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Secret of a Smashing Success 

Dropped 10 feet-this polystyrene radio case bounced, 

clattered, but did not bTeak. It did not chip or crack­

did not show a single mark of its high dive. Dramatic 

evidence, wouldn't you say, of the remarkable strength 

being built into modern plastics. 

How to make tougher polystyrene-the material used 

in most radio cases - was long a priority project with 

all its manufacturers. Concentrated research and 

development finally solved the problem. The secret of 

success for many producers: combining the product 

, with PLIOFLEX rubber. 

Plioflex, with its unusually light color, high uniform­

ity and particular physical properties, was selected 

over many other possible modifying materials. Experi­

ence has proved it to be the best choice to meet the 

exacting demands of the plastics industry. 

Making more durable, more salable radio cases is 
but one of the many uses for the many types of 

PLIOFLEX. How can you use PLIOFLEX to advantage, 

either alone or in combination with other materials? 

Find out by writing to Goodyear, Chemical Division, 

Dept. 1-9457, Akron 16, Ohio. 

CHEMICAL DIVISION 
Plioflex-T. M. The Goodyear Tire & Rubber Company. Akron, Ohio. 
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FOR AIR AND SPACE VEHICLES ... 

Perfected 

Variable IncreIllent 
Technique ... 

* 

makes GEVIC the 1110st 

versatile computer 

available 

The new Variable Increment technique utilized in GEVIC
' 

provides the speed of an analog computer along with the 
accuracy and flexibility of a digital. 

GEVIC can select any of several increments to correct the 
output carried over from the previous computer cycle. 

The same sequence' of operations is used for subtraction, 
multiplication, division, sine and cosine, addition, square 
root, filtering, integration, and differentiation. Any or all of 
these operations can be performed singly or simultaneously. 
The GEVIC design also incorporates a built-in test problem. 
which acts as a continuous checkout for the unit. 

The modular construction of the circuits and the c ore d iode 

* General Electric Variable Increment Computer 

Send for free 
illustrated brochure. 

design offer an inordinately high degree of reliability. The 
cores (made of special magnetic materials) perform with 
a nearly square hysteresis loop in combination with silicon 
diodes operated substantially below their normal rating. 
GEVIC's small size and light weight makes it ideal for air 
and space vehicles of all types as well as for mobile ground­
based installations. 
GEVIC represents an entirely new medium of electronic 
computation and is considerd a major breakthrough in com­
puter technology. 
For brochure and complete details ... Write Manager­
Armament Sales, General Electric Company, Light Military 
Electronics Department, Johnson City, N. Y. Dept. 13D. 

.... .W 

G ENE R-A L • E LEe T RIC 
LIGHT MILITARY ELECTRONICS DEPARTMENT 

FRENCH ROAD, UTICA, NEW YORK 

A DEPARTMENT IN THE DEFENSE ELECTRONICS OIVISION 
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Charles Darwin ... on evolution 

"It is interesting to contemplate a tangled bank, clothed 

with many plants of many kinds. with birds singing on 

the bushes. with various insects Hitting about. and with 

worms crawling through the damp earth. and to reHect 

that these elaborately constructed forms. so diHerent from 

each other. and dependent upon each other in so complex 

a manner. have all been produced by laws acting around 

us .... Thus. from the war of nature. from famine and 

death. the most exalted object we are capable of conceiv­

ing. namely. the production of the higher animals. directly 

follows. There is grandeur in this view of life. with its 

several powers. having been originally breathed into a 

few forms or into one; and that. whilst this planet has 

gone cycling on according to the fixed law of gravity. from 

so simple a beginning endless forms most beautiful and 

most wonderful have been. and are being evolved." 

- Origin of Species. 1859' 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 

A nonprofit organization engaged in research on problems related to national security and the public interest 
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M1238-1818 - Range 18" x 18", working 
distance 9" to infinity. Reads to 0.001" up 
to 24" working distance. Protractor ocular 
reads to 3 minutes 01 arc. Image is erect. 

Cut inspection 
time in half 
with new Gaertner 

Coordinate Cathetometers 

These convenient, reliable optical 
instruments permit making precise co­
ordinate measurements in a vertical 
plane. The two dimensions are measured 
with one setting, object does not have 
to be rotated. Inspection time is cut in 
half and resetting errors eliminated. 

Versatile Gaertner Coordinate Cathe­
tometers are ideally suited for precision 
measurements on large objects; also ob­
jects or points in recessed, remote, or 
inaccessible locations. Applications in­
clude measuring jet engine sections, 
complicated castings, printed circuits, 
bolt holes and bosses on large piece parts, 
traces on cathode ray tubes, etc. 

Because these are optical rather than 
mechanical measuring instruments, you 
make non-destructive measurements 
without contact, distortion, or concern 
about pressure being applied to the ob­
ject when making a setting. Instruments 
available in English or Metric system. 

M1236-46- � 
Horizontal range 6", 
vertical range 4". 
Reads to 0.0001", 
working distance 5" 
to infinity. 

� M1236-22-
Range 2" x 2". reads 

to 0.0001". Working 
distance 5" to infinity. 

Shown with 19 mm 
mounting rod, and without 
telemicroscope. Instrument 
permits precise coordinate 
movement of other obiects 

such as photo cells, 
probes, etc., in place 

of telemicroscope. 

Write for Bulletin 188-53 

4 

The Gaertner 
Scientific Corporation 

1236 Wrightwood Ave., Chicago 14, III. 
Telephone: BUckingham 1·5335 

THE COVER 

The photograph on the cover of this issue, which is devoted to the topic 
of ionizing radiation, shows a beam of ionizing radiation produced by a 
two-million-electron-volt Van de GraaIf accelerator. At the top of the pho­
tograph is the bottom of a "scanner" which spreads the narrow beam of 
electrons from the accelerator. Blue glow in middle of photograph is emit­
ted by air molecules that have been ionized by the electrons. At bottom are 
two dishes containing seeds under experimental irradiation. The facility 
is at the High Voltage Engineering Corporation in Burlington, Mass. 
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WRITE FOR YOUR 
COMPLIMENTARY COpy 
OF THE CASE HISTORY 

"BERYLLIUM IN 
PROJECT MERCURY" 

*QMV i. a Trade Mark of THE BRUSH BERYlLIUM COMPANY 

BRUSH BERYLLIUM 
4301 PERKINS AVENUE · CLEVELAND 3. OHIO 

beryllium · beryllium oxide · beryllium alloys 
5 

© 1959 SCIENTIFIC AMERICAN, INC



4-afe'· PLASTICS PLAY LEAD IN NEW SALES SEASON 
Rapid-fire developments in versatile thermo­

plastic materials herald sure-fire successes on 
the sales front. As the new products make their 
public debut, plastics are increasingly conspicu­
ous by their presence. These chemically engi­
neered materials are lightweight, yet strong and 
durable. They save pennies on the production 
line, look like a million in the show window. 

Take Styron Verelite, newest in the fast growing 
Dow line-up of polystyrene materials. Designed 
specially for interior lighting applications such 
as grids and diffusers for fluorescent fixtures, 
it's light-stabilized, offering superior resistance 
to yellowing. It is now available in several 
granulations for both extrusion and molding. 

LIGHTWEIGHT STYRON 

MAKES VACUUM CLEANER SALES HUM 

Dow thermoplastic replaces other 
materials, delivers production economy, 

attractive appearance. 

The manufacturer of the compact 
vacuum cleaner shown below put plas­
tics to full use in redesigning his prod­
uct. The result is a lightweight, ex­
tremely portable and attractive unit 
that stimulates sales and gives the pro-

duction mall fewer headaches. 
Styron® 475, one of Dow's high im­

pact thermoplastics, was used for the 
housing and other rigid parts. The flex­
ible parts are vinyl. The cleaner is 
available in two models, one for the 
home (pictured below) and one for 
industrial use. Lightweight Styron 475 
makes the industrial version ideal for 
cleaning radio tubes, electronic equip­
ment and other products with hard-to­
get-at corners and crevices. 

In addition to a smartly styled ap­
pearance and a wide selection of colors, 
Styron 475 provides a warm touch 
pleasing to housewives. Compared to 
materials previously used, it trims costs 
by eliminating several fabrication and 
assembly operations. Like all Dow 
plastics, it gives the designer broad 
latitude and its quality is consistent 
and uniform. This contributes to 
greater production efficiency and fewer 
rejects. 

This compact, time and effort saving portable vacuum cleaner lightens the work of the housewife and maintenance man. 
Its components are molded of tough versatile Styron 475. 
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PLASTICS PERFORM 
when pressure's on 

T h i s  w a t e r  s o f t e n e r  c r e a t e s  a 
vacuum in its recharging cycle, pro­
ducing up to 120 lbs. pressure on every 
square inch on the surface of the tank. 
That's one of the many reasons Styron 
480, Dow's extra high impact thermo­
plastic, with its great strength was 
chosen for the job. As Styron is rust­
proof, there are no corrosion problems. 
The excellent moldability of Styron 
helped in making this large, thick­
walled tank. This application is typical 
of many developed for manufacturers 
by a plastics molder offering inte­
grated design and production services. 

ZERLON* 150: 
no break for boys 

There'll be plenty of disappointment 
among the younger set when they dis­
cover their sling shots and air rifles 
won't shatter this street light globe. 
It's made of Zerlon 150, a new Dow 
plastic that combines outstanding trans­
parency and strength. When struck 
sharply, Zerlon 150 "stars" rather than 
cracking or shattering. This property 
will sharply reduce maintenance and 
replacement costs for municipal gov­
ernments. What's more, Zerlon 150 
actually provides better transmission 
of light than the material normally used 
in this application. The globe is now 
in test service in a major U. S. city. 

«TRADEMARK 

STYRON 475. Even the time-honored thread 
spool can be improved by plastics I No 

wood grain imperfections to worry about 
in smooth-surfaced, colorful Styron 475. 

TYRIL®. Tyril, a copolymer of styrene and 
acrylonitrile, provides rigidity, craze re­
sistance and freedom from cracking in this 
unique pants hanger. 

POLYETHYLENE. The extremely intricate 
mesh design of this lace work bag 
thoroughly demonstrates the excellent flow 
characteristics of Dow Polyethylene 990M. 

STYRON 475. Fine surface gloss. impact 
resistance, color selection and excellent 
electrical properties make Styron 475 ideal 
for this indoor TV antenna housing. 

FOR MORE 
INFORMATION . 

about the versatile Dow 
plastics and the products 
discussed on these two 
pages, write to us today. 
THE DOW CHEMICAL COM­
PANY, Midland, Michi­
gan, Plastics Sales De­
partment 1512EQ9. 

THE DOW CHEMICAL COMPANY 
Midland, Michigan 

Industrial molding materials 
• 

Packaging materials 
• 

Paint and coating materials 
• 

Building products 
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The term IlSCOTCH" is a registered trademark 

of 3M Company, st. Paul 6, Minnesota. Export: 

99 Park Avenue, N. Y. Canada: London, Ont. 

MAGNETIC MEMORY OF 

16 CHANNELS 

OF VITAL STATISTICS 

-BEAMED FROM A 

ROCKET IN FLIGHT 

Velocity. Altitude! Stress! Strain! Air pres­
sure. Trajectory. Heat and cold. Shooting the 
moon or downrange, the missile man must 
record these-and more-when he sends his 
voyager out in the silent sea of space. For this 
sensitive task of simultaneously recording up 
to 16 channels of vital readings on the flight 
performance of a missile, "SCOTCH" BRAND 

Magnetic Tape has proven reliability. 

Taken with more-than-human speed and ac­
curacy, these telemetered magnetic notes can 
be checked and rechecked for clues to im­
proved design. 

"SCOTCH" BRAND Magnetic Tape - the first 
practical magnetic tape made - remains the 
leader as newer, more sensitive instrumenta­
tion tapes are developed for science, auto­
mated industry, and business. It will serve 
you, too. For information on tape construc­
tions for your specific needs, write Magnetic 
Products Division, Dept. MBO-99, 3M Co., 
900 Bush Ave., St. Paul 6, Minn. 

© I95!) 3M Co. 

"SCOTCH" BRAND Magnetic Tape 
-the memory of tomorrow 

of-��- -�� MINNESOTA MINING AND MANUFACTURING COMPANY If"� 
� � 

• • •  WHERE RESEARCH IS THE KEY TO TOMORROW � • .  , # 
��� 

© 1959 SCIENTIFIC AMERICAN, INC



No darkening, even under the most Intense radiation, when you use Corning windows. Whether dry or 
oil-filled, the windows also resist corrosion and moisture. Windows come as packaged units, ready to install. 

Why it's as easy to buy a hot-cell window as a test tube 
You leave a hole in your hot cell . . .  

we'll do the rest. 
That's the simple proposition made by 

the men who sell our radiation shielding 
windows. And they've backed it up in 
more than 400 installations. 

You tell us the wall thickness and the 
peak energy level you'll be working at and 
the viewing area you'll need. 

We do all calculations, provide designs 
and ma terial s , and deliver a packaged 
window that's ready (0 install. 

Three specIal glasses 
-We've developed three glasse!l to an­

swer any radiation problem. The glasses 
are used singly or in combination, depend­
ing on your needs. 

Corning Code 8362 is a cerium-stabilized, 
non-hrowning lead glass with a density of 
3.3 gm/cc and a refractive index of 1.59. 
Corning Code 8363 is a special, !:::;h-lcud 
glass that weighs in at 6.2 gm cc and 
equals iron for shielding. R.I. is 1.98. 

Corning Code 8365 is a cerium-stabilized, 
non-brownini lime ilass. Density is 2.7 
gm/cc. R.I. is J .52. 

For complete details on these glasses 
and the service that goes with them, write 
for a copy of Bulletin PE-5 J. One of our 
men will be glad to work with you on 
your projects. Corning Glass Works, 49 
Crystal St., Corning, N. Y. 

CORNING GLASS WORKS 
CORNING MEANS RESEARCH IN GLASS 

CORNING CAN DO ALMOST ANYTHING WITH G ASS 
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8442',l,C 

P-I07 
AIR LAUNCHED 

P-I06 
GROUND LAUNCHED 

AERONCA TARGET MISSILES PERFORM 

A VARIETY OF MISSION PROFILES ... 

WITH SUBSTANT IAL ECONOMY 

The adage "practice makes perfect" keynotes today's concept of missile 
warfare. Against supersonic targets, there isn't time. for "the second barrel", 
Therefore, extensive operational testing of air defence systems, .. and 
training programs for personnel who operate them ... must be conducted 
to assure national preparedness. 

To accomplish this requirement at minimum cost, Aeronca has developed 
two expendable, lightweight, high-performance target systems under the 
Design-Tool-Produce envelope concept. These proprietary missile programs, 
the P-I06 and P-I07, are designed for supersonic performance and accurate 
scoring at all required altitudes, speeds and ranges. And their production 
cost is projected to be substantially less than any current 
target missile system! 

Another Aeronca-produced missile project is Pogo-Hi II E3c. Ground 
launched to high altitudes, this target utilizes a radar reflective parachute 
and an infrared emitter package. It is used as "bait" for such current projects 
as Nike, Talos, Sidewinder and Falcon. 

With integrated Design, Tooling and Pro­
duction capabilities, Aeronca can produce 

weapon systems envelopes at either prime 
or subcontractor levels. 

ONeA manufacturing corporation 
1722 GERMANTOWN ROAD • MIDDLETOWN. OHIO 

Operational expansion has created openings for additional senior engineers. Write to W. W. Gordinier, Personnel Manager. 
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U· 
�EAKTHROUGH 

IN 

LC>\N �C>ST* IRRADIATIC>N 
'ltwr .. 

DYNAMITRON ACCELERATOR 

FEATURES 10 TIMES MORE 

PRODUCT THROUGH-PUT • • •  

SAME CAPITAL INVESTMENT 

TYPICAL LOW COST IRRADIATION APPLICATIONS 

FOOD - for preservation and spoilage reduction 

DRUGS - "cold sterilization" of antibiotics, surgical 
supplies and human tissue for transplant 

RUBBER - vufcanization at a fraction of the time and cost 
PLASTICS - cross-linking for increased temperature 

resistance, strength, insulating properties and 
chemical inertness 

CHEMICALS - initiating and increasing catalytic reactions 

PETROLEUM - "cracking" of crudes-higher yields 

ELECTRONICS - semi-conductive material research and 
improvement of wire coatings 

RESEARCH - basic research, higher yields, faster data 
accumulation 

This entirely new concept in high voltage particle accelerators 
has broken the radiation "cost barrier." RDI' s technological 
advance features compactness, reliability, minimum maintenance 
and operating expenses, and low capital cost 
per kilowatt of radiation energy. 

RDI has constructed one 01 the largest radiation facilities in 
the countr,}' lor the purpose 01 demonstrating practical 
industrial and military applications. 

� iA only the beginning-imaginative research and creative 
engineering will develop more new products and processes. For 
complete engineering information and technical advantages write 
today to Application Engineering. 

/ 
RADIATION DYNAMICS, INC. 

·'4,000 PER KrL.OWATT OUTPUT 
··PATENTED 

/ Westbury Industrial Park 

Westbury. Long Island 
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RESEMBLING SEARCHLIGHTS-radars aboard cruiser 
USS Galveston depend on power from Sperry micro­

wave tubes to launch and guide Navy·s Talos missiles 

on precise course at supersonic speeds. 

WORDS OR PICTURES are beamed cross country by 

microwave relays eliminating wires and damage from 

storms. Western Union system using Sperry microwave 

tubes handles up to 2,000 messages simultaneously. 

NAVY CARRIER PLANE finds "home" by flying precise 

guidance signals powered by Sperry microwave tubes in 

TACAN, tactical air navigation system. (U. S. Navy photo.) 

FIERY GASES glow as Sperry scientist studies magneto-hydrodynamic characteristics of mol­

ecules subjected to high current discharge. From this advanced basic plasma research will come 

microwave energy much more powerful than is now available and will perhaps explain the 

generation of microwaves by the sun and other galactic bodies. 

Developing The Power to Explore The Unknown 
From harnessing signals that control missiles in flight and guide pilots 

to safe landings will come greater knowledge of outer space. 

ONE OF A SERIES: 

THE STO RY BEHIND THE STORY 
of Sperry Electronic Tube Division 

Twenty years ago a group of Sperry engi­
neers began development of odd-looking 
devices to generate microwave energy. 
In doing so a new field of science was 
established-and the world gained a new 
and previously unharnessed power. 

Modern radar, for example, owes its 
ability to "see" through fog and storm to 
microwave tubes which beam signals to 
distant objects - and with such precision 

that returning signals form distinct 
images on the radarscope. Communica­
tions, national defense, entertainment 
- even food preservation - all have 
benefited from the ability to create and 
control this new power. 

Radio astronomy - another new sci­
ence-now reveals that the sun and other 
galactic bodies generate microwave 
energy-and probably have done so since 
the formation of the universe. Sperry's 
research of this solar microwave energy 
may permit radically new types of gener­
ators which will lead to a better under-

standing of outer space. 

If you are interested in microwave 
tubes for any purpose, write Sperry Elec­
tronic Tube Division, Sperry Rand 
Corporation at either of its two modern 
plants - in Great Neck, New York and 
in Gainesville, Florida. 

SP(HIlY 
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What's YOUR interest in radiation? 
want to try it?: ------------------+------.....:>� 

to find out what it can do for you? 

want to use it? 
(improve product quality, reduce cost, things like that) 

for industrial or medical radiography or therapy? 
for research? 

> 

want to produce it? > 
for bulk sterilization, product-irradiation? 

want to measure it? -----------------�-----...::>� 
to be sure there's no hazard? 
to know the dose rate? 

want to shield it? ________________ ...J,.... ____ �> 
for personnel and public protection? 

want to diffract it? ----------------+------�> 
for structure studies or fluorescent analysis? 

WHATEVER your concern, we can probably help you 
we've the background for it -------"----------.,..------�> 

as leading producers of x-ray and isotope 
radiation equipment, we've been living 
with radiation for over 40 years 

we've the facilities for it _______________ -L. _____ �> 
a Research Center with a million-curie hot cell, 

we've the will for it 
gamma garden, hot laboratories 

a Sales/Service network with local offices 
in principal cities of the U.S. and Canada 

Contact any Picker office (see local 'phone book) or write, 
wire, phone Picker X-Ray Corporation, 25 South Broadway 
White Plains, N. Y., WHite Plains 8-0080 

if it has to do with RADIATION it has to do with 

> 
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VALVES 
for guaranteed leak· 
free operation: 
• BELLOWS SEALED: 

Machined Bross & 
Stainles. St .. 1 

• FAIL·SAFE SOLENOID 

• PNEUMATICALLY 
OPERATED 

G 

• IONIZATION GAUGES, Bayard·Alpert Type, 
Non·Burnout, Double Tungsten & Flanged 

• ULTRA·STABLE IONIZATION GAUGE 
CONTROLS 

• COLD CATHODE DISCHARGE GAUGES & 
CONTROLS 

• THERMOCOUPLE GAUGES & CONTROLS 

PUMPS 
for high 

pumping speeds 

it- • DIFFUSION PUMPS, 
low blckstreaming & 

low ultimate pressure 
(air·cooled & water·cooled) 

• MECHANICAL PUMPS, 
complete stock 

ACCESSORIES 
• STANDARD & 

VARIABLE LEAKS 

• QUICK COUPLINGS, 
IVlilable water-cooled 

• ELECTRIC 
DEGASSING 
GUN 

• "O"·RING 
SEALED FLANGES 

• & MANY OTHERS 

IN HIGH VACUUM 
equipment 
VEECO manufactures a com· 
plete qualilJ line of vacuum 
components, Leak Detectors 
and High Vacuum Systems. 
For your free copy of the 
VEECD CATALOG, fill out the 
coupon and attach to your 
letterhead. 

Gentlemen: 
Please forward to my attention one (1) copy of 

your complete Catalog. D 
I would appreciate your Sales Engineer tele· 

phoning me for an appointment. D 

Name Title 

Company 

Address 

City Zone State 
ATTACH TO YOUR LETTERHEAD} 

LETTERS 
Sirs: 

We have received a large number of 
letters commenting on our article ["Ex­
periments in Color Vision," by Edwin H. 
Land; SCIENTIFIC AMEHICAN, May]. Be­
cause many of these letters are thought­
ful and detailed, it has been impossible 
to give each of them the equally thought­
ful and detailed answer it deserves. We 
are thus compelled to answer the letters 
collectively. We hope that our corre­
spondents will forgive us for grouping 
their questions and observations into 
classes. 

Many have been able to repeat our ex­
periments fairly well; many others have 
had trouble; a few have been so unsuc­
cessful that they have questioned the 
validity of the experiments. These opera­
tional problems are the easiest to discuss 
and to respond to. When we go back 
over our work of the past five years and 
try to understand what we have done to 
effect continuous improvement in the 
beauty of our photographs as seen when 
finally projected, we are impressed by 
the following considerations: 

1. Except for the requirement that the 
pictures be carefully registered in pro­
jection, there are no difficult problems 
whatsoever in viewing the pictures. 
Once two good black-and-white positive 
transparencies are available, they pro­
vide as reliable a color picture as any 
other kind of color photograph. 

2. Taking the picture requires insight 
into the fundamental difference between 
exposing correctly when color is to be 
reproduced with two photographs, and 
exposing correctly when color is to be 
reproduced with three photographs. 
This difference exists independently of 
the eye and is purely photographic. 
When only two photographs are made, 
the photograph taken through the long­
wave filter is expected to record wave­
lengths in the scene longer than roughly 
580 millimicrons, and the photograph 
taken through the short-wave filter is 
expected to record wavelengths shorter 
than 580 millimicrons. This second pho­
tograph is given an unusual burden: it 
must discriminate between yellows and 
whites on the one hand, and blues and 
blacks on the other. The yellows are so 
close to white in brightness that they 
are likely to come out as transparent 
areas on the finished transparency; 
hence they are indistinguishable from 
white. Similarly, the dark blues are likely 

to expose the original negative no more 
than black; thus they are indistinguish­
able from black. We have leamed over 
the years to correct these difficulties by 
suitable exposure, so that the yellows are 
not overexposed and the dark blues are 
not underexposed. Now when a color 
picture is made with three photographs 
and a blue filter is used for the third, the 
whites for this third photograph will be 
fully exposed but the yellows will be 
only slightly exposed. The blues in turn 
will be well exposed, and the blacks will 
of course be dark. Thus the whole pho­
tographic scale is available in this third 
photograph to record what we might 
call the yellow-blue domain of the scene. 
The absence of this full photographic 
scale for yellows and blues when color is 
recorded with just two photographs may 
well be responsible for much of the un­
happy history of two-color photography. 
Our work, which has been directed at in­
sights into visual theory using photog­
raphy as a tool rather than toward pro­
ducing a color process, seems to have 
forced us to go farther toward good re­
cording than most of the photographers 
of the past. It may well be that their oc­
casional successes in handling this par­
ticular problem of exposure led to their 
enthusiasms, and that their failures in 
handling it led to their final disappoint­
ment. Be that as it may, the important 
point for a theory of vision is that once 
the photographs are well made, two of 
them suffice to produce a very satisfying 
gamut of colors, including those that 
characterize a slice of lemon, a slice of 
orange and a banana on the one hand, 
and Delft blue on the other. If any read-
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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-fiuorocarbon 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 Dietzgen Co. 

@ PONt> !�o�c�o�.�® 
��G. U S P .... T Off 

eETTER THINGS FOR eETTER 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-fiuorocarbon 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 Department, Room T-399, Du Pont 

Building, Wilmington 98, Delaware. 

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

TEFLON is Du Pont's registered trademark for ib 
(luorocarbon resins, including the TFE (Ielra(luoro­
ethylene) resins discussed herein. 
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Versatile A+ felts serve an almost 
infinite variety of purposes . . . 
muffling the roar of a iet ... cushion­
ing the vibration of a punch press. 

They can be made soft and resilient 
-or tough and unyielding. They 
offer practical answers to thousands 
of design problems. Whatever your 
design need, in absorption, sealing, 
insulating, f iltering, cushioning, 
polishing, or special fashion effects, 
A+ felts can help you meet it. 

Send us your problem; our engineers 
will follow through promptly. 

American felt Cof)-Y 
209 Glenville Road, Glenville, Conn. 

Among our famous trademarks: 
VlsTEx-fiber-reinforced gaskets and 
seals; WINOSOR FELT-nonwoven 
bonded fabrics; HUSHALON-dec­
orative and acoustical wall covering. 

er of SCIENTIFIC AMERICAN would like 
to pursue these experiments further, he 
need only send me, at 730 Main Street, 
Cambridge, Mass., a self-addressed en­
velope. We will be pleased to send him 
a mimeographed memorandum setting 
forth the conditions of the experiments 
in greater detail. 

All this leads us to another question 
raised by some of onr correspondents, 
namely, can two photographs discrimi­
nate between a variety of blue of differ­
ent saturations and a variety of greens? 
Is it not a mathematical necessity that 
certain greens will be recorded on black­
and-white RIm like certain blues of dif­
ferent saturation? The answer is definite­
ly yes. If . our purpose were to use this 
particular work to make a "perfect" 
process for color photography rather 
than to investigate the visual processes, 
this would be a matter of concern. It is 
true that if only two photographs are 
made, certain greens will be recorded in 
the same way as certain blues. Never­
theless blues, greens, browns, grays, 
yellows, oranges, reds and whites are 
elicited with only two packages of in­
formation (as represented by the two 
photographs), and for the most part the 
colors are correctly associated with the 
appropriate objects. Furthermore, for 
nearly every object the color that is 
elicited cannot be predicted from classi­
cal color-mixing theory, and is predicted 
quite simply by means of the new 
coordinate system. 

One must not confuse the question of 
how many of the range of classical stim­
uli exist at each point with the question 
of how many independent packages of 
information are used and combined to 
make the final record. It has come to be 
the custom over the years to characterize 
this dual projection as a two-color sys­
tem. However, each point in the image 
may involve various amounts of James 
Clerk Maxwell's three primary colors. 
Thus it should be the burden of the 
classical color-triangle to predict the 
color at each point on the basis of the 
ratio of these three stimuli. But the com­
posite colors that we actually see have 
no theoretical home until we introduce 
an idea that Thomas Young thought rel­
evant: Extended areas of the retina are 
significant in determining the sensation 
for each point in the image. Thus far no 
theoretical rationale has been available 
to take us from the color triangle and its 
arithmetic to a description of the sensa­
tions produced in an image consisting 
of two packages of information. 

We come then to an important group 
of letters which urge that by combining 
the color-mixing theory of Maxwell, 

Young and Hermann von Helmholtz 
with the well-known phenomena that 
involve the effect on one point in the 
retina of stimuli at the other points, one 
would be led to expect-and it is implied 
one would be enabled to predict-the 
particular colors in images. (Most of 
these phenomena have been classed by 
writers in the past as adaptation or in­
duction, adaptation implying a time ele­
ment, and induction the notion that the 
induced color is not real. Adaptation 
is defined in The Science of Color as 
"change of sensitivity of the eye to meet 
the needs of vision," and induction as 
"adaptation caused by local or momen­
tary exposure." A particularly important 
example of induction is complementary­
colored shadows.) These correspondents 
feel that we have not given enough at­
tention in our exposition to the history 
of adaptation and induction. Now inso­
far as adaptation implies that the colors 
in our images are the result of extended 
exposure of the observer's eye to the 
image, we are convinced that adapta­
tion is irrelevant. We have already given 
evidence to support this-evidence 
which in general shows that these colors 
are immediately apparent. As for induc­
tion, insofar as it means that all of the 
retina which is exposed is involved in 
the sensation at each point in the image, 
we are in full agreement; indeed, that is 
the heart of our position. However, in­
sofar as induction carries with it conno­
tations of curious neurological mecha­
nisms, of anomalies or aberrations, we 
are cautious about adopting such a term 
because it carries us from a simple set of 
laws to dependency on surmises about 
mechanisms still largely unknown. In­
sofar as "induced" is used as an an­
tithesis to "real," we must stand our 
ground and insist not only that the col­
ors produced by induction are just as 
real as any other colors, but also that 
without it many of the colors in every­
day life would simply not be there. 

While we heartily favor placing a 
high value on induction, we are at a 
loss to see what there is in the long his­
tory of it prior to the work of Deane B. 
Judd and Harry Helson in 1938 (except 
for the black-and-white experiment of 
C. Hess and H. Pretori in 1894) that 
would enable one to make any quantita­
tive treatment of it whatsoever. From 
the middle of the 17th century to the 
middle of the 20th there are endless 
chronicles of amazement about colored 
shadows, and a variety of speculations 
about the reality of these colors so re­
mote from the color associated with the 
wavelengths or wavelength mixtures of 
the stimuli. The speculations of von 
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PINCH PLAS/J#/I ENGINE 
NEO" POO"ER FOR SPACE I/EIIICLES 

"The experimental model 01 a new concept . . . a magn.
etic pinch plasma engine lor interplanetary space travel 

is in operation at our laboratories," says Alfred Kunen IRJ Project Engineer, Plasma Propulsion Project, shown with 

Milton Minneman· of Republic's Scientific Research Staff, during actual operation of the engine. � � � Republic's plasma 

engine unique in thot it utilizes intermingled positively and negatively charged particles in a single jet thrust, can operate 

on fuels more readily available than required for an ion engine, and attains greater thrust. By compressing these particles 

in an invisible cylindrical magnetic girdle and shooting plasma out the rear at tremendous velocities, sufficient thrust is 

generated to push a vehicle through the near-vacuum of outer space. � � � Republic is working on advanced plasma 

engine· studies for the U. S. Navy Office of Naval Research and the U. S. Air Force Office 01 Scientific Research. � � � 
Todoy'. pinch pla.ma engine i. but one of many bold concept. under development at Republic to create for the .pace world of 

tomorrow. It i. part of Republic'. multi-million dollar exploration into the realm of advanced aircraft. missile. and .pace travei. 

fARMINGOAlf, lONG ISl .... ND, N, Y. 

Republic's new $14,000,000. 
Research and Development 

Center, is schedu led for 
operatiOll early in 1960. 
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WHENYOU� T 
TO BE ALL EARS 

When you are designing new radio telescope equipment ... a new 

aerial camera ... a new process control device . .. a new anything 
that calls for precision instrument ball bearings, you do well to 

turn to Fafnir. For no matter what your problem is ... tem­

perature extremes, low torque, load-life, low decibel readings ... 

Fafnir can help you solve it. Fafnir has the diversity - a wide 

variety of ball bearing types, designs, steels, and tolerances - and 

the uniformly high standards of quality to meet your needs pre­

cisely. The Fafnir Bearing Company, New Britain, Connecticut . 
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Fafnir instrument ball bearings: Open and shielded 
types (1 through 5), angular contact (6,7), torque tube 
(8), and open and shielded miniatures (9, 10, 11), 

• FAFNIR . " BALL BEARINGS 
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Guericke, Buffon, Priestley, Rumford, 
Goethe and Meyer led in this first phase 
to a solid and extended study by A. 
Kirschmann in 1890, and to a set of 
laws embodied in E. B. Titchener's text 
in 1901, which reads as follows: 

" ( 1. ) The contrast-effect is always in 
the direction of greatest qualitative op­
position. (2.) The more saturated the 
inducing colour, the greater is the con­
trast-effect. (3.) The nearer together the 
contrasting surfaces, the greater is the 
contrast-effect. (4. ) Colour contrast is 
at its maximum when brightness con­
trast is eliminated. (5.) The contrast­
effect is enhanced by the elimination of 
contours." 

Now some of these laws survive in the 
image situation, but many of them do 
not. None of them is in anv sense a lIuan­
titative guide. We simplv do not under­
stand how anyone can suggest that these 
vague statements, largely inaccurate for 
images, having no quantitative compo­
nents whatsoever, can be combined with 
the simple, rigorous, meticulous rules of 
color-mixing to produce a new arith­
metic for predicting colors in images. 

vVe believe that the reason induction 
did not develop into a science is that 
those who explored it tended to use 
what we regard as greatlv oversimpli­
fied situations. We suggest that here 
is a domain in which an error in the 
technique of abstraction, a presumption 
that simplification of the field of view is 
permissible to understand the properties 
of an intricate field, prevented induction 
from becoming a mature principle. Our 
plea to contemporary experimenters is 
that they take any step away from nor­
mal, fully populated scenes with the ut­
most caution. We have shown elsewhere 
that presentations can be made which 
should be rich in color classically, but 
which-because of the hidden order that 
we have built into the presentation­
show in some cases no color, and in oth­
ers two colors but no color-mixing. On 
the basis of these experiments we feel 
strongly that no experimenter should 
make a general statement about sensa­
tions produced by an artificial set of 
visual stimuli unless he identifies metic­
ulously the whole geometric structure of 
the field of vision and is willing to limit 
his conclusions to that particular struc­
ture. 

It is significant that when Judd and 
Helson came in 1938 to quantifv the ap­
pearance of colored objects seen under 
different i1Juminants, they could not 
draw on previous work on induction for 
any mathematical guidance whatso­
ever. Their formulas had to be based on 
direct observations of colors, and had to 

be elaborated by means of adjustment 
and correction from these observations. 
By this important step they erased many 
of the fallacies in previous thinking on 
induction, and they introduced into the 
literature of vision-for the first time, so 
far as we know-the idea that it is falla­
cious to divide colors into real and un­
real. vVe feel that the following state­
ment of Helson's marks a significant 
point in the history of color vision: "The 
failure to recognize that a single prin­
ciple operates in every act of vision has 
been responsible for the many conflicting 
views regarding the relation of contrast 
to constancy, of adaptation to constancy, 
and of constancy to conversion." This is 
a direct, realistic and unpretentious ac­
ceptance of the properties of surface 
colors as real phenomena. (For a mo­
ment this seemed like a period of Ren­
aissance, with Judd and Helson bring­
ing surface colors out of the world of 
mystery, and with Ralph M. Evans giv­
ing brilliant demonstrations by projec­
tion of the fact that not only could red 
and white be used, as was known since 
the work of W. F. Fox and W. H. Hickey 
in 1914, but that even red and yellow 
could be employed to produce sensa­
tions ordinarily associated with the short 
\vaves. ) 

Judd and Helson's study dealt with 
the change of colors of samples with type 
of illumination and arrived empirically 
at a workable extension of the three­
variable system to a six-variable system. 
Just how well Judd's formula will cor­
;'elate with our 'coordinate system is not 
yet known, but there is already some evi­
dence from Judd's recent calculations 
that there will be reasonable correla­
tion. On the other hand, Judd's premises 
involved proximity in past time in a way 
that we have not found necessary, and 
his formulas do not predict the achro­
matic situations (the images in which 
colors either do not appear, or stimuli do 
not mix, even though classically a wide 
range of colors would be expected) 
which we believe to be perhaps the most 
significant part of our work. The use of 
the photographic medium greatly sim­
plifies the study of the colors and their 
representation in the coordinate system, 
since it makes it unnecessary to carry out 
the computations for each point of the 
interaction between the illuminant and 
the absorption spectrum of the object. 

What, then, is the relationship be­
tween the vague studies of induction, 
the precise studies of color-matching and 
our study of the nature of color in im­
ages? An aspect of this relationship is 
well illustrated by the curve bounding 
the region of achromatic wash in the 

How to shrink a 
bearing assembly 

Most assemblies using anti-friction bear­
ings can be improved by machining the 
bearing races into their associated parts­
or, to put it another way, by extending the 
bearing rings to include other rotating 
members. 

This means combining the functions of 
two or more parts into each of one or more 

Missile system hub as­
sembly with integral dll­
plex ball bearing. Race­
ways formed in hllb and 
shaft replace 3 bearing 
rings and eliminate 6 
radial tolerances. 

bearing rings. The rings then can be made 
stronger and stiffer than the parts they re­
place-usually with a decrease in package 
size and weight. For missiles and other 
"one-shot" devices, this is the only way 
these advantages can be obtained. 

A tomic reactor bearing oj special 
configuration - or, ij you prejer, 
assembly with "machined-in" bear­
ing races. 

Other benefits include predetermined 
fits, less tolerance build-up, more-rigid as­
semblies, and greater load capacity. 

At ITI, such special-configuration bear­
ings are a full-time business. So are bear­
ings having heat or corrosion resistance. 
ultra precision,.and other unusual proper­
ties. We design and make such bearings 
to individual requirements; and deliveries 
are faster than you might expect. 

BULLETIN AFB-2 describes our work 
and tells much about special bearings. 
May we send you a copy? Write-

INDUSTRIAL TECTONICS, Inc. 
3664 Jackson Rd., Ann Arbor, Mich. 
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FROM �HMOKPITOl: 

To-,bfrll 
400 Be TO 1959 AD 

Old Democritus, the "Laughing Philosopher" who first dreamed up the atom, 
never heard of Vitro. But now Vitro, nearly 2,400 years later, is a leader in atomic 
energy. 

Proof of Vitro's nuclear leadership, particularly in radiation technology, is 
that Vitro engineers have designed and engineered more "hot" laboratories than 
any other company. 

Among the newest are the Cornell Center for Nuclear Technology, Ithaca" 
N. Y., a high level radiation facility at the Naval Research Laboratory, Washington, 
D. c., a 5,OOO-kw nuclear research reactor facility for CAMEN, an Italian Navy 
Department at Livorno, and the Ispra Center for Nuclear Research, also in Italy. 

There are many other current nuclear contracts, including a plutonium labora­
tory, and a nuclear fuel reprocessing plant, both at Oak Ridge. 

For design and engineering in the nuclear field, look to Vitro. 

Vitro makes tomorrow's technology available today! 

