical 
high-temperature, high-stress ap­
plications such as aircraft gas tur­
bine buckets and wheels, missile 
and nuclear components. Alloys like 
Udimet 500 and 700 were devel­
oped by Metals Division. The 
Division is the leading producer of 
vacuum induction melted Waspaloy, 
M-252, and other alloys. Kelsey­
Hayes Company, Detroit 32, Mich. 

KELSEY 
HAVES 
©@)��wOOW 
Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 

18 PLANTS: Detroit and Jackson, Michigan; 
Los A ngeles: Philadelphia and McKeesport. 
Pennsylvania; Springfield, Ohio; New Hartford 
and Utica, New York; Davenport. Iowa; 
Windsor, Ontario. Canada. 
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deficiency is not diagnosed and corrected 
in the earliest months of life, permanent 
damage to the brain may result, since it 
is during this period that brain develop­
ment is normally most rapid. The treat­
ment of hypothyroidism involves the ad­
ministration of thyroid-gland extract or 
of thyroid hormones. 

Several thyroid diseases are particu­
larly interesting to the investigator be­
cause they seem to involve "auto­
immunization," in which an individual 
develops specific antibodies capable of 
damaging the cells of one or another of 
his own tissues. The concept of auto­
immunization is relatively new and may 

, � 

play an increasingly important role in 
medicine. It is possible that unexplained • 

destruction of such glands as the para­
thyroids, the adrenals, the testes and the 
kidneys might sometimes be due to this 
process. For example, antibodies against 
thyroid tissue have frequently been de­
tected in patients whose thyroid glands, 
have atrophied. The antibodies are also 
found in subacute thyroiditis, which in­
volves an inflammation of the thyroid 
that may be due to a virus infection. 
Some thyroid follicles are destroyed, 
liberating thyroglobulin and bits of cells 
into the bloodstream. Since these sub­
stances are foreign to the body as a 
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whole, patients develop antibodies 
against thyroglobulin and their own thy­
roid-gland cells. (The thyroglobulin 
may also make them temporarily hyper­
thyroid, and if a sufficiently large num­
ber of follicles are destroyed hypothy­
roidism may ensue.) Most patients suf­
fering from the disease called Hashimo­
to's struma (struma is anotl1er word for 
goiter) possess antibodies against thy­
roid tissue, but whether the antibodies 
are a cause or an effect of the disorder is 
not known. The patients have a hard and 
often nodular swelling of the gland 
which is infiltrated with lymphocytes 
(one type of white blood cell). 

MONO·IODOTYROSINE 

I 
• 

DI·IODOTYROSINE 

o OXYGEN • IODINE 

HYDROGEN 

THYROID HORMONES ARE CONSTRUCTED from iodine (12) and the amino acid tyrosine 

(top left), making either mono· or di·iodotyrosine. In center row a molecule of mono-iodotyrosine 

joins di-iodotyrosine to make tri-iodothyronine, the most active thyroid hormone. At bottom di­

iodotyrosine molecules combine to produce thyroxine, the most abundant hormone. Some in-
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Probably the most common and most 
serious of all thyroid disorders is hy­
perthyroidism, which is usually accom­
panied by thyrotoxic or exophthalmic 
goiter. Although it was thoroughly de­
scribed by the Irish physician Robert 
Graves in 1835 and the German Karl von 
Basedow in 1840 (it is sometimes called 
Graves's disease or Basedov/s disease), 
its exact cause is as obscure today as it 
was then. The administration of large 
amounts of thyroid hormone to animals 
produces most of the symptoms of hy­
perthyroidism, but not the protruding 
eyes. The pituitary gland appears to play 
some role, because the bulging eyes ap­
pear in certain animals after injection of 
pituitary extracts containing the thyroid­
stimulating hormone, even when the 
thyroid has been removed. The excessive 
secretion of thyroid hormones that oc­
curs in hyperthyroidism does not turn 
off the thyroid-stimulating secretions of 
the pituitary. Perhaps the trouble is due 
to a disorder of the mysterious regulat­
ing centers in the hypothalamic region 
of the brain. There are many other theo­
ries of the cause of hyperthyroidism, but 
none has been conclusively demonstrat­
ed. Treatment, however, is well under­
stood. The physician can choose among 
the alternatives of surgery to remove a 
large part of the thyroid, administering 
radioactive iodine to destroy the gland, 
and using antithyroid drugs to block the 
production of the thyroid hormones. 
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Nonsurgical treatment with antithyroid 
substances such as thiouracil or per­
chlorate controls the disease in 50 to 60 
per cent of the cases. 

Like all the other organs of the body 
the thyroid may become cancerous. Thy­
roid cancer occurs in all age groups. Some 
observers believe that it can be caused 
by X-rays administered in the region of 
the neck to combat an enlarged thymus, 
to reduce infected and inflamed adenoi­
dal tissue or to ameliorate other condi­
tions. The only treatment for cancer is 
complete extirpation of the gland by 
surgery or, if this is impossible, destruc­
tion by large doses of X-rays. Treatment 
with radioactive iodine holds some hope 
for patients in whom the thyroid cancer 
has spread to other parts of the body. 
Thyroid-cancer cells frequently have the 
ability of normal thyroid cells to absorb 
iodine; hence radioactive iodine may 
selectively destroy the cancer cells. The 
occasional benign tumors (adenomas) 
found in the thyroid gland should be re­
moved surgically, especially in child­
hood, as a precaution against cancer. 

Though physicians are now able to 
manage most thyroid disorders, and 

laboratory investigators have learned 
much about the function of the gland, 
large areas of ignorance remain. One 
basic question that remains unanswered 
is: Exactly how do the thyroid hormones 
accelerate the processes of the body? 

TRI-IODOTHYRONINE 

• • • 
•• •• 

<>-0--. .v. ' .... . . D 
•• •• 

• • • 
@O 

THYROXINE 
vestigators believe that thyroxine may be formed first and then be converted to tri-iodo­
thyronine by the loss of one atom of iodine. All the steps shown here are mediated by 
enzyme systems. Only significant products are shown; the equations are incomplete. The 

recently discovered hormone di·iodothyronine, which has two atoms of iodine, is omilled. 

an effective material 
for neutron shielding 
Boral is a uniform dispersion of boron 
carbide crystals in aluminum. Its high boron 
carbide content (up to 50%) enables it to 
absorh thermal neutrons without the pro­
duction of hard gamma rays. 

Boral Plate can be worked to meet the 
requircrnenLs of a wide range of shielding 
applications. It can be drilled, tapped, 
punched, sawed, sheared, formed, and 
welded. The accompanying sketches show 
typical designs and assembly methods. 

Shut-down Control Rod for Reactors 

Assembly of this unit is made by arc welding. 
All edges of Boral Plate are clad. The center 
har is tapped to receive the threaded rod. 

Storage Cells for Fresh Fuel 

Cells are usually used in assemblies of 
several fuel units, encased in alulninum or 
stainless steel cylinders. The Boral shapes 
should have corner radii of %:"; length can 
be up to 12 feet. 

Water-cooled Boral-lined Case 
for Spent Fuel Elements 

This Boral-lined aluminum case with egg­
cra te type separa tors for the transportation 
and storage of spent fuel units, is assembled 
from Boral Plate by arc welding. 

Typical and Potential Applications 

Reactor shields, neutron curtains, shutters 
for thermal curtains, safety rods, storage 
and shipping containers for fissionable 
material, fabricated hoxes for radiation­
sensitive devices, protective shields for 
easily activated components. 

Brook5 & Perki1Js� thefirSl commercial producer of 

8oral, illvites you to selld for technical 
data and literature. 60-T-ll 

BROOKS & PERKINS, INC. 
1920 W. FORT STREET. DETROIT 16, MICHIGAN 

Offices in Washington and New York 
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IMMUNOELECTROPHORESIS 

This forrnidable word and the technique it identifies are derived 

froITI inlmunochemistry and electrophoresis. These nlethods have been 

combined Into a preCIse tool for the study of protein chemistry 

P
roteins, as every elementary text­
book of biology states, are among 
the fundamental molecular constit­

uents of living matter. Hundreds of 
these giant molecules have been identi­
fied; in some cases their size and shape 
have been determined and their struc­
ture has been roughly diagrammed. As 
enzymes, hormones and antibodies they 
are assigned numerous specific roles in 
the chemical reactions that constitute 
the normal and pathological processes of 
life. This knowledge, much of it gained 
only in the past two decades, already 
serves practical ends in medicine and in 
industrial chemistry. 

Most of what is known about proteins, 
however, concerns proteins in general, 
not individual proteins. So far no inves­
tigator has been able to determine the 
complete structure of even the simplest 
protein molecule. By the same token no 
one has worked out in full how any one 
protein is synthesized or how it performs 
its biological function. One measure of 
the present humble state of knowledge is 
the fact that it is practically impossible 
to isolate a single protein in a homo­
geneous preparation. The task of purifi­
cation is made more difficult by the in­
sensitivity of present analytical tech­
niques to the differences among very 
similar proteins. 

All methods of physical and chemical 
analysis fail when it comes to determin­
ing what proteins are present even in 
such a thoroughly studied substance as 
blood serum. This pale yellow fluid, 
which comprises those fractions in a sam­
ple of blood that remain when the other 
fractions have clotted, contains dozens of 
different proteins. The classical proce­
dure for separating the protein constitu­
ents of such a complex solution is to add 
protein-precipitating reagents under 
carefully controlled conditions of con-
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centration and temperature. The protein 
fractions are thus separated according 
to their relative solubility in different 
environments. Differences in solubility 
are also the basis for classifying proteins 
as albumins or globulins and globulins in 
turn as euglobulins and pseudoglobulins. 
Each of the fractions thus obtained is 
made up of a greater or lesser number 
of different proteins so similar chemically 
that they cannot be distinguished from 
one another by solubility criteria alone. 
This becomes apparent when one of the 
fractions is itself analyzed by the far 
more precise and discriminating tool of 
electrophoresis. A technique developed 
for just this purpose, electrophoresis dis­
tinguishes proteins by the rate at which 
they migrate toward an electrode in a 
conducting solution. In an electropho­
resis apparatus the globulin fraction of 
blood serum separates into at least three 
subfractions, called alpha, beta and gam­
ma globulin. 

But each of these subfractions still 
represents an assortment of individual 
proteins. As is well known, the gamma 
globulin subfraction contains most of the 
antibodies that the tissues of the body 
generate in the so-called immune re­
sponse to a foreign substance such as an 
antigen from an infectious organism. 
The high specificity with which each 
antibody reacts with its complementary 
substance only serves to emphasize the 
lack of discrimination in the available 
techniques for analyzing and separating 
proteins from one another. Specificity is 
a characteristic of almost all proteins, 
either in their biochemical activity or in 
their unique structures, which are de­
termined by the biological species from 
which they are derived. Among proteins, 
enzymes and antibodies are the most 
specific in their chemical activity. The 
enzyme urease catalyzes the breakdown 

of a certain chemical bond in urea, but 
it has no effect upon the same type of 
bond in hundreds of other biological 
molecules. The specificity of protein re­
actions underlies the fact that a sperm 
cell can fertilize only the egg cell of its 
own species; it also explains many other 
aspects of the individuality of cell, tissue 
and organism. Biochemical specificity 
thus provides a useful criterion for the 
identification of a protein. 

Further chemical characterization re­
quires that the protein be isolated. It is 
difficult, however, to secure a pure prep­
aration of an antigen, and even more 
difficult to prepare a single antibody 
from an antiserum; consequently some 
analyses must be made with solutions 
that are mixtures of these reactants. If 
whole unfractionated serum is used as 
an antigen and an antiserum specific for 
serum proteins is used as the antibody, 
the resulting product would contain the 
precipitates of several antigen-antibody 
reactions. Thus even the immune reac­
tion sometimes fails to provide an ana­
lytical method. 

To meet this difficulty Pierre Grabar 
of the Pasteur Institute in Paris and 

I undertook to combine electrophoresis 
and the antigen-antibody reaction as a 
method of identifying a single protein in 
a mixture. As the result of our work and 
important contributions by others, bio­
chemistry now possesses a technique, 
known as immunoelectrophoresis, that 
has demonstrated great analytical pow­
er. It employs two independent criteria 
to distinguish proteins from one an­
other, first segregating the proteins ac­
cording to their electrophoretic mobility 
and then identifying them by the highly 
specific immune reaction. Immunoelec­
trophoresis thus takes advantage of fun­
damental developments achieved along 
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two different lines of research during the 
past 25 years. These were developed 
principally by Arne Tiselius and Orjan 
Ouchterlony of Sweden and Jacques 
Oudin of France. 

It was Tiselius who established elec­
trophoresis as a technique for analyzing 
and separating proteins [see "Electro­
phoresis," by George W. Gray; SCIEN­
TIFIC AMERICAN, December, 1951 J. The 
electric charges that cause proteins to 
migrate in an electric field are carried by 
acidic or basic groups of atoms in the 
molecules; whether the net charge is 
positive or negative varies with the hy­
drogen-ion concentration (pH) of the 
solution. Tiselius's apparatus consists of 
a U-shaped tube with an electrode in 
each arm. The protein sample to be ana­
lyzed is dissolved in a buffered solution 
of known pH. In the case of blood serum 
the buffer (usually Veronal, the well­
known barbiturate) gives all of the im-

portant proteins a net negative charge. 
When the solution is poured into the 
tube and the current tumed on, the pro­
teins all migrate toward the anode, but 
each migrates at a characteristic rate de­
termined by the amount of its charge. 
Thus they separate from one another in 
the solution, with reasonably sharp 
boundaries between them. 

In 1937, with his first publication on 
this brilliant invention, Tiselius demon­
strated that serum proteins could be 
classified according to their electropho­
retic mobility. In addition to distinguish­
ing the fast-moving albumin fraction he 
showed that the globulin fraction con­
tained at least three different proteins, 
which he called alpha, beta and gamma 
globulins in the order of their decreas­
ing mobility. Although it is now known 
that these components contain many 
more proteins, Tiselius's system of no­
menclature still stands. 

An ingenious refinement was added to 
Tiselius's "moving boundary" apparatus 
in 1939 by Lewis G. Longsworth of the 
Rockefeller Institute. Tiselius had orig­
inally equipped the device with an op­
tical system that made the boundaries 
between the protein layers visible as 
shadows, or schlieren. Longsworth in­
troduced a mechanical schlieren-scan­
ning device that showed the positions of 
the boundaries as a pattem of peaks and 
valleys that can be projected onto photo­
graphic film [see top illustration on next 
page]. The area under each peak indi­
cates the concentration of the protein 
fraction responsible for the boundary. 
(The last peak in the illustration, how­
ever, represents the buffer.) This is the 
form in which moving-boundary electro­
phoretic patterns are most often seen 
today. 

Moving-boundary electrophoresis is 
best suited for the analysis of the rela-

MODIFIED ELECTROPHORESIS APPARATUS is used in im­
munoelectrophoresis to separate proteins according to their mo­
bility in an electric field. A drop of the protein solution is placed 

in either of the two small round wells on the agar·covered glass 

plate at center. Direct current flows through the electrically con· 
ducting buffer solution in tbe trays via two T·shaped electrodes 
(left and right). Two strips of wet filter paper dipping into the 

buffer provide the necessary electrical contact with the plate. 
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MOVING-BOUNDARY ELECTROPHORESIS pattern of normal 
human-blood serum was made by the schlieren-scanning method_ 
Area under each peak indicates the concentration of one component 

ZONE ELECTROPHORESIS shows the components of human 
serum as a series of dark bands. Band at left is both albumin and 

IMMUNOELECTROPHORESIS pattern is a series of arcs. Albu­
min is represented by the arc at far left; gamma globulin, hy the 

13 2 

of the solution. The tall peak at left represents albumin; the sec­
ond, alpha-one globulin; the third, alpha-two globulin; the fourth, 
beta globulin; the fifth, gamma globulin; and the last, the buffer_ 

alpha-one globulin; band at right, gamma globulin. The bands be­
tween show more fractions than does the moving-boundary pattern. 

flattened arc at far right. The remaining arcs represent a variety or 
globulins and other proteins (see top illustration on page 138)_ 
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ti'le amounts of protein in each fraction. 
Because the protein solutions overlap 
each other in the V-tube, the method 
is not suited to achieve actual physical 
separations of the proteins. For this pur­
pose most workers use a related tech­
nique known as zone electrophoresis, 
first described by P. Koenig of Brazil in 
1937 and later developed by the British 
chemists R. Consden, A. J. P. Martin and 
A. H. Gordon. In this method a solid 
or semisolid support such as filter paper, 
starch grains or agar gel contains the 
buffer solution. To prepare a starch ma­
trix, a slurry of buffer solution and starch 
grains is deposited on a glass plate to 
build up a cake about half an inch thick. 
The proteins, in a slurry of buffer and 
starch, are deposited in a trough cut in 
the cake at right angles to the path of 
electrophoretic migration. At the end of 
electrophoretic migration the several 
proteins will be resolved into zones ac­
cording to their electrical mobility [see 
middle illustmtion on opposite page]. 
The zone containing the desired protein 
can now be cut away and the protein 
extracted. 

Zone electrophoresis can also be used 
for analysis, particularly when the high 
precision of the Tiselius technique is un­
necessary, or when many samples must 
be examined, as in clinical studies. Here 
filter-paper strips soaked in buffer solu­
tion are the customary medium, al­
though thin layers of starch or agar are 
also used. 

Even serum protein fractions pre­
pared by zone electrophoresis, however, 
behave immunochemically as complex 
mixtures when they are reacted with 
antiserum containing antibodies against 
the many protein antigens in whole se­
rum. Working independently, Oudin at 
the Pasteur Institute and Ouchterlony at 
the Karolinska Institute found ways to 
circumvent this difficulty. Oudin devised 
a method by which complex antigen­
antibody systems could be analyzed by 
allowing them to react in a capillary tube 
filled with agar. The antibody solution is 
mixed with warm agar, which is then al­
lowed to harden in the tube. When the 
antigen solution is added, the reaction of 
antigen and antibody forms a layer of 
precipitate in the agar. With several 
antigen-antibody systems generally pres­
ent, several layers of precipitate form at 
different levels in the tube, depending 
upon the rates at which the antigens 
diffuse into the gel. 

Ouchterlony's technique is similar, but 
differs from Oudin's in that it permits 
both antigen and antibody to diffuse into 

DOUBLE·DIFFUSION TECHNIQUE of Orjan Ouchterlony produces a pattern of lines 
on an agar plate. Antigen and antibody solutions are placed in separate wells and diffuse 

together to form milky lines of precipitate, one for each antigen.antibody system present. 

REACTION IS IDENTIFIED by cutting a third well in the agar and filling it with a 
purified solution of either the antigen or the antibody. The line of precipitate formed by 

their reaction will join that of the identical reaction to form a continuous chevron (bottom). 

Lines that intersect (top), or those tbat do not touch, indicate reactions of nonidentity. 

COMPLEX PATTERN of precipitates appears when whole human serum is reacted with 

antiserum from horse 31. Although more than 20 different antigen.antihody systems are 
present, the location of the gamma globulin reaction is indicated by a chevron of precipitate. 
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A Full Four-Digit Voltmeter 

at a Pointer Meter Price! 

FOR THE FIRST TIME you can have 

the accuracy, speed and reliability of 

an NLS digital voltmeter with full 

four-digit resolution ... for the price 
of a quality pointer meter. That's the 

dramatic story of the new NLS V64! 

Only NLS high-volume production 

techniques make it possible. Use low­

cost, versatile V64 for a wide range 

of measuring jobs. See the V64 in 

action ... contact NLS today! 

BRIEF SPECIFICATIONS: Accuracy ± (.02% 
of reading plus I digit) .. full 4-digit resolution 
... measures DC voltages from one millivolt to 
500 volts in steps of ±9.999/99.99/500.0 . . .  one 
package design (51,4" high, 15v:." deep for 19" 
rack) ... plug-in accessories permit measuring 
AC or low-level DC voltages ... available from 
stock for immediate delivery. 

non-linear systems inc. 
DEL MAR (SAN DIEGO), CALIFORNIA 
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an agar-filled glass dish that initially 
contains neither reactant. A few drops 
each of the antigen and the antibody 
solution are placed separately in small 
wells cut into the agar. Antigen and anti­
body diffuse outward toward each other 
at a rate related to their concentration 
and their diffusion coefficients. A line of 
precipitate forms where an antigen en­
counters its antibody. Because of differ­
ences in diffusion rate, the lines are 

distinctly separated [see top illustration 
on page 133]. The clean separation of 
lines on the Ouchterlony plates makes it 
possible to distinguish more reactions 
with them than with the Oudin tubes, 
and consequently the plates are more 
useful in studies of complex systems. 

T he line of precipitate formed by an 
- individual reaction can be identified 

if either the antigen or the antibody is 
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ARC PATTERN IS DEVELOPED on immunoelectrophol'esis plates by first spreading out 

the antigens (colored spots) by electrophoresis (top pillte). Their fin"l position on the 
plate is determined both by their electrophoretic migration (solid arrow) toward the anode 
and by the movement (brokenllrrow) of the buffer solution toward the cathode. When cur­
rent is turned off (second plme), antigens diffuse outward and meet antibodies diffusing in­
ward from a trough in agar (third plate) . They precipitate (bottom plate) in a pattel'll of arcs. 
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WHAT WAS SINGER DOING AT PORT WASHINGTON? At this important U. S. Naval Training Device Center, 

the Navy is solving a basic problem in today's design engineering: how to accommodate complex electronic equipment 

to the performance capabilities of a human operator. Human engineering specialists of the Singer Military 

Products Division worked with Navy research teams to develop fundamental design principles for electronic 

apparatus. The aim: practical maintainability by the average technician. The result was a manual titled 

Maintainability; A Guide to the Design of Electronic Equipment. A division of The Singer Manufacturing Company, 

SMPD is composed of Singer-Bridgeport, Diehl Manufacturing Company and HRB-Singer. 

A comprehensive brochure describing SMPD engineering and production facilities is yours for the asking. 
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available in relatively pure form. The 
precipitate of diphtheria toxin and its 
antibody, for example, can be located on 
an Ouchterlony plate on which the toxin 
and the antibody have already formed 
lines of precipitate. A third hole is cut 
in the agar and filled with purified toxin. 
Just as in the previous reactions, the 
toxin diffuses passively through the var­
ious reactants until it encounters and re­
acts with its antibody. The line of pre­
cipitate formed by this reaction joins the 
line formed by the same reaction in the 
original pattern, producing a continu­
ous "chevron" of precipitate [see middle 
illust1"ation on page 133J. The "identity" 
reactions marked by these chevrons per­
mit the investigator to label the compo­
nents of a complex mixture of proteins. 
Conversely, lines of precipitate that in­
tersect without joining indicate reactions 
of "non identity." 

Ouchterlony's double-diffusion meth­
od found immediate success in immuno­
chemistry and has become a standard 
technique in protein studies. Powerful as 
it is, it was not equal to the task of iden­
tifying all the antigens revealed by an 
antiserum against whole human serum. 
In 1952, when I joined Grabar and his 
colleagues at the Pasteur Institute, they 
were attempting just such a task with 
antiserum from a horse designated horse 
31. The unusually large number of dis­
tinct antibodies induced in horse 31 by 
the injection of whole human serum pro­
duced an indecipherable array of lines 
on an OuchterIony plate. With only two 
or three human-serum proteins available 
in even partially purified form, only two 
or three of the lines could be labeled by 
means of the identity reaction [see bot­
tom illustmtion on page 133]. 

It was then that Grabar and I decided 
to try a new approach. We reasoned that 
on an agar-covered glass plate electro­
phoreSis would string out the human 
antigens in a line of spots, as if the vari-

ous antigens had been separated and 
placed in separate wells to begin with. 
After the electrophoresis was completed, 
the antigens would diffuse radially out­
ward from each of these spots, as on a 
standard Ouchterlony plate. To precipi­
tate each of the antigens the antibody 
solution had to be placed in a trough 
extending the length of the plate and 
allowed to diffuse laterally inward to­
ward the line of spots [see illustmtion 
011 page 134]. Within a week these spec­
ulations were supported by a successful 
experiment; using the antibody-rich 
serum from horse 31 we were able to 
detect about 25 distinct human-serum 
proteins distributed among the electro­
phoretic zones on the plate. 

The geometry of the diffusion fronts 
in this procedure provides an added re­
finement: The antigen-antibody pairs 
precipitate not as straight lines but as 
elliptical arcs. Since each of the pairs 
reacts and precipitates independently of 
the others, its arc crosses those of unre­
lated reactions. Like the intersecting 
lines on Ouchterlony plates, the crossed 
arcs indicate that their reactants are 
immunochemically different proteins. 
Thanks to the geometry of the arcs the 
pattern has a high resolving power. A 
line drawn through an arc at the point 
farthest from the path of electrophoretic 
migration, and perpendicular to this 
path, will indicate the center of concen­
tration of each antigen on the plate re­
gardless of the antigen's relative concen­
tration [see illustmtion below J. Presence 
of large amounts of two or three antigens 
thus cannot mask the presence of trace 
amounts of others, provided the others 
are abundant enough to cause the for­
mation of an arc of precipitate. Usual­
ly a few millionths of a gram are suf­
ficient, giving the method the ability 
to detect smaller quantities of protein 
than any other electrophoretic technique. 

Our next step was to decipher and in-

) 

RESOLVING POWER IS ENHANCED by the geometry of the arcs. By drawing a per­
pendicular (vertical broken line) from the widest point of the arc (horizollud broken lille) 

to the path of electrophoretic migration (arrow) it is possible to locate the center of concen· 
tration of each antigen, thus preventing an abundant reactant from masking traces of another. 
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NEW TUBE TECHNIQUES FOR TOMORROW'S ELECTRONICS 

THIS BIG SQ,UEEZE EXPANDS YOUR DESIGN HORIZON 
Forced beyond its elastic limit by 20 tons of pressure, 

metal flows around the ceramic to form a clean, low­

loss seal. From the research and development facilities 

of RCA's Industrial Tube Products Department comes a 

totally new concept in UHF tube techniques. Called 

"radial compression," this unique ceramic-to-metal seal­

ing method requires pressure alone-without f01'eign in­

terface material of any kind. It creates extremely clean, 

low-loss seals of larger diameters than were ever before 

feasible ... it permits the design of tubes that set a new 

standard of performance and reliability in the vital UHF 
ceramic-metal tube field. Ceramic-metal technology 

is only one of the many areas in military and industrial 

electronics which have profited from the constant R&D 
work being done at RCA's Industrial Tube Products De­

partment in Lancaster, Pennsylvania. Significant con­

tributions are being made to high-power vacuum tube 

design, photo-electronics, ultra-high vacuum technology, 

megawatt electronics, microwave theory and techniques, 

and many other areas just as critical to your electronics 

future. If you have a problem which cmtld benefit from 

this productive kind of 1·esea1·ch and development, write 

to the Marketing Manager, RCA Industrial Tube Prod­

ucts Department, Lancaste1', Pennsylvania. We will be 

happy to discuss it with you. 

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 

RADIO CORPORATION OF AMERICA 
Electron Tube Division Harrison, N. J. 
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ex, HAPTOGLOBIN 

HUMAN SERUM PROTEINS produce this pattern on an immuno· 
electrophoresis plate when reacted with horse antiserum. Arc pat· 

A GLOBULIN IS PURIFIED, using immunoelectrophoresis to de· 
tect impurities. First crude fraction (top) contains a complex mix· 
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ex, CERULOPLASMIN 

ex, MACROGLOBULIN 

tern is the same at top and bottom of plate because the antiserum 
was allowed to diffuse inward from two troughs instead of one. 

ture of antigens; after further purification (center) two antigens 
remain; finally (bottom) only a single beta·one globulin remains. 
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terpret a variety of new arc patterns 
that appeared on the slides. The gamma 
globulin arc, for example, was asym­
metrical, resembling an unevenly bent 
bow. vVe now know that this pecu­
liar pattern arises from the fact that some 
of the gamma globulin proteins migrate 
electrophoretically much faster than oth­
ers, skewing their distribution on the 
plate. Despite their differences in mobili­
ty, however, these proteins are so closely 
related chemically that some antisera 
will not distinguish between them, which 
explains why the precipitate forms a 
smooth, continuous line rather than sev­
eral intersecting arcs. 

Occasionally a continuous, double­
humped arc appears. The distance be­
tween the humps indicates the presence 
of at least two electrophoretically differ­
ent substances; yet the two antigens are 
so similar that once again a less spe­
cific antibody fails to distinguish be­
tween them. Diphtheria toxin and toxoid 
are excellent examples of such sub­
stances. The toxoid is produced in the 
laboratory by treating the purified bacte­
rial toxin with formaldehyde. The slight 
chemical change brought about by this 
treatment brings a radical change in bio­
logical activity: the toxoid is harmless 
to the body. Nonetheless it induces 
the formation of antibodies (in this 
case called antitoxin) that neutralize 
the toxin. Immunologically the toxin 
and toxoid are indistinguishable; they 
react identically with the antitoxin in 
the test tube and on the agar plate. 
But the slight chemical difference be­
tween the toxin and the toxoid gives 
them different electrophoretic mobili­
ties. The two may therefore be dis­
tinguished from each other by immuno­
electrophoresis. 

During the past six years immuno-
electrophoresis has been modified 

and adapted to research and clinical work 
in laboratories throughout the world. 
Shortly after we first published our re­
sults, Jean Jacques Scheidegger of the 
UniverSity Polyclinic in Geneva devel­
oped a method of performing the entire 
operation on a microscope slide. Since 
this technique requires only a few hun­
dredths of a milliliter of antiserum and 
even less antigen, it is quite useful where 
these reactants are scarce. And because 
the antigens on many slides can be sepa­
rated at one time in the electrophoretic 
apparatus, the technique is useful in 
clinics where many analyses must be 
performed or where the results are 
needed as quickly as possible. As might 
be expected, the resolving power is not 
so great as that obtainable with larger 

COPYING MACHINES 

give you dry copies 

4 seconds FAST 
You're hurrying to get to that meeting ... suddenly you 
need extra copies. That's no problem with a "Thermo-Fax" 
Copying Machine in your office. In just seconds you have 
dry copies in your brief case. 

Using no chemicals these machines turn out a perfectly 
dry, clean copy in just 4 seconds-electrically. And copies 
can be made on white, bond-weight paper-or on any of 6 
other distinctive colors. 

"Thermo-Fax" Copying Machines copy just about every­
thing, quickly and easily. Such routines as billing, account­
ing and addressing are speeded. To see one of these time­
savers at work, call your dealer now. Or mail the coupon. 

On(1J "Thermo-Fox" Copying Machine!: 
do so many jobs ... so quickly. 

so easily. for such {ow cost! 

"Machines that mean business" 
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MULTIPLE SCLEROSIS produces a high concentration of gamma 

globulins in cerebrospinal fluid. In arc pattern of normal spinal 

fluid (top) gamma globulins appear as the weak arcs at right; in 
multiple sclerosis (bottom) they become much more prominent. 

plates; nevertheless information thus col­
lected by Joseph Heremans of the Uni­
versity of Louvain has enabled us to 
label a considerable number of arcs in 
a full-sized immunoelectrophoretic pat­
tern of human serum v. horse 31 anti­
serum [see top illustration on page 138]. 

The names of the proteins identified 
so far by immunoelectrophoresis reflect 
both their electrophoretic mobility and 
some of their physical, chemical or phys­
iological characteristics. The globulin 
beta-one transferrin, for example, is a 
protein apparently associated with the 
transport of iron in the blood. The alpha­
two haptoglobin is one of a class of pro­
teins that combine with hemoglobin; 
their number and type have been dem­
onstrated to be genetically determined in 
man, and they are currently the subject 
of numerous studies. 

The use of immunoelectrophoresis to 
test the purity of a solution of one of 
these proteins is demonstrated in the 
three photographs at the bottom of page 
138. The large number of lines in the 
top plate indicates the antigenic com­
plexity of a first crude fraction of beta 
globulins. After further separation by 
chen-iical methods, only two major com­
ponents remain [middle plate], and fi­
nally all the unwanted proteins have 
been removed, leaving a single antigen, 
a beta-one globulin [bottom plate]. 

I n clinical work immunoelectrophoresis 
has been employed as a test for the 

presence of serum proteins associated 
with disease. The bone-marrow cancer 
known as multiple myeloma, for exam­
ple, is accompanied by the appearance 
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in the bloodstream of considerable 
amounts of abnormal "paraproteins." 
Paraproteins are apparently modifica­
tions of normal proteins, but it is cur­
rently a matter of debate whether they 
are ordinarily present in undetectable 
amounts or whether they appear only 
during disease. Another controversy 
turns on the issue of whether parapro­
teins are produced by malignant cells or 
whether they are the product of mal­
functioning normal cells. To shed light 
on such questions immunoelectrophore­
sis has been used to determine the nor­
mal protein to which a given paraprotein 
is most closely related. Three experi­
ments conducted in the course of this 
work appear on the cover of this issue of 
SCIENTIFIC AMERICAN. 

Multiple sclerosis, a degenerative dis­
ease of the myelin sheaths of nerve fibers 
in the central nervous system, is accom­
panied by a sharp increase in the gamma 
globulin content of the patient's spinal 
fluid. Immunochemical and electropho­
retic methods have detected this symp­
tom in up to 70 per cent of the cases 
examined, and in most of these the in­
crease is quite striking. Immunoelectro­
phoresis has shown that this increase in 
the total amount of gamma globulins 
is due to an increase in the relative 
amounts of certain gamma globulin com­
ponents in the pathological fluid. 

Immunoelectrophoresis can also help 
to clarify puzzling relationships between 
pathogenic and nonpathogenic bacteria. 
For example, it has detected the protein 
antigens that distinguish the virulent 
tubercle bacillus from the harmless 
members of its class. Whether or not 

these proteins are related to the patho­
genicity of the organism has yet to be 
determined. Immunochemical tech­
niques have also been successfully ap­
plied to the related task of determining 
the biochemical kinship of animals [see 
"The Blood Relationships of Animals," 
by Alan A. Boyden; SCIENTIFIC AMERI­
CAN, July, 1951], and some of these in­
teresting results are being examined in 
depth by immunoelectrophoresis. 

Immunoelectrophoresis has also 
opened a whole new avenue of research 
in embryology by making it possible to 
determine at what stage a developing 
tissue first takes on its biochemical iden­
tity. To study the development of the 
liver in the chick, for example, an anti­
serum is prepared by injecting an extract 
of liver tissue from an adult chicken into 
another animal. The immunoelectro­
phoretic pattern of the antigens from the 
presumptive liver of, say, a 72-hour-old 
chick embryo can be compared with the 
pattern of the adult-liver antigens. Cor­
responding arcs in the two patterns are 
evidence for the presence of adult-liver 
proteins in the newly differentiated tis­
sue. Conversely, the absence of an arc 
indicates that such antigens have not yet 
developed. Repetition of the test until a 
positive result is achieved should accu­
rately determine the stage at which the 
adult proteins appear. 

It is safe to predict that the most re­
warding applications of immunoelectro­
phoresis still lie ahead. At present it is a 
qualitative method, but if current at­
tempts to adapt it to quantitative analy­
sis prove successful, it will become even 
more valuable in the study of proteins. 
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A new dimension is added ... 

SYLVANIA ELECTRONIC SYSTEMS 
now serves as 

Government systems managers 

for all subsidiaries of 

General Telephone & Electronics Corporation 

... offering single-source capabilities for integrated 

Communications-Data Processing-Electronic Display Systems 

N ow Sylvania -long experienced in the field of defense systems research, development and 

production - offers this far more comprehensive yet unified source of systems management 

and capability. Systems-oriented in concept and personnel, Sylvania Electronic Systems inte­

grates under one direction all the skills and facilities of one of the world's leaders in com­

munications and electronics - General Telephone & Electronics, and its subsidiaries, including: 

SYLVANIA ELECTRIC PRODUCTS INC. 

AUTOMATIC ELECTRIC COMPANY 

GENERAL TELEP HONE & ELECTR ONICS LABORATORIES INC. 

GENERAL SYSTEM OPERATING COMPANIES 
of General Telephone & Electronics 

LENKURT ELECTRIC CO., INC. 

LEICH ELECTRIC COMPANY 

ELECTRONIC SECRETARY"" INDUSTRIES, INC. 

HOW SYLVANIA ELECTRONIC SYSTEMS BENEFITS YOU ... 

Sylvania Electronic Systems makes it possible to obtain complete defense systems of the 

highest quality, of specified performance, delivered on schedule at competitive costs. When 

you work with Sylvania Electronic Systems you enjoy the many advantages of: 

One-Source P rocurement . One-Source Authority and Responsibility 

Quick-Reaction Capability . Efficiency • Financial Accountability . Experience 
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Communications Systems 

SYLVANIA ELECTRONIC SYSTEMS now provides you 
with headquarters for systems management and 
advanced technology for all types of major communi­
cations systems. Skills and experience cover the 
complete electromagnetic spectrum in the media of 
air, space, water and ground. In addition to the 
capabilities of the 32 domestic and international 
telephone operating companies of the General System, 

this integrated systems group offers advanced equip­
ment and development capabilities in automatic 
electromechanical and electronic switching systems, 
central office and terminal equipment, toll and 
exchange voice, telegraph, and data carrier transmis­
sion systems for wire, cable, and radio applications, 
microwave relay and mobile radio systems, and low 
detectability and secure communications systems. 

Data Processing and Display Systems 

Sylvania has been heavily involved in special and 
general-purpose digital data processing since 1946. 
The most recent notable achievement in this field-the 
design and development of MOBIDIC. This solid state, 
mobile, general-purpose computer will give field 
armies real-time solutions to many intelligence and 
reconnaissance problems, near-instantaneous answers 
to operational problems involving logistics, inventory 

control, etc. Of great significance are advanced tech­
niques developed for electronically driven electro­
luminescent display equipments and systems. 
SYLVANIA ELECTRONIC SYSTEMS has subsystem 
management and development responsibility for the 
data processing portion of the Air Force BMEWS 
program, including new concepts of 3-dimensional 
data take-off circuitry and equipment. 

Detection and Tracking Systems 

With the advent of satellites, IRBM's and ICBM's, 
early warning, detection and tracking systems become 
of paramount importance. SYLVANIA ELECTRONIC 
SYSTEMS has an advanced capability in high resolu-

tion, electronically scanned radar. As a specific 
example, Sylvania has management and development 
responsibility for the Army's AN/MPQ-32, a mobile 
arti Ilery detection, tracking and fire control system. 

Intelligence and Reconnaissance Systems 

In recent years, Sylvania has developed numerous 
types of broadband ferret receivers, signal analyzers, 
and sensing devices across the entire spectrum. 
Advanced anti-intrusion devices are now under devel-

Electronic Warfare Systems 

Sylvania is acknowledged as one of the nation's leaders 
in electronic warfare in its broadest sense. This 
capability pertains to countermeasures and counter­
countermeasures aga(rist all known types of electro­
magnetic radiation. In addition to managing such pro-

opment. The United States Air Force ANI pro­
gram is representative of the type of programs in this 
area for wh ich Sylvania has demonstrated its capabi I i­
ties for development and management responsibi lity. 

grams as the passive defense system for the B-58 and 
portions of the B-52 passive defense system, Sylvania 
maintains a complete quick-reaction capability and 
facility for a wide variety of Army ground-based elec­
tronic warfare activities. 
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SYL VANIA ELECTRONIC SYSTEMS now offers you complete horizontal and 

vertical integration of all the capabilities of General Telephone & Electronics. Ver­

tically from raw materials to components and on up to equipments, subsystems 

and systems. Horizontally from complex operations research studies, to systems 

analysis, engineering and management, and all the way through conversion to pro­

duction and quality field service. 