�� CORPORATION of AMERICA Z rrll �1 MADISON AVENUE, NEW YORK IG, N,Y, 
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diagram on page 89 of our article in 
Scientific American. From some points 
of view it is not surprising that this 
curve closely resembles the curve ar-' 

rived at by W. D. Wright and F. H. 
C. Pitt that delineates just noticeable 
differences in wavelengths. To us this 
is a satisfying example of the relation­
ship between classical theory and the 
colors in images. We expect that in 
some such way every single great fact 
in classical theory will be involved ulti­
mately in the description of colors as 
seen in images, but curiously not in the 
direct prediction of these colors. For this 
a new science of color in images is re­
quired. 

There has been a group of excellent 
investigations having to do with neural 
mechanisms, with receptor theory, with 
retinal pigmentation, and also with a 
group of phenomena involved in special 
controlled situations such as color­
matching, saturation, luminosity, purity, 
etc. There has been missing, however, 
what we regard as an important, exciting 
and fruitful investigation: the study of 
the properties of the whole image. It 
would be a sad thing for us if it were 
thought that our interest in this field of 
endeavor implied any trace of lack of 
appreciation for the solid values in the 
other fields of vision, but we would find 
it equally sad if those who have done so 
well in these other fields cannot see their 
way clear to join in this new adventure. 
The point of departure for this adven­
ture is the discovery that the over-all 
visual mechanism has the capacity for 
discerning when an image on one band 
of wavelengths is functionally related to 
an image on another band ot· wave­
lengths, and has the competence to 
know, for example, that in spite of varia­
tion in ratios of stimuli from point to 
point in the field of view, no new in­
formation has been introduced if one 
image could have been derived by a sim­
ple formula applied to the other image. 

We are happy to report that our 
triple-image illuminating monochroma­
tor is completed. We have been study­
ing from the beginning of this investiga­
tion the question of whether objects 
projected with two packages of informa­
tion and then looked at through a black 
tube change more than when projected 
with three. We will now be enabled to 
answer this question as well as the sig­
nificant question of the role of the third 
package of information. 

Polaroid Corporation 
Cambridge, Mass. 

EDWIN H. LAND 
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IMAGINATION IN SPACE - Since Creation, man has looked out on space. 
At first, unknowing and incurious; then with the beginnings of understanding; now 
free and able to explore. Yet to muve in space calls for wholly new concepts of energy. 

This, then, is the working philosophy of Hercules in chemical propulsion: 
To design and manufacture highly concentrated packages of energy 
as propellants and rocket motors; each compatible, controllable, predictable; 
and each perfected fur its specific mission. 

HERCULES' BA CKGROUND: A halicentllr)' of creative imagination in the evolution 
of 1Jr01Jellants, from shotgllll powder to tlte manufacture of the propellants for all the 
U. S. rockets fired during Wo1'ld War II, and now to space pr01Jlllsioll. Hercules facilities 
loda}' ell compass I'esearch, desigll, engineering, and slaJforganizalioll for tlte jF/Wllletioll 
of Ihe lIIost advallced /n'o/Jel lants. If I"strafed broclul1'e available on 'I'{'qllest. 

HERCULES POWDER COMPANY 
900 Market Street, Wilmington 99, Delaware 

J/. Ma/'{�\' MOllgl' IIIfU/1' 110 
attem/Ji 10 !ifl'l' il//agillalioll 
ill duck Il'h{,l1 hI' (Oll{'('il'l't! 
Ihis lIIifila/\ ba{{ooll III 
1800. Co 111/) 11'11' leil!t .If/if. 
tht "t//'f{[III" 'l(I{{ooll lI'as 

slljJjJOsrt/ 10 slIjJjwl'l f/ll 
II 1'111)' of 4,000 III l'l'f'I:' 
ll '(l) fOI' IIlll/rlft.1 al a lillit. 
III Ilti.1 II'OOt! f'llp;rfll'illg, 

Umssc1-SlIIillt !tas 111(1111/1'1/ 
tlte !IIosl lIIillllltt/dai1.1 of 
.llollf!,'I''s a III bitiolls /J1·{�rrl. 
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MYLAR® helps improve product performance ... cut costs 

TV producers can cut studio time ... eliminate costly processing by using video recording tape made with "Mylar". 

Tough, thin Du Pont MYLAR helped solve a problem 

in developing video recording tape for the TV industry 

"Mylar" has high strength. With an aver­
age tensile strength almost 73' that of ma­
chine steel, "Mylar" takes the crushing im­
pact of fast traveling bowling ball. 

24 

Magnetic recording tape for use in elec­

tronic recording of sound and picture for 

TV broadcasting had to meet new stand­

ards of performance. The tape-called 

video recording tape-had to be thin 

enough to make intimate contact with 

revolving recording heads, yet tough 

enough to withstand relative recording 

speeds of 1,500 inches per second! 

Alert tape manufacturers filled this need 

by using DuPont "Mylar"* polyester film 

as the base for video recording tape. 

"Mylar", which had already proved its 

reliability in missile tracking and data 

computing, provided the necessary 

strength and toughness in thin gauges to 

c[(J POSP 
11:[ ... u.s. P .... T.Off. 

BETTER THINGS FOR BETTER lIVING ... THROUGH CHEMISTRY 

meet the exacting demands of TV re­

cording equipment. 

This is but one of the many ways 

"Mylar" is helping industry improve 

product performance, develop new prod­

ucts and lower costs. Electric motors, for 

example, can be made smaller and more 

efficient with insulation of "Mylar". 

Manufacturers of electrical cable can cut 

material costs by using tough, thin 

"Mylar" as a core binder. 

For additional information, write to­

day for our new booklet. E. 1. du Pont 

de Nemours & Co. (Inc.), Film Dept., 

Room SA·9, Wilmington 98, Del. 

:;. �Y��:;;riafif!::. z;):���g::�e;;�a����:amihek t::e �a���ra� 
• Mylur"-not finished video recording tape. 

DU PONT 

AfYLAR(" 
POLYESTER FILM 
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S TEPS IN TH E RACE TO OUTER SPACE 

The large circular objects are Solar Wind 

Ships, capable of carrying astronauts on 

fuel-less journeys through the solar sys­

tem, using the Sun's expanding flood of 

radiation- or "trade winds"-as a direct 

propulsive force_ These trade winds are 

harnessed by sails of plastic film, coated 

with shiny evaporated aluminum_ 

Solar Wind Ship 
and fine, glass filament rigging_ I n the 

center of the sail, an inflated wheel­

shaped hull is mounted in a tripod ar­

rangement_ This hull, powered by solar 

batteries, can revolve in any direction, 

providing artificial gravity for its crew 

and functioning as a gyroscope to stabi­

lize and control the attitude of the sail. 

In the illustration, a flotilla of manned 

Solar Wind Ships is approaching Saturn_ 

To the right is Titan, largest of Saturn's 

nine moons and the only satellite in the 

solar system known to have an atmos­

phere_ In the foreground, a crew of astro-

nauts enters a small ferry-rocket, towed 

behind the Wind Ship_ Since the Wind 

Ship cannot land on any planet, they will 

explore Titan in the Atomic-powered 

rocket, then rejoin the fleet for the re­

mainder of the trip to Saturn_ 

Inertial navigation systems will play an 

increasing role in the exploration of outer 

space_ AR"'A, now providing such 

systems for the Air Force ATLAS ICBM, 

will be in the vanguard of the race to 

outer space_ AR"'A, Garden City, N_ Y_ 
A Division of American Bosch Arma Corp_ 

Although the push of solar radiation 

is extremely weak-about the weight of 

four cigarettes per acre-it is ample in 

the friction-free, weightless vacuum of 

space to drive the Wind Ship at a con­

stantly accelerating speed_ For long trips 

into space, sails are several miles in di­

ameter, cross-braced by plastic masts AIf'ERICAN BOSCH ARIf'A CORPORATION 
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How General Electric X-Ray is harnessing the powers of 

HIGH-ENERGY 
RADIATION 

IN MEDICINE ... The two-million-volt G-E Max­
itron® 2000 x-ray unit you see here is medicine's heavy 

artillery in the war on cancer. X-ray therapy has shown 
itself to be an increasingly effective and valuable weap­
on in combating this malignant killer. 

Today there are nine of these units - and 14 one­
million-volt machines - operating in U. S. medical 

centers. Significantly, not a single Maxitron 2000 tube 
has ever needed replacement - and the oldest has 
been in use nine years! 

For more than a half-century G.E. has pioneered in 
the development of x-ray equipment for both diagnosis 
and therapy ... helping protect the nation's health 
through detection and treatment of human ills. 
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IN INDUSTRY ... Above: the business end of a 2-million-volt 
Electron Beam Generator. Expect small miracles from it - you're not 
likely to be disappointed. 

What is it? General Electric equipment that produces high-energy 
electrons to alter the fundamental structure of matter. What can it do? 
Its high energy radiation beam is being used to cross link plastic for 
improved properties. Its beam is lethal to micro-organisms - can ster­
ilize, preserve. And who knows what more may come from its unique 
talents as a chemical agent. 

Other General Electric x-ray equipment is serving with distinction 
in a variety of industrial ways: research, quality control, product 
development. Above all, G-E x-ray application engineers have the 
all-important "know-how" you'll not find elsewhere. 

More information? Consult the yellow pages of your telephone 
directory for the name of your nearest G-E x-ray representative, or 
write X-Ray Dept., General Electric Co., Pub. TT-94, Milwaukee 1, Wis. 

lhJgress Is Ovr Most Imporf.,nf Prot/vel 

GENERAL . ELECTRIC 

For nondestructive i nspect i on, G.E. offers 
a complete range of x-ray units . . 

G-E x-ray diffraction and spectrographic 
equipment speeds Quantitative and Qualita­
tive ana l ysis . 

G-E Hytafill measures level in sealed , 
opaque containers. Same pr inciple is used 
to gage material thickness. 

G--E x-ray microscope opens new fie lds of 
research to metallurgy, chemistry, medi­
cine and biology'. 

Isotopic teletherapy makes use of radio­
active sources. 

G-E units for x-ray diagnos is enhance the 
radiologist's skills. 

G-E X-Ray Tube Service ma inta i ns complete 
stocks at 40 convenient factory-operated 
d istr ict offices. 

The complete range of G-E supplies and 
accessories offers the convenience of one 
source, the assurance of fast service. 
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HOW JOSEPH HENRY RANG A BELL 

Joseph Henry invented the electromagnetic relay in 1831, and then used it to ring a bell in the world's first telegraph circuit. 
Since that crude beginning, relays have been refined to remarkable reliability. For example, sixteen of the telephone type 

shown above, our LS, recently operated under load more than 213,000,000 times before a test was discontinued. A booklet 
giving complete engineering data of the test is yours for the asking. 

Our engineers follow Henry's imaginative, yet practical, approach to scientific problems. Being relay specialists, they 

combine a firm knowledge of the state·of·the·art with creative initiative. The result is a reliable product designed for economical 

installation on modern production lines and delivered to you at the lowest possible cost. 

Very likely, these relay specialists can lend valuable assistance to your projects. Write or call Zeke R. Smith, vice president, 
Engineering, or your nearest P&B sales engineer. 
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SO POTTER .. BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO . 
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I n the missile: small transis­

torized general purpose digital 

computer for flight control 

and guidance. 2000·word 

magnetic-drum memory. 

On the ground: LGP·30 
general purpose 
ccmputer with 
4096·word memory 
for such applications 
as design and impact 
prediction. Marketed 
by Royal McBee. 

At every stage, the success of a missile program depends upon a 

computer. Librascope computers, components, instruments and 
systems give right answers from original concept to final evaluation. 

THE FIRST STAGE: Workable designs. SECOND STAGE: Trajectory and 
engineering computations required long before the launching. 
THIRD STAGE: Control, guidance; impact prediction. FOURTH STAGE: 

Data reduction and analysis . •  Recognizing still a fifth stage, 
Librascope determines reliability in the lab. Environmental tests 
check equipment for temperature, shock, vibration, pressure and 
other "real" conditions likely to affect performance. Only positive 
answers will release Librascope equiJ'ment for field use. 

For information on career opportunities at Librascope, 
write Glen Seltzer, Employment Manager. 

Librascope's technical ability to meet exacting requirements 

has ably served our many military customers in the develop­

ment of missile programs . •  For further information on 

Librascope's computer capabilities for missiles write: 

A 

GENERAL 
PRECISION 

COMPANY 

LIBRASCOPE, INC.' 808 WESTERN AVENUE' GLENDALE, CALIF.' A Subsidiary of General Precision Equipment Corporation 
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THE SHAPE OF TH INGS TO COME WITH ANACONDA 
Fluid-cooled copper conductors. The growing need for 
compact electrical assemblies which can handle high 
current densities is leading to an ever-increasing 
variety of hollow, fluid-cooled copper conductors. The 
samples shown full size above give some idea of the 
range of sizes and shapes produced by The American 
Brass Company. 

Nuclear physics magnets are, perhaps, the most 
spectacular applications of fluid-cooled conductors. 
These hollow conductors range from tube . 182" 
square O.D. x .083" square I .D. to heavy rectangular 
bars with a round core for water cooling. 
Industrial appl ications. The use of fluid-cooled con­
ductors is growing rapidly in large electrical equip­
ment. Generator output can be greatly increased, 
without increasing frame size, by cooling stator and 

rotor bars . Fluid-cooled conductors are being used 
in heat sinks for rectifiers and induction furnace coils. 
Another interesting use is in compact water-cooled 
windings needed to provide very high flux densities 
in, for example, the ceramic magnet manufacturing 
process. These "solenoids" are being built for applica­
tions in which the current range is from a few hundred 
to about 2000 amperes .  
Technical assistance. Whatever your problem-liquid­
cooled field coils, rotor bars or a special-shape tubular 
conductor-technical specialists at The American 
Brass Company can help you work out the size and 
shape best adapted to your needs. See your American 
Brass representative or write : The American Brass 
Company, Waterbury 20, Conn. In Canada write : 
Anaconda American Brass Ltd., New Toronto, Ont. 5942 
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ELECTRICAL COPPER 

Stan d ard A n ac o n d a  c o p p e r  b u s  co n d u ctor shapes ,  

200,000 KW A T  7 5 0  VO LTS is maximum peak rating o f  twelve d-c 
generators providing power for the confining field coils in 
C Stellarator being built in the new fusion research facility at 
Princeton University. This power is needed to establish the maxi­
mum 50,000-gauss magnetic field, forming the walls around the 
reaction aimed at reaching 100 million degrees. A.E.C.  demon­
stration model above shows one form of the Stellarator tube that 
has been considered. The big copper bus ( top ) ,  9 sq uare inches 
in section and silver plated, will carry the tremendous power from 
the generators to the coils around the Stellarator tube.  The 
American Brass Company has furnished the mile of bus required 
for the job to specifications of the Allis-Chalmers Manufacturing 
Co. ,  Milwaukee, Wise. ,  which is assisting in the design and 
building of the C Stellarator. 

ANACONOA® 
ELECTRICA L  COPPER PRODUCTS 

Made by The American Brass Company 
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TH E P- E SPECTRUM 
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news of advanced systems and 
instruments from Perkin - Elmer 

N EW FAM I LY OF AUTO·THEODOLITES "SQUARES·UP" ... 
MISSILE GYRO CONTROLS BEFORE LAUNCH ING  , 

A new family of theodolites, sensitive to a fraction of a 
second of arc, or approximately the angle sub tended 
by a dime a mile away, is helping to obtain the high 
order of accuracy demanded in long range missiles. 

Shown in use here is a short range theodolite, one of 
two used to align Ford Instrument Company's inertial 
guidance system on the Army Jupiter. 

These precise electronic-optical systems, developed 
by Perkin-Elmer, monitor the inertial guidance sys­
tems of missiles up to the moment of launch by continu­
ous observation of the azimuth angle formed by the 
missile gyro platform, the theodolite and a known refer­
ence mark. Automatic correction signals, as required, 
are transmitted to the missile's gyro platform via a 
closed loop system between the theodolite and the 
missile. P-E theodolites provide working distances 
ranging from 0 to 1500 feet. 

These theodolites are another example of Perkin­
Elmer's ability to combine electronics and optics into 
high-accuracy systems. 

� LOW·COST INSTRUM ENT ATTRACTS NEW USERS 

., FOR I NFRARED, SURVEY SHOWS 

Since Perkin-Elmer introduced the first low-cost infra­
red spectrophotometer two years ago, infrared has 
become as basic a tool in the laboratory as the analytical 
balance. A recent survey of 1 5 0  representative pur­
chasers of the P-E INFRACORD@ spectrophotometer reveals 
that over half are first-time users of this powerful ana­
lytical technique. 

A typical INFRACORD user, Endo Laboratories Inc. ,  of 
Richmond Hill, New York, employs the instrument to 
check both pharmaceutical raw materials and final 
product. These quality-control tests take a fraction of 

the time previously required for conventional wet meth­
ods. For example, the conventional method of assaying 
Endo's Coumadin Sodium or Percodan, an analgesic 
preparation - complicated mixtures of narcotic alka­
loids, sedatives and other drugs - in some cases took 
almost three days. With the INFRACORD, Endo chemists 
make a positive determination in 25 to 30 minutes. In 
raw material checks, the instrument provides a perma­
nent record of its analyses for compar: son with spectra 
of standard purity materials. 

The INFRACORD is another example of P-E's more than 
fifteen years of infrared experience and development. 

For information on Perkin-Elmer and the products 
it makes for a wide range of growing industrial, scien­

tific and defense markets, write Perkin-Elmer Corpora­
tion, 9 1 5  Main Ave., Norwalk, Connecticut. 

A N A L Y T I C A L  I N S T R U M E N T S  M I L I T A R Y  S Y S T E M S  

F I N E  O PT I C S  P R E C I S I O N  E L E C T R O N I C  C O M PO N E N TS 
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Survey parties from USS Skate, surfaced in Polar ice, explori ng the g reat ice pack. OFFICIAL. U. S. NAVY PHOTO 

UNDERWATER "TV EYE" USED BY ATOMIC SUB SKATE 

TO SURFACE WITHOUT DAMAGE IN POLAR ICE PACK 

On its historic cruise t o  the Arctic, 
the atomic submarine Skate was able 
to find areas in which to surface though 
the average thickness of the ice was 
12 feet. This epic event marked the 
first time a submarine was ever able 
to surface directly at the North Pole ! 

The answer : an underwater " TV 
eye" -a unique, closed-circuit tele­
vision system developed by Bendix­
Friez that enabled the Skate's crew 
to "see" the perpetually dark and 
treacherous underside of the craggy 
ice pack. 

Consisting of a television camera 
mounted on the bow and viewing 
screen inside,  this sup er-sensitive 
electronic device,  which magnifies 

light many thousands of times and 
literally sees in the dark, helped locate 
"ice lakes" -spots where the ice was 
thinnest so the Skate could surface 
without damage. Even during the 
winter when sunlight is negligible, 
either above or below the surface, it  
presented a probing picture never 
before seen by man . 

There are a host of products de­
signed and built by Be.ndix at work 
beneath the sea . . .  sonar devices to 
detect enemy submarines ; telephones 
for submarines ; depth recorders ; "fish 
finders" ; "brains" to guide torpedoes 
and undersea missiles plus new types 
of hydraulic equipment for steering 
and diving operations and for con-

Diagram shows how Bendix electronic 
eye views underside of ice pock. 

trolling a score of other all-important 
submarine functions including peri­
scopes, radar antenna and snorkels. 

A thousand products a million ideas 

3 3  
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rockets 
a n d 

m i ssi l es 
Componentry capabi l i t ies of the 

Kelsey - Hayes Company as  a suppl ier  of 

preci s ion propuls ion assembl ies ,  structu ral 

parts and exotic high temperature 

mater ia l s  for f irst and second generat ion 

rockets a n d  m i ss i les i nc lude-

Swivel  nozz les ,  hydrau l i c  control systems 

and aux i l i a ry power supply systems for 

thrust vector control ; weldments, rocket 

and combust ion cham bers for l i q u i d  a n d  

so l id  prope l l ant  propuls ion system s ;  

i n n e r  cones, exhaust cones, rotati ng wheel 

assemb l i es ; vac u u m  i nd uctio n  melted 

a l l oys to withstand corrosive and 

extreme ly  high tem perature atmospheres ; 

advanced des ign ,  research and develop­

ment  in gas dynamics, i nterna l  ba l l i st ics, 

tra ns ient  heat and  thermal stress ana lysis, 

Kelsey - H ayes Company,  

Genera l  Offices : Detroit  32, Mich iga n 

KE LSEV­
HAVES 
©@lMU �ill[J:\!]W 
Automotive, Aviat ion a n d  Agricultural Pa rts 
Hand  Tools for I ndustry and  Home 
18 PLANTS: Detroit  a n d  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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M A N A G E M E N T  B R A I N  F O R  S P A C E A G E  S Y S T E M S  

Alpha Corporation was established to expand 

upon Collins Radio Company's extensive program 

of design, engineering and installation of complex 

communication and navigation systems. The 

entire systems division of the parent company, 

including its executives and space age specialists ,  

is being consolidated with Alpha . 

Further, responsibility for the vast proj ects for 

government and industry in the Collins systems 

program is being assumed by Alpha . . .  

with its greatly augmented staff of 

designers, engineers, scientists and constructors . 

Alpha is geared to handle turnkey technical 

proj ects of all magnitudes . . .  on this continent 

and in foreign fields . In addition to intricate 

electronic equipment , Alpha will design and 

construct related roads, towers and buildings. 

Alpha trains client personnel or staffs 

and operates finished installations. 

Alpha, using the best equipment from throughout 

industry . . .  is the hallmark of world-wide 

systems management dependability. 

C O R P O R A T I O N  
A S U B S I D I AR Y  O F  CO LLI N S  RAD I O  COMPAN Y 

DESIGNERS, ENGINEERS, CONSTRUCTORS, WORLD· WIDE • RICHARDSON, TEXAS • TELEPHONE DALLAS Adams 5·2323 • CABLE ADDRESS: ALPHA DALLAS 

A lpha  capab i l it ies i n c l u d e  tech n ica l  syste ms  management  in all f ie lds ,  with spec ia l  e m p hasis  o n :  • S pace ve h i c l e  track ing  and  com m u n i cat i on  

Test ra nge  i nstru mentat ion  and  co m m u n icatio n s · Vo ice ,  te l etype and  d ata transm iss i on  • Ai rc raft mod if icati o n  and  overhau l  

I nteg rated sh i p  borne ,  airborne,  and gro u n d  c o m m u n icati o n s  • H i g h  capab i l ity rem ote control and  switc h i n g  
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Controlled 
machine�made 

Radiation 
Modern Servant for Man 

TODAY, in science, industry, and medicine, 
-=- ionizing radiation from particle accelerators 

plays an increasingly important role. Safe, pow­
erful, and efficient machines now pour out 
kilowatts of radiation power for industrial proc­
esses. Mass-production sterilization of surgical 
supplies with the electron beam is a reality. 
Controlled nuclear beams from HIGH VOLTAGE 
accelerators are probing secrets of nature at 
two-hundred laboratories in seventeen countries. 

TOMORROW'S ApPLICATIONS for 
machine-produced radiation are 
limited only by the ingenuity 
of man. 

SPECIFIC INFORMATION on radiation applica­
tions, on Van de Graaff and microwave linear 
accelerators for research, therapy, and produc­
tion-line uses, and on installation requirements 
is yours for the asking - from the leading firm 
in the field of particle accelerators and their 
development. 

High Voltage Engineering Europa (N.V.) 

Electronized Chemicals 

High Voltage Servicing Company, Ltd. 

_ rltA-_H_IG _H _v� �! � �A� I oENN_G_1 N_EE_R I_N_G 
�- BURLINGTON MASSACHUSETTS 
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50 AND 100 
YEARS AGO 

SEPTEMBER, 1909: "The search for 
the North Pole, which began in the 
Middle Ages, seems to have culminated 
in the success of Dr. Frederick A. Cook 
of Brooklyn, N. Y. Although no definite 
scientific proof is as yet available of Dr. 
Cook's claim, there can be but little 
doubt of his great triumph." 

"Within a few days after the an­
nouncement bf the discovery of the 
North Pole, it was followed by news that 
another American explorer had reached 
the same goal. After Commander Peary's 
expedition of 1906, when he reached 87 
deg. 6 min. N. lat., then the 'farthest 
north: he determined to make one more 
effort to reach the Pole. The Roosevelt, 
equipped by the Peary Arctic Club with 
all the material and scientific instru­
ments which have been proved to be 
most essential in polar exploration by 
Commander Peary's 23 years of experi­
ence, left New York on July 6th, 1908. 
The ship proceeded via Etah in Green­
land to Cape Sheridan in Grant Land 
and there the expedition passed the wiu­
ter. The sledge expedition for the Pole 
left the Roosevelt in three divisions on 
February 15th, 21st and 22nd, the total 
of all divisions being seven whites and 
59 Esquimaux, with 23 sledges drawn 
by 140 dogs. All the divisions assembled 
at Cape Columbia by February 27th. 
Open water delayed the entire party till 
March lith, when the lead was suffici­
ently frozen over to be crossed. A few 
days later the ice parted exactly where 
the main party was encamped, nearly 
causing the loss of dogs and sledges, but 
after an exciting period dashing from 
one moving floe to another, better going 
was reached. After having crossed the 
88th parallel Capt. Bartlett, the sturdy 
navigator of the Roosevelt, who has 
borne the brunt of the pioneering work, 
reluctantly turned back with the two 
Esquimaux of the last supporting party, 
the provisions carried being insufficient 
to last more than six men and 40 dogs 
for the week or more estimated to be 
required to reach the Pole and return. 
Peary then determined to try and reach 
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This is a missile-borne transmitter. It is the "voice" 

of a missile in flight ... part of a new radio-inertial 

guidance system developed by Bell Telephone Labo­

ratories for the Ballistic Missile Division of the 

Air Force. 

This versatile system helped deliver the nose cone 

of a Thor-Able test missile precisely to its South 

Atlantic target area-5000 miles from Cape Canav­

eral, Florida. So accurately was the nose cone placed 

that a waiting group of ships and planes retrieved it 

in a matter of hours. It was the first nose cone ever 

to be recovered after so long a flight. 

The command guidance system which made such 

accuracy possible combines precision tracking radar 

with a special Remington Rand Univac computer. 

Fed a steady stream of signals from the missile­

borne transmitter, the ground-based equipment com­

pares the missile's flight path with the preselected 

path. Corrective steering orders are computed and 

transmitted automatically to the missile. The ground 

Titan guidance system, holds the "voice" of the ICBM. 

station monitors the progress of the flight continu­

ously and obtains immediate evaluation of mission 

success. And since the principal control equipment is 

kept on the ground, expendable hardware in the 

missile itself is minimized. 

This radio-inertial guidance system is a product 

of the Bell Laboratories-Western Electric develop­

ment-production team. It is in production at Western 

Electric for the first operational squadrons of the 

Titan intercontinental ballistic missile. 

Bell Labs scientists and engineers developed the 

world's most versatile telephone network and much 

of our nation's radar. They have constantly pio­

neered in missile systems. From their storehouse of 

knowledge and experience comes this new achieve­

ment in missile guidance. 

BELL TElEPHONE LABORATORIES 
WQ1'ld cente1' of communications research 
and development 
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Tubexperience in action � 
rJ;JJ 

How to get the tubing you need 
for fuel element cladding 

] n determining the practicability of mate­
rials under consideration for tubing used 
as fuel element cladding in nuclear 
reactors, the following factors must be 
considered and properly evaluated: 

1. Type of fuel-ceramic or metallic matrix 

2. Environment-temperature, pressure 
and corrosive conditions encountered 

3. Neutron economy-whether materials 
like zirconium, columbium, vanadium 
or Zircaloy, which have the best nuclear 
characteristics, are to be used; or 
whether less effective substitutes must 
suffice as a cost consideration 

4. Standard of reliability and integrity­
what is wanted, what it is possible to pro­
duce, what is economically feasible 

5. Dimensional requirements-OD, ID or 
wall thickness or any combination of 
these; straightness of tubing; and tol­
erances to be held 

Only after these factors have been deter­
mined and given due relative weight by 
both the Metallurgical and Production 
Departments can a satisfactory recom­
mendation be made. Let us take a 
composite inquiry to show what Superior 
does to give its customers the utmost 
satisfaction. 

Analysis: Seamless 304, .002% max. cobalt 
limitation, chemistry restriction. 

Sizes: .443 in. ± .0005 in. OD x .423 in. 
±.0005 in. -.0000 in. ID. Cut lengths, 
tolerances, ± ),(4 in. 

Tests: Ultrasonic nondestructive, to a 3% 
wall defect level; helium leak test; auto­
clave corrosion test; 2-hr. hydrostatic test. 

Other Requirements: Dye penetrant inspec­
tion; no chlorinated lubricants or cleaning 
fluids permitted; identification of raw ma­
terial through to finished tubing-top, 
middle and bottom of ingot. 

Here is the tubing that was supplied by 
Superior and the requirements which it 
met after extensive discussions with the 
customer's engineers: 

Analysis: 304L because of application tem­
perature. The best reasonable available 
level of cobalt is .05% max. By special 

melt we could get .01 % max. By converting 
ingot we could get a .003% max.-but we 
aimed for .002%. 

Sizes: Tolerances of ± .001 in. OD and 
+'001, -.000 in. ID. Since ID was the 
prime limiting factor we air-gaged to in­
sure these tolerances. 

Ultrasonic Test: We agreed upon a defect 
level of 10% of the wall, since the wall 
thickness was less than .040 in. We also 
recommended Eddy current, since the tub­
ing was below V2 in. OD x .049 in. wall. 

Helium Leak Test: Customer waived this 
test when told of its impracticability. More 
recently it has been dropped from Nuclear 
Military Specifications. Test is used on 
completed assemblies only. 

Autoclave Corrosion Test: Customer indi­
cated time and temperature of test. We 
performed it. 

Hydrostatic Test: The impracticability and 
high cost of this 2-hr. test was discussed 
with customer. It was decided to limit it to 
the completed pressure vessel. 

Dye Penetrant inspection: Performed 
according to specifications. 

Chlorinated Lubricants or Cleaning Fluids: 
We explained that chlorinated materials 
are used in redrawing stainless steels and 
many other metals. This is general proce­
dure in all tube processing plants. Cus­
tomer unhesitatingly withdrew restriction. 

Identification: This specification can be 
readily met to the point where the material 
is extruded. Thereafter, while possible, it is 
extremely impracticable and costly. 

Since there is no such thing as a standard 
fuel element and each new reactor sug­
gests modifications and improvements 
in design, it is necessary to compromise 
to satisfy all requirements. Superior's 
experience in the nuclear and missile 
field can help you in developing fuel 
element cladding. Data Memorandum 
No. 20 gives a rundown of our back­
ground and some of the tubing avail­
able. Write for a copy today. Superior 
Tube Company, 2052 Germantown Ave., 
Norristown, Pa. 

S��������e 
NORRISTOWN, PA. 

All analyses .010 in. to % in. aD-certain analyses in light walls .uP to 2Vz in. aD 
West Coast: Pacific Tube Company, Los Angeles, California 0 FIRST STEEL TUBE MILL IN THE WEST 
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the Pole in Rve forced marches allowing 
less than a day for each. An observation 
at noon on April 6th showed that they 
were only a little over three miles from 
the Pole, so the remaining distance was 
apparently covered before a rest was 
taken. The Rrst 30 hours at the Pole were 
spent in making observations and taking 
pictures. A sounding was made through 
a crack in the ice Rve miles from the 
Pole, 1,500 fathoms of wire Rnding no 
bottom. Speed was urgent on the return 
journey and Peary was singularly for­
tunate in escaping open leads in the ice, 
which had delayed the return of the sup­
porting parties. By continued rapid 
traveling, Cape Columbia was reached 
on the 23rd of April. On July 18th the 
ice was sufficiently open for the Roosevelt 
to be removed from her belth. She 
fought her way south and reached In­
dian Harbor September 5th to send the 
now historic telegram: 'Stars and 
Stripes nailed to North Pole.' " 

"The natural feeling of exultation fol­
lowing the announcement of the discov­
ery of the North Pole was quickly 
dimmed by the criticisms and accusa­
tions which followed the Rrst cable dis­
patches, which made it patent to all that 
the claim of one of the explorers was to 
be disputed by his rival. We have here 
no mere difference of opinion between 
two private individuals. One of the dis­
putants, at least, by virtue of the fact of 
his bearing a high commission in his 
country's service, must necessarily speak 
and act as a distinguished representative 
of his native land. Whatever of disap­
pointment or of fancied or actual wrong 
may have been felt by the sender of that 
accusing dispatch from Labrador, any 
consideration of the dignity of the Navy 
and of the nation should have sealed 
his lips." 

"The Rrst real aviation meeting held 
anywhere in the world took place last 
week near the city of Rheims, France. 
Altogether there were 38 aeroplanes en­
tered in the various contests and races, 
for which $40,000 in cash prizes were 
offered. Glenn H. Curtiss won the 
Bennett International Aviation Trophy, 
averaging 47.04 miles an hour for the 
20 km. (12.42 mi.) course. In addition 
Mr. Curtiss carried off the Hrst prize 
($2,000) in the 30-kilometer speed con­

test. The real race was between Curtiss 
and M. Louis Bieriot, the champions of 
the biplane and the monoplane type of 
flying machine respectively. The other 
speed contest, for one circuit of the 
la-kilometer course, was won by M. 
Bieriot, who covered the distance at 
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CAN YOU SPOT THE MAN RESPONSIBLE FOR THE 
GREATEST MILITARY SYSTEMS OF HIS TIME? 

He was the mind behind the slings and battering rams and even a machine cannon. 

The populace scarcely knew him. He was just "that quiet artist." 

But princes knew him. They used da Vinci's capabilities. 

With today's secrecy requirements and swift developments 

in weapons systems, best sources are seldom obvious. 

LORAL may already have produced the electronic system you seek­

may save months and millions for you-but how can you know? 

If you have a need to know, ask us. 

We'll welcome the opportunity to discuss your needs. 

Look to LORAL - developers and producers of advanced systems for ASW. AEW. EliNT. RECON. E08. 
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A Critical De-Icing Problem 
Solved by COX 
for REPUBLIC 

The unique electric de-icing system which pro­

tects the air inlets of the Republic F-105B was 

designed and is produced by Cox. 

By using a stainless steel sandwich structure 

and very high watt densities, this dependable 

cyclic system requires less than 3,000 watts to 

protect more than 1,000 square inches of inlet 

surface. The structural weight increase is less 

than ten pounds. 

Cox & Company, Inc. is a major source for new 

design and volume production in the fields of 

de-icing, temperature control and special 

heating elements for military equipment. 

COX & COMPANY, INC. 
115 EAST 23 STREET, NEW YORK 10, N. Y. 
Engineering Representatives Coast to Coast 

47.78 miles an hour. A record for dis­
tance was made on August 26th by 
M. Hubelt Latham with his No. 29 
Antoinette monoplane. The fligh�, total­
ing 95.88 miles, was a complete vin­
dication of the Antoinette motor which, 
it will be remembered, failed Latham 
twice when he attempted to cross the 
English Channel. The height competi­
tion was also won by Latham, who 
reached a height of 155 meters (508.5 
feet) , as recorded by a barometer upon 
his monoplane." 

" 'A knowledge of the mass and size of 
the two units of electricity, the positive 
and the negative, would give us the ma­
terial for constructing what may be 
called a molecular theory of electricity, 
and would be a starting point for a 

theory of the structure of matter; for the 
most natural view to take, as a provision­
al hypothesis, is that matter is just a 
collection of positive and negative units 
of electricity, and that the forces which 
hold atoms and molecules together, the 
properties which differentiate one kind 
of matter from another, all have their 
origin in the electrical forces exerted by 
positive and negative units of electricity, 
grouped together in different ways in the 
atoms of the different elements.' Sir J. J. 
Thomson." 

SEPTEMBER, 1859: "A party of 
American engineers, under the charge of 
the Navy Department, are about to pro­
ceed to the Isthmus of Darien to search 
for a practical route for a ship canal 
across the Isthmus; they are instructed 
to explore the coast of the Caribbean Sea 
with a view to test statements that there 
is such a depression of the eastern 
Cordillera as to admit of the easy con­
struction of a ship canal; the country 
west thereof to the Pacific Ocean being 
without any considerable elevation. 
Should the party not be able to find the 
gap referred to, they may proceed to the 
Pacific side of the continent, and seek 
a practical route for a canal along the 
line traversed by Surgeon Caldwell, 
U.S.N., in 1857. This gentleman, in­
spired by the reports of old residents in 
respect to the existence of a region near­
ly level stretching across the continent, 
proceeded with a small party from the 
excellent bay of San Miguel, several 
miles in a north-easterly direction, up the 
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Photo: Courtesy Electric Boat, Div. General Dynamics Corp. 

u.s. Atomic Subs Depend On 1\6 
Ball Beanngs In Over 100 IAlal Positions.' 

Some of the most unique and precise equipment ever engineered is in United States 

atomic subs • • .  with New Departure bearings in many vital positions! 

In the submarines' guidance system, New Departure gyro ball bearings help con­

tribute to unerring undersea navigational accuracy. These bearings have been credited 

with reducing random drift rate to 0.25 degrees per hour. 

Many of the atomic power plants that have supplied record-breaking propulsion 

without refueling, are equipped with New Departure precision ball bearings in reactor 

control arms, water pumps, and other essential applications. 

If you have a vital precision bearing problem, why not call on NID, too? New Depar­

ture's advanced facilities for research, development and production, are your assurance 

of the ultimate in ball bearing design and precision manufacture. 

DIVISION OF MOTORS, BRISTOL, CONN. 
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SYLVANIA ELECTRONIC SYSTEMS • •  .lN SIMULATION 

Creating electronic "realities" 
in a low-cost manageable package 

SIMULATING CONDITIONS of actual 
operations for flight trainers, radar 
operators, or space travelers is an 
experienced and growing facility of 
Sylvania Electronic Systems. 

Good examples are Sylvania's par­
ticipation in the Navy's Universal 
Digital Operational Flight Trainer 
and "ACTER," a new Sylvania 
development which will add ECM 
conditions to existing radar training 
gear. 

Undoubtedly the simulation of 
space travel can be enhanced mater-

Sylvania Electronic Systems 
A Division of Sylvania Electric Producta Inc. 

63 Second Avenue, Waltham, Mass. 
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ially by current simulation projects. 

In simulators or trainers, as in 
every major area of electronic sys­
tems, Sylvania can assume full re­
sponsibility from system analysis 
and management through research 
and engineering, product design, 
production to field engineering. 

Sylvania welcomes the opportu­
nity to outline its special talents and 
capabilities to you or your organiza­
tion personally. Simply address your 
inquiry to division headquarters, 
address below. 

�SYLVANIA 
Subsidiary of GENERAL 

GENERAL TELEPHONE & ELECTRONICS � 

navigable river Savana, and thence east 
across the country to a point not far in a 
direct line from the Atlantic." 

" 'Messrs. Editors: -I have just ob­
served, in the SCIENTIFIC AMERICAN of 
the 3rd inst., an error in your notice of 
the "great trial of reaping and mowing 
machines which recently took place at 
one of the royal farms in France." You 
stated as folIows:-"After a few turns in 
the field, the contest lay beween Bur­
gess & Key's (Allen's Patent) and 
Wood's (stated to be Manny's Patent) 
reapers, in which the former took the 
lead, and was unanimously awarded the 
first prize; the latter the second." I here­
with send you an extract from the Paris 
correspondence of The N ew-Y ark Trib­
tine, in regard to the trial referred to, the 
publication of which extract in your 
journal will correct the previous error, 
and be only an act of justice to myself. 
The Paris letter writer states "Three 
prizes were to be given to each class; a 
large gold medal, the 'prize of honor' 
to be given to the incontestably best 
machine among them all, and the first of 
the three prizes for foreigners, were 
handed over to Mr. McKenzie, who ran 
with the machine sent by the Burgess & 
Key from London, which is the original 
McCormick reaper." As may be inferred 
from the above extract, Burgess & Key, 
of London, are licensees and manufac­
tures of my reaping and mowing ma­
chine.' C. H. McCormick." 