Listed here are but a few system, subsystem, equipment or analysis accomplish­

ments of one or more of the member companies and affiliates of this new and com­

plete integrated systems organization: 

COMMUNICATIONS 

• Dial Telephone systeIns 

• AutoInatic electroInechanical 

and electronic s�itching systems 

(e.g. AN/FGC-30) 

• Shipboard AutoInatic Telephone systeIns 

• Digital cOInInunication equipInent 

( e.g. AFSAY-D8 07, DEX-503, KX-3, F9-C, 

BLADES, ALPHA) 

• UHF-VHF equipInent 

( e.g. AN/A RC-3, -34, -36, -49, -50) 

• Carrier equipment for DEWline, WHITE ALICE, 

TEXAS TOWERS, QUICK-FIX (e.g.45BN, BX) 

• Multiplexing equipInent 

( e.g. Universal Multiplexer Set AN/FCC-17 ) 

• Micro�ave Relay and Mobile Radio SysteIns 

(e.g. Microtel Type 74-A and Mobiltell 

• Automatic �arning and alarIn systeIns 

DATA PROCESSING AND DISPLAY 

• BMEWS data take-off and 

data processing subsysteIns 

• MOBIDIC general-purpose digital computers 

• UDOFT digital flight trainers 

• Data processing subsysteIns for AN/MPQ-32, 

AN/ASD-l and PLATO 

• Sylvatron electronically driven 

electroluIninescent display systems 

DETECTION AND TRACKING 

'PLATO anti-Inissile systeIn 

'AN/MPQ-32 detection and tracking systeIn 

• Phased array radar subsysteIns 

(e.g. PLATO, E SBR, ESAR) 

• 219-L and 416-L systeIn analyses 

.AN/SPS-l0 radar 

INTELLIGENCE 

AND RECONNAISSANCE 

.AN/ reconnaissance systeIn 

.AN/ASD-l reconnaissance subsysteIns 

• ADAGE systeIn analysis 

ELECTRONIC WARFARE 

.Passive defense systeIn for B-58 

• Passive defense subsysteIn for B-52 

• Ground-based ECM systeIns 

(e.g. AN/MLQ-8, -9, -19, -21) 

·PARADE CCM system 

.AN/TLR-l, -2, -15, -22 ferret receivers 

.AN/ALR-12 receiver 

• AN/ALQ-6, -15, -16, -27 

noise and deception ECM gear 

• ProxiInity fuses 

FOR FULL INFORMATION on how Sylvania Electronic Systems might 

be of special service to you, please call or write Sylvania Electronic Systems, 
a Division of Sylvania Electric Products Inc., Waltham, Massachusetts. 

SYLVAN IA ELECTRONIC SYSTEMS 

Government Systems Management 

for GENERAL TELEPHONE & ELECTRONICS 

144 

© 1960 SCIENTIFIC AMERICAN, INC



"TRUTH" DRUGS 

Certain drugs have been used to interrogate suspected criminals. Can 

they in fact elicit the truth? If truth means objective reality, the 

ans,ver is no. The drugs have nonetheless been useful in psychiatry 

I n his diagnosis and treatment of men­
tal illness the psychiatrist relies 
heavily upon what the patient says 

about himself and the things that trouble 
him. On occasion the psychiatrist has 
employed drugs with sedative or hyp­
notic effects in order to stimulate the 
patient's talk. The technique, sometimes 
called narcpanalysis, proved useful to 
physicians charged with the care of 
large numbers of emotional casualties in 
the armed forces of the U. S. during 
World War II and the Korean War. In 
the semisomnolent state induced by 
sodium pentothal and other drugs, even 
the usuall; noncommunicative patient 
could talk uninhibitedly. The drugs thus 
helped to speed treatment, supplying 
the therapist in a comparatively short 
time with diagnostic material that might 
not otherwise have been forthcoming in 
hours of interrogation. 

Even before it became established in 
the psychiatric interview, such use of 
drugs excited the interest of people in­
volved in another arena of human diffi­
culty-crime. Police investigators were 
attracted by the possibility that drugs 
might facilitate the interrogation of a 
suspect and of witnesses. Persons ac­
cused, reaching desperately for corrob­
oration of their testimony, have been 
tempted to submit to being questioned 
under drugs. The subjection of any in­
dividual to involuntary examination un­
der drugs is of course as repugnant as 
torture; evidence secured by such meth­
ods is inadmissible in thc courts. But 
the technique has been employed in pre­
trial investigations of crime, and persons 
charged with offenses are sometimes 
challenged to submit voluntarily to ex­
aminatio:l in a drugged condition. Un­
chrlying the willingness of the prosecu­
tion, the accused and the public to tol­
erate this procedure is the idea that the 

by Lawrence Zelie Freedman 

drugs, by stripping away the conscious 
controls of behavior, will lay bare the 
"truth." 

The technique raises serious ethical 
questions. This use of drugs plainly lays 
a threat to the individual's right of pri­
vacy and of self-determination. But per­
haps the most fruitful way to consider 
the questions it raises is on practical 
grounds. Can the drugs in fact elicit the 
truth? If they do not, then what function 
may they effectively and legitimately 
serve in the management of antisocial 
behavior? 

l' he modern "truth" drug has anteced-
ents going back to earliest times. In­

deed, some of the drugs employed in 
narcoanalysis come from the same plants 
that awed primitive man with their pow­
er to alter his perception, ideas and 
emotions. Mandrake root, nightshade, 
belladonna, henbane and Timson weed 
all belong to the family Sol�naceae, vari­
ous species of which contain the narcotic 
alkaloids scopolamine, hyoscyamine, 
atropine and polandrene. These plants 
have been used in religious and magical 
ri tes in all parts of the world: in ancien t 
Europe, in the Orient and in pre-Colum­
bian America. The Pythian priestesses of 
Delphos made their revelations and 
prophecies under the influence of nar­
cotic plant drugs. In Aztec Mexico it was 
believed that the peyote cactus, which 
contains mescaline, conferred the power 
of second sight, which could be relied 
t:pon to discover the identity of a thief, 
to recover lost or stolen property and to 
provide insight into other more arcane 
matters. Peyote is still consumed in a 
kind of communion service by the mem­
bers of the Native American Church, 
which integrates ancient Indian ritual 
with Christianity; in the vivid hallucina­
tions and strange psychic state induced 

by peyote the communicant believes he 
experiences union with God. 

A profound change in man's thinking 
about himself and the universe had to 
occur before the revelations produced 
under narcotics and pharmaceutical 
hypnotics could appear to be psychologi­
cal rather than supernatural manifesta­
tions. At the close of the 18th centurv 
the then young Humphry Davy cam� 
close to the notion of the stream of 
consciousness in his investigation of the 
effects of nitrous oxide upon himself and 
a number of his contemporaries. He per­
suaded Samuel Taylor Coleridge, Robert 
Southey and Peter Roget, among others, 
to record their sensations after breathing 
bags full of "laughing gas," which was 
a fashionable parlor pastime of that 
period. Davy wrote: "I gradually began 
to lose the perception of external things, 
and a vivid and intense recollection of 
some former experiences passed through 
my mind, so that I called out 'What an 
amazing concatenation of ideas!' " 
Roget, later known for his thesaurns but 
then a young physician, said: "My ideas 
succeeded one another with extreme 
rapidity, thoughts rushed like a torrent 
through my mind, as if their velocity had 
been suddenly accelerated by the burst­
ing of a barrier which had before re­
tained them in theii' natural and equable 
course." 

Davy noted that the physical and 
mental effects of the gas varied among 
individuals, their temperament and 
mood, and found that in himself breath­
ing nitrous oxide could alleviate anxiety. 
Looking back, it seems remarkable that 
no one picked up Davy's suggestive re­
marks about the anesthetic possibilities 
of nitrous oxide for surgery or his obser­
vations of the psychic changes it pro­
duces. 

The next illumination of the subject 
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comes from William James, the pro­
pounder of the idea of the stream of con­
sciousness. He was indebted to the 
"anesthetic revelations" of nitrous oxide 
recorded by Benjamin Paul Blood, a 
gentleman farmer of Amsterdam, N. Y. 
"I think," wrote Blood, "most persons 
who shall have tested it will accept this 
as the central point of illumination: that 

sanity is not the basic quality of intelli­
gence, but is a mere condition which is 
variable, and like the humming of a 
wheel, goes up or down the musical 
gamut according to a physical activity; 
and that only in sanity is formal or con­
trasting thought, while the naked life 
is realized outside of sanity altogether." 

This was, James said, a "stepping-

stone of my thinking," though he could 
not share his friend's mystical views. 
From his own experiments with nitrous­
oxide inhalation James drew thc con­
viction that "our normal waking con­
sciousness, rational consciousness as we 
call it, is but one special type of con­
sciousness, whilst all about it, parted 
from it by the filmiest of screens, there 

SODIUM PENTOTHAL IS ADMINISTERED to a veteran by an 

Army psychiatrist at the end of World War II. At that time physi. 

cians found that the use of such drugs during the psychiatric inter­

view would aid the patient's recollection of traumatic experiences. 
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Naugatuck PARACRIL OlO 
The oil-resistant, ozone-resistant nitrile rubber 

I 
, 

! 
f I I I 

A development of Naugatuck research 
now makes it possible to combine in a 
vulcanized rubber wire jacket all these 
properties: 

• Excellent resistance to ozone and 
outdoor "weathering" 

• High abrasion resistance 

• Excellent oil, grease and chemical 
resistance 

COLOR THAT IDENTI FIES 

COLOR THAT ADDS EYE APPEAl. 

in rubberwire jackets 

• Fast CV extrusion 

• • .  PLUS PERMANENT BRIGHT COLORS 
In addition to the pictured uses, 

you will think of dozens of other appli­

cations where wire jacketing with all 

these properties can serve either an 

aesthetic or utilitarian purpose. 

One of Naugatuck's technical rep-

resentatives will be happy to discuss 

with any prospective user the formula­

tion of the Paracril® Ozo compound 

which makes possible this combination 

of properties ... not only in wire jack­

eting, but also in shoe soles, hose 

jackets, weather stripping and many 

other vulcanized rubber products. 

Naugatuck Chemical @ 
• • • •  

Dept. 357P Elm Street 
DIvIsion of Umted States Rubber Company Naugatuck, Connecticut .. u ..... 

... bhr Chlmical! • $Jllthllic lubbtr • PlasliC$ • AVicullul11 Chlmic." • IlcI.imld ""II . IIt�1S • CANADA: "1U1.tuck Ch"Clls Di,i.i ... Dominion lubbll Co .. Ud .. [Imill. Dollno • tABL£: tub-'. R. r. 
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TOBACCO 

(NICOT/ANA TABACUM) 

DEADLY NIGHTSHADE 
(ATROPA BELLADONNA) 

PLANT SOURCES of alkaloid "truth" drugs have been known 

since ancient times. Tobacco, mandrake, deadly nightshade, Jimson 
weed and henbane belong to the family Solanaceae, from various 
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(PODOPHYLLUM PELTATUM) 

PEYOTE 
(LQPHOPHORA WILLIAMS III 

HENBANE 
(HYOSCYAMUS NIGER) 

species of which can be extracted the drugs scopolamine, hyoscy· 

amine, atropine and poland rene. From the peyote cactus (middle 
right) can be obtained mescaline, which causes hallucinations. 
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lie potential forms of consciousness en­
tirely different. We may go through life 
without suspecting their existence; but 
apply the requisite stimulus, and at a 
touch they are there." 

The first suggestion that drugs might 
be employed to facilitate communi­

cation with the emotionally disturbed 
patient came quite by accident in 1916. 
Arthur S. Loevenhart and his associates 
at the University of Wisconsin were ex­
perimenting with respiratory stimulants; 
they found that catatonic patients were 
good subjects because their stuporous 
condition made it easy to record their 
breathing. One such patient, who had 
long been mute and rigid, surprised his 
observers by relaxing and opening his 
eyes after an intravenous injection of 
sodium cyanide; he even answered a 
few questions. The experience was du­
plicated with other patients and by 
other investigators. 

By the early 1930's a number of psy­
chiatrists were experimenting with 
drugs as an adjunct to established meth­
ods of therapy. They were in doubt and 
disagreement, however, as to how the 
drugs brought change in the behavior of 
the patients. Some argued that the re­
laxation and sleep induced by drugs was 
the decisive factor. They accordingly ad­
ministered sufficient doses to put the 
patients in deep sleep and were able to 
report that even severely catatonic pa­
tients seemed to resume normal be­
havior and experience periods of mental 
clarity lasting several hours upon awak­
ening. 

Then it was discovered that the drugs 
have more selective and specific effects 
upon mental activity. Erich Lindemann 
of the Massachusetts General Hospital 
found that doses far smaller than those 
necessary to produce sleep facilitated the 
patients' responses and their interaction 
with the therapist. From resistive, seclu­
sive states they could swing into friendly, 
warm, communicative attitudes. When 
Lindemann tested the same drugs in the 
same doses on emotionally healthy per­
sons, they reported a general sense of eu­
phoria, ease and confidence, and they ex­
hibited a marked increase in talkative­
ness and communicability. Their only 
cause for concern was a feeling that they 
had talked too much, though usually 
they had revealed less than they thought 
they had. None of them reported any 
gross distortion of perception, any hallu­
cination or dreamlike experience. The 
general neurophysiological effect of the 
drugs was reflected in marked thicken­
ing of speech, a moderate decrease in 
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blood pressure, a decrease in heart rate, 
dilation of the pupils and double vision, 
some loss of muscular coordination and 
a marked increase in the pain threshold. 

From these observations Lindemann 
postulated that the drugs removed cer­
tain psychic inhibitions and thus brought 
about verbal release. This is consistent 
with present views that are based upon 
closer study of the pharmacological ac­
tion of the drugs. The drugs affect the 

higher brain centers generally. Those re­
gions of the cerebral cortex that are 
usually thought to be of the most re­
cent evolutionary development and that 
are engaged in the higher associative 
and behavior-organizing functions seem 
to be the first to yield to the diminution 
in brain-tissue metabolism brought about 
by the drugs. Larger doses in turn de­
press the function of the next lower cen­
ters. But the pharmacological action of 

SODIUM AMYTAL 

SODIUM PENTOTHAL 

SCOPOLAMINE 

MOLECULES OF THREE TRUTH DRUGS are diagrammed. Sodium amy tal and sodium 

pentothal are synthetic substances. Atoms in structures are hydrogen (gray balls), carbon 

(black balls), oxygen (open colored circles), nitrogen (N), sodium (Na) and sulfur (S). 
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the drugs does not explain or help pre­
dict the effect they will have on the be­
havior of a particular patient. That is 
the result of at least three factors: the 
personality structure of the subject, his 
physiological tolerance for the drug and 
equally important, the environmental 
stimuli acting upon him at the time. 

The key role that the anticipation, or 
"set," of the subject may play in his 

responses was dramatized for me sev­
eral years ago when I conducted an 
experiment at the Yale Medical School 
on sleep. I injected sodium amy tal very 
slowly into a large number of volunteer 
medical students, having previously at­
tached electrodes to their heads and 
chests in order to take measurements re­
lated to sleep cycles. Since I was con­
cerned with getting them to sleep, I sim­
ply informed them of my intention, but 
the method and rate of injection were 
otherwise identical with the technique I 
had used for psychiatric interviews. In 
only one instance was there any talking, 
and the subject revealed no "truths" 
about himself spontaneously. This ob­
servation suggests that the role of 
sodium amy tal in an interview involves 
far more than a "release mechanism." 

Unfortunately the whole picture was 
still quite unclear when the idea of using 
drugs to "get at the truth" in criminal 
proceedings first captured the public 
imagination. Early in this century phy­
sicians had begun to employ scopola­
mine, along with morphine and chlvro­
form, to induce the state of "twilight 
sleep" during childbirth. They were im­
pressed to note that women in this con­
dition were able to answer questions 
accurately and often volunteered ex­
ceedingly candid remarks. In 1922 it 
occurred to Robert House, a physician 
in Dallas, Tex., that scopolamine might 
be employed in the interrogation of sus­
pected criminals. At the Dallas County 
Jail he interviewed two prisoners who 
had received injections of scopolamine. 
Both men denied the charges on which 
they were held; both, upon trial, were 
found not guilty. In his enthusiasm 
House concluded that the patient under 
the influence of scopolamine "cannot 
create a lie ... and there is no power 
to think or reason." His experiment and 
conclusion attracted wide interest, and 
the truth drug was launched upon the 
popular consciousness. 

Upon closer acquaintance, however, 
scopolamine was disqualified for service 
as a truth drug. It proved to have sev­
eral toxic effects, among which the most 

© 1960 SCIENTIFIC AMERICAN, INC



THE RA W MATERIALS OF PROGRESS in Electronics 

Another first-3M Chemical protects 

heartbeat of supersonic pulses 
High in the stratosphere, a series of electronic pulses 
streams from the giant bomber, jams the unseen 
tracks of a guided ��enemy" missile. Result: one 
more missile gone off target. 
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theon Manufacturing Company used 
FC-75 to reduce a transformer 75% 
by volume and 50% by weight! 
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plastic-actually made possible a 2-
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ing 14 ounces. This particular fluoro­
carbon has a temperature range of 
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any moisture absorption whatsoever! 

300 unique members 

Learn what 3M chemicals can do for 
you. We make more than 300 specialty 
chemicals ... at work today not only 
in the electronics industry, but also in 
aeronautics, textiles, plating, rubber, 
plastics and packaging. For more de­
tailed information, write today on 
your company letterhead, specifying 
area of interest, to 3M Chemical Divi­
sion, Dept. KAM-30, St. Paul 6, Minn. 

'''KEL- F"' is a reg. T. M. of 3M Co. 

CHEMICAL DIVISION 
��--<.- -��� 

MINNESOTA MINING AND MANUFACTURING COMPANY {t.�' 
• • •  WHERE RESEARCH IS THE KEY TO TOMORROW � 

��'>'>w<44..iP 

15 1 

© 1960 SCIENTIFIC AMERICAN, INC



disabling is the production of hallucina­
tions. Scopolamine therefore saw only 
brief service in narcoanalysis before it 
was abandoned. 

The drugs now most frequently used 
in psychiatric interviews are sodium 
amy tal and sodium pentothal. They are 
the most easily administered, have the 
least toxicity and unfavorable side effects 
and give the most predictable results. 
The behavior of the subject, especially 
if he is a psychiatric patHmt in anxious 
tension, is dramatic. His features 
slacken; his body relaxes. Some people 
are momentarilv excited, a fcw become 
sillv and giggly. This usuallv pass-s, and 
most subjects fall into a state tlut mav 
be compared to that of a pel's n who has 
just awakened from a deep sleep. 

To form a judgment of what drugs 
may contribute to establishing th:: truth, 
it is necessary to consider ,,'Int it is 
that drugs help to elicit from the patient 
in thc psychiatric interview. The psy­
chiatrist is not interested in establishing 
the truth in any probative sense. In the 
development of "psychological reality," 
which is the object of the interview, the 
patient's account of his fantasies and 
delusions is as significant as his reliable 
recollection of past events. Drugs may 
be helpful to the extent that they pro­
vide a "psychological analgesic," a re­
lief from the inhibition of anxiety and 
guilt that blocks communication with 
the physician. Under narcosis the patient 
may achieve, in the words of the psycho­
analyst Lawrence Kubie, "a more direct 
recoverv of early traumatic experience 
than is possible by circuitous pathways 
of free association in the fully awaking 
state." It was the resulting acceleration 
of diagnosis especially that made the 
drugs so helpful to the military psy­
chiatrists of the U. S. armed forces. But 
the two medical officers who perhaps 
made the most extensive use of the tech­
nique, Roy R. Grinker and John C. 
Spiegel, concluded that in almost all 
cases they could obtain essentially the 
same material and emotional release in 
the course of therapy without the use of 
druP'c p"'1viding they had sufficient time. 

]) uring the postwar period, with the 
work of psvchiatry proceeding at a 

more normal rate, narcoanalysis is far 
less frequently employed. The pressures 
of time and the stress of reality are rarely 
paralleled in civilian life-except in the 
case of individuals who are threatened 
by legal action and ostracism for crimi­
nal or socially offensive acts. Here a psy­
chiatric interview under drugs some­
times offers an avenue of communication 
urgently needed for proper diagnosis and 
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treatment. But the information thus ob­
tained should never be mistaken for evi­
dence or presented as such in court. 
Except under such special conditions 
psychiatrists prefer to deal with a fully 
conscious patient. 

I have employed sodium amy tal in 
investigating the personalities of men 
accused of various civilian and military 
antisocial acts. The subjects ranged 
diagnostically from those with character 
disorders and neuroses to psychotics. 
The offenses charged to them included 
mild delinquency as well as murder. 
Out of all the information I obtained 
from them during hours of interrogation 
under the influcnce of the drug there 
was little that could be interpreted di­
rectly in the light of its manifest content. 
These interviews were helpful to me as 
a psychiatrist and to the subject as my 
patient. Rarely, however, was my view 
of objective reality improved as a result 
of these revelations. I could not, on the 
basis of a patient's statements, testify 
in a court that I knew that a given act 
had or had not occurred. Guilt-ridden 
subjects under sedation were prone to 
confess to offenses they had imagined in 
fantasy but had not in fact committed. 
Psychopathic individuals could, to the 
point of unconsciousness, deny crimes 
that every objective sign indicated they 
had committed. 

At times sedation may diminish self­
protective censorship of speech, and the 
demand of an overburdened conscience 
may dominate the subject's responses. 
But these seemingly uninhibited out­
pourings are vulnerable to distortion re­
sulting from fears, needs and wishes at 
the deepest levels of his personality. 
What is more, the cognitive or reasoning 
functions of the subject's nervous sys­
tem are to a greater or lesser degree 
impaired. Even with the best will he 
may be inaccurate in his observations 
and recollections. Throughout the inter­
view the psychological processes of re­
pression and resistance and the subtle 
manifestations of the patients' relation­
ship to the physician continue to oper­
ate. \'Vhere the role of the interrogator 
is " .� police investigator or prose­
cutor, it IS hardly likely that the subject 
would be motivated toward coopera­
tion. "Confessions" obtained with the 
use of drugs cannot be relied upon, 
therefore, as testimony or evidence un­
der the standards that are observed by 
our courts. 

1 n an adversary proceeding, at least 
one experiment has shown, subjects 

are capable of maintaining a lie despite 
injections of a drug. Investigators from 
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AN AFFIL.IATE OF THE FISHER-PIERCe: co. (Since 1939) 

the department of psychiatry at Yale 
University, Frederick C. Redlich and 
Leonard J. Ravitz, Jr., working with the 
late George H. Dession of the Yale Law 
School, conducted the experiment with 
the aid of volunteers. They administered 
sodium amy tal after the subjects had re­
vealed shameful and guilt-producing 
episodes of their past and had then in­
vented false self-protective stories about 
these episodes. Thereafter, under the in­
fluence of the drug, they were subjected 
to cross-examination on their cover story 
by a second investigator. The results, 
though not definitive, showed that nor­
mal individuals, with good defenses and 
no overtly pathological traits, could stick 
to their invented stories and not yield 
confessions. On the other hand, neurotic 
individuals, with strong unconscious self­
punitive tendencies, not only tended to 
confess more easily but also to substitute 
fantasy for the truth, confessing to of­
fenses never actually committed. 

In sum, experimental and clinical 
findings indicate that only individuals 
who have conscious and unconscious 
reasons for doing so are inclined to con­
fess and yield to interrogation under the 
influence of drugs. On the other hand, 
some are able to withhold information 
and some, especially character neurotics, 
are able to lie. Others are so suggestible 
or so impelled by unconscious guilt that 
they will describe, perhaps in response 
to suggestive questioning, behavior that 
never in fact occurred. The material pro­
duced is not "truth" in any sense of con­
forming with empirical fact. 

Serious wrong can be done both to 
the embryonic science of criminology 
and to the administration of justice if 
this procedure is employed as a fact­
finding instrument. As the psychoanalyst 
Theodor Reik pointed out 20 years ago, 
"fact-finding is still in the province of the 
police investigator." Moreover, in view 
of the emphasis upon confessions in this 
discussion, it should be observed that 
the extraction of confessions is not the 
only kind of fact-finding expected of the 
police. 

It is precisely because drugs may 
facilitate access to psychological reality, 
as opposed to empirically factual data, 
that narcoanalysis may have importance 
for the psychiatrist. The procedure can 
be helpful in obtaining keener insights 
into the motivation and psychogenesis of 
antisocial behavior. Through such stud­
ies the psychiatrist may make the best 
use of drugs in the area of violent crimi­
nal behavior. Understanding of the 
genesis of crime is the rational precursor 
to the discovery and implementation of 
preventive measures. 
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second transport without interrupting test. 

Honeywell Tape Systems Permit 
Uninterrupted Tests of F-104 Starfighter Engines 
Honeywell Series 3170 Magnetic Tape Systems enable General Electric 
to analyze the performance of their J79 jet engines for supersonic F-104 
Starfighters at rated thrusts ... and without interruptions. 

Engines may "travel" thousands of miles during the tests, which are 
held at G.E.'s Evendale, Ohio, Flight Propulsion Division Laboratories. 
Stresses, vibration, fuel and air pressures and critical temperatures are 
recorded simultaneously by Honeywell wide tape, 26-channel, FM systems. 

The Honeywell equipment's high capacity and the unique device for 
switching all data inputs from one tape transport to another, make it 
possible to record an entire test without interruptions or loss of data. 
This eliminates downtime and helps to reduce test costs . 

• • • 

High recording capacity is only one of many mechanical and electronic 
advantages you get with a Honeywell Series 3170 Tape System. Contact 
your Honeywell field engineer for full details on a system that will 
meet your specific needs. MINNEAPOLIS-HoNEYWELL, 10721 Hanna St., 
Beltsville, Md. 

155 

© 1960 SCIENTIFIC AMERICAN, INC



156 

" 
" 

I 
, / " I " "'-;-- ..... .. I� 

7 ' i .: I,': i, I \ ' "  , 
! I I { ! : i : /' I I �"""'7-:-I:T, . -\ I . ·t , --- - :- -- , \ ! \ \ \�' \' ,::'-- - , \ : : i '\ ,/ ------ , \ '  \ .. 

'j 
\ 

---- \ \ \ \ '\ \,:\\\\:y� 'l • '/ l " \ / � , 
\ \ '\ / .  \\\..,� .I \ \ '" '. . 7 - "-"1 

\ \ ..... >: \ '. \ 'J, ''1/-k1 \. ". , \ \ , '-......I .--r1' \ ./ \ ; .  1 . / ,  
\ 

___ '\ \ .  \ / "j 1.;>/ 
\. t ....... '/ \\ \ '- /', / P / 

/..... \ . \, '" I//}' \. , \ \/ \'"I.h . , , \ .'\ ,,1i " \. ' " '/:' ./ '-I . ;' / 7.. .. j .' ;' I 

© 1960 SCIENTIFIC AMERICAN, INC



and a case of arrested flight 

In the timeless world of nature, many an insect 
has been fatally snared by the surprising stretch 
and strength of an apparently fragile spider web. 

Man, however, saves lives with a web that can 
safely stop a runaway jet aircraft, thanks to the 
remarkable properties of a synthetic fiber-nylon. 

Nylon is a highly elastic fiber. Extremely light 
in weight, its density is only 1.14, yet it's stronger 
than steel wire of the same weight-has over 4 
times the impact strength. In everything from 
sewing thread to tire cord to mooring line, nylon's 
usefulness is being rediscovered every day. 

Perhaps nylon can serve you. 

Du Pont's family of man-made fibers offers you 
exceptional versatility. Even now-tailored to 
specific needs or combined with other materials 
-fibers can outperform such materials as steel, 
wood or even lubricants. 

Please tell us your requiremen ts . We'll be happy 
to provide any information or technical assistance 
regarding your use of Du Pont fibers for industry. 

E. I. du Pont de Nemours & Co. (Inc.), 31Kl, 
Centre Road Building, Wilmington, Delaware. 

NYLON 
•• OAC RON'" polyester jiber 
"0 R LO N ". acrylic jiber 
"TEFLON'" TFE·fluorocarbonjiber 
"SUPER COROU RA'" high tenacity rayon yarn 

Du Pont Fibers for Industry <QII POfil> 
It[,. u.s. rAT.orf. 

BETTER THINGS FOR BETTER LIVING . . .  THROUGH CHEMLSTRY 

·DU PONT'S REGISTEREO TRADE"'ARKS 
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The Portuguese Man -of-War 

This colorful jellyfish lS not one organlsm but a colony of four 

kinds of polyp. The stinging cells on the tentacles with which it 
fishes secrete a substance that is alnlost as toxic as cobra venom 

D
uring the winter the ocean beaches 
in southern Florida are frequent­
ly littered with colorful, roundish 

baubles of a curious gelatinous texture. 
The unwary beachcomber who picks up 
one of them for a closer inspection is 
usually rewarded with a painful sting. 
They are the remains of the jellyfish 
known as the Portuguese man-of-war, or 
Physalia physalis. The stinging elements 
by which it catches its prey in life retain 
their potency long after its delicate body 
has withered in the sand. 

At sea in its native environment the 
Portuguese man-of-war resembles a 
gaudy Christmas tree ornament floating 
aimlessly on the blue water. What shows 
above the surface is a hollow crested 
bladder as large as 12 inches long, six 
inches wide and six inches high, varying 
in color from blue through azure, pur­
ple, lavender or orchid to pink or scarlet. 
Down in the water from the bottom of 
this float hang writhing polyps and long, 
filamentous tentacles that may trail 40 
feet below a full-grown specimen. 

The man-of-war appears to drift with 
the winds and currents as inanimate 
flotsam does, but closer observation re­
veals that it frequently makes a course at 
a significant angle to the surface winds. 
The boatlike shape and the sail-like 
crest of the float, which is stabilized in 
the water by the drag of the underbody, 
enable the animal to tack downwind. 
The speed is not great, but then the 
schedule is not demanding. The com­
mon name of the Portuguese man-of­
war probably originated with its resem­
blance to the lumbering but formidable 
galleons of the time when Portugal was 
a naval power. 

Although Physalia may be stranded 
by the vagaries of winds and currents, it 
normally lives on the warmer high seas. 
It is rarely found in the Atlantic outside 

158 

by Charles E. Lane 

the current system of the Gulf Stream. 
(A related form inhabits the warm lati­

tudes of the Indian Ocean and the Pacif­
ic.) Because it does not survive in the 
aquarium, where its growth could be 
studied, little is known of its early de­
velopment. Our observations in the 
Miami area suggest that its life cycle may 
be completed in a single season. Small 
men-of-war turn up in late October and 
early November. As the season advances, 
larger and larger specimens are strand­
ed; the largest are found in late March 
or early April. Shortly thereafter Physa­
Zia disappears from local waters and does 
not return until the following fall. 

A remarkable thing about the Portu-
guese man-of-war is that it is not a 

single animal but a colony of separate 
organisms that have banded together 
in the course of their evolution to share 
the tasks of survival. The float is one 
entity; another kind of organism con­
stitutes the fishing tentacles that cap­
ture plankton and convey them to the 
gastrozooids, which perform the func­
tion of digestion and are a third kind of 
organism. A fourth kind of organism 
carries out the task of reproduction. Tak­
en together the individuals in a mature 
Physalia colony may number from a 

few to 1,000. Each is highly special­
ized, and they do not live long when they 
are separated. How this colonial organ­
ization becomes established can only be 
surmised; presumably its individual 
members develop by budding from a 
central stem. 

The float is essentially a gas-filled 
membranous bag. A carotinoid pigment 
that forms a complex with the structural 
protein of the bag accounts for its color; 
similar complexes are responsible for the 
color of the northern lobster and some 
other crustaceans. The thin membrane 

contains both isolated muscle fibers and 
sheets of muscle cells. Periodically this 
musculature so contorts and twists thc 
bag as to submerge it; thus the mem­
brane is kept moist and pliable. The 
musculature also regulates the gas pres­
sure inside the float. Compared to the 
surrounding air the gas within the float 
contains more of carbon monoxide and 
of the inert gases nitrogen, argon and 
xenon. This gas is secreted by a gland 
that may be analogous to the gas gland 
in the swim bladder of fishes. Some sort 
of feedback from the gas pressure must 
regulate the rate of secretion; the gas 
gland is capable of a high rate of activity 
and reinflates a deflated float with ap­
parent ease in a few minutes. 

The gastrozooids, the digestive organ­
isms on the underside of the float, re­
spond quickly and actively to the pres­
ence of food, wriggling and twisting un­
til they fasten their flexible mouths to it. 
Once attached, they become all mouth, 
spreading out over the surface of the 
morsel. The resting gastrozooid measures 
only one to two millimeters in diameter, 
but the mouth can expand to 20 milli­
meters or more. A few neighboring gas­
trozooids may thus completely enclose 
a small fish. They digest the food by se­
creting a full complement of enzymes 
that variously break down proteins, car­
bohydrates and fats. 

Recent investigation has shown that 
the gastrozooids are remarkably sensi­
tive to glutathione, a universal constitu­
ent of living matter that is liberated 
when an animal is injured or when dead 
tissue breaks down. In the presence of 
this substance gastrozooids begin to 
writhe restlessly and in a few minutes 
open their mouths. Glutathione similarly 
triggers the feeding response in the 
fresh-water polyp Hydra and in certain 
related organisms. Isolated gastrozooids, 
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MAN-OF-W AR Physalia physalis is photographed through the side 

of an aquarium_ At the top is the sail-like float, which is one kind 

of polyp_ Immediately below the float are the gastrozooids, which 

perform the function of digestion_ Hanging down to the bottom 

of the tank are the tentacles, which can reach a length of 40 feet_ 

A fourth kind of polyp performs the function of reproduction_ 
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cut away from the parent colony and 
rinsed in sea water, respond to a solu­
tion containing only .0003 per cent of 
glutathione. They will even ingest filter 
paper soaked in the solution or spread 
their mouths over the surface of a glass 
dish filled with it. Sometimes a gastro­
zooid stimulated in this way will so ex­
pand its mouth that it will turn itself 
inside out. 

The remarkable length and peculiar 
armament of the tentacles make them 
the most impressive members of the 
Physalia colony. Each tentacle is a pel­
lucid thread that bears a striking re­
semblance to the monofilament lines 
used by human fishermen. A great deal 
more complicated than a fishing line, it 

3 

contains Inngitudinal muscle elements 
that contract to shorten the tentacle and 
"reel" trapped food organisms into the 
vicinity of the mouths of the gastro­
zooids. The entire length of the tentacle 
is beaded with localized swellings, each 
consisting of a battery of tiny spherical 
stinging cells: the nematocysts. 

S tinging cells are the characteristic 
food-getting devices of jellyfish and 

their relatives. The man-of-war carries 
them in two sizes, the smaller a little 
larger than a human red-blood cell 
(which is .009 millimeter in diameter) 

and the bigger about three times as 
large. The individual nematocyst is a 
hollow sphere. Its exterior wall is pushed 

in at one point and stretched into a long 
tube that is turned outside in and tightly 
coiled within the sphere. The orifice left 
in the surface of the capsule is covered 
with a hatch like membrane that is held 
down by a tiny hairlike trigger. When 
the nematocyst is stimulated, the tube 
shoots outward, turning itself right side 
out; fully extended, it may stretch 100 
to 300 times the diameter of the capsule. 
The surface of the tube is studded with 
sharp projections-hooks, barbs and 
spikes of several different shapes and 
sizes-arranged in a helix along most of 
its length. In the sudden eversion of the 
tube this armament strikes into the prey. 
At the same time a toxic fluid inside the 
capsule is injected into the prey through 

DEVELOPMENT OF THE MAN-OF-WAR can only be conjectured 

on the basis of small specimens observed in the laboratory. These 

three are not drawn to the same scale, and the first is shown 

in cross section. The float (l) and its gas gland (4) increase 

in size as the colony enlarges. A gastrozooid (3) develops at 

one end of the original structure; a tentacle and then addi­

tional gastrozooids and tentacles grow out of the budding zone (2) 
near the other end. The reproductive polyps develop much later. 
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a tiny aperture at the end of the tube. 
The mechanism operates with sufficient 
force to sting even through tough surgi­
cal gloves. Since the extended tube re­
tains its connection with the capsule af­
ter it has discharged, a fish killed by a 
man-of-war appears under the micro­
scope to be festooned with tiny bladders 
hanging by tenuous threads. 

This fearsome equipment serves its 
food-gathering function well. As the 
man-of-war drifts downwind, the long 
tentacles move continuously, fishing the 
water through which they pass. The prey 
appears to consist mostly of tiny crus­
tacea and other components of the sur­
face plankton. At times the tentacles will 
pick up small fish and the larval forms of 
larger crustaceans. Although the man­
of-war initially ensnares most of its prey 
in the tangle of nematocyst threads, or 
impales it on the hooks and barbs with 
which these threads are armed, the final 
subjugation is probably accomplished 
chemically. 

Just what mechanism everts the tube 
from the capsule remains unknown. It 
may be that a transient change in penne­
ability of the capsular wall permits the 
nematocyst to absorb water until internal 
pressure forces the coiled tube to spring 
outward. The capsules discharge most 
readily upon contact with natural prey 
substances; contact with a glass rod is 
less effective and, according to some re­
ports, the external surface of fish skin is 
more effective than the internal surface 
of the same skin. Nematocysts are also 
set off by changes in acidity and osmotic 
pressure and by increase in hydrostatic 
pressure such as may be produced when 
the cells are spun in a centrifuge. 

For all their reactivity and apparent 
sensitivity in the living animal, iso­

lated nematocysts are remarkably stable. 
They may be forced through graded 
sieves, washed in many changes of sea 
water, concentrated into a putty-like 
paste and frozen, and most of them will 
remain undischarged. These preparative 
manipulations do not diminish their abil­
ity to discharge in response to an ade­
quate stimulus. Nematocysts may even 
be air-dried and still retain their ability 
to sting on contact with human skin. We 
learned this lesson rather painfully in the 
Marine Laboratory of the University of 
Miami. In connection with our study of 
the venom contained in the capsule we 
undertook to prepare a large sample of 
isolated nematocysts, processing many 
hundreds of living. Physalia. Conse­
quently surfaces in the laboratory be­
came contaminated with undischarged 
nematocysts. For weeks thereafter we 

PORTION OF A MATURE COLONY shows several types of polyp: fishing tentacles 

of various sizes (1 and 3); gastrozooids (2) ; male (7) and female (8) reproductive forms. 

The reproductive organisms are arranged on a branch called the gOlladendron (4), which 

has associated structures (5 and 6) of unknown function. The tentacles are long muscular 

strands bordered with batteries of nematocysts, giving the tentacles a beaded appearance. 

The gastrozooids have expandable mouths (all shown closed) at the ends of their narrow 

necks. The spots on the gastrozooids are digestive cells visible through the stomach walls. 
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STINGING CELL, or nematocyst, is a hollow sphere with its 

exterior wall pushed in at one point and stretched into a long 

tube that is turned outside in and coiled within the sphere. The 

point of allachment is covered with a hatchlike membrane (dark 

suffered reminders of our carelessness 
whenever we touched water faucets, 
bench surfaces or laboratory aprons. 

Earlier investigators had not taken 
such pains and had simply prepared ex­
tracts of the entire tentacle or even the 
entire organism. As a result their prepa­
rations were often grossly contaminated 
with breakdown ploducts of tentacle 
tissues other than the nematocysts. Our 
object was to isolate the toxic fluid itself. 

To collect the nematocysts we first 
cool isolated tentacles to 39 degrees 
Fahrenheit. This temperature permits 
the tissues surrounding the nematocysts 
to start to break down. To hasten the 
breakdown and to separate the freed 
nematocysts from large tissue-fragments, 
we pass the material through finer and 
finer sieves. Then we wash the nemato­
cysts thoroughly, suspending them in sea 
water, permitting them to settle out and 

discarding the sea water; we do this 
again and again until the water is no 
longer toxic to the fiddler crab, an animal 
that is spectacularly sensitive to a sea­
water ext,' act of the tentacle. The nema­
tocyst capsule must be nearly impervious 
to water, because its extremely toxic 
contents do not diffuse into the water 
in which it is washed. When the con­
centrated washed capsules are frozen 
and kept at minus 10 degrees F., they 

NEMATOCYST THREAD, here enlarged 3,800 diameters, is stud­

ded with sharp projections arranged in a helix along most of 

its length_ In the undischarged cell the projections are folded 

away inside the hollow thread; on discharge the hooks, harbs 
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area at right side of capwle at left) . When cell is stimulated, the 

tube pushes outward by turning itself right side out, starting at 

its base (center and right). These nematocysts, enlarged some 

1,800 diameters, had been isolated and kept frozen for three years. 

can be stored for 18 months and longer 
without losing their reactivity. 

We isolate the toxin by homogenizing 
frozen nematocysts with small amounts 
of distilled water or saline solution and 
then centrifuging out a water-clear solu­
tion of the fluid contents of the capsules. 
The toxic material in the solution is evi­
dently composed of fairly large mole­
cules: it will not diffuse through a mem­
brane whose pores are traversed by 

smaller molecules. It loses its toxicity 
when it is heated to 140 degrees F., sub­
jected to considerable change in acidity 
or treated with organic solvents such as 
alcohol. The toxin may be freeze-dried, 
however, and stored for extended pe­
riods without loss of potency. From pre­
liminary analytical results it appears that 
it is largely protein, consisting of a com­
plex of eight to 10 different amino acids 
arranged in eight or nine short chains of 

amino acid units. Glutamic acid is the 
most abundant of the amino acids pres­
ent. 'vVe are now trying to work out the 
identity and order of the amino acids in 
each chain. 

In its crude form the toxin is about 75 
per cent as poisonous as the venom of 

the cobra and, like cobra venom, is a 
neurotoxin for higher animals. When 
it is injected into fish, it causes rapid 

and spikes, now on the surface of the thread, probably keep it 

attached to the prey while the toxin of the cell is ejected through 

a hole at the end of the thread. When the thread is fully ex· 

tended, its length is 100 to 300 times the diameter of the capsule. 
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His Problem: 

To measure minute electrical 
thermal and magnetic effects 
in highly pure metals near 10K. 

Name of this scientific Ame1"ican: 

Dr. J. E. Kunzler 

Bell Telephone Laboratories 

• Fundamental studies of the elec­

trical, thermal and magnetic proper­

ties of single crystals of highly pure 

materials at low temperatures are 

opening new and rewarding fron­

tiers in solid state physics. 

As long as five years ago, Dr. 

Kunzler had concluded it would be 

feasible to extend such measure­

ments to metals of high purity, and 

to detect and measure electrical and 

thermal effects of extremely small 

magnitude. Because much of this 

area was beyond the range of con­

ventional instrumentation, the de­

velopment of new facilities and 

techniques was the major aspect of 

this problem. 

Preliminary work showed that 

while instrumentation requirements 

for a given problem were large, they 

were also similar to the require­

ments for a great number of other 

problems. Accordingly, Dr. Kunzler 

decided to set up a generally useful 

facility-one which could be adapted 

readily for each specific study. 

Suitably modified potentiometers, 

amplifiers, recorders and related 

components were integrated into a 

system. Over a period of several 

years, Dr. Kunzler's continuing 

refinements of both equipment and 

techniques led to detection of volt­

ages as small as 10-9 volt, resistances 

in the order of 10-10 ohm, and ther-

mal effects as minute as 10-3 erg. 

Direct current was kept constant to 

within a few parts in a million­

often for weeks at a time. One phase 

of the program, carried on in collab­

oration with Dr. T. H. Geballe of 

Bell Laboratories, resulted in the 

development of a germanium resist­

ance thermometer of high sensitiv­

ity and greatly improved stability at 

low temperatures. 

One of the earliest uses of these 

facilities was for purity evaluations 

at low temperatures which aided in 

the preparation of single crystals of 

metals with much higher purity than 

were previously available. Many 

interesting and informative proper-

QUALITY systems engineering LEEDS &: NORTHRUP 
INSTRUMENTS . AUTOMATIC CONTROLS · FURNACES 
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ties of these crystals are being 

observed-some for the first time. 

These, and related studies involv­

ing magnetic materials and semi­

conductors, are yielding new basic 

information needed for a funda­

mental understanding of the prop­

erties of materials required for fu­

ture communications facilities. 

Close examination of Leeds & 

Northrup instrumentation in the 

research field-or in any industrial 

field-shows the kind of quality 

which scientifically-minded leaders 

respect. Get the facts on L&N's 

newest research instruments from 

4935 Stenton Avenue, Philadelphia 

44, Pennsylvania. 

breathing, disorientation and changes in 
the distribution and activity of the pig­
ment cells in the skin; paralysis and 
death follow within one to four hours, 
depending on the strength of the solu­
tion. The toxin paralyzes the fiddler 
crab almost instantaneously, and the 
animal dies within minutes of an injec­
tion. Mice also succumb to inb'avenous 
injection, suffering first motor paralysis 

and then respiratory failure and convul­
sions. Indeed, the toxin has proved le­
thal, in large enough doses, to every ani­
mal tested. 

At least two animals, however, endure 
the sting of the man-of-war without ap­
parent inconvenience. Fishermen occa­
sionally observe the loggerhead turtle 
seek out and devour a patch of these 
jellyfish that has been gathered by the 

GASTROZOOIDS, cut away from the parent colony and stimulated by a glutathione solu· 

tion, open their mouths widely and spread them over a glass surface. Small batteries of 

nematocysts edge the lips of the gastrozooids. This drawing is based on a photomicrograph. 
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HAVE YOU HEARD 
OF" FA C I LI TY I"? 

Almost two and a half years ago, 

Grand Central Rocket Co. dispatched 

a letter to the Ordnance Ammunition 

Command of the United States Army, 

proposing that we might be of help 

on an arsenal solid propellant produc-

� == 
� 

ti o n  program whi c h  

the Army was a t  that 

moment considering. 

The need for this pro­

gram-labeled "Facil-

ity X"-was indicated 

by the technological 

trend toward the more-economical solid 

propellant missile. After considera­

tion, the Army decided to establish a 

competition for conversion and opera­

tion of this facility. 

As a company of 600 highly-screened 

and carefully selected employees who 

in eight years have built a proud na-

tional reputation for 

accomplishment in the 

solid propellant rocket 

f i e l d ,  we a p p r o a c h  

every challenge with 

five weapons: pioneer 

intelligence in solid 

rocket knowledge,com­

mon-sense business judgment, enthusi­

asm, perseverance, and the American 

concept of private enterprise. Our 

approach to this competition was no 

different. 

On December 17th, 1959, the Ordnance 

Ammunition Command of the Depart­

ment of the Army announced the selec­

tion of Grand Central Rocket Co. to 

establish design criteria for conversion 

of an existing ordnance line at Kansas 

Ordnance Plant. If the conversion of 

this facility is carried to completion, 

Grand Central Rocket Co. will be the 

operating contractor. 

We are proud of the part which we 

have been selected to play in this im­

portant project, one about which you 

are going to hear a great deal more. 

�.J Positions open for chemists, engineers � and solid rocket production specialists. 

G'rand Central 
��e:L� 

An Affiliate of Tennessee Gas Transmission Company 

And rood Machinery and Chemical Corporation 

P. O. 80)( 111 Telephone-: PYramid 3·2211 
R I D L A N D S , C A L I F O R H I A  
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wind; swimming at the surface, with its 
eyes often swollen nearly shut from the 
stings it has received, the turtle method­
ically munches its way through the 
patch. The turtle must receive massive 
doses of toxin during such a feast, but it 
is undaunted by, or insensitive to, its 
discomfort. 

The small, gaily colored fish Nomeus 
gronovii is similarly unaffected. It lives 
in jackal-like association with the man­
of-war, darting about among the tenta­
cles and nibbling captured prey from 
them. We have found closely packed 
discharged nematocysts together with 
small crustaceans in the stomachs of 
these fish. If a Nomells is forced into 
contact with the tentacles, as happens 
when the fish and a man-of-war are both 
caught in the same net or bucket, the 

fish is obviously stung. It swims erratical­
ly for a while but recovers in a compara­
tively short time. In the laboratory 
Nomells shows considerable resistance 
to injections of the toxin. It can survive 
doses as much as 10 times that which 
would kill other fishes of the same gen­
eral size and type. Whether its resist­
ance depends upon the development of 
antibodies to the toxin or upon some in­
nate neutralizing mechanism remains to 
be determined. 

I-I uman reactions to the man-of-war 
sting vary from individual to indi­

vidual. Most people feel an intense 
burning pain, as if the skin had been 
seared with a hot iron. The affected skin 
may redden and swell with fluid to form 
a large wheal. This usually disappears in 

BIT OF TENTACLE is greatly enlarged to show the formidable array of nematocysts of 

various sizes. A few of them (bottom) have been discharged, but most are intact. Douglas P. 

Wilson of the Marine Biological Laboratory in Plymouth, England, made this photograph. 
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Why you can 

always depend on 

Asarco high 

purity elements 

1. ASARCO examines every lot of material 
by chemical, spectrographic, and other 
instrumental techniques and reports all 
detectable impurities. This assures you of a 

uniform quality of material from a 
dependable source of supply. 

2. ASARCO supplies for you with each 
purchase an actual analysis of impurity 
elements detectable and the probable level 
at which these impurities are present. 

3. ASARCO has been a pioneer in the 
production of high purity elements for over 
25 years. ASARCO high purity elements 
have been used for research in this country 
and abroad for fundamental studies in 
metal-physics and semi-conductor technology. 
The High Purity Metals Staff is always 
".il,b], to di,w" yo ... indi,idu,\ P'). 

� 
" 
n 

The above information is among the pertinent 0 data compiled by ASARCO's Central Research 
Laboratories in a catalogue, now available to users of 
high purity elements. For copy. write on your 
letterhead to American Smelting and Refining Company, 
120 Broadway. New York 5, N. Y. 

(If you use high purity elements, save this page as a current buying guide) 
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KILOVOLT 
MAGIC 

Sorensen is a maker of power supplies and 
doesn't make any of the "end-use" equip­
ment mentioned below. Yet, some of these 
applications of Sorensen equipment by our 
customers are so novel that they may be of 
interest to you. Maybe they'll spark an idea: 

Open Sesame. Selection of sesame seeds 
for use in the manufacture of halvah-a fa­
vorite confection of New York's lower East 
Side - was the job of kilovolts from one 
Sorensen Series 200 supply. Same principle 
can purify other grains and cereals, tobacco, 
and low-grade ores. 

Gold From Air. Gold spun off into thin air 
from a grinding or buffing wheel can quickly 
cause cash to vanish. Ditto with platinum or 
other precious metals. Clever Sorensen cus­
tomers are putting this pay dirt back into 
the pay roll with an electrostatic recovery 
system-powered, of course, with a Sorensen 
h-v supply. 

Ignition damper. Everybody's heard about 
the high-voltage spark that sets off an ex­
plosion. A new h-v system prevents explo­
sions. High-voltage-from a Sorensen 9000 
Series -precipitates a sample of potentially 
explosive dusts; an alarm is given long be­
fore the concentration becomes dangerous. 

Vanishing Volt.Amps. Dielectric testing 
with a-c is more or less standard. (Sorensen 
offers a complete line of h-v a-c testers, con­
forming to ASTM standards.) However, 
where the test load has high capacitance, doc 
testing can often effect substantial savings. 
In a typical problem, a 250-watt, doc tester 
replaced a 25 kva a-c tester with equal re­
sults, one-fourth the cost, and a 100:1 reduc­
tion in light bills. 

High-voltage orIow, you'll find that Soren­
sen has the answer to your controlled power 
problems. In addition to high-voltage equip­
ment, the Sorensen line includes: regulated 
and unregulated doc supplies, a-c line-voltage 
regulators, frequency changers, inverters, 
and converters. Contact your Sorensen rep­
resentative, or write: Sorensen & Company, 
Richards Ave., South Norwalk, Conn. 9.64 

CONTROLLED 

S� POWER 

, PRODUCTS 
A sueSID'''RY Of R"TltlEOH COM ..... "' 

... the widest line lets you make the wisest choice 
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about a week but may also ulcerate and 
leave an open sore that takes longer to 
heal. Allergically sensitive individuals 
run the risk of a more generalized reac­
tion, with fever, difficulty in breathing 
and the other manifestations of anaphy­
lactic shock. Application of alcohol to the 

skin immediately after a sting has some 
palliative effect, since organic solvents 
reduce the effectiveness of the toxin and 
inactivate any nematocysts that are un­

discharged. Obviously it is better to 
avoid contact with the man-of-war, alive 
or dead. 

NOMEUS GRONOVII, a small, gaily colored fish (bottom) is found in association with the 
Portuguese man-of-war. It is apparently immune to the sting of the jellyfish and darts freel) 

among the tentacles. In the stomachs of these fish have been found many nematocysts . 
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View of the RW-400 polymorphic data processing system, developed in The Intellectronics 

Laboratories of TRW. Close-up of operating panel is shown at left. (Photos by Don Mannix.) 

I NTELLECTRONICS ... 

to Increase the Productivity of Business and Industry 

Intellectronics-the use of electronic techniques to magnify and extend the capabilities of the 
unaided human intellect-lies at the heart of all modern military weapons systems. 

It is also one of the most important means available for increasing the productivity of 
American business and industry. 

The latest product of TRW's $25 million per year program of Intellectronics research and 

development is the RW-400 polymorphic data processing system pictured above. Truly 
"polymorphic" (many modes), the same set of components may at one time be connected 
together to constitute a single data processor of very large storage and computing capacity, 
and a short time later be automatically reconnected to constitute several smaller but 

complete and independent computers that are controlled by separate operators working on 

different problems. 

Developed originally to deal with military information processing problems of unprecedented 

difficulty and diversity, the unique properties of the RW-400 qualify it also for application 
to an important class of non-military data processing tasks. 

TRW Intellectronics research from 1954 to 1958 produced the world's first industrial process 
control computer. The RW-300-through its reliable and successful automatic control of 

processes ranging from cement manufacture to oil refining-has given TRW unquestioned 
leadership in this field. Current and continuing research will produce other products including 

the RW-400 that will maintain and strengthen TRW's position as a national leader in the 

very important field of Intellectronics. 

RESEARCH TODAV ... NEW PRODUCTS TOMORROW 

Thompson Ramo Wooldridge Inc. 
MAIN OFFICES . CLEVELAND 17. OHIO · LOS ANGELES 45. CALIFORNIA 

Precision mechanical products for the automotive, aircraft, missile and nuclear industries. 

Electronic products for home and industry. Military electronics and space technology. 
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MATHEMATICAL GAMES 
The gaInes and puzzles of Lewis Carroll) 

and the a17s�vers to February's problel71S 

by lVJartin Caroner 

T
he Reverend Charles L. Dodgson, 
who wrote immortal fantasy un­
der the pseudonym of Lewis 

Carroll, was an undistinguished mathe­
matician who delivered dull lectures at 
Oxford and penned equally dull treatises 
on such topics as geometry and algebraic 
determinants. Only when he approached 
mathematics in a less serious mood did 
his subject and his way of writing about 
it take on lasting interest. Bertrand Rus­
sell has said that Carroll's only sig­
nificant discoveries were two logical 
paradoxes that were published as jokes 
in the journal Mind. Carroll also wrote 
two books on logic for teenagers, each 
dealing with what are now old-fashioned 
topics, but containing exercise problems 
so quaint and absurd that both books, 
recently combined into one paperback, 
are now winning new readers. His seri­
ous textbooks have long been out of 
print, but his two volumes of original 
puzzles, A Tangled Tale and Pillow 
P1'oblems, are also available today in a 
single inexpensive edition. Without 
touching on any topics in these four 
books, or overlapping any recreational 
material in Warren Weaver's fine article 
"Lewis Carroll: Mathematician" [SCI­
ENTIFIC AMERICAN; April, 1956], let us 
consider some of the Reverend Dodg­
son's more obscure excursions into the 
game and puzzle field. 

In Sylvie and BTlino Concluded, the 
second part of Carroll's now almost for­
gotten fantasy Sylvie and B1'lIno, a Ger­
man professor asks a group of house 
guests if they are familiar with the curi­
ous paper ring that can be formed by 
giving a strip a half-twist, then joining 
the ends: 

" 'I saw one made, only yesterday,' the 
Earl replied. 'Muriel, my child, were you 
not making one, to amuse those children 
you had to tea?' 

"'Yes, I know that Puzzle,' said Lady 
Muriel. 'The Ring has only one surface, 
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and
, 
�nly one edge. It's very mysteri­

ous! 
The professor proceeds to demonstrate 

the close connection between the Moe­
bius strip and that other remarkable 
topological monstrosity, the Klein bot­
tie: a one-sided surface with no edges. 
First he asks Lady Muriel for three of 
her handkerchiefs. Two are placed to­
gether and held up by their top corners. 
The top edges are sewn together, then 
one handkerchief is given a half-twist 
and the bottom edges are similarly 
jOined. The result is of course a Moebius 
surface with a single edge consisting of 
four handkerchief edges. 

The third handkerchief likewise has 
four edges that also form a closed loop. 
n these four edges are now sewn to the 
four edges of the Moebius surface, the 
professor explains, the result will be a 
closed, edgeless surface that is like that 
of a sphere except that it will have only 
one side. 

"'J see!: Lady Muriel eagerly inter­
rupted. 'Its outer surface will be continu­
ous with its inne1' surface! But it will take 
time. I'll sew it up after tea.' She laid 
aside the bag, and resumed her cup of 
tea. 'But why do you call it Fortunatus's 
Purse, Mein Herr?' 

"The dear old man beamed upon her. 
. . .  'Don't you see, my child . . . .  What­
ever is inside that Purse, is outside it; 
and whatever is outside it, is inside it. So 
you have all the wealth of the world in 
that lee tie Purse!' " 

It is just as well that Lady Muriel 
never gets around to sewing on the 
third handkerchief. It cannot be done 
without self-intersection of the surface, 
but the proposed construction does give 
a valuable insight into the structure of 
the Klein bottle. 

Admirers of Count Alfred Korzybski, 
who founded general semantics, are 
foud of saying that "the map is not the 
thing." Carroll's German professor ex­
plains how in his country a map and 
thing eventually became identical. To 
increase accuracy, map-makers gradual­
ly expanded the scale of their maps, first 
to six vards to the mile, then 100 yards. 

" 'And then came the grandest idea of 
all! We actually made a map of the 
country, on the scale of a mile to the 
mile!' 

" 'Have you used it much?' I enquired. 
" 'It has never been spread out, yet: 

said Mein Herr. 'The farmers objected: 
they said it would cover the whole coun­
try, and shut out the sunlight! So we 
now use the country itself, as its own 
map, and I assure you it does nearly as 
well.' " 

All this is Carroll's way of poking fun 
at what he thought was an excessive 
English respect for German erudition. 
"Nowadays," he wrote elsewhere, "no 
man of Science, that setteth any store by 
his good name, will cough otherwise 
than thus, Ach! Euch! Auch!" 

In The Diaries of Lewis CaTroll, pub­
lished by the Oxford University Press in 
1954, are many entries that reflect his 
constant preoccupation with recreational 
mathematics. On December 19, 1898, he 
wrote: "Sat up last night till 4 a.m., over 
a tempting problem, sent me from New 
York, 'to find three equal [in areal ra­
tional-sided right-angled triangles.' I 
found two, whose sides are 20, 21, 29; 
12, 35, 37; but could not find three." 
Perhaps some readers will enjoy seeing 
if they can succeed where Carroll failed. 
Actually there is no limit to the number 
of right triangles that can be found with 
integral sides and equal areas, but be­
yond three triangles the areas are never 
less than six-digit numbers. Carroll came 
very close to finding three such triangles, 
as we will explain next month. There is 
one answer in which the area involved, 
although greater than the area of each 
triangle cited by Carroll, is still less than 
1,000. 

"I have worked out in the last few 
days," Carroll records on May 27, 1894, 
"some curious problems on the plan of 
'lying' dilemma. E.g., 'A says B lies; B 
says C lies; C says A and B lie.' '' The 
question is: Who lies and who tells the 
truth? One must assume that A refers to 
B's statement, B to C's statement, and C 
to the combined statements of A and B. 
Carroll gives the correct answer, but 
again I shall withhold it until next month. 

Of several unusual word games in­
vented by Carroll, the solitaire game of 
Doublets became the most popular in his 
day, partly because of prize competi­
tions sponsored by the English magazine 
Vanity Fair. The idea is to take two 
appropriate words of the same length, 
then change one to the other by a series 
of intermediate words, each differing by 
only one letter from the word preceding. 
Proper names must not be used for the 
linking words, and the words should be 
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Charles L. Dodgson sat for this studio photograph in 1885, when he was 53 
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Machines equipped with the new Kennametal hard carbide nozzles 
spray sealing material on can lids­
at a 90% saving in nozzle cost. 

KENNAMETAL* Carbide 

Nozzles outlast stainless 

steel nozzles by 18 to 1 
When a manufacturer of cans replaced 
stainless steel nozzles with Kennametal 
tungsten carbide nozzles in machines 
applying a sealing compound to the 
metal can lids, they gained these sub­
stantial advantages: 

ONE - Kennametal carbide nozzles ran 
5,328 hours with no apparent wear or 
change in the size of the orifice. Stain­
less steel nozzles on the same appli­
cation lasted an average of only 296 
hours. 

TWO - Initial cost of Kennametal car­
bide nozzles was more than double the 
cost of stainless steel nozzles. But 
nozzle cost was reduced 90 per cent­
because the Kennametal nozzles had 
an 18 to 1 longer life than the stain­
less steel nozzles. 

THREE - Kennametal carbide nozzles 
permitted a pressure increase from 55 
to 105 psi-which resulted in more 
uniform coverage, improved quality 
and fewer rejects of cans. 

There is a good chance that Kennametal 
hard carbide compositions can help you 
solve a problem which involves corro­
sion, abrasion, erosion or contamination. 
Our group of hard carbides includes 
grades that last up to 60 times as long 
as steel-grades that are three times as 
rigid as steel-and grades that retain 
normal properties under prolonged ex­
posures up to 2200oF, at even higher 
temperatures for shorter periods, and at 
sub-zero temperatures. 

We would like you to know more 
about Kennametal and how it has helped 
others solve problems that may be sim­
ilar to yours. Write for "Properties of 
Kennametal," Booklet B-111-A. KENNA­
METAL INC., Dept. SA, Latrobe, Pa. 
*Trademark 7273 
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common enough to be found in the 
average abridged dictionary. For exam­
ple, PIG can be turned into STY as follows: 

PIG 
WIG 
WAG 
WAY 
SAY 
STY 

One must strive, of course, to effect 
the change with the smallest possible 
number of links. For readers who enjoy 
word puzzles, here are six doublets from 
Vanity Fair's first contest. Next month I 
shall give Carroll's answers, and it will 
be interesting to see if any readers suc­
ceed in making the changes with fewer 
links. The doublets are: 

Prove GRASS to be GREEN. 
Evolve MAN from APE. 
Raise ONE to TWO. 
Change BLUE to PINK. 
Make WINTER SUMMER. 
Put ROUGE on CHEEK. 

Like so many mathematicians, Carroll 
enjoyed all sorts of wordplay: composing 
anagrams on the names of famous peo­
ple (one of his best: William Ewart 
Gladstone-Wild agitator! Means well), 
writing acrostic verses on the names of 
little girls, inventing riddles and cha­
rades, making puns. His letters to his 

child friends were filled with this sort of 
thing. In one letter he mentions his dis­
covery that the letters ABCDEFGI can be 
rearranged to make a hyphenated word. 
Can anyone discover it? 

Carroll's writings abound in puns, 
though they incline to be clever rather 
than outrageous. He once defined a "sil­
lygism" as the combining of two prim 
misses to yield a delusion. His virtuosity 
in mathematical punning reached its 
highest point in a pamphlet of political 
satire entitled Dynamics of a Parti-cle. It 
opens with the following definitions: 

"Plain Superficiality is the character 
of a speech, in which any two points be­
ing taken, the speaker is found to lie 
wholly with regard to those two points. 
Plain Anger is the inclination of two 
voters to one another, who meet togeth­
er, but whose views are not in the same 
direction. When a Proctor, meeting an­
other Proctor, makes the votes on one 
side equal to those on the other, the feel­
ing entertained by each side is called 
Right Anger. When two parties, coming 
together, feel a Right Anger, each is said 
to be Complementary to the other 
(though, strictly speaking, this is very 
seldom the case). Obtuse Anger is that 
which is greater than Right Anger." 

Mathematical puns also provide most 
of the humor for another Carroll pam­
phlet, The New Method of Evaluation as 
Applied to 7r. Pi stands for the salary of 
Benjamin Jowett, professor of Greek and 

Dodgson drew this labyrinth for Misch·Masch, a homemade magazine of his YOLlth 
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* 
The Space Sciences 

Laboratory will 

be part of the 

New MSVD 

$14,000,000 

Space Research 

Center now under 

construction. 

This new facility 

is located on a 

132 acre site near 

Valley Forge Park, 

17 miles from 

Philadelphia. 

Six Inch Shock Tunnel and Large Air Arc Operated by 

MSVD's Space Sciences Laboratory 

The Space Sciences Laboratory * 

Qf the General Electric 
Missile & Space Vehicle Department in Philadelphia is interested in hearing from 

scientists who wish to pursue research in these areas: 

Theoretical Gas Dynamics A Physicist with PhD degree or equivalent experience in aerodynamics, gas dynamics, or the physics 

of fluids in high temperature and high altitude regimes is required. Candidate will perform theoretical investigations of the following 

areas of gas dynamics: magneto-gas dynamics, non-equilibrium effects in gas dynamics at high altitudes, mass transfer and heat transfer, 

boundary layer theory and flow field analysis. 

Theoretical Plasma Investigations Opening for scientist with PhD degree or equivalent experience in physics or any of the 

related fields of electro-magnetic phenomena or gaseous electronics. He will perform theoretical investigations associated with the 

generation and diagnosis of plasmas. And, he will be offered the opportunity to study the interactions of plasmas with magnetic fields 

and microwave radiation and many-body and collective phenomena in plasmas. 

Interplanetary and Lunar Trajectory Research A number of opportunities exist at the PhD level of Mathematics, Astronomy 

and Applied Mechanics to conduct analytical and computer studies in the following areas: applied mechanics, applied mathematics, 

celestial dynamics, analytical dynamics. 

Advanced Structural Research Research in the fields of dynamic buckling, radiation shielding, high speed particle impact, etc. 

A doctoral degree in engineering, applied mechanics or applied mathematics is required. 

Advanced Communications To work primarily on problems of interaction of electro-magnetic waves with partially ionizeq high­

temperature gases. A PhD degree with general physics background and special competence in electro-magnetic theory is essential. An 

appreciation for the techniques, problems and results of aerodynamics and thermodynamics is also desirable. 

Scientists and Engineers interested in these and numerous other openings are 

requested to send their resumes in strict confidence to Mr. T. H. Sebring, Box 59MC 
Missile and Space Vehicle Department 

GENERAL e ELECTRIC 
3198 CHESTNUT ST., PHILADELPHIA 4, PENNSYLVANIA 
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This Many Ampere Plasma Stream 
may lead to nevv concepts of 

povver generation and propulsion 
A many-ampere source of ions, this device is believed to be the 
most powerful in operation in any laboratory. Already it is pro­
viding new insight into thermonuclear fusion. It may lead to new 
concepts in propulsion including a method of producing thrust 
for missions beyond the earth's atmosphere. 

Accomplishments like this are the result, we believe, of a unique 
research environment. Among other things, we encourage inde­
pendence of scientific thought and action. And, we make deter­
mined efforts to free scientists from tedious routine-help direct 
their full mental powers towards scientific achievement. 

Complex calculations, for instance, are handled by the nation's 
largest industrial computational facility. Unusual assistance-at 
operational and theoretical levels-is available from outstanding 
leaders in other disciplines. 

We believe that this combination of facilities and services is 
unequaled. If you are interested in corporate-sponsored studies 
into the fundamental nature of matter in an environment where 
success comes easier, write today. 

Research Opportunities in many areas ... 
Chemical Kinetics 

Thermodynamic Cycle Analysis 

Electrical Propulsion 

Gaseous Electronics 

High Temperature Materials 

Direct Conversion 

Fuel and Combustion Analysis 

Space Mechanics 

Plasma Physics 

Vehicle Trajectory and 

Performance Analysis 

Surface Chemistry 

Nuclear Engineering 

Please write to Mr. W. H. Walsh 

RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 

400 Main Street, East Hartford 8, Conn. 
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translator of Plato, whom many suspect­
ed of harboring unorthodox religiOUS 
views. The tract satirizes the failure of 
Oxford officials to agree on Professor 
Jowett's salary. The following passage, 
in which J stands for Jowett, will convey 
the pamphlet's flavor: 

"It had long been perceived that the 
chief obstacle to the evaluation of 7T was 
the presence of J, and in an earlier age 
of mathematics J would probably have 
been referred to rectangular axes, and 
divided into two unequal parts-a proc­
ess of arbitrary elimination which is 
now considered not strictly legitimate. " 

One can almost hear the Queen of 
Hearts screaming: "Off with his head!" 

Great writers who like to indulge in 
wordplay are almost always admirers of 
Carroll. There are many Carrollian refer­
ences in James Joyce's Finnegans Wake, 
including one slightly blasphemous ref­
erence to Carroll himself: "Dodgfather, 
Dodgson & Coo." It is not surprising to 
learn that Vladimir Nabokov, whose nov­
el Lolita is notable not only for its star­
tling theme but also for its verbal high 
jinks, translated Alice's Adventures in 
Wonderland into Russian in 1923 (not 
the Rrst translation, but the best, he has 
said), and that he owns, like vVarren 
''''eaveI', a Rne collection of Carrolliana. 
There are other interesting Carroll-Na­
bokov links. Like Carroll, Nabokov is 
fond of chess (one of his Russian novels, 
The Luzhin Defense, is about a mono­
maniacal chess player) and Humbert 
Humbert, the narrator of Lolita, resem­
bles Carroll in his enthusiasm for little 
girls. One must hasten to add that Car­
roll would surely have been shocked and 
repelled by Lolita. 

The Reverend Dodgson considered 
himself a happy man, but there is a 
gentle undertow of sadness that runs be­
neath much of his nonsense: the loneli­
ness of a shy, inhibited bachelor who lay 
awake at night battling what he called 
"unholy thoughts" by inventing compli­
cated "pillow problems" and solving 
them in his head. 

Yet what are all sllch gaieties to me 
Whose thoughts are full of indices and 

sllrds? 
x" + 7x + 53 

= 11/3. 

The answers to last month's problems 
are as follows: 

1. 
An obtuse triangle can always be 

sliced into seven acute triangles in the 
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FIELD ENGINEERING 

any place • • .any product ... any project 

Over 3,000 field engineers devoted solely to contract technical services provide ready source 

of technical talent for virtually any eledronic project 

How does your technical manpower measure up to the increasing demands for services in the field? 
With its world-wide management organization and over 3,000 experienced field engineers, Philco TechRep 

has the capability to assume complete management responsibility, or any part of the technical assignment on 
projects involving electronics and related technologies ... on any make or type of equipment and system ... 
anywhere in the free world. 

Facility engineering and installation, including all associated construction ... maintenance and operation . . •  

complete classroom or on-the-job training programs ... technical publications-these are some of the areas 
of missiles, communications, AC&W, and other technologies of today in which Philco TechRep has been 
specializing for over 18 years. 

For information on how Philco TechRep can help you, please contact: Philco 

TechRep Division, "e" and Ontario Streets, P.O. Box 4730, Philadelphia 34, Pa. 

PH I LCO® TECH REP DIVISION 
Manufacturing is your business ... field engineering is ours. 
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manner shown in the top illustration 
below. A square can be cut into eight 
acute triangles as shown in the bottom 
illustration. Points P and P' must lie 
within the shaded area determined by 
the four semicircles. Stephen Barr of 
'Woodstock, N. Y. , was the Rrst to send a 
detailed proof that eight was indeed the 
minimum number, but it is not yet 
known whether the solution shown here 
is unique. 

2. 
The volume of a sphere is 47T/3 times 

the cube of the radius. Its surface is 4" 
times the square of the radius. If we ex­
press the moon's radius in "lunars" and 
assume that its surface in square lunars 
equals its volume in cubic lunars, we can 
determine the length of the radius sim­
ply by equating the two formulas and 
solving for the value of the radius. Pi 
cancels out on both sides, and we Rnd 
that the radius is three lunars. The 
moon's radius is 1,080 miles, so a lunar 
lIlUSt be 360 miles. 

3. 
Regardless of the number of slips in­

volved in the game of Googol, the proba­
bility of picking the slip with the largest 
number (assuming that the best strategy 
is used) never drops below .367879. This 
is the reciprocal of e, and the limit of the 

Obtuse triangle cut into severt acute on.es 

Square Cllt into eight acute triangles 
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The problem 0/ the trotting clog 

probability of winning as the number of 
slips approaches inRnity. 

If there are 10 slips (a convenient 
number to use in playing the game), the 
probability of picking the top number is 
.398. The strategy is to turn three slips, 
note the largest number among them, 
then pick the next slip that exceeds this 
number. In the long run you stand to win 
about two out of every Rve games. 

What follows is a compressed account 
of a complete analysis of the game by 
Leo Moser and J. R. Pounder of the Uni­
versity of Alberta. Let n be the number 
of slips and p the number rejected be­
fore picking a number larger than any on 
the p slips. Number the slips serially 
from 1 to n. Let k + 1 be the number of 
the slip bearing the largest number. The 
top number will not be chosen unless k 
is greater than p (otherwise the number 
will be rejected among the Rrst p slips), 
and then only if the highest number from 
1 to k is also the highest number from 1 
to p (otherwise this number will be 
chosen before the top number is 
reached). The probability of Rnding the 
top number in case it is on the k + 1 slip 
is plk, and the probability that the top 
number actually is on the k + 1 slip is 
lin. Since the largest number can be on 
only one slip, we can write the following 
formula for the probability of finding it: 

P (l 1 1 1 ) 
n p+/J+l+p+2 .. ··+11-1 

Given a value for 11 (the number of 
slips) we can determine p (the number 

Mars 
Because its reddish glow may have 

suggested blood and violence to the 
ancients, Mars was named for the God 
of War. Of all the planets it is the 
only one we can readily observe. Mer­
cury is too near the sun and heavy 
clouds veil the surfaces of the rest. 

About once every two years you 
may see a bright star rising in the 
heavens as the sun sets. The ancients 
named Mars for the God of War, per­
haps because to them its ruddy color 
suggested blood. 

Of all the planets, we know Mars 
best. We see it most clearly. We study 
it most closely. Yet, Mars has always 
been a mystery to man. And so it is 
today. 

Of course, we know something 
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G.:[ They Who Selflessly Furthered Irish Whiskey Research }8 

We IT The Whiskey Distillers of Ireland n feel it is not too early to commit 
to Irish Whiskey history the names of the 4,923 noble souls who enrolled in 
the Irish Geophysical Year Expedition, although we have so far heard from but 
a handful of those intrepid Expeditionaries who have actually set up bases 
at McMurdo Sound. P" Yes, and we suggest you go down the list and toast 
them one by one to spur them on in their quest after burnished, emphatic 
truth. P" And not forgetting you who are supporting the effort at home. And 
in the saloons and at the whiskey store; and you who demand Old Burnished 
Emphatic at cocktail parties. p" Meanwhile, any of you wishing a presentation 
copy of this scroll should write us at Box 186c, Dublin, Ireland. p" Hats off! 
(We had hoped to be able to run the 
full Honour Roll itself in these pages 
but so many volunteers were there 
that we ran out of space and it be­
came a matter of either abandoning 
the list at G or asking our friends here 
to move out some other advertising 
matter, and this for some reason 
they are not willing to do. We have 
here reduced it to illegibility to prove 
good faith. So what we advise is you 
let us send you a presentation copy 
of the Honour Roll. It will be a lovely 
sight there on the wall. Behind the 
bar. Flanked by burnished emphatic 
botdes of Irish Whiskey.) 

© 1960, THE WHISKEY DISTILLERS OF IRELAND (Air Maillj'; By Ship Be) 
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to reject) by picking a value for p that 
gives the greatest value to the above ex­
pression. 

4. 
A general formula for this type of 

problem can be derived as iollows. Let s 
be the length of the formation of cadets, 
and assume that they march this distance 
in one unit of time. The dog's trotting 
speed (in the same distance and time 
units) is d. Let t be the time it takes the 
dog to trot from the rear to the front of 
the moving formation, and f the distance 
of this forward trot. As the illustration 
below indicates, the distance of the re­
turn trip is f -s. This same distance can 
be expressed in a different way. The 
dog's entire trip takes one unit of time, 
so the time it takes the dog to trot back 
is clearly 1 - t. Since the dog's speed is 
d, the distance of the return trip must be 
d (l - t). We can therefore write the 
following equation: 

d(l-t) =f-s 

Expanding the left side and substitut­
ing dt for f on the right gives: 

d-dt=dt-s 

By the time the dog reaches the front, 
the cadets will have gone a distance of 
st. Therefore the dog's total distance for­
ward must equal s plus the st feet that 
the cadets have moved by the time the 
dog reaches the front rank. This enables 
us to substitute s + st for dt in the last 
equation. The resulting equation simpli­
fies to: 

d=s+2st 

The right side of this equation is now 
substituted for d in the equation dt = s 
+ st to yield: 

t(s + 2st) = s + st 

In solving the above equation the st 
terms cancel out, and t is found to have a 
value of 1IY2. The dog's total distance 
is now easily shown to be s + sY2; that 
is, the length of the marching formation 
plus the same length times the square 
root of two. In this particular case s = 50 
feet, so the dog travels a little more than 
120.7 feet. 

The answer to Sam Loyd's version, in 
which the dog trots around the moving 
square, is 209.07 + feet. There is not 
sufficient space for explaining this diffi­
cult solution, which involves fifth-degree 
equations, but the problem will be dis-

EXPLORE 
NEW AREAS 

AT IBM IN 

Now under development at IBM are new and 

unusual electronic computing systems that 

will greatly strengthen man's control of his 

environment. In one project, for example, 

advances in acoustics, oceanography, and 

information theory are being coordinated to 

yield a data system that will sentinel the 

ocean's depths. 

c 
o 
M 
p 
U 
T 

Another group is applying a computer's logic R and computational capabilities to analyze, 

correlate, and identify input signals to data 

acquisition systems. In the late development 

stage is an extremely high·speed, large· 

capacity computing system which will auto· 

matically handle the large volume of detailed 

records and communications required by a 

nationwide sales operation. To staff such 

efforts, scientists, mathematicians, and en-

gineers of vision are needed. 

Qualifications: B. S. or advanced degree in 

Electrical or Mechanical Engineering, Phys­

ics, or Mathematics-and proven ability to 

assume a high degree of technical respon­
sibility in your assignments. 