"The great event of the past week has 
been the departure of the Great Eastern 
down the river Thames on her first trial 
trip to sea. Fears were entertained that 
when the fastenings were loosened she 
would not be very manageable, but it 
is stated that the very first turn in the 
river demonstrated that she was as com­
pletely under control as any river 
steamer. Thus far the Great Eastern has 
given evidence of being the fastest 
steamship in the world. This she ought 
to be, as, according to scientific deduc­
tion, ships increase in speed accord­
ing to their size, if the model is good 
and the power proportional to the ton­
nage. On Sept. 8th she left the Nore and 
steamed off majestically for Portland 
(England) , where she was to remain 
until Sept. 17th, on which day she will 
proceed to Holyhead, and from that port 
will commence her transatlantic voyage. 
It was anticipated that she would reach 
Portland, Maine, in from six to seven 
days after leaving Holyhead. Should this 
trip prove successful, the Cunard Com­
pany will at once undertake to build a 
vessel of equal size." 
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RESEARCH REPORTS 
Developing new metals and im­
proving current ones to combat the 
devastating effects of high heat, cor­
rosion, erosion, and abrasion, are the 
primary objectives of the advanced 
Research and Development Labora­
tories at Haynes Stellite Company. 

HAYNES Tantalum, described below, 

is one of their- more recent achieve­
ments. Others will be described in 
future Research Reports. 

Design engineers, metallurgists, 
and physicists may see in these new 
metals and alloys opportunities for a 
breakthrough in applications where 
limited properties of other metals 
have presented obstacles. Our re­
search scientists, engineers, and tech­
nicians will gladly help you discover 

whether they can help improve your 
products. 

LARGEST Tantalum 
Lined Reactor 

An outstanding example of what can be accomplished 
with the greater sheet width and improved welding 
characteristics of HAYNES Tantalum is shown above. The 
vessel-the largest tantalum-lined reactor ever constructed 

-is a 30-gallon unit designed to operate at 630 deg. F. 
and 500 psi. Every part that will be exposed to corrosives, 
including the agitator, is made, or sheathed with, HAYNES 
Tantalum. For full details on this new material, write for 
descriptive booklet. 

Close to 100% pure, chemically. It is produced by the 
consumable-electrode process. Practically inert to a 

wide variety of corrosive media, with these added 
advantages: Wide sheets with improved welding char­

acteristics, making it easier to use in chemical and 
pharmaceutical equipment where corrosion and prod­
uct contamination must be minimum. Pictured is 
tantalum reactor liner being welded inside tank of 
inert gas. 

ALL 0 '"'V'" S 
HAYNES STELLITE COMPANY 

Division of Union Carbide Corporation 
Kokomo, Indiana 

Address inquiries to Haynes Stellite Company, 420 Lexington Ave., New York 17, N. Y. 

"Haynes:' "Haynes Stellite," and "Union Carbide" are registered trade-marks of Union Carbide Corporation 
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PROTECTION OF SHIP'S HULL AND PROPELLER AGAINST CORROSION ... 

Where any metal but Platinum 
PLATINUM DOES IT 
FOR LESS. Experience 
proves that platinum 
anodes used in the im­
pressed current system 
of the type shown pro­
vide sure protection of 
ship hulls and propel­
lers against corrosion ... 
and do so economically. 
Equipment (called CA­
PAC* and designed by 
Engelhard Ind ustries, 
Inc., Instrument Divi· 

sion) is being used on 
commercial vessels and 
pleasure craft as well as 
on atomic submarines 
and other Navy ships. 

Who would think that the platinum metals provide a practical way to protect 

steel against attack by sea water? 

But that's how underwater corrosion is being defeated today. In an auto­

matic system, CAPAC*, devised by Engelhard Industries, Inc., Instrument 

Division, comparatively small anodes feed a corrosion-stopping protective 

electrical current to the hull and propeller. 

Long life ... obtainable only with platinum surfaced anodes _ .. brings the 

real cost of this underwater protection system so low that it has become 
standard equipment on week-end sailors' steel-hulled pleasure boats. 

A platinum metal may economically solve your problem 
Where underwater hull 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 re­

quired, such as for printed electrical circuits ... where product purity must 

be retained despite high temperatures, as in the case of lens glasses . . . or 
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would cost too much ... 
where peak catalytic efficiency is required. as in the refining of high octane 

gasoline ... 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 with· 

stand such severe conditions. The platinum metals have removed many bar· 

riers. Have you considered them for your problem? 

Platinum, palladium, rhodium, ruthenium and ir;dium have unique poten· 

tials, well 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 character­

istics and successful applications of the six platinum metals and their alloys­

indicating your field of interest or how we might be of assistance. 
-Registered trademark of Engelhard Industries, Inc. 

A 

CAN THESE PROPERTIES OF THE 

PLATINUM METALS HELP YOU? 

Exceptional Chemical Inertness 

Superior Wear Resistance 

High Temperature Stability 

Peak Catalytic Activity 

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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RADIATION EFFECTS 
REACTOR (RER) 

Now in Operation 

A part of the Georgia Nuclear Lab. 

oratories located near Dawsonville, 

Georgia, the RER is an Air Force 

owned facility (AFP #67). RER is 

operated by Lockheed Nuclear Prod· 

ucts as a part of its diverse activities 

in the design and development of 
nuclear power applications. 

LOCKHEED NUCLEAR PRODUCTS 
3272 Peachtree Rd., N. E. 

Atlanta 5, Ga. 
Tel. CE 3·7104 

Cahle: MALOCKHEED 

LOCKHEED AIRCRAFT CORPORATION 
Georgia Division 
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Q. Why are Grape Growers 

her Researchers? 

A. Exciting advances in both fields are directly 
related to chemical progress pioneered by Merck. Thanks 
to GIBREL®-Merck's new plant growth stimulant­
grape growers are able to increase berry size and crop 
yield by as much as 50%. Farmers everywhere are vitally 
interested in more efficient crop production with GIBREL. 
Its "vitamin,like" action triggers normal growth in 
many plants by supplementing the growth.promoting 
substances naturally found in plants. 

Another Merck chemical, MAGLITE® Y, meets the 
special processing requirements of the rubber industry's 

U PI q i 

most important new synthetic-a heat-resistant elas­
tomer with promising applications in jet aircraft tires 
and other rubber products that must perform under 
extremely high temperatures. A reactive magnesium 
oxide, MAGLITE is also available in D, K and M grades 
that are particularly well suited for various product or 
processing needs of many different elastomers. 

MAGLITE and GIBREL are representative of Merck 
research and production that speed progress in nearly 
every field served by chemistry. For technical informa­
tion bulletins on either product write to Department SA·4. 

MERCK & CO., INC. • Chemical Division · Rahway, New Jersey 

C Merck. & Co., Inc. GJ8REI.® and MAGLlTE® are registered trademarks of Merck & Co., Inc. 
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· . .  to develop processes meeting requirements for safety 

and criticality. 

· . . to receive a license from the A. E. C. to convert 

uranium hexafluoride. 

· • •  to receive a permit from the Bureau of Explosives 
covering the design of shipping containers acceptable to 

the Bureau and the I. C. C. 
• . •  to manufacture and ship uranium metal and compounds 

both domestically and in export. 

• • .  to develop processes for materials with special physical 

characteristics such as U02 Shot (spherical) and 

U02 Special Dense (for swaging). 

• . .  AND NOW-Mallinckrodt has erected the most modern 

and automated facility for producing ceramic 

shapes of U02• 
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IN NUCLEAR FUEL PROGRESS 

Mallinckrodt has been a pioneer on the frontiers of nuclear science since 
1942. At that early date in the atomic age, Mallinckrodt had built and 
operated the first full-scale plant for producing highly purified uranium dioxide. 
This compound-of a purity previously unknown-was used in making 
uranium metal for the first self-sustaining chain reaction at Stagg Field in 
Chicago. Since that time, Mallinckrodt has continuously produced high-purity 
uranium compounds and metal. 

In 1956, Mallinckrodt became the first private firm to produce enriched 
uranium compounds for commercial uses. Since then, Mallinckrodt has 
processed more than 200,000 pounds ... and has supplied fuel in research 
or production quantities for every private power reactor project in this country. 

Research on new uranium compounds and on improvement of those presently 
in use is continuing. Progress in nuclear fuel development is the goal of our 
entire organization. 

If you have a nuclear fuels project, Mal/inckrodt's experienced engineers are 
available for consultation. 

MALLINCKRODT 
NUCLEAR 

CORPORATION ST. LOUIS 7, MISSOURI 
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FROM ONE EXTREME TO ANOTHER 
g • . .  . . .  

Chal
. 

Jobsrequlring engineering skl l�s well as metal fab-
ricatineexpetience a 'Way of coming to Bliss, The{may be 
projects involving ma e size, like the 14Q-foot diameter radio 
telesco� 'shown above . •  ,·or the precision machining of missile 
parts simILar to the one .at the left, . 

Whatever it is, jf it's made of metal, .y.ou'li ffnd that Bliss has 
the skiUs and 'facilities to take itJr01'J1 idea fo completed project. 

These abilities have made Bliss <l leading proaucer of steani 
cata pults for carrier aircraft, overrun barriers, precision machined 

, missile parts, antennas, atomic assemblies ana special ma­
chinery" evetithing froOl .. small parts with tolerances running to 
the ten-thousandths to complete turn-key plants. . 

What does 'Your job fnyolve? 

BLISS is more than a name 

, , , if's a guarantee 
E. W. BLISS COMPANY 

Canton. Ohio 
�lL�SS 

SINCE 1857 ® 
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2 new M & T Organometallics 

P 

0\ � - '-J 

T riphenylantimony and triphenyl­

phosphorus are two more results 

of M&T's long standing leader­

ship in the development of organo­

metallics. Requests (on letterhead, 

please) from development men 

for literature and samples will be 
welcomed. Ask, also, for a com­

plete list of M&T organometallics. 

Sb 

O\ � - '-J 
TRIPHENYLANTIMONY 

May be halogenated to 
triphenylantimony dihalides 

Forms Stibonium salts 

Co-catalyst in converting trienes to 
aromatics and hydroaromatics 

Reacts with nitric-sulfuric acids to 
give trinitro derivatives 

Is a white crystalline solid 

Available in 10, 50 and 200 lb. fiber drums 

M&T's "ORGANOMETALLICS UNLIMITED" 

R = alkyl or aryl groups 
M* Sn, Sb, P, Si or Bi 
X = electronegative groups 

This general formula has been the basis for hundreds of organo­
metallics prepared by M&T. Let us check our files on any compound 
of specific interest in your development work. 

hemicals Sn Sb p. organometallics 
Si Ti Zr and in organics 

COMMERCIAL DEVELOPMENT DIVISION 
Metal & Thermit Corporation 

Dept. S, 100 Park Avenue, New York 17, N. Y. 
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... accurate within + 0.1% of reading 

... pinboard programming for maximum flexibility 

Here's a standard, all-purpose 120-point logger­
scanner system with features formerly found only 

in more expensive, custom-designed equipment ... 
the first of several packaged logger-scanners being 
introduced by Honeywell. It offers the ultimate in 
accuracy, flexibility, dependability and simplicity 
of maintenance. Wide ambient temperature oper­
ating limits-60 to 120°F -eliminate the need for 
special air conditioning equipment. 

The Series 3120 accepts signals from primary 
measuring instruments-thermocouples, flow, pres­
sure or other transducers. It measures these sig­
nals, digitizes them, and prints their values in 
immediately usable form. A thermocouple refer­
ence oven can be supplied to accommodate three 
types ofthermocouple inputs-types T, J, and K­
which are automatically linearized over their entire 

range to within 0.1 % accuracy. 

TWO TYPEWRITERS permit a single line log 
allowing columnar comparisons. Separate alarm 
printer records all off-normal variables. 

The operator can select either automatically or 
manually initiated logging cycles . He can set the 
system to log all variables automatically at preset 
intervals, or manually energize the system to 
operate on demand, between logging cycles. 

Between logging cycles, the system can scan off­
normal alarm points-high, low or both-at a rate 
of 7 points per second. Upon detecting an off­
normal point, the system sounds an alarm, lights 
a point-identification light, and prints the time, 
point number and off-normal value on adding 
machine tape. During log cycles, off-normal points 
are printed in red on the log sheet. 

Get complete details from your nearby Honeywell 
field engineer. Call him today ... he's as near as 
your phone. MINNEAPOLIS-HoNEYWELL, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 

Honey�ell 
�t�� 

STANDARD MODULAR COMPONENTS are 
assembled on chassis mounted as individual 
drawers in relay racks. All drawers are con­
nected by plugs for easy servicing. 
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Generator G-S001 
500 walts output 

Transducerized Tank NT-S001 
Capacity: 10 gallons 
Dimensions: 20" L X 11'12" W X 10" D 

GIANT 
narda 
SONBlAITER 

Generator features tank selector and load selector 

$1325 switches on front panel to operate one or two NT-500! 
tanks alternately_ Other combinations of tanks and sub-
mersible transducers available from stock; larger tanks 
available on special order. 

For mass· production cleaning and 
high capacity chemical processing! 
Here's a new Narda Son Blaster ultrasonic cleaner with tremendous cavi­
tation activity and generating capacity! Featuring full 500 watts output, 
this Son Blaster is available with a fully transducerized giant la-gallon 
capacity tank_ In addition, it will operate from six to 10 Model NT-60S 
high energy submersible transducers, at any one time, in any arrange­
ment in any shape tank you need up to la-gallon volume_ 

Install this new Narda Son Blaster, and immediately you'll start 
chalking up savings over costly solvent, vapor or alkaline degreasing 
methods! You'll save on chemicals and solvents, cut maintenance and 
downtime, eliminate expensive installations, save on floor space, and 
release labor for other work. But perhaps most important. you'll clean 
faster, cut rejects, and eliminate bottlenecks. 

Whether you're interested in mass-production cleaning or degreas· 
ing of mechanical, electronic, optical, or horological parts or assemblies 
... rapid, quantity cleaning of "hot-lab" apparatus, medical instruments. 
ceramic materials. electrical components or optical and technical glass· 
ware ... cr in speeding up metal finishing and chemical processing of all 
types-you'll find this new Son Blaster will do your work faster, better 
and cheaper. Write for more details now, and we'll include a free 
questionnaire to help determine the precise model you need. Address: 
Dept. SA-20_ 

Consult w i t h  Narda for all your ultrasonic requirements_ The 
Son Blaster catalog line of ultrasonic cleaning equipment ranges from 
35 watts to 2,5 KW, and includes transducerized tanks as well as immers­
ible transducers which can be adapted to any size or shape tank you 
may now be using_ If ultrasonics can be applied to help improve your 
process, Narda will recommend the finest, most dependable equipment 
available for immediate delivery from stock-and at the lowest price 
in the industry ($175 uol! 

For custom"designed cleaning systems. write to our Industrial Process 
Division; for information on chemical processing applications. write to our 
Chemical and Physical Process Divisionj both at the address below. 

.» })))}) t 
11a 'Ida ultrasonics 

the I corporation 
625 MAIN STREET, WESTBURY, l. I., N_ Y_ 

Subsidiary of The Narda Microwave Corporation 

THE AUTHORS 
ROBERT L. PLATZMAN ("What Is 

Ionizing Radiation?") recently became 
senior physicist at the Argonne National 
Laboratory, where he is forming a group 
of workers to study fundamental prob­
lems of the action of ionizing radiatioIl_ 
He is also chairman of the newly organ­
ized Subcommittee on Effects of Ionizing 
Radiations of the Committee on Nuclear 
Science, National Research Council. A 
native of Minneapolis, he received his 
Ph_D_ in 1942 at the University of Chi­
cago. He worked on the atomic-bomb 
project and after the war received two 
Guggenheim fellowships to study with 
Niels Bohr in Copenhagen_ He was a 
professor of physics at Purdue University 
for 10 years. Platzman will spend the 
coming academic year as a Fulbright 
professor at the University of Paris_ 

JAMES R. ARNOLD and E. A_ MAR­
TELL ("The Circulation of Radioactive 
Isotopes") are radiochemists with, re­
spectively, the University of California 
School of Science and Engineering at 
La Jolla, and the Air Force Cambridge 
Research Center. Arnold was born in 
1923 in Metuchen, N_ J-, and earned his 
Ph_D_ degree at Princeton in 1946, hav­
ing been associated with the atomic­
bomb project for two years_ He then held 
fellowships at the Institute for Nuclear 
Studies of the University of Chicago and 
in the laboratory of George B_ Kistia­
kowsky at Harvard University_ In 1948 
he returned to Chicago to work with 
Willard F_ Libby on radiocarbon dating, 
and in 1949 he became an assistant pro­
fessor at the Institute for Nuclear Stud­
ies_ In 1955 he joined the chemistry 
faculty at Princeton University_ His cur­
rent post is associate professor of chem­
istry at La Jolla, where he is doing re­
search on radioactive isotopes produced 
by cosmic rays, especially isotopes found 
in meteorites_ Martell took a degree in 
civil engineering in 1942 from the 
United States Military Academy_ He 
earned his M.S_ degree in physical 
chemistry at the University of Chicago, 
and took a Ph_D_ there in 1950 in radio­
chemistry_ He also worked under Libby_ 
From 1950 to 1954 he was with the 
AImed Forces Special Weapons Project, 
planning and directing experiments in 
nuclear radiation and in the fallout ef­
fects of atomic weapons_ He directed 
experimental programs for several atom­
ic- and hydrogen-bomb tests_ Later he 
was the principal investigator at the 
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new 
wings 

for 
words 

AGACS, Experimental Automatic Ground/Air/ 
Ground Communication System is a new concept 
in Air Traffic Control Communications to meet the 
accelerated pace of increased air traffic. Primary 
objectives are efficient usage of frequency spectrum, 
added safety through increased reliability and re­
duced burden to pilot and controller, and adapta­
bility to all classes of aircraft. AGACS provides 
compatibility with existing ground and airborne 
communication equipment, selective addressing of 
information, and a minimum number of frequency 
changes during flight. The system utilizes two-way 
time division data transfer over existing ground 

and air communication links to provide an auto­
matic, mutual exchange of information. The air­
borne facilities display to the pilot the last sig­
nificant Air/Ground and Ground/Air message 
quantities, while the controller may recall from 
central memory-storage equipment the last Air / 
Ground and Ground/Air message quantities for 
display. The AGACS program is still in the devel­
opmental stage. In August, 1959, RCA provided 
initial models of both airborne and ground equip­
ments for the Bureau of Research and Development 
of the Federal Aviation Agency for extensive ex­
perimentation and flight tests. 
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LARGE SCREEN OSCILLOSCOPES 
W hy squint at a conventional 5" scope when an ITT Large Screen 

Oscilloscope can assure you faster and more accurate observation 

and measurement without operator fatigue? 

Use of magnetic deflection systems makes large-screen display 

practicable and permits close control over linearity and orthogonal­

ity. T he large display provides vernier readability that increases 

speed of operation, reduces reading errors and operator eye strain, 

and permits observation of minute details that might remain 
unnoticed on a conventional scope. 

APPLICATIONS 
ITT Large Screen Oscilloscopes are precision engineered for effec­

tive use in such operations as Telemetering, Production Testing, 
Waveform Analysis, Computer Readout, X-Y Plotting, Data Plot­

ting, and Medical Observation. T heir large screen size makes them 
ideally suited for teaching, demonstration, or exhibition, 

CHOICE OF MODELS AND SIZES 
ITT Large Screen Oscilloscopes are available in either 17 -inch or 

21-inch rectangular tube models, cabinet or rack mounted. Models 

are also available without sweep and sync circuits for monitoring, 

Write, Wire, or Phone for complete technical data and price infor­
mation on Large Screen Oscilloscopes as well as other products of 
ITT Industrial Products Division, including Swept F1'equency 
Generators, Storage Tube Scopes, Test Instruments, Custom Power 
Equipment, and Closed-Circuit Television. 

Chicago "Sunshine" project, studying 
the world-wide distribution of strontium 
90, He is now chief of the nuclear studies 
branch at the Air Force Cambridge Re­
search Center, directing research on the 
geophysical aspects of world-wide fall­
out and on the natural radioactivity of 
the atmosphere, 

ALEXANDER HOLLAENDER and 
GEORGE K STAPLETON ("Ionizing 
Radiation and the Living Cell") are, re­
spectively, the director of and a biolo­
gist in the Biology Division of the Oak 
Ridge National Laboratory, Ho]Jaender, 
a native of Germany, took his degrees at 
the University of Wisconsin, receiving 
a Ph.D, there in 193 1 and remaining 
as a National Research Council fellow. 
He was an investigator for the Rockefel, 
leI' Foundation in 1934, and then served 
for three years as investigator in charge 
of radiation work for a National Re­
search Council project at Wisconsin. He 
joined the National Institutes of Health, 
working in biophysics, in 1937, and rose 
to the rank of head biophysicist, serving 
in that post from 1946 to 1950. He also 
became director of the Oak Ridge Biolo­
gy Division in 1946. Other posts include 
the presidency of the Comite Interna­
tional de Photobiologie and chairman­
ship of the World Health Organization 
committee to study the effects of radia­
tion on human genetics. Stapleton was 
born in Chicago in 19 19 and attended 
school in Denver. He took his bachelor's 
degree at Regis College in Denver, and 
his master's degree (in 1943) at Saint 
Louis University. He then jo:ned the 
atomic-bomb project and was sent to 
Oak Ridge, where he helped initiate a 
research program on the biological ef­
fects of nuclear radiations. He received 
his Ph.D, from the University of Ten­
nessee in 1952, His chief research work 
is concerned with "the basic mechanisms 
involved in the lethal and mutagenic 
action of ionizing radiations." 

JOHN F. LOUTIT ("Ionizing Radia­
tion and the Whole Animal") has since 
1947 been director of the British Medical 
Research Council Radiobiological Re­
search Unit. He was born in Australia 
and educated at the University of West­
ern Australia and the University of Mel­
bourne. He was a Rhodes Scholar, and 
has received several degrees from the 
University of Oxford, including that of 
doctor of medicine, He also studied at the 
University of London, Loutit served as 
director of the Radiobiological Research 
Unit of the Atomic Energy Resenrch Es­
tablishment at Harwell from 1947 to 
1958. He was made a Fellow of the 
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SILICONE NEWS trom Dow Corning 

Cast Fine Detail Quickly 

SILASTIC RTV flows in and around 
cOInplex shapes; 
sets up in Ininutes 

The incredibly life·like hand above was cast of rubber. It was made from 
a mold of the same material: Silastic RTV, the Dow Corning fluid sili· 
cone rubber that vulcanizes at room temperature. 

The striking detail reproduced here - detail that would stir the heart of 
a Madame Tussaud - can be duplicated by you in your own plant. With 
ease. Simply pour liquid Silastic RTV into or around any object you 
wish reproduced. Wait a short time while the fluid sets up to form rubber. 
No heat·vulcanizing is needed. Now strip the rubber away and you have 
a mold for making exact reproductions. Into this you can pour a variety 

of casting materials including many plastics, 
molten metals ... even more Silastic RTV. 

The Perfect Prototype ... Silas tic RTV is 
the answer to a prototype·part maker's prayer. 
Because of its heat resistance - temperatures 
to 500 F are easily withstood - many molten 
substances can be cast directly in Silastic RTV. 
If you want to make a limited run of some 

�"::::i!III __ IIIII=. part, for use as test models, samples or give. 
POUR IT aways, you can do it with only one mold." 

Free Sample. Write on your letterhead for 
data and sample of Silastic RTV. 

STRIP IT 

MOLTEN METAL 

Parting is easy .. . Silastic RTV seldom 
requires the use of a release agent: The 
mold strips easily from most surfaces. In 
cases where a release agent is needed, a 
simple solution of household detergent does 
the job. 

Symphony in RTV. Just to illustrate how 
accurately Silastic RTV reproduces detail, 
Dow Corning has made Silastic RTV molds 
of 33Y3 and 45 rpm records, then cast plas· 
tic records from them. Result: excellen t 
sound fidelity! 

IDENTICAL TWINS 

Choose your cure. Some types of Silastic 
RTV set up to solid rubber five minutes 
after the catalyst is mixed in. Others cure 
in 24 hours ... stay "open" and work· 
able a long time. Write for details! 

Address Dept. 9821. 
Do"" Corning CORPORATION 

MIDLAND. MICHIGAN 
ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON. O. C. 
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What can you do with a 

DC TRANSFORMER? 

We call this a DC transformer. Plug it into any 120 volt 
60 cycle circuit and it will deliver 150 rna @ 2Y2 volts 
DC; 500 rna @ 1 Y2 volts DC, or 3 amps short circuited. 
Connections available for half wave or full wave dc output. 

I , 

We don't know what possibilities a unit like this may have. 
Presently it is the result of a challenge between our engi­
neers to build an AC to DC conversion unit without inde­
pendent components. In the future this may be the prototype 
of equipment that may have far reaching significance. 

In the meantime we have a genuine DC transformer. Do 
you have any ideas as to how this basic idea can be put to 
practical use? 

Send your letters to Mr. Lou Danko, Special Products Dept., 
Acme Electric Corporation, Cuba, N. Y. 

ACME ELECTRIC CORPORATION 
69 WATER STREET • CUBA, NEW YORK 

WEST COAST: 12822 YUKON AVE. • HAWTHORNE, CALIFORNIA 

Royal College of Physicians in 1955, and 
a Commander of the Order of the British 
Empire in 1957. 

JAMES F. CROW ("Ionizing Radia­
tion and Evolution") is professor of 
genetics and chairman of the Depart­
ment of Medical Genetics at the Uni­
versity of Wisconsin. He grew up in 
Kansas and attended Friends Universit\T 
at Wichita. "I started out to major in 
music, but discovered I wasn't talented 
enough, and shifted successively to 
physics, then to chemisb'Y and finally 
to biology. I took a course in genetics . . _ 

and decided that this was the most in-­
teresting of the biology courses and 
something that I would like to pursue." 
He took his Ph.D. in genetics at the' 
University of Texas in 1941, and taught 
at Dartmouth College until he joined the 
Wisconsin faculty in 1948. 

SHIELDS WARREN ("Ionizing Ra­
diation and Medicine") is professor of 
pathology at the Harvard Medical 
School and scientific director of the Can­
cer Research Institute at the New Eng­
land_Deaconess Hospital. He is a gradu­
ate of Boston University, and took his 
M.D. degree at Harvard in 1923. He 
has been studying the effects of ionizing 
radiation for many years, and in 1945 
was chief of the Navy's Medical Field 
Team in the Technical Commission to 
Japan. He served in 1946 as executive 
officer of the Naval Medical Research 
Section of the Bikini bomb test, and in 
1947 as senior medical officer of the 
Atomic Casualty Investigation in Japan. 
He has helped direct and advise the 
Atomic Energy Commission Division of 
Biology and Medicine since 1947. In 
1955 he became U. S. representative on 
the United Nations Scientific Committee 
on the Effects of Atomic Radiation. Since 
1955 Warren has been chairman of the 
National Academy of Sciences Commit­
tee on PathologiC Effects of Atomic Ra­
diation, and a member of the Committee 
on Genetic Effects of Atomic Radiation. 
He has also been chairman of the Na­
tional Research Council Committee on 
Atomic Casualties. 

A. CHARLESBY ("Ionizing Radia­
tion and Organic Chemistry") is profes­
sor of physics at the Royal Military Col­
lege of Science in England. He was born 
in London in 1915 and was educated 
there and on the Continent. He studied 
physics under Sir George Thomson at the 
Imperial College of Science and Tech­
nology, and subseyuently taught and did 
research on electron diffraction and the 
structure of organic materials, pm·ticu-
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How to Test a Solid Rocket Motor 
In the early stages of research 
for new or improved propellants 
incongruous combinations of mate­
:rials are often brought together in the 
-chemistry laboratory-in this case, a 
-common drinking straw, a strand of 
-copper wire, a small batch of propel-
1ant and a sewing needle. The work 
;shown here is a step in an experiment 
to test burning characteristics of a 
:new high-energy propellant formula. 
'The propellant, having been extruded 
into the straw, is threaded with a 
;strand of copper wire. Later the 
"'motor" is hooked into a specially 
-designed apparatus that ignites the 
:propellant and records and evaluates 
:its performance. 

From the igniting of grams of fuel 
in the chemistry labs to the test-firing 
<of huge motors on the 2,000,000 lb. 
-thrust test stands at THIOKOL'S Utah 
:facilities, research paces and supports 
.every phase of the design, develop-

ment and production of a rocket 
powerplant. 

In its Rocket and Chemical Divi­
sions, THIOKOL boasts one of the 
finest scientific research teams in 
rocketry-an expanding group, con­
tinually in search of new members. 

For qualified chemists, there exists 
stimulating work in polymer re­
search, in propellant analysis and 
formulation, in high vacuum tech­
niques, and through the entire spec­
trum of high energy fuel. 

Doors are open, too, to research 
engineers and scientists with interest 
or experience in: 

Solid State Physics, High Tempera­
ture Gas Dynamics, Electronics of 
Rocket Exhaust, Electromagnetics, 
Thermodynamics, Magnetohydrody­
namics, Astronautical Systems 
Analysis, Ion and Plasma Propul­
sion, Nucleonics, and other phases 
of advanced propulsion work. 

You'll work in areas that are good 
places to live-Denville, New Jersey; 
Huntsville, Alabama; Marshall, 
Texas; Moss Point, Mississippi; Brig­
ham City, Utah; Trenton, New Jersey; 
Bristol, Pennsylvania. When you 
think of opportunity for yourself and 
your family, think of THIOKOL. Write 
to: Personnel Director at any plant 
address listed above. 

is Research to the Core 
THIOKOL CHEMICAL CORPORATION 

Bristol. Pennsylvania 

(J'Registered trademark of the Thiokol Chemical Corp. for 
its rocket propellants. liquid polymers. plasticizers and 

other chemical products. 
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THE 

MILITARY 
REQUIREMENTS 

FOR 
MOON BASE 

This is the title of one of four 

larly plastics. Charlesby was in charge 
of a group at Harwell studying radiation 
effects in materials, and in 1955 he 
joined the newly established research 
laboratory near Cambridge and set up 
the first industrial radiation research 
group in Great Britain. 

DOUGLAS S. BILLINGTON ("Ion­
izing Radiation and Metals") has for a 
decade been director of the Solid State 
Division of the Oak Ridge National 
Laboratory. A native of Spearfish, S.D., 
he took his Ph.D. in chemistry at the 
University of Iowa in 1942. He was one 
of the small group of students interested 
in the solid state in the 1930's, and held 
several jobs in industrial laboratories, 
since most universities were not then ac­
tive in this field. He was a metaIJurgist 
at the Naval Research Laboratory in 
Washington from 1946 to 1949, and also 
worked at Oak Ridge in that period. 

maior space proposals developed 
GEORGE W. BEADLE ("Ionizing 

by MaTtin fOT the military and Radiation and the Citizen"), Nobel lau­
reate for his work in biochemical genet-

astToscientific bTanches of our ics, is head of the division of biology at 
the California Institute of Technology. 

Gove1'1�n�ent. The importance of For the past year he has been Eastman 
Visiting Professor at the University of 

this P1'oposal is two-fold: Oxford. He was born in 1903 in Wahoo, 
Neb., the son of a farmer. Beadle would 

the inevitability of an actual moon probably have become a farmer himself 
but for the influence of a high-school 

base program by this country science teacher, Mrs. J. C. Higgins, now 
of Jackson, Neb., who so fired his imagi-

with.in the next 5 years, and; the nation that he determined to become a 
scientist. The late Professor Frank D. 

fact that we could and can 

undertake such a proiect now­

not in theory but in "hard" 

engineering design. For Martin's 

eight divisions add up to 

one of the top capabilities in the free 

W01'ld for man's first ventures in 

space-planetary exploration. 

SAL.TIMORE'DENVER'ORL.ANDO 

Keirn at the University of Nebraska in­
troduced him to genetics. After some 
time at Cal Tech, he went to Paris to 
work with Boris Ephrussi at the Institut 
de Biologie PhYSico-chimique. He re­
turned for a year at Harvard University, 
and in 1937 went to Stanford University 
as a professor. There he worked with the 
chemist Edward L. Tatum. They de­
cided to use the red bread-mold Neu­
rospora crassa in genetic experiments, 
and it was for their work with this or­
ganism that they shared half the 1958 
Nobel prize in medicine. In 1946 he suc­
ceeded Thomas Hunt Morgan, also a 
Nobel laureate, as head of the Cal Tech 
biology division. 

ROBERT W. WHITE, who in this 
issue reviews Psychoanalysis, Scientific 
Method and Philosophy, edited by Sid­
ney Hook, and Philip Rieff's Freud: The 
Mind of the Moralist, is professor of clin­
ical psychology and chairman of the De­
partment of Social Relations at Harvard 
University. 

6 1  
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Now there are 
Photoelectrically with a Gurley Encoder 

' " -==-r'"'- "�-

I 
t 
r 
I 

Angles may now be read photoelectrically with 
the Gurley Precision Shaft Position Encoder .. 
The information can be transmitted anywhere, 
in digital form. 
Write for Bulletin 8600. 

., 
�. 

ways to read angles ... 
Optically with a Gurley M IJil Q ® @ © ® 

EB 
W. & L. E. GURLEY, 562 FULTON STREET, TROY, NEW YORK 
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THERE 

IS 

NO 

BETTER 

WAY 

THAN 

WITH 

LIQUID 
OXYGEN 
Liquid oxygen is the safest, most efficient 

oxidizer commercially available for mis­

sile and rocket propulsion systems. It is 
stable, non-toxic, non-corrosive, and easy 

to dispose of when necessary. That's why 
it is used in IRBM and ICBM motors. 

Large volumes of liquid oxygen can be 

stored indefinitely in LINDE designed and 

built storage units - right where it is 
needed. Vaporization losses are minor­
can be held to less than 5 per cent per year. 

Using LINDE's methods, liquid oxygen 

can be transferred safely from storage­
without pumps - ten times faster than 

previously. 

LINDE can supply large quantities of 

liquid oxygen almost anywhere in the na­

tion-quickly, and at a cost of only pen­

nies per pound. 

If you are concerned with the nation's 

vital missile and rocket development pro­

gram, take advantage of LINDE's more 
than 50 years of experience in producing, 

transporting, and storing liquid oxygen. 

Call the LINDE office nearest you, or write: 

LINDE COMPANY, Division of Union Car­

bide Corporation, Dept. SA-09, 30 East 

42nd Street, New York 17, N. Y .  

"Linde" and "Union Carbide" are 

registered trade-marks of Union Carbide Corporation. 
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PEACE TAKES A LOT 
OF WATCHING! 

That's why the U. S. Navy will send eyes aloft to scan 

the seas and skies beyond our shores. The eyes, with 

this special kind of vision, are early warning aircraft. 

Many will be WF·2 "Tracers", produced for the Navy 

by Grumman. 

WF·2's "see" via a saucer·shaped radome that 

houses super-sensitive, long-range electronic detec· 

tion equipment. Operating from aircraft carriers far 

out at sea, 'ITracers" patrol the extremities of our 

defense perimeter. And, detect the approach of air· 

craft or missiles that might invade the privacy of a 

nation's peace. 

Bethpage· Long Island • New York 
Electronics Engineers,for career opportunities 
at Grumman Aircraft, see page 282. 

Low·flying "enemy" aircraft or missiles are unde· 
tected by ground radar because, as the diagram 
shows, the range of ground-level radar extends no 
further than the horizon. 

Detection range is increased appreciably when the 
radar detection equipment is airborne directly over 
the ground installation. 

The scope and effectiveness of radar detection are 
extended dramatically with WF-2's operating off 
fast, mobile and far-ranging aircraft carriers at sea. 
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THE SKETCH 
THAT HELPED 

WIN A WAR 

This sketch, drawn in 1937 by Dr. Russell Varian, Founder and 
Board Chairman of Varian Associates, led to the development of the 
klystron - and mobile radar. Dr. Varian's achievement played a 
vital role in the successful air defense of Great Britain and the ultimate 
air superiority of the Allies during World War II. 
Less than a decade after this historic first practical use of radar, 
Varian Associates was established to manufacture klystrons and continue the 
development and improvement of this important new device which is 
acknowledged to be the foundation of microwave electronics. Today, as the 
largest manufacturer of klystrons, Varian produces more than 100 types 
and sizes for a vast variety of commercial and military uses. 

The creativity and technical excellence responsible for this 
accomplishment has found expression in other Varian developments and 
products, such as NMR and EPR Spectrometers, free-precession 
magnetometers, graphic recorders, laboratory magnets, Vaclon® High 
Vacuum Pumps, traveling wave tubes and linear accelerators. 

At Varian, the inventive process, creative initiative and the 
"science of practicality" in volume production combine to produce 
ever-greater quantities of components, instruments and systems 
of unexcelled performance and reliability. 

VARIAN associates 
611 HANSEN WAY· PALO ALTO. CALIFORNIA 

1l0MAC LABORATORIES, INC., BEVERLY, MASSACHusms / VARIAN ASSOCIATES OF CANADA, LTD., GEORGETOWN, CANADA 
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He has brainstorms 
. . .  to order 

He's one of a group of AMF scien­
tists who develop solutions to the 
utterly original problems of modern 
defense and human penetration of 
space. He doesn't build better mouse­
traps. His business is completely 
new kinds of traps for mice that 
have never been caught. 

Examples: A method of recovering 
potable water from human waste 
fluid, the major source of water in a 
sealed space vehicle ... Methods of 
analyzing the effects of a nuclear 
blast on the earth's crust, how it 
changes the character of soil and 
rock, how its shock is propagated, 
what sort of building structure will 
withstand it ... Platforms on which 
will be mounted primary standards 
calibration instruments for missile 
guidance systems. These platforms 
must be so vibration-free that natu­
ral earth movements must be com­
pensated for. Platform vibrations 
are limited to millionths of an inch 
. . .  A method of predicting tempera­
tures in missile nose cones upon 
re-entry. 

Single Command Concept 
These samples of creative ingenu­

ity reflect the resourcefulness AMF 
brings to any assignment. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro­
duction capabilities. Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training . . •  

and to complete them faster ... in 

• Ground Support Equipment 
• Weapon Systems 
• Undersea Warfare 
• Radar 
• Automatic Handling & Pt'ocessing 
• Range Instrumentation 
• Space Environment Equipment 
• Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP. 
AMF Building,261 Madison Avenue. 
New York 16, N. Y. 

In engineering a n d manufacturing AMP has ingenuity you can use ... AMERICAN MACHINE & FOUNDRY COMPANY 
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TO FILL THE SUIT 
THIS IS ERCO'S ROLE IN THE DEFENSE 

PICTURE. COMBINING ENGINEERING 

KNOW·HOW AND VAST PRODUCTION 

FACILITIES. ERCO HAS WORKED HAND·IN· 

HAND WITH THE AIR FORCE AND NAVY 

IN THE DEVELOPMENT OF ELECTRONIC 

SIMULATORS FOR AERIAL WEAPONRY. 

ERCO HAS DESIGNED AND MANUFACTURED 

TRAINING DEVICES FOR MORE TYPES OF 

MILITARY AIRCRAFT THAN ANY 

OTHER COMPANY. 

• • • TO MAN THE PLANE 
� 

PJ-4 NO. AMERICAN � F-86 NO. AMERIC"N � 
� 

P2V LOCKHEED 

�_ . F-l04 LOCKHEED �L F4. 0 DOUGLAS 

F.t05 REPUBLIC 

PSM MARTIN 52F GRUMMAN 

HERE IS A REPRESENTATIVE PORTION OF THE AIRCRAFT 

WHICH ERCO HAS DESIGNED AND MANUFACTURED SIMULATORS. 