For details, write, outlining background and 

interests, to: 

Manager of Technical Employment 

I 
IBM Corporation, Dept. 6590 

B M 590 Madison Avenue 
New York 22, N.Y. ® 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

If you plan to be in New York for the I RE Convention, you are cordially invited 
to visit IBM's Manager of Technical Employment at 590 Madison Avenue. 
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How Barr folds his belt 

cussed again if I hear from any reader 
who has a simple way of solving it. 

5. 
The simplest way to fold Barr's belt so 

that each end is straight across and part 
of a rectangle of uniform thickness is 
depicted above. It permits the neatest 
possible roll and works regardless of the 
angle at which the ends are cut. 

6. 
The assumption that the "lady" is Jean 

Brown, the stenographer, quickly leads 
to a contradiction. Her opening remark 
brings forth a reply from the person with 
black hair, therefore Brown's hair cannot 
be black. It also cannot be brown, for 
then it would match her name. There­
fore it must be white. This leaves brown 
for the color of Professor Black's hair and 
black for Professor White. But a state­
ment by the person with black hair 
prompts an exclamation from White, so 
they cannot be the same person. 

It is necessary, therefore, to assume 
that Jean Brown is a man and that either 
Merle White or Leslie Black is the lady. 
(All three given names are used for both 
sexes.) Either assumption leads to the 
conclusion that Black's hair is white, 
White's hair is brown and Brown's hair 
is black. The lady's hair is thus either 
white or brown. If it isn't brown, the 
problem asks, what color is it? Answer: 
Professor Black is a platinum blonde. 

7. 
For exactly half of the circular path 

the wind boosts the airplane's ground 
speed and for the other half of the path 
the wind retards it. There is a temptation 
to suppose that these forces balance each 
other, with the result that the airplane's 
time for the entire circle is the same as if 
there were no wind. This is not the case, 
because the time during which the 
plane's speed is boosted is obviously 
shorter than the time during which it is 
retarded, with the result that the total 
time in the wind is greater than if there 
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were no wind. (For a rigorous proof by 
way of calculus, see The American Math­
ematical Monthly, December, 1945; 
page 584.) 

8. 
Let x be the number of hamsters orig­

inally purchased and also the number of 
parakeets. Let y be the number of ham­
sters among the seven unsold pets. The 
number of parakeets among the seven 
will then be 7 - y. The number of ham­
sters sold (at a price of $2.20 each, 
which is a markup of 10 per cent over 
cost) will be x - y, and the number of 
parakeets sold (at $1.10 each) will be x 
-7 + y. 

The cost of the pets is therefore 2x 
dollars for the hamsters and x dollars for 
the parakeets-a total of 3x dollars. The 
hamsters that were sold brought 2.2 
(x - y) dollars and the parakeets sold 
brought 1.1 (x - 7 + y) dollars-a total 
of 3.3x - l.ly - 7.7 dollars. 

We are told that these two totals are 
equal, so we equate them and simplify 
to obtain the following Diophantine 
equation with two integral unknowns: 

3x = lly + 77 

Since x and yare positive integers and 
y is not more than 7, it is a simple matter 
to try each of the eight possible values 
(including zero) for y to determine 
which of them makes x also integral. 
There are only two such values: 5 and 
2. Each would lead to a solution of the 
problem were it not for the fact that the 
parakeets were bought in pairs. This 
eliminates 2 as a value for y because it 
would give x (the number of parakeets 
purchased) the odd value of 33. We 
conclude therefore that y is 5. 

A complete picture can now be drawn. 
The shop owner bought 44 hamsters and 
22 pairs of parakeets, paying altogether 
$132 for them. He sold 39 hamsters and 
21 pairs of parakeets for a total of $132. 
There remained five hamsters worth $11 
retail and two parakeets worth $2.20 re­
tail-a combined value of $13.20, which 
is the answer to the problem. 

...... 

:c 

Systems management 
competence in design, 
fabrication, structural 
construction, installation, 
operation, training, 
and maintenance of: 

1. Space surve i llance 
systems 

3. Instrumentation, con­
t1'ol, and swi tchi ng 
systems 

4. Telecommunication s 
systems 

5. Integrated land, sea, 
and air communica­
tions systems 

6. Data systems 

� 
_y�CORPORATION 

CABLE I ALPHA DALLAS 
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ONE STATION 

TWO TALENTS 

1. Stations with the dual capability of tracking earth 

satellites and deep space probes are being 

engineered and constructed by Alpha Corporation 
as part of Alpha ground-based surveillance 

systems for space research. A station tells the user 

the location of the vehicle ... collects and processes 
telemetered data ... transmits command 

communications. Alpha integrated communications 

systems link each tracking station to a computing 

facility, providing a complete surveillance complex 

for all locative and communications functions. 

More than 600 designers, engineers, scientists, and 

constructors are teamed and oriented at 

Alpha Corporation to assume total management 

responsibility world-wide for complete projects of the 
magnitude described. These specialists select 
the most dependable equipments and services from 

industry to provide the ultimate in systems reliability. 

CORPORATION 

SYSTE MS DESI6NERS, EN6INEERS, CONSTRUCTORS, WORLD·WIDE , RICHARDSON, TE XAS I TE LE PHONE DALLAS ADams 5·2331 
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ME AL RGY 

EXPANDING 

THE FRONTIERS OF 

SPACE 

TECHNOLOGY 

Thermal Protection Systems: No single material possesses 

the range of complex properties necessary to withstand the high 

temperatures of missile and space requirements. To solve this 

problem, composite materials and structures that combine 

the desirable characteristics of several materials, are 

being developed. Some of these approaches include insulating 

layers and heat sinks; transpiration, film or liquid-metal cooling; 

ablation and sublimation coatings. Shown is an artist's rendering 

of an insulating, composite material made up of extremely 

thin layers of metal and ceramics which promises to be very 

efficient in protecting against high-heat environments. 

Development of such systems is considered at Lockheed to be 

an integrated relation of materials, environment and design. 

Metallurgy is typical of Lockheed Missiles and Space 

Division's broad diversification. The Division possesses 

complete capability in more than 40 areas of science and 

technology-from concept to operation. Its programs provide 

a fascinating challenge to creative engineers and scientists. 

They include: celestial mechanics; computer research 

and development; electromagnetic wave propagation and 

radiation; electronics; the flight sciences; human engineering; 

magnetohydrodynamics; man in space; materials and 

processes; applied mathematics; oceanography; operations 

research and analysis; ionic, nuclear and plasma propulsion 

and exotic fuels; sonics; space communications; space 

medicine; space navigation; and space physics. 

Engineers and Scientists-Such programs reach far 

into the future and deal with unknown and stimulating 

environments. It is a rewarding future with a company that 

has an outstanding record of progress and achievement. 

If you are experienced in any of the above areas, or in related 

work, we invite your inquiry. Please write: Research 

and Development Staff, Dept. C-36, 962 W. El Camino Real, 

Sunnyvale, California. U.S. citizenship or existing 

Department of Defense clearance required. 

lllt:klJ"d / 
MISSILES AND SPACE DIVISION 
Prime Contractor for the Navy POLARIS FBM; the 

Air Force A GENA Satellite in the DISCOVERER Program 

and the MIDAS and SAMOS Satellites; Air Force X-7; 
and Army KINGFISHER 

SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIfORNIA 

CAPE CANAVERAL, FLORIDA . ALAMOGORDO, NEW MEXICO. HAWAII 
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A GOOD OLD-FASHIONED 
GUARANTEE AGAINST 
DRAINLINE CORROSION 

It's the sort of thing that drives stolid 
corporation lawyers to scribing frantic 
memos, but we are offering a hard-rock 
g':larantee against corrosion and leakage 
with our PYREX@ lifetime drainline. 

We use "guarantee" in the old, un­
weaselworded sense of the term: we 
replace any piping material damaged 
due to corrosion and/or leakage during the life oj the building. 

We insert just one escape clause: we 
cannot tolerate, nor can the drainline massi?e volumes of hydrofluoric acid, hoi 
alkahes or hot phosphoric acid. Even here 
check with usjust to make sure. Anything 
else goes-acids, alkalies, or whathaveyou. 

So �h:ow away those drip buckets, 
stop glvmg the "new man" the desk 
under the leaking joint ... the next time 
you i.nstall or replace a drainline, make 
sure It bears the "PYREX" trademark. 

Look at the coupon. 

Longevity lender adverse, even hostile, con­
ditions is a well-know'l trait oj Corning 
glasses ... a jact to c01lSider, even ponder, 
when yolt rlt11 ItP against materials with 
bitt a modicum oj stamina. 

WHO WANTS TO TRANSMIT 
80% to 90% OF INFRARED 
THROUGH A WINDOW AT 
900°C. OR IN THE PRESENCE 
OF CORROSIVES? 
Ours not to reason why. Ours only to 
inform you that there are two VYCOR@ 
brand glasses that service both condi­
tions admirably. 

There is VYCOR No. 7905 glass. A sheet 
of this 2 mm. in thickness will transmit 
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90% of the wave lengths up to and in­
cluding 3.0 microns. A Ys in. thickness 
will transmit 80% of a wave 2.75 
microns across. 

Then there is VYCOR No. 7950 glass. 
It is stained red. It does like work with 
infrared, but absorbs most of the visible 
light waves from a tungsten filament 
humming away at 2700oK. 

Both glasses function continuously in 
the manners stated at 900°C. even in the 
presence of corrosives and will take 
intermittent jaunts into the 1200°C. plus 
region without damage. 

Both will take a sudden thermal shock 
from these empyreal heights right down 
to O°C. 

INFRARED TRANSMISSION FOR GLASS NO. 7905 

(2 Mm. Thickness) 
100 

� 110 f': 
11 c 60 0 = 
.� 40 c 0 .:: I 20 

II 
o 
0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 

Wave length (II) 

Both actually increase in mechanical strength as the temperature goes up. Odd, what? 
There's much more you ought to 

know about these and the other VYCOR 
brand glasses, but we'd like to find out 

just how many and what kind of people 
are interested in such matters, so we've 
put the rest of the data away in a bulletin 
which you may have in exchange for the 
information asked for in the coupon. 

silent light (fluorescent) 
Making an electroencephalogram under 
fluorescent lights can be as nightmarish 
as listening to Leonard Bernstein conduct 

in a subway. The same holds true for any 
sensitive electronic device that can pick 
up unwanted noise from a hot tube. 

From now on, anyone seeing un­
worldly blips or blurs on his trace of a 
monkey'S alpha waves might find our 
new PYREX brand E-C No. 70 panel 
helpful. 

E-C No. 70 is a glass panel with an 
electroconductive coating fused to one 
side, a coating grounded with a ;Xl" 
strip of silver running around the perime­
ter of the panel. The coating is "tuned" 
to pick up and throw to the ground all 
radiation from 0.018 to 25 mc. 

Add a simple line filter and a GBM 
ballast to your fixture, and all that comes 
out is clear, clean, quiet light, free from 
both radiated and conducted radio noise. 

E-C No. 70 is optically designed to 
give low brightness to the light it lets 
through, this being 70 to 78% of the 
light emitted by the tubes. 

E-C No. 70 is made of borosilicate glass, 
so it takes a goodly amount of corrosive 
atmosphere and thermal shock in stride. 

E-C No. 70 meets all the many re­
quirements of MIL-I-1690A-ships. 

E-C No. 70 may be had in panels up to 
28" in width, up to 48" in length. 

Still more may be learned about E-C 
No. 70 by posting the coupon. 

CORN I NG MEA NS RES EARCH IN GLASS 

CORNING GLASS WORKS, 49 Crystal St., Corning, N. Y. 

Please send me: 0 PE-30, PYREX lifetime drainline 

o B-91, VYCOR Industrial Glassware 

o A2, PYREX E-C No. 70 Glass Panels. 

Name ................................................................................ Title ........................................... . 

Company ............................................................................................................................. . 

StreeL ................................................................................................................................. . 

City ....................................................................... .lone .................... State ....................... . 

------------------------------------ � 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

One of the first steps in most experi­
ments is to provide the immedi­
ate environment in which the ex­

perimental event can take place. When 
one must do such things as wash and 
sterilize laboratory glassware, this prepa­
ration can be a dull chore. But when the 
experiment deals with the behavior of 
molecules, atoms or subatomic particles, 
the experimental setting becomes inter­
esting in its own right. Such experiments 
often require an environment of con­
summate orderliness: a high vacuum. 

As an introduction to vacuum tech­
nology, consider the air at ordinary at­
mospheric pressure inside a gallon jug 
on an average summer day. The jug en­
closes about a quarter of an ounce of 
gas, the molecules of which, driven by 
thermal energy, bounce endlessly off one 
another and the walls of the container 
like a load of ping-pong balls in a truck 
jouncing over a corduroy road. On the 
average the molecules move at about 
twice the velocity of a bullet from a 
high-powered rifle, but travel only a few 
millionths of an inch before experienc­
ing a collision. 

To clear the myriad molecules from a 
vessel in preparation for an experiment, 
one has the choice of three basic tech­
niques, which may be used singly or in 
combination. First, the gas can be dis­
placed by another substance, which is 
then withdrawn to leave a vacuum. Sec­
ond, gas can be mechanically pushed 
out of a space connected to the vessel, 
so that molecules in the vessel can es­
cape by their own random motion ; the 
gas pressure is steadily lowered as the 
pushing is continued. Third, a solid ma­
terial, usually a thin £1m of metal, that 
removes the gas by combining with it 
can be introduced into the vessel . 

The first of these techniques was de­
vised by Evangelista Torricelli to dem-

Concerning homemade vacuum, pumps and 

some of the things that can be done with them 

on strate that there is such a thing as 
a vacuum. Torricelli's experiment is de­
scribed in a letter he addressed on June 
11, 1644, to M ichelangelo Ricci in 
Rome: "I have made an instrument of 
glass tubing," he wrote, "sealed at one 
end and about two cubits [35 inches] 
long. It was filled with quicksilver, its 
mouth closed with a finger and then it 
was inverted in a vessel containing 
quicksilver. When the finger was re­
moved the tube was seen to empty 
partly, without anything entering while 
it emptied. The lower part of the tube 
remained always full, however, to the 
height of a cubit, a quarter and a finger 
extra. To show that the tube was empty 
above, we then filled the remaining part 
of the bowl with colored water up to the 
brim and slowly raised the tube until its 
mouth was seen to reach the water. The 
quicksilver suddenly dropped down from 
the tube and, with a horrible impact, the 
water shot up to the very top! The result 
makes it plain that the space above the 
quicksilver was empty." Torricelli then 
surmised that air pressing down on the 
surface of the mercury in the bowl ex­
erted the force that supported the mer­
cury in the tube. In modified form Tor­
ricelli's apparatus evacuated the first 
electric-light bulbs, and it still renders 
service as the mercury barometer. Inci­
dentally, those who repeat the experi­
ment are cautioned to keep a finger 
partly over the mouth of the tube as the 
water displaces the mercury ; otherwise 
the "horrible impact" may shatter the 
glass.  It is also well to keep in mind that 
mercury evaporates slowly even at room 
temperature, and that its fumes are toxic. 

It is possible to produce useful vacu­
ums by displacing air with mercury. But 
pumps based on Torricelli's principle 
are tedious to operate. Most modern ex­
perimenters therefore employ various 
combinations of the second and third 
basic techniques . Unwanted gas is 
cleared from the vessel by compressors 
designed to operate at low pressure. 
Residual gas is then trapped, if desired, 
by a "getter" (an evaporated £1m of a 
metal sueh as barium ) or the gas can 
be adsorbed on charcoal . 

Compressors take a variety of forms: 
piston pumps, rotary pumps in which a 
solid cylinder fiued with sliding vanes 
rotates inside a sealed hollow cylinder 
mounted eccentrically with respect to 
the rotor, high-speed drums or disks 
that turn inside a close-fitting housing 
and impart a preferred direction to gas 
molecules impinging on them from ran­
dom directions ,  and jet pumps of various 
types. In no sense do these pumps "suck" 
gas from the vessel being evacuated. 
Pumps merely gather those molecules 
that chance directs their way and move 
them to an exhaust port, from which they 
escape into the atmosphere. No matter 
how long the compressors operate, the 
probability is low that all the molecules 
will escape from the vessel. 

Although a perfect vacuum cannot be 
achieved, one can assemble a vacuum 
system capable of reducing atmospheric 
pressure inside a gallon vessel by a fac­
tor of 100 million or more at a cost of 
less than $30. The uses of such a system 
in the home laboratory are almost end­
less. A partial vacuum at the end of a 
pipe, for example, will produce the same 
flow of liquid as an equivalent pressure 
at the other end and will greatly reduce 
the time required for a fluid to pass 
through a filter. Or, as another example, 
the experimenter may wish to avoid the 
grosser physical or chemical effects of 
air: its movement, heat conduction, radi­
ation absorption or oxidation. Atmos­
pheric pressure influences the tempera­
ture at which many chemical reactions 
occur. The reduction of iron oxide by 
carbon, for instance, is normally accom­
plished in a furnace. But under an ade­
quate vacuum the reaction proceeds at 
low temperature to yield free iron and 
carbon monoxide. Another area of inter­
est has to do with vapor pressure. The 
boiling point of substances is directly 
related to their vapor pressure and thus 
to the pressure of the surrounding atmos­
phere. In consequence the amateur 
equipped with a vacuum system and a 
few ounces of dry ice can reduce the 
temperature of a test chamber almost to 
the boiling point of liquid air. Finally, 
to the experimenter interested in elec-
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ASTRONOMICAL OBJECTIVES 
____________ AIR_SPACED __________ __ 

Astronomical lenses are the height of optical Derfection and 
are suitable for many industrial aVlllicaUons. Use as pro­
totYI)CS, we guarantoe to supply any of your future require­
ments. Hand-corrected, air-spaced and mounted in black 
anodized aluminum cells. Ideal ror Collimators. Schleiren 
Systems, SI}otting 8COI)C8. Telescopes, elc. Each lens is 
color-corrected for C and F and hand-corrected to reduce 
residuals to a minimum. Thoroughly tested and guaranteed 
by JAEGERS to resolve to Dawes limit. 

Hard-coated on 4 surfaces 
Mounted 31f4" (clear) Diameter 

f/15-48" focal length I Not Coated . ........ $. 28.00 
Coated . . .... . . .  32.00 

Mounted 41/8" (clead Diameter 

f/15-62" focal length ) Not Coated ..... .... $ 60.00 I Coated . . . . . . . . . .  . 69.00 

Coated 6" {clear} Diameter 

1/10-60" focal length ) Mounted . . . . ........... $175.00 I Unmounted 150.00 

Coated 6" (clear) Diameter 

1/15-90" local length I Mounted ............. .. $175.00 
Unmounted ...... 150.00 

We can supply ALUMINUM TUBING for the above lenses. 

"BIG ACHROMATIC LENSES" 
Our selection o( diameters and focal lengths is the largest 
in the country available (or immediate delivery. Perfect 
magnesium fluoride coated and cemented achromatic 
telescol}C objectives corrected for C and F lines. 

Send for complete list of other diameters and focal lengths. 

Dia. F.L. EACH Oia. F.L. EACH 
2·1/8" 10" $12.50 3·1/16" 15" $21.00 
2·1/8" 15" $ 9.75 3·3/16" 24-1/2" $22.50 
2·1/8" 24·1/2" $12.50 3-1/4" 40" $30.00 
2·1/8" 40" $12.50 4·3/8" 42-1/16" $67.50 
2.1/8" 50" $12.50 5-1/16" 24-1/2" $85.00 
Aluminum tubing and cells available for lenses listed above. 

ASTRONOMICAL TELESCOPE MIRRORS 

wave and aluminized. �'fir- 3-i\l" 42" $ 9.75 Precision polished to 14 � Dia. F.L. Postpaid 

ror mount. rack and pin- 4%" Pyrex 45" $13.50 
ion. tuhing Ii\'liilahle. 6" l'yrex 60" $25.00 

• FREE CATALOG • 
Millions of lenses. prisms. eyepieces, rack and pinion 
eyepiece mounts. cells. aluminum lulling. mll'l·OI·S. 
hinoculars. telescopes. pa['t8 and accesso:ies. etc. 
Write Today. 

We pay the POSTAGE IN U.S.-C.O.D,'s you pay postage_ 
Satisfaction guaranteed or money refunded in 30 days. 

1M ill : i' i ;1.):. j;j j I &ltBAIH'''''''!@'! 
liii{,l:(,'M(!Jli'.!$(,lijt' 

This valuable 38-page book 
is yours for the asking! 

WHh artiflcial satellites already launched and space 
travel almost a reality, astronamy has become today's 
fastest growing hobby. Exploring the skies with a tele· 
scope is a relaxing diversian for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and ecces· 
sories. It is of interest to both beginners and advanced 
amateurs. 

Content. inclue/e-
• Dbser,inc the sun, 

m"n, planets and 
w.nders .f the sky 

• C.nstellati.n map 

• Hints for obseners 

Please ,ush to me, f,oo of cha,ce, UNITRON's new Observer', 
Guide and Telescope Catailif 6·A 

Name _______________________ _ 

St'oot ___________________________ _ 

City State----------

I 
I 

L _________ ..J 
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tronic and nuclear phenomena the vacu­
um system is as indispensable as the 
lathe is to the machinist. 

A simple but effective system can be 
had by modifying the compressor unit 
from a 1.1sed refrigerator. In most com­
munities operable units can be pur­
chased from appliance dealers at prices 
ranging from $5 to $10. F.  B.  Lee, a 
member of the faculty at the Erie Coun­
ty Technical Institute in Buffalo, N .Y., 
has investigated a number of makes and 
reports that three lend themselves to 
vacuum work : Frigidaire, Norge and 
Coldspot. 

"Of these," he writes, "the Norge 
Rollator belt-driven unit rates best for 
vacuum produced. Frigidaire rates best 
for availability and second best for two­
stage service below .020 millimeter of 
mercury. ( Atmospheric pressure at sea 
level supports a column of mercury 760 

millimeters high in a tube closed at the 
top. )  The Coldspot, though unsuitable 
for pressures below .5 millimeter, is su­
perior to the Frigidaire as a single unit. 

"The modifications are not difficult. 
Those required to convert the Frigidaire 
'Meter-M iser,' the unit that has been 
standard on this company's domestic re­
frigerators since 1936, are illustrative. 
The smaller refrigerators contain split­
phase motors rated at less than 1/7  

horsepower. The Imperial or  Cold Wall 
series and all refrigerators larger than 
1 3J� cubic feet contain capacitor mo­
tors. The purchaser is advised to pro­
cure the capacitor as well as the com­
pressor. The motor is not self-starting; 
it is therefore advisable to procure the 
starting relay as well . If this is not avail­
able, one may improvise a starter from 
a push-button switch. The motor is 
started by applying power to terminals 
1 and 3 in the accompanying drawing 
[page 190 J and short-circuiting termi­
nals 2 and 3 (by means of the relay or 
push button ) for a period of about four 
seconds. 

"The pump is modified in three re­
spects . The bypass line which runs be­
tween the hOUSing and the check valve 
must be cut off and the ends sealed. The 
pump will then produce a vacuum of 
one millimeter if the check valve is open 
and the strainer is not wet with oil. The 
check valve opens automatically when 
the pressure in the system is above three 
millimeters . The pressure will not drop 
below 10 millimeters if the strainer is 
wet with oil. Oil can be removed from 
the strainer and the check valve opened 
by permitting air to Row through the 
pump for a few minutes prior to con­
necting the unit to the vacuum system. 
The screen may be removed, but great 

care mllst be exercised thereafter to p re­

vent dirt or foreign material from en­
tering the pump. To make this modifica­
tion, cut the intake line about an inch 
away from the hOUSing. Use a tube cut­
ter, not a hacksaw, or particles from the 
saw will almost certainly find their way 
into the pump and cause it to stall . Bend 
the cut tube out of the way, then dig 
the strainer from the opening by means 
of a small hook made from a nail or 
steel wire . Inspect the opening carefully 
and remove all stray wires of the screen 
by means of tweezers . Cap the opening 
with a short length of rubber tubing and 
close the end with a pinch clamp. 

"The pump operates best when tilted 
at an an gle of lO or 15 degrees, as shown 

1/8" I. D. 
gl<\ss tube 

The Torricelli apparatus 
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One of a series 

The burning question of cool flames 

Between the brief stage of not burning and burning, 

many hydrocarbons react with oxygen at temperatures well below that 

of normal flame combustion. But the reactions are 

usually transient and hard to analyze. At the General Motors 

Research Laboratories, we have been able to investigate the 

effect of chemical additives on cool preflames. 

To do this, the almost invisible cool flames are stabilized for hours 

in a flat-flame burner, permitting careful examination of the retardation 

or acceleration effects of the additives. From more than twenty 

additives studied, experimental results indicate that some chemicals 

affect combustion through the mechanism of preflame reactions. We are now 

accumulating new information on these additives' mode of operation. 

For instance: emission spectra support the conclusion that tetraethyl 

lead reacts with the oxygenated compounds formed in cool flames to 

yield lead oxide vapor. These findings of when and how lead oxide 

is formed are important in resolving a current controversy of science­

the combustion behavior of tetraethyl lead. 

Studies such as this may lead to more economical and effective means 

of controlling unrestrained combustion - such as "knock" in 

reciprocating engines. The work is typical of GM Research's effort to 

provide useful information for a moving America. And in this way 

continue to keep our promise of "More and better things for more people." 

General Motors Research Laboratories 
Warren, Michigan 

Iron carbonyl, an antiknock Ethyl nitrate, a proknock 

Iron carbonyl 

retards, 

ethyl nitrate 

accelerates 

central portion 

of cool flames. 
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WILD* M·20 
with incident light 

attachment 
One of the most important advances 
in microscopy for research and 
scientific exploration is now within 

easy reach of the owner of a Wild 
M-20. 
Here, in a superbly Swiss crafted 

instrument, capable of the finest 
results in ..§!!. types of microscopy, 

is now added a new, first order 

capability: 

With Incident Light Attachment, the 
M-20 permits observation and 
photomicrography under bright and 
dark field conditions, with polari­

zation and fluorescence. Optical 
qu ality and handling convenience 

are fully comparable to those found 
in specially designed incident light 
microscopes. 

For full information about this most 
versatile microscope". and its many 

attachments, write for Booklet M·20. 

*The FIRST name in Surveying Instru· 
ments, Photogrammetric Equipment and 
Microscopes. 

Full Factory 
Services 

'-ii ... ____ riitl INSTRUMENTS. INC. 

Main at Covert Street • Port Washington. New York 
POrt Washington 7·4843 

In Canada 
Wild of Canada Ltd .• 157 Maclaren St.. Ottawa. Ontario 
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in the drawing of the system [page 192]. 
The line to the oil trap should be pitched 
upward away from the pump to prevent 
the formation of oil pockets that would 
impede the free flow of air. The trap 
can be made from a quart milk-bottle. 

"In addition to the compressor and oil 
trap, the system includes a dirt trap 
made from a half-gallon glass jug, and 
a pair of vacuum reservoirs, each a gal­
lon glass jug. As a safety measure all 
the jugs are housed in wooden boxes to 
catch fragments in the event that atmos­
pheric pressure shatters the glass. The 
various units of the system are intercon­
nected by 3/8-inch copper tubing, per­
forated rubber stoppers and couplings of 
rubber hose. Five of the hose couplings 
are equipped with pinch clamps and act 
as valves as shown. 

"To operate the system, first connect 
the vessel to be evacuated and close the 
clamp between the exhaust port [knife 
cut ill Tubber tube in illustration 011 page 
192] and the rest of the system. Then 
open all the other clamps, and start the 
pump. This will reduce the pressure of 

the entire system, including that in the 
vacuum reservoirs, to about one milli­
meter. Now the clamp between the two 
reservoirs is closed, and operation is con­
tinued for about five minutes with the 
clamp between the pump exhaust and 
the reservoirs open. This has the effect 
of connecting the input of a second com­
pressor to the exhaust port of the first, 
one vacuum reservoir serving as the 
added compressor. The clamp between 
this reservoir and the exhaust port of the 
pump, and the clamp between the reser­
voirs and the line leading to the oil trap, 
are now closed. The clamp between the 
reservoirs and the exhaust port of the 
pump is opened.  This permits the system 
to exhaust into the second reservoir, now 
the one of lower pressure. With contin­
ued operation the pressure will then fall 
to the limit of the system's capacity. The 
compressor can operate for a whole day 
without increasing the pressure in the 
reservoir more than one or two milli­
meters." 

As a rough check on the vacuum pro­
duced one can set up a glow-discharge 

(lxhaust line c;; pump inlet �C----I Ir-::--'r---,bYPd.s5 
cooling 

fins 

starting c,,-pacitor 

r �I 

(large units only) ) 
starting hutton-:d /'. ( -......� 
<'= r YqYJ02Y � � 1 2j3-----r---

110 volts 
60 cycles 

motor rotor hub 
motor winding "') 

:!i/ 
0" pump b lock 

motor stator 

check 
valve 

strainel' (fine wire .screen) 

pump 
stator 

pump 
rotor 

pump 

pump inlet 1�����i4J�==7- =�Thi:; is where the tube 
\ � would go. 

little dapper v(;llve 
Pump e"haus-ts into housing 

from this chamber. 
end plate: 

Details of a refrigerator compressor that can be llsed as a vaCllllm pump 
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Projects illustrations up to 3" x 
3%" and enlarges them to 4 ft. 
wide. No film or negatives 
needed. Projects charts, dia­
gl'ams, pictures, photos, letter­
ing in full color or black-and­

white. Operates on 115 volt, A.C. current, 6-ft. ex­
tension cord and plug included. Operates on 60 watt 
bulb, not included. Size 12" x 8" x 4 %" wide. Weight 
1 lb .• 2 oz. PlasUc case with built-In handle. 
Stock No. 70.199-5 ............................ $1.95 Postpaid 

Americ.an Made­
Over 500/0 Saving 

STEREO MICROSCOPE 
Years In development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking. inspecting, 
small assembly work. Up to 3" work­
Ing distance. Clear. sharp. erect 
image. Wide. 3 dimensional field. 2 
sets of objectives on rotating turret. 
23X and 40X. 10 Day Free Trial. 

Stock No. 85.056-5 .......... $99.50 
f.o.b. Barrington, N.J. 

Low Power Supplementary Lens Attachment for above Stereo 
-provides 15X down to 6X with clear. extra large Ph" 
field at 6X. 
Stock No. 30.276-5 ............................................ S7.50 

TREMENDOUS BUY! 

War Surplus American-Made 
7xSO Binoculars 

Big savings! Brand new! Crys-
1.1.1 clear viewing-7 power. Ev­
ery optical element is coated. 
An excellent night glass-the 
size recommended for satellite 
viewing. Individual eye focus. 
Exit pupil 7mm. Approx. field 
at 1.000 yds. is 376 ft. CalTY­
ing case Included. Amel'ican 
7 x 50's normally cost $195. 
Our war surplus price saves you real money. 
Stock No. 1533-5 ... ................. only $55.00 pstpd. 

(Tax included) 

CLOSE OUT! MECHANICAL DRAWING SET 

Regular Pric:e $18_00 
Our Price Only S8.00 Pstpd. 
American mfr. couldn't com· 
pete with foreign imports­
thus you get a terrific bar· 
gain, e\'cn far below import 
prices. 10 handsome pieces 

in velvet-lined case. Nickel plated brass-precision 
American-made. \Ve guarantee you'll be satiSfied or 
money refunded. 

Stock No. 50.200-5 ........................ $8.00 Postpaid 

24" GOOSENECK MAGNlfl ER 
WITH CLAMP-ON BASE 

A 3" diameter magnifier 
mounted on a 24" long flexible 
gooseneck. Clamp it on ma­
chines, desks, workbenches, 
etc. Clamp opens to 110/16". 

.................... $8.95 Postpaid 

INSTRUCTION BOOKLETS 
Stock Price 
No. Pstpd. 

How to Bulld Projectors ............ 9014-S 30¢ 

Homebuilt 'ielescopes ................................ 9006·S 40t 
Photography With Your 'l'elescope . ........ 9058-S 25¢ 

ALL ABOU'!' TELEPHOTO LENSES 9036-S 60¢ 

ULTRA CLOSE-UP Photography ........... 9042-S 60¢ 

The Camera Lucida . .... ............................ 9059-S 20¢ 

lnrra-red Light and Its Uses ................... 9040-S 75¢ 

Homemade Stereo-AdaPters .................... 9032-S 30¢ 

Homemade Stereo-Viewers ....................... 9034-S 30¢ 
"Building a Condenser Enlarger 

.
.... .... 9038-S 40¢ 

Time in Astronomy .......... ........................ 9054-S SOt 

FUN WITH OPTICS ............................... 9050-S SO¢ 

HOW TO USE YOUR TELESCOPE ..... 90�5-S 60¢ 

See the Stars. Moon. Planets Close Up! 

3" ASTRONOMICAL REFlECTING TELESCOPE 
60 10 180 Power-An Unusual Buy! 

Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the f:lscinnUng planet 1\I:lrs. 
huge craters on the Moon. Star Clusters. Moons of Jupiter In 
detail. Galaxlesl EquatOrial mount with lock on both axes. 
Aluminized and overcoated 3" diameter hlgh·speed f/ to mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
¥:r!��p�;

n
:iw���sln;o 

y
�s�e�Sat.o 

1�8�ls�
o
�ne:l·ud��. °f����. F�1��� 

wood, portable tripod. 

Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17 ·year·old student. 

FREE with Scope:-Valuable STAR CHART plus 272 page "HAND. 
BOOK OF HEAVENS" plus "HOW TO USE YOUR TELESCOPE" BOOK 

Stock No. 85.050-5 .................................... $29.95 Postpaid 

BUILD A SOLAR ENERGY FURNACE !Z }�asy! Inexpensive! 

. 
� _ We furnish lnstruc-

: . tions. This sun 
. 

. 
powered furnace 
will generate tel'­
rific heat - 2000° 

, 1.03000·. Build with " , � your scrap wood 

G TELESCOPE! Up to 255X 

and our Fresnel 
I�ens-14%," diameter . . f.1 .14" . 

With this scope you can see evel'ything as 
above but with greater power plus will 
split finer stars. Mirror has twice the 
light gathering- power. Mirror guarante(>d 
to give theoretical limit of resolution. 
Rack and pinion focusing. hardwoOd trio 
pod. real equatorial mounting-only one 
adjustment follows stars! Aluminum tube. 6 power finder telescope. 2 standard size 
eyepieces and mounted Barlow lens give 
YOU powers of 40X, 90X, 120X, and 255X. Low·cost accessory eyepiece avail_ 
able for higher powers. FREE with Scope: 
-Valuable STAR CHART plus 272 page 
"HANDBOOK OF HEAVENS" plus "HOW 

TO USE YOUR TELESCOPE" Book. Shipping weight 25 Ibs. 

Stock No. 70.130-5 Stock No. 85.006-5 .............................................. 574.50 f.o.b. 
Fresnel Lens .................. S6.00 Pstpd_ Same Telescope as above but equipped with Electric Clock Drive--

Stock No. 85_094·5 ........................ $111.50 F.O.B. Barrington, N. J. 

WAR SURPLU�!-INFRARED SNOOPERS COPE 
Govt. Cost S90o--Bargain at $39.:0 
COll\'crts infrared to visible light. 
See in total darkness without being 
seen. Use in lab. factory. classroom, 
etc. Completely portable. Operates 
on two fiashlight batteries (not in· 
cluded). Image is Qui te good, may 
be made e\'cn bettcr by careful fo· 
clising. Size 11%" x 8". Weight 
with carrying case 12 lbs. No infra· 

red light source is furnished. (See below). 

Stock No. 85.098-5 ............................ $39.50 f.o.b. 
Barrington, N.J. 

Construction Kits 
Shape Your Ideas Fastl 

Scientists. executIves, planners, de· 
signers-all find D-S'l'IX simplify \'is­
ualization and demonstration of complex 
ideas. D-STIX-colored wood sticks %" 
thick and "easy·on" rubber joints al)­
prox. 3/16" diam.-help you work (jut 
molecular structures. geometric figures, 
structural members, shapes, models of 
scientific apparatus. Used by profession· 

al men educators, hobbyists. Big basic kit contains 230 or 
370 pi�ces. Additional parts in SUPplementary kit. Far 
superior to kits of wood or metal. Money-back guarantee. 

Stock No. 70.209-5 (230 pcsl.. .......... S3.00 ppd. 
Stock No. 70.210-5 (370 pcsl. ........... S5.00 ppd. 
Stock No. 70.211-5 (452 pcsl.. .......... $7.00 ppd. 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirror blank. tool, abrasives, diag­
onaimirrol' and eyepiece lenses. You build instru­
ments ranging in value from $75.00 to thousands 
of dollars . 
Stock No. 70.003-5 70,004-5 70.005-5 70,006-5 70.007-5 

Dia. Mirror Thickness Price 41/... 'I.' 5 7.50 postpaid 6" I" 11.95 postpaid 
S" PI," 19.50 postpaid 

\r· 1�::· �g� ���i�:\� 
NOTI CE: EDMUND IS NOW HEADQUARTERS FOR MATH 
LEARNING AND TEACHING AIDS! SEE DOZENS OF OFFER­
INGS IN OUR FREE CATALOG-liS" 

NEW! CIRCULAR SLIDE RULE! 
Pocket Size-fast-Easy to Use! 

Be a Math Whiz! New Circular 
Slide Rule multiplies. divides, 
figures fractions. percentages. 
squares, cubes. roots, proportions. 
c i r c u m f erences,  areas, retail 
Juices. fuel consumption. Elimi­
nates the confUSions of ordinary 
slide rules. Directions included. 

3D'.3,16-l) ........... .. .. ....... .... �4, 95 postpaid 

Ideal for school use. Can be used 
with transmission diffraction grat­
ing replica (a pieco is supplied) 
or wUh prism. It has a rotating 
prism table with scale. 'fhe tele­
scope ann extends through 1200• 

lOX eyepiece is standard microscope size with reticle. 
Slit is adjustable. Optical system includes two achro­
matic 25mm diam. 122mm f.l. lenses. Arms extend 
from 5" to 8" for focusing. Diameter of base is 6", 
overall height 4" and overall width approx. 14". 
Instructions included. 

Stock No. 70.229-5 ...................... $39.50 Postpaid 

GIANT MAGNETS! TERRIFIC BARGAINS! 
\Var surplus-Alnico V type! �:.. -'''r 
Horseshoe shalle. Tremendous .. p . 
lifting power. 5 lb. size. Dimen- �,.' "

, � 
slons: A-3'4"; B-2%"; C- · ·,";.,rl 
40/16": D-l¥.o"; E-l¥.o"; F- . . . � 
21}�/'. Strength Is ahout 2,000 I /-1 -; :..c'" 
Gauss. Will 11ft over 125 Ibs. I--'-'-� 
5t-;'ck No. 70.183-5 ..... 5 II>. 5Izo •.•• $8.50 Postpaid 

15·% lb. size. Approximately 5,OOO·S.000 Gauss rating. 
Will lift over 250 Ibs. 

Stock No. 85.088-5 ... ... 3/4 lb. 5Izo .••• $22.50 F.O_B. 
Shipping wt. 22 Ibs. Barrington, N. J. 

REPLICA GRATING-Low, Low Cosl 
Take Unusual Colo, Photos At Nightl 

It's here-after decades of effort. Replica 
Grating-on film-at very low price. 
Breaks up white light into full spectrum 
colors. An exdting display. 13,400 Iinl J 
per inch. Diffraction GraUllg has bee,1 
used to answer more Questions about the 
structure of the material world and the 
universe than any other single device. 

Use it for making spectroscopes, for experiments, .as a 
fascinating novelty. First time available such large SIZG-­
so cheaply-comes in clear plastic protector. 