DESIGNED AND BUILT BY -== ----=---
NUCLEAR PRODUCTS - ERCO, DIVISION OF acf' INDUSTRIES,INC., RIVERDALE, MARYLAND 
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SMALL A. C. MOTORS 
Consider the many advantages of using precIsion miniature a.C. motors. 

Output performance equals that of larger conventional motors-so you can 

offer smaller, lighter, more compact designs than your competitor. And you 

can offer superb reliability. When you design around precision miniature 

motors, their price in quantity is competitive with larger ordinary motors. 

Globe is the largest precision miniature motor specialist and is working with 

people like you right now to gain these benefits. 

Get in touch with Globe early in the design stage. Very probably Globe has 

already made a motor close to your requirements. You'll receive a recom­

mendation for your specific job, and get custom prototypes promptly. 

Globe's induction and hysteresis-synchronous a.c. motors provide up to 

4.5 oz. in. of torque- up to 200 in. Ibs. with a planetary gear reducer! Sizes 

start at one inch in diameter, and can include such special features as integral 

brakes, clutches, speed reducers, etc. Please request Bulletin ACM. GLOBE 

INDUSTRIES, INC., 1784 Stanley Avenue, Dayton 4, Ohio. BAldwin 2-3741. 

GLOBE INDUSTRIES, INC. 
PRECISION MINIATURE A.C. 8: D.C. MOTORS. ACTUATORS, 

TIMERS, GYROS, STEPPERS. BLOWERS, MOTORIZED DEVICES 

.. 
69 
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New Concepts for the Space Age 

Mark 15 Years of Progress by MARQUARDT. 
When founded in ·1944, Marquardt was an organization 
devoted exclusively to research and development of the 
ramjet propulsion principle. Today, in its fifteenth year, 
the Corporation employs more than 5,000 in the crea-

NEW CONCEPTS IN AIR-SPACE RESEARCH spring from 
ASTRO-Marquardt's Air-Space Travel ReseaJ:ch Or­
ganization-where studies of an ionic rocket capable of 
powering future space vehicles are in progress. Other 
imaginative ASTRa studies span a broad spectrum in­
cluding high-energy fuels, exotic materials, nuclear power­
plants, advanced optics, cryogenics, space medicine, 
communications and guidance. 

NEW CONCEPTS IN POWER SYSTEMS are in the making at 
Marquardt's Power Systems Group. Within the Group, 
Propulsion Division is engaged in continuing studies of 
a Hyperjet (rocket-ramjet) configuration capable of lift­
ing future satellites from launch pad to upper atmosphere. 
Controls and Accessories Division is currently developing 
attitude controls for reconnaissance satellites, while Test 
Division is capable of ground-testing space-age hardware. 

tion and exploration of new concepts for the space age. 
Marquardt is· now diversified, operating. in five basic 
areas-all primarily related to the search for earlier and 
ever more effective solutions to space-age problems: 

NEW CONCEPTS IN MANUFACTURING are typified by the 
first-of-its-kind Hufford Spin-Forge at Marquardt's 
Ogden Division. This 250-ton machine will contribute' 
advances in space-age metal working state-of-the-art, 
while augmenting the Division's production of supersonic 
ramjet engines for the Boeing Bomarc IM-99. 

NEW CONCEPTS IN SPACE-AGE TRAINING are an important 
product of Marquardt's Pomona Division-creators of a 
unique system which realistically simulates a 4,000 mile 
mission on an 8-foot map. The system will ground-train 
air and spacemen without risk and at great savings in cost. 

NEW CONCEPTS IN RESEARCH ROCKETRY and instrumenta­
tion come from Cooper Development Corporation, a 
Marquardt subsidiary. Cooper has contributed to pro­
grams including Explorer and Sunflare projects, and 
Falling Sphere-is now at work on Project Mercury. 
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Engineers and scientists capable of making contributions in these and 
related areas are invited to write The Marquardt Corporation, Corporate 
Offices, 16555 Saticoy Street, Van Nuys, California; or 

POWER SYSTEMS GROUP AND ASTRO 
16555 Saticoy Street, Van Nuys, California 

POMONA DIVISION 
2709 North Garey Avenue, Pomona, California 
OGDEN DIVISION 
1000 West 33rd Street, Ogden, Utah 

SUBSIDIARY: COOPER DEVELOPMENT CORPORATION 
2626 South Peck Road, Monrovia, California 
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Ionizing Radiation 

T
his issue of SCIENTIFIC AMERICAN is devoted 
to the single topic of ionizing radiation. 

Ionizing radiation consists of electromag­
netic waves or material particles that have suffi­
cient energy to ionize atoms or molecules (that is, 
to remove electrons from them), thereby radically 
modifying their chemical behavior. The molecules 
most sensitive to this action are those involved in 
the structure and function of living matter. 

Life on earth has always been exposed to ioniz­
ing radiation. Most of this radiation comes from 
radioactive atoms occurring naturally in rock, soil, 
water and air and incorporated in the tissues of 
living organisms. But the intensity of radiation at 
the surface of the earth is relatively low. The 
ionizing radiation from the sun and other stars that 
Hows through space is almost entirely filtered out 
by the earth's atmosphere. Were it not for this 
shelter, life processes could not go on. 

Since the beginning of this century human 
activities have been increasing the volume of 
ionizing radiation on earth. Medical X-rays, 
which have done so much to conserve life, have 
increased the average exposure of much of the 
world population to as much as 100 per cent 
above the natural-background rate. With the ad­
vent of

. nuclear technology this exposure is in­
creasing. Fallout from the testing of nuclear 

:OSMIC·RA Y PARTICLES produced the dark tracks in this 

mclear·emulsion photograph by ionizing silver bromide mole· 

:ules in the emulsion. A cosmic ray enters the picture from the 

op; it collides with a nucleus in the emulsion and shatters into 

,everal fragments. The short tracks along the path of the primary 

)article were made by electrons. The photograph was made by 

Ierman Yagoda of the Air Force Cambridge Research Center. 

weapons has measurably increased the back­
ground of ionizing radiation in all parts of the 
world. Nuclear power-plants produce huge quan­
tities of radioactive material, the containment and 
disposal of which raise serious technical prob­
lems, quite apart from the danger of accident. 
Some of this material is finding its way into science 
and technology as a source of ionizing radiation 
for new and diverse applications. 

Men are concerned with this increase in ioniz­
ing radiation not only because it can aHect the 
health and welfare of the living generation, but 
also because it deranges the hereditary mecha­
nism and could blight the lives of their oHspring 
through many generations to come. If nuclear 
weapons are ever used in war, ionizing radiation 
might well extinguish the human species. 

How can men secure the benefits of ionizing 
radiation, and minimize the dangers? Such ques­
tions arise with every innovation in technology. 
But they raise compelling moral issues in connec­
tion with ionizing radiation because the conse­
quences of its use or abuse may spread so widely 
in space and time, as has been demonstrated by 
the fallout of man-made radioactive isotopes. 

To employ ionizing radiation wisely and safely 
men must know more about it. In this issue 11 
investigators present a summary of the relevant 
knowledge. They also offer their judgments and 
recommendations under many headings. As the 
reader will find, they do not agree on all the facts 
nor do they arrive unanimously at the same con­
clusions. In the last analysis, with the interests of 
all men at stake, all must join in seeking to under­
stand ionizing radiation and in making rational 
choices based upon that understanding. 
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What Is Ionizing Radiation? 

In their ahili�y to penetrate matter and displace electrons In 

atoms and lnolecules, the ()arious forms of this radiation ha()e 

deep significance for science, technology and the future of man 

E
ver since the discovery of X-rays in 

1895 and of radioactivity in 1896, 
penetrating ionizing radiations 

have played a central role in the advance 
of modern physics and allied sciences. 
These versatile tools possess several 
novel attributes. One is their penetrating 
power : they can pass through matter, 
some of them for considerable distances 
and with little degradation of their en­
ergy. Another (not possessed by all of 
them) is their electric charge, which 
creates intense disturbances in the bal­
ance of the electrical forces that hold the 
constituents of atoms and molecules to­
gether. But the most salient property of 
ionizing radiations is their great energy, 
which permits the physicist to deal with 
single atomic particles. Nobody can ob­
serve a single atom in ordinary matter; 
for the most part physics and chemistry 
make their measurements on vast num­
bers of similar atoms. However, alpha 
particles, which are bare nuclei of he­
lium atoms having enormous kinetic 
energy, are by virtue of that energy in­
dividually detectable. It is this incom­
parable delicacy that underlies many of 
the most celebrated discoveries in 20th­
century physics. 

The penetration of high-energy radia­
tion into matter has two complementarv 
aspects: the effects of the interaction 
upon the radiation and the effects upon 
matter. It is the first of these, which may 
be called radiation physics, that has re­
ceived almost exclusive attention in the 
past. High-speed particles are, in a 
sense, probes that permit exploration of 
the inner structure of matter. Their de­
flection during penetration provides a 
measure of the forces to which they are 
subjected in the interior of atoms and 
molecules. Pioneering studies of electron 
penetration by Philipp Lenard and by 
J. J. Thomson late in the 19th century, 
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by Hobert L. Platzmau 

and of alpha-particle penetration by Er­
nest Rutherford early in the 20th, led to 
a progressively deeper understanding of 
the structure of the atom, culminating 
with Rutherford's discovery in 191 1 of 
the atomic nucleus. In the ensuing years 
refinements of the same mode of attack 
helped to establish the arrangement of 
electrons in atoms, of atoms in mole­
cules and of atoms and molecules in 
liquids and solids. Similar techniques 
utilizing particles of greater energy later 
made it possible to examine the arrange­
ment of neutrons and protons in the 
atomic nucleus and even the inner struc­
ture of the nuclear particles themselves. 
At the same time experiments on individ­
ual collisions between energetic particles 
or photons and atoms or molecules have 
been an invaluable proving ground for 
testing a host of different aspects of the 
quantum theory of physics. 

Until comparatively recent years, on 
the other hand, the effects of ionizing 
radiations upon matter have been ac­
corded far less attention. Scattered, con­
spicuous phenomena were recorded, and 
inquiry into their mechanisms was pur­
sued by a handful of dedicated workers. 
But the fundamental problem attracted 
little in the way of vigorous and sys­
tematic attack until the sudden emer­
gence of nuclear technology called seri­
ous attention to a lack of basic under­
standing. This new interest admittedly 
stems from pressing practical questions: 
physical ones, such as the modification 
of the mechanical, thermal and electrical 
properties of solid materials that are ex­
posed to radiation; chemical ones, such 
as the potentialities for the use of radia­
tion in industrial chemistry; and bio­
logical ones, such as the effects of radia­
tion on human health. But the study of 
radiation action presents a multiplicity 
of novel and fundamental challenges and 

offers promise of providing new knowl­
edge on the deepest levels. Thus the 
widespread current activity in research 
on radiation action, facilitated by the 
availability of radiation sources having 
unprecedented variety and intensity, is 
motivated by expectation of both prac­
tically useful and fundamentally impor­
tant results. 

The varieties of ionizing radiation, 
whether corpuscular or electro­

m<tgnetic [see illustration on page 76], 
produce in different ways the same sorts 
of ultimate effects on matter. They are 
called "ionizing" because a principal 
property-and often their most conspicu­
ous one-is their ability to eject planetary 
electrons from atoms and molecules. 
The products of this reaction are ions: 
the negatively charged electron and the 
electron-deficient and thus positively 
charged atom or molecule. Ionizing ra­
diation is often called high-energy radia­
tion because its units have energies that 
are vastly greater than the binding en­
ergies of valence electrons in atoms or 
molecules, which are of the order of 
10 electron volts (ev), and of atoms in 
molecules, which are about five ev. The 
high-speed atomic particles of corpuscu­
lar radiation ordinarily carry tremendous 
energies, most commonly from one to 10 
million electron volts (Mev). Electro­
magnetic radiations are classed as ioniz­
ing radiation if their ultimate units (pho­
tons) have very high energy, and are 
then called X-rays or gamma rays. The 
photons of gamma rays from cobalt 60, 
for example, have energy of about one 
Mev. (Historically the term X-rays was 
reserved for photons from X-ray tubes 
and the term gamma rays for those from 
radioactive substances. This distinction 
is now obsolete, because the energy 
ranges of these two sources overlap 
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broadly. Thrre is no difference between 
X-rays and gamma rays in nature or 
behavior. In contemporary usage the 
term "X-ray" is more often applied loose­
ly to photons below about .1 Mev, and 
"gamma ray" to photons of greater en­
ergy.) 

Particles and photons of intermediate 
energy, say 20 to 100 ev, produce ioniza­
tion and behave like high-energy radia­
tions in many other respects. They have 
negligible penetrating power, however, 
and are entirely absorbed by the surface 
regions of liquids and solids. The pho­
tons of far-ultraviolet radiation from 
the sun are absorbed in the earth's up­
per atmosphere, maintaining there the 
electrified shells of the ionosphere that 
play such an important part in radio 
communication. 

The interaction of each type of radia­
tion with matter depends upon the mass 
and the charge, if any, of the radiation 
as well as upon its energy. Because 
high-energy neutrons, for example, have 
no electric charge, they interact feebly 
with atoms and therefore have great 
penetrating power. Eventually they give 
up their entire initial kinetic energy to 
the atomic nuclei that they happen to 
strike directly. In recoiling from these 
collisions the atoms lose one or several 
of their orbital electrons and themselves 
become charged particles. 

Because X-rays also have no charge, 
they too have great penetrating power. 
They disappear in various absorption 
processes by which their energy is trans­
formed into the kinetic energy of one 
or several electrons ejected from mole­
cules of the penetrated medium. These 
energetic electrons, which again are elec­
trically charged secondary particles, pur­
sue their own paths through the medium, 
losing energy to it as would any electron 
of the same kinetic energy. 

It is electrically charged particles that 
produce the overwhelming preponder­
ance of the acts of energy-transfer which 
give ionizing radiations their Significance 
in nature and technology. vVhen a swift­
ly moving electron, alpha particle, pro­
ton or deuteron penetrates matter, the 
molecules near which it passes are sub­
jected to an intense, transient electrical 
force. Since the binding of electrons 
in molecules is purely electrical in char­
acter, the new force is devastating. The 
organization of electrons within each 
molecule is disturbed, and manv mole­
cules along the path of the particle re­
main "excited" or ionized after the par­
ticle has passed. These two types of 
primary effect are very different in na­
ture. In an excited molecule the acquired 

ALPHA PARTICLES emitted by the source at left leave heavy tracks in a cloud chamber. 

Each track consists of a dense cylinder of ions on which water droplets have condensed. 

The alpha particles travel in straight lines and cease to ionize the gas after they have traveled 

a well·defined distance, called the range. The tracks of the particles are bent near the 

end as a result of collisions with atomic nuclei. Such (:ollisions are more apparent at the end 

of a track because they are more likely when the alpha particle has been slowed down. 

BETA PARTICLES, or high.speed electrons, originating at the left leave these tracks in a 
cloud chamber. The ions in the tracks are much farther apart than those in the tracks of 

alpha particles. As the electron slows down, its path becomes more erratic and the ions are 

formed closer together. At the very end of an electron track the proximity of the ions 

approximates that in an alpha.particle track. Both the alpha· and beta·particle photographs 

were made by J. K. B/lggild of the University Institute of Theoretical Physics in Copenhagen. 
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PRINCIPAL FORMS of ionizing radiation 

are listed. All are particles of matter with 

the exception of X.rays and gamma rays, 

which are electromagnetic waves. The deu· 

teron consists of a proton and a neutron; the 

alpha particle, of two protons and two neu· 

trons. Some of the mass of the constituents of 

deuteron and alpha particle is transformed 

into the energy which hinds them together. 

energy alters the motion of the planetary 
electrons, whereas one of these electrons 
is actually released and wanders away 
from an ionized molecule. More energy 
is required to ionize a molecule than to 
excite it, but not a great deal more. 
On the average, some 10 to 20 ev of 
energy are transferred in each primary 
event, and the penetrating particle is 
thereby imperceptibly decelerated. Al­
though the loss of kinetic energy occurs 
in discrete amounts, the changes are so 
minute compared to the total kinetic 
energy that the slowing-down can be 
considered, for most practical purposes, 
to be a continuous process. Eventually 
the particle is brought to rest and is no 
longer able to affect the medium. 

From the excitation and ionization of 
large numbers of molecules flow a host 
of secondary consequences that are now 
attracting the interest of investigators 
both inside and outside the field of 
physics proper. Free ionized molecules 
have a high chemical reactivity which 
is powerfully disturbing in whatever 
milieu they appear. The excitatio� of 
a molecule, short of ionization, entails 
the reorganization of the electrons that 
hold its constituent atoms together. One 
or several of the weakened bonds tend to 
rupture, loosing stable and unstable frag­
ments into the environment. These and 
the diverse sequences of events that fol­
low may be triggered by any one of the 
various types of ionizing radiation. As 
William H. Bragg stated in 1912, "the 
forms of radiation differ in degree rather 
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than in kind" in their effects on matter. 
The observation of the primary effects 

of ionizing radiation gives us many of 
our most important methods for de­
tecting and measuring the radiation it­
self. One of the most reliable is the 
ionization of gases, observed by Henri 
Becquerel a few months after his dis­
covery of radioactivity. Since a single 
alpha particle from radium, for example, 
produces 137,000 positive ions and an 
equal number of electrons when it is 
completely absorbed in air, the conse­
quent electric current can be measured 
with the aid of an amplifier. The ions 
formed in a gas (ions of nitrogen and 
oxygen molecules in the case of air) are 
usually exceedingly reactive; they often 
undergo chemical change during the 
time required to collect them at an 
electrode. The total electric charge, 
however, is not thereby altered. For this 
and numerous other reasons the ioniza­
tion method of detection has proved re­
markably trustworthy. Ionization cham­
bers are widely employed to count en­
ergetic particles and to determine their 
individual energies. 

A Simpler device, the electrical count­
er invented by Rutherford and Hans 
Geiger in 1908, employs high voltages 
to break down the gas, once a passing 
particle has supplied an initial require­
ment of ions. Such a device yields a burst 
of current strong enough to be observed 
without amplification. Although useful 
for counting large numbers of ionizing 
particles, the electrical counter cannot 
determine their energies. The most com· 
man variety, the Geiger counter, has 
applications ranging from refined physi. 
cal experiment to uranium prospecting, 
and can even be found in the Sears Roe· 
buck catalogue. 

The second basic method of detec­
tion rests upon the emission of light by 
excited molecules. When an isolated 
atom is excited, it must lose its excitation 
energy and return to its lowest energy­
state by emitting one or several photons. 
Since few atoms exist in isolation, how­
ever, the excitation energy is usually 
dissipated by collisions with other atoms 
or molecules, and diverted to forms of 
energy other than light (e.g., heat). 
When a molecule is excited, the initial 
conversion of energy can be internal; 
the bonds between atoms in the mole­
cule are ruptured, and the excitation 
energy is converted into the chemical 
energy of the reactive molecular frag­
ments. Indeed, very few molecules emit 
light when they are irradiated. There 
are, however, special substances in which 
the excitation energy is not degraded; 

they therefore emit light copiously un­
der irradiation. Such substances can 
serve both to count energetic particles 
and to meaSUl'e their energy. Inorganic 
crystals such as zinc sulfide have this 
property, and they find common use on 
the screens of television tubes. Electrons 
accelerated in the tube (which ordinar­
ily have energies of some .thousands of 
electron volts and are therefore typical 
ionizing radiation) impinge upon the 
screen and are absorbed; the resulting 
excitation leads to the emission of light. 

An alpha particle impinging on zinc 
sulfide provokes the emission of a burst 
of photons, some 10,000 in number. 
Although this scintillation is very faint, 
it can be observed by the unaided (but 
dark-adapted) human eye. Most of the 
epochal discoveries of early nuclear 
physics, among them the discovery by 
Rutherford of the atomic nucleus and of 
the first nuclear transmutation, depend­
ed upon the visual observation of alpha­
particle scintillations. In contemporary 
instruments either inorganic crystal 
phosphors such as zinc sulfide, or organ­
ic substances (usually mixtures of aro­
matic compounds), serve as scintillating 
media, and the human eye is replaced 
by an electrical device that converts the 
burst of light into an electrical signal. 

Chemical reactions, engendered by 
both excitation and ionization, furnish a 
third important mode of observation and 
measurement. The blackening of photo­
graphic emulsion, a chemical effect that 
gave Wilhelm Conrad Roentgen the first 
clue to the existence of ionizing radiation, 
is still useful both for observing individ­
ual particles and for determining total 
amounts of radiation. The Fricke dosi­
meter, developed by the pioneer U. S. 
radiation chemist Hugo Fricke, depends 
upon another chemical reaction, the 
oxidation of ferrous sulfate dissolved in 
sulfuric acid, to give an accurate meas­
ure of absorbed energy. 

Radioactive substances and man-made 
machines provide the two most im­

pOttant sources of ionizing radiation. In 
radioactive disintegration the reOt'gan­
ization of the constituents of the atomic 
nucleus imparts great energy to the 
emitted particle or photon. In machines 
electrical power supplies this energy. 

Naturally occurring radioactive sub­
stances emit three different kinds of 
radiation: alpha particles, beta particles 
(high-energy electrons) and gamma 
rays. Virtually exploding, the disinte­
grating nucleus hurls out the alpha par­
ticle or beta particle, and in some cases 
gamma rays as well. Some 30 different 
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naturally occurring isotopes emit alpha 
particles, most of them with energies 
between five and 10 Mev, and a like 
number emit beta particles, with ener­
gies chiefly between .1 and 2 Mev. 

Uranium and thorium, and their 
families of decay products, comprise the 
main source of natural radioactivity. As 
James R. Arnold and E. A. Martell ex­
plain in the article that follows, these 
elements are widely distributed through­
out the crust of the earth, occurring 
highly concentrated in certain minerals 
and in very dilute form practically ev­
erywhere. Another ubiquitous source of 
natural radiation is the radioactive iso­
tope potassium 40, an emitter of one-

Mev beta particles which comprises one 
out of every 10,000 potassium atoms in 
all rocks, soils, waters and living things 
( including people). In addition to these 
elements, which have been here since 
the earth originated and will remain for 
billions of years, there exist other radio­
active atoms, of lower abundance and 
usually of a more transient nature. Cos­
mic rays, to which the earth is constant­
ly exposed, are themselves ionizing 
radiation of highly varied content. And 
the cosmic rays, in their passage through 
the earth's atmosphere, produce a quan­
tity of atomic debris, part of which is 
radioactive. 

To the natural abundance of radio-

active isotopes man-made nuclear re­
actors, military and nonmilitary, have 
been adding steadily rising amounts of 
radioactive wastes, intentional and in­
advertent. Radioactive isotopes can also 
be produced by bombarding stable iso­
topes with energetic atomic particles 
from an accelerator or a nuclear reactor. 
These artificially radioactive materials 
chiefly emit beta particles and gamma 
rays. Cobalt 60, for example, is manu­
factured by ex�)osing rods of cobalt to 
the neutrons inside a reactor. It is a 
powerful and invaluable source of 
gamma radiation. 

X-ray machines employ a high voltage 
to accelerate electrons boiled from a 

"THREE B'S" of ionizing-radiation physics are the late Sir William 

Bragg (center), Niels Bohr (right) and Hans A_ Bethe (left ) . 
Bragg laid the experimental foundations of knowledge of the pene­

tration of ionizing radiations into matter_ He discovered that alpha 

particles travel in straight paths, that they lose energy gradually 

and that they have a well-defined range_ He made extensive meas­

urements of the ionization of gases by va!'ious kinds of radiation. 

His findings were incorporated in his classic Studies in Radio-

activity, published in 1912. Bohr published two celebrated papers 

in 1913 and 1915 which set forth the theoretical principles used to 

deal with the loss of energy by fast-moving charged particles. His 

The Penetration of Atomic Particles through Matter, published in 

1948, is also a classic_ Bethe wrote a monumental 76-page paper 

that applied the principles of modern quantum physics to the 

excitation and ionization of matter by energetic charged particles_ 

The paper was published in 1930, when he was 24 years old_ 
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hot cathode through a vacuum and into 
abrupt collision with a target plate. In 
this way part of the kinetic energy of 
the electrons is transformed into high­
energy photons. Roentgen's original tube 
operated on 40,000 volts; X-ray ma­
chines in common use today operate on 
thousands to millions of volts. In general, 
the greater the voltage, the greater the 
energy of the X-ray photons and the 
greater their penetrating power. 

Complex accelerators such as the cy­
clotron, the Van de Graaff generator and 
the linear accelerator, all now available 
commercially, can accelerate charged 
particles to energies up to many millions 
of electron volts. These engineering 
masterpieces employ electrical power 
to maintain elaborate electrical and 
magnetic fields, constraining the parti­
cles to move under acceleration by the 
electric field. 

For the chemist and the biologist in-
terest in ionizing radiations begins 

with the excited and ionized molecules 
produced by primary and secondary 
charged particles. The potency of ioniz­
ing radiation in chemistry and in life 

processes is a consequence of the ex­
treme reactivity of these energy-rich, 
chemically activated molecules. If the 
energy absorbed by such molecules were 
merely degraded into heat, instead of 
augmenting their electronic energy, 
ionizing radiations would have little sig­
nificance outside of physics. 

An activated molecule may, but need 
not, lead to a pelmanent effect. The evo­
lution of the action of radiation, from 
the primary exciting or ionizing event to 
the end product, is the most fascinating 
front now being explored by investiga­
tors. The sequence of events, which takes 
but a tiny fraction of a second, may be 
divided into three stages, with a fourth 
and far longer stage to follow in the case 
of living matter. In the first, or "phys­
ical," stage the incident radiations and 
their secondary particles impart energy 
to numerous molecules, yielding elec­
trons and excited and ionized atoms and 
molecules as the primary products. The 
primary products are located near the 
particle paths and are therefore distrib­
uted non uniformly in space. Cloud­
chamber and nuclear-emulsion pictures 
make it possible to visualize these events, 

A Glossary of Ionizing-Radiation Units 
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Curie (abbreviated c) : A measure of radioactivity in terms of the rate of atomic dis· 

integrations. A piece of matter has an activity of one curie if 37 billion of its atoms 

disintegrate each second. This figure originated in the use of radium as a standard: 

One gram of radium has an activity of almost exactly one curie. Other substances 

disintegrate at different rates. Thus one gram of strontium 90 has an .activity of 

147 curies. Depending on the kind of atom, each disintegration results in the emission 

of an alpha particle or a beta particle and often g·amma radiation as well. The effect 

of radioactivity on a neighboring substance depends on the type and energy of the 

emissions as well as on their rate. 

Rad: The unit of radiation dose; defined in terms of the energy absorbed by irradi­

ated material. An "absorbed dose" of one rad means that each gram of matter exposed 

to radiation absorbs 100 ergs of energy. To give some idea of the size of the unit, 

420,000 rads would raise the temperature of water by one degree centigrade, assuming 

that all the absorbed energy is converted into heat. 

Roentgen (abbreviated r) : For many years the customary unit for amount of radia­

tion, and used in several places in this issue. It is defined in terms of ionizing effect: 

one roentgen of radiation produces about two billion (or a total of precisely one 

electrostatic unit) each of positive and negative ions in one cubic centimeter of 

dry air at standard conditions (zero degrees centigrade and a pressure of 760 milli­

meters of mercury). The unit is useful only for X-rays and gamma rays of low or 

medium energy. One r of such rays to water or soft tissue administers an absorbed 

dose of very nearly one rad. For other types of radiation the relationship between 

the r and the rad is difficult to establish, and the rad is the superior unit. 

Rem: A biological measure of dose that takes into account the comparative biologi­

cal effectiveness of the type of radiation as well as the amount of absorbed energy. 

By definition one rad of X-rays, gamma rays or beta rays is equivalent to one rem. 

One rad of alpha rays, however, is equivalent to about 10 rem. 

although these pictures reflect the situa­
tion in later stages of its evolution. 

There follows instantly the "physico­
chemical" stage, in which the primary 
products undergo secondary reactions; 
the ions collide and react with normal 
molecules and the excited molecules 
spontaneously dissociate. Eventually, in 
the brief time-scale of the reactions, this 
stage yields a combination of stable 
molecules (some or all of which may be 
different from those originally present) 
and chemically unstable species (usual­
ly the molecular fragments known as 
free radicals ) .  

The third, or "chemical," stage now 
ensues. The free radicals react with the 
milieu and with each other, ultimately 
producing the final chemical products. 
Elsewhere in this issue A. Charlesby 
reviews the interesting and potential­
ly fruitful reactions that occur in this 
stage. Each of these stages is briefer 
in duration than the one that follows 
it. In water or biological tissue, for ex­
ample, the physical stage requires only 
about 10-13 ( .0000000000001) second; 
the physicochemical stage, about 10-11 
second; the chemical stage, 10-6 second 
or somewhat more. 

In biological systems there follows a 
fourth stage in which the organism, 
through its hierarchy of organizational 
levels, responds to the foreign chemical 
substances present at the conclusion of 
the chemical stage. The biological stage 
is usually protracted and can persist for 
days and even years, as the articles by 
Alexander Hollaender and George E. 
Stapleton and by John F. Loutit explain. 
Present-day understanding of the proc­
esses in the first, or physical stage, is 
advanced. But knowledge of what oc­
curs in the other stages, including the 
biological, is inchoate. 

Many of the phenomena induced by 
ionizing radiation are encountered with 
other forms of activation. For example, 
free radicals are produced as intermedi­
ates by the absorption of ultraviolet 
radiation and even in many ordinary 
chemical reactions. But the action of 
ionizing radiation has three distinctive 
characteristics. First, the excitation en­
ergy of the primary products is uniquely 
great. Free ionized molecules are virtu­
ally unknown to chemistry and biology 
except as the primary products of ioniz­
ing radiations. Second, the ionizing par­
ticle arrays the activated molecules in 
nonuniform spatial arrangement along 
its track. In activation by ultraviolet rays, 
chemical action or ultrasonic waves, 
the effects are randomly distributed in 
the medium. Finally, the individual acts 
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PRIMARY EFFECTS OF A CHARGED PARTICLE on a gas are 

schematically depicted. In the lirst drawing the particle approaches 

live gas molecules; the small colored circles represent only one 

electron in each. In the second drawing the particle distm'bs the 

electrons in four of the molecules. In the third it has traversed 

the lifth molecule. In the fourth drawing it has receded, leav­

ing one molecule ionized I top) and one in an excited state 

(bottom left). The others have reverted to the original state. 

of ionization along the track separate 
electric charges in the molecules with ex­
treme suddenness. In substances such as 
water and proteins, where molecules are 
oriented by the unequal distribution of 
charge within them, this provokes a 
violent response. 

The rate at which a charged particle 
loses energy in matter during the 

physical stage depends very much upon 
certain of its qualities. When a charged 
particle interacts with a molecule, the 
degree to which the molecule is dis­
turbed is determined by the electric 
force exerted by the particle upon elec­
trons within the molecule. We should 
expect, therefore, that the greater the 
charge of the particle, the greater the 
probability of energy h·ansfer. The force 
exerted is also inverse to the speed of the 
particle, because a slower particle exerts 
its force over a longer time. Theories de­
vised by Niels Bohr and by Hans A. 
Bethe pennit accurate prediction of the 
energy loss per unit distance of penetra­
tion-an important concept in radiation 
studies called stopping power or linear 
energy-transfer (abbreviated LET). The 
theories show that the LET is propor­
tional to the square of the charge, and 
also, approximately, to the inverse square 
of the speed. Whether the charge is 
positive or negative is of no consequence. 

As a particle penetrates matter it grad­
ually slows down; its LET therefore in­
creases. 

It is instructive to compare the LET 
of an alpha particle with that of an 
electron of comparable energy. Since the 
alpha particle has much greater mass, it 
must have much lower speed. In addi­
tion, its charge is twice as large. For both 
reasons the LET of an alpha particle 
is hundreds of times greater than that 
of a high-energy electron. On the other 
hand, the range of an alpha particle­
the total distance it traverses before com­
ing to rest-is correspondingly shorter. 
The alpha particles emitted by isotopes 
occurring in nature have ranges in air of 
a few inches; electrons of comparable en­
ergy travel more than 50 feet. In a liquid 
or solid the close packing of molecules, as 
compared to their wide separation in 
gases, drastically reduces both of these 
distances by a factor of roughly 1,000. 

The geometries of particle paths also 
differ. Heavy projectiles such as alpha 
particles or protons are negligibly de­
flected when they transfer energy to the 
vastly lighter electrons. They therefore 
move in straight lines. But a penetrating 
electron, because of its small mass, is 
easily deRected; consequently it pursues 
an erratic course (particularly after it 
has been slowed down to an energy that 
is well below one Mev), as electron 

tracks in cloud chambers clearly show. 
X-rays behave in an entirely different 

manner. A single photon passes un­
altered by numerous molecules until, by 
chance, it interacts with a single molec­
ular electron and transfers part or all 
of its energy. Thus the X-ray photon is 
not gradually absorbed, as charged par­
ticles are; rather, an X-ray beam is grad­
ually attenuated as photons disappear 
from it. Complete attenuation is never 
attained; for example, a few inches of 
water reduce the intensity of a beam of 
one-Mev gamma rays by a factor of .5, 
eight inches by a factor of .25, 12 inches 
by a factor of . 125, and so on. X-rays 
have far greater penetrating power than 
charged particles. The differences are 
illustrated by the compound radiation 
from radium. An ordinary piece of paper 
will absorb the alpha particles emitted 
by radium; a quarter-inch of glass is re­
quired for the beta particles; the gamma 
rays can be detected beyond several 
inches of lead. 

�though the spatial arrangement of 
activated molecules is decisively de­

pendent upon the type of radiation, 
their nature and number are not. Some 
10 or 15 ev are expended, on the aver­
age, for each activated molecule formed, 
and excitations and ionizations are nearly 
equal in number. In the physicochemi-
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ALPHA PARTICLE with an energy of six million electron volts 

decomposes wate,' according to this scheme. The first drawing 

depicts the end of the "physical" stage, lasting about 10-13 second. 

In the wake of the particle are excited water molecules (e), positive 

water ions (+) and electrons (-). Normal molecules are not 

shown. The second drawing depicts the end of the "physicochemi­

cal" stage, lasting about 10-11 second. Hydrogen atoms (colored 

dots) and hydroxyl radicals (colored circles with dot inside) are 

now in the wake. The third and fourth drawings depict the "chemi­

cal" stage, which may last 10-9 to 10-6 second. Some of the hydrogen 
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BETA PARTICLE OF 3,000 electron volts is unable to decompose 

pure water appreciahly. The four stages shown here are the same 

as those for I he alpha particle. However, because of the smaller 
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electric charge and greater speed of the electron, the hydrogen 

atoms and hydroxyl radicals are not formed so close together. 

Hence fewer radicals unite to produce hydrogen and hydrogen per-
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atoms and hydroxyl radicals have recom­

bined into normal water molecules (not 
shown) ; others have formed hydrogen mole­

cules (paired dots) and hydrogen peroxide 

molecules (paired circles with dots inside). 
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oxide molecules before diffusing away from 

track. Most of the molecules are destroyed 

by radicals that have escaped combination. 

cal and chemical stages, however, the 
spatial proximity of primary products 
often has a potent influence. Such in­
fluence is termed a track effect, and it 
plays an important part in subsequent 
events. Track effects are the chief cause 
of differences in the chemical (and bio­
logical) effectiveness of various radia­
tions. They are generally absent in gases 
but are often prominent in liquids and 
solids, in which the tracks tend to per­
sist for far longer times. Thus alpha par­
ticles and beta particles are equally ef­
fective, for the same energy absorption, 
in causing the polymerization of gaseous 
acetylene; but alpha particles are very 
efficient in decomposing liquid water, 
whereas beta particles are virtually with­
out influence. 

We still know comparatively little 
about events in the physicochemical 
stage. Some information on the conse­
quences of excitation is provided by 
photochemistry (the study of the chemi­
cal action of visible and ultraviolet radia­
tion) and by the analysis of the spectrum 
of light absorbed by molecules. The 
absorption of light produces excited 
molecules, and does so under controlled 
conditions without the complicating for­
mation of ions. An excited molecule will 
often break in two, and it will do so very 
quickly. The time required is only about 
10.1:1 second for small molecules and 
somewhat longer for larger ones. The 
two fragments may, however, recombine 
and dissipate the energy of union as 
heat, particularly if the system is a liquid 
or solid, in which the fragments are 
hemmed in by other molecules and re­
strained from escaping. 

Dissociation into free radicals is the 
most probable consequence of excitation 
in almost all inorganic molecules and 
most organic ones. Aromatic compounds, 
which are characterized by the six-car­
bon-atom benzene ring, are an excep­
tion. Most of them are able to convert 
electronic energy into heat, that is, into 
vibrational energy of their atoms. If the 
molecule can withstand this internal 
heating until the heat is able to flow 
away, it will survive primary excitation. 

Ionized molecules have many interest­
ing and curious traits, some of which 
have been revealed only recently. They 
are very reactive, often seizing upon a 
neighboring, neutral molecule and ex­
changing an atom or group of atoms with 
it. If they do not happen to have such 
an encounter, they may undergo drastic 
internal reorganization. For example, the 
molecule of the aromatic compound tolu­
ene is readily ionized by loss of a hydro­
gen atom from its methyl side group 

(eR3); it thereupon incorporates the 
extra carbon atom from that side group 
in its hexagonal benzene ring to form 
a perfectly symmetrical seven-sided ring 
[see illustration on page 83]. Apparently 
the familiar prescriptions of chemical 
valence are disregarded by ions, perhaps 
more often than we yet appreciate. 

Positively charged ions must eventual­
ly, of course, capture an electron-or a 
negative ion-and regain their electrical 
neutrality. But in many systems this 
process proceeds so slowly that it occurs 
long after ionic processes such as those 
just described have been completed. In 
all systems the physicochemical stage 
must be a complex one, with many dif­
ferent, and often violent, reactions pro­
ceeding simultaneously. 

An exception to this general state­
ment must be made with respect to the 
class of atomic solids, that is, metals, 
semiconductors and some insulating 
crystals. Electronic excitation and ioniza­
tion have almost no permanent effect on 
these materials. The binding of electrons 
to the atoms in their structures is such 
that a disturbance in electronic motion 
is quickly dispelled. Nevertheless, some 
types of radiation cause marked altera­
tions. Such effects arise from disordering 
of the local arrangement of atoms in the 
solid. Atoms can be displaced when 
struck by a penetrating particle with a 
mass of atomic magnitude, such as a 
proton or alpha particle, but not by an 
electron, which has so little mass. The 
observable effects in these solids, dis­
cussed in this issue by Douglas S. Bill­
ington are of great interest to students 
of the solid state. 

The conclusion of the physicochem­
ical stage leaves the system in a more 
subdued state, again at normal tem­
perature, but strewn with molecular 
debris. The spatial distribution of the 
molecular fragments still reflects their 
origin near the linear tracks of energetic 
charged particles, although the initial 
compactness is now dispersed to a great­
er or lesser extent. In the chemical phase 
that follows, free radicals are the prin­
cipal actors. These highly reactive molec­
ular fragments diffuse away from the 
zones of high concentration, and con­
currently react with one another or with 
such susceptible stable molecules as may 
be present. Since they live much longer 
than their precursors, free radicals are a 
vehicle for extending the influence of 
primary activation in both time and 
space. They can often attack a substance 
that is present in relatively small 
amount, small enough so that it does not 
itself become engaged in the physical or 
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physicochemical stages. This indirect ac­
tion is a common effect and in living 
systems is an imporant pathway to the 
ultimate biological consequences. 