Stock No. 50.202-5-includes 2 pcs. 8" x 5%"-1 
transmission type. 1 reHecting type. $2.00 pstpd. 

�'::�E FREE CATALOG-S 
128 Pages! Over 1000 Bargains! Optics 
for the Space Era! Huge selection of lenses. 
prisms. war surplus optical instruments. parts 
and accessories. Telescopes, 
Microscopes ,  S a t ellite 
Scopes. Binoculars. I nfra red 
Sniperscopes, science ex­
periment items. math learn­
ing and teaching aids. Re­
quest Catalog-S. 
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Apply coatings of high melting point 

materials such as tungsten, tungsten 

carbide, molybdenum, chromium car· 

bide, titanium oxide, rare earth oxides. 

Operates at 10,000°·15,000° F. 
Now any material that can be melted 

without decomposing can be sprayed. 

Despite high melting temperature, object 

sprayed stays cool. 

High fluidity of particles and high veloc· 

ity of impingement bond the particles to· 

gether to produce high density coatings 

semi· fused to work. Absence of air elimi· 

nates oxidation. 

The METCO Plasma Flame Spray Gun is 

a valuable new tool for the metalworking 

research department or production line. 

Operates on inexpensive inert gases with 

high electrical power conversion effi­

ciency, long component life. Continuous 

gas streams as high as 30,OOO°F., with 

accurate control of temperature, gener­

ated at costs Y, to 'h those of oxygen-fuel 

gas equipment for equivalent heat out­

put. No combustion-uses inert gases. No 

flashback or explosion hazards - push­

button operation. 

Write today for free bulletin describing 

the METCO Plasma Flame Gun. 

Metallizing Engineering Co., Inc. 
Flame Spray Equipment and Supplies 
1119 Prospect Avenue, Westbury, Long Island, N. Y. 
In Great Britain: METALLIZING EQUIPMENT CO. LTD. 

Chobham·Near·Woking, England 
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A vacuum system employing a refrigerator compressor 

tube like that previously described in 
this department [see "The Amateur Sci­
entist"; February, 1958]. When excited 
by an induction coil capable of giving a 
quarter-inch spark between two needle 
points in air, a small glow will be ob­
served at a pressure of five centimeters 
of mercury. At a pressure of 10 milli­
meters the whole tube will fill with a 
pink glow, and at about 2.5 millimeters 
this glow will break into a series of disk­
like striations. Finally, at pressures sub­
stantially below .01 millimeter, green 
fluorescence appears on the inner walls 
of the glass, and below .001 millimeter 
the tube goes black. 

An interesting project requiring a 
vacuum is the construction of the radio­
meter depicted on page 194. The bracket 
for supporting the vane assembly can be 
made of a short metal strip as shown. 
The point of the needle must rest either 
on hard, smooth metal or on glass. It is 
not difficult to make the entire bracket 
out of two glass stirring-rods of the kind 
used for mixing drinks. One rod is heated 
by a small gas torch successively at two 
points, until it is soft and bent in the 
form of a square-cornered "C," the open­
ing of the "c" being made just slightly 
wider than the length of the sewing 
needle previously selected to serve as the 
shaft. Facing indentations are next made 
just inside the tips of the "C," to serve 
as pivot bearings. Heat the tips one at a 
time and press the point of a nail part 
way into the soft glass so that the im-

pressions face each other. (Support the 
hot glass on Masonite or a sheet of as­
bestos. ) The second stirring rod is then 
heated in the middle and bent to a right 
angle. The angular member is placed on 
the M asonite, and the "c" is supported 
vertically inside the apex of the angle so 
that one arm of the "c" rests on the 
Masonite and bisects the angle formed 
by the second rod. Both rods are heated 
until they become soft and join at the 
point of contact. The angular member 
now serves as a base support for the as­
sembly. Next the point of the needle is 
set in the lower bearing and supported 
while the upper bend of the "c" is 
heated until the upper arm closes down 
over the eye end of the needle. Two flat 
sheets of aluminum foil, measuring about 
one by two inches, are centered on and 
cemented to the needle. When the ce­
ment has dried, the sheets are bent to 
form the four vanes illustrated. One side 
of each vane ( the same side in each 
case ) is now heavily smoked. (A candle 
produces a rich flow of smoke if a few 
drops of machine oil are added to the 
pool of melted wax surrounding the 
wick. ) 

The vane assembly should be reason­
ably well balanced and turn freely. It is 
placed ill a wide-mouthed jar fitted with 
a rubber gasket and a screw cap into 
which a vacuum-tight nipple has been 
soldered. The radiometer is connected 
to the vacuum system and evacuated. 
When exposed to an infrared lamp of 
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... NEWS IS HAPPENING AT NORTHROP � 

Solving the 

Problems of Space 

Electronics at 

Nortronics' New 

Department of 

Advanced Research 
by Dr. K. N. Satyendra 

Director 0/ Research, Nortronics Division 
Northrop Corporation 

To promote the studies and tech· 
nologies associated with space 
electronics, N ortronics has estab· 
lished a new Department of 
Advanced Research. In its work 
developing new products, the de· 
partment utilizes scientific skills 
and ingenuity of the highest 
order. Carefully planned research 
- especially geared to the urgent 
needs of the country in the space 
electronics race - feature the 
following programs: 

SPACE GUIDANCE RESEARCH in· 
cludes a comprehensive analyti· 
cal study of the requirements for 
midcourse and terminal homing 
systems for lunar and interplan. 
etary probes. Such studies will 
also emphasize the progress re­
quired in the state of the art in 
order that suitable equipment 
can be developed in time to ac· 
complish these missions. Also in· 
cluded in this phase of research 
are the guidance components reo 
quired for satisfactory re·entry 
into the earth's atmosphere or for 
entry into planetary atmospheres. 

SPACE DEFENSE RESEARCH includes 
hardware· oriented studies fulfill­
ing U.S. military requirements 
embracing the following areas: 
Space vehicle detection, identifi· 

cation and tracking, space vehi· 
cle intercept or rendezvous,space 
vehicle inspection, space vehicle 
attitude stabilization and other 
classified topics. 

APPLIED SCIENCES RESEARCH con· 
siders the development of new 
techniques for the study of vari· 
ous natural phenomena such as 
radiations in outer space, meas­
urement of surface and environ· 
mental properties of lunar and 
planetary bodies through elec· 
tronic means. 

SPACE ELECTRONICS COMPONENTS 
RESEARCH activity includes selec· 
ted development techniques deal· 
ing with ultraviolet and infrared 
sensors, solid state components, 
Seebeck and Peltier generators 
and specialized instrumentation. 

NORTRONICS already has a rec· 
ord of achievement that includes 
items like the LINs-Lightweight 
Inertial Navigation Systems, As· 
tronertial Systems, Hyperveloc­
ity sensors, guidance systems for 
the air· launched ballistic missile, 
and many vital classified projects 
now in the formative stage. 

Two basic elements -a planned. 
research program and the top 
management support that it 

needs-are attracting new scien· 
tists with national recognition 
and highest qualification to the 
new Research Department which 
will be located at the Palos 
Verdes Research Park. The new 
facility will offer the scientist 
and engineer a rewarding oppor· 
tunity to work in an atmosphere 
especially created for research in 
space electronics. The facilities 
of the entire Northrop Corpora. 
tion are available to members of 
the Nortronics Division to exe· 
cute planned·research activities. 

Current papers by Northrop 
scientists and engineers include: 

"Automatic Navigation for Sup­
ersonic Transports" by Ross F. 
Miller. "High·Speed Inertial Plat­
form Stabilization and Control" 
by Martin FinkeL 

For copies 0/ these papers 
and additional in/ormation 

about Northrop Corporation, 
write: 

NORTHROP 
CORPORATION 
Dept. K5·1300·32, P.O. Box 1525 

Beverly Hills, California 
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No. 11 of a series 

Eastman 910 Adhesive 
solves another 

production bottleneck 
The Refractories Division of The Car­
borundum Company, Keasby, New 
Jersey, uses fast-setting Eastman 910 
Adhesive to tack steel facings to hard­
wood refractory molds. 

By eliminating the need for complex 
clamps, the new technique has simpli­
fied the assembly of molds having an­
gled surfaces, speeded production, re­
duced costs . 

Several drops of the unique adhesive 
are applied to the surface of the wooden 
mold, and the steel face is hand held in 
position for several moments. 

Within minutes, the bond is strong 
enough to permit drilling through the 
steel face and the mold preparatory to 
screw fastening. 

Eastman 910 Adhesive is  making 
pos sible faster, more economical as­
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require­
ments involve joining small surfaces, 
complex mechanical fasteners or neat­
sensiti ve elements .  

Eastman 910 Adhesive is used as it 
comes . No mixing, no heating. Simply 
spread the adhesive into a thin film be­
tween two surfaces .  Light manual pres­
sure triggers setting. With most mate­
rials, strong bonds are made within 
minutes.  

What production or design problem 
can this unique adhesive solve for you ? 

Bonds Almost Instantly 

with Contact Pressure 

No Heat . . .  

N o  Catalyst . 

For a trial quantity (V3-oz.) send five dol­
lars to Armsfrong Cork C o . ,  Industrial  
Adhesives Div.,  9103 Inland Road, Lan­
caster, Pa., or to Eastman Chemical Prod­
u c t s ,  I n c . ,  C h e m i c a l s  D i v . ,  D e p t .  5-3,  
Kingsport, Tenn. (Not for drug use) 
See Sweet's 1 960 Prod. Des. File, 7 IE 
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A homemade radi.ometer 

200 watts (or an equivalent source of 
heat ) at a distance of six inches, the 
vanes will spin vigorously after the pres­
sure has been reduced to .05 millimeter. 

An apparatus that opens many experi­
mental opportunities is the dry-ice re­
frigerator. The ice container is made of 
a cardboard mailing-tube closed at the 
bottom by a disk of cardboard and sup­
ported on all sides by lightly crushed 
aluminum foil, as shown on page 1 96.  A 
glass test-tube supported by a pierced 
rubber stopper serves as the cold cham­
ber. The lid of the jar is fitted with an 
exhaust nipple and is pumped through 
a trap, also made of a wide-mouthed jar, 
charged with household lye (sodium 
hydroxide ) .  The carbon dioxide com­
bines chemically with the lye, thus re­
ducing the load on the vacuum system. 
At a pressure of one atmosphere, dry ice 
(solid carbon dioxide ) sublimes at a 
temperature of -78 degrees centigrade. 
At one millimeter the temperature drops 
to - 135 degrees and at . 001  millimeter 
to - 166 degrees ( -266 degrees Fah­
renheit ) .  Liquid oxygen boils at - 183 

degrees C. 
To achieve pressures much below one 

millimeter within a reasonable interval 
(less than 30 minutes ) one must insert 
a jet pump between the vessel being 
evacuated and the mechanical pumping 
system. A system of this type, con­
structed by Walter Semerau of Kenmore, 
N.Y . ,  for evaporating films of reflecting 
aluminum onto telescope mirrors, is de­
picted on page 198. The mechanical, or 
"fore," pump appears at lower left; 
the jet, or "diffusion," pump, at lower 
right. The vacuum vessel, consisting of 

a bell jar and a base-plate assembly, ap­
pears at the top together with its acces­
sories . 

The diffusion pump consists essential­
ly of a boiler fitted with a jet for dis­
charging vapor (usually of mercury or 
oil ) at high velocity into a tube of larger 
diameter that is maintained at a slightly 
lower relative temperature. Molecules of 
gas from the vessel being exhausted en­
ter the cold tube at a point behind the 
jet and, by random motion, diffuse into 
the jet stream. The probability is high 
that collisions with the molecules in the 
jet will accelerate them in the direction 
of the exhaust port, where they will dif­
fuse into the fore pump. The vapor 
condenses on the cold walls of the pump 
and is returned by gravity to the boileJ 
for another cycle. Most diffusion pumps 
do not operate effectively above . 1  milli­
meter, but below this pressure their 
speed is impressively higher than that of 
mechanical pumps. The diffusion pum�) 
used by Semerau employs two jets in 
series and pumps at the rate of 50 liters 
per second; his fore pump is limited tu 
30 liters per minute-a ratio of 100 to 1 
in favor of the diffusion pump. 

An aluminum film can be evaporated 
unto a mirror at a pressure on the order 
of .001  millimeter, easily attained with 
a modified refrigerator compressor. But 
such a mirror is inferior, according to 
Semerau, to one coated in a vacuum 
system that includes a diffusion pump. 

"The relatively poor quality of these 
mirrors," he writes, "is explained by at 
least two causes . First, at pressures abovE' 
one millimeter, a relatively large amount 
of gas, including water vapor, is ad-
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Appointment : 
Countermeasures 

SANTA BARBARA is  Raytheon's California operation, and is  devoted 
to the Engineering, Marketing, and Production of active and passive ECM 
and ECCM equipment for aircraft, missiles, and satellites ; infrared systems 
and devices ; guidance, mapping, and fire control components. 

Countermeasures appointments range from junior to department manager 
levels. Technical areas are: advanced systems design, microwave components 
design and application, circuit theory applying backward wave oscillators and 
traveling wave tubes. Infrared appointments open in reconnaissance and com­
munications systems, circuitry and filter theory, components and servo systems. 

. Location is excellent. The city of Santa Barbara is a quiet community of 
56,000. It has no smog, no million-car traffic. Nearby mountains and offshore 
islands keep mean temperature 570 - 700 all year. A Spanish setting plays host 
to theatres, 

'
museums, universities and a growing electronics center. 

For information on programs coincident with their professional 
interests, engineers and scientists may write: Mr. Donald H. Sweet, 

RAYTH EO N 
Manager, Management & Professional Recruiting, Raytheon Com­
pany, 624W Worcester Road, Framingham, Massachusetts. 

EXCELLENCE 
I N  ELECTRON ICS 

S A N TA B A R B A R A  O P E R AT I O N  
E Q U I P M E N T  D I V I S I O N  
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Important Openings exist for senior physi­
cists, physical chemists and electronic en­
gineers. Advanced degrees or extensive 
applicable experience required. This com­
p a n y - s p onsored l a boratory has been 
formed to advance the  state of the  art  in 
electronics as a basis for new products and 
instrumentation for satellite and space ve­
hicles. The three areas of participation are 
as follows : 
COM PONENTS · Molecular Electronics 
• Thin Films · Vacuum Deposition · Solid 
State Physics · Solar and Thermionic En­
ergy Converters • Electroluminescence . 
SYSTEM TECHNIQUES • Threshold 
Reduction • Bandwidth Compression • 

Sampling and Quantization · Long-Range 
Tracking and Communication • Data 
Handling and Processing · Infrared Space 
Filtering · Application of Statistical The­
ory of Noise and Information Theory. 
INSTRU M ENTATION · Attitude Stabil­
ization • Biotechnical Transducers · Sur­
veillance Sensors • Geo-Astrophysical 
Transducers for Space Probes. 
Write now to T. W. Wills, Engineering 
Personnel Administrator, Dept. 1 3 0-90, 
5596 Kearny Villa Road, San Diego, 
California. 

CONVAI R/ ASTRONAUTICS 
CONVAI R D I V I S I O N  O F  GENERAL DYNAM ICS 

1 96 

sorbed on the surface of the glass to be 
coated. Unless much of this is removed 
during pump-down, the mirror is apt to 
peel shortly after it is put into use. Sec­
ond, mechanical pumps are inefficient at 
low pressures, and in the case of small 
vacuum-systems a pumping time of sev­
eral hours would be required to reduce 
the pressure substantially below one mil­
limeter. During this interval trace 
amounts of organic material on the glass 
would oxidize, or undergo other chemi­
cal change, and discolor the film. I have 
never succeeded in eliminating trace 
contamination no matter how zealously 
I cleaned the glass. 

"To deposit thin films, either for mir­
rors, nonreflecting coatings on lenses, 
interference filters or for evacuating elec­
tronic devices, one requires a vacuum 
system that includes at the minimum a 
diffusion pump, a bell jar large enough 
to accommodate the apparatus, a tung­
sten heating-element, a source of high­
current, low-voltage power to energize 
the heater, and of course a stock of the 
material to be evaporated. 

"The bell jar may be either of glass or 
metal. Whatever the material, the walls 

cold  chambel' 
-166° C  .:I t  1 m i c ro n  

(t�5t. tube) 

a l u m i n u m  fo i l  
i c e  

of  the vessel must be  capable of  with­
standing the total pressure exerted by 
the atmosphere when the system is evac­
uated or the vessel will implode. If glass 
is used, the jar must, as a safety measure, 
be enclosed by a substantial screen. In 
the case of my bell jar, which has walls 
3/8 inch thick and measures 12 inches 
wide and 18 inches high, atmospheric 
pressure exerts a force on the glass of 
some five tons . Jars can be made by cut­
ting the bottom from a glass jug and 
grinding the cut edges smooth to make 
a tight fit with the base plate. The open­
ing of the jug is plugged by a rubber 
stopper. Do not make the bell jar by 
cutting off the rounded top of the jug; 
the flat bottom will flex under pressure 
and shatter the glass .  

"The metal base-plate on which the 
bell jar rests can be made of any scrap 
material-iron, aluminum or brass-if the 
upper surface is smooth and the plate 
is thick enough to withstand atmospheric 
pressure without flexing perceptibly. My 
plate is a slab of polished aluminum .75 
inch thick. The joint between the bell 
jar and the base plate may be sealed with 
vacuum wax ( a  mixture of beeswax and 

hou�eho' d  lye 
glass woo l 

A vacuum low.temperature apparatus 
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Problem : To b u i l d  
a p r o d u c t i o n  l i n e  
t h a t  w i l l  w r a p  d e l i ­
c a t e  ( b r e a k i n g  

s t r e n g t h  3 o z . J  
" m  i c r o s c o p i c , "  
c o m p u t e r  "Twistor 
Wi re"-ge n t l y, ac­
c u r a te l y ,  speed i l y .  

MOTOR B 
DRIVE ---+ 

MOTOR C 
+ 8RAKE 

S o l u t i o n :  The l i n e  d i a gramed a bove. 
H e r e ' s  how it works :  

1 .  To start  l i ne , B r a k e  Motors A a nd E 
pu l l  the  c o p p e r  core w i re taut.  The f l a t  
m a g n e t i c  w i re i s a l ready wrapped a 
few t i m e s  a r o u n d  t h e  core w i r e .  Bra ke  
M o t o r  C p u l l s  bock  on the f lat  w i re 
b o b b i n  h o l d i n g  both w i r e s  tense a n d  
m o t i o n l ess .  

MOTOR 0 
DRIVE 

2 .  Wra pp i n g begins  w h e n  Drive Motor 
B sta rts core wire movi n g  i n  synchro­
nism with Drive Motor D,  w h ich revs up 
w i n d in g head to 6,000 rpm.  

3 .  T h e  Key:  Brake Motor  C m a i n t a i n s  
u n iform,  g e n t l e  t e n s i o n  ( 2 0  gr. ± 2 
g r . )  on f l a t  wire beca use its response 
i s  faster th a n  that  of t he Drive Motors. 

MOTOR E 

TAKE UP BOBBIN 

Result :  A "dyna m ic ten­
sion" prod uction l ine that 
g e n t l y  w r a p s  Tw i s t o r  
W i r e  a t  92.7± 3 turns to 
the i nc h-prod u c i n g  some 
300 f e e t  o f  m a g n e t i c  
m e m o ry wire p e r  hour with 
o n  i n formation copacity 
of at least  28,800 "bits . "  . 

How to build a better memory 
Western E l ectric has begun produc­
tion of a new memory storage unit 
for complex e l e c t ro n i c  computers 
that is  l e s s  ex p e n s i v e  than o t h e r  
memory components n o w  in u s e .  The 
heart of this memory i s  the "Twistor 

H a i r-Like Twistor Wire, 
Wire" (left) which is produced by m a g n i f i e d  33 t i m e s ,  forms 

h e a r t  of n e w  e l ectron ic  wrapp ing a hair-thin ( .0035 " )  cop­
com p u t e r  m e m o ry dev i ce . pe r w i r e  w i t h  a n  e v e n  th i n n  e r  

( . 0003 " ) flat magnetic wire. Scientists at Bell Telephone 
Laboratories,  Western 's partner, discovered that sepa­
rate "bits" of information could be stored as close as 
every 'h th of an inch along Twistor Wire - a discovery 
that wil l  have a significant impact on the entire com­

puter industry. 
To be practical Twistor Wire had to be produced in 

large quant ities and at low cost. Working with a model 
100 times larger than the finished production model, 

Western E lectric's engineers evolved the solution - a 
wrapping machine (above) so small  it can fit on a desk 
top. Three torq u e  ( brake ) motors and two synchronous 
( drive ) motors, held in dynamic balance by noth ing 
more than the tiny wires they wrap, turn out the desired 

product to ultra-precise specifications at the rate of 300 
feet per hour. 

T h e  s u c c e s s f u l  p r o d u c t i o n - l i n e  m a n u fa c t u r e  of 
Twistor Wire is one more example of Western Electric's 
m a n y  new d e v e l o p m e n t s  in d e s i g n and e n g i n e e r i n g  
techniques.  
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" Ev e ry 
c u b i c  i n c h 
of s p ac e  
i s  a m i ra c l e ."  

Walt Wh i t m a n  

The m i rac le  you get  out  of  a cubic  

inch depends a good deal  on what 

you put i nto i t .  

For exa m p l e ,  exp lor ing outer 

space requi res much more than con· 

serving a m i s s i l e ' s  inner space . 

Fa i l ure  of a si n g l e  device, no matter 

how m i nuscule,  can end a fl i ght.  

The dependabi l i ty of countless m i n ·  

iatur ized devices i s  vital  to progre ss 

- not on l y  i n  space travel  but 

throughout industry. 

MPB bea rings are  leading exa m ·  

p i e s  o f  modern m i niaturizat ion,  not 

o n l y  in a i rborne and other scientific 

equipm ent, but i n  a n  ever· increas.  

i n g  n u m ber of i ndustr ia l  a p p l ica.  

t ions.  MPB offers  over  500 types  

and s izes  of m i niature bea r ings ,  

with  O.o. ' s  ra nging from 'h to 

1 /1 0" and with spec i a l s  provided 

on request. For a complete cata log,  

wr i te  to Miniature Precision 
Bearings, Inc.,  1 20 3  Precis ion 

Park,  Keene, N. H. 
1'vF'E helps you perform m i racles  

i n  m i n i aturization 

M I N IATURE PRE C I S I O N  
BEARINGS, I N C .  

1 98 

rosin in equal parts by weight applied 
while hot ) or, as a more convenient al· 
ternative, with a rubber ring. 

"The base plate is drilled in the cen­
ter with a hole to match the exhaust port 
of the diffusion pump. The pump should 
be coupled as closely as possible to the 
plate by a gastight seal. Incidentally, the 
speed at which gas flows under low pres­
sure varies directly with the diameter, 
and inversely with the length, of the 
conducting channel. Avoi.d long runs of 
tubing and bends . A right-angle elbow 
introduces as much resistance to the flow 
of gas at low pressure as three feet of 
straight pipe of matching diameter. The 
interval required for exhausting the bell 
jar can be reduced by equipping the base 
plate with a valve to cut off the diffusion 
pump. This permits the diffusion pump 
to be exhausted and placed in operation 
while the bell jar is being loaded. The 
valve must of course be designed for 

remote operation , because it is covered 
by the bell jar. 

"The heating element is made of .03-

inch tungsten wire and is formed by 
winding five turns spaced 1/8  inch apart 
on a mandrel 1 /4 inch in diameter. Be­
cause tungsten is relatively brittle at 
room temperature, the wire is customar­
ily heated to a dull red by means of a 
torch during the forming operation. 
( Overheating it is likely to result in 
sharp bends at which the heater may 
break during subsequent use. ) 

"Molecules of metal evaporated in a 
high vacuum move away from the heat­
ing element along radial paths. Hence 
when a coating is deposited on a rela­
tively flat disk of glass centered above 
the heating element, the thickness of the 
metal film increases from the edge to the 
center of the disk. In an amateur tele­
scope-mirror the effect is not serious if 
the mirror is spaced at least two diame-

Vd c u u m  Cham� 
m i rr o r 
be i ng 
cOQted 

A vacuum apparatus for depositing metal films 

pne u matic 
Vd'V& 
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SOLVING T H E  P U Z Z LES O F  N U C L E A R  P H E N O M E N A  I n  the adva ncement of 

knowledge of the peacefu l uses of n u c l ea r  phenomena a n d  effects, A l l ied Research engineers, scientists 

a n d  tec h n i c i a ns have made s ign ifica nt a n d  conti n ued contri b ut ions.  I The compa ny's recogn it ion i n  

t h i s  fie l d  has been esta b l ished by its part i c i pat ion i n  a l l  major Ato m i c  Energy C o m m ission tests s i nce 

195 1 ,  and has resu lted i n  the deve lopment of new concepts, devices, i nstru mentat ion ,  and data 

red uct ion methods as we l l  as i n  practica l a p p l icat ions i n  structu ra l a n d  design cr ite r i a .  I S i m i la r  

recog n i t i o n  o f  A l l i ed Resea rc h's  work on t h e  frontier o f  knowl edge has occu rred i n  ma ny other 

a reas of i nterest . . .  a erodyna m ics . . .  a p p l ied mec h a n ics . . .  a i rc raft operat ions . . .  chem istry . . .  

e l ectro n ics a n d  i nstr u m e ntat ion . . .  geop hysics . . .  mater ia l s  resea rch a n d  p rocesses . . .  meteoro logica l 

syste ms . . .  p hysica l meta l l u rgy . . .  prop u l s i o n  . . .  p hysics resea rch . . .  syste ms engi neer ing . . .  v i b rat ion 

e n g i n eer i ng . . .  wea pon syste ms a n a lysis.  

ca reer opport u n it ies for those ded icated 

To l e a r n  m o re 

a b o u t  t h e  c a reer 

p os i t i o n s  a v a i l a b l e  

to q u a l i fi e d  

s c i e n t i sts a n d  

e n g i neers,  forward 

your res u m e  i n  
c o m p lete 

confidence.  

These u n us u a l ly broad capa b i l it ies have c reated outsta n d i ng 

to work i n g  on the front ier  of know ledge. 

A book let 

desc r i b i n g  A L L I E D  R E S E A R C H A S S O C I AT E S ,  I N C . 
A l l ied Resea rch 

faci l i t i e s  a n d  

c a p a b i l i t ies i s  

a l so ava i l a b l e .  

4 3  L E O N  S TREET, BOS TON I S ,  MASSA CHUSETTS ' GARRISON 7-2434 

A S U B S I D I A R Y  O F  V E R T O L  A I R C R A F T  C O R P O R A T I O N  
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Did you know that perfect telescopes like Questar will show you tiny 

lines some nine times smaller than their theoretical resolving powe r ?  

W e  hesitate to p u t  a fi g u re o n  i t  since the miraculous living tissue of 

the eye is the final lens of any visual optical system. This ex traordinary 

phenomenon often makes terrestrial observing dramatic and exciting. 

No telescopic photograph of these old timbers taken from more than a 

third of a mile away could show the tiny grain and hairline cracks that 

were so plain I y visible through Questar. This interesting preference 

of the human eye for linear detail ex plains why we can sometimes see 

impossibly minute hairs on distant animals o r  too much detail in feathers. 

It  also holds when we turn Questar's full astronomical powers on things 

only a few feet away and u se it  as the first long.distance microscope to 

reveal a whole new world to our astonished eyes. 

The superfine Questar, with its normally erect images and the fi n gertip 

controls of its conve rtible mou nting, is ex pressly made for such work.  

I t  is sold only direct  from the factory and costs  $995 com plete in its  fi t ted 

English leather case. Send for 3 2-page booklet. Terms are available. 

'Que star 
B O X  2 0  N E W  H O P E  PENNSYLVANIA 

ters above the heating element. Other­
wise multiple heaters must be used. The 
heaters are supported on studs set in gas­
tight insulators that extend through the 
base plate. Power for the heater is taken 
from a step-down transformer that op­
erates either from a rheostat or a variable 
transformer to control the output through 
the range of two to 10  volts at a maxi­
mum current of 50 amperes . 

"A device for indicating pressure in­
side the bell jar, such as a glow tube, is 
useful. Aluminum films may be evapo­
rated successfully when the tube darkens 
and the glass fluoresces. 

"To aluminize a telescope mirror, the 
assembled apparatus is first pumped 
down until the glow tube fluoresces. The 
heater is then brought up to full tem­
perature ( 10 volts ) .  This reduces the 
film of oxide on the tungsten. The heater 
is cooled, air is admitted and the bell jar 
is removed. A hairpin loop of aluminum 
wire .03 inch in diameter and 3/4 inch 
long is suspended from each turn of the 
heater. Then the system is again pumped 
down. When the glow tube fluoresces, 
power is applied to the heater and grad­
ually increased until the aluminum wire 
just melts and wets the tungsten. The 
heater is then cooled but left under 
vacuum. 

"The glass to be coated is now thor­
oughly cleaned. Mere soap and water 
will not do; the surface must be chem­
ically clean. I use trichloroethylene to 
dissolve grease, followed by acetone and 
a final rinse with alcohol. The glass is 
then dried with a well-washed cotton 
cloth. Permit nothing else to touch the 
dried surface or it will almost certainly 
be smudged. Next the vacuum is broken 
and the glass is transferred immediately 
to its supporting fixture. Exhaust the bell 
jar. When the glow tube indicates mini­
mum pressure, apply full voltage to the 
heater. The aluminum will be fully va­
porized within 45 seconds. Allow the 
system to cool at least 10 minutes before 
breaking the vacuum." 

Amateurs who set up equipment for 
evaporating RIms will find the essential 
materials and apparatus ( with the pos­
sible exception of the diffusion pump 
and tungsten wire ) available in most 
communities. The diffusion pump used 
by F. B. Lee was made by a local glass­
blower at about twice the cost of the 
used refrigerator unit. Duplicates of this 
pump may be procured through Lee, 
who, in the interest of encouraging ama­
teurs to take up high-vacuum experi­
ments as a hobby, has volunteered to as­
sist in procuring tungsten wire and harcl­
to-get supplies .  His address is : F. B. Lee, 
230 Hampton Parkway, Buffalo 3, N . Y. 
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SYMBOLIC 
CODING 

ABSOLUTE 
BINARY 
CODING 

OCTAL 
CODING 

omputer 
Programmers : 

< 
'" 
on 

Where do you stand in 
programming progress? 
Are you currently in a position to move upward 
and forward into newer, more interesting levels 
of programming? Or is your topmost step 
still well below the height of the art? 

The advanced areas in which we work, e.g.  
MACRO symbolic coding, problem-oriented 
l anguage for data processing, and research in 
Universal Computer Oriented Language only 
partially indicate the importance of computer 
programming at SOC. 

There is also a basic professional advantage 
i n  the fact that programming is a primary 
function at SOC, rather than a service activity. 
This unusual situation stems directly from the 
fundamental nature of our work - developing 
extremely large computer-centered control 
systems. Among the many professional values 
in this strongly computer-oriented environment 
are the large number of supervisory positions 
open to programmers, and the fact that most 
programming supervisors have programming 
backgrounds. 

Positions now open at all levels ( at Santa 
Monica, California and Lodi, New Jersey ) .  

The extension of SOC's programming activities 
into new areas of large computer-centered 
control system development has created openings 
for Programmers at several levels of experi­
ence, including senior status. Please send your 
inquiry to O. B. Price, SOC, 2420 Colorado 
Avenue, Santa Monica, California. 

"SP- 1 27 ANCHOR An Algorithm for Analysis 
of Algebraic and Logical Expressions," a 
paper by Howard Manelowitz of SOC's staff 
is available upon request. Send request to 
M r. Price at SOC. 

SYSTEM DEVELOPMENT 
C ORPORATION 

Santa Monica, California · Lodi, New Jersey 

2 0 1 
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Ho'W' to thread a ne e dle 

" .' / .{ 
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in the dark 

T ARAN (Tactical Attack Radar and Navigator) 
i s  typical  o f  the i m p o rtant new electronic 
systems developed by H u ghes - i n  an atmos­
phere famed for its engineering o r i entat i o n .  

Hughes engineers have designed this system to 
enable pilots to fly blind at very low altitudes 
in any kind of weather - and actually deliver 
any kind of armament at tactical targets. 

TARAN's amazing abilities are based on several 
maj or electronic advances developed by Hughes 
engineers : A radar system with several times 
the range a n d  azimuth resoiution of cu rrent 
radars. An Automatic Navigation and Display 
System which pinpoints position continuously 
and automatically corrects for any navigational 
deviations. A unique terrain clearance indication 
warns the pilot of any obstacles when flying at 
low altitudes. A radar antenna utilizing elec­
tronic rather than mechanical lobing. 

Molten Ladle of silicon is watched during first step in 
the precise manufacture of Hughes semiconductors, just 
one of the Hughes commercial activities. 

The Fording Test is typical of the tough environ­
mental tests imposed upon advanced e lectronic equipment 
designed and produced by Hughes Fullerton engineers. 

Other Hughes activities provide similarly stim­
ulating outlets for creative engineers. A few 
representative proj ect areas include : advanced 
data processing systems, molecular electronics, 
advanced 3- D s u rface radar systems, space 
vehicles, nuclear electronics, ballistic missiles, 
infrared devices - and a great many othe rs. 
The commercial activities of Hughes have many 
interesting assignments open for imaginative 
engineers to perform research, develo pment, 
manu factu ring of semiconductors,  electron 
tubes,  and m i c rowave tubes.  

Whatever y o u r  fi e l d  of inte rest, y o u ' l l  fi n d  
Hughes' diversity of advanced proj ects gives 
you widest possible latitude for professional and 
personal growth. 

Newly instituted programs at Hughes have created immediate 
openings for engineers experienced in the following areas: 

Electro l u m i nescence 

I nfra- red 

So l id  State Phys ics 

D igita l  Computers 

Re l i ab i l ity & Qua l i ty Assurance 

Systems Design & Analysis 

Equ i pment Engineer ing 

M icrowave & Storage Tubes 

Commun ications Systems 

I nert ia l  Gu idance 

F ie ld  Engi neer ing 

C i rcuit  Design & Eva luat ion 

Write in confidence to Mr. R. A .  Martin 

Hughes General O(fices, Bldg. 6-F3, Culver City, Calif. 

Creating a new world with ELECTRONICS 
, - - - - - - - - - - - - - - - - - - - - - - - ,  
I 

H U G H E S 
I 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
© 1 9 60. H ughes Ai rcraft Company 
HUGHES AIRCRAFT COM PANY 
Cu lver City, EI Segundo, Fu l lerton ,  N ewport Beach, 

M a l i b u  and Los Angeles, Cal iforn ia;  Tucson, Arizon a  

2 0 3  
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The Library of Science 
invites you 

to choos,e any four 

, of these �nduriQg 
scientifi� works 
at qnly $1 each 

An expanding world of knowledge, presented by leading scientific discoverers and thinkers 

- 34 fine volumes currently available to members 

MAX JAMMER: 
Con,cepts of Space and 
Concepts of force. Two 
volumes. LIST PRICE $9.25 

FOSSIL M E N, by MarcelHn 
Boule & Henri V. Vallo is. 

LIST PRICE $9.50 

SIR JAMES G. FRAZER'S 
NEW GOLDEN BOUGH. 
One-volume a b r i d g m e n t ,  
e d .  b y  Theodor H. Gasler. 

LIST PRICE $8.50 

LOGIC MACHINES AND 
DIAGRAMS, by M artin 
Gardner. 

LIST PRICE $5 .00 

MORRIS K L I N E :  
Mathematics and t h e  
Physical World. 

LIST PRICE $6.00 

KARL R. POPPER: 
The Logic of 
Scientific Di scovery. 

LIST PRICE $7.50 

R. E.  P E I E RLS: 
The Laws of Nature. The 
logic and unity of atomic 
physics. LIST PRICE $4.50 

JOHN R. PIERCE:  
E lectrons, Waves 
and Messages. 

LIST PRICE $5 .00 

SOVIET SPACE S C I E N C E :  
The Russians' o w n  story. 
b)1 Ari Shternfeld. 

LIST PRICE $6.00 

DANIEL LANG: 
from Hiroshima to the 
Moon. LIST PRICE $5,95 

SCIENTIFIC AMERICAN 
BOOKS, Second Series. 
Five paperbound volumes, 
boxed, by the editors of 
the Scientific American. 

LIST PRICE $7,25 

J EROME S. BRUNER: 
A Study of Thi nking. 

LIST PRICE $6.00 

C. D. DARLI NGTON: 
Evolution of Genetic 
Systems. 

LIST PRICE $5,50 

THE EARTH A N D  ITS 
ATMOSPHERE, 
edited by D. R. Bates. 

LIST PRICE $6 .00 

Up to $42.50 worth of books for only $4.00 
:Jhe Library of Science, Dept. £-56 
5 9  FOURTH A VENUE, N E W  YORK 3 ,  N .  Y. 

Please enroll me as a member and send me at once the 
four Selections indicated below, for which you will bill  
me only $4.00 ( plus postage ) .  As a member, I need 
take as few as four more Selections during the next 12 
months, from t h e  more than 75 works available to me 
at reduced Member's Prices.  I understand that I will 
receive a free bonus book of my own choosing after 
every four Selections. 

SELECTIONS, ________________________ __ 

NAME, ______________________________ ___ 

ADDRESS, ________________________ ___ 

CITy ___________ ..LZONE ___ STATE, ______ _ 

2 04 

GIORGIO ABETT I :  
The S u n .  

LIST PRICE $ 1 2 .00 

N I KO T I NBERGEN: 
Curious Naturalists. The 
noted naturalist's methods 
and discoveries. 

LIST PRICE $5 .00 

FRED HOYLE: 
Frontiers of Astronomy. 

LIST PRICE $5 .00 

J. A. V. BUTL E R :  
I n s i d e  t h e  Living Cell.  

LIST PRICE $3.95 

GEORGE SARTON'S 
second volume of 
A History of Science. 
The last 3 centuries B.C, 

LIST PRICE $ 1 1 .00 

E L ECTRO N I C  DATA 
PROCESSI NG, by Roger 
Nell & Stanley A. Hetzler. 

LIST PRICE $6.75 

V. A .  F IRSOF F :  
Strange World o f  the 
Moon. LIST PRICE $6 ,00 

GEORGE GAMOW: 
Matter, Earth and S ky. 

LIST PRICE $\0,00 

WILLY LEY: 
Rockets, Missiles and 
Space Travel.  3rd revised 
edition. LIST PRICE $6.75 

N ELSON GLU E C K :  
Rivers i n  the Desert. 
Archeological explorations 
in the Negev. 

LIST PRICE $6.50 

GREER WILLIAMS : 
Virus Hunters. 
The origins and develop· 
ment of modern .. virology. 

LIST PRICE $5 ,95 

N. R. HANSON : 
Patterns of Discovery. 

LIST PRICE $550 

GAMES A N D  D E C ISIONS : 
An Introduction to Game 
T h e o ry, by R. D u n c a n  
Luce and Howard Raiffa. 

LIST PRICE $8.75 

E DUCATION IN THE AGE 
OF S C I ENCE, ed. by Brand 
Blanshard. Contributions 
by Phi lippe LeCorbe ilier. 
E r n e s l  N a g e l ,  Wa r r e n  
Weaver, others. 

LIST PRICE $4.50 

FRONTI ERS I N  S C I ENCE, 
ed. by Edw. Hutchings, Jr. 
Contributions by Pauling. 
O p p e n h e i m e r ,  H o y l e .  
Beadle. others. 

LIST PRICE $6.00 

SIGMUND F R E U D :  
The Interpretation 
of Dreams. The only com­
plete English translation. 

LIST PRICE $750 

CHARLES DARW I N :  
L i f e  a n d  L e t t e r s .  T w o  
volumes, boxed, edited by 
his son. Francis Darwin. 

LIST PRICE $ 10.00 

ERN EST A. H ILGARD : 
Theories of Learning. 

LIST PRICE $5 .50 

R. B. BRAITHWA ITE : 
Scientific Expla nation. 
The basic of scientific rea· 
soning. LIST PRICE $8.50 

S C I E N T IST'S C H O I C E ,  ed. 
by Franklyn 1\(. BI·anley. 
Portfolio of spectacular 
scientific photographs with 
commentary by 14 leading 
scientists. LIST PRICE $4.95 

FOR THE SERIOUS, the important and 
the enduring in scientific literature, 

readers interested in keeping up with 
c o n t e m p o r a r y  d e v e l o p m e n t s  ha v e  
turned in increasing numbers t o  The 
Library of Science. Now in its fifth 
year, The Library of Science counts 
as members nearly 50,000 scientists, 
educators and related professionals. 

the l iving cell, from the inner struc­
t u r e  of the e a rt h  t o  t h e  l i m it l e s s  
reaches of space-Library of Science 
Selections ra nge over the entire uni­
verse of scientific knowledge. 

The thirty-four works listed here 
exemplify the depth, scope and qual­
ity of the volumes offered each month 
a t  substantial savings to members of 
The Library of Science. From arche­
ology to zoology, from the behavior 
of the electron to the functioning of 

To start your membership, choose 
any four of these fine books al only 
$1 .00 each. Thereafter, as a member, 
you need take as few as four more 
Selections during the next 12 months 
from the more than 75 available to 
y o u  at r e d u c e d  M e m b e r's P r ic e s .  
These, together with the free Bonus 
B ooks which you yourself choose 
after every fourth Selection, insure 
you savings that total over 40 % .  

:The Library of Science, 59 FOURTIl AVENUE, NEW YORK 3. N. Y. 
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by Morton White 

"VORDS AND THINGS: A CRITICAL Ac­
COUNT OF LINGUISTIC PHILOSOPHY 
AND A STUDY IN IDEOLOGY, by Ernest 
Gellner, with an introduction by 
Bertrand Russell. Victor Gollancz, 
Ltd. ( 25 shillings ) .  

O
ne day last November the normal­
ly unphilosophical pages of The 
Tim es of London bore a letter 

from Bertrand RusselI that has helped 
make this one of the most controversial 
philosophical books to have appeared re­
cently in the English-speaking world. Its 
author, an Oxford-trained philosopher 
now teaching at the London School of 
Economics, became famous overnight 
when Russell reported that Britain's 
leading philosophical journal, Mind, had 
refused to review Words and Things on 
the ground that it was abusive and unfit 
to be the subject of printed scholarly dis­
cussion. Russell suggested that the real 
reason for Mind's action was that the 
bouk was critical of the opinions of its 
editor and of his philosophical friends at 
Oxford. This, of course, was promptly 
denied. 

Since the end of the war Oxford, that 
home of lost causes, has become the seat 
of a triumphant movement, sometimes 
called linguistic philosophy, of which 
both Russell and Gellner vehemently 
disapprove. It is mainly dominated by 
the ideas of the late Ludwig Wittgen­
stein, once a pupil of Russell, but in his 
later years the originator of a powerful 
way of thinking that challenges much 
of what Russell stands for in philosophy. 
Whereas Russell's allies, the logical posi­
tivists, thought that philosophy should 
be exclusively concerned with theJogical 
analysis of science and mathematics, 
those who have rallied to the banner of 
'Vittgenstein have concerned themselves 
almost exclusively with the language of 
ordinary life. 

One of the sources of this reaction is 
the linguistic philosophers' conviction 

BOOKS 
A logical positivist's case against 
the school of linguistic philosophy 

that positivists were excessively restric­
tive when they said that only statements 
of mathematics and empirical science 
were meaningful. By contrast Wittgen­
stein suggested that philosophers should 
conceive of themselves as students of the 
use of words. In his view language is a 
tool that functions in many different 
ways, only one of which is scientific or 
mathematical . We can use words for 
commanding, promising, exhorting, tell­
ing stories and in "countless" other ways 
in ordinary life. Moreover, because 
Wittgenstein thought that metaphysical 
puzzlement was caused by a failure to 
attend to the workings of ordinary lan­
guage, he believed that a painstaking 
description of those workings would re­
sult in the therapeutic dissolution of 
metaphysics . He also taught that phi­
losophy is exclusively descriptive, that it 
cannot change or recommend changes 
in our ordinary linguistic habits . This is 
of course antithetical to the idea of some 
positivists that the task of philosophy is 
the "rational reconstruction" of knowl­
edge. It also contrasts with Russell's con­
temptuous dismissal of ordinary lan­
guage. It is more in line with the views 
of Russell's Cambridge contemporary 
G. E. Moore, who persistently asked 
speculative philosophers to state how 
their theories were related to beliefs of 
common sense. 

Gellner's book is primarily an attack 
on what he calls the conceptual con­
servatism of the linguistic philosophers . 
He holds that philosophy is not a de­
scription of how language operates, but 
a statement of how it should operate. 
Gellner believes that philosophical indif­
ference to revising our language is an 
index of social conservatism. In his final 
chapters he argues that contemporary 
Oxford philosophy is an ideological in­
strument of the Establishment. Gellner 
is fed up with Oxford's filigree work on 
details of ordinary language, with its 
ignorance of science, with what Gellner 
calls its esoteric discussion groups, its 
complacency and its indifference to the 
larger issues of social and political life. 

Although I can sympathize with some 
of GelIner's irritation and find his socio-

logical reflections interesting and to a 
degree plausible, I admire much of the 
work of several Oxford philosophers. 
But quite apart from the merits of their 
philosophy, it is exceedingly unfortunate 
that Gellner should accuse them of col­
lective evasiveness, "insinuation," 
"camouflage" and "dishonesty," a charge 
which in my opinion is neither success­
fully substantiated nor really mitigated 
by his saying that the dishonesty is not 
"conscious . "  Whatever merit this book 
has must be sought in its argument and 
not in its invective. The argument is con­
veniently divisible into three main parts: 
( 1) an attempt to portray linguistic phi-
10sophy as a movement, ( 2 )  a statement 
of its failings and (3) an indication of 
the author's positive views. I shall con­
sider them separately because I put dif­
ferent values on these different aspects 
of the book. Let us consider the first part 
first. 

Every historian of philosophy will ac­
knowledge the difficulty of summing up 
an entire movement of thought. Only 
catechized religious philosophies or par­
ty philosophies like dialectical material­
ism draw up tenets to which all adher­
ents must subscribe. Therefore the his­
torian must proceed with utmost care 
when he wishes to report the doctrines 
of a group of philosophers who are not 
formalIy organized and who think it im­
portan t not to freeze their philosophy 
into a set of prescribed propositions. But 

because Gellner is convinced that the 
linguistic philosophers constitute a 
school with tenets that they share but 
do not acknowledge, he must himself 
formulate these allegedly unconfessed 
premises of their thinking. The historian 
who proceeded carefully in such a mat­
ter would try to show us that each and 
everyone of them explicitly or implicitly 
subscribes to a list of specified doctrines. 
This Gellner never does . Most often he 
wiII cite a particular writer, show that he 
holds a given doctrine and then conclude 
that every one of that philosopher's sup­
posed allies also holds the doctrine. It is 
almost as if Gellner were applying Witt­
genstein's own concept of family resem­
blance to the phrase "linguistic philo so-
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pher." Wittgenstein says in another con· 
nection that we cannot find one common 
feature which all games have in common 
and by virtue of which we call each game 
a game. Instead we have a crisscrossing 
of features that unites all games in the 
way that family resemblance unites all 
members of a family. Sibling a and sib­
ling b may have the same color hair, but 
not sibling c. Yet band c may have an 
eye-color not shared by a. Wittgenstein's 
other image for this sort of situation is 
that of the rope in which no single 
strand runs the length of the rope. I 
suggest that sometimes the members of 
an intellectual movement are related in 
this familial or ropelike way, and that it 
is permissible and illuminating to link 
them together for certain purposes. But 
the one purpose which is excluded is that 
of mass refutation. If linguistic philoso­
pher a and linguistic philosopher b share 
doctrine X which c does not hold, and 
if band c share doctrine Y which is not 
accepted by a, it is grotesque to attack 
the whole family of linguistic philoso­
phers for holding, say, X. Yet this is very 
much what Gellner seems to do. More­
over, he seems to say that those who do 
not explicitly subscribe to X or to Yare 
"unconsciously" evasive or dishonest. 
One can imagine how maddening this 
must be to those philosophers who are 
found guilty by association. 

Gellner is very much aware of the dif­
ficulties inherent in attributing views to 
people whose writings do not justify 
such attributions, for very often he will 
face up to the fact that a given member 
of "the movement" has even denied one 
of the doctrines Gellner has attributed to 
him. In such cases Gellner seems like a 
disappointed man whose fixed idea has 
suffered a blow. For example, at one 
point he says : "A doctrine may formally 
allow of facts that are adduced against 
it as would-be objections; and yet infor­
mally, in the whole corpus of what it 
intimates, indicates, in the visions and 
activities it encourages, the vistas it 
opens-in all these, it may do its utmost 
to obscure them. In philosophy, and per­
haps in other fields, such informal as­
pects of a doctrine are often far more 
important than the formal definition." So  
the linguistic philosophers are damned 
if they do and damned if they don't sub­
scribe to the theories ascribed to them 
by Gellner. I should hate to have Gellner 
sitting on a jury whose responsibility it 
was to decide whether I accepted or ad­
vocated a certain doctrine. 

In the second part of Gellner's argu­
ment, even if he does not show that the 
philosophers he is trying to convict are 
all alike, he does call attention to four 

questionable theories or arguments that 
at least some of them employ. These are 
the four main "pillars" of linguistic 
philosophy which Gellner in his Samson­
like way wants to send crashing to the 
ground. One pillar he calls the "Contrast 
Theory of Meaning." Its proponents say 
that to be meaningful a term must allow 
at least for the possibility of something 
not being covered by it. Gellner calls 
another offending doctrine "polymorph­
ism."  It says that since every term is 
used in a variety of ways, "no general 
assertion about the use of words is pos­
sible ." On the whole Gellner's argument 
against the contrast theory is more per­
suasive than his discussion of poly­
morphism. And since I do not think that 
his attempted destruction of either of 
these two pillars is so important as his 
campaign against the remaining two, I 
shall turn to a more detailed discussion 
of that campaign. 

Gellner is most critical of the pillar 
called the "Argument from the Para­
digm Case," and he has little trouble in 
showing that, as he formulates it, it is 
invalid. The argument begins with the 
contention that the meaning of a term 
is its use. "We often have occasion to 
use the word 'table. ' It means whatever 
it is used to refer to, and, as we often 
do use it, that to which it refers is a 
'table. ' Therefore, tables exist . "  The ar­
gument is also used in more controversial 
cases with the intention of establishing 
more serious conclusions, such as the 
existence of free will. "What do expres­
sions such as 'of one's own free will' 
mean? Why, let us look at their paradig­
matic use. Should we not use it of a 
smiling bridegroom marrying the girl of 
his choice? Well then, that is the kind 
of thing the expression means. What else 
could it mean? Ergo, free will is vindi­
cated." 

Gellner rightly points out that this 
mode of argument in its blunt form is 
invalid. It fails to distinguish between 
what are traditionally called "connota­
tion" and "denotation," that is, between 
the meaning and the reference of a 
term. For example, the word "miracle" 
has a use in the sense of a meaning, but 
that does not guarantee its having a ref­
erence. The fact that a given group of 
persons uses a term with the idea that 
they are referring to things does not 
mean that they succeed in referring to 
things. The word "unicorn" also has a 
meaning, but no reference. 

Having expressed sympathy with 
Gellner here, I must add that he under­
estimates the value of the Argument 
from the Paradigm Case because he for­
mulates its crudest version . Although I 
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do not question his accuracy in attribut­
ing this version to some linguistic philos­
ophers, many such philosophers would 
not use it as a "proof" of the freedom of 
the will. They are more likely to point 
out that if a metaphysician should say 
that there is no freedom of the will, he 
can properly be reminded of the fact that 
we distinguish between grooms who 
marry brides of their own choice and 
those who are shotgunned into marriage. 
Therefore in one ordinary sense of the 
word "free" some choices are free and 
others not. The argument's purpose in 
such a case is cautionary. It forces the 
metaphysician to distinguish and clarify 
the sense in which he is denying free­
dom of the will. This was also the main 
point of Moore's asking those philoso­
phers who said that time was unreal to 
tell him whether they meant to deny 
that he had his breakfast before his 
lunch. I seriously doubt that Moore ever 
said or implied, as Gellner says he did, 
that a contest between a philosophical 
statement and a statement of common 
sense must always be decided in favor 
of the latter. After all, Moore explicitly 
says that some beliefs that were oncc 
commonsensical are not true. Moreover, 
Gellner cannot consistently attack a 
philosopher who believes something 
firmly enough to hold on to it in the face 
of obscure or ambiguous philosophical 
theories. Gellner himself says of linguis­
tic philosophy that "its intellectual of­
fensiveness . . .  resides in its claim that 
it denies legitimacy to certain questions, 
doubts, and a certain kind of ignorance, 
which in our hearts we know full well to 
be legitimate : we do not know whether 
others see the same colors as we do, 
whether other people have feelings, 
whether we are free to choose our aims, 
whether induction is legitimate, whether 
morality is binding or merely an illu­
sion." In my opinion Moore's conviction 
that he had had his breakfast before his 
lunch is more defensible than Gellner's 
heart-knowledge about what "we" are ig­
norant of. The situation seems to be this : 
Some linguistic philosophers, if Gellner 
is right, always adopt the commonsensi­
cal half of a conflict between philosophy 
and common sense, whereas some of 
Gellner's words suggest that his own in­
clinations are just the opposite. In my 
view both Gellner and his opponents are 
wrong, because I believe that we must 
always consider such conflicts individu­
ally. To argue otherwise is to imply that 
one has some kind of criterion that can 
justify either common sense or philoso­
phy in a wholesale way. This is absurd. 

Gellner's most serious objection to the 
Argument from the Paradigm Case con-

cerns the use of what are sometimes 
called "category terms," like the phrase 
"material object," which denote very 
general classes. Some philosophers have 
denied or questioned the assertion that 
material objects exist, and in so doing 
have attempted to call into question or 
to recommend the elimination of a whole 
"species of human discourse."' In refut­
ing them Gellner says that it is wrong to 
appeal to the fact that people do use 
the phrase "material object." I suppose 
he would say something similar about 
the attempted refutation of nominalists 
who, although they acknowledge the 
fact that people use abstract nouns like 
"manhood" and "justice" which allegedly 
refer to universals, nevertheless wish to 
show that assertion of the existence of 
universals is both obscure and unneces­
sary. Gellner points out that it is difficult 
to distinguish between category terms 
and those which are not category terms, 
and that "it is by no means obvious . . .  
that there is never point in recommend­
ing the abolition of a whole category. 
The use of teleological language has 
probably diminished, and it is not self­
evident that it would be impos�ible to 
abolish the use of it altogether. Whether 
this is a good or a practicable thing or 
not can in no way be settled by appeal to 
the fact that we have used that kind of 
language hitherto. This constitutes some 
evidence, but is by no means conclu­
sive." 

This passage foreshadows Gellner's 
objection to the fourth type of invalid 
argument he attributes to linguistic 
philosophers. This, he says, moves fal­
laciously from a description of how lan­
guage is used to a statement of how it 
should be used. After analyzing the falla­
cy in what is an exceedingly brief pas­
sage, considering the amount of impor­
tance he attaches to its commission, 
Gellner allows himself to make a posi­
tive assertion about the nature of philos­
ophy as he conceives it. He says that 
"virtually [it is not clear what the use of 
this qualification is intended to except] 
all philosophical problems are . . .  prob­
lems of value : only philologists are con­
cerned with just how, in fact, a word is 
used. A question becomes philosophical 
when it is about the valid use of a term." 

Since the matter is of great importance 
for assessing this book even as a critical 
contribution to philosophy, I shall ask 
the reader to recall that in the quotation 
preceding the last one Gellner tells us 
that the fact that we have used a certain 
kind of language constitutes relevant 
evidence when we are debating whether 
it is a good or practicable thing to abolish 
the use of it altogether. But who gathers 
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The micrometeorite density encountered in 
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How? Because Explorer VI's 132 pounds of 

electronic components are powered by storage 

batteries kept charged by the impingement 

of solar radiation on 8,000 cells in the four 

sails or paddles equivalent to 12.2 square feet 

in area. Many more of the scientific and 

technological miracles of Explorer VI will be 

reported to the world as it continues its epic 

flight. The STL technical staff brings to this 

space research the same talents which have 

provided systems engineering and over-all 

direction since 1954 to the Air Force Missile 

Programs including Atlas, Thor, Titan, 

Minuteman, and the Pioneer I space probe. 

Important staff positions in connection with 

these activities are now available for 
scientists and engineers with outstanding 

capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, 

astrophysics, computer technology, and 

other related fields and disciplines. 

Inquiries 
and resumes 

Laboratories, Inc. are 
invited. 

P. O. Box 95004 
Los Angeles 45, California 
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this factual evidence? Surely not the 
philologist as he is normally conceived, 
when the question is whether or not peo­
ple do use teleological language. Philol­
ogists don't discuss such questions. And 
who besides the philosopher is to tell us 
whether in ordinary language people 
speak realistically, that is, refer to uni­
versals? It would appear that Gellner 
must concede that an important part of 
philosophy is descriptive by comparison 
with that which concludes that a certain 
kind of language ought to be retained or 
junked. For Gellner is the last person in 
the world to make a sharp and artificial 
distinction between subjects, especially 
a distinction that would put evidence­
gatherers in one discipline and those who 
do the concluding in another. Here, as 
in the case of his discussion of the Argu­
ment from the Paradigm Case, Gellner is 
driven to the absurd contrary of the 
equally absurd position against which he 
is reacting so violently. The simple truth 
is that philosophers of language can en­
gage in the description of use as well as 
in linguistic revision. How could one 
know what one was trying to change 
without describing it? 

To come to the third part of Gellner's 
argument, it is rather extraordinary that 
this book contains not a single extensive 
discussion of one philosophically needed 
linguistic change that Gellner advocates . 
Had he devoted himself to one such sub­
stantive problem in philosophy as he 
conceives it, the book would have been 
immeasurably more valuable. Time and 
time again one gropes without success 
for an illustration of the kind of con­
ceptual revision that Gellner has in mind. 
He thinks that "philosophy is in large 
part a matter of explicating-and choos­
ing-our concepts, and, incidentally, of 
choosing what kinds of explication we 
find acceptable." I find this congenial, 
but what are some examples of philoso­
phy done in accordance with Gellner's 
plan? What does he think of the explica­
tive constructions of philosophers who 
use the techniques of mathematical 
logic? One illustration worked out in 
detail, or even taken from an author of 
whom Gellner approves, would have 
been worth 50 pages of accusation. I do 
not wish to be mean about this. Philoso­
phers perform a great service when, like 
John Locke, they sweep rubbish from 
the paths of master-builders. But when 
a philosopher is so sharply critical of con­
ceptual conservatism he should at least 
outline one radical linguistic alteration 
of which he approves. Had Gellner done 
this he might have shed more light on 
the distinction between use and valid 
use which is so central to his philosophy. 

He suggests at one point that very few 
ways of speaking are indispensable. 
What are they? Does Gellner think, for 
example, that human thought could get 
on without the languages of deduction 
and induction? How far does his liberal­
ism extend? I am sympathetic with Gell­
ner's emphasis on the expendability of 
some conventional ways of speaking, but 
without more concrete illustration from 
him I cannot fully understand what he is 
driving at. 

To say this is not to �ny that Gellner 
has written a serious, stimulating and 
often telling critique of certain tenden­
cies in English philosophy today. But I 
deplore his method of mass refutation 
and his accusations of collective evasive­
ness, dishonesty and camouflage. I do 
not mind sharpness in controversy, but 
Gellner is too often blinded into using 
language that inhibits serious philosoph­
ical exchange. This is a pity, because 
Gellner has put his accusing finger, how­
ever shakily, on some very important is­
sues. If philosophers who think that they 
have been wrongly interpreted or un­
fairly criticized were to meet with him 
in the pages of a scholarly journal, we 
might come closer to the truth on some 
of these issues at the cost of forgetting 
the bellicose manners of an angry young 
philosopher. 

Short Reviews 

THE BANKS LETTERS, edited by War­
ren R. Dawson. British Museum ( 12 

pounds, 12 shillings ) .  Sir Joseph Banks, 
naturalist and explorer, who served as 
president of the Royal Society for 42 
years during the 18th and 19th cen­
turies, was, as this calendar of his manu­
script correspondence shows, one of the 
most prolific letter-writers in the English 
language. Banks's interests and activities 
were enormously varied. He went around 
the world with Captain Cook; he spon­
sored expeditions to all parts of the 
globe, including the journeys of Mungo 
Park and Matthew Flinders; he built up 
a great collection and a valuable library 
that he bequeathed to the British Mu­
seum; he was the principal scientific ad­
viser to the King anJ his ministers on 
subjects ranging from the introduction 
and acclimatization of useful plants and 
animals to the supply and production of 
articles required for the Army and Navy; 
he was superintendent of the Royal 
Botanic Gardens, played a leading part 
in the founding of Australia, counseled 
the Mint on its affairs, supervised the 
arrangements at Westminster Abbey, 
served on the Committee of Trade of the 
Privy Council, inaugurated the subscrip-
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Among the peaceful applications 
for scientific break-throughs being 
made in the study of outer space 
is a communications satellite. 

Using inflated plastic satellites, 
boosted toward orbit by the Air 
Force Thor rocket, a global TV 
network could be established. TV 
signals would bounce to satellite 
and back to your station, giving 
you a front-row seat at events 
anywhere in the world. Cost should 
be a fraction of coaxial cables and 
microwave relays now used. 

Practicality of Thor for this 
purpose is based on its demonstrated 
reliability. With Douglas responsible 
for airframe fabrication and 
assembly and test of the entire 
system, Thor has helped launch 84% 
of all payload weight put into space 
by the U. S. ; is the key booster 
in the Air Force "Discoverer" 
firings; launched the first nose 
cone recovered at ICBM range. 

Thor is another product of the 
imagination, experience and skills 
which Douglas has gained in nearly 
20 years of missile development. 

Foil-covered satellite, folded like a pocket 
raincoat, would balloon out in orbit as 
an inexpensive TV relay station 

Builders of the 
DC-8 Jetliner 
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tion for the defense of the country dur­
ing the Napoleonic wars, was a prime 
mover in the various Acts of Parliament 
for Inclosures and Drainage of the Fens . 
He was, in short, in matters vegetable, 
animal and mineral the very model of 
the savant officiel. But he differed mark­
edly from the present-day examples of 
the species in that he did his own work, 
and was a laborer rather than a conferrer 
and adviser. His prodigious correspond­
ence is a case in point. When he died his 
files held at least 100 huge bound vol­
umes of his letters and many separate 
dossiers and folders with more letters on 
particular subjects-perhaps 50,000 let­
ters altogether. Banks rarely left a letter 
unanswered. Strangers, adventurers, 
nonentities got almost the same prompt 
attention as the great. He responded 
generously to appeals for help. Though 
he has been described as imperious and 
dictatorial and was known as the Bull of 
Revesby, his letters are usually courteous 
and sympathetic. He corresponded with 
persons all over the world on almost 
every conceivable subject. He wrote 
about breadfruit and hemp and live­
stock. He communicated with Matthew 
Boulton about machinery, wool, mining 
and metallurgy. He told the astronomer 
Jean-Baptiste Delambre about nautical 
almanacs and also let him know in no 
uncertain terms what he thought of Na­
poleon. He informed Arthur Lee of New 
York that since the Declaration of Inde­
pendence "extinguished his character as 
a British subject," his resignation from 
the Royal Society would be accepted­
but that he would still have to pay his 
back dues . He received from J. Newman, 
English secretary to the Russian Embas­
sy, intelligence about Captain Cook's 
visit to Kamchatka. Among those who 
wrote to him ( some wrote hundreds of 
letters) were Sir William Herschel, 
Jean d'Alembert, Joseph Louis Lagrange, 
Sir Humphry Davy, Erasmus Darwin, 
Count Sergius Ouwaroff, the mathemati­
cian Jose de Mendoza y Rios, the 
arctic navigator ( and later clergyman ) 
William Scoresby, the diplomat and an­
tiquary Sir William Hamilton, the physi­
cian Sir Charles Blagden, the zoologist 
Markus Bloch. He heard much from 
Captain William Bligh, whom, despite 
the affair of the Bounty, he recom­
mended as Governor of New South 
Wales, a testimonial he must have lived 
to regret in view of Bligh's arrogance 
and tyrannical manner which rendered 
him unfit for any post requiring tact and 
understanding. The versatility of Banks's 
letters is typified in a single communica­
tion to the plant phYSiologist Thomas 
Andrew Knight, which begins with Roy-
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:11 Society business, goes on to convey 
his intention to supply the botanic gar­
dens in Malta with anything that would 
grow there, continues with a discussion 
of martens, polecats and ferrets, dis­
cusses the advantages of bone manure, 
pronounces on the best strawberries and 
ends with the Lincolnshire elections .  
Banks never employed a secretary or 
amanuensis, and nearly every letter in 
the large mass now extant is written in 
his own hand. He knew no language but 
his own, and the many letters he got in 
French, German and other languages 
were translated for him by an assistant 
"viva voce"; he wrote his replies on the 
spot as the letters were read out to him. 
Of this gigantic correspondence much 
was lost and much else was dispersed 
in auction sales in the latter part of the 
19th century. Still, some 7,000 letters 
-either originals or copies-are in the 
British .vluseum, and each of these is 
epitomized in the present work, a re­
mat'kable labor, invaluable as a source 
book and endlessly entertaining for the 
general reader. 

1' HE SOVIET CITIZEN, by Alex Inkeles 
and Raymond A. Bauer. Harvard 

University Press ( $ 10) . This volume re­
ports the results of a Harvard study of 
daily life in the U .S . S .R .  With funds pro­
vided by the Air Force-a curious spon­
sor for such an undertaking-a group of 
scientists in 1950 and 195 1  conducted 
764 long interviews with Soviet emigres 
and obtained answers to detailed ques­
tionnaires from 3,000 different respond­
ents, relating to work experience and 
working conditions, standards of living, 
education, family life, keeping up with 
the news, attitudes toward the regime, 
popular values and aspirations, sources 
of social cleavage, popular images of the 
party and the secret police, nationality 
problems. The researchers were of course 
aware of the danger that emigres might 
give a distorted picture of the country 
they had abandoned, and elaborate 
methods, which are fully explained, were 
employed to meet the problem of re­
sponse bias. On the whole the book 
makes a good case for the relative de­
pendability of the data. Soviet citizens, 
as here portrayed, are pretty much like 
other people . They like to eat, drink and 
be merry; they love their children ; they 
grum ble and compete and criticize and 
s tri\'e for status ;  they don't love police­
men, don't thrive on terror, don't enjoy 
being spied upon ; they do not admire 
political oafs and hacks, of which they 
have at least the usual share; they are 
more interested in social security, free 
education and medical care than in na-
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P R O P E RT I E S  OF R EACT O R  M ATE-
R I A L S ,  627 p a g e s  $ 1 4.00 

R EACT O R S  

6 B A S I C  M ETA L L U R G Y  A N D  FA B R I -
C AT I O N  O F  F U E L S ,  720 p a g e s  $1 8.00 

7 R EACTO R T EC H N O L O G Y ,  858 pages $1 9 .50  

8 N U C L E A R  POWER PLANTS,  P A R T  
I ,  5 8 4  p a g e s  $ 1 4.00 

9 N U C L E A R  P O W E R  P L A N T S ,  PART 
I I ,  538 p a g e s  $ 1 7 . 50 

1 0  R E S EA R C H  R EACTO R S ,  548 p a g e s  $ 1 8 .50  

1 1  R EACTO R S A F ETY AND C O N T R O L ,  
6 0 8  p a g e s  $ 1 5 . 5 0  

1 2  R EACT O R  P H Y S I CS ,  7 7 4  p a g e s  $ 1 8 .50 

13 R EACTO R P H Y S I C S  A N D  ECO· 
N O M  I C S ,  635 p a g e s  $ 1 8 . 50 

P H Y S I C S  

1 4  N U C L E A R  P H Y S I C S  A N D  I N STR U -
M E NTATI O N ,  492 p a g e s  $ 1 7 .00 

15 P H YS I CS IN N U C L E A R  E N E R G Y ,  
4 7 6  p a g e s  $ 1 2 .50 

16  N U C L E A R  DATA AND R EACT O R  
T H E O R Y ,  744 p a g e s  $ 1 8 .50  

30 F U N D A M E N T A L  P H Y S I C S ,  342 p a g e s  $1 0 .50 

C H E M I ST R Y  

1 7  P R OC E S S I N G  I R RA D I AT E D  F U E L S  
A N D  R A D I OACT I V E  M A T E R I A L S ,  

7 0 9  pa g e s  $ 1 8.00 
18 WASTE T R EATM E N T  AND E N ·  

V I R O N M E N T A L  A S P ECTS O F  
ATO M I C  E N E R G Y ,  624 p a g e s  $ 1 6 . 50 

1 9  TH E U S E  OF I S OTO P E S :  I N D U S-
T R I A L  U S E ,  366 p a g e s  $ 1 2 . 50 

20 I S OTO P E S  I N  R ES E A RC H ,  296 p a g e s  $ 1 0.00 

28 BA S I C  C H E M I ST R Y  IN N U C L E A R  
E N E R G Y ,  6 8 6  p a g e s  $ 1 8 . 5 0  

29 C H E M I C A L  E F FECTS O F  R A D I A -
T I O N ,  4 7 5  Pa g e s  $ 1 4 . 5 0  

B I O LO G Y  A N D  M E D I C I N E  

2 1  H EA LTH A N D  S A F ET Y :  D O S I M -
ETRY A N D  STA N D A R D S ,  249 p a g e s  $ 1 0 . 50 

22 B I O LO G I C A L  E F F ECTS OF R A D I A ·  
T l O N ,  5 5 2  p a g e s  $ 1 4 .50 

2 3  E X P E R I E N C E  IN R A D I O L O G I CA L  
P R OTECT I O N ,  4 6 8  p a g e s  $ 1 4 .50 

24 I S O T O P E S  IN B I OC H E M I ST R Y  A N D  
P H YS I O LO G Y ,  P A R T  I ,  305 p a g e s  $ 1 1 .00 

2 5  I S OT O P ES I N  B I O C H E M I ST R Y  A N D  
P H Y S I O L O G Y ,  P A R T  I I ,  3 1 2  p a g e s  $ 1 1 .00 

26 I S O T O P E S  IN M E D I C I N E , 460 p a g e s  $ 1 3 .00 

27 I S O T O P E S  I N  A G R I C U LT U R E ,  
4 5 5  p a g e s  $ 1 4 .00 

C O N T R O L L E D  F U S I O N  

3 1  T H E O R ET I C A L  A N D  E X P E R I M EN ·  
T A L  A S P ECTS O F  C O N T R O L L E D  
F U S I O N ,  3 9 0  p a g e s  $ 1 5 .00 

32 C O N T R O L L E D  F U S I O N  D E V I C ES ,  
4 6 2  p a g e s  $ 1 5 .00 
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tionalism, tradition or religion ; they have 
suffered terribly from wars and do not 
want another; they have been bitterly 
discontented with working conditions, 
but these have now markedly improved. 
In short, the main problems touching the 
average Soviet citizen relate to the fact 
that he lives in a comparatively new in­
dustrial society, to the conditions, de­
mands, difficulties and opportunities to 
which he must adapt himself, rather 
than to the fact that he lives in a totali­
tarian society . That the U .S . S .R .  is not 
paradise seems reasonably clear from 
this report; that it is not on the verge of 
collapse, that its citizens are not waiting 
for us to blow a liberating trumpet or 
drop a small bomb on them as a signal 
to revolt is also clear. But the crystal ball 
is cloudier on the question whether the 
U .S . S .R .  will in time become more or 
less totalitarian, and whether, even if the 
society becomes less absolutist, it may 
not become "more, not less, a challenge 
to the free world." 

k�ABIAN SANDS , by 'Vilfred Thesiger. 
E .  P .  Dutton & Company, Inc. 

( $5 .95 ) . The greater part of southern 
Arabia is a wilderness of sand, "a desert 
within a desert," so enormous and so 
desolate that even Arabs, who think a 
hut and a well make a village, and a few 
hundred hovels a metropoliS, call it Rub 
al Khali, or Empty Quarter. This cruel, 
frightening, barren, almost waterless re­
gion of perhaps 300,000 square miles 
stretching from Hadhramaut on the In­
dian Ocean to the Trucial Coast on the 
Persian Gulf, was first crossed in the 
early 1930's by two Englishmen : Ber­
tram Thomas from the south and Harry 
St. John Philby across the western sands . 
Wilfred Thesiger, an Englishman born 
in Ethiopia, made two crossings after 
World 'Var II, each along a new, diffi­
cult and unmapped route, that no Euro­
pean before him had explored . The story 
of these arduous journeys is told in this 
engrossing volume, which deserves a 
place among the classics of Arab travel, 
and which, as Thesiger sadly observes, 
may well be the last of its line, for the 
desert is no longer empty nor undefiled . 
Oil prospectors have crisscrossed it in 
jeeps and mapped it ; its sands are 
scarred with truck tracks and l ittered 
with "discarded junk imported from Eu­
rope and America"; the Bedouins have 
been demoralized, driven from the des­
erts into the towns, their economy de­
stroyed, to face a life with which they 
cannot cope and for which their quali­
ties do not fit them. Thesiger's account of 
his life with the Bedouins is superb. He 
saw them plain, grew to love them and 
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makes us see, if not quite love, them. "It 
is characteristic of the Bedu," he writes, 
"to do things by extremes ." They are 
ignorant, mean, superstitious , cruel, 
filthy, primitive, murderously quarrel­
some, forever chattering and gossiping; 
they are also brave, fatalistic, generous, 
loyal, self-respecting, puritanical, fierce­
ly independent, tireless, uncomplaining, 
marvelously skillful and adapted to the 
harshness of the land and the unrelieved 
severities of nomadic life . Both as a 
traveler and a writer Thesiger is admir­
able. He is often bitter, but never self­
pitying or complaining; he recreates ad­
venture, the tension of monotony broken 
only by alarm or disaster, the joy of 
drinking "clean, nearly tasteless" water, 
the colors and shapes of the desert. A 

strange, memorably moving, beautiful 
book. Fine photographs and a splendid 
folding map. 

P ROCEEDINGS OF THE SECOND Ul\'ITED 

NATIONS INTERNATIONAL CONFER­

ENCE ON THE PEACEFUL USES OF ATO)'I­

IC  ENERGY : VOL. I, PROGRESS IN ATOMIC 

ENERGY ( $ 12 .50 ) ; VOL . II,  SUHVEY OF 

RAW MATERIAL RESOURCES ( $ 18 .50 ) ; 
VOL . III ,  PROCESSIl\'G OF RAW MATE­

RIALS ( $ 1 5 ) ; VOL. IV, PRODUC'rION OF 

NUCLEAR MATElUALS AKD ISOTOPES 

( $ 16 .50 ) ; VOL . VIII, NUCLEAR POWER 

PLANTS, PART I ( $ 14 ) ; VOL. IX, Nu­

CLEAR POWER PLAl\'TS, PAHT II  ( $ 14 ) ; 
VOL. XII, REACTOR PHYSICS ( $ 18 .50 ) ; 
VOL. XV, PHYSICS IN NUCLEAR ENERGY 

( $ 12 .50 ) ; VOL. XVII, PHOCESSING IHHA­

DlATED FUELS AND RADIOACTIVE MATE­

RIALS ( $ 18 ) ; VOL . XIX, THE USE OF 

ISOTOPES : INDUSTRIAL USE ( $ 12 .50 ) ; 
VOL .  XX, ISOTOPES 1:-< RESEAHCH ( $ 10 ) ; 
VOL. XXI, HEALTH AND SAFETY : Do­
SIl\IETHY AND STANDARDS ( $ 10 .50 ) ; 
VOL .  XXII, BIOLOGICAL EFFECTS OF RA­

DIATION ( $ 14 .50 ) ; VOL. XXIV, ISOTOPES 

IN BIOCHEMISTRY AND PHYSIOLOGY, PART 

I ( $ 1 1 ) ;  VOL.  XXV, ISOTOPES IN BIO­

CHEl\USTHY AND PHYSIOLOGY, PAIn II 
( $ 1 1 ) ;  VOL . XXVI, ISOTOPES IN MEDI­

Cll\E ( $ 1 3 ) ; VOL . XXIX, CHEMICAL EF­

FECTS OF K-\DIATION ( $ 14 .50 ) ;  VOL . 

XXX, FUNDAMEl\'TAL PHYSICS ( $ 10 .50 ) . 
United Nations Sales and Circulation 
Division. "The natives in the New \,yorld 
are friendly" : Compton's coded tele­
phone message to Conant announcing 
that the Stagg Field atomic reactor had 
gone critical has in 15 years had a con­
firmation so rich, so abundant, so many­
sided that one can find no parallel in the 
whole history of science and technology. 
The weapon itself, though it has rudely 
changed the world and continues to 
threaten human survival, is a small foot­
note in the development of atomic ener-
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gy; it compels our attention and drains 
our resources, but this lunacy may end. 
Meanwhile workers in many different 
fields have gained an immense amount 
of knowledge-even though they have 
barely crossed the threshold-about the 
peaceful uses of atomic energy. At the 
second United Nations conference de­
voted to this subject more than 2, lOO 
papers were submitted by 46 govern­
ments . The proceedings have now been 
published in 33 volumes, of which those 
listed above represent a substantial sam­
ple. The titles are self-explanatory, and 
there is no need to comment on the con­
tents beyond saying that here is a su­
perbly impressive and heartening record 
of what man can achieve in constructive 
research, of his ingenuity and imagina­
tion and patience . In these clearly print­
ed, stoutly made books there is informa­
tion about the future of nuclear power 
in the U .S . S .R .  and Portugal, in Roma­
nia, Spain, Taiwan and Pakistan ; about 
the training of nuclear specialists in 
Czechoslovakia, Israel, Chile and Persia; 
about international collaboration in 
atomic energy ( e .g . ,  the Canadian-In­
dian reactor ) ;  about raw-material sup­
plies of thorium in South Africa, beryl­
limn in the U. S . ,  uranium in Egypt, 
zirconium in Africa. Papers treat geo­
chemical prospecting in Austria; the sig­
nificance of humus in the geochemistry 
of uranium; the geology of deposits in 
Ontario, Alaska, Colorado, the Big Horn 
basin of Montana, southwest Greenland, 
northern Limousin, Sweden, Mexico ; 
methods of aerial prospecting; radio­
active prospecting for oil and gas; min­
ing methods and costs ; instrumentation 
in mining; algebraic theory in prospect­
ing; ore treatment; purification of uran­
ium concentrates ; preparation of urani­
um hexafluoride ; thorium compounds; 
graphite ; zirconium; isotope-separation 
methods ; separation of heavy water; 
boron, lithium and oxygen isotopes. Two 
volumes are devoted to nuclear power­
plants, including ship-propulsion de­
vices, atomic icebreakers, house heating, 
nuclear energy in chemical processing 
and the steel industry, the Yankee Atom­
ic Electric Company, Calder Hall and 
the Belgian thermal reactor. Other vol­
umes deal with reactor physics ; health 
and safety measures; biological effects 
of radiation, such as symptoms of injury, 
carcinogenic effects, resistance to radia­
tion, effects on specific organs and sys­
tems, genetic effects ; the diagnostic uses 
of isotopes and other medical techniques ; 
isotopes in metallurgy, the chemical in­
dustry, coal conveying, oil extraction, 
sanitary engineering, tracing beach-sand 
movements and water level fluctuations ;  
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basic physics in nuclear energy; experi­
ments in radiological protection; isotopic 
methods in biochemistry and physiolo­
gy, in the study of organic metabolism, 
in endocrinology, in plant and animal 
physiology, in genetics and crop im­
provement, in insect and pest control; 
the chemical effects of radiation on wa­
ter, organic substances, polymers and 
other materials ; the possibility of con­
trolled fusion; theoretical and experi­
mental aspects of plasma physics . A 
monument and a promise. 