Free radicals are not peculiar to radia­
tion action, most of them being known 
or surmised as intermediate species in 
photochemical or ordinary chemical re­
actions. Much of the present activity in 
radiation chemistry stems from the ready 
opportunity of generating large num­
bers of free radicals. In many chemical 
systems it is possible to measure the 
number of free radicals produced in 
irradiation. This is accomplished by 
adding a foreign substance, called a 
"scavenger," that reacts with radicals to 
form an observable product. Some 
scavengers that find common use are 
DPPH ( diphenylpicrylhydrazyl ) ,  iodine, 

ep 

acrylamide, benzoquinone and oxygen. 
Chemical changes caused by radiation 

from radioactive substances were noticed 
by the earliest investigators. Pierre and 
Marie Curie, for example, commented 
in 1899 that such radiation partially 
transforms oxygen into ozone. This re­
action is a common one, being responsi­
ble for the oxidation of exposed metal 
surfaces and the deterioration of such 
materials as greases in the vicinity of a 
radiation source. 

The radiation chemistry of gases has 
been investigated for six decades, for the 
past five under the leadership of S. C. 
Lind, now at the Oak Ridge National 
Laboratory. As a rule the number of 
molecules decomposed by radiation 
roughly equals the total number of 
primary products. The correspondence 
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IONiZING RADIATlON IS MEASURED by two basic methods : ionization and exc i ta t ion .  
A t  top i s  a schematic drawing o f  a n  ionization chamber. When a n  energetic charged partide 

traverses the chamber, it ionizes many molecules of gas. A voltage across the two plates 

sweeps positive ions to one plate and negative ions to the other. The resnlting current is 

i ndicated on a meter. At bottom is a scintillation counter. When an energetic charged partj· 

de penetrates a special scintillating substance, the substance emits a flash of light. The light, 

trapped by a reflector. is ('onverted into pulse of current by photomultiplier ( gray square ) .  

8 2  

i s  inexact, however, because i t  i s  me­
diated by the complex processes of the 
physicochemical and chemical stages. 
It may even be effaced. Carbon di­
oxide ( COz ) ,  for example, is hardly 
affected at all by radiation, presuma­
bly because reactions between free rad­
icals lead to the reformation of CO2 
molecules. At the other extreme, a small 
dose of ionizing radiation will complete- " '" 
ly convert a mixture of hydrogen and 
chlorine into hydrogen chloride. This is 
the result of a chemical chain-reaction : 
A free hydrogen atom ( H ) ,  formed b) 
the dissociation of an excited hydrogen 
molecule ( Hz), reacts with chlorine 
( CI2 ) to form HCI and a free C 1  atom; 
the latter then reacts with an H2 mole­
cule to yield another HCI and a free H 
atom. Thus the H and CI atoms function 
as' catalysts and can unite vast numbers 
of H2 and CI2 molecules. Ionizing radia­
ation often breaks down inorganic gases 
into their elements. Gaseous organic 
compounds, on the other hand, react 
to irradiation in a more complex man­
ner. The molecules of aliphatic hydro­
carbons, for example, dissociate in a 
variety of ways, and the numerous frag­
ments then react to yield a product that 
is a highly complex mixture, containing 
both smaller and larger molecules. 

Because of tbe commercial possibili­
ties inherent in the effort, the investiga­
tion of the action of radiation on organiC 
liquids, especially petroleum products, 
now engages many laboratories. At the 
present time industrial application of 
radiation is slight. But there is wide­
spread belief that another decade will 
see radiation in common use as a manu­
facturing tool . Organic radiation chemis­
try is, however, of great interest in its 
own right. It is an invaluable arena for 
investigating reactions of organic free 
radicals, and indeed provides informa­
tion on manv radicals, as well as excited 
and ionized molecules, that are not oth­
erwise accessible to study. 

All organic compounds evolve hydro­
gen upon irradiation. Part of this hydro­
gen is formed bv dissociation at a car­
bon-hydrogen bond, resulting in a free 
H atom and a free radical. In many cases 
the H atom then proceeds to react with 
an intact molecule, yielding an Hz mol­
ecule and a second free radical. The 
two radicals may then react with each 
other to form any of a variety of prod­
ucts, or they may combine to yield a 
molecule twice as large as the original 
one. This sort of doubling is very com­
mon among organic compounds. It is the 
prototype of cross-linking in giant or­
ganic molecules, which is technological-
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TOLUENE MOLECULE (top left) behaves oddly when it is ion· 

ized. The carbon atoms in the molecule are represented by black 

balls ; the hydrogen atoms, by gray. According to ordinary chemis· 

try, the ionized molecule (top center ) may lose a hydrogen atom 

but should still retain its basic six·sided ring structure ( top right ) .  

Seymour Meyerson and his collaborators have demonstrated, how· 

ever, that the ionized toluene molecule forms a seven·sided 

ring, and that when it loses a hydrogen it is symmetrical (bottom) . 

ly the most promising development in 
the field. 

The breakdown of organic molecules 
invariably leads to a great number of 
different products. Paraffin hydrocar­
bons, especially, can fragment almost 
anywhere along their molecular chains, 
although there are preferred locations 
for the break. Most organic compounds 
have a normal radiosensitivity; that is, 
the number of molecules decomposed is 
approximately equal to the total number 
of primary excitations and ionizations 
produced by irradiation. Hence one 
molecule is decomposed for each 10 to 
15 ev of energy absorbed. Aromatic sub­
stances, however, are more resistant to 
radiation. In contrast to the aliphatics 
they do not fragment but rather tend to 
form aggregatcs or multiples of the 
original ring structure. 

Because water occupies a central role 
in inorganic chemistry, because it is 
vitally important in reactor technology 
and because it constitutes a major por­
tion of the bulk of living matter, radia­
tion chemists have given closer study to 
this simple substance than to any other. 
The events of the physicochemical stage 
are still quite unknown. But it has 
proved possible to devise consistent 
mechanisms for the chemical stage in a 
great variety of different dilute aqueous 
solutions on the basis of a simple hy­
pothesis : that free H atoms and free 
hydroxyl (OH ) radicals are the sole re-

maining products at the conclusion of the 
physicochemical stage. Presumably both 
excited and ionized H20 molecules con­
tribute to the formation of H and OH. 

Track effects dominate the action of 
ionizing radiation on water. Under the 
action of beta rays or X-rays, which 
create no compact tracks, pure, air-free 
water remains stable. On the other hand, 
it decomposes readily into hydrogen and 
hydrogen peroxide under irradiation by 
particles with high LET, such as alpha 
particles. This gross difference in be­
havior finds ready interpretation in terms 
of the proximity of radicals along the 
track. The H atoms and OH radicals form 
principally within a narrow cylindrical 
region around an alpha-particle track, 
and in this region of extreme concentra­
tion they react rapidly. Roughly half of 
the H atoms encounter OH radicals and 
reform water, but the other half collide 
with H atoms and produce H2• The OH 
radicals behave in like manner, combin­
ing with free hydrogen atoms to yield 
H20 or with each other to form hydro­
gen peroxide (H202 ) .  Consequently 
about half of the water molecules de­
composed initially by the radiation lead 
to final products, and very few radicals 
escape the reaction zone. 

In the case of electron irradiation, 
which has a lower LET, few H atoms 
and OH radicals are formed in close 
enough proximity to react before they 
diffuse away into the body of the liquid. 

There they decompose such H2 and 
H202 as may have been formed. If the 
water contains dissolved oxygen, its re­
sistance to radiation of low LET van­
ishes. The H atoms react with O2 to form 
the hydroperoxy radical H02, a much 
less reactive species, and this permits 
the decomposition of water to proceed 
unhindered. The hydroperoxy radical is 
implicated in many breakdown processes 
in which oxygen or air is present, as in 
biological systems. 

Thus the action of ionizing radiation 
on matter always involves intricate 

mechanisms, notwithstanding the occa­
sional superficial simplicity of its ulti­
mate products. I hope that the reader 
may have savored the appeal of re­
search in the field, and the challenges 
rooted in this very complexity. Among 
these challenges-it is almost a hallmark 
-is the diversity of scientific knowledge 
that the interpreter of radiation action 
must command. At the very least, mas­
tery of many different branches of both 
physics and chemistry is exacted, and 
biological systems add a third dimen­
sion. The comfortable professional isola­
tion of physicists, chemists and biologists 
is not respected by an alpha particle 
penetrating a living cell. Other articles 
in this issue will show many parts of 
the field in which valuable information 
has already accrued. One cannot divine 
what new horizons will be revealed. 
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NATURAL RADIOACTIVITY in the atmosphere is shown by 

Ihis nuclear-emulsion photo graph of tracks (enlarged 2,000 diam­

eters) emitted by a grain of dust. The tracks are produced by alpha 

MAN-MADE RADIOACTIVITY in the atmosphere produced this 

second nuclear-emulsion photograph_ The irregular tracery sur­

rOllnding the dust particle is produced by beta particles_ The char-

84 

particles ; their length identifies the dust as polonium, a decay 

product of uranium 238. The photographs on Ihis page were made 

by Herman Yagoda of Ihe Air Force Cambridge Research Center. 

acter of these emissions identifies the substance as a fission product 

formed in a nuclear explosion, but poor definition makes precise 

identi fication impossible_ The enlargement here is 1,200 diameters_ 
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The Circulation of Radioactive Isotopes 

Man's e.l:peril7l e71ts with nuclear eJ:plosions have stim ulated hz,n 
to study- the distribution of radioisotopes 111 his envir07717lent. 

These in()estigotio71s happ clrtr�fipd many gpophY'sical procpsses 

C'fe has evolved on earth in a haven 
relatively free of ionizing radia­
tion. The fast-moving particles 

and hard electromagnetic radiation that 
impinge upon our planet from the sun 
and from elsewhere in our galaxy bareh­
trickle through the shcltering atmos­
phere. Radiation from space accounts for 
only a quarter of the natural "back­
ground" radiation at the earth's surface. 
The balance comes from radioactive iso­
topes in rocks, soils, waters and the at­
mosphere. 

The study of radioactivity in our en­
vironment has acquired new significancc 
since man began to contribute measur­
able amounts to the total through his ex­
periments with nuclear fission and fu­
sion. Fortunately for us radioactive 
atoms are still rare, so that sensitive 
methods of detection are usually rc­
quired. The high energy associated with 
nuclear processes makes it possible, how­
ever, to detect events on the scale of 
single nuclei. Moreover, the virtually un­
changeable rate of decay (half-life) of 
each nuclear species allows high preci­
sion in the interpretation of data. Thus 
it has been possible to develop an in­
creasingly reliable description of the 
world-wide transport and distribution, 
via the atmosphere and waters of the 
earth, of minute quantities of natural 
and man-made radioisotopes. These 
same studies havc enhanced our under­
standing of the circulation of the atmos­
phere and the oceans. 

Considerations of human welfare have 
prompted investigation of still a third 
major system of transport. This is the 
biosphere, with its intricate food chains 
that tie together the existence of l iving 
organisms. Radioactive zinc taken up in 
the sea bv microscopic marine organisms 
may appear on the table in the tissues of 
a fish; radiostrontium from the soil of a 

by James H. ,\rnold and E. A. Martell 

meadow may similarly be present in a 
glass of milk. 

Until 1932, when Frederic and Irene 
Joliot-Curie  produced the first artificial 
radioisotopes, the natural variety stood 
alone. Not until the first nuclear explo­
sion in 1945 did man-made transmuta­
tions begin to influence the environment 
at large. Even today l1atural radioiso­
topes irradiate human beings far more 
intensely than man-made fallout. 

Since radioisotopcs are unstable b:-' 
definition and thus arc constantly decay­
ing, why do they occur in nature at all? 
There can be only two reasons: either 
they were made long ago and their half­
lives are long enough to permit them to 
persist, or they are sti l l  being made. Iso­
topes of both types in fact exist. 

The long-lived "old" isotopes so far 
discovered range from neodymium 144, 
which has a half-life of about 5,000 tril­
l ion years, to uranium 23.5, which has a 
half-l i fe of 7 10 million years. No radio­
isotope with a half-life of less than 7 10 
million years occurs in this group. This 
fact, among others, enables us to date 
the formation of the earth's elements at 
between five and 10 billion years ago. 
More than a dozen long-lived natural 
radioisotopes have been discovered,  and 
the list continues to grow as our methods 
for detecting them become more sensi­
tive. However, three of them-uranium 
238, thorium 232 and potassium 40-
generate the overwhelming bulk of nat­
ural radiation in our environment. 

The location of these isotopes within 
the earth depends not on their nu­

clear properties but on their chemistry. 
All three are easily oxidized metals. 
Their oxides are relativelv low in denSity 
and thus occur in the crust of the earth 
rather than in its dense mantle and me­
tallic core. Perhaps half of the radio-

activity in the earth lies within 40 miles 
of the surface. This concentration signifi­
cantly increases the radiation to which 
all living things are exposed-and makes 
uranium and thorium available to man's 
uses. 

The radiation from isotopes in the 
crust is rapidly attenuated as it passes 
through rock and soil; most of the radi­
ation that reaches living organisms origi­
nates less than six inches below the sur­
face. The average surface radioactivity is 
on the order of two curies [see glossary 
of terms 011 page 78] per square mile, 
though values in different places vary 
bv a factor as large as five . In general, 
the more acid rocks, such as granites, 
are more radioactive than the alkaline 
basal ts; limestones show especially low 
radiation levels. 

The radioactivity of potassium 40 
ends with its transformation into stable 
calcium or argon. Uranium and thorium, 
however, decay into long series of radio­
active "daughter" elements with half­
lives ranging from several hundred thou­
sand years down to microseconds. In 
impermeable rocks and other sealed res­
ervoirs parents and daughters remain 
trapped together; their abundance with 
respect to one another dates the forma­
tion of the rock. Elsewhere they take dif­
ferent paths [see illustration on next two 
pages]. Thus radon, a gas, diffuses out of 
soils into the air. Its decay products con­
stitute the chief natural source of at­
mospheriC radioactivity. Radon itself has 
a four-day half-life and so reaches the 
upper atmosphere only in minute quanti­
ties. Its concentration at various altitudes 
tells us something about the rate at which 
air mixes. 

As rocks weather away, some of the 
radioisotopes find their way in solution 
to the sea. Thorium quickly combines 
with constituents of sea water to form 
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insoluble compounds that precipitate 
onto the ocean floor. Uranium precipi­
tates far more slowly, so that its concen­
tration in sea water reaches the com­
paratively high value of three parts per 
billion. Potassium also tends to be car­
ried to the bottom; though virtually all  
of its compounds arc soluble, its ions are 
adsorbed on particles of clay and other 
ion-exchange materials. This segregation 
of thorium and potassium lowers the 
already low concentration of radioiso­
topes in sca water; thus fishes suffer less 
external radiation than men. 

In sea water the chemical transforma­
tions of decaying uranium lead to some 
unexpected effects. The second long­
lived daughter of uranium 238 is thori­
um 2:30 (ionit;m). Its salts, like those of 
thorium 232, quickly precipitate into the 

;1\ Ii' 

constantly forming marine sediments. 
The precipitated ionium, however, even­
tually decays into radium, part of which 
dissolves out of the sediments and back 
into the bottom waters, whence it drifts 
upward. Its concentration in the ocean, 
l ike that of radon in the atmosphere, falls 
off from the bottom of the ocean to the 
top and provides an index of the slow 
mixing of the ocean waters. 

Neither uranium 238 nor thorium 232 
enters appreciably into the metabolic 
processes of living organisms, and nei­
ther do most of their descendants. The 
radiation that man receives from these 
elements is thus largely external. How­
ever, radium 226 and lead 210, of the 
uranium series, and radium 228, of the 
thorium series, can be taken up by plants 
and so travel eventually to man. In the 

Ii\ 

human bodv they concentrate in bone 
and thus by themselves contribute about 
half as much radiation to the skeleton as 
do all their relatives pu� together. Potas­
sium also enters into biological processes, 
and distributes itself through the soft 
tissues. It provides the bulk of the nat­
ural radiation that originates within the 
body. 

Just after World War II Willard F. 
Libby at the University of Chicago 

opened up a whole new field of natural 
radioactivity. He began the study of 
radioisotopes produced by tbe most 
energetic radiations known: cosmic rays. 
These particles crash into the upper at­
mosphere and there shatter nuclei of 
nitrogen, oxygen and other atmospheric 
gases. On the average these coll isions 
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THANSPORT OF RADIOISOTOPES from soil and rocks to at· 

'mo::;phere� living organiS111S and ocean is shown in this schematic 

rliagram. Solid·line arro\\'s indicate radioactive decay; broken·line 

arro\\s. physical transport of isotopes. Uranium 238 (U238), 
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thorium 232 (Tht3t) and potassium -10 (K�O) are the three chief 

natural radioisotopes. In soils utas and Th2a2 both release radon 

(Rn), a decay product, into the atmosphere; K40 releases traces 

of stable argon (A�O). Radium (Ra) and lead 210 (Pb210), radio· 
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transmute about four atoms per gram of 
air per minute in the region between 
seven and 15 miles above the ground. 
Some of the new atoms are stable and so 
are indistinguishable from "old" atoms 
of the same nuclear species. Some, how­
ever, are radioactive and can be detected 
by sensitive methods. The most interest­
ing of these is carbon 14, formed by the 
interaction of a secondary neutron and 
an atom of nitrogen [see top illustration 
on next page J. Because neutrons are 
common products of nuclear reactions, 
and nitrogen is the principal constituent 
of the atmosphere, carbon 14 is relative­
ly abundant-perhaps we should say only 
slightly rare. The carbon 14 produced 
by cosmic rays accounts for about one 
atom of atmospheric carbon in a trillion. 

The distribution of carbon 14 in the 

atmosphere and at the surface depends 
on its chemical properties, which are of 
course identical with those of ordinary 
carbon (carbon 12). Most carbon 14 ex­
ists in the form of carbon dioxide; thus 
it is carried in the turnover of carbon 
dioxide from the atmosphere into the 
oceans and through the biosphere. Deli­
cate measurements of the differences in 
radioactive carbon dioxide in different 
places show that on the average a carbon 
dioxide molecule spends five years in the 
atmosphere, five years in the surface lay­
ers of the ocean and 1,200 years in the 
deep wa�ers. Such calculations are made 
possible by the long half-life of carbon 
14 (5,600 years) and the precision with 
which its concentration can be meas­
ured. If the time-scale of the turnover 
of carbon dioxide were extremely short 

with respect to the half-life of carbon 14, 
all parts of the atmosphere-ocean ex­
change system would maintain approx­
imately the same ratio of carbon 14 to 
stable carbon 12. However, if carbon 
14 atoms are "kept waiting" (as they 
are at the interface between the at­
mosphere and the oceans), some of 
them will decay in the air rather than in 
the water, giving atmospheric carbon 
dioxide a slightly higher radioactivity . 
Measurable differences of this sort ac­
tually exist; they enable us to plot the 
planetary circulation of carbon dioxide. 

Since living organisms consist almost 
entirely of carbon compounds and water, 
carbon 14 is concentrated as it passes 
through the biosphere. Its internal emis­
sions in human tissues amount to about 
1 per cent of the background radiation. 

. .... .... 

'.': : .. ' . . . . 

active decay.products of uranium and thorium, can be absorbed by 
plants and then by animals. Thorium washed into the ocean ,·apid· 
ly precipitates as insoluble compounds. Potassium remains in so. 
lution, but some of its ions become attached to particles of clay 

(black dots) which faU to the bottom. Uranium precipitates more 

slowly than thorium. Its decay product, thorium 230, precipitates 

rapidly, but decays into radium, some of which dissolves hack into 

the ocean. Diagram does not show all steps of the decay reactions. 
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CARBON 14 is formed in the atmosphere by 

a two-stage process_ A high-energy proton 

(black sphere) from space shatters a nitro­

gen atom; one of the fragments, a neutron 

(white sphere), reacts with another nitrogen 

atom, yielding carbon 14 and a proton 
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CARBON 12 TRITIUM 

TRITIUM (hydrogen 3) is produced by a 

similar process; in this case the reaction 

between the neutron and the nitrogen atom 

yields tritium and carbon 12_ Tritium can 

also be produced by the shattering of a ni­

trogen atom, as shown in the drawing at top_ 

8 8  

The relative abundance of carbon 14 in  
organic substances gives the archaeolo­
gist a technique for dating wood, bone 
and other old organic materials, 

Man's consumption of fossil fuels dur­
ing the past 50 years has been decreasing 
the radioactivity of atmospheric and bio­
logical carbon, Because the carbon 14 in 
coal and oil has long since decayed, the 
carbon dioxide from the combustion of 
these substances, amounting to about 15 
per cent of the mass of atmospheric car­
bon dioxide, is nonradioactive and has 
diluted the carbon 14 content of the at­
mosphere. As the inert carbon dioxide 
has mixed into the oceans our consump­
tion of fossil fuels has provided a sort of 
tracer experiment in reverse. 

kother cosmic-ray product of great 
scientific interest is hydrogen 3 

(tritium). Tritium is formed by a num­
ber of processes, most often by the trans­
mutation of atmospheric nitrogen atoms. 
Only about 20 pounds of natural tritium 
exist on earth, the bulk of it in the oceans. 
Combining with oxygen to make water, 
it reaches the earth as rain or snow. With 
a half-life of only 12.5 years it does not 
travel nearly so far as carbon 14 before 
disintegrating. Water samples from dif­
ferent sources show marked differences 
in tritium content. Because of the vast 
quantity of normal water in the ocean, 
water evaporating from the ocean sur­
face has a low tritium content; as the 
water moves upward in the atmosphere 
its activity is increased by tritium from 
above. Water evaporated from land, on 
the other hand, consists mainly of recent 
precipitation relatively rich in tritium. 
As an air mass moves across a continent 
it is enriched with tritium from below as 
well as above. The cycle is closed when 
the rain falls on the ocean, and its load of 
tritium mixes into the surface water. A 
significant amount of tritium is also car­
ried into the deep ocean before it decays. 

The triti,um picture has been badly 
blurred in recent years by the relatively 
enormous quantities of the isotope re­
leased in the testing of thermonuclear 
bombs. Some puzzling recent measure­
ments have suggested that even apart 
from bomb tests the earth contains much 
more tritium than can be accounted for 
by cosmic-ray production. Studies now 
under way may resolve this problem 
before long. 

One does not use a grandfather clock 
to time a footrace, nor a stop watch to 
reckon the passing of the seasons. An 
isotope "clock" must likewise be chosen 
for its appropriateness to a particular 
scale of time. The best uranium measure-

ments, for example, are accurate to no 
more than 20 million years-a small error 
in measuring the age of the earth but 
hopelessly too large to resolve the com­
paratively recent onset of the Ice Age. 
As our list of cosmic-ray-produced iso­
topes expands, we are finding that nature 
has been remarkably accommodat­
ing in providing clocks suitable for a 
variety of measurements . Thus beryllium 
10, with a half-life of 2.5 million years, 
promises to help fill the gap between 
uranium and carbon-14 dates.  Silicon 
32, with a half-life of 700 years, may 
enable us to time processes of oceanic 
mixing for which the carbon-14 clock is 
too slow and the tritium clock too fast. 
Phosphorus 32, beryllium 7 and sulfur 
35, with half-lives of a few weeks, serve 
to clock the much faster processes of at­
mospheric circulation. Certain man­
made isotopes, principally those gener­
ated in nuclear explosions, are beginning 
to be used for the same purpose. 

Starting with the first thermonuclear 
explosions in 1952, the testing of nuclear 
weapons has been radically altering the 
relative abundance of radioactive iso­
topes in the environment. The energy 
yield of all the tests conducted by the 
three nuclear powers prior to the tacit 
agreement to suspend tests in November, 
1958, had added up to 174 megatons 
(equivalent to the yield from 174 million 
tons of TNT), of which 92 megatons 
came from the fission of heavy nuclei and 
82 megatons from the fusion of l ight nu­
clei .  From these tests, as their principal 
radioactive by-product, came more than 
4.5 tons of fission products: the direct 
offspring of the fission of uranium and 
plutonium, which are produced at the 
rate of roughly 100 pounds per megaton 
of fission yield. Thermonuclear explo­
sions in addition yield tritium as a direct 
product of the fusion reaction; the total 
output to date is estimated at 100 
pounds, about five times the amount of 
natural tritium. Other isotopes arise as 
secondary products of the interaction of 
neutrons with the materials of the bomb 
and the gases of the atmosphere, and 
with the substances in the soil and sea 
if the burst is at the surface. Among these 
isotopes the most abundant is carbon 14. 

p roduced at a conSiderably higher rate 
over the past seven years than the 

natural product of cosmic-ray neutrons, 
the man-made carbon 14 now in circula­
tion around the earth amounts to about 
one ton and equals about 1 per cent of 
the total natural abundance. Most of it is 
still in the atmosphere compounded in 
carbon dioxide. In living organisms it has 
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raised the carbon-14 content as mllch as 
10 per cent above normal, a situation 
that

" 
mav confuse future archaeologists. 

The fission products liberated by the 
nuclear explosion would be cause for 
greater concern than they have aroused 
were it not for the fact that Illost of them 
are so short-lived. Roughlv speaking, the 
radioactivity of the fission-product mix· 
ture decreases bv 90 per cent for each 
seven-fold increase in time follo\Ving the 
explosion that produced it. Thus the 
level of activitv seven hours after the 
explosions is about a tenth the level after 
one hour; t\Vo weeks (about T' hours) 
later the activitv has chopped to about 
a thousandth the one-hour figure. 

Of the more than 90 different radio­
isotopes identified among the fission 
products, two havc figured at the centcr 
of scientific and public concern: stron­
tiUIll 90 and cesium 1:37. Both are pro­
duced in substantial quantities by nu­
clcar fission, both have relatively long 
half-lives (about 2.5 and 30 years re­
spectively) and both become engaged 
in the metabolism of the human boch·. 
Neither element is a normal constituent 
of biological processes. But the chemis­
try of strontium resembles that of cal­
cium. Like calcium it concentrates in the 
bone, where its radioactivity may give 
rise to leukemia and bone tumors. Stron­
tium 89, a short-lived fission product, 
follows t�e same metabolic pathwav. 
Cesium, on the other hand, somewhat 
resembles potassium and its radioisotope 
concentrates in the soft tissues of the 
bod�/, with particular hazard to the 
genes. 

Tests so far have produced about 140 
pounds of strontium 90, with a total ra­
dioactivity of nearly 9.2 million curies. 
By the end of 1958 decay had reduced 
these figures to about 130 pounds and 
8.5 million curies; cesium 137 radio­
activity at the same time amounted to 
15 million curies. 

Two other isotopes, iodine 131 and 
barium 140, have recentlv attracted at­
tention. Barium, like strontium, concen­
trates in the skeleton; iodine, in the 
thyroid gland. Because thev have short 
half-lives, radioiodine and radiobarium 
have been at near-zero levels since earh' 
this �/ear. Other bomb products, such �s 
radioisotopes of zinc and cobalt, may 
pla�1 a minor role in marine ecology, b�· 
cause some oceanic organisms concen­
trate relativelv enormous quantities of 
these elements in their tissues. However, 
onlv minute quantities of these isotopes 
are likelY to reach human beings. 

The distribution of strontium 90 and 
other fission prod ucts, and hence their 

effects on man, depend largely on the 
tvpe and location of the explosion that 
produced them. Surface explosions over 
land vaporize and irradiate great quan­
tities of soil and so yield a heavy local 
fallout; 80 per cent of it comes do\Vn in 
a matter of hours, spreading downwind 
from the site of the explosion in an irreg­
ular elliptical pattern. Over water the 
close-in fallout drops to as 10\V as 20 per 
cent of the total. Although contamina­
tion uf areas adjacent to testing sites has 
OCCUlTed, local fallout has played on h­
a small role in human affairs. In war, 
ho\Vever, local fallout from a megaton 
weapon would deliver lethal external 
gamma radiation to unsheltered people 
in areas of thousands of square miles. 
and the strontium 90 \Vould render soils 
unfit for agriculture over even larger 
areas for generations afterward. 

D ctonations of 100- to ZOO-kiloton 
vield at or near tbe surface propel 

their fission products no higher than the 
troposphere, the turbulent lower layer 
uf the atmosphere. Convection currents 
in tbe troposphere rapidlv mix air from 
various altitudes, so that tropospheric 
fallout comes down in a few months at 
most . .\Iost of it is scavenged by rain or 
sno\\', \Vith the larger particles simply 
drifting to eartb. Since tropospheric 
\Vinds rarel" cross the E'luator, most 
tropospheric fallout remains in the 
hemisphere \Vhere it originated. It ac­
counts for on Iy a small percentage of th(' 
fallout from weapons tests. 

High-yield nuclear tests thrust their 
radioactive clouds into the stratosphere. 
where vertical mixing of air is slow and 
precipitation nil. The tiny radioactive 
particles (less than 1/10,000 inch 
in diameter) remain aloft for periods 
ranging from months to years, and are 
spread over large parts of the earth's 
surface bv high-altitude winds. Strat­
ospheric fallout, \Vhich accounts for 
about two thirds of total fallout, is the 
dominant source of artificial radio­
activit�1 that weapons tests have intro­
duced into the environment. 

The first observations of stratospheri(, 
fallout indicated that it remained aloft 
for five to 10 �'ears-long enough to be­
come evenlv distributed between the 
Northern a;ld Southern hemispheres. 
This comported with the idea that the 
stratosphere was a continuous, stable 
envelope enclosing tbe turbulent air 
masses of the lower atmosphere. Re­
cently, however, the record revealed 
that the fallout has tended to concen­
trate in the North Temperate Zone and 
to come down at a maximum rate in the 

spring. Some investigators proposed 
that seasonal and latitudinal variations 
in the transport of air from stratosphere 
to troposphere might be responsible. 
Ho\Vever, this hypothesis did not ex­
plain th� absence of eomparablc con­
centrations in the Southern Hemisphere. 

By me.lsuring the ratios of long-lived 
to short-lived fallout isotopes in rain­
\Vater, investigators have been able to 
establish the time and place of the ex­
plOSions that generated the fallout. Since 
the initial proportion of one fission prod­
uct to another is about the same in each 
nuclear explosion, such measurements 
make it possible to extrapolate backward 
from the observed ratios and thus to es­
timate the dates of the original explo­
sions. Hecent interpretations of these 
measurements have revealed the exist­
ence of stratospherie fallout much 
"younger" than five years. During the 
summer of 19,58, a separate study of 
rainfall from the tropical air masses that 
move up over the U. S. from the Gulf 
of Mexico showed that thc extrapolated 
time of origin of the fallout delivered by 
this rainfall matched the dates of cer­
tain U. S. medium-vield tests conductcd 
several months previously. Fallout in 
rains from "polar" air masses during the 
same period had apparently originated 
in high-vield Soviet tests conducted a 

TRITIUM 

MAN·MADE TRITIUM is a by·produd of 

some thernlonuclear (f usion) reactjons. SlItl! 

as that bet\\ een t\\ 0 deuterium (hydrogen 

2) atoms; proton (black sphere) is another 

by·product. The reartion also yields energy 

in the fornl of garllilla rays (wavy "rrows). 
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little earlier. The highest concentra­
tions of strontium 90 were invariably 
associated with the Soviet tests . 

The unexpected rapidity of the strato-
- spheric fallout from Soviet tests fo­

cused attention on a peculiarity of the 
tropopause, the boundary between strat­
osphere and troposphere. Over the 
Equator, the tropopause lies about 10 
miles up. Over the middle latitudes it 

Iidl ..... IIIII 
I 
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SKELETON THYROID 

dips sharply to about six miles. Here the 
jet streams-high-altitude winds that 
blow from west to east parallel to this 
dip-create a gap in the tropopause. 
Several meteorologists had already 
called attention to the possibility that 
the stratosphere and the troposphere ex­
change air through the gap. 

A little calculation showed that Soviet 
fallout injected into the lower strato­
sphere could have been carried by the 

SOFT TISSUES 

-------------------------7 ( MEAT 

movement of stratospheric air through 
the tropopause gap into the troposphere, 
where vertical mixing would bIing it 
fairly rapidly to earth [see illustration on 
page 93]. Fallout from U. S. and Brit­
ish high-yield tests, all of which have 
taken place near the Equator, has been 
evenly distributed over the world. Soviet 
tests, on the other hand, have been car­
ried out north of a latitude of 50 degrees. 
Substantially all the fallout they have 

PATHS OF ENTRY by which fallout reaches human beings are 

shown schematically for the five fission prodncts of greatest bio· 

logical importance. Strontium 89 and 90 (solid colored arrows) 

reach man through the soil and, more directly, by contaminating 

surfaces of plants. Cesium 137 (broken black arrows) forms insolu-

ble compounds in soil and thus reaches us only by the more direct 

paths. Iodine 131 (solid black arrows) and barium 140 (dotted ar· 

rows), because of their short half·lives, reach man only as surface 

rontaminants and (in the case of iodine) by inhalation. Once abo 
sorbed, the isotopes concentrate in different parts of the body. 
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produced has remained in the Northern 
Hemisphere. Most of it has reached or 
will reach the ground in the densely 
populated North Temperate Zone. The 
spring peaks in fallout evidently stem 
from the timing of the Soviet tests, which 
have been conducted in the autumn and 
winter. 

The tests in the U.S.S.R. last October 
gave strong confirmation to this theory: 
they produced a record peak in the fall­
out of strontium 90 over the Northern 
Hemisphere this past spring. Short-lived 
fission products appeared in this fallout 
in high concentrations, while throughout 
the Southern Hemisphere they remained 
near zero. 

These findings with respect to man­
made fallout suggest that a similar pat­
tern may be found in the distribution of 
"fallout" from cosmic-ray action. Be­
cause the magnetic field of the earth 
funnels cosmic rays toward the poles, 
the major production of natural radio­
isotopes occurs in those latitudes and 
would presumably come to the surface 
via the gap in the tropopause. 

The revised picture of atmospheric 
circulation makes it possible to forecast 
with some assurance the present and fu­
ture distribution of strontium 90. From 
the nine million curies of this isotope 
produced to date, local fallout on U. S. 
and British test sites or in the Pacific 
Ocean subtracted three million curies at 
the outset. The Soviet tests produced lit­
tle local fallout, s:nce few or none of 
them were surface shots. Thus essential­
ly all the remaining six million curies 
were injected into the stratosphere. 

On the basis of a recent world-wide 
survey of strontium in soils, made by 
L. T. Alexander of the U. S. Department 
of Agriculture, it appears that 3.2 million 
of these six million curies had already 
come down to earth by October, 1958: 
2.4 million in the Northern Hemisphere 
and .8 million in the Southern. The 
strontium reached a peak concentration, 
averaging about 33 millicuries per 
square mile, between 40 and 50 degrees 
north latitude. As for the 2.8-million­
curie balance still in the stratosphere, the 
atmospheric circulation data indicate 
that most of it will have fallen out by 
1965.. Coming down in the same geo­
graphic pattern, it will approximately 
double the radioactivity of the soil pro­
duced by strontium 90 as of October, 
1958. The fallout of cesium 137 should 
follow a similar pattern, and will con­
tribute a somewhat higher radioactivity 
to the soil. 

So long as these man-made radio­
isotopes remain on the ground, their 
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INCREASE IN NUCLEAR EXPLOSIONS since 1945 is depicted in this chart. Black bars 

indicate U. S.-British explosions; colored bars, Soviet tests. Fission explosions, indicated by 

solid parts of the bars, are the chief source of man-made environmental radioactivity, yielding 

about 100 pounds of fission products per megaton. Fusion reactions, shown by hatching, 

produce almost no fallout. The proportion of fission to fusion in Soviet tests is estimated_ 
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STRONTIUM 90 PER SQUARE MILE  (MILL ICUR I ES) 

CONCENTRATION OF FALLOUT in t he Northern Hemisphere is shown on t his charl, 

based on " world·wide study of strontiulll in soils by L. T.  Alexander of the U. S. Department 

of Agriculture. The concentration results from the peeuliarities of atmospheric circulation 

shown on the opposite page. Fallout still aloft will roughly double these figures by 1 965 .  

activity constitutes only a small addi· 
tion to the external background.radia. 
tion to which living things are exposed. 
But once they are entrained in the chem· 
istry of the biosphere their effective 
activity is heightened by concentration, 
and they irradiate living cells and tissues 
from within . Not many fission products 
find a place in biochemistry. The few 
that do follow various pathways in the 
food chain and some of them ultimately 
arrive in the tissues of human beings. 

Strontium 90, for example, can be 
picked up from the soil in the metabo· 
lism of a plant, ingested by a dairy cow 
and delivered to the table in milk or but· 
ter. It may, however, skip one or more 
of these links in the food chain and a.r· 
rive as a mere surface contaminant ad­
hering to leafy vegetables and grain. 
Cesium 137, on the other hand, tends to 
form insoluble compounds in the soil and 
thus does not enter into plant metabo­
lism. It is, however, ingested by beef 
or dairy cattle as a contaminant of 
grasses and passed on in meat or milk. 

At each stage in the food chain the 
nutritional processes of the plant or ani­
mal tend to discriminate against stronti­
um 90 in favor of its chemical analogue, 
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calcium . Thus the ratio of radiostrontium 
to calcium will decrease as the two move 
together up the chain . At the first stage 
it seems that the strontium-calcium ratio 
in the plant varies not only with the ratio 
in the soil, but also with the character of 
the soil and ground cover, the method 
of cultivation and the type of plant. For 
example, in a soil matted with roots the 
radiostrontium coming down from above 
will not be so quickly diluted with cal­
cium and so will be absorbed by the 
plant in  a higher ratio to calcium. In ani­
mals, according to C. L. Comar of Cor­
nell University, the chemical balance of 
metabolism regulates the strontium-cal­
cium ratio more rigorously; the animal 
preferentially incorporates calcium into 
its tissues and rejects strontium. The 
ratio in a cow's milk is about 11 per cent 
of the ratio in the animal's fodder. In the 
human body the ratio diminishes still 
further; Comar estimates that the over­
all decline in the ratio from plant to 
man will be 90 per cent in the case of 
the average U. S. citizen, who obtains 
most of his calcium from dairy prod­
ucts . Where people live on a cereal diet 
and get most of their calcium from 
plants, without the intervening dis-

crimination by animal metabolism, the 
drop is smaller. In any case the introduc­
tion of the radioisotopes into the tissues 
raises the effective biological activity far 
above the contribution that the same 
quantity of radioisotopes makes to ex­
ternal background radiation. Clearly the 
subject of biological transport of fallout 
requires much more research. 

Some recent tracer experiments prom­
ise to refine our knowledge of the fallou t 
of natural and man-made radioactivity 
and of its ultimate distribution over the 
earth . During the U. S. nuclear tests of 
l ast summer, rhodium and tungsten were 
incorporated into some of the bombs. 
Neutrons from the explosions partially 
transformed them into the radioisotopes 
tungsten 185 and rhodium 102. The 
travel of these isotopes in the atmosphere 
can be followed easily. Tungsten 185, 
with a half-life of 74 days, was injected 
by several medium-yield explosions into 
the lower stratosphere . Several labora­
tories are sampling stratospheric and 
surface air and analyzing preCipitation 
at a number of points in order to follow 
its history; the findings of this study 
should be published by the end of this 
year. Rhodium 102, with a longer half­
life of 210 days, was chosen to study the 
longer-term processes at higher alti­
tudes, and so was injected chiefly into 
the upper stratosphere . By comparing 
its history with that of the tungsten we 
should obtain some useful measurements 
of the effect of altitude on residence time 
and distribution of fallout. 

The waste products of nuclear reactors 
constitute an additional source of man­
made radioisotopes. These wastes, main­
ly fission products, pose many of the 
same biological problems as bomb de­
bris . Indeed in the long run-barring a 
nuclear war-radioactive wastes will far 
outweigh the products of nuclear explo­
sions . Fortunately man can decide with­
in wide limits when and where he will 
release these substances into the environ­
ment. Our expanding knowledge of the 
atmosphere and ocean should enable us 
to do so in such a wav as to minimize 
their effect on living organisms. 

� this article is written, international 
discussions of a ban on the testing 

of nuclear weapons are continuing at 
Geneva. Such a ban would bring an end 
to this peculiar form of atmospheric con­
tamination. As a consequence it would 
certainly improve our opportunity to in­
vestigate the fallout of both natural and 
artificial radioactivity and thus to learn 
more about the circulation of the oceans 
and the atmosphere. 
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DISTRIB UTION OF FALLOUT depends on the size and loca­

tion of the original explosion. High-yield test near the Equator 
( left ) thrusts its fission prod ucts into the stratosphere, where 

horizontal circulation slowly spreads it over both hemispheres. 

Low-yield test ( left center ) iloes not reach the stratosphere ; ver­

tical mixing in the troposphere brings down its debris into one 

hemisphere in a matter of weeks. Debris from high-yield Soviet 

test at high latitudes ( top) will be carried by horizontal circulation 

through tropopause gap and to some extent through the tropopause 

itsel f at  highet· latitudes ( broken arrow) . Most of it will come 

down over the North Temperate Zone. The scale of the atmosphere 

and the explosions is greatly exaggerated for purposes of clarity. 
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EFFECT OF RADIATION ON CHROMOSOMES is depicted in 

these photomicrographs made by Arnold H. Sparrow and Robert F. 
Smith of the Brookhaven National Laboratory. At top are cells 

from the wake-robin plant (Trillium erectum); their threadlike 
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chromosomes have been stained with acetocarmine. At bollom are 

rells in same stage of division that had earlier been exposed to 50 r 

of X.rays. In many of these cells are fragments of chromosomes and 

chromosome bridges. The cells are enlarged about 1,000 diameters. 
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Ionizing Radiation and the Livil1g Cell 

The pri111al�y site of the biological effects of radiation lS In the cell. 

The speciali::.ed structures of the cell, including the genes, are dalnaged 

not onl,y by direct hits but als() by the chemical products of radiation 

by Alexander lIollacnclcr and George E. Stapleton 

T
he processes of life involve a rela­
tively low turnover of energy and 
a high degree of self-regulating 

harmony. In contrast, ionizing radiation 
conveys huge packets of energy and, 
upon interaction with living matter, pro­
vokes anarchy. The conscquences may 
run, in extreme circumstances, to the de­
rangement of the hereditary mechanism 
or to the death of the organism. In every 
case the ultimate damage arises from 
the injury done to individual cells. But 
injury to the cell must itself be under­
stood in terms of the events that occur 
in the substance of the cell along the 
path of the ionizing ray or particle. Like 
the ionizations that mark the track of a 
particle in a cloud chamber, these are 
discrete and specific events in which par­
ticular. molecules are involved. The bio­
logical outcome thus depends not so 
much on the amount of energy imping­
ing on the cell as on the energy absorbed 
by the molecules caught in the track of 
ionization. 

As Robert L. Platzman has observed 
elsewhere in this issue [see "What Is Ion­
izing Radiation?," page 74], free ionized 
molecules are uncommon in biology ex­
cept as the primary products of ionizing 
radiation. These may be otherwise intact 
molecules, with one or more electrons 
stripped from them, or the ionized frag­
ments of larger molecules. In their high­
ly reactive state they enter almost in­
stantly into reactions with one another 
and with neighboring molecules, pro­
ducing as their end products new sub­
stances strange to the chemistry of the 
cell. The unstable secondary products, 
notably free radicals and peroxides, relay 
the disturbance in turn to other mole­
cules in the cell, enlarging the area and 
scope of the injur�'. It is in the secondary, 
chemical phase of this process that the 
biologist begins his studies. Recent in-

vestigations have indicated that a limit­
ed portion of the damage is amenable to 
experimental modification. Experiments 
on this line have begun to elucidate the 
steps between the primary physical 
event and the biological expression of its 
impact upon the cell. 

M any years ago radiobiologists first 
noted that the number of cells inactivat­
ed by a given exposure to radiation is a 
simple function of the number of living 
cells present. In other words, the frac­
tion of cells damaged per unit dose is 
constant. Investigators also observed 
that the number of cells in which genetic 
mutation occurs follows the same rule. 
Thus the biological effects show up in 
accord with the randomness of events 
along the paths of ionizing particles. J. A. 
Crowther of the University of Cam­
bridge therefore postulated about 35 
years ago that the death or inactivation 
of a cell results from a "hit" on a sensi­
tive spot. Implicit in the hit theory was 
the assumption, later confirmed by ex­
periment, that certain biological conse­
quences may follow from the passage of 
a single particle or from the ionization of 
a single molecule or cellular structure. 
Crowther's hit theory was duly amended 
by the "target" theory, which postulates 
that the incidence of hits is related to the 
size of the sensitive structure or mole­
cule: the fewer the hits required to in­
activate the cell, the larger the structure 
must be. 

Radiobiologists thus found themselves 
in possession of a technique for de­

termining the size, shape and structure 
of key submicroscopic parts of the single 
cell. In order to ensure that the effect 
under investigation is the direct result 
of the primary ionization, the technique 
requires the removal of water and other 
molecules that aid in the transfer of 

energy from the primary event. Al­
though the effects observed on de­
hydrated cells are not necessarily com­
parable to the effects on cells in their 
natural state, such investigations have 
yielded important information. Inactiva­
tion studies using particles of various 
energies have provided the basis for con­
structing models of virus particles and 
bacterial spores which in some cases 
have shown a close resemblance to the 
structures later observed by electron 
microscopy. Since high-speed electrons 
have a low probability of hit, as Platz­
man explains in his article, they are used 
to measure the volume in which a colli­
sion will produce inactivation. For ex­
ample, the three-dimensional structure 
of bacterial spores was plotted with elec­
tron beams of various energies, from a 
beam that was barely able to penetrate 
the spore coat to one that could permeate 
the sensitive material within the spore. 
On the other hand, the high probability 
that an alpha particle will interact with 
molecules in its path makes it possible to 
use these particles to find the cross-sec­
tional area of the structure under investi­
gation. The same technique has even 
been applied to the determination of the 
shape and size of individual biological 
molecules. 

In the opinion of some biologists, how­
ever, the dehydration necessary for these 
studies removes precisely those compli­
cating indirect and secondary reactions 
that are of significance in the intact liv­
ing cell. Since the cell is 75 per cent 
water, it is apparent on the basis of 
abundance alone that more energy is ab­
sorbed by the water molecule than by 
any other molecule in the cell. The 
peroxides and free radicals that result 
from the ionization of water are among 
the most important toxic agents involved 
in the ultimate inactivation. By diffusing 
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through the water in the cell these agents 
may act directly on the target molecule 
or indirectly via the reactive products of 
their action on other molecules. 

C. A. Tobias of the University of Cali­
fornia and Raymond E. Zirkle of the 
University of Chicago have proposed a 
working model for such indirect effects 
in the inactivation of yeast cells. They 
visualize the target molecule as sur­
rounded by a liquid medium; the target 
can be considered "hit" if it interacts 
with activated molecules or free radicals 
diffusing to it from the medium. As a 
picture of the usual course of events in 
the cell, this model is sustained by ex­
periments in which yeast, bacteria and 
other cells are exposed in the frozen state 
to ionizing radiation. The cells prove to 
be remarkably insensitive in this condi­
tion, undoubtedly because freezing cur­
tails the process of diffusion. The same 
line of reasoning suggests that com­
pounds which react with the oxidizing 
agents produced by irradiation should be 
able to intercept these agents before they 
interact with sensitive material. Such re­
ducing compounds, especially the mer­
captoalkylamines, have proved to be fine 
protective agents, reducing the radia­
tion sensitivity of some bacteria as much 
as freezing or dehydration does. 

Franklin Hutchinson of Yale University 
- has recently shown that the mean 
diffusing distance of the reactive inter­
mediates produced by radiation is in the 
neighborhood of 30 angstrom units (an 
angstrom unit is a hundred millionth of 
a centimeter). In other words, the indi­
rect effects occur close to the track of 
the ionizing particle. Hutchinson bases 
this determination on his measurement 
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of the relative sensitivity of two enzymes 
and a coenzyme in normal and dried 
yeast cells. His data also show that in the 
normal cell indirect inactivation is of 
greater importance for smaller mole­
cules, and conversely that inactivation 
by direct hits is more likely for large 
molecules. In the case of an enzyme iso­
lated from the cell, Walter M. Dale of 
the University of Manchester has shown 
that the proportion of effect due to in­
direct action increases as the enzyme is 
diluted and the ratio of water molecules 
to enzyme molecules is increased. 

The passage of energy from molecule 
to molecule seems to be enhanced if the 
two are joined in some fashion. For ex­
ample, when the enzyme hyaluronidase 
is irradiated dry in the presence of 
hyaluronic acid (its substrate, or the 
substance upon which it acts), it is in­
activated by a single ionization any­
where in the enzyme-substrate complex, 
indicating that energy migrates from one 
molecule to the other. On the other 
hand, no energy passes between individ­
ual protein molecules in a pure enzyme 
preparation. When low-voltage electrons 
with limited range are allowed to im­
pinge on dried preparations of the 
enzyme invertase, only the molecules 
actually struck by the particles are in­
activated. It may be that the binding of 
the molecules in the enzyme-substrate 
complex is sufficient to permit migra­
tion, whereas energy cannot migrate in 
molecules not bound to one another. 

As one might expect, the structure in 
the cell that proves to be most sensitive 
to ionizing radiation is the nucleus-the 
coordinating and directing center of the 
cell and the bearer of its genetic plan. 
Zirkle made this finding almost 30 years 
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ago in what is now regarded as a classic 
experiment. He used fern spores that 
have an eccentric nucleus, the location 
of which is marked by an easily recog­
nized spot on the coat of the spore. Zirkle 
could thus selectively expose the nucleus 
or the cytoplasm (that part of the cell 
which lies outside the nucleus) to a beam 
of alpha particles [see illustration be­
low J. He observed that irradiation of the 
cytoplasm inhibited certain processes of 
germination-cracking of the spore coat, 
production of chlorophyll, cell division­
but that irradiation of the nucleus in­
hibited these processes at much lower 
doses. More recently R. C. von Borstel 
has performed similar experiments at the 
Oak Ridge National Laboratory; he em­
ployed the egg of the wasp Habrobracon, 
which also has an eccentric nucleus. Von 
Borstel found that, on the average, a 
single alpha particle traversing the nu­
cleus of the wasp egg prevents hatching, 
whereas it takes a million alpha particles 
traversing the cytoplasm of the egg to 
produce the same quantitative effect. 
Extremely narrow beams of radiation are 
now widely used in such studies, and the 
investigator is able to observe directly 
the effects of the irradiation on the sb'uc­
ture and function of the cell under the 
microscope and to record his observa­
tions by microcinematography. 

J. F. Danielli and Muriel Ord of Kings 
College in London, and Daniel C. Mazia 
and Henry I. Hirshfield, who were then 
at the University of Missouri, carried this 
line of investigation further, employing 
the delicate technique of microsmgery 
to transplant the nucleus of the single­
celled amoeba to another amoeba. They 
found that the transplanting of an ir­
radiated nucleus to an unirradiated cell 
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FERN SPORES (large circles) lined up with their nuclei (small 

hatched circles) at one side were exposed to alpha particles by 

Raymond E. Zirkle of the UniversilY of Chicago. When the cells 

were exposed without an absorbing filter (left), the particles pene· 

trated both the cytoplasm (open area) and the nucleus. When they 
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were exposed with a filter (right), the particles could only pene· 

trate the cytoplasm. Because certain germination p"ocesses of the 

cells exposed without a filter were inhibited by smaller doses of 

radiation than cells exposed with a filter, Zirkle concluded that 

the nucleus was more sensitive to radiation than the cytoplasm. 
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TRANSPLANTATION OF NUCLEI in the amoeba by several 

workers also demonstrated that the nucleus was more sensitive than 

the cytoplasm. At left the nucleus of an irradiated amoeba (col· 

ored) is transplanted to an un irradiated amoeba; the latter survives 

about three days. At right the nucleus of the unirradiated amoeba 

is transplanted to irradiated one; latter survives some three weeks. 

is significantly more often lethal than 
the transplanting of a healthy nucleus 
to an irradiated cell. Cells with an ir· 
radiated nucleus usually died within 
three days; an amoeba with an irradiated 
cytoplasm was slow in dividing but 
could survive for three weeks or more. 
The irradiated cytoplasm actually re­
layed the ionization damage to the un­
irradiated nucleus; when the nucleus 
was transplanted again to a cell with 
unirradiated cytoplasm, this also be­
haved abnormally. 

The greater resistance of the cyto-
plasm to injury by radiation is prob­

ably related to the fact that it contains 
many multiples of each of its important 
structures; the nucleus, in contrast, rare­
ly possesses more than one or two sets of 
chromosomes, its most important com­
ponents. The spores of some fungi, how· 
ever, contain various numbers of identi­
cal nuclei. When these are irradiated, 
the number of spores killed by a given 
exposure is in inverse proportion to the 
number of nuclei present. The cell dies 

only after the last nucleus is inactivated. 
Similarly, in certain yeast cells that have 
one, two, three, four or more identical 
sets of chromosomes, much less radia­
tion is needed to inactivate cells that have 
only one set. 

Among the enzymes in the cytoplasm 
that conduct the principal energy-ex­
change functions of the cell, the ones 
that contain sulfhydryl groups ( SH) are 
perhaps the most sensitive to ionizing 
radiation. Relatively small doses of ion· 
izing radiation markedly reduce their bi· 
ological activity. The inactivation appar· 
ently results from the oxidation of the 
sulfhydryl groups [see illustmtion on 
next page J. These enzymes, in conse­
quence, are prey espeCially to the reac­
tive intermediates liberated by the irra­
diation of the water in the cell, and the 
rate of inactivation is higher in dilute 
solutions. Characteristically the sulfhy­
dryl groups appear in two places in the 
structure of an enzyme, either enclosed 
in the folds of the molecule or exposed in 
external active centers. The latter are of 
course more accessible to the effects of 

oxidizing agents. But by the same token 
they should also be accessible to reduc­
ing agents that can effect a reversal of 
the oxidation. Experiments by the late 
E. S. Guzman Barron of the University 
of Chicago showed that enzymes con­
taining exposed sulfhydryl groups can 
indeed be reactivated in this way. 

Some cell damage can also be ex­
plained on the basis of changes induced 
by radiation in the permeability of the 
cell membranes. Such membranes not 
only envelop the cell itself but also di­
vide the nucleus from the cytoplasm and 
provide containers within the cytoplasm 
that enclose enzymes with their proper 
substrates and separate them from other 
materials of the cell on which they might 
act. According to Z. Bacq of the Univer­
sity of Liege and Peter Alexander of the 
Chester Beatty Research Institute in 
London, irradiation may damage the 
membranes and permit enzymes to leak 
out. Increases in enzymatic activity often 
observed after irradiation of cells might 
be a result of this mechanism. A change 
in membrane permeability might also 
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be a factor in enzyme inactivation; a re­
leased enzyme might inactivate other 
enzymes with which it normally does not 
make contact. 

Ionizing radiation may thus kill or in-
jure the living cell in a variety of 

ways. But radiation also has far-reaching 
effects upon the most intricate of all life 
processes: the genetic mechanism by 
which the cell transmits its hereditary 
plan to its daughter cells. This plan 
is encoded in the genes contained in 
the chromosomes of the nucleus. The 
loss of some genes, damage to their 
structure or changes in the order in 
which they appear on the chromosome 
can have significant effects on the 
daughter cells if, indeed, the daughter 
cells are capable of life. The remainder 
of the nuclear material seems to be set 
aside for constructing the elaborate 
mitotic apparatus which ensures the 
equal distribution of the genetic ma­
terial when the cell divides. Damage 
to the nucleus shows up in several ways: 
in "stickiness" of the chromosomes 
early in mitosis, in breakage or de­
formity of the chromosomes, in heredi­
tary differences in the daughter cells. 
Radiation often causes damage that 
can be seen under the microscope: 
aberrations resulting from the breakage 
of two or more chromosomes and the 
subsequent rejoining of the broken ends. 
Fragments of different chromosomes 
may end up connected to one another, 
and one of these combinations may then 
lack the special structure called the cen­
tromere which is needed if the chromo­
some is to take part in mitosis and to 
be passed on to daughter cells. When 
the cell divides, the piece without a 
centromere is lost, and the daughter cell 
usually dies because it cannot survive 
lacking such a large number of genes. 
Broken chromosomes can form many 
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other combinations, but a large propor­
tion of the aberrations produced are 
lethal. 

Chromosome breakage can be caused 
not only by direct hits but also indirectly 
by reactive substances produced in the 
water surrounding the chromosomes. 
J. M. Thoday and John Read at the Uni­
versity of Sheffield found some years ago 
that many more chromosomal aberra­
tions are produced in the root cells of 
the broad bean (Vicia faba) when the 
cells are exposed to X-rays in the pres­
ence of atmospheric oxygen than in its 
absence. At the Oak Ridge National 
Laboratory Sheldon Wolff and his asso­
ciates have recently demonstrated that 
there are several intermediate steps be­
tween the absorption of energy and the 
final observable effect; the cell must be 
actively metabolizing and, particularly, 
synthesizing protein before the breaks 
can rejoin. 

As James F. Crow and George W. 
Beadle demonstrate elsewhere in this is­
sue, radiation-induced changes in the in­
dividual genes are perhaps more impor­
tant than gross structural changes in the 
chromosomes. Charlotte Auerbach of the 
University of Edinburgh found that sev­
eral chemical agents can produce gene 
mutations similar to those induced by 
ionizing radiation, suggesting that muta­
tions might be a secondary result of 
radiation. In support of this interpreta­
tion a number of investigators have dis­
covered that the observed frequency of 
mutations varies with the concentration 
of oxygen in the medium during irradia­
tion. L. J. Stadler of the University of 
Missouri, who discovered that radiation 
induces gene mutations in plants, found 
some years ago that more mutations ap­
pear in plant cells when they are irra­
diated wet. 

Investigators are now engaged in radi­
ation experiments on the genetic sub-
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stance itself, deoxyribonucleic acid 
(DNA), separated from the chromo­
somes of the cell. When the material is 
isolated together with the protein with 
which it is normally associated, the prep­
aration has a gel-like quality indicating a 
degree of polymerization and hence an 
organized �tructure consistent with its 
function. Under extremely small doses of 
radiation the nucleoprotein is depoly­
merized and loses its gel-like quality. 
But Berwind P. Kaufmann with M. H. 
Bernstein at the Carnegie Institution of 
Washington prepared a synthetic com­
bination of DNA and protein by mix­
ing DNA and cattle serum albumin, and 
found that this preparation depolymer­
izes more easily under the influence 
of X-rays than does either of its con­
stituents. 

DNA can be isolated from one strain 
of a microorganism and then used to 
confer hereditary characteristics of this 
strain on another strain of the same 
species. Exposure of the isolated DNA 
before it is reacted with the recipient 
strain makes it possible to detect loss of . 
biological activity as a consequence of 
radiation. Such a test is more sensitive 
than the observation of gross physico­
chemical changes. Raymond Latarjet of 
the Institut du Radium in Paris and other 
workers have performed experiments of 
this kind. They find that the capacity of 
DNA to transfer hereditary characteris­
tics is destroyed by small doses of ultra­
violet radiation or X-rays or by per­
oxides at low concentrations. Even a 
minor alteration in the DNA molecule 
can drastically affect the rest of the cell, 
since DNA bears the information re­
quired for the synthesis of other key cell 
constituents. 

A number of experiments suggest that 
the inhibition of the synthesis of DNA 
is even more important than the deg­
radation of existing DNA. If DNA syn-

ENZYMES CONTAINING SULFHYDRYL GROUPS (SH) are especially sensitive tl> 

ionizing radiation. Such enzymes are apparently inactivated by the oxidation of sulfhydryl 
groups in their cysteine amino acid units. At left are two molecules of cysteine. When their 

sulfhydryl groups are oxidized (lose hydrogen atoms), their sulfur atoms join to form a 
disulfide bridge in the enzyme. The process is reversed by reduction (adding hydrogen)_ 
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thesis is inhibited, the cell cannot divide, 
even though growth processes continue 
and the mass of the cell increases, This 
phenomenon has also been observed in 
cells that have been chemically treated 
to incorporate abnormal molecular sub­
units into their DNA. 

I rradiation thus sets off a chain of re­
o actions, at each step increasing the 
extent of damage several-fold. The first 
step is the direct action of the ionizing 
radiation which may itself strike an im­
portant target. In the next instant the 
ionized and excited molecules in the 
path of the ionization embroil neighbor­
ing molecules in reactions producing a 
variety of unstable and reactive end­
products that spread the damage to tar­
get molecules untouched by the primary 
event itself. T. Alper of the Hammer­
smith Hospital in London has suggested 
that an ionized or activated molecule 
may react with a variety of molecules in 
its immediate vicinity for a period of 
about a millionth of a second, the mole­
cules being brought together by diffusion 
through the water within the cell. Cer­
tain molecules apparently remain in the 
activated state longer than others, and 
can continue to degrade or inactivate a 
target substance for hours after the ac­
tual exposure to radiation. This effect, 
which is not yet fully understood, is 
seen in the inactivation of DNA, of en­
zymes or of virus particles and even of 
whole bacterial cells held in the presence 
of hvdrogen peroxide after irradiation. 
The reaction is stopped or prevented 
only bv a substance capable of decom­
posing the peroxide. The final phase of 
damage results from the deranged meta­
bolic performance of injured cell struc­
tures, and is expressed in the inhibition 
of cell division, in inactivation and death, 
or in the distortion of the genetic process. 

The ultimate effects of irradiation on 
the living cell may be greatly affected 
by the physiological state of the cell and 
by treatment after irradiation. Cells in 
the "resting" stage between divisions are 
much less sensitive to radiation than are 
cells in the act of dividing. Investigators 
at Oak Ridge have observed that beta­
mercaptoethvlamine, a sulfhydryl com­
pound, can protect bacteria and fungi 
against radiation-induced mutations. 
Such varied postirradiation treatments 
as starvation, inhibition of protein syn­
thesis with antibiotics or by nitrogen 
�tarvation, lowered temperature or the 
addition of certain nutritional factors to 
the gro\Vth medium can lower the death 
rate in certain cell populations. It is es­
pecially significant that in certain types 
Qf living cell the same postirradiation 
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BREAKAGE OF TWO CHROMOSOMES by a single ionizing particle can have varions 

effects. At top the particle (broken line) passes through the two chromosomes. The black 
segment near the top of each chromosome rep"esents the centromere, the point at which two 

opposing threads of the mitotic appamlns pull the daughters of each chromosome apart duro 

ing cell division. The broken chromooomes (middle) may simply reconstitute themselves. 
They may also exchange fragments as shown at A; in this case they can divide normally. 

Finally they Illay exchange fragments as shown at B; one of new rhl"OlllOSOmes lacks a cen· 

tromere and cannot divide. Thus the daughter cells lack this chromosomal material and die. 
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treatments that reduce the rate of cell 
deaths also reduce the number of ob­
servable mutations. These studies sug­
gest that the mutation-inducing or lethal 
damage does not become established in 
living cells until some time after irradia­
tion, and that the abnormal or inade­
eluate metabolic processes resulting 
from the injury must intervene to fix it 
irreversibly. 

It is not to be inferred that all radia­
tion damage is significantly amenable to 
pre- or post-irradiation treatment. There 
must also be a portion of the damage, 
especially that produced by direct 
energy absorption in key molecules, that 
is not responsive to treatment at all. This 
undoubtedly represents a considerable 
portion of the effects observed, and ex-

plains why even the smallest dose of 
radiation seems to do some irreversible 
harm to the cell. 

C ertain experiments indicate that some 
cells have a capacity for spontane­

ous repair. vVorking with the amoeboid 
protozoon Pelom!Jxa, E. W. Daniels of 
the Argonne National Laboratory has 
demonstrated that processes in the cyto­
plasm can enable the cell to recover after 
irradiation. When Pelomyxa is irradiated, 
it is slow to divide. But when Daniels in­
jected a bit of cytoplasm from an unir­
radiated Pelomyxa into an irradiated 
one, the irradiated protozoon proceeded 
to divide at its normal pace. This work 
does not necessarily imply that cytoplas­
mic injection can repair nuclear damage; 
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CYTOPLASM WAS TRANSFERRED from an unirradiated Pelom)'Xa to an irradiated one 

by E. W. Daniels of the Argonne National Laboratory. When Pe1omyxa, which has several 

nuclei, is irradiated, it dies or is slow to divide (left). When an unirradiated Pelomyxa is 

centrifuged so that its nuclei are at one side, a bit of its cytoplasm can be transferred to an 

irradiated one (right middle). Irradiated cell then survives and divides at its normal pace. 
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here the critical damage may have been 
restricted to the cytoplasm. 

There is some evidence that if the 
rate of irradiation is low enough, repair 
mechanisms can operate during the ir­
radiation and reduce permanent damage 
to the cell. W. L. Russell of Oak Ridge 
has recently shown that the frequency 
of radiation-induced mutations in the 
precursors of the sperm and egg cells of 
the mouse depends on the rate at which 
the radiation is administered. The muta­
tions are more numerous if the precur­
sor cells are subjected to a given amount 
of radiation over a short period than if 
they are exposed to the same amount of 
radiation spread out over a longer 
period. Only the immature sex cells of 
the mouse, however, demonstrated this 
variability of response to the dose rate. 
The mature sex cells exposed to radia­
tion showed no corresponding change 
in the incidence of mutations. 

What are the implications of all this 
experimental work for higher forms of 
life, including man? It is difficult to 
extrapolate findings from the single cell 
to the human organism. From what we 
know about the vulnerability of the cell 
during division and about the sensitivity 
of the cell nucleus, however, we can 
predict that the tissues most vulnerable 
to radiation will be those containing 
cells with relatively little cytoplasm and 
those multiplying most rapidly: the 
blood-forming tissue of the bone mar­
row, the tissues of the reproductive or­
gans and embryonic tissues. We know 
that the whole animal can recover spon­
taneously even from what might appear 
to be lethal damage. The mechanism of 
this recovery is difficult to examine in 
detail. Probably undamaged cells pro­
vide materials for the recovery of dam­
aged ones, multiply to replace those 
lost and neutralize the toxic substances. 
Many important cell systems can repair 
themselves after relatively low doses of 
radiation. When they are destroyed by 
larger doses, it is sometimes possible to 
replace them by transplantation. These 
and related matters are discussed in 
greater detail in the article that follows. 

I n sum, cell studies have served to 
elucidate the basic mechanism by 

which ionizing radiation damages the 
living organism. They have provided no 
evidence that there is a true threshold 
of dosage below which ionizing radiation 
produces no harmful effects; even at low 
dosages the effects are still appreciable. 
But cell studies have also demonstrated 
that it is possible to modify, at least to 
some extent, the most important effects 
of radiation. 
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_Kodak reports on: 
why the radiologists, cardiologists, urologists, internists, laryngologists, and neurosurgeons got together .•• 

new life for the old telescope or copying camera ... a method for forecasting titanic stress in fine detail 

Cinefluorography 
On the other side of town, on Novem­
ber 14 and 15 of last year, there was 
held the First Annual Symposium on 
Cinefluorography of the University of 
Rochester School of Medicine and 

Dentistry. 
To the masses, many of whom may 

live longer or at least enjoy themselves 
more than if this conclave had never 
convened, it would have been mildly 
interesting to know that x-ray movies 
of the innards in action had so far ad­
vanced from a stunt (for TV science 
programs) to a diagnostic routine as 
to make it a subject for a convention. 
Very mildly interesting, on a Novem­
ber Saturday which already offered the 
intellectual challenge of picking point 
spreads for the football games. 

To the ISO-odd ambitious, clear­
eyed radiologists, cardiologists, urol­
ogists, internists, laryngologists, and 
neurosurgeons who came from all over, 
it was far, far more than a chance 
to flee the daily hurly-burly for an 
unequivocally tax-deductible weekend. 
At this time and place began the proc­
ess of shaping into standard working 
technique all the individual improvisa­
tions, frustrations, and foolish pioneer 
feelings experienced late at night in 
deserted laboratories by medical men 
coping with electronics, optics, pho­
tographic sensitometry, and random 
fluctuations at the quantum level. 

To certain elements of the electron­
ics industry the symposium brought 
visions of a well-bred market for ad­
vanced merchandise, quite free of the 
fearful dependence on military spend­
ing and of the fearful perils of appli­
ance merchandising. If the electronics 
boys in 1953 hadn't brought out image 
amplifiers that mUltiply fluoroscope 
image intensity a thousandfold or more 
so that film can be exposed without 
frying patients, there would have been 
no symposium. Their emissaries sat 
unabashed among the M.D.'s. 

To the University of Rochester it 
was a chance to become the national 
cinefluorographic capital. It had be­
come involved with the subject as 
early as 1929. To have one member of 
its radiology department such an ex­
pert on motion picture quality that 
he had produced Poe's "The Fall of 
the House of Usher" to supra-pro, 
fessional cinematic standards had 
helped enormously. We helped, too. 

To us, doomed by our charter to 
the endless pursuit of monetary gain, 
the symposium was important for 
stimulating sales of Kodak Cineflure 
Film, a product which uniquely com­
bines extreme speed to green light with 
very high contrast. 1t is obtainable 
from most x-ray dealers. 

To Charles C Thomas, Publisher, 
Springfield, III., the symposium provided a 
title he is publishing this month, Cinefluor­
ography. It contains all 19 papers and 
the discussion thereof For a free copy 
of a bibliography of cinefluorography, write 
Eastman Kodak Company, Medical Di­
vision, Rochester 4, N. Y. 

De orbe ... de urbe 

This picture of the solar disk with sun­
spots and bright faculae was taken on 
Kodak Autopositive PB Film at the 
prime focus of a 6-inch f/15 reflecting 
telescope at 1/100 second without a 
filter or any interposed optics. The 
%" negative image can stand a lot 
more enlargement. Alas, there is no 
room for that here, or for an explana­
tion of why this particular film was 
chosen. To read all about it, send for a 
preprint of "Photographing the Sun" 
to Eastman Kodak Company, Special 
Sensitized Products Division, Roch­
ester 4, N. Y. If you've made a reflect­
ing telescope and sometimes wonder 
why, you may find a soul-satisfying 
answer in that article. 

The space here must serve more 
pressing needs having to do with 
another product called "Autoposi­
tive," the new Kodagraph Autopositive 
Projection Paper. This paper you put 
in an enlarger or copying camera and 
use for reproducing drawings or docu­
ments at any desired magnification or 
minification. Black photographs black, 
and white photographs white. The 
negative-to-positive jazz is avoided, 
and even the conventional hypo fixing 
bath is replaced by a jet of plain water. 
For information on where to buy it 
and how to use it, write Eastman 

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 

Kodak Company, Graphic Reproduc­
tion Division, Rochester 4, N. Y. 

Photoelasticity by the sli(e 
Westinghouse, long known as a hot­
bed of photoelastic activity, has been 
nice enough to cast upon the waters 
of industrial co-prosperity a piece of 
technique that could help sell more 
Kodak Contour Projectors. No time 
must be lost in spreading the word. 
Too long have we touted photoelastic 
stress analysis with no brighter pros­
pect of gainful return than seeing a 
little film put to good use in recording 
the pretty patterns. 

Westinghouse took one of these 
projectors of ours, a non-photographic 
optical-mechanical device intended for 
the checking of dimensions on enlarged 
images of mechanical parts, and they 
turned it into a magnifying polari­
scope. This they did in the interest of 
reaching reasonable decisions on the 
mechanical design details to enable a 
nuclear reactor pressure vessel to with­
stand the titanic stresses that it must 
bear. 

Scale models were built out of a cer­
tain transparent epoxy resin which not 
only exhibits the well known differen­
tial retardation between light polarized 
parallel and perpendicular to the 
stresses, but can retain the effect 
"frozen in" after the pressure is re­
leased and the model is literally sliced 
up in various planes of interest to the 
stress analysts. Instead of yielding 
average values of stress over the areas 
where electrical resistance strain gages 
happen to be bonded, this method 
shows how the stress pattern builds up 
to ominous levels at points suspected 
or not. The Kodak Contour Projector 
is what brings the stress analyst in 
close, past the gross structure of the 
pattern, to the all-important fine de­
tails where structural failure starts. 

Don't bother Westinghouse for a de­
scription of the optical, mechanical, and 
electrical additions they've made to the 
projector. 1t's enough that they are pub­
blishing a full description of the analytical 
method (Proceedings of the Society for 
Experimental Stress Analysis, 17, No. 1). 
They're not interested in selling projectors. 
Eastman Kodak Company, Special Prod­
ucts Division, Rochester 4, N. Y., is. 
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• FIELD TESTS 
.SIMULATORS 
• MAPS AND SURVEYS 

to speed your R&D programs 
Can your research and develop­
ment program use expert hands 
to evaluate guidance and posi­
tioning systems? Field-test new 
instrumentation? Produce models, 
simulators, or maps and surveys? 

AERO Service Corporation can 
provide these skills. Our experience 
in airborne geophysics, geodesy, 
photo interpretation, model mak­
ing and mapping is helping to 
advance important projects. For 
example . . •  

RA DAR TRAINING MAPS 
Problem: develop ultra-sonic and 
light reflective relief models to 
simulate radar return patterns. 
Thiokol maps (4 x 6 ft.; 9 x 36 ft.) 
with textured surface and target 
reflectors were made for the Air 
Force. For Navy uses, light re­
flective maps were formed in .030 
vinyl, shaded gray for levels of 
target return. 

SPEEDING THE DEW LINE 
Within a single short season, AERO 
provided engineering maps for 
Dew Line stations over 3,000 
miles from Alaska to Baffinland. 
Air photos were interpreted and 
topographic mapping done; fol­
lowed by airborne recording of 
terrain profiles, then ground 
studies. A staff of 50 men com­
pleted the survey on schedule. 

Is there a need for AERO'S skills 
in your program? Whether it's a 
large project or limited pilot study, 
AERO engineers will be pleased 
to discuss our special capabilities 
and experience. Write for special 
facilities report. 

AERO SERVICE CORPORATION . 
Philadelphia 20, -Pennsylvania 
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International Medical Institute 

P
resident Eisenhower's call in his 
State of the Union message two 
years ago for U. S. support of med­

ical research abroad is about to bear 
fruit. Early in August the House Sub­
committee on Health and Safety con­
cluded hearings on a bill to set up an 
agency to encourage international co­
operation in medical research and to 
provide U. S. grants to foreign investi­
gators. The bill was passed by the Senate 
by a 63-17 vote in May. Completion of 
House action is expected at the present 
or next session of Congress. 

The agency would be known as the 
National Institute for International Med­
ical Research and would become anoth­
er of the U. S. Public Health Service's 
numerous National Institutes of Health. 
The new institute would be authorized 
to spend up to $50 million annually for 
training personnel and planning and 
conducting research on disease and re­
habilitation of the physically and men­
tally handicapped. Studies could be 
conducted in the U. S. or abroad. A Na­
tional Advisory Council for International 
Medical Research would be organized 
to advise the Surgeon General on the 
activities of the institute and to review 
financial grants. 

The President called for U. S. aid to 
foreign medical research as part of a 
wider program of aid to science abroad 
and for increasing scientific and cultural 
contacts between the U. S. and the 
U.S.S.R. and the countries of eastern 
Europe. The international medical in­
stitute bill was introduced in the Senate 
soon afterward by Lister Hill of Ala-

SCIENCE AND 
barna, a Senator with a strong interest 
in health legislation. When Senator Hill 
reintroduced the measure last January 
in the new Congress, it bore the names 
of 63 members of the Senate as co-spon­
sors. During six days of Senate hear­
ings, no witness appeared against the 
bill, and it was enthusiastically endorsed 
by a list of organizations and individuals 
taking in nearly the whole of the fields 
of medicine and public health. 

Rocket-Age Projects 

Contracts have been awarded by the 
National Aeronautics and Space 

Administration for a start on two much­
discussed rocket-age projects. Atomic 
clocks, to be placed aboard earth satel­
lites as a means of testing parts of the 
special and general theories of relativi­
ty, are to be designed and built by the 
National Bureau of Standards, Massa­
chusetts Institute of Technology and 
Hughes Aircraft Company. A small seis­
mograph, mgged enough to withstand 
launching in a rocket and subsequent 
landing upon the moon, is to be devel­
oped by Columbia University's Lamont 
Geological Observatory and the Cali­
fornia Institute of Technology. 

Even before the launching of the first 
artificial satellite it was widely suggested 
that the clock paradox of special rela­
tivity-the slowing-down of a moving 
clock-might be tested by putting an 
atomic clock into orbit and comparing 
the frequency of the clock's "ticks" (the 
radio waves the clock generates) with 
the frequency of a similar clock on 
earth. More recently it has been pointed 
out that an orbiting clock can also pro­
vide a check upon one of the predictions 
of the general theory of relativity-a 
hypothesis hitherto difficult to test be­
cause many of the effects it forecasts are 
too small to be observed. General rela­
tivity predicts an increase in the energy 
of radiation falling through a gravita­
tional field, for example, in the radiation 
falling upon the earth from a source at 
some distance from the earth. In the 
case of radiation from a constant-fre­
quency source-such as the radio waves 
from an atomic clock-the increase in 
energy would result in an increase in 
frequency (the so-called gravitational 
blue shift); i.e., the clock would appear 
to run fast [see "Artificial Satellites and 
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THE CITIZEN 
the Theory of Relativity," by V. L. Ginz­
burg; SCIENTIFIC AMEHICAN, May J. 

Atomic clocks can be made to measure 
time with an accuracy approaching 
one second per 1,000 years-precision 
enough to allow detection of both the 
special-relativity "slow-time" and gen­
eral-relativity "fast-time" effects. More 
than one clock is likely to be put into 
orbit, because the slow-time effect 
should be most evident in satellites be­
low 2,000 miles of altitude, while the 
fast-time effect is expected to be strong­
est at altitudes above 2,000 miles. 

The lunar seismograph to be designed 
at Columbia and Cal Tech will weigh be­
tween 10 and 20 pounds and is to detect 
crustal movements resulting either from 
internal activity of the moon or from 
the impact of meteorites on the moon's 
surface. Information on such move­
ments, telemetered back to earth, will 
provide clues to the moon's internal and 
surface composition, as well as data on 
the size and velocity of meteoric par­
ticles in space. Several types of lunar 
seismograph, varying in sensitivity, fre­
quency response and other characteris­
tics, will probably be developed. Target 
date for the landing of the first seismo­
graph on the moon is 1964 or 196.5. 

T est· Ban Developments 

/\ group of experts from the U.S.S.R., 
1.'-'- Great Britain and the U. S. last 
month recommended the use of satellites 
for detecting high-altitude nuclear ex­
plosions. Their report to the Geneva con­
ference stated that five or six vehicles, 
weighing several thousand pounds each 
and traveling at altitudes of more than 
18,000 miles, could survey the entire 
earth and the space around it. The neces­
sary instruments for satellites and associ· 
ated ground stations were said to require 
no fundamental advances in technology. 
However, the experts acknowledged that 
the system would be very expensive and 
technically difficult to achieve. They also 
proposed less ambitious schemes with 
orbits only 300 to 450 miles above the 
earth. These would leave some gaps in 
surveillance at lower altitudes. 