W ISDOM OF THE WEST, by Bertrand 
Russell. Doubleday & Company, 

Inc. ( $ 12 .50 ) .  A posh, Christmas-sea­
son-type illustrated history of philosophy 
from Thales to Ludwig Wittgenstein . 
Like everything of Russell's, it is bril­
liantly written, incisive and as delicious 
as ice cream; it is also filled with the 
author's own critical judgments, for he is 
never content to be a reporter; or, if the 
image may be varied, he does not mere­
ly write the play, he directs it and speaks 
the lines . The book is for the beginner 
in philosophy and is in effect a rewritten 
version of the History of Western Philo­
sophy. How fortunate for the student to 
be thus initiated. Yet it is proper to cau­
tion him. Russell mainly writes about 
what he likes. The Greeks get very full 
attention, as they should; political phil­
osophy is less well served;  mathematics 
and logic receive their share ; contem­
porary questions of the philosophy of 
science win scarcely a nod ; relativity, 
quantum theory, indeterminacy get a 
better shake in a good dictionary. Much 
is made of the illustrations, but they 
don't deserve it. There are colorful por­
traits of philosophers, pictures of places, 
documents, title pages, which are agree­
able and diverting; there is also a collec­
tion of diagrams that, Russell claims, 
convey philosophic ideas by geometric 
metaphor. In truth they are short on 
imagination and trivial. Nonetheless this 
is a lucid and edifying performance by 
an elevated citizen and thinker, a won­
derfully sane and tolerant man, who by 
just such writings broadens respect for 
philosophy and inspires the best young 
people to profess it . 

A HISTORY OF SCIENCE : HELLENISTIC 

SCIEl\'CE AND CULTURE IN THE 

LAST THREE CENTURIES B. C . ,  by George 
Smton. Harvard University Press ( $ 1 1 ) .  
This is a second volume, and regrettably 
the last, of the late George Sarton's splen­
did survey, which was originally intend­
ed to run to eight volumes, and which 
he hoped, as I .  Bernard Cohen observes 
in a foreword, would illuminate the 

A Challenge fo 

NUCLEAR ENG INEERS 
PHYS IC ISTS 

METALLURG ISTS 
Openings are immediately available for Nuclear Engineers, Phys­

icists and Metallurgists interested in Applied Research, Development 

or Design of novel reactors at The Knolls Atomic Power Labora­

tory. The broad aim of these endeavors is to achieve a new regime 

of simplification in reactor technology. 

Address your inquiry to  Mr. A. J. Scipione, Dept. 59·M C .  

U . S .  Citizenship is  required. 

Masters Degree Program 
KAPL is now considering recent graduates in ME, Met, Met E, CIlE, Physics, 

EE, Nuclear E .  a nd Marine E .  for its masters degree IH'ogram in nuclear 

engineering in conjunction with Rensselaer Polytechnic Institute. Applicants �ShOUld have strong interest in nuclear field and must have graduated i n  upper 

10% of their class. Selection of candidates will be completed by April 1 ;  
• classes begin September, 1960 .  Write fol' further details. 

K�A�E��yL� 
G E N E R A L . E L E C T R I C  

SCHEN ECTADY. N .  Y. 

by the author and i l lustrator 
of How 10 Lie Wil" Statistics 

DARRELL HUFF 
and IRVING GElS 

Probability theory is the under­
pinning of  the modern world.  
Current research in both the 
physical and the social sciences 
cannot be understood without it. 
The treatment given the law of 
probability in this book is light· 
hearted but thoroughly informed 
and informative. Profusely illus­
trated. 

At all bookstores • $2.95 
W. W. NORTON & COMPANY 
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NOW-STUDY AT HOME 

Which of these 
courses will help 
YOU advance? 
o Symbolic  Log ic 
o Cybernetics 
D C i rcuit  Algebra 
D S m a l l  E lectric Bra in M a c h i nes, B R A I N ­

I A C S®, and How to M a k e  T h e m  
D Mathematics f o r  Peo ple Who D i d n ' t  

L ike I t  
D C a l c u l u s  
D I ntroduction to the Theory of G a m e s  
D T o p i c s  in M o d e r n  Mathematics 
D Rea dable Writ ing 
D General Knowledge 1 :  Man i n  Per-

spective 
D Automatic Computing M a c h i nery 
o Statistics and Proba bi l ity 
o O perations Research 
D Technique of E x p l a nation 

How many engineers and execu­
tives had a chance to take courses 
like thes e ?  Yet familiarity with 
these areas is essential if you are to 
advance to more responsible posi­
tions in this technical age . 

To find out how you may benefit 
from some of the most stin:lUlating 
and useful courses ever offered in 
these and other fields, send for our 
new free catalog. Since 1951, stu­
dents in 50 states and 24 foreign 
countries have taken advantage of 
these home-stUdy courses. 

FOR YOUR FREE COPY . . . 
check the courses which interest 
you and mail this coupon with your 
name and address attached to : 

E D M U N D  C. B E R K ELEY AND A S S O C I A T E S  
8 1 5 W a s h i n g t o n  St. ,  R300 

Newto n v i l l e  60, Mass.  
� - - - - - - - - - - - - - - - - - - - - - - - - - �  
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AEROJET · GENERAL 
offers 
excellent 
opportunities 
for 
ENGINEERS 
and 
SCIENTISTS 
Studies to advance the state of the 
art in the design and structural 
anal ysis of minimum-weight, high­

performance solid rocket motors 
are in progress at Aeroj et-General 
near Sacramento, California.  
Attractive positions are available 
for senior scientists holding ad­
vanced degrees . The problems un­
der study will offer a challenge to 
the astute investigator as well as 
provide an opportunity for profes­
sional recognition. The publica­
tion of technical papers is encour­
aged and desired . 
These positions are at the Techni­
cal Specialist level and require 
proficiency in one or more of the 
following areas : shell theory, 
elasticity, plasticity, viscoelastic­
ity, high strength material allow­
ables, and theories of  failure. 

Your inquiries are cordially in'JIited. 
W rite in confidence to : 

A E R O J  E T - G E N  E R A L  
C O R P O R A T I O N  
P.O. Box 1 947P,  
Sacra mento, Cal ifornia 

ATTN : E.  P. JAMES,  
S U PERV I SOR ,  
ENG I N EE R I N G  PLAC EM ENT 
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progress of mankind" by focusing at­
tention on the growth of "systematic 
positive knowledge, or what has been 
taken as such at different ages and in 
different places ." The first volume, re­
viewed in SCIENTIFIC AMERICAN in 
1953, dealt with the history of science 
from its Asiatic beginnings through the 
Golden Age of Greece; the second treats 
not only Greece but also Roman culture 
and Latin letters and the culture of East­
ern Europe, Egypt and western Asia 
during the last three centuries B. C .  For 
Sarton, who loved the humanities as 
science, it would have been impossible 
to write a history of knowledge confined 
to science alone, and here he touches 
upon every major intellectual achieve­
ment of these centuries .  There are chap­
ters on Euclid, Aristarchos, Archimedes 
and Apollonius ;  on the Alexandrian ren­
aissance, harbors and lighthouses, the 
seven wonders of the world, the muse­
um, the library; on mathematics, natural 
history, astronomy, geography, physics, 
engineering, technology, navigation, 
anatomy and medicine; on philosophy, 
religion, philology, historiography, lan­
guage, arts and letters; on the social 
background, poetry, theology and orien­
talism . Smton's erudition was legendary, 
and he handled it, on the whole, with 
restraint. It may be that he sometimes 
paraded it, but he was neither preten­
tious nor pompous nor a bore, and the 
unfeigned delight he took in knowing an 
incredibly varied assortmen� of out-of­
the-way facts-about minor figures, ob­
scure books, arcane theories, strange 
words, the black arts, philological curi­
osities, alchemical and astrological oddi­
ties, popular and scholarly errors and 
the like-is so infectious that his in-nu­
merable footnotes, so far from weighing 
down the book, make it more palatable 
and engross the reader's interest. There 
are gaps and weaknesses in this history. 
Smton was apt to hit and run, to open 
the door to a subject without even cross­
ing the threshold, to point and give clues 
without following up ; but no historian 
of science equaled him in knowledge, 
breadth and enthusiasm, none saw the 
subject whole as he did, and none did so 
much to promote the study. A wonder­
ful book. 

THE ANATOMY OF AMERICAN POPULAR 

CULTURE 1840-1861 ,  by Carl Bode. 
University of California Press ( $6 ) .  An 
esthetic, social and historical survey. It  
covers the popular taste of Americans in 
the two decades immediately preceding 
the Civil War : the plays people saw, the 
music they sang or listened to, the books 
ancl newspapers they read, the sculpture 

AERODYNAMICS 
Exc e pt i o n a l  o p p ort u n i t i e s  n o w  
exist a t  Boe ing-Wich ita for the 
a e rodyn a m i c s  e n g i n e e r  w h o s e  
tra i n i ng  a n d  experience i n  a i r­
frames or m i ss i l es  qua l if ies h im  
to conduct advanced stud ies o f  
pre l im i nary design veh i c l es, rang· 
i ng  from subson ic  to hyperson ic  
ranges. In  our long-range Product 
Design program he wi l l  fi nd  cha l ­
leng ing assignments, amp le  room 
for profess iona l  growth and ad· 
vancement i n  a creative envi ron­
ment and equ itab le sa la ry. 

PROPULSION 
The propu ls ion engineer  with a 
degree and so l id  experi ence w i l l  
find t he  opportun ity he has  been 
seek ing  i n  a posit ion now open at 
Boeing-Wich ita. His work wi l l  in­
volve stUd ies of subson ic  and 
superson ic  a i r  i n l ets, engine  exit 
nozzles and d iffusers, ducted fans 
and th rust augmentation devices 
and al l -phase test ing to i ncrease 
thrust and effic i ency of propu ls ion 
systems i n  new product proposa ls.  
He wi l l  take part i n  a long-range 
Product Design program that of­
fers cha l leng ing opportun it ies for 
profess i o n a l  a n d  pe r so n a l  ad ­
vancement, and fu l l  recogn it ion of 
h i s  accomp l i shments. 

You w i l l  l i ke Mid-Amer ican l iv ing. 
For immed iate act ion,  contact Mr. 
Melv in Vobach, Dept. SAC, Boe­
ing Airp lane Company, Wich ita 1, 
Kansas. 
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they admired. The all-time great "Ameri­
can" painting ( made by the German art­
ist Emanuel Leutze ) , "Washington 
Crossing the Delaware," caused every 
bosom to swell ; the death of little Eva 
bathed everyone in grief; the dashing, 
sexy traveler Bayard Taylor, in Turkish 
costume, made ladies swoon . Hiawatha 
unhinged them; Hiram Powers's nude 
statue "Greek Slave" ennobled and trans­
fixed every man, woman and child who 
saw it; Jenny Lind produced mass hys­
teria . But Thoreau's Walden had no 
popular importance at all. Nothing could 
make clearer than this book what a sim­
ple people we were ; it lays bare our sen­
t imentality, our passion for crude melo­
drama, our feelings about love and 
death, our ideal of success, our open, 
optimistic attitude toward life . A read­
able and enlightening study. 

R ADAH i\ IETEOROLOGY, by Louis J. Bat-
tan. University of Chicago Press 

( $6 )  . A brief technical description of the 
fundamentals of radar meteorology, and 
progress in the method since its inven­
tion : the detection of spherical particles, 
scattering, attenuation of electromag­
netic waves by gases, clouds, rain and 
snow, uses of radar for quantitative pre­
cipitation measurements, application of 
radar to hydrologic problems, radar in 
cloud-physics research, the study of 
thunderstorms, squall lines and torna­
does , radar in the study of large-scale 
weather systems, angel-echoes ( i . e . ,  
radar echoes in the absence of  water or  
ice particles ) ,  special instrumental tech­
niques. For practicing meteorologists, 
teachers and engineers . Illustrated . 

,,-:- ATI\'E PEOPLES OF SOUTH AMERICA , 
� '/ by Julian H . Steward and Louis C .  
Faron. McGraw-Hill Book Company, 
Inc. ( $ 1 1 .50 ) . Between 1946 and 1950 
the Bureau of American Ethnology of 
the Smithsonian Institution issued a six­
volume Handbook of South Am erican 
i n dians, a work carried out. under the 
direction and editorship of the senior 
author of the book here noted. The 
Handbook assembled a vast alTay of in­
formation on South American physical 
anthropology, linguistics, archaeology 
and ethnology. By its very size and com­
prehensiveness, however, the Handbook 
was suitable neither for students nor the 
general reader; moreover, as a coopera­
tive product it lacked an "integrating 
point of view." This book is an effort to 
meet the need left by the larger survey, 
and to take into account, though no 
claim is made tbat this can be done ex­
haustively, some of the major findings 
made in this burgeoning field of research 
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FREE 
RUSSIAN 

HIGH-SCHO OL 
SCIENCE 

EXAMINATIONS 
Send for fascinating translation of actual 
Soviet tenth year final examinations i n  phys­
ics, chemistry, algebra, geometry. With it 
you get-also free-detailed guide for apply­
ing Title III funds ( N ational Defense Educa­
tion Act ) to p urchase of classroom science 
materials ; plus illustrated catalog of tested, 
educator-approved science-teaching aids for 
all  age groups, produced exclusively by 

SCI ENCE 
MATERIALS 
CENTER 
Dept. M - 1 2 1  

A Division of The Library 01 Science 
59 Park Ave n u e  South,  New York 3, N. Y. 

SPAN ISH  ( o��ue:�;::n ) • FRE N C H  
ITAlIAN.GERMAN. RUSSIAN .JAPANESE 
ICElANDIC • MODERN GREEK 
-any of 34 languages available AT HOME 
W ith L l N G U A P H O N E  T h e  Wor ld ' s  Standard Conversa­
t i ona l  M ethod-You Start to S P EAK  another language 
TO M O R ROW  or IT C O S TS Y O U  N O THING ! 
I n  j u s t  20 m i n utes a d a y .  y o u  a nd your family ('a n  
lea I'll (l llother l a n g u a g e  w h i l e  relaxed AT H O l\[ E ­
the s a m e  easy.  n a t u r a l  way you learned t o  speak 
]�ng1ish long before you \\'ent to school. 
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listen-YOU understa nd-Y O U  SPEAK l" O ITectly 
a s  they do.  It's like Ih"ing i n  a nother land.  
T h at's why L i n g u a p h o n e  is used 'round the world 
by scientists,  cdu('a tors, gorernments a n d  business 
firms.  O\'el' a million home-st udy students of a ll 
ages hare learned to speak another language this 
ideal,  c o n v e rsat i o n a l  w a y ,  
F r e e  b o o k l e t  " P a ss p o rt To A N ew W o rl d , "  f u l l y  d e ­
s c r i b e s  t h e  C o n v e rsatio n a l  M etho d :  a l so g i v e s  d eta i l s  
o n  h o w  y o u  m a y  o bta i n  a C O M P L ET E  C o u r s e - u n i t  
i n  t h e  l a n g u a g e  y o u  c h o o s e  o n  F R E E  T R I A l .  M a i l  
C o u p o n  N OW .  
L i n g u a p h o n e  I n stitute . T·3030 R a d i o  City.  N .  Y .  2 0 .  
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since the Handbook was prepared . In 
clear and concise fashion the authors 
present a general description of South 
American Indian cultures and an inter­
pretation of how these cultures devel­
oped, beginning with very primitive 
man, passing through various types of 
communities and states based upon agri­
culture and culminating in the Central 
Andes in "fairly sophisticated militaristic 
empires supported by irrigation farm­
ing." Many illustrations. 

T
HE DE M AGNETE OF '''IILLIAM GIL-
BERT, by Duane H.  D. Roller. Menno 

Hertzberger ( $ 19 ) .  This 196-page book, 
issued in a limited edition by a Dutch 
publisher, is described as a "bio-bibliog­
raphy" based on a Harvard doctoral dis­
sertation. The author, a historian of sci­
ence at the University of Oklahoma, 
sketches the history of electriCity and 
magnetism before Gilbert, presents what 
is known about his life ( which is not 
much ) and what may "reasonably be in­
ferred" about him ( which is not especial­
ly interesting ) ,  and analyzes his views 
on electricity and magnetism as set forth 
in De Magnete . A concluding chapter is 
a register of the various editions of this 
epochal work. There is a bibliography of 
primary and secondary sources , which 
would have been more useful had it been 
annotated, and the book contains 28 il­
lustrations and facsimiles of title pages. 
Even though this is a pretty job of book­
making, the price is ridiculous . 

C
AHCINOGENESIS BY ULTHAVIOLET 

LIGHT, by Harold F .  Blum. Prince­
ton University Press ( $6.50 ) . That ultra­
violet light may induce cancer of the 
skin has been known for many years . 
But why it happens is far from being un­
derstood. The author of this book, a 
biologist and physiologist who has 
broad-ranging skills and interests, and 
who will be remembered for his Time's 
Arrow and Evolution ( reviewed in these 
pages some years ago ) ,  has spent 15 
years in experimental and theoretical re­
search exploring the processes by which 
the ultraviolet portion of sunlight causes 
human skin-cancer. He has concerned 
himself in particular with the physical 
and photochemical principles as they ap­
ply to complex living systems, and with 
the biological relationships such as self­
duplication, coordination of growth 
kinetics and the like, which find no di­
rect counterpart in nonliving systems. He 
calls his book a study in quantitative 
biology-though the paucity of exact 
measurements that it contains is, in his 
words, all too evident-because it repre­
sents an attempt "to view certain bio-

FABRY-PEROT ETALON 

Temperatures upwards of 50-million de­
grees are required to sustain the reaction 
in which deuterium gas is heated until its 
nuclei are stripped of their electrons and 
then fuse to liberate the enormous energies 
of hydrogen fusion. 

Workers in this field use an ingenious 
method to measure the very high tempera­
tures in their reactors. The technique em­
ploys high-resolution spectroscopy to meas­
ure the Doppler broadening of spectral 
lines emitted by hydrogen plasmas. 

Vital to the instrumentation is a large­
aperature, high-precision Fabry-Perot Eta­
Ion. With this instrument, we provided 
plates having diameters of four inches and 
flat to l / lOOA. 

Similarly subtle optical instrumentation 
for research and quality control is our daily 
business. We probably can recommend a 
standard instrument or design a special in­
strument to solve your optical measurinc: 
problem. Your inquiry will receive thought­
ful attention. 

Gaertner 1236 Wrlrhtw" d A  ... 
S C I  E N T I  F i e  C O R  P O  R AT I O N  ChicillO 14, au 1·5335 
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logical problems with a quantitative per­
spective." But he goes further than this 
in proffering an intriguing speculation, 
based on his studies, as to the mechanism 
of carcinogenesis. He summarizes his 
view as follows : Cancer is the expression 
of a tendency for certain clones of tissue 
cells to proliferate faster than their fel­
lows. This tendency is inherited within 
the clone. The inherited increase in rate 
may be explained on the basis of quan­
titative increase in some replicated pat­
tern within the cells . The replicated pat­
tern can in turn be explained as being 
carried by templates, most likely com­
posed of nucleic acid. Thus cancer cells 
may be thought of as differing from nor­
mal cells in that they contain a greater 
number of nucleic acid templates . The 
templates , it is suggested, may accumu­
late within the cell in a variety of ways. 
Blum offers the hypothesis that ultra­
violet light is such a causative agent, 
that its action produces what he calls 
"terns" ( a  concept he introduces to fit 
quantitative aspects of the data on ultra­
violet-induced cancers ) ,  which are prob­
ably none other than nucleic acid tem­
plates or shorter nucleotide polymers . 
Blum invites criticism of his scheme, 
feeling certain that, while it will meet 
serious objections and may have to be 
modified, a nrm part of the structure will 
be left standing. An ably written, pro­
vocative essay. 

, 7 ICTORIA R., by Helmut and Alison 
Gernsheim. G .  P .  Putnam's Sons 

( $ 12 .50 ) . A thoroughly entertaining 
text-and-picture biography of Queen 
Victoria, drawing in part upon her own 
journals and writings. From a huge col­
lection of pictures the Gernsheims have 
selected 400 illustrations, which hold 
one's interest throughout despite the fact 
that Victoria, Albert, their mob of glum 
and uninspiring German relatives in all 
sizes, shapes, ages and circumstances, 
and their residences, horses, carriages 
and servitors, are the sole subjects of the 
painter's and photographer's attention. 

1'HE FOUNDATIONS OF MATHEMATICS, 
by Evert W. Beth . North-Holland 

Publishing Company ( $ 13 .25 ) .  This 
treatise examines the foundations of 
mathematics in their logical and philo­
sophical aspects . Beginning with an ex­
amination of the influence of Aristotle's 
methodology of science, which, the au­
thor argues, "can no longer account for 
the procedures actually applied in sci­
entific research," the book develops an 
outline of the foundations underlying a 
deductive treatment of various mathe­
matical disciplines and explains the 
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I N  
ENG I N EER I NG 

1 .  Does your present e m p l oyer exhibit  the k ind of g rowth 
that a s s u res a continuous supply of interesti n g ,  c h a l leng­
i n g  assig n m ents? 

2. Can your present e m p l oyer offer c o m p a n y-spons ored 
res earc h prog ra ms? 

3 .  I s  your pres ent e m p l oyer flex i b l e  e n o u g h  a n d  d iversified 
enough to conti n u e  eng i n eeri ng expa n s i o n  even when certain 
contracts are completed or curtailed? 
If the a nswers to these q u estions a re " No," or even " M a y b e," i t  wou l d  
certa inly b e  worth your whi le t o  investi g a te the opportunities at RCA. 
In  a d d ition to being pr ime contra ctor for sever a l  a dvanced wea pons 
systems projects, RCA Moorestown is currently eng a g e d  in i m porta nt  
resea rch progra ms. These wi l l  l e a d  to m a jor responsi bi l i ty for  a d d ition a l  
long-range p rojects-for which RCA Moorestown is now prepa ring. This i s  
a l l  p a rt of t h e  g rowth p a ttern that h a s  in  t h e  l a st f e w  y e a rs m a d e  RCA's 
Defense Electronic P rod ucts activities, of which RCA Moorestown is  a si g ­
nificant Division, t h e  129th largest business in  the United States. Since 
1 954, RCA Moorestown's business a lone h a s  more than q u a d ru p l e d  a n d  
t h e  n u m b e r  o f  i t s  engineers risen f r o m  1 90 t o  1 ,200 ( in Septe m b er, 1 959). 
However, work g roups remain m inimal  in size. 

This continuous g rowth is the result  of the consta nt exploration of new 
a reas, new possi bi l i ti es, new i d e.a s. To aid us in this exploration, we need 
a number of senior engineers a n d  scientists with experience in  syste ms 
optimization a n d  ana lysis, wea pon system p roject m a n a g ement, o r  
e l ectronic d evelopm ent a n d  d esign.  

I f  your present position isn't  positively leading to something better, it may 
well be to your advantage to send a resume to: 

Mr. W. J.  H e n ry 
Box V- l l C  
RCA, Moorestown ,  New Jersey 
(20 m i n utes fro m P h i la d e l p h i a )  

RADIO CORPORA TION 0' AMERICA 
Moorestown Miss i le and Surface R a d a r  Division 
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MECHA N I C A L ,  EL EC TRI C A L, CHEMI CA L EN G INEERS 

Investigate 

Evaluatil1g the adequacy of grid design when the 

grid is unevenly heated by gal1lma rays alld subject to 

hydraulic loads J is basically a problem of determining 

therll 1al and mechanical stresses . . .  Maxill lUIII stresses 

are calculated for a solid p late with basic modifications 

in the equations J such as setting Poisson's ratio 

to zero and solving compatibility equations 

between the ring and grid. 

GA M M A RAY 
H EATI N G  If you are a lI1echanical, electrical 

or chemical eIlgilleer illterested ill a career 

ill l l llelear CI1gineerin,<t and are a U.S. CitizCIl, Bettis 

Atomic Power Laboratory offers a dynamic program 

in nuclear system design and test. For additional 

information write to: Mr. M.J. Dowlley. 

Dept. B-39, Bettis Atolllic Power Laboratory, 

Westinghouse Electric Corporation, 

P. O. Box If2 6, Pittsburgh 3 0, Pa. 

Strain Gages show/! 011 � Scale Model ofPWR Top Grid 

B ETTIS ATOM I C  POWER LABORATORY 

Westi nghouse 

formal methods, applied from both the 
finitistic and infinitistic point of view, in 
contemporary foundational research . 
Among other topics to which he gives 
full attention are the different interpre­
tations of mathematical existence, the 
paradoxes of logic and mathematics, the 
uses of set theory and topology in meta­
mathematics, the theory of recursive 
functions. An excellent bibliography 
adds to the worth of this richly stocked, 
thought-provoking work, a contribution 
alike to the history of the subject and to 
its future development. 

S
CIE"CE AKD RESOURCES, edited by 
Henry Jarret. Johns Hopkins Press 

( $5) . Lectures on various aspects of the 
relation between scientific and tech­
nological discoveries and the conserva­
tion and use of natural resources . Some 
of the lectures have substance, but the 
book as a whole is so diffuse-space pro­
grams, weather control, economic de­
velopment in the Near East, mineral ex­
ploration , viruses, heredity, government 
pricing policies in atomic energy-that it 
almost caricatures the weaknesses of 
symposia. 

E
NCYCLOPEDIC DICTIONARY OF ELEC­

TRONICS AND NUCLEAR E NGINEEH­
lNG, by Robert 1 .  Sarbacher. Prentice­
Hall, Inc. ( $35) . This 1 ,400-page refer­
ence book, containing some 14 ,000 en­
tries and 1 ,400 illustrations, the work of 
a single compiler-a rare bird in an age 
when the average specialist is too shy to 
write even a chapter in a scientific hand­
book all by himself-is an impressive ac­
complishment. In addition to covering 
terms and definitions, instruments, tools, 
methods, machines , laws, effects, proces­
ses in electronics, nucleonics and nuclear 
engineering, the encyclopedia includes 
general terms of electric and magnetic 
theory and atomic physics and a num­
ber of definitions from the broader prin­
ciples of physics. Whenever possible the 
compiler has used definitions "prepared 
and approved by the various professional 
societies ."  The cross-referencing is 
sound; the volume is clearly printed and 
well made; the diagrammatic illustra­
tions are cleanly drawn and to the point. 
This is very much a technician's manual, 
and little attempt is made to simplify 
topics for the beginning student; more­
over, there are occasional entries that 
exemplify the absurd solemnity of a jar­
gon-ridden field ( e .g . ,  electmnic intelli­
gence, which turns out to be "intelligence 
regarding the location, volume, direc­
tion, and type of enemy electronic de­
vices" ) .  But in the main this is a valu­
able compilation that practitioners in a 
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TA R TA R . . .  an anc ' me of the sa vage "Golden Horde" - too strong 

E L ECTRO N I C S :  
Wea p o n  Syste ms,  System s  Ana lysis, 

Control Systems,  Component Eva lu  

ment  Development,  M icrowave O IU," "IlI"' "0 
�pment, El ectronic Packaging, I 

m e ntatio n ,  Radar  Systems, 

P H YS I C S : 

Aercloyna m l 'cs,,,bll ctural  Dynam ics, Aeroelasticity, 

M EC H A N I C S : 
APp lietl Mech a n ics, Thermodynamics, /' 

CONVAI R/POMONA 

assailants . . .  today descriptive of the a dvanced 
- to - air missile being de veloped at Con vair/Pomona. 

The fascinating Tartar and other projects for the Navy, 
the shoulder - fired Redeye missile for the Army and 
Marine Corps, and other highly classified programs pro­
vide varied and stimulating occupations at Convair / 
Pomona for Weapon Systems Engineers and Scientists 
of unusual abilities. 
Convair /Pomona is a modern facility located in a subur­
ban community of Southern California. 

You are invited to write B. L. Dixon, Engineering Personnel 
Administrator, 1674 W. Fifth Avenue, Convair, Pomona, California 
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MEET THE BEAUTIFUL AMERICAN 
A few years ago life for Chung San 
Kim was hopeless. He had no home in 
war ravaged Seoul, Korea. His mother 
died during the communist invasion. 
Even the chance to go to school was 
denied him. His invalided father could 
not earn enough for Chung San's food 
and school supplies. 

One day a truly astonishing thing 
happened ! A Save the Children Feder­
ation Representative came to their 

Now there is hope! 
shack and told Chung San Kim that he 
had a sponsor . . .  a kind person who 
wished to help children in need. His 
sponsor was Mrs. Sonia Busch of 
Millbrook, N. Y. in the United States 
of America. 

Chung San could not believe his 
good fortune until he received money 
and undreamed-of gifts of food and 
warm clothing. The thing that meant 

more than the feeding of his hungry 
body was the chance to feed his equally 
hungry mind. Mrs. Busch's sponsor­
ship meant Chung San could go to 
school ! 

Through correspondence, Mrs. Sonia 
Busch became more than a name to 
Chung San Kim . . . more than a 
sponsor. He called her, "Sister whom 
I only can see in dream. "  
Poignantly he wrote : 

"Autumn has stolen away, and now 
it is early winter here in Korea. The 
skeletonized trees without reddened 
leaves are standing lonely . . .  Praying 
for the happiness of my sister. "  

At the end of every letter he drew a 
picture to illustrate his thoughts. 

With drawings and words touched 
by poetry, Mrs. Busch in Millbrook, 
N. Y. knew that in Chung San Kim's 
eyes, she is a beautiful American. 

The SCF Family of Sponsors 
You, too, can be a beautiful American 

in the eyes of a child. Join with Mrs. 
Busch and the many sponsors of SCF 
who get enormous satisfaction from 
helping children like Chung San Kim 
in the less fortunate, free countries of 
the world.  

Fill in the coupon belo w ;  begin an 
experience of "people-to-people" help, 
that can be one of the most gratifying 
experiences in your life. 

l- - - - - - · · · · · · · · · · · · · - · · ·· ·- - - --··-· · · · · � · · · · · · · · · · � · - � . - -. - �- -� 
Registered with the U. S. State Department Advisory Com m i ttee on Volu ntary Foreign Aid 

" S ERVI N G  C H I LD R E N  FOR 28 YEARS" 

SAVE T H E  C H I LDREN FEDERATIO N  
Boston Post Rd., Norwa lk, Connecticut 

I want to sponsor a child at $ 1 50 a year in : Korea . . .  Greece . . .  France . . .  Lebanon . . .  
Finland . . .  Italy . . .  West Germany , . .  Austria . . .  or where need is  greatest. . .  . 

Enclosed is $ 1 50 for I year . . .  $75 semi-annually . . .  $ 3 7 . 50 for 1 st quarter . . .  $ 1 2 .50 
for 1 st month . . . I cannot be a sponsor but  enclosed is my gift of $ . . . . . . . .  . 

Please send me my sponsored child's name, story and picture. 

NAM E . • . . . . . • • . . . . . . . . . . . . . . . . . . • . . . • . • • • . . . . . • . . . . . . . • • • • . . • • • • • • • • • • • • • • • • • . • . .  

A D D R ESS . . • • • • • • • • . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . • • • • • • • • • • • . • • • • • 

CITy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ZONE . . . . .  STATE . . . . . . . . . . . . . . . . . . . .  . . 
Contributions are Deductible for Income Tax purposes SA 3 - 6 0  

f. _ _ _ _ _ _ _ _ _ _ _ _ _ _  • • • • •  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  • • • • •  _ _  · · · · · - - - - - ----
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bewilderingly proliferating technology 
will want to keep in arm's reach. 

THE THIRTEE N  STEPS TO THE ATOM, 
by Charles-Noel Martin. Franklin 

Watts, Inc. ( $4 .95 ) . In this book are 
displayed 1 1 8  superb photographs of 
objects in a descending scale of size, 
from snowflakes ( magnification 20 ) to 
electrons ( magnification 30 million ) . En 
route to the fantastic world of minute­
ness the points of interest include the 
silk threads on a cocoon, diatoms, can­
cer cells, unbelievably beautiful crystals, 
sections of mahogany, particles of latex, 
fine ceramic surfaces, spirochaetae of re­
current fever, bacterial viruses, cleavage 
planes of mica, particles and chains of 
deoxyribonucleic acid, polypeptide fi­
bers, magnesium oxide smoke, chromo­
somes, electron-wave fringes, atoms of 
iron, sulfur and rhenium, radioactive 
particles from radium, the high-speed 
creation and disintegration of a meson, 
nuclear collisions, an electron caught and 
spiraling in a magnetic field. The accom­
panying text is just right. A unique and 
fascinating book. 

THE GREAT WAR, 1914-1918 ,  by Cyril 
Falls. G .  P. Putnam's Sons ( $5 .95 ) . 

If histories of wars are to be written, 
they should be as good as this one. Falls, 
who was for many years military cor­
respondent of The Times of London, and 
was professor of the history of war at 
Oxford, has written the clearest concise 
account of the great war to end wars. 
He is at his best in extracting the es­
sentials of vast, confused campaigns and 
battles, in making sense of congeries of 
tactics, strategies and logistics, in giv­
ing movement and meaning to what so 
often seem like nothing more than im­
becile orgies of slaughter. He is less im­
pressive in diagnosing political factors 
and in attempting to justify the actions 
of military leaders responsible for the 
murderous stalemate on the Western 
Front. It is perhaps extreme to label 
some of the generals as mere butchers, 
but nothing in these pages rebuts the 
evidence that stupidity, vanity and ir­
responsibility presided over high coun­
cils and shaped momentous decisions . 

Notes 

DEMON O F  THE NORTH, by Peter 
Krott. Alfred A. Knopf ( $5 ) . The story 
of an Austrian naturalist and animal 
dealer who caught and tamed wolver­
ines. Moderately entertaining. 

GUIDE TO THE S PACE ACE, com­
piled and edited by C. W. Besserer and 
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NOTABLE ACH I EVE M E NTS AT J PL . . •  

F r o m M I C R O LO C K  t o  m i c ro l o c k  
O n e  o f  t h e  m o s t i n t e re s t i n g  a n d  

u sefu l sc ientif ic activities a t  J PL h a s  
b e e n  the development o f  M I C RO LOC K ,  
a ra d i o  t r a c k i n g  a n d  co m m u n i c a t i o n  
system f o r  sate l l ites. 

M i c ro l o c k  is d e s i g n ed to t ra n s m i t 
i n fo r m a t i o n  o v e r  ext re m e  ra n g e s  o f  
s p a c e  w i t h  a m i n i m a l  a mo u n t  of tra n s ·  
m itter power a n d  weight. The o bjective 

was a c h i eved by sophist icated design 
of the gro u n d  receiving eq u i pment.  The 
design uti l izes basic e lectro n i c  c i rc u its 
a n d  tec h n iq u es ca refu l ly com b i n ed i n  
a novel m a n n e r  t o  provide s u perior per· 
fo rmance a n d  sensit ivity. 

The sate l l ite t ra n s m itter consists of 
a ra d i o · f r e q u e n cy o s c i l l a t o r ,  p h a s e ·  
modu lated b y  telemeter ing s i g n a l s ,  a n d  

• 

ra d i ates a power of 3 mW. It is c a p a b l e  
of operati ng f o r  severa l months o n  a 
battery weig h i n g  o n e  po u n d .  

Used s u ccessfu l ly i n  prev i o u s  space 
v e h i c l e s ,  m i c ro l o c k  re m a i n s  a u s efu l 
a n d  expa n d a b l e  i n strument for conti n o  
u i n g s pace explorat i o n .  I t  i s  a pr ime 
exa m p l e  of J PL ' s  activity on the space 
f rontier.  

C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  

J E T P R O P U L S I O N  L A B O R A T O R Y  
A Research Facil ity operated for the Notional Aeronautics and Space A d m i n i stration 

PASADENA. CALI FO R N I A  
Employment opportunities f o r  Engineers and Scientists interested in basic and applied research i n  these fields : 

I N FRA- R E D . O PT I C S · M I C ROWAVE · S E R V O M E C H A N I S M S · C O M PU T E R S · L I Q U I D  A N D  S O L I D P R O P U LS I O N  
• STR U CT U R E S . C H E M I STRY . I N STR U M E NTAT I O N . M AT H E M AT I C S · A N D  S O LI D STAT E P H YS I C S . 

Send professional resume, with full qualifications and experience, for our i m mediate consideration 
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Hazel C .  Besserer. Prentice-Hall , Inc. 
( $7 .95 ) . Defines, with no special virtu­
osity, some 5 ,000 words and phrases 
used in space technology and the rocket 
and missile business. A scope dope, you 
may be glad to learn, is a radar watcher. 

A H ISTORY OF DUTCH LIFE AXD AH T ,  

by J. J .  M. Timmers. Thomas Nelson & 
Sons, Inc. ( $ 15 ) . This informative, ably 
written, admirably illustrated volume is 
an excellent introduction, perhaps thc 
best of its kind, to the creative achieve­
ments of this tiny country in painting, 
sculpture and archi tecture . 

PHILOSOPHY AKD THE M ODE H N  

WO H L D ,  by Albert William Levi . Indiana 
University Press ( $7 .50 ) . A knowledge­
able and fluent guide escorts the reader 
through the chief philosophical ideas of 
Bergson, Spengler, Toynbee, Freud, 
Veblen, Lenin, Einstein, Planck, Dewey, 
Russell, Carnap, Sartre, G .  E. Moore, 
Wittgenstein and Whitehead .  Digestible 
and nutritious .  

FHONTIEH AMERICA, by Thomas D. 
Clark. Charles Scribner's Sons ( $ 10 ) .  A 
panoramic survey of the westward move­
ment, treating its political, social and 
economic aspects . Illustrated . 

SE M I C ONDUCTOHS, by R .  A. Smith. 
Cambridge University Press ( $ 12 .50 ) .  
This book, intended primarily for physi­
cists, gives an account of the main physi­
cal attributes of semiconductors, sub­
stances which have yielded important 
knowledge of the electrical, optical and 
mechanical properties of solids, and 
which havc found wide use in modern 
electronics . 

IGY ; YE A H  OF DISCOVEHY , by Sydney 
Chapman. University of M ichigan Press 
( $4 .95 ) . A brief, well written, illustrated 
summary of the activities of the Inter­
national Geophysical Year by a noted 
physicist who was president of the cen­
tral international committee of scientists 
that directed the program. 