As the talks at Geneva continued, the 
U. S. Atomic Energy Commission was 
reported by The Neu; York Times to be 
"quietly preparing for immediate re­
sumption of nuclear testing if the nego-

RADIOACTIVE M ATERIAL HAN­

DLI N G  investigations are safely 
carried out with this Stokes proto­
type vacuum furnace. It is remotely 
operated by manipulators and other 
external controls. This installation 
represents another specific require­
ment met through Stokes flexibility. 

PLUTONIUM MELTING AND CASTING 

will soon be easily accomplished by 
this Stokes vacuum furnace being 
assembled for shipment to custom­
er's plant. The entire system will be 
enclosed within a vacuum dry box 
for "clean handling" and operation: 
another example of Stokes design 
concept flexibility. 

URANIUM MELTING ON A PRODUC­

TION BASIS is accomplished by this 
Stokes induction melting furnace. 
Designed for safety and con venience, 
the furnace is serviced from the top 
and features a removable bottom 
section to facilitate handling of 
poured materials. It is typical of 
Stokes inherent flexibility. 

nuclear flexibility 
Metallurgical investigations are leading to new, practical appli­
cations: plutonium melting and casting, uranium melting on a 
production basis and new methods of handling radioactive ma­
terials ... are just a few. At Stokes, extensive design experience 
and manufacturing facilities work hand-in-hand to make these 
developments possible. Stokes pioneered in the application of 
vacuum metallurgy to the nuclear field. In the modern Stokes 
laboratory, vacuum melting, casting, heat-treating and pellet­
izing experiments are providing new methods of overcoming 
traditional bottlenecks. 

Stokes experience and aggressive developments in the field of 
nucleonics can go to work for you. Whatever your requirements, 
the inherent flexibility of Stokes design concepts is assurance 
that your stringent needs can be met. Why not investigate 
further by writing or calling Stokes today. 

Vacuum Metallurgical Division 
F. J. STOKES CORPORATION 

5500 Tabor Road, Philadelphia 20, Pa. 
STOKES 
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AO Offers Low-Cost 

Stereophotomicrography 
. . .  in just three easy steps 

"iI SET the focusing adjustment on your 

U AO Spencer Cycloptic Stereoscopic 
Microscope, to bring specimen into 

sharp focus. Camera is mounted directly to 
Cycloptic ... out of the way ... ready for in. 
stant use. 

<ry) SNAP shutter with cable release. You 
� photograph the sharp three·dimen. 

sional image exactly as you saw it. 
Your film processor will supply stereo 
mounted photographs. Now you have per· 
manent, three·dimensional photomicro. 
graphs, in black-and·white or color, for 
future reference. 

American Optical 
UJ Company 

INSTRUMIHT DIVISION, 8U"ALO n. NIW YORK 
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� SWING the mounted 35 mm Graflex 
/b. Stereocamera into position over eye· 

pieces. Designed exclusively for Cy· 
doptic, special compensating prisms in 
adapter unit render camera parfocal with 
microscopes' optical system. Set camera for 
bulb exposure. No further adjustment is 
necessary. 

The full·size Graflex Stereoviewer, with 
built·in light source, completes this easy· 
to-use 3-D photo package. You can review 
your findings over and over again ... anytime 
... anywhere. Here is everything you need 
for three-dimensional photomicrography ... 
unique ... easy·to·use. Available only from 
American Optical. 

Ask your AO Sales Representative or 
write: 

----------------, 
Dept. U178 1 o Please send full information on AO 
Spencer 637 Stereocamera attachment. I 

o Also include infor mation on AO I 
Spencer Cycloptic Stereoscopic Microscopes. I 
Name I 
Address I 
City Zone __ State __ I 

________________ J 

tiations with the Soviet Union for a ban 
collapse." The preparations include the 
digging of tunnels in Nevada for under­
ground explosions and maintenance 
work on the Eniwetok proving grounds. 

The voluntary one-year moratorium 
on U. S. tests, which began with the 
Geneva talks, expires on October 3 1. At 
a recent committee hearing in the House 
of Representatives AEC chairman John 
A. McCone said he "would not continue 
this present type of ban" if negotiations 
extended beyond that date. "I would 
think," he continued, "that at the end of 
the year this policy should be very care­
fully reconsidered. I feel that we have 
been extremely patient in those negotia­
tions and I do not think that we should 
find ourselves in a position of stopping 
testing just for the purpose of sitting at 
a conference table." 

U.S.S.R. Census 

The first results of a census taken last 
January reveal that the population 

of the U.S.S.R. has the extraordinarily 
high ratio of 55 females for every 45 
males. Virtually the entire deficit of men 
is in persons over the age of 32, and is 
due to losses of men in \,yorld War II. 
Usually estimated at three to seven mil­
lion, these losses may actually have been 
very much larger. 

A preliminary report on the Soviet 
census, translated from Izvestia, is pub­
lished in the July issue of the Population 
Bulletin. The report discloses numerous 
striking changes in the population of the 
U.S.S.R. since the last census was taken 
in 1939. 

Present-day Russia has moved far 
from the predominantly rural nation of 
World War I. Almost 100 million of the 
U.S.S.R.'s 208.8 million people live in 
cities. Cities with a population of 200,-
000 or more number 72. Urban growth 
has been especially rapid since 1956. In 
that period more than 200 new cities 
have been established and the urban 
population has risen by 16 million. De­
spite the emphasis upon the develop­
ment of Siberia, however, only 30 per 
cent of the population-urban and rural 
-lives in and beyond the Urals, as com­
pared with 25 per cent before "Vorld 
War II. 

The natural increase (excess of births 
over deaths) of the Soviet population is 
currently about 3.5 million annually. 
Births number more than 25 per 1,000 
of population per year, or more than five 
million per year. Deaths total 1.5 mil­
lion annually, for a crude death rate of 
7.5 per 1,000 per year. The latter is one 
of the world's lowest crude death rates 
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AT RAYTHEON-

Scientific imagination focuses on 
HEAT SEMICONDUCTIVITY 

Pyrographite shows the greatest anisotropy of heat 
conduction of any known substance, for it conducts 
heat 500 times better in one of its planes than the 
other. Along the surface, its plane of conduction, pyro­
graphite has the highest thermal conductivity of any 
substance yet discovered-30% higher than copper. 
Pyrographite has a destruction temperature of 6600° F. 

In the longitudinal plane of the monatomic carbon 
molecules that form the hexagonal crystals of pyro­
graphite, atoms are spaced at 1.42 Angstrom units; 
the spacing between the longitudinill planes is of the 
order of 3.40 Angstrom units. The unique heat trans­
port characteristics result from the high degree of 
orientation of the longitudinal layer planes. 

Pyrographite, which has a high strength-to-weight 
ratio, can be used for re-entry bodies and rocket noz­
zles where it has excellent erosion resistance at tem­
peratures up to 6000° F. It also has application in 
nuclear reactors. 

The study of pyrographite and similar materials by 
such men as R.I. Russell, S. F. D'Urso and E. F. Keon 
is representative of the basic research at Ray theon­
where scientific imagination is broadening man's 
knowledge. 

COMPANY, Waltham, Mass. 
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Man's Eternal Struggle with the Machine 

The man who made tomorrow come­
just one day early! 

Name was John. Deceptively mild 
in appearance. Rather quiet. Seemed 
to have a manner of knowing what 
he was doing. Yet, there was an un­
dercurrent of impatience about him. 
The kind of fellow you'd expect to 
find in research ... 

The day? An otherwise everyday. 
Because John lived an otherwise 
everyday life. Except for his work 
with the ." '�;�";::!''':;''';;:,:A 1 

How he changed the calendar 
won't be easy to tell, because of the 
security involved. (Probably should 
spell that with big letters, like this 
- SECURITY !) But we'll try 
anyway ... 

John was deeply involved in a 

project to develop a :;,;:::·�t:.::.;:;··;.:··· 
... �:-.'.!: .. l Never been done before, and 

nobody thought it could be. They 

even assigned one of those aggra­

vating target dates. 

J Classified 
2Incidentally, John's source of help 
for his "impossible" welding prob­
lem was four brothers named 
Sciaky. They direct a unique or­
ganization of highly trained, ex­
perienced people. The same as John 
and his colleagues, they share 
one common characteristic-scien­
tific imagination and daring. As you 
might expect, we can't write about 

But John was moving with dis­
patch in spite of it all. Had no real 
problems till he got to putting the 
!-.. H!'.:.d!f.!-rl:G.·�: l on the ;:";,:;')�):�Y · ··J�+ .. :� •. l 
Then-nothing. The wheels kept 
falling off. 

Here was a critical problem in 
joining. Not John's specialty by 
any means. But what he didn't 
know never concerned him. Only 
what he had to find out. So, he 
simply looked over his sources in 
industry for someone who would 
know. Some organization with the 
facilities, experience and interest in 
"impossible" welding problems.2 

John found this special source, of 
course. And, like "Tom Swift and 
his Electric Grandmother," he com­
pleted his task. As a matter of fact, 
John delivered his prototype and 
substantiating data the day before 
it was required! 

any of the numerous projects Sciaky 
has worked on, either-SECURITY, 
you know. But you can get the facts 
directly from them. You'll find their 
two basic products are welding re­
search, and precise-repeat precise 
equipment for resistance welding, 
fusion welding, electron beam weld­
ing (the only American licensee of 
the Comissaiat A L'Energie Atom.­
ique en France), etc. 

Chicago • London 

Paris • Los Angeles 

76AR599 
for information contact: Sclaky Bros., Inc., 

4938 West 67th Street, Chicago 38, illinois. 
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and reflects the high percentage of young' 
persons in the U.S.S.R. 

World War II cost the U.S.S.R. not 
only many millions of young men, but 
also a sizable part of the generation now 
coming of age. This is the result of a 
sharp decline in births and high child 
and civilian mortality during the war 
period. Analysis of figures in the census. 
report indicates that the population 
within the present boundaries of the. 
U.S.S.R. had a natural increase of not 
quite two million or 1.2 per cent a year 
in the decade before the war. If it had 
been possible to maintain the 1.2·per­
cent rate-let alone reach the present an­
nual increase rate of 1.75 per cent­
throughout the war, the U.S.S.R. would 
now have a total population of 235 mil­
lion or more. 

Tunnel Diode 

A new entry in the burgeoning field of 
solid-state electronics promises to 

outperform the transistor in many im­
portant respects. Reports from several 
laboratories indicate that the tunnel 
diode, as the device is called, will make 
possible faster switches and less noisy, 
higher-frequency amplifiers and micro­
wave oscillators. 

As with transistors and most other 
semiconductor devices the functioning 
of the tunnel diode depends on the 
transfer of electric charge across a "p-n" 
junction. But the method of transfer is 
different and the action quicker. 

A p-n junction is the region between 
a p-type semiconductor, containing mo­
bile positive charges in the form of 
"holes" (vacant electron sites in the 
atoms of the crystal) and an n-type, con­
taining mobile negative electrons. The 
opposite sides of the junction acquire a 
charge that resists the motion of elec­
trons and holes across it. In the older 
devices the charges pass through only 
with the help of an outside voltage, 
which gives them enough energy to sur­
mount the potential barrier. 

According to the laws of quantum 
mechanics, however, another passage­
way exists. Regardless of its energy, an 
electron approaching one side of a po­
tential barrier has a small but finite 
probability of disappearing from that 
side and simultaneously appearing on 
the other. It is as if the electron tun­
neled under the barrier. Last year a 
Japanese physicist, Leo Esaki, discov­
ered that the tunnel effect can produce 
substantial currents across p-n junctions. 
The semiconductor must be heavily 
"doped" with impurities to give a high 
concentration of movable charges, and 
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... th rough a plasma sheath 

When man goes into the outer atmosphere, communica­
tion with ground installations will be a major problem. 
The shock wave preceding a hypervelocity vehicle flying 
at altitudes between 70,000 and 350,000 feet will cause the 
oncoming air to be heated to extremely high temperatures. 
Result: a sheath of ionized particles around the vehicle. 

Communication through this plasma cannot be achieved 
with conventional equipment. That's why Bendix 
Systems Division is engineering a communications system 
in frequency bands specifically designed to penetrate the 
hypersonic shock layer. The solutions of these problems are 
common to hypersonic flight and ballistic missile re-entry. 

The Bendix Systems Division, using the nearby 
University of Michigan's Ford Nuclear Reactor, is also 
developing radiation-resistant communication equipment 
to provide extreme reliability over long operating periods. 
These techniques are applicable to both nuclear-powered 
vehicles and space programs. 

Bendix communications experience is also being applied 
to other programs for which the Systems Division has 
management and engineering responsibility-the Navy's 
EAGLE System and the Air Force's ANI AMQ-15 
Weather Reconnaissance System, for example. 

Better engineers and scientists are invited to write for 
further information on Bendix Systems Division. 

Bendix Systems Division �J7cf� 
AVIATIOri CORPORATION ANN ARBOR. MICHIGAN 
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dearborn research leads the way 
in all fields of 
corrosion control 

PIPE LINE corrosion specialists call for 
both mechanical and chemical protec­
tion and get it with Dearborn's NO­
OX-/D coatings and wrappers . . . 
underground and underwater protec­
tion that lasts for decades. 

ON RAILROADS, Dearborn's water treatment formulas and 
sludge solvents keep diesels running longer and cleaner. 
NO-OX-/D coatings add years of life to trestles and bridges. 
Exclusive pressure washing systems and cleaners keep roIl­
ing stock bright ... reduce maintenance costs. 

SHIP OWNERS depend on Dearborn's 
NO-OX-/D coatings for long term protec­
tion against the continuous corrosive at­
tack of inland and salt waters. 

POWER ENGINEERS in all types of industry keep costly boiler 
down-time and repairs at a minimum ... maintain trouble-free 
cooling systems ... with Dearborn water treatment consulting 
service and test equipment engineered to their specific needs. 
Dearborn engineers also assist in designing pre-treatment 
systems including ion -exchange equipment, demineralizers 
and softeners. 

If your responsibilities include 
any phase of water treatment 
or corrosion con t rol, you 
should be receiving Dearborn's 
valuable research and techni­
cal b ulletins. A request on 
your Company letterhead will 
bring them regularly . 

DEARBORN 
CHEMICAL 
COMPANY 
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Executive Offices: 

Merchandise Mart. Chicago .54 
Plants and Laboratories: Chicago 

Linden, N. J . •  Los Angeles' Toronto 

Honolulu' Havana' Buenos Aires 

the junction must be very thin. Such a 
junction constitutes a tunnel diode. 

The action of the device depends on 
certain peculiarities in the tunneling 
current. With no outside voltage across 
the junction the electrons on either side 
reach a common energy-level, and tun­
nel with eyual ease in both directions. 
There is no net current. If a small voltage 
is applied, raising the energy of the n­
type conduction electrons, they find 
themselves opposite a band of unoccu­
pied energy-states in the p-type material. 
The n-to-p tunneling increases and a net 
current appears. At a greater voltage, 
however, the n-type electrons reach the 
level of the so-called forbidden gap of 
energies in the p-type material. Now 
they cannot move across the junction, 
and the current decreases. Eventually, 
if the voltage is made high enough, the 
n-type electrons spill over the top of the 
potential barrier in the ordinary way, so 
that the current increases again. 

Over the range where an increasing 
voltage causes the current to decrease, 
the diode has "negative" resistance. Any 
negative resistance element can be made 
to act as an amplifier or oscillator. 

In vacuum-tube and transistor ampli­
fiers, electrons (or holes) must pass 
from an emitter to a collector through a 
region where their motion is influenced 
by the input signal. This transit requires 
a minimum time, placing an upper limit 
on the frequency at which the devices 
can work. In the new diode, tunneling 
electrons set up virtually instantaneous 
surges of current througJl the whole 
semiconductor. Hence the possible fre­
quency response is much higher. Also, at 
certain points small voltage changes 
cause the diode to flip almost instan­
taneously from one positive resistance to 
another. Thus it can act as a fast switch. 

An announcement from the General 
Electric Research Laboratory says that 
tunnel-diode amplifiers already operate 
at 2,000 megacycles, the upper limit of 
the transistor. Frequencies of more than 
10,000 megacycles should be possible, 
at noise levels very much lower than 
transistors can attain. The rapid switch­
ing action of tunnel diodes will find ap­
plications in computers and control cir­
cuits, particularly for nuclear reactors. 
Heat and atomic radiation do not dis­
turb the tunnel effect so much as they do 
the transistor action of semiconducting 
crystals. 

V ims-Destroying Bacterium 

V iruses that destroy bacteria are fa­
miliar, espeCially the numerous strains 

that prey on the Escherichia coli organ-
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AN ENTIRELY NEW CONCEPT IN PRESSURIZATION AND COOLING . • .  A Nose cone cooling, B Cabin pressurization and 

cooling, C Suit pressurization and cooling, D System control, E Heat exchangers, F Electronic bay (cooling and inerting), G Supply valve, 

H Nitrogen relief valve, I Liquid nitrogen storage tank, .J Liquid nitrogen vent valve, K Liquid nitrogen jiller valve, L Helium vent and buildup 

valve, M 2.stage helium regulator, 4400·65 psi, N High pressure heliulIl storage, 0 High pressure helium jiller valve, P Heliulll relief valve . 

• The AiResearch Pressurization And 
Air Conditioning System in North 
American's X-IS is a radical departure 
from normal pressurization and 
cooling techniques, also pioneered by 
AiResearch, which up to now have 
utilized outside air surrounding the 
aircraft. When the X-IS manned space­
craft climbs into space beyond the 
earth's atmosphere, it will carry its 
own atmosphere in the form of liquid 
nitrogen dispensed through a self-suf-

... HE 

ficient AiResearch pressurization and 
air conditioning system for the pilot 
and vital equipment. 

X-IS applications include: pressur­
izing and ventilating the cockpit and 
the pilot's flight suit inside of which 
he breathes pure oxygen; cooling and 
pressurizing electronic equipment and 
inerting its environmental atmos­
phere; cooling the plane's nose cone; 
and, operating pneumatic equipment. 

High pressure helium gas is metered 

to a flexible expulsion bladder forcing 
nitrogen out of the storage tank, insur­
ing a normal flow at all times. 

From the B-29 to the modern jet 
airliner and now the X-IS, AiResearch 
pressurization and cooling of these 
history-making aircraft exemplify the 
company's continued world leadership 
in the pioneering and advanced devel­
opment of pressurization and refriger­
ation systems for high altitude, high 
speed flight. Your inquiries are invited_ 

CO.PO.A .... ON 

thResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

Systems, Packages and Components/or: AIRCRAFT. MISSILE. ELECTRONIC. NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Explore new areas 
at IBM in 

The IBM solid state program ranges from basic research to 
product development. In order to develop new laminar 
materials for overlaying solids, IBM is studying the be­
havior of molecules adhering to a surface in an ordered array. 
Other projects involve a new ferrite core which will function 
normally at 500°C. and a one-million bit magnetic memory 
drum weighing only five pounds. Assignments are now 
available in such related areas as circuit design, cryogenics, 
inertial guidance, logic, magnetics, optics, radar, semi­
conductors, and transistors. 

A career with IBM offers excellent advancement opportuni­
ties and rewards. You will enjoy professional freedom. 
Comprehensive education programs are available as well as 
the assistance of specialists of diverse disciplines. Working 
independently or with a small team, your contributions are 
quickly recognized. This is a unique opportunity for a career 
with a company that has an outstanding growth record. 

Qualifications: B.S., M.S., or Ph.D. in E.E., M.E., Physics, 
Mathematics, or Physical Chemistry-and proven ability to 
assume a high degree of technical responsibility in your 
sphere of interest. 

For details, write, outlining background and interests, to: 

Mr. R. E. Rodgers, Dept. 65911 
IBM Corporation 

590 Madison Avenue 

New York 22, N. Y. 

IBM. 
INTERNATIONAL BUSINESS MACHINES CORPORATION 

ism and provide investigators with a 
handy tool for studying virus genetics. 
There also exists at least one species of 
bacterium able to destroy a virus. 

The virus-destroying bacterium is a 
newly identified yellow organism named 
Flavobacterium virttrumpens by its dis­
coverer, Benjamin E. Volcani of the Uni­
versity of California Virus Laboratory. 
Volcani recovered the microbe from the 
mud of a creek crossing the Berkeley 
campus. The virus it destroys is the 
organism that causes the mosaic disease 
of tobacco. 

The yellow bacterium dissects the 
tobacco-mosaic virus into an assortment 
of rodlets, granules, doughnut-shaped 
fragments and fragments of irregular 
shape by attacking the virus protein en­
zymatically. Four or five points in the 
virus's protein coat appear particularly 
susceptible to the bacterium's action. 

Volcani's discovery not only points to 
the possible existence of other virus-de­
stroying bacteria; it also furnishes a new 
means of degrading viruses to determine 
their structure. Hitherto physical and 
chemical procedures have been the chief 
reliance of researchers seeking to break 
down tobacco-mosaic and other viruses 
for study. 

Equatorial Electrojet 

Variations in the earth's magnetic field, 
as measured at ground observing-sta­

tions, have long been attributed to elec­
tric currents circulating in the iono­
sphere. Rockoons (rockets fired from 
balloons) sent aloft during the Interna­
tional Geophysical Year confirmed the 
existence of these "dynamo currents." 
They have also led to the discovery of 
at least three currents, instead of the ex­
pected one, in the region of the magnetic 
equator: two flowing from west to east, 
and one, just to the north, flowing in the 
opposite direction. 

Data on the triple equatorial electro­
jet were obtained on three rockoon 
flights near Fanning and Jarvis islands 
in the Pacific. The rockoons were 

. launched from the Navy icebreaker 
Glacier under the direction of James A. 
Van Allen and Laurence J. Cahill, Jr., 
of the University of Iowa. They car­
ried miniaturized proton precession 
magnetometers to record the absolute 
intensity of the magnetic field on the 
way up and down. 

The first of the three data-yielding 
flights was made at latitude three degrees 
23 minutes north and longitude 158 de­
grees 4 1  minutes west. At an altitude of 
104 kilometers the rocket's magnetom­
eter recorded a change in magnetic 
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True only of Cooper Allo" stainless 
valves, in use in di " crsified applirations 
in the chemical processing, petrochemicaL 
pharmaceu tical, pulp and papel\ and 

similar high-corrosive industries. These 
valves are widely respected for their 

ability to deli,ocr top performance under 

the most adverse of operating conditions, 
year in, year ou t. 

These are the quality factors which have 
earned for Coopcr Allov the repu tation 
as thc first-line producer of corrosion­
resistant stainless steel valves and 
fittings. The quality of your product 

requires a like CJuality in the 

process equipment used to make it. 
Your process and your 

product deserve Cooper 
Alloy valves and fittings. 

COOPER 8 ALLOY 
Corporation, Hillside, New Jersev 

Stainless steel valves, fittings, castings; Plastic pumps, valves, fittings 
J 

III 
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HOW 
TO ILLUSTRATE 

A PROFITABLE IDEA 

When ��!F developed an advertisement entitled 

"Parts Determine Profits", artist Fritz Siebel was com­

missioned to create the illustration. The result of his 

effort appears above. Perhaps you saw the original 

ad in Business Week. In it ��w pointed out how a 

single bearing failure can halt production, boost op­

erating costs and otherwise eat away profits. To avoid 

these penalizing possibilities it was also suggested that 

the manufacturers-or users-of equipment containing 

bail or roller bearings might profit by asking ��w for 

an impartial bearing analysis. Do the products you 

build-or buy-contain bearings? SA.7820 

Sphuical, C-,lindrical, Ball, and �so.\ Tapered Roller Bearings 
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flux indicative of an east-west current. 
The other two flights that penetrated 

the electrojet were made almost due 
south of the first one: just above the geo­
graphic equator, and at two degrees five 
minutes south. Both of these flights en­
countered a west-east current 97 kilo­
meters above the earth. At 1 10 kilome­
ters the current density dropped off, but 
not to zero. At roughly 1 17 kilometers 
the magnetic flux changed again, sug­
gesting the existence of a second west­
east current. One of the rockets reached 
an altitude of 129 kilometers, sufficient 
to carry it to the apparent center of the 
upper west-east current. 

The equatorial currents are believed 
due to tidal movement of ions in the 
upper atmosphere under the influence of 
the sun and moon. Additional flights will 
be needed to permit estimates of actual 
current densities, which vary from hour 
to hour and day to day. 

Diagnosis by Computer 

I n diagnosing illness the physician's 
usual starting pOint is to take the 

patient's medical history. Unfortunately 
not all physicians are equally skilled in 
questioning, nor do all have time to take 
a proper history. As a result Keeve Brod­
man of the Cornell University Medical 
College 10 years ago devised a medical­
history questionnaire to be filled out by 
the patient himself. . 

Brodman and his colleagues have now 
carried the self-questionnaire a step 
farther. In studying the patient's history 
the physician makes deductions from 
particular combinations of patients' an­
swers-a process that digital computers 
can be geared to perform. A computer 
was accordingly equipped with ques­
tionnaire answers pointing toward 60 
common ailments, obtained by analysis 
of questionnaires filled out by 5,929 
patients admitted to New York Hospital 
during an IS-month period a decade 
ago. Questionnaires filled out by 2,745 
patients in 1956 and 1957 were then 
run through the machine. 

The computer selected the proper di­
agnosis in 44 per cent of the question­
naires examined. (What the patients ac­
tually suffered from was, of course, 
known from hospital records.) Later, in 
a special test involving 350 question­
naires also analyzed by a physician, the 
computer batted 4S per cent as against 
43 per cent for the physician. 

Brodman sees rapid interpretation of 
medical interviews in mass surveys, not 
replacement of the individual physician, 
as the primary application of diagnosis 
by computer. 

3000 
POUNDS 

OF LEAD 
WEIGH 

EXACTLY 
IY2 TONS; 

may require reinforced floors; cost 
approximately $800.00; and are altogether 
superfluous with the availability of the 

new AlTlperex® Type 18515/Type 18517 
Low-Level Beta Counter. 

I n recent years, 
the measurement of low level radiation 
has become increasingly important, par­
ticularly in connection with the radio­
active contamination of the atmosphere, 
water supplies, food-stuffs, and the 
waste material from medical, radio­
chemical and nuclear laboratories. 
Hence, an acute need has developed for 
a reliable, ultrasensitive Geiger count­
ing system which combines accuracy and 
compactness at a moderate cost. 

The new Amperex Type 18515/ 
Type 18517 low level beta counter tube 
configuration now makes .such a system 
possible. A single cosmic ray guard tube, 
Type 18517, now replaces an entire array 
of up to thirty guard tubes heretofore 
required in low background systems. 

A system u t i l izin g  the new 
Amperex tubes requires only 400 Ibs. of 
lead shielding to achieve backgrounds in 
the order of 1 cpm-thus eliminating as 
much as 3000 Ibs. of shielding material 
necessary for a conventional system. 

The resultant simplification in 
circuitry, plus the elimination of multi­
guard tube malfunctions, provides a 
dramatic increase in system reliability. 

By virtue of its unique design, 
the beta detection efficiency of the 
Amperex 18515 beta tube greatly ex­
ceeds that obtained by any previous 
halogen-quenched, thin-window tube. 

Because of its unique construc­
tion, processing, and gas mixture, the 
cosmic ray efficiency of the guard counter 
is virtually 100%. Hence, NO cosmic ray 
can actuate the inner tube without simul­
taneously actuating the guard counter. 

Thus, AMPEREX has again 
turned its 'proprietary' manufacturing 
techniques to the implementation of an­
other significant new development in 
radiation measurement from the re­
search laboratories of Philips of the 
Netherlands. 

For additional information, write 
to Semi-Conductor and Special Purpose 
Tube Division, Amperex Electronic Corp., 
230 Duffy Ave., Hicksville, L. 1., N. Y. 

about their full range of Tadl.tlon counter$� 

high temperature ,adilltion counters, 

photomultlpllel's, photo-sensitIve dedces, 
indicator tubes, premium electron 
tubes lind semi-conductors. 
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T o' t a rn e h e a t  a n d 

Does heat or flame present a hazard in your business or product, or set a limit to the efficiency of equipment? 

If so, Celanese has some chemical answers for you : 

We have developed - and produce - fire-resistant synthetic lubricants and hydraulic fluids, fire resistant 

plasticizers, fire-retardant additives for paints and varnishes, motor fuel additives that improve combustion, and 

heat-resistant lubricants for high temperature applications. These products are typical examples of the 

contribution of Celanese to safety and progress in American industry. Take advantage of our long experience in 

reducing the hazards and losses of heat, fire and explosion. If you have such a problem, why not ask us to help? 

, Write Celanese Corporation of America, Chemical Division, Dept. 582-5, 1 80 Madison Ave. ,  New York 16. 
Celanese® Celluflex® Cellulube® Cellutherm™ 
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k e e  

L E F T T O  

p f r e  

R I G  H T 

• Cellulubes, fire-resistant hydraulic fluids for safer operation of die 
casting machines, hydraulic presses and other power transfer units near 
potential sources o f  ignition .  

• Celluflex plasticizers add fire resistance to urethane foams and other 
plastics. 

• Fuel additives improve performance characteristics o f  gasolines. 

• Cellulubes, combustion-resistant lubricants for air and gas compressors, 
also reduce maintenance costs. 

• Celluflex plasticizers contribute the property of  fire retardance to pain ts 
and varnishes . 

• Cellutherm high temperature lubricants for faster jet engine speeds. 

f n d l y 
. 

r l  e 

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, N. Y. 

\ l 
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SOLVI NG T H E  P U Z Z LES OF N UCLEAR DETO N ATIONS As a p ri m e  partic ipant i n  
a l l  m aj o r  Ato m i c  Energy  Co m mission tests s ince 1 951 , A l l i ed Research e n g i n e e rs, sc ie ntists and techn icians 

are conti n ua l ly  contri buti ng to the advance m e nt of knowledge of n u clear d eto nat ion  p h e n o m e n a  and 

effects. I The company's recog n itio n  i n  th is  f ie ld can b e  attri b uted n ot on ly  to the  d eve l o p m e nt of new 

concepts, d ev i ces, i nstru m entatio n  and d ata red u ction m ethods but a lso to the p racti cal  a p p l i catio n  of 

the resu lts, fo r exam ple ,  in a i rc raft and m issi l e  structu ral and protective d esig n c riter ia .  I S i m i lar 

recog n it ion of A l l ied  Researc h 's wo rk o n  the frontie r  of knowl edge has occu rred in  m any othe r  areas 

of i nterest . . . aerodynamics . . .  applied mechanics . . .  aircraft operations . . .  chemistry . . .  electronics and 

instrumentation . . .  geophysics . . .  meteorology . . .  nuclear weapons effects . . .  propulsion . . .  physics 

research . . .  systems engineering . . .  vibration engineering . . .  weapons systems analysis. I These u n usua l ly  

b road capab i l it ies h ave c reated o utstand i n g  opportu n it ies fo r those d ed i cated to work ing  o n  the fronti e r  of 

knowl edge.  l O u r  latest capabi l i t ies and fac i l it ies broch u re avai lab l e  on  req u est. 

Visit  u s  
at  t h e  
A i r  F o r c e  Associati o n ' s  
1 959 Aerospace P a n o ra ma­
M i a m i ,  F lo r ida  
S e pt.  2 to /,-
Booth 1 1 48.  

Allied Research 

and Verto! 

Aircraft Corporation, 

the parent company, 

offer unusually 

broad abilities 

and potentials 

both in terms 

o f  experienced 

personnel and 

physical facilities. 

Why not 

investigate the 

Vertol / A llied 

joint capabilities !  

1 1 6 

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 . 
43 LEON S TREET, BOS TON, MASSA CHUSETTS · GARRISON 7-2434 

A S U B S I D ' 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 ' O N  
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IoniziDg Radiation and the Whole Animal 

The cells of the whole anhnal fonn an interconnected society) 

making the effects of radiation lTwre d�fficult to trace. SOlne 

effects are apparent; others can only be inferred indirectZy 

T
he authors of the preceding arti­
cle have outlined the effects of 
ionizing radiation on the living 

cell. An organism such as a mouse or a 
man consists of course of many cells. But 
such an organism is much more than 
that. It is a society of specialized and 
interdependent cells. What happens 
when a society of cells is exposed to 
ionizing radiation? Even if we knew ex­
actly how each of the cells is affected, 
we could not answer the question for the 
organism as a whole. Radiation damage 
to one organ can disturb the functioning 
of another. The cooperative action of 
cells and tissues in a many-celled organ­
ism profoundly complicates the primary 
effects of radiation. Given time, this ac­
tion can also mitigate or reverse some of 
the effects. 

There is a great deal we do not know 
about these processes, and our ignorance 
has more to do with fundamental bio-

by 10hn F. Loutit 

chemistry and physiology than with 
radiation. Obviously more investigation 
is needed. Meantime ionizing radiation 
produced by human activities raises 
problems that may affect all the organ­
isms that now inhabit the earth. These 
problems must be appraised with the 
help of the biological and medical tools 
currently at hand. 

. 

The range of the problems should be 
clearly understood at the outset. At one 
extreme we are concerned with doses of 
radiation large enough, and delivered 
quickly enough, to produce detectable 
effects in an individual organism. Here 
there are symptoms for the physician to 
perceive, tissue changes for the patholo­
gist to examine or for the chemist to 
analyze. 

At the other extreme we have to do 
with doses so small or so slowly delivered 
that their direct physiological effects, if 
any, are too faint for us to recognize. In 

such cases we can try a statistical ap­
proach; for example, we irradiate a large 
number of mice and try to find out 
whether more of them develop leukemia 
than do an equal number of nonirradi­
ated animals. In the absence of statis­
tical data for small doses, as is usually 
the case for human beings, a dubious 
form of extrapolation is sometimes at­
tempted: If a dose of 500 rads [see glos­
sary of terms on page 78] of mixed gam­
ma rays and fast neutrons from an atomic 
bomb appears to cause 3,500 cases of 
leukemia per million people exposed, 
then one rad of X-rays should cause 
seven cases. Such a calculation has an 
appealing Simplicity. It is easy for the 
layman to understand and may even be 
tempting to the nonmedical investigator. 
To those who have investigated the com­
plex problems of cancer, however, the 
simple computation seems unwarranted. 
It is in this area, therefore, that much 

RADIOAUTOGRAPH OF MOUSE given radioactive tetracycline 

shows that distribution depends on biochemical behavior of Ihe 

molecules 10 which radioactive atoms (in Ihis case tritium) are 

attached. Here the concentration was greatest in liver, kidneys, 

lymphoid tissue and skeleton. The autogmph, by Torsten Andre, 

was made by placing section of mouse on photographic plate. 
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WHOLE·BODY IRRADIATION OF MICE is carried out at the 

Oak Ridge National Laboratory in this room. The cylindrical 

shielding.can on the floor contains a cobalt·60 source. The animals 

are placed in their cages on racks above and around the source. 

misunderstanding arises. We shall have 
more to say about the matter later. Let 
us begin, however, by considering the 
more apparent effects. 

Enough radiation will kill any organ. 
ism. An overwhelming dose kills instant· 
ly; a smaller, but still lethal, dose causes 
death within hours, days or weeks. Or­
ganisms vary widely in their sensitivity 
to radiation-much more widely than the 
cells of which they are constituted. In 
general, the more complex the organism, 
the more vulnerable it is. It takes about 
20,000 rem to kill a snail, a few thousand 
to kill a lizard, a few hundred to kill 
most mammals. 

Furthermore, individuals of the same 
species react differently. Because of this 
variation we frequently use as a measure 
the dose that is lethal to 50 per cent of 
the individuals exposed, abbreviating it 
as LD50• The "acute LD5,/' (the single 
dose that will be fatal to 50 per cent of 
the exposed individuals within 30 days) 
for man is 300 or 400 r for 250-kilovolt 
X-rays; for monkeys, about 500 r; for 
mice, about 600 r [see top chart on page 
120]. Immature and senile animals are 
more sensitive than young adults. 

These figures refer to a single burst of 
radiation delivered to the whole 

body. As might be expected, much high-

118 

er doses are tolerated when only a part of 
the body is exposed. Here the effect will 
depend on the amount and kind of tissue 
that is irradiated, its vulnerability to 
radiation and its role in the economy of 
the organism. A man could absorb a few 
hundred rads in his hand, say, with vir­
tually no effect on his body as a whole. 
However, an equal dose to the abdomen 
would have serious consequences. More­
over, the rate at which radiation is re­
ceived has a great deal to do with its 
effect. A much larger quantity of radia­
tion can be tolerated if it is divided into 
small fractions and delivered at intervals 
than if it is administered all at once. By 
dividing and spreading the dose radio­
therapists can treat cancerous tissue with 
thousands of rads without excessive 
damage to the patient. 

What happens to the body of an ani· 
mal when it receives a dose of radiation 
in or near the lethal range? The most 
critically sensitive tissues are the lining 
of the intestine and the bone marrow 
and lymphoid tissues that manufacture 
blood cells. Intestinal damage causes the 
body to lose water and salts. If the dose 
is big enough, say two or three times 
LD50' the injury is irreversible and death 
follows in a few days. At smaller but still 
lethal doses the situation corrects itself 
and the most serious problem becomes 

the loss of blood-manufacturing tissue. 
Death is now delayed for several weeks. 
It may be due directly to anemia, or to 
infection following the destruction of 
white blood cells. 

Accompanying these specific effects, 
whether or not they are severe enough to 
be fatal, is a generalized reaction called 
the radiation syndrome. Its first manifes· 
tation is radiation sickness, characterized 
by nausea and vomiting, usually together 
with a profound lassitude. Subsequently 
the patient may bleed from the gums or 
nose, and after 10 days or so may lose 
some hair. The initial radiation sickness 
does not seem to depend on damage to 
specific organs. It follows whenever too 
much tissue receives too big a dose, 
whether aCcidentally or deliberately, as 
in cancer therapy. The whole clinical 
picture suggests a general intoxication. 
Presumably substantial masses of tis­
sue break down, releasing into the gen­
eral circulation substances that are nor­
mally bound within the cells. But even 
in 1959 this explanation remains a hy­
pothesis subject to further research. No 
one has thus far identified the toxic sub­
stances. 

Is there any treatment for these acute 
reactions to exposure? So far as the radi­
ation syndrome is concerned, we cannot 
hope to find a specific treatment until we 
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SERVING SAFETY THROUGH SCIENCE 
Today a busy man's wife and little daughter 

received a long-distance message from him. In spite 

of a heavy overcast, his plane arrived at its destina­

tion safely. A normal event today .. . but how was 

it made possible? 

Over a hundred years ago (so the story goes) a 
man and his daughter were walking by a railroad 

track. A train passed. It blew its whistle-a high­

pitched sound as it approached and a deep-pitched 

moan as it disappeared. The little girl asked: "Why 
is that?" The question intrigued her father. and 

Christian Doppler investigated. His research-and 

the effect it defined -became part of our scientific 

heritage. . 

Ine Doppler Effect - a scientific truth which 

explained the change in pitch of sound waves­

applied equally to light waves. It enabled astrono­

mers to measure the speed at which distant stars 

move toward or recede from us. It applied to radio 

waves as well and led to the development of AID 
(Automatic Instantaneous Direction-finding) which 

enabled the busy man's plane to arrive at its destina­

tion safely. 

For some time now SERVOFLIGHT@ Doppler 

Direction Finding Systems have been demonstrating 

a reliability, bearing stability, and speed never 

before attainable ... even at intercontinental ranges 

as well as near crowded airports. At this very 

moment a pilot may be asking: "What is my bear­

ing ?"- and before his last word is out, his exact 

bearing is known. 

This is but one aircraft . .. one aspect of air 

safety. Taking a larger perspective, we see thol/­
sal/ds of aircraft filling the airlanes and approaching 

airports every day of the week the world over. Every 

one of them, minute-by-minute, needs accllrate navi­

gational bearings - undistorted by signal interfer­

ence-if increasing air traffic is to move with safety. 