THE GH E A T  AMEJUCAN WEST , by 
James D. Horan . Crown Publishers, Inc . 
( $ 10 ) .  A lively and entertaining pictori­
al history from Coronado to the last 
frontier, touching on the great expedi­
tions, the celebrated trails , the pony ex­
press, the gold strikes and gold mining, 
the penetration of the railroads, the In­
dian Wars, the famous photographers, 
the cattle and cowboy business, home­
steading, buffalo hunting, timbering, the 
bad men and the wild ways. 
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AC-T H E E L ECT R O N I C S  D I V I S I O N  O F  G E N -
E R A L  M OT O R S  C O R P O RAT I O N . . . .  . .  . . . . . . . .  1 1 8  

Age n c y : D .  P .  Brother & C o m p a n y  

A E ROJ ET- G E N E RA L  C O R P O RAT I O N . . . .  . . . . . . . . . . .  2 1 8  
Agen c y : [} 'A r c y  A u v e r t i s i n g'  C o .  

A L L I E D  C H E M I CA L  C O R P O RAT I O N . . . . 2 3 2  
Agen c y : B e n t o n  & B o w l e s ,  I n c .  

A L L I E D  R E S E A R C H  A S S O C I A T E S ,  I N C  . .  A 
S U 8 S I D I A R Y  O F  V E RT O L  A I R C R A FT C O R -
P O RATI O N  . . . . . . . . .  1 99 

Agency : Gaynor & D ucas,  I n c .  

A L P H A  C O R P O R A T I O N .  A S U 8 S I D I A RY O F  
C O L L I N S  R A D I O  C O M P A N Y . .  . 1 8 2 . 1 8 3  

Agenc y : D o n  L.  B a x t e r .  I n c .  

A L U M I N U M  C O M P A N Y  O F  A M E R I CA . . . . . . .  1 24 . 1 25 
Agenc y : F uller & S m i t h  & Hoss 1 11 (' .  

A L U M I N U M  C O M P A N Y  O F  A M E R I CA ,  
C H E M I CA L S  D I V I S I O N . .  2 1  

Agenc y :  K e t c h u m ,  lVlacLeod &. G r o v e .  I n c .  

A M E R I C A N  LATEX P R O D UCTS C O R P O RA­
T I O N .  A D I V I S I O N  O F  TH E DAYTON 
R U B B E R  C O M P A N Y . . .  . .  35 

Agenc y :  Raymond E. Wallace.  Adve r t i s i n g .  I n c .  

A M E R I C A N  S M E LT I N G  A N D  R E F I N I N G C O M -
P A N Y . 1 67 

Age n c y : N e e d h a m ,  Louis  a n d  B r o r b y .  [ I l l ' .  

A R G U S  C A M E R A S ,  I N C . ,  S U BS I D I A R Y  O F  
S Y L V A N I A  E L ECT R I C  P R O D U CT S .  I N C . . .  1 49 

Age ncy : Y o u n g  & R u b i c a m .  I n c .  

A U T O M A T I C  E L ECT R I C  C O M P A N Y ,  S U B S I D I ­
A RY O F  G E N E R A L  T E L E P H O N E  & E L EC-
T R O N I C S  C O R P . . .  . .  . . . .  1 1 0  

A � t: r w } : K u d n e r  Age n c y ,  I n c .  

A U T O N ET I C S ,  A D I V I S I O N  O F  N O RT H  
A M E R I CA N  AV I AT I O N ,  I N C .  . . .  1 69 

Age u c y : B a t t e n ,  B a r l o n ,  D ur s t i n e  & Osb o r n .  I n e .  

AVCO C O R P O R AT I O N  . .  43 
A g e n e �  ; B e n t o n  & Bowles.  I n l' . 

AVCO C O R P O R A T I O N .  AVCO R E S E A R C H  & 
A D V A N C E D  D E V E LO P M E N T  D I V I S I O N  . . . .  2 1 4  

Agency ; Rozelle  Advert is ing Agency 

B EA N ,  M O R R I S ,  & C O M P A N y . . . . . . . . . .  1 36 
Age r u;y : O d i o r n e  I n d ustrial A d v e r t i s i n g .  I n c .  

B E C K M A N  I N ST R U M E N T S .  I N C . .  1 3  
Agency : C harles Bowes A d v e r t i s i n g .  f n c .  

B E L L  T E L E P H O N E  L A B O RATO R I E S . . .  2 9  
Agen c y : N.  W .  A y e r  & S o n ,  I n c o rporated 

B E N D I X  A V I AT I O N  C O R P O RAT I O N  . . . 
A g e n c y : A'iac Manus.  J o h n  & Adams,  I n c .  

B E N D I X  A V I AT I O N  C O R P O R A T I O N ,  SYST E M S  
D I V I S I O N  . . .  3 1  

Age n c y : M a c M a n u s ,  J o h n  & Adams.  I n c .  

B E N D I X  C O M P U T E R  D I V I S I O N  O F  B E N D I X  
A V I A T I O N  C O R PO RA T I O N . .  . 5 2  

Age n c y : S h a w  A d v e r t i s i n g .  I n c .  

B E R K E L E Y ,  E D M U N D  C . ,  A N D  A S S O C I ATES . . 2 1 7  
Agenc y : H .  K .  S i m o n ,  Advertis i n g  

B O E I N G  A I R P LA N E  C O M P A N y . . . . . . .  . .  . . . . . . . . . . . . . . . .  2 1 B  
Agency : M e C on n i c k · Armstrong Adver t i s i n g  Age r l c y  

B O RG-WA R N E R  C O R P O RAT I O N  . . . .  . . . 1 1 6 ,  1 1 7  
Age n C )  ; C l i n t o n  E .  F r a n k .  I n c .  

B R O O KS & P E R K I N S .  I N C  . . .  1 29 
Agenc y : Clark & B o b e r t z .  I n c .  

B R U N I N G ,  C H A R L E S ,  C O M P A N Y ,  I N C . .  1 6  
Agenc y : H .  W .  Kastor  & Sons A d v e r t i s i n g  C o  . .  I n c .  

B U D D  C O M P A N Y ,  T H E .  I N ST R U M E N T S  D I V I -
S i O N  44 

Agenc y : The A i t k i n · K y n e t t  C o . ,  I n c .  

B U L O V A  WATCH C O M P A N Y ,  I N D U ST R I A L  
A N D  D E F E N S E  S A L E S . .  1 7  

Agenc y : D u ncan ·Brooks,  I n c .  

C E L A N E S E  C H E M I CA L  C O M P A N Y .  A D I V I ­
S I O N  O F  C E L A N E S E  C O R P O R AT I O N  O F  
A M E R I CA . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 ,  2 3  

AgelH' Y :  Ell ington & C o m p a n ) , I n c .  

C O L L I N S  R A D I O  C O M P A N Y  . . . . .  I n s i d e  B a c k  C o v e r  
Agcll e }  : D o n  L .  B a x t e r ,  I n c .  

C O L O R A D O  D E PA RTM E N T  O F  D EV E LO P M E N T  9 3  
Agen c y :  Will iam Kostka a n d  Associates .  I n c .  

C O N VA I R  A S T R O N A U T I C S ,  C O N VA I R  D I V I ·  
S I O N  O F  G E N E R A L  D Y N A M I CS C O R P O -
RAT I O N  . .  1 96 

Age n c y : Barnes Chase C o m p u l! }  

C O N VA I R  P O M O N A ,  A D I V I S I O N  O F  G E N -
E R A L  D Y N A M I CS C O R P O RAT I O N  . . . . . . . . . . . . 223 

Agenc y : Pacific Western A d v e r t i s i n g  Age n c y .  I n c .  

C O R N I N G  G LA S S  W O R K S  . . . . . .  1 86 
Agenc y : The Rumrill  C o m p a n y  I n c .  

D O B EC K M U N  C O M P A N Y ,  T H E .  A D I V I S I O N  
O F  T H E  D O W  C H E M I CA L  C O M PA N Y . . .  1 0  

Age n c y : And erson & Cairns,  I n c .  

D O U G LA S  A I R C R A FT C O M P A N Y ,  I N C . . . . . . . . . . . .  2 1 1 
Agen c y : J. Walter T h o m p s o n  C o m p a n y  

D O V E R  P U B L I CAT I O N S ,  I N C . .  . . . . . . . . . . . . . . .  207 
Age n c y : James R .  F l a nagan A d v e r t i s i n g  A ).! e l l c y  

D O W  C O R N I N G  C O R P O RAT I O N  . .  
A ,; e l l c y : C h urch a n d  G u i s e w i t e  Advert is ing.  I n c .  

D U  P O N T  D E  N E M O U RS .  E .  I . ,  & C O  . .  I N C . ,  
ELASTO M E R  C H E M I CA L S  D E P T . . .. 48 

Age n c y : N. \V. Ayer & S o n ,  Incorporated 

DU PONT D E  N E M O U R S ,  E .  I . .  & C O  . .  I N C . ,  
P O L Y C H E M I CA L S  D E P A R T M E N T . . .  3 3  

Agenc y : B a t t e n .  Barl O rl .  D u r s t i n e  & Osbor n .  I n c .  

D U  P O N T  D E  N E M O U R S ,  E .  I . .  & C O  . .  I N C  . .  
T E XT I L E  F I B E R S  D E P A RT M E N T. . .  . . . . . . . . . . . . .  1 56 1 57 

Agenc y : B a t t e n ,  Barton, Durst ine  & Osborn. I n t : .  
. 

EAST M A N  C H E M I C A L  P R O D U CT S ,  I N C . ,  
S U B S I D I A RY O F  EAST M A N  K O D A K  C O M -
P A N Y ,  C H E M I C A L S  D I V. . .  . .  . . . . . .  1 94 

.Age n c y : Fred W i t t n e r  C o m p a l! )  

EAST M A N  K O D A K  C O M P A N Y .  3 3  
A g e n c y : T h e  H u m r i l l  C o m p a n y  I n e .  

E D M U N D  SC I E N T I F I C  C O  . . .  1 91 
Agency : \'Valter S. C h i t t i c k  C o m p a J l )' 

E I C O  I N C .  44 
Age n c y : Zam & K i r s h n e r ,  I n c .  

F A F N I R  B EA R I N G  C O M PA N Y ,  T H E . . . . . . .  1 9  
A g e n c y : N o y e s  & C o m p a n y ,  I nc o r p o r a t e d  

FA I RC H I L D  S E M I C O N D U CTO R C O R P O R A -
T I O N  46 

Age n c y : B o l a n d  Assoc i a t cs 

G A E RT N E R  SC I E N T I F I C  C O R P O R AT I O N  . . . . . . . . . . . 220 
Agenc y : Sidney Clayton & Assu(' i a t e :-

G A R R ETT C O R P O R AT I O N ,  T H E ,  A I R ES E A R C H  
M A N U FACTU R I N G  D i V i S i O N S . . . . . .  3 8  

Agenc y : J .  Walter  T h o m p s o n  C o m pa l l } 

G E I S S - A M  E R I CA 49 
A f! e l l e �' :  G o u l' fa i n · L o e fT .  I n l · .  

G E N E R A L  D Y N A M I CS C O R P O RA T I O N  
B a c k  C o v e r  

A ge n e }  : D ' A r c y  A d \' c r l i s i r r g  C o m p a n y  

G E N E R A L  E L E CT R I C  C O . ,  K N O L L S  AT O M I C  
P O W E R  L A B O R A T O R Y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 7  

Agenc y : D e u t s c h  & S h e a ,  l n t: .  

G E N E RA L  E L E CT R I C  C O . ,  M I S S I L E  A N D  
S P A C E  V E H I C L E  D E P A RT M E N T. . .  . . . . . . . . . . . . . . . . . . .  1 75 

AgenC)' : D e u t s c h  & Shea,  I n c .  

G E N E R A L  M OT O R S  C O R P O R AT I O N  A L L I -
S O N  D i V i S i O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' . . . . . . . . .  96 , 97 

Agen c y : K u d n e r  Age n c y .  I n c  

G E N
N

E!�\T��:I�� G���p���S�rg� : S A G I -
9 4  

Agenc y : D .  P .  B r o t h e r  & C o m p a n y  

G E N E R A L  M OT O R S  R E S E A R C H  L A B O RA-
TO R I ES 1 89 

Agcnc y : C a m p b e l l .  Ewald C o m p a n y  

G I L S O N  S L I D E  R U L E  C O . . . .  . . 2 1 5  

G O O D Y E A R  A I R C R A FT C O R P O RAT I O N .  9 
Agen c y : K u d n c r  Age n c y .  I n t' 

G O O DY E A R  T I R E  & R U B B E R  C O . ,  T H E .  C H E M ·  
I C A L  D I V I S I O N . 5 3  

Agenc)' : K ud n e r  Age n c y ,  I n c .  

G R A N D  C E N T R A L  R O C K ET C O . ,  A N  A F F I L I ­
A T E  O F  T E N N ES S E E  G A S  T R A N S M  I S S I O N  
C O M P A N Y  A N D  F O O D  M A C H I N E R Y  
A N D  C H E M I CA L  C O R P O R AT I O N . . . 1 66 

Age n c y : Jakobsen Adve r t i s i n g  Agcll c y .  I n e .  

G RA P H  I C  SYST E M S  2 1 6  
Age nc y :  D i e ner & D v r s k i n d  I ne O r l ' u ra l C d  

G U L F O I L  C O R P O RAT I O N .  P E T R O C H E M I -
C A L S  D E P A RT M E N T . 1 09 

Age n c y ; K e t c h u m ,  .\Iac Leod & G rove .  I Ill : .  

H A RV A R D  U N I V E R S I TY P R E S S  . . . . . .  . .  . . . . . . .  2 0 8  
Agenc y :  .Franklin S p i e r ,  I n c .  

H I G H  V O LT A G E  E N G I N E E R I N G  C O R P O RA-
T I O N  30 

Agenc y : :Molesworth Associates 

H O F F M A N  E L ECT R O N  T U B E  C O R P . . . .  . .  . . .  228 
Agenc y : James A .  Hodgson L t d .  

H U G H ES A I R C R A FT C O M P A N y . . . . .  . .  . . . . .  202 , 203 
Agenc y : Foote, Cone &. Beld i n g  
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I N DEX  O F  ADVE RTI S E R S  
MA RCH, 1 960 

I TT L A B O RATO R I ES ,  A D I V I S I O N  OF I N T E R ­
N A T I O N A L  T E L E P H O N E  A N D  T E L E G R A P H  
C O R P O RAT I O N  . 1 1 S  

Agenc y : Carpenter-Proctor ,  I n c .  

I N T E R N AT I O N A L  B U S I N ES S  M A C H I N ES C O R -
P O R AT I O N . . .  . . . . . . . . . .  8 9 , 1 8 1  

Agen c y : B e n t o n  & Bowles.  I n t: .  

I N T E R N AT I O N A L  N I C K E L  C O M P A N Y ,  I N C . ,  
T H E ,  P L AT I N U M  M ET A L S  D i V i S i O N  . . . . . . . .  5 0 , 5 1  

Age n c y : IHarschalk a n d  Pratt D i v is ion  o f  
l\ l c C a n n - E r i c k s o n ,  I n c .  

I N T E R N A  T l O N A L  E L E CT R I C  C O R P O R AT I O N ,  
A N  A S S O C I AT E  O F  I N T E R N AT I O N A L  
T E L E P H O N E  A N D  T E L E G R A P H  C O R P O RA-
T I O N  . . . . .  231  

Agenc y : Carpenter·  P r o c t o r .  I l l c .  

I R I S H  E X P O R T  P R O M OT I O N  80ARD . .  . . .  1 80 
Agenc y :  W e i n e r  & Gos"-agc. l i lt:. 

J A E G E R S ,  A .  . .  . . . . . . . . . .  1 88 
Agenc y :  Carol  AdYert is ing Agency 

J ET P R O P U LS I O N  L A 8 0 RATO R Y ,  C A L I F O R ­
N I A  I N ST I T U T E  O F  T EC H N O L OGY . . . . . . . . .  225 

Agen c y : Barton A .  S t e b b i n s  

K E L LA RT C O M P A N y . . . . . .  . .  . . . . . . . . . . . . . . . . . . .  2 1 6  
Agen c y : V e r n o r  Advert is ing Agency 

K E L S EY - H A Y E S  C O M P A N Y . . . . . . .  1 27 
Agen c y : Z i m m e r ,  K eller & Calvert .  I n c .  

K E N N A M ET A L  I N C O R P O RATED . .  1 74 
A gen c y : K e t c h u m .  :M a c L c o d  &. Gro\' c .  I n c .  

K I M B E R LY-C LA R K  C O R P O R AT I O N  . . . . . . . . . . . . . . . . . 220 

K O L L M O R G E N  O P T I C A L  C O R P O R AT I O N  ..  39 
Agency : \Vilso n .  Haight.  \Velch &. Grover, I n c .  

L A B O R A T O R Y  F O R  E L ECT R O N I C S ,  I N C - .  1 1  
Agenc y : K e n n e t h  A .  Y o u n g  Associ ates,  l l ie. 

L E E D S  & N O RTH R U P  C O M P A N Y .  . .  . . . . . . . . . . .  1 64 ,  1 65 
A i.! c n c y : H arris D. M c K i nn e y  I n c orporated 

L I B R A R Y  OF SC I E N C E ,  T H E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  204 
Agen c y : W u n d er m a n ,  R i c o t t a  & K l i n e .  I n ( ' .  

L l 8 RASCO P E ,  A D I V I S I O N  O F  G E N E R A L  P R E-
C I S I O N ,  I N C . .  1 8  

Af!cnc y : C o m p t o n  Advert is ing.  J n c .  

L I N C O L N  L A B O RATO R Y ,  M A S S AC H U S ETTS 
I N ST I T U T E  OF T E C H N O LO G y  . . . . . . . . . . . . . . . . . . . . . . . 2 1 9  

>\gCIH' Y : H a n d o l p h  Associates  

L I N G U A P H O N E  I N ST I T U T E  . . . . .. . . . . . . . . . . . . 220 
\ !! c n c y : T h e  Kaplan Age n c y .  I n t: . Div.  o f  �loglll ,  

Williams &. Sa) l o r ,  I n c .  

L I TT O N  I N D U ST R I E S ,  I N C . ,  E L ECT R O N I C  
EQ U I P M E N T S  D I V I S I O N . . . . 2 1 5  

Agen c y : F l e t c h e r  H i c hards,  C a l k i n s  &. H o l d e n ,  I n c .  

L O C K H E E D  M I S S I L E S  A N D  S P A C E  D I V I S I O N ,  
LOC K H E E D  A I R C R A FT C O R PO RAT I O N  

1 84 ,  1 85 
Agenc y : Hal S t e b b i n s ,  I n c .  

L O S  A L A M O S  SC I E N T I F I C  L A B O RA T O R Y  O F  
TH E U N I V E R S I TY O F  CA L I FO R N I A  . . . . . . . . . . 2 1 3  

A g e n c y : Ward H i c k s  Advert i s i n g:  

M A LA Y A N  T I N  B U R EA U ,  T H E . . .  84 
Agen c y : Gray & H o gers 

M A RT I N C O M P A N Y ,  T H E . . . . . .  9 1  
Agenc y : K c t c h u m ,  M a c l e o d  & G r o v c ,  I n c .  

M A RT I N C O M P A N Y ,  T H E ,  D E N V E R  D I V I S I O N  1 23 
Agency : E. M. Halvorson C o .  

M C D O N N E L L  A I R C R A FT C O R P O R AT I O N  
1 78 ,  1 79 

Agenc y : D i e n e r  & Dorskind i ncorporated 

M E L P A R ,  I N C . ,  A S U 8 S I D I A RY OF W E ST I N G -
H O U S E  A I R  B R A K E  C O M P A N y  . . . . . . . . . . . . . . . . .  36 ,  3 7  

Agenc y : Larrabee Associates Advert is ing  

M ET A L L I Z I N G  E N G I N E E R I N G  CO. ,  I N C . .  1 92 
Agenc y : T h e  S c huyler  H o p p e r  C o .  

M I N I AT U R E  P R EC I S I O N  8 EA R I N G S ,  I N C  . . . " . . .  1 98 
Agenc y : James T h o m a s  C h ir u rg C o m p a n y  

M I N N EA P O L I S - H O N EYW E L L . 1 55 
Agen c y : T h e  A i t k i n · K y n e t t  C o . ,  I n c .  

M I N N ESOTA M I N I N G  A N D  M A N U FACT U R­
I N G  C O M PA N Y ,  C H E M I C A L  D i V i S i O N  . . . .  1 5 1  

Agen c y : l\laclVla n u s ,  J o h n  & Adams,  I n c .  

M I N N ES OTA M I N I N G  A N D  M A N U FACT U R ­
I N G  C O M P A N Y ,  M A G N ET I C  P R O D U CTS 
D I V I S I O N  45 

A g- e n c )' : 1\la e l\1 a n u s ,  J o h n  & Adams,  I n c .  

M I N N ESOTA M I N I N G  A N D  M A N U FACT U R ­
I N G  C O M P A N Y ,  T H E R M O- FAX C O P Y -
I N G  P R O D U CTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 39 

.\ ge n c y : Erwin Wasey, R uthrauff & H y a n ,  I n c .  

M O O G  S E RVOCO N T R O L S ,  I N C . ,  I N D U S-
T R I A L  D I V I S I O N  

A ge n c y : N .  Gorham & C o m p a n y ,  I n c .  

M OT O R O L A ,  I N C . ,  M I L I T A R Y  E L ECT RO N I C S  
D I V I S I O N  . . . . . . . . . . . . . . . . . . .  1 52 ,  1 53 

Agenc y : C h arles Bowes i\d\'e r t i s i n g  I n c .  

N EW D E P A R T U R E  D I V I S I O N ,  G E N E R A L  M O -
T O R S  C O R P O R AT I O N  47 

A g e n c y : D. P. B r o t h e r  & C o m p a n y  

N EW Y O R K  S T A T E  D E P A R T M E N T  O F  CO M -
M E R C E  20 

Agenc y :  B at t e n ,  Barto n ,  Durstine & Osborn,  I n c .  

N O N - L I N EA R  SYST E M S  I N C  . . .  
\ g e no.: y : Barnes C h a s e  C o m p a n y  

N O PC O  C H E M I C A L  C O M P A N Y ,  P L A ST I C S  

1 34 

D I V I S I O N  42 
\gen c y : Gray & Hogers 

N O RT H R O P  C O R P O R AT I O N  . .  1 93 
\genc y : E r w i n  Wasey, R u thrauff & R y a n ,  I n c .  

N O RT O N  C O M P A N Y ,  E L ECTRO-C H E M I C A L  
D I V I S I O N  2 8  

\gency : J ames T h o m as C h irllrg C o m p a n y  

N O RT O N ,  W .  W . ,  & C O M P A N Y . . .  . 2 1 7  
Age n c y : D e n h a r d  & Stewart,  I n c .  

O P E RA T I O N S  R E S E A R C H  O F F I C E ,  TH E 
J O H N S  H O P K I N S  U N I V E R S I TY . . .  . . . . .  2 1 2  

A g e nc y : 1\1 . B e l m o n t  V c r  S t a n d i g ,  I n c .  

O X F O R D  U N I V E R S I TY P R E S S ,  I N C . . . . . . . . . . . . . . . . . . . .  206 
'\ gen e y : D c nhart! & Stewart .  I n c .  

OZO N E  R ES EA RCH & EQ U I P M E N T  C O R P O RA-
T I O N  93 

P E R G A M O N  P R ES S ,  I N C .  . .  . . . . . . . . . . . . . . . . .  2 1 2  
Agen c y : J o n · B r u c e  Associates 

P E R K I N - E L M E R  C O R P O R AT I O N  1 2  
Agen(' y : G .  1\ 1 .  Basford C o m p a n y  

P H I LC O  C O R PO R AT I O N ,  G O V E R N M E N T  A N D  
I N D U STR I A L  G R O U P . .  9 5  

-\ge n e }' : 1\laxwell Associates,  I n c .  

P H I LC O  C O R P O RAT I O N ,  TECH R E P  D I V I S I O N  1 77 
.\ gene }' : Maxwell  Associates,  I n c .  

P LA S T I CS E N G I N E E R I N G  C O M P A N Y . . .  . . . . .  8 8  
Agenc y : K u t t n e r  &. K u t t ner,  I n c .  

P R EC I S I O N  I N S T R U M E N T  C O M P A N Y . . .  8 6  
-\ge n c }' : B o nfield Associates,  I n c .  

P R E N T I C E - H A L L ,  I N C . .  . .  . . . . .  2 1 5  
·\ g e n c y : Albert  F r tl n k · G u e n t h e r  L a w .  I n c .  

P U R O LATO R P R O D U CT S ,  I N C  . .  
Agen c y : C .  1\1 .  Basford C o m p a n y  

Q U ESTA R C O R P O R AT I O N  . . . .  . .  . . . . . . .  200 

RA D I O  C O R P O R AT I O N  OF A M E R i CA . . . .  
Agenc y : J .  W a l t e r  T h o m p s o n  C o m p a n y  

RA D I O  C O R P O RAT I O N  O F  A M E R I CA ,  E L EC-
T R O N  T U B E  D I V I S I O N . .  . 1 37 

.Age n c y : Al Paul  Lefton C o m p a n y ,  I n c .  

RA D I O  C O R P O RAT I O N  O F  A M E R I CA ,  M I S­
S I L E  A N D  S U R FA C E  R A D A R  D E P A RT M E N T  2 2 1  

Agenc y : A l  P a u l  L e f t o n  C o m p a n y ,  I n c .  

R A N D  C O R P O R A T I O N ,  T H E  . . .  
Agenc y :  F l e t c h e r  R i c h a r d s ,  C a l k i n s  & H o l d e n ,  I n c .  

R A N S 8 U RG E L ECTRO-COAT I N G  C O R P _ . .  1 4  
Agenc y : H .  L .  R o s s ,  Advertis ing 

RAYTH E O N  C O M P A N Y  . . .  1 5  
Agenc y : D o n a h u e  & C o e ,  I n c .  

RAYTH E O N  C O M P A N Y ,  G O V E R N M E N T  
E Q U I P M E N T  D I V I S I O N . . . 1 95 

Agenc y : Hoag & Prova n d i e ,  I n c .  

RAYTH E O N  C O M P A N Y ,  M I S S I L E  SYST E M S  
D I V I S I O N  . . . . . . .  229 

Agency : James T h omas C h i r u rg Company 

R ES E A R C H  L A B O RAT O R I ES ,  U N I T E D  A I R-
C R A FT C O R P O RAT I O N  . . . .  1 76 

\gency : B. E. B u rrell & Associates 

S A V E  THE C H I L D R E N  F E D E R AT I O N . . .  . .. 224 
Agenc y : i\lonroe F. Dreher, I n c .  

S C I E N C E  M AT E R I A LS C E N T E R ,  A D I V I S I O N  
O F  T H E  L I B R A R Y  O F  SC i E N C E. . . . .  2 2 0  

Agenc y : Wllnderman.  R i c o t t a  & K l i n e ,  I n c .  

S H E L L  C H E M I C A L  C O R P O RAT I O N  
I n s i d e  Front  C o v e r  

Agen c y : 1 .  Walter T h o m p s o n  C o m p a n y  

S I G M A  I N S T R U M E N T S ,  I N C  . .  . .  1 54 
Age n c y : C u l v e r  Advert is ing,  I n c .  

S I N G E R  M A N U FACTU R I N G  C O M P A N Y ,  T H E ,  
M I L I TA RY P R O D UCTS D I V I S I O N . .  . .. .. 1 35 

Agency : O. S. Tyson a n d  C o m p a n y ,  I n c .  
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Ag"enc y : Dawso n .  1\lae Leod &. S t in'rs 
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Agency : J. 1\1 . Mathes  Incorporated 
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E.M.I .. 
MULTIPLIER 

PHOTOTUBES 
For scintillation counters, spectro­
photometry, flying spot scanning. 
The range of phototubes made by 
E.M.I. is one of the largest in the 
world. It includes end-window types 
of l' to 15' diameter, with 810, 811, 
813 and 820 cathodes, with 10 to 14 
dynodes of venetian blind type or of 
box and grid or focused construction. 
Other tubes produced by E.M.I. in­
clude k�ystrons. magnetrons. 
C.R.T.s. vIdicons. orthicons. storage 
tubes and many other special 
purpose electron tubes. 

See our Booth # 1520 at 
I.R.E. Nat'l Convention 

HOFFMAN ELECTRON TUBE CORP. 
804 NEW BRIDGE AVENUE· WESTBURY · L.r • •  N.Y. 

TEL: EDGEWOOD 3-66'0 
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Flames swept across the open plains as 

the Mongol hordes ran in terror from the 
"arrows of flying fire". When the smoke 

had cleared the Chinese had won the 

battle of Pienking with the first rocket. 

Missiles have become greatly more 
sophistica ted since this crude unguided 

arrow was propelled by gunpowder packed 

in an open-ended bamboo tube. Today, as a 

vital part of one of the world's largest 
electronics companies, Raytheon's Missile 

Systems Division is making significant con­
tributions to the art of missilry. The excit­

ing new Pin Cushion Project for selective 

missile identification, the constantly ad­
vancing Navy's air-to-air SPARROW III 

and Army's HAWK are examples of their 

outstanding creative work. 

We are seeking highly creative people to 

maintain Raytheon's leadership in this chal­

lenging field. For these people, Raytheon's 

Missile Systems Division creates a climate 
for talent - perhaps your talent. 

MISSILE: 

15th CENTURY 

ENGINEERS: immediate openings in 
Data Handling - Circuit Design 
Packaging- Electro-Mechanical Design­
Systems Test - Test Equipment Design 
- Systems Analysis - High Power Radar 

Design - Microwave Tube Application -

High Voltage Power Supply - Modulators 

- Microwave Design - Systems Design 
- VHF Circuit Design - Operations 

Analysis - Radar Systems and Mathe­
maticians. 

Please apply to Mr. W. F. O'Melia, 

Employment Manager, Bedford Labora­

tory, Missile Systems Division, Raytheon 

Company, Bedford, Massachusetts. 

Jl;T/SSILE 
SYSTEMS 

DIVISION 

�===. � 
• . .  creates a climate for talent. 
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but war's a game 
"But war's a game," said William Cow­
per, "which, were their subjects wise, 
Kings would not play at." Yet, wisdom 
apart, a necessary game and best played 
well to avoid defeat. This is why tech/ops 
is now in the forefront of computer war 
gaming pioneering-for the U. S. Army 
Continental Army Command, for Head­
quarters, U. S. Air Force, and for the 
U. S. Navy, as well as applying gaming 
techniques to industrial problems such as 
loading and scheduling for the Matson 
Navigation Company and other business 
sponsors. Appointments are available at 
all locations for experienced systems and 
operations analysts, and computer pro­
grammers, and for theoretical and experi­
mental physicists at Burlington. 

Out of this war game pioneering, in­
volving design, evaluation, development 
of unusual applications of stochastic 
models, advanced programming systems 
and common language carriers, has grown 
a fascinating book by tech/ops: THE 
GAME OF WAR, a history of the high­
lights of war games from the first chess 
of 3,000 years ago to modern computer 
gaming, illustrated with authentic war­
riors from the ancient Greeks to modern 
times. For your free copy write to Robert 
L. Koller: 

Technical Operations, 

Incorporated 4 
-;1; •.. ,-Central Research Laboratories 

Burlington, M assachusettg 
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WITH ONLY MINUTES TO ACT 

If America should be attacked ... from 

bases around the world Strategic Air Com­

mand bombers, tankers and surface-to­

surface missiles will rise to action. Minutes 

only will be available. 

To integrate and control this assault re­

quires accessibility and handling of a 

staggering volume of data. In the missile 

era, present methods of gathering and 

processing data will be inadequate. SAC is 
automating the system. 

As systems manager, International Elec­

tric Corporation is developing and will 

turn over to SAC a world-wide electronic 

combat control system, an integrated com­

plex of electronic subsystems. The system, 
employing digital techniques and equip­

ment, will transmit, process and display 

information on a global basis ... with 

only seconds involved. 

Engineers whose interests lie in systems 

engineering, data processing and commun­

ications will find in this long-term project 

exceptional opportunity to exercise crea­

tive competence and individual initiative. 

For details of engineering assignments 

write B. J. Crawford, Director of Techni­

cal Staffing. 

INTERNATIONAL ELECTRIC CORPORATION 
An Associate of International Telephone and Telegraph Corporation 

Route 17 & Garden State Parkway, Paramus, New Jersey 
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A DOOR IS OPENED . . •  

TO NEW DEVELOPMENTS IN DIISOCYANATES 

"Modern chemistry has made few dis­

coveries of greater significance than 

polymerization. Few polymer formers 

have greater versatility, actual or po­

tential, than diisocyanates." 

This quotation is from a new free book­
let prepared by our National Aniline 
Division. Entitled "Diisocyanates," it 
describes the origins and development 
of these polymer formers which are be­
ing used to achieve that revolutionary 
new plastics family, polyurethanes. 

Polymeric building blocks 
The booklet begins with a discussion of 
polymers in nature, from which chem­
ists took their cue to devise their own 
building blocks. One of the most in­
triguing building blocks for forming 
large polymer molecules is the class of 
organic chemicals called diisocyanates. 
With them it is possible to duplicate the 
properties of almost all known types of 
plastics. 

In order to help the reader appreci­
ate the diverse materials that can be 
formed with diisocyanates, the booklet 
includes a brief history of their origins, 
followed by an outline of present day 
chemistry in the field. 

Polyurethane foams 
From there, the booklet takes us into 
a discussion of the most interesting and 
important polyurethanes (polymers 
based on diisocyanates) - the foams. 
It tells why and how these materials 
foam and describes the tremendous va­
riations that are possible. Polyurethane 
foams range from one to 60 pounds per 
cubic foot in weight. They can be made 
rigid enough to support heavy loads or 
flexible enough to serve as mattresses 
and coat linings. 

Flexible foams 
Flexible foams may be produced which 
have little "bounce-back" and high 
shock absorbency. These are well 
adapted to such uses as automobile 
crash pads, where they minimize the 
danger of "snapback" injuries, inher­
ent in pads with little absorbency, 
more bounce. Other flexible foam ap-

232 

Key equations of urethane chemistry show the simultaneous reactions of isocyanates 
with alcohol and with water. The reaction produces a solid product and carbon dioxide, 
which "blows" the foam material. From "Diisocyanates," a free booklet just off the press. 

plications include pillows, furniture 
cushioning, vermin- and rot-proof car­
pet underlays, floor mops, clothes 
brushes, and warm yet lightweight 
linings for winter clothing. 

Rigid foams 
You'll read how polyurethanes can be 
cross-linked to form semi-rigid and rigid 
foams as well. The former of these can 
be sprayed onto walls as acoustical in­
sulation or foamed in place in wall cavi­
ties where insulation is wanted. Rigid 
foams find application as harbor buoys, 
buoyancy chambers for boats, and as 
filling for aircraft wing tips. You may 
be surprised to learn that prefabricated 

BASIC TO AMERICA'S PROGRESS 

sandwich wall panels for homes are 
now under test and that foamed-in­
place polyurethane resins have been 
used for the setting of bones. 

Other polyurethane products 
The booklet describes the other forms 
of polyurethanes as well; for with more 
cross-links, polyurethanes become plas­
tics that do not warp or swell and have 
high impact strength. Polyurethane 
rubbers for exam­
ple: soles and heels 
that outlast conven­
tional shoe materials 
10 to 1 . . . hundred­
thousand-mile tire 
treads that promise 
to be a commercial 
reality soon. 

Anyone interested in the general sub­
ject of diisocyanate chemistry, or who 
is working with polyurethane materials, 
will find the booklet, "Diisocyanates," 
valuable. For a free copy, just write, on 
company letterhead, to Allied Chemical 
Corporation, Dept. 36-S, 61 Broadway, 
New York 6, New York, or phone 
HAnover 2-7300. 
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communications for roving 
mi�ile bases 

COLLINS 
ELECTRONICS 

COLLINS RADIO COMPANY CEDAR RAPIDS. IOWA 

Operating under a polar ice cap or roaming the 
open seas under nuclear power, Polaris-launching 
submarines this year add a new, powerful, 
unique weapon to the Free World's war deterrent 
arsenal. Concealed by ocean depths, these 
ever moving missile bases cannot be accounted for 
by an enemy planning a surprise attack. The 
U. S. Navy's Fleet Ballistic Missile submarine 
is the product of the highest achievements 
in nuclear propulsion, missiles, navigation and 
communication. Collins long range, single sideband 
radio systems will provide the dispersed submarine 
fleet with a reliable link in communications. 

DALLAS. TEXAS BURBANK. CALIFORNIA 
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vision! avenir 
"If men are ever to journey 

"Pour que l'homme puisse un jour at�eindre 

to the planets and the stars, we shall 
les planetes et les etoiles, il devra connaitre, des 

need to know years in advance 
annees au prealable, les efIets biologiques et 

the biological and psychological 
psychologiques que produisent Ie rayonnement 

effects of cosmic radiation, extreme 
cosmique, les variations extremes de 

temperature variation, weightlessness, 
temperature, I'absence de pesanteur, 

meteoric collision, synthetic air, 
les collisions meteoriques, l'air synthetique, 

disorientation and illusions of space 
la desorientation et la transposition de l'espace 

and time. New aerodynamic forms 
et du temps. D'ici quelques annees, des 

and new applications of atomic 
conceptions nouvelles d'aerodynamique et des 

power may within the next few years 
applications nouvelles de I'energie atomique 

make possible the sustained 
permett:ont peut·etre une exploration 

exploration of earth's upper 
methodique des couches superieures de 

atmosphere that will tell us what we 
I'atmosphere terrestre, qui apprendra it I'homme 

need to know before our first 
ce qu'i! do it sa voir avant de se hasarder pour 

human step into space." 
la premiere fois dans l'espace." 

ELECTRIC BOAT 

CONVAIR 

GENERAL ATOMIC 

GENERAL DVNAMIC:S 
CANADAIR LIMITED 

ELECTRO DYNAMIC 

STROMBERG·CARLSON 

LIQUID CARBONIC 

MATERIAL SERVICE 

reality /realite 
The USAF Atlas, designed and built 

L'Atlas de l'Armee de I'air des Etats·Vnis, 

by General Dynamics Corporation's 
con9u et realise par la Division Convair de 

Convair Division, will put into orbit 
la General Dynamics Corporation, placera en 

the first of this country's manned 
orbite Ie premier astronaute americain 

capsules (Project Mercury); will help 
(Operation "Mercure"), aidera it lancer des 

send instrumented probes deep into 
sondes munies d'instrllments au plus profond 

space (Atlas-Able); boost heavy 
de I'espace interplanetaire ("Atlas· Able"), 

satellites into polar orbit (Projects 
ainsi qu'it mettre des satellites lourds en orbite 

Midas and Samos) ; and launch space 
meridienne (Operations "Midas" et "Samos"), 

vehicles for moon and planetary 
et propulsera des engins spatiallx d'exploration 

probes (Project Centaur). 
lunaire et planetaire (Operation "Centaure"). 

In addition, scientists of General 
En outre, i'equipe scientifique 

Atomic Division are studying 
de la General Atomic Di�sion etudie 

(Project Orion) the feasibility 
la possibilite d'utiliser des impulsions 

of using controlled nuclear pulses 
nucleaires menagees pour en voyer dans 

to propel into space a ship weighing 
l'espace un astronef de 1.000 tonnes 

1,000 tons. Meanwhile, Atlas, 
(Operation "Orion"). En attendant, l'Atlas, 

America's first operational Inter­
premier engin balistique intercontinental mis 

continental Ballistic Missile, with 
en service aux Etats·Vnis, capable de 

a capability of delivering an atomic 
transporter une tete atomique sur plus de 

warhead at 16,000 mph over a range 
10.000 km it une vitesse de 25.600 km it I'heure, 

exceeding 6,000 miles, remains 
demeure un des principaux moyens de 

a major deterrentto nuclear war. 
prevenir une guerre nucieaire. 

Photograph of ring nebula in lyra 
copyright California Institute of Technology 
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