SERVO CORPORATION OF AMERICA is meeting the 

need for such an air navigation system by utilizing 

the Doppler Effect in a newly developed way. The 

SERVOFLIGHT VHF Doppler Omnirange System makes 

possible reliable guidance and navigation along air­

ways throughout the world. It provides "on course" 

indications so reliable that even mountains, bridges, 

hangars, and tall buildings cannot distort the accu­

racy of the ground station signals. Of great signifi­

cance, too, is the fact that this system is compatible 

with the 104,000 omnirange receivers already 

installed in commercial aircraft, thus keeping safe 

an investment of over $300,000,000. 
Such use of scientific concepts serves the safety 

of all ... and there are many examples, such as: the 

SERVOFLIGHT Radio Theodolite for tracking weather 

balloons; the patented SERVOSAFE ® Hot Box Detec­

tive':' for protecting railroad rights-of-way agaInst 

train derailments caused by overheated journal 

boxes; infrared safe-control devices for industry, 

and military surveillance and reconnaissance sys­

tems for safety against surprise attack. 

With every division, all products and services, 

SERVO CORPORATION serves safety through science. 

SERVO CORPORATION OF AMERICA 
·Protected by U.S. Patent No. 2,880,309. Other U.S. & Foreign Patents Applied For. 

111 New South Road. Hicksville. L. r .. New York 
'1959 SE.RVO CORPORATION OF AMERICA 
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ACUTE LD50 (the single dose of radiation that will kill 50 per 

('ent of the exposed individuals within 30 days) has been estimated 

for various mammals in a number of experiments_ The sharp 

values for the goat, man and monkey reflect limitations in the 

DISTANCE I , 

FROM CENTER 
DOSE PERSONS CASES OF 

(METERS) 
(REM) EXPOSED lEUKEMIA 

UNDER 1,000 1,300 1,241 15 

1,000-1,499 500 8,810 33 
-

1 ,500- 1 ,999 50 . 20,113 8 
.. --... "--�-

2,000-2,999 2 32,692 3 

OVER 3,000 0 32.963 9 

HIROSHIMA SURVIVORS within 2,000 meters of the point above 

which the atomic bomb was exploded developed more cases of 

CONTROL 

<250-499 

w 
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C/) 0 1,000-1,499 7.21 0 
Z 
<{ 1,500-2,249 14.44 w :2' 

2,250- >2.750 
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FRACTIONATED DOSES OF X·RAYS to the spines of British 

patients suffering from an arthritic disease called ankylosing 

120 
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amount of experimental data rather than precise knowledge. The 

figure for man is subject to considerable uncertainty. The dose 

unit in this chart is the rem [see glossary of terms on page 78). 
As used here it is roughly equivalent both to the rad and the r. 

RADIATION-INDUCED 

CASES PER MilLION 

, ,- I 

11,814 
I 

3,473 

1125 

-181 ! 
i 

CONTROL 
I 
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leukemia than in the general population. Bars show incidence (per 

million people) attributable to radiation for the period 1950-57, 

72.16 

40 60 80 

spondylitis also produced an increased incidence of leukemia. 

Bars show number of cases of leukemia per year per 10,000 men, 
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have a clearer picture of its cause. We do 
know that rest and proper diet promote 
recovery. Antibiotics help control infec­
tion. As to intestinal damage, no method 
has yet been found to assist the body's 
own repair mechanisms. The situation is 
more hopeful, however, in the case of the 
blood-forming tissues. 

Ten years ago Leon O. Jacobson, then 
at the University of Chicago, showed 
that mice whose blood-manufacturing 
system had been destroyed by a lethal 
dose of radiation could be kept alive by 
implanting or injecting normal blood­
forming tissue from healthy animals. 
Subsequent investigation has proved 
that this tissue acts as a functioning graft 
in the irradiated mouse. Under ordinary 
circumstances this could not happen; the 
host would become "immune" to foreign 
tissue and reject it. But the same radia­
tion that affects the blood-forming sys­
tem also destroys the capacity to produce 
an immune response. Thus it seems that 
the cells of the donor actually repopu­
late the bone marrow and the pulp of the 
spleen, where blood cells are manufac­
tured, and in addition the lymphoid tis­
sue responsible for immunity. 

Whether the procedure would be 
equally effective in man is not certain. 
It happens that the dose of radiation 
necessary to inactivate the mouse's im­
munological system permanently is very 
nearly the same as the lethal dose. In the 
dog, however, it is considerably greater 
than the lethal dose, and in man it may 
also be greater. Even so, tissue trans­
plants can be of some help. This was 
demonstrated recently after an accident 
at a nuclear reactor in Yugoslavia. Sev­
eral persons exposed to intense radiation 
were treated in Paris. The French physi­
cians judged from biological reactions 
that five of the Yugoslav workers had re­
ceived lethal doses, and gave them trans­
fusions of normal bone marrow. Four of 
the patients improved dramatically and 
eventually recovered. Subsequent stud­
ies showed that the marrow grafts were 
not permanent, and possibly did not in­
clude the lymphoid system. Apparently 
the irradiation had blocked the immune 
response of these individuals for a lim­
ited time only, and had not injured their 
blood-forming system beyond repair. 
Temporary acceptance of the foreign 
cells gave time for the repair to operate. 

In addition to seeking cures for radia­
tion damage, we should like to find ways 
to prevent or reduce it in the first place. 
At present this is only a hope. As the 
authors of the preceding article have 
pointed out, ionizing radiation produces 
many of its effects indirectly, by form­
ing free radicals and peroxides. In in-

Modernize Your Measurem ents With 
This Low-Cost Digital Potentiometer 
Fast ... accurate . . . easy-to-read digital measurements of any parameter 
that can be converted to DC voltage are yours with the NLS 481 Industrial 
Voltmeter - a fully automated potentiometer. Temperature, pressure, salinity, 
weight, flow, speed, liquid level, angle, acceleration, magnetism, distance -
almost anything can be measured automatically with the NLS 481 ... and 
the results clearly displayed by inch-high, illuminated numerals on the 4-digit 
readout. Only NLS - originator of the digital voltmeter - offers a precision 
instrument of such. high performance for such a small investment. Write 
today for complete information concerning this versatile instrument. 

Internal standard cell permits verifi­
cation of calibration. 

• Can be read at distances up to 30 ft. 
• Easily converted to a ratiometer for 

analog computer readout. 
• High input impedance (10 meg­

ohms). 
• Measures DC voltages from one mil­

livolt to 1,000 volts. 

COMPLETE, F.O.B. DEL MAR, CALIF. 

• All controls and connectors are lo­
cated on the front panel. 

• Accessory converter permits measur­
ing AC voltages. 

• Modern one-package design - 514 
inches high, 15'� inches deep for 
mounting in standard 19-inch rack. 

• Available from stock for immediate 
delivery. 

Please rush me complete information about the NLS 481. 

Name ______________________________________________________ _ 

Company ______________________________________________ _ 

Address __________________ _____________ _ 

I City Zone State _____ _ 

I I 
• ___ � ______________________ � ____ d 
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EFFECT OF RADIATION can be of two types, threshold or nonthreshold. In the former 

case small doses produce no detectable effect, shown by the fact that the S·shaped curve 

runs along the baseline for some distance before turning upward. In the latter case any dose, 

no matter how small, has some effect. In practice the shape of the curve is often uncertain. 
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SINGLE DOSES of radiation have shortened the lives of mice and rats in a variety of 

controlled experiments. The effect may have no threshold. Acute LD50 is the dose fatal to 

50 per cent of the subjects in 30 days. Various symbols represent data from different ex· 

periments. This graph and the one below, as well as the charts on page 120, are based on the 

1958 Report of the United Nations Scientific Committee on the Effects of Atomic Radiation. 
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WEEKLY DOSES of fast neutrons or gamma rays have also shortened the lives of mice and 

rats. Three curves appear to fit the data almost equally well. All indicate that there may 

be a threshold for the life·shortening effect when small, repeated exposures are involved. 

1 2 2  

dividual cells i t  i s  possible to  reduce 
these effects several-fold by cutting off 
the oxygen supply or by adding certain 
substances. Only some of the substances 
can be used on intact animals. Most of 
them are toxic, and even in limited doses 
lower the body temperature profoundly. 
They do seem to give some protection 
against radiation, but how they operate 
is uncertain. Possibly they reduce the 
supply of oxygen in radiation·sensitive 
tissue, but other physicochemical mech· 
anisms have also been proposed. In any 
case, none of them has practical value 
as yet. 

Thus far we have been speaking of the 
immediate response of the organism 

as a whole to a massive dose of radiation. 
This is only part of the story. Some ef­
fects manifest themselves more slowly, 
appearing months or years after expo­
sme. Furthermore, repeated doses that 
are too small to produce any immediate 
reaction may eventually have an effect. 
Many of the early workers in radiation 
learned this by fatal experience. 

Radiologists, then working with low­
voltage X-ray machines, were exposed to 
radiation of low penetrating power. 
They absorbed most of their dosage in 
the skin. After a time they developed su­
perficial lesions that resembled a sunburn 
but were much slower to appear and to 
heal. When the bmns did heal, they left 
permanent scars. And the process of re­
pair often carried with it further long­
term changes. Years later many of the 
scars became cancerous. 

Those researchers who dealt with 
more penetrating radiation also suffered 
delayed effects. As might be expected, 
most of the injmies were to the blood­
forming tissues. Death from anemia and 
its complications was not uncommon. 
And as with the skin, so with the bone 
marrow. If the original injury repaired 
itself, malignant changes later led in a 
number of cases to leukemia. 

This disease, in which the blood-form­
ing tissue produces too many white cells, 
takes several forms in man. It can be 
acute, leading to death shortly after its 
appearance, or chronic but ultimately 
fatal. Two different types of white cell, 
known as granulocytes and lymphocytes, 
may be involved. Chronic lymphoid 
leukemia, the incidence of which in­
creases with age, has not been shown 
to be induced by radiation. But there is 
good evidence both from the early radi­
ologists and from more recent experience 
that chronic granulocytic leukemia and 
various types of the acute disease have 
followed overexposure to radiation. 

The atomic bomb explosions at Hiro-
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It has a 
storage capacity 

of 8,000 instructions 
• . .  and it's 
low· priced 

UtI • 

. Alh 

digital computer 

No problem is too complex to tackle with Recomp-and you can afford to 

put it wherever it's needed to break up computer·time bottlenecks. It's easy 

to use, too; engineers quickly learn to program their own problems. Other 

Recomp features: a command structure of 49 arithmetical and logical com­

mands-including 9 built·in floating point commands ... standardized tele· 
type tape configuration ... all-transistorized ... 400·character·a·second input 

... electronic console that puts all basic controls within fingertip reach ... 
simplified coding. Recomp gives you far more capacity, versatility, and 

trouble·free service for your money. It's available for sale or lease. There's 

no extra equipment to buy ... no cost of installation. Please write for 
complete literature. Industrial Products Division, Autonetics, D ep t .  19, 

3584 Wilshire Boulevard, Los Angeles 5, California. 

This engineer learned to program Recomp in two days 

Digital computers by Autonetics � 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 

Other offices; DaylOn, Ohio; Washington, D. C. 
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shima and Nagasaki undoubtedly in­
creased the incidence of leukemia among 
survivors who were within a mile or so 
of the explosion center [see middle chart 
on page 120]. These people received 
doses of from 50 to 1,300 rads, presuma­
bly to the whole body. Intermittent ex­
posures of parts of the body can also 
cause the disease. A British study has 
documented this in a group of men suf­
fering from an arthritic spinal disease 
known as ankylosing spondylitis, or 
"poker back." The patients had been 
treated with X-rays concentrated on the 
spine, the total dose varying from 250 r 
to more than 2,500 1'. Again the sub­
sequent incidence of leukemia was 
su bstantially greater than that for 
the general population [see bottom 
chart on page 120]. On "a working 
hypothesis that, for low doses, the inci­
dence of leukemia bears a simple pro­
pOl·tional relationship to the dose of 
radiation," the authors of the study 
concluded that a dose of 30 to 50 r 
to the whole marrow would be likely 
to double the natural incidence of 
leukemia. 

According to a recent report from the 
University of Oxford, the human fetus is 
very much more sensitive in this respect. 
The Oxford investigators studied the 
fetal history of children who had died of 
leukemia or other forms of cancer before 
the age of 10. A preponderance of these 
children proved to have been exposed to 
radiation during pelvic X-ray examina­
tions of their mothers. Such an exami­
nation gives a dose of about two r to the 
fetus. Those receiving it proved about 
twice as likely as other children to die 
of malignant disease before their 10th 
birthday. 

We should note that in all these in­
stances, including the small doses to un­
born children, the radiation was re-

TISSUE TRANSPLANTS that would be 

impossible in norn131 mice will "take" in 

irradiated animals. In the experiment repre· 

sented schematically at left, skin from a 
mouse of one strain is grafted onto a normal 

animal of another strain (1) . (Colored 

hatching indicates that animal has function· 

ing blood·forming tissue.) The graft is reo 

jected (2) . Mouse is given a lethal dose of 

radiation (3) , which destroys its blood· 

forming tissue (4) and the tissue responsi· 

ble for its immune reaction to foreign 

grafts. Blood·forming tissue from the liver 

of a fetal mouse is injected (5) , the blood· 

building system is restored (6) and the 

mouse recovers. The irradiated animal will 

also accept a foreign skin graft (7 and 8). 
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produced by thermal decomposition 
Disappointed with conventional mag· 

nesium oxides? Then try Internation· 

aI's. It's the only MgO produced by 

thermal decomposition. And the dif­

ference is amazing! Electrically fur· 
naced, this MgO has achieved the 

highest resIstIvIty and refractory 
properties of any commercially avail· 

able magnesium oxide. 

You'll find International MgO reI· 
atively .fow in cost. Now improved 

production facilities are geared to 
produce any quantity you need. 

For further details, fill out and 
mail the coupon ... you can count 

on a prompt reply. 

Here's how IMe does it! 
CONVENTIONAL PROCESSES 

-t 
Magnesium Chloride MgCI, 
(Contained in sea woter, 
well brine, bittern.) 

+ 
lime CaO 
(Contained in dolomite, 
sea shells, etc.) 

.. 
Magnesium Hydroxide MgIOHI, + heat 

.. 
Magnesium Oxide MgO 

INTERNATIONAL'S 
UNPARALLELED PROCESS 

Magnesium Chloride 
MgC!' + heat 

-t 
Magnesium Oxide + Hydrochloric Acid 

-t 
heat 

MgO Hel 

MgO 

And here's the result! 
MgO 
5.0, . 
so. 

99.5% 
. ......... .. ... . . Nil 

0.03 
............ 0.03 
. ......... 0.05 

.. .... 0.05 
Density .. . 75 Ibs./eu. ft. 

low Boron, tOOl 
upon requesH 

INTERNATIONAL MINERALS & CHEMICAL CORPORATION 
Administrative Center: Skokie, Ill . •  Phone ORchard 6-3000 • 485 Lexington Ave., New York 17 • Midland, Texas 

Producers of Living Minerals 

._----------------------------------------------------, 
INTERNATIONAL MINERALS & CHEMICAL CORPORATION 
POTASH INDUSTRIAL . Skokie, Illinois 

This coupon will bring rou complete descripti·ue data and specifica. 
tions. plus a sample 0/ (check one) . . . 

• o POWDERED l\[gO 0 GRANULAR l'vIgO 0 PELLETIZED !\1l!O 0 
Name .................................................................................................................. , . �i�.�:e�� ... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: i ---• . I 

I 
I 

................................................•......•.••......•...•••........•.....•.................•..... . . . . .......... . . .  4 1  ·59 I 
L _____________________________________________________ J 

125 

© 1959 SCIENTIFIC AMERICAN, INC



GREATER HEAT AND WEATHER 

STABILITY FOR COLD-BLENDED 

METALLIC PAINTS 

Manufacturers of automotive compo­
nents - manifolds mufflers, tailpipes­
can lengthen the life of parts subject to 
wetting and oxidation with a silicone 
resin specially designed by UNION 
CARBIDE_ Industrial stacks, ducts, vents, 
ovens, conveyors, and other equipment 
get longer-lasting protection_ Many 
other producers and users of metal 
products will find benefits from metal­
lic-pigmented paints made with the 
new silicone resin_ 

When used for cold-blending with 
alkyd, melamine, and acrylic resins, the 
new silicone product gives coatings 
greatly increased thermal stability and 
weather resistance_ Blended with alu­
minum and other metallic pigments, 
the resin mixtures supply all the desir­
able high-temperature properties of 
straight silicones at a lower cost. 

Paint formulators will find 
numerous other advantages 
by using this silicone resin_ 

The term "Union Carbide" is a registered 
trade-mark of Union Carbide Corporation. 
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Its compatibility with organic systems 
is superior to resins traditionally em­
ployed. The inherent film toughness 
and adhesiveness of organics is re­
tained-blends are easy to prepare, 
apply, and cure. Substantial savings in 
materials result, since only low concen­
trations of the resin are required. 

The new UNION CARBIDE silicone 
product can also be cold·blended with 
organics to meet applicable military 
specifications. 

EXTENDING THE USES OF 

SILICONE WATER REPELLENTS 

Water repellents formulated with sili­
cones are now standard in specifications 
for above-grade masonry by many engi­
neers and architects. The silicone resin 
penetrates into pores and crevices, 
eliminating water seepage and check­
ing efflorescence. A special type of sili­
cone resin was developed for use on 
concrete highways, bridges, dams and 
airport runways, which is effective in 
minimizing the cracking and spalling 
caused by alternate freezing and thaw­
ing conditions. 

Cooperative efforts of asbestos shingle 
manufacturers and the Siiicones Man 
have resulted in another silicone water 
repellent that keeps asbestos shingles 
clean and colorful, despite the weather_ 
The silicone resin, by lining tiny cracks 
and crevices in the asbestos composi­
tion, prevents entry of rain-borne dirt 
and other soiling particles. Foreign ma­
terial that settles on the surfaces is 
rinsed away by the rain. Since the sili­
cone is colorless and transparent, the 
shingles retain their original color and 
appearance. 

CAR OWNERS (AND THEIR WIVES) 

WILL BE GLAD TO HEAR ABOUT THIS 

Here's what the operators of a certain 
government transportation unit do to 
eliminate hard-to-find squeaks in their 
fleets of vehicles: They apply just a bit 
of silicone lubricant to the rubber 
weather stripping and fan belts. This 
not only cuts out squeaks for several 
months, it restores flexibility to the rub­
ber. Despite the weather-rain, heat or 
cold-it won't turn sticky or messy ... 
doesn't harm paint or metal. 

The Silicones Man is accustomed to 
helping solve problems like these ... 
and he may be able to help you, too. 
For background information on these 
and other applications, write Dept. IF-
0904, Silicones Division, Union Carbide 
Corporation, 30 East 42nd Street, New 
York 17, N. Y. In Canada: Toronto 7. 

SILICONES 

ceived at a substantial rate. Whether 
very much lower dose-rates can also 
cause leukemia is a question to which 
we shall return later. 

Delayed effects of radiation are alsO' 
observed in bone. Large therapeu­
tic doses ( 1,000 r or more) have de­
stroyed bone tissue and led to fractures. 
Much of what we know about bone dam­
age, however, we have learned from the 
famous U. S. case of the luminous-watch­
dial painters, who were chronically ex­
posed to radiation from within their own 
bodies. They had inhaled and swallowed 
radium and mesothorium which were 
used in luminous paint. From the lungs 
and gut these elements passed into the 
general circulation. Being chemically 
similar to calcium, they were eventually 
incorporated more or less permanently 
in the bones of the workers. 

Those whose skeletons had taken up 
more than 10 micro curies of radioactive 
material suffered acute destruction of 
bone and marrow, and died within a few 
years as a result of this direct damage. 
(Each microcurie of radium delivers 
an average dose of about 30 rads per 
year.) For "burdens" of one to 10 mi­
crocuries the bone lesions were less 
acute; the affected workers lived longer. 
some long enough to develop bone can­
cers. There were very few cases of 
leukemia, however. At levels below 
one microcurie only rarely have serious. 
changes been noted, and below a third 
of a microcurie no changes of signifi­
cance have been observed. Some of 
the workers have now been under ob­
servation for as long as 30 years after 
their contamination. 

Nuclear fission has added to the en­
vironment another bone-seeking radio­
active isotope: strontium 90. Workers 
actively handling this material might 
conceivably take enough of it into their 
bodies to produce long-term damage. As: 
practically everyone knows, strontium 
90 has been released into the atmosphere 
by the testing of nuclear weapons, and 
small quantities of it have found their 
way through the food cycle into the 
bodies of human beings. The amounts 
involved, however, are very much small­
er than those we have been discussing. 
Measurements on young children, whose 
rapidly growing bones incorporate stron­
tium at a maximum rate, have shown 
burdens up to a few thousandths of a 
microcurie. The corresponding dose-rate 
is in the neighborhood of .01 rad per 
year. 

Various human tissues in addition to' 
those already mentioned exhibit special 
reactions and sensitivity to radiation. For 
example, cataracts have been produced 
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The world's largest semiconductor plant 

... more than dOll bles in size! 

Bedford, England semiconductor plant of Texas 
Instruments Limited. 32,000 sq It facility is now in 
complete operation with a new 115,000 sq It building, 
shown here, scheduled for completion in late 1960. 

germanium and silicon transistors 

silicon diodes and rectifiers 

''''�P solid tantalum capacitors 

precision carbon film resistors 

sens/ffto, silicon resistors ----v 

By early 1960, more than 700,000 sq ft of plant space in Dallas 
will be devoted to the development and production of high quality 
semiconductor products by Texas Instruments. Although the 
original 310,000 sq ft plant - still the industry's largest - was 
completed only last year, growing mass-production requirements 
for TI semiconductors and components led to this additional 
expansion. This giant new plant will further serve TI goals of 
lowering semiconductor unit costs through high-volume produc­
tion while rigidly maintaining high standards of reliability. 

The Central Research Laboratory, located on the same 300-acre 
tract, houses creative personnel and facilities for basic research 
on semiconductors and related materials. Supporting buildings 
complementary to semiconductor development and manufacture 
scheduled for completion this year include a Materials building 
for the manufacture of high purity semiconductor and allied 
materials, a Utilities building and a Central Cafeteria ... all 
integrated toward the production of semiconductors and 
components of ever increasing performance and reliability. 

Only advanced facilities can produce advanced components. 

These newest TI technological facilities are specifically geared 
to supply customer n eeds, both present and future, further 
insuring new and finer electronic components ... in advance of 
user requirements. 

TEXAS INSTRUMENTS 
IN COR POR ATE D 
SEMICONDUCTOR-COMPONENTS DIVISION 
DALLAS. TEXAS 
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may wel l  
come with o u r  help 

Many a research project at s o m e  point falters for l a c k  of 

a faster, keener, or  more accurate means of sensing a n d  

processing t h e  d a t a .  Let us t e l l  y o u  h o w  s u c h  ba rriers a re 

now being overco me by n ew, rapid photographic proc­

essing and electro-o ptica l tech niques.  This is a field of 
instru me ntation in which we ore pre-e minent. 

Ohoto 
mechanisms, inc. 
Huntington Statio!), New York · Telephone HAmi lton 3-44 1 i 
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. . .  the product that puts " can-do" in I Ido-it-yourself" paints! 

The 'e l ectron micrograph b e h i n d  the young l a d y  s h ows why m i l l ions  o f  Americans can become 
expert pai nters, and  can afford to pa int  more often .  I t  shows the spher ica l  conf i g u rat ion and 
u n i form s i ze of res i n  part i c l e s  i n  Ve ls ieo l ' s  W·S 1 7  e m u l sion  pa int  base. W·S17  i s  a water e m u l ·  
s ion of l i ght colored thermoplast ic  hyd rocarbon res i n .  The  average d iameter of W·S1 7  res i n  
part ic les  i s  . .  1 25/m icron.  'Natural  rubber latex part i c l e s  have a n  average d iameter o f  .SOO/m i c ron.  
Lat ices  and e m U l s ions  of sma l l  parti c l e  s i ze have more b inding power.  They w i l l  take h i g h e r  
p igment o r  f i l l e r  load ings without los ing  f i l m  strength. Penetrat ing  character ist ics are i m p roved.  
The  u n iform s i ze of - the d ispersed res i n  part ic les  i n c reases f i lm smoothness. W·6 1 7  i s  one of 
many new products of Vels icol  research 
that i s  now i n  commercial p roduct ion .  
For more news about t h i s  product, and 
other developments of Vels ico l  research, 
p l ease ma i l  the coupon. 

MAIL COUPON FOR LITERATUR E !  

� lOOI<; FOR TH I S  MAN 

A . . .  Y°ltr Velsicol Representa. 
ti1)e, 'Who can help you 'make 

. . 
better products fo r less ! 

r :.'; ruS�OL c.;E-;I�L CORPOUTiON - . 
I • 330 East Grand Avenue, Chicago I I ,  I I I .  I International Representative: Velsltol International Corp., C.A-

I P. O. 60. 1687 • Nassau, Bahamas, B W.I 
I 0 Please send technical  l iterature on W·S17.  
I 0 Please  have  sa lesman ca l l .  SA-no 
I 0 Please send test sample.  

I 
I Compa"J ____________________________ ,� 
I Address ____________________ _ 

I C i ,Y ___________ L'une. ____ ,".'e _____ ___ 

in the lens of the eye by doses of a 
few hundred rads to parts of the body 
which include the eyes. Heavy irradia­
tion of the lungs in radiotherapy causes 
a slowly developing, progressive in­
flammation known as radiation pneu­
monitis. The gonads are particularly 
vulnerable. Single exposures as low as 
30 r can produce temporary sterility. 
Smaller, repeated doses have a similar 
effect, and larger exposures lead to 
permanent loss of fertility, especially in 
females. 

In general, cells in the process of divi­
sion are especially sensitive to radiation. 
In the adult organism division is respon­
sible for the continuous renewal of blood 
cells, skin and intestinal lining and for 
the production of sperm. These systems, 
as we have seen, are among the most 
easily affected by radiation. As would be 
expected, the developing embryo (par­
ticularly at the stage where the valious 
tissues are being organized) is liable to 
damage that is irremediable. Doses of 25 
r or more at this stage may lead to serious 
malformations. 

As a final comment on the detectable 
effects of radiation, it should be said 
that neither individual organisms nor 
their descendants seem able to develop 
tolerance, as is the case with some other 
poisons. Small doses, given steadily or 
repeatedly at intervals, do not increase 
the body's resistance to radiation, what­
ever else they may do . 

We turn now to effects of very small 
quantities of radiation on the hu­

man organism. In studying the biological 
effects of chemical agents such as drugs, 
we generally use a particular type of 
graph to analyze the experimental data . 
Along the horizontal axis of the graph 
we measure dose on a logarithmic scale; 
along the vertical, the effect as a per cent 
of the maximum. In almost every case 
the resulting curve is S·shaped, running 
closely parallel to the horizontal axis for 
some distance before it turns upward. 
This means that below a certain dose we 
can detect no effect whatever [see top 
chart on page 122) . In other words, there 
is a threshold for the action of the 
agent. Not all dose·effect curves have 
the standard shape, however. Another 
pOSSibility is a straight line running up 
from the zero pOint or from a point on 
the vertical axis. Such a line indicates 
that any dose, however small, has a 
measurable effect. 

Now in the case of radiation effects, 
especially the effects of high dose rates 
on mammals, the lines on the graphs 
usually turn out to be curved, not 
straight. On the other hand, it has been 
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A Whor, "'w wodd of communi"tion; h" ,m"ged hom 

the utilization of tropospheric scatter. For the first time,  voice 

and teletype messages can be clearly received far beyond 

the horizon at all times ,  regardless of atmospheric or electro­

magnetic disturbances. 

Long-range communication between radar outposts and 

Free World defense headquarters is  no longer subj ect to 

disruption by weather conditions,  and the same reliability is 

assured for civil telephone systems using tropo scatter. 

It  was radio equipment by RE L which first proved the prac­

ticability of  tropo communication in the Far North,  and of 

transmission across large bodies of open water. Today, tropo 

apparatus designed and built by RE L may be found 

halfway around the world. 

Eight of the nine maj or networks in operation or on order utilize 

equipment designed and manufactured by REL.  More kilowatt 

miles of  tropo equipment by RE L are in use or in production 

than those of all other companies combined-significant proof 

of RE L's  world leadership in tropo s catter. 

Radio Engineering laboratories · Inc 
A subsidiary of Dynamics Corporation of America 

Dept. 5 • 29-01 Borden Ave . Long Island City 1 ,  N Y  

1 29 
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Measu re cumu lative rad iation 

from 1 0  to 4,000,000 rads 

Here are two new ways t o  measure exposure and absorption 
of Beta, Gamma and X-rays. Both have been proved 
in two years of pre-release testing at major centers of 
medical and technological research. 

Measure from 10 to 10,000 rads with the B&L 
Microdosimeter System ( above ) . Glass dosimeter 
rods are so tiny ( 1  x 6mm ) they are used for 
surgical implants. Fluorimetric readings measure 
cumulative as well as single dose. 

Measure from 1 0,000 to 4,000,000 rads with special 
adaptation of B&L Spectronic 20 Colorimeter 
( below ) . . .  based on changes in optical density 
of cobalt dosimeter glass ( 1 5mm x 6mm ) . 

WRITE for data on 0 Microdosimeter or 
o Colorimeter-Dosimeter. Bausch & Lomb 
Optical Co. , 75845 St. Paul St.,  Rochester 2, N. Y. 

suggested that certain effects may be of 
the linear, nonthreshold type. This is 
perhaps more likely where dose rates are 
low (and where experimental data are 
difficult to obtain) . 

The capacity of X- and gamma-rays to 
cause point mutation in germ cells has 
been classically considered a universally 
linear effect. Any dose, no matter how 
small, was supposed to yield its propor­
tionate share of mutations. Now, as the 
authors of the preceding article have 
mentioned, studies at the Oak Ridge 
National Laboratory indicate that the 
matter is not so simple. The mutability 
of the germ cell varies with its stage of 
development, and at some (but not all) 
stages the mutability may apparently 
change with dose rate. 

Potentially valuable sources of infor-· 
mation on the effects of low dose rates 
are to be found in human populations 
living in areas with a relatively high 
background of radiation. Such popula­
tions exist in parts of Kerala, in southern 
India, where the soil contains unusually 
lar!if concentrations of thorium. It would 
be most desirable to compare the records 
of vital statistics for these people with 
records for similar groups living in re­
gions of normal background-radiation. 
As yet, however, the necessary records 
are not in existence. 

Lacking direct evidence as to very low 
dose-rates we can only fall back on the 
scanty records of human beings whose 
occupations have exposed them to inter­
mediate but uncertain quantities of 
radiation, and on inferences, carefully 
drawn, from animal experiments. What 
can we say about leukemia, one of the 
radiation effects for which a linear rela­
tionship has been suggested? U. S. 
radiologists, but apparently not their 
British colleagues, have suffered a sig­
nificantly higher death rate from the dis­
ease than have appropriate controls. 
Their total exposure is unknown, but it 
must have been intermittent, not uni­
form over the body, and received at sub­
stantial dose-ra tes. 

Leukemia is a spontaneous disease of 
animals other than man. Mice are sub­
ject to both the lymphoid and the 
granular types; the former is more com­
mon. A suitable course of whole-body 
irradiation will greatly increase the in­
cidence of lymphoid leukemia in mice : 
Given a series of intermittent exposures 
at high dose-rates, nearly 100 per cent 
of experimental animals will die of the 
disease. On the other hand, my colleague 
R. H. Mole has found a different sit�la­
tion at lower dose-rates. The induction 
of leukemia in mice receiving a total of 
1,000 r in the same over-all period varies 
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ELECTRICAL CONNECTORS FOR TEST AND RESEARCH MISSILES 
Ideas are the payload a b oard these 

vehicles. From the wealth of data they radio 
back to recording stations, concepts grow 
to maturity or become stepping stones to 
further advance. 

In the complex electronic systems that 
guide these missiles and telemeter their 
findings to earth, electrical connectors are 
the most critical links. Integrity and design 
flexibility for missile electronic systems are 
assured by electrical connections of the 

compression type. Burndy, which over 25 
years ago pioneered the compression prin­
ciple of electrical connections and has led 
in this application ever since, is uniquely 
equipped for current development prob­
lems. Burndy's design groups are working 
closely with manufacturers of missiles and 
components on a systems approach to in­
tegrating connectors with the other vital 
components of e l ectrical and electronic 
circuits. 

From prototype, thru p i lot run to production l i ne - bi l l1ons of connect ions  depend on 

B U R N DY 
O M A T O N D I V I S I O N  

Norwalk,  Connect. • Toledo, Ohio  • Toronto, Canada • I n  Europe: Antwerp, Belgium 

1 3 1  
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rORIABl[ 
P HOTO C O P I E R  

MADE BY F. G.  LUDWI G ,  I N C . ,  5 1 8  COULTER AVENUE,  OLD SAYBROOK, C O N N .  

A L L I E D'S  1 9 6 0  
EL ECTRO N I C  S U P PLY GUIDE  
World's largest Sto,ks o f  Eledroni, Equipment 

for S<ientifi, and I ndustrial Use 
Lists the products of over 600 elec· 
tronic parts manufacturers, with full 
specifications. Buy at factory prices: 

• Semi·(ondudors • Spe<ial.Purpose Tubes 
• (onnedors • Test Equip. & Meters 
• Relays • Resistors, (ontrols 
• Transformers • S witches, Timers 
• P. A. Equipment • Hi·Fi Equipment 

One order to Allied fills the whole bill , 
sa ves you time and money. Write today. • �_��_I_':�_�_�-�!�., 

ALLI ED RADIO CORP., Dept. 40·J9 
1 00 N. Western Ave., Chicago 80, III. 
o Send FREE 1960 ALLIED Catalog. 

r ;::�. �--'""---0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
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from the substantial, when the dose is 
given in fractions at a high rate, to the 
negligible when given continuously at a 
low rate. Such experiments lend support 
to the concept of a threshold; they are 
certainly at variance with a linear rela­
tionship unrelated to dose rate. 

Another matter that has received a good 
f\.. deal of attention is the possibility 
that small doses of ionizing radiation 
may shorten life. Of course a person who 
dies of leukemia or bone cancer has been 
cut off before his time. But it is sug­
gested that, in addition to such obviously 
lethal damage, radiation can cause a 
nonspecific reduction in longevity. It 
may accelerate the process of aging 
throughout life, or hasten the onset of 
senescence. 

As always, we have very little evi­
dence concerning human beings. A study 
of a few years ago indicated that U. S. 
radiologists die younger than other 
medical workers. However, upon further 
analysis the age distribution within the 
two groups proved to be different. The 
radiologists were generally younger, and 
the age of death of curates is notoriously 
less than that of bishops. British ra­
diologists, an even smaller population 
than those in the U. S., live a normal 
term. Those of the earliest generation 
had a high rate of skin cancer, as one 
might expect. But there is no evi­
dence of a nonspecific reduction in their 
life span. 

Many investigators are working on the 
problem with animals. In some experi­
ments the subjects are given single doses 
of various sizes and their subsequent 
term of life compared with that of non­
irradiated controls. In others the animals 
are exposed at regular intervals starting 
at various ages and continuing for the 
rest of their lives. On the whole, a single 
irradiation appears to shorten the life 
span by an amount proportional to the 
dose; that is, the effect appears linear. 
However, in animals receiving daily 
irradiations of varying amounts, the re­
sults tend to exhibit a threshold. No 
significant change has been measured in 
mice that were subjected to five rads or 
less per week. 

In any event all such results should 
be interpreted with the greatest caution . 
So far as nonspecific aging effects are 
concerned, we must be certain that the 
pattern of death is the same for the dif­
ferent experimental groups. For in­
stance, if one scheme selectively pro­
duces a crop of radiation-induced leu­
kemias where another does not, a com­
parison of the two sets of data will prove 
little about nonspecific aging. Until we 
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Space age research gets a new headquarters-O n e  of t h e  l a rgest a n d  best-eq u i pped resea rch 

faci l it ies in t h e  nation i s  the n e w  1 6- m i l l i o n - d o l l a r  Avco Research Center at  W i l m i n gto n ,  M a ssac h u setts. H e r e ,  

resea rc h a n d  d evelo p m e n t  i n  s pace a g e  tec h n o l ogy i s  a l ready b e i n g  c o n d ucted i n  a re a s  ra n g i n g  from m i s s i l e  

re-entry t o  satel l ite d e s i g n .  F r o m  wo r k  s u c h  a s  t h i s-a n d  e q u a l ly i m po rta nt  w o r k  at t h e  n e a r by Avco- Eve rett 

Research La bo rato ry-w i l l  come f u rt h e r  contr i b ut i o n s  to nati o n a l  sec u r ity a n d  t h e  co n q u est of s pace.  

Avco 

:I 
E z 
� 
2 .. o 

AVCO M A K E S  T H I N G S  B ET T E R  F O R  A M E R I C A  I AV C O  C O R PO R AT I O N  I 7 5 0  T H I R D  AV E N U E , N E W Y O R K 17. N .  V. 
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d i s s i pates heat  
i n  e l e ct r o n i c  
c a b i n e t s  a n d  

Operates bett�r, occupies less space 
and is the lowest priced unit of equal 

capacity and performance. 

r a c k s  . . •  

B U D  
RA D I O  
C O R P. 

May be used as an exhaust or intake 
depending upon mounting position. 

" Operates on 1 1 0 V., 60 cycle current. 
Delivers either 550 or 250 cfm. air dis­

.. placement at O·  static pressure. Oilite bearings; oil impregnated, fiber glass dis­
posable filter. Thermal overload protection 

to prevent over heating. Automatic re-set. 2 1 2 1 East 55th Street Quiet operation. Minimum vibration. Shte 
is 5%" x 1 7" x 14%". Fits in standard Cleveland 3,  Ohio 
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19" . wide housings. 

YOU CAN SEE WHY WITH FIISrtfK 
PROBLEM:  Differences in power consumption, 
chip formation and tool life when machining 
Titanium and steel. 

SOLUTION:  A high speed motion picture study 
of chip formation process of SAE 1020 and 
SAE 1112 steel being machined under same 
conditions as Titanium. 

t :  F ASTAX High Speed Camera taking movies 
at 7,500 frames per second through a microscope. 
Actual frames from movies shown below. 

2: SAE 1020 steel. Large built-up edge at cutting 
speed causes poor surface finish. Shear angle is low, 
resulting in very thick chip and consumption of 
considerable power in removing metal. 

3: SAE 1 1 1 2  steel. Built-up edge is absent due to 
lower friction on tool face . . .  improved surface 
finish. Shear angle is higher and chip thinner. 
Power consumption is lessened. 

� • I . ' , " . � ) 
4: TITANIUM (Ti 150A ) .  No built-up edge. 
Surface finish is excellent. Shear angle high, but not 
constant in value. Chip forming process is cyclic. 
Since thin chip, power consumption is low. 

' . � � * Tool life shorter because of 
metal structure. • • • 

This is just another industrial production prob­
lem solved through the eye of a FASTAX High 
Speed Motion Picture Camera-one of 26 differ­
ent models available for solving your problems. 

WRITE us your design or production problems. High Speed 
photography can be the answer. New bulletin available. 

W O L L E N S A K  
O PT I CA L  C O M PANY · R O C H E ST E R  2 1 .  N .  Y. 

know more about the causes of death in 
the various populations, the pathologist 
like myself profoundly distrusts those 
who juggle numbers. Still more does he 
distrust those who attempt to translate 
the results of animal experiments direct­
ly to man. A man is not a mouse multi­
plied in size, life span and other biologi­
cal characteristics. Each has its own 
racial character. At best the mouse is a 
model; it can easily become a siren. 
Experiments with mice can elucidate 
principles that may apply to man, but 
they cannot by themselves supply num­
bers to put into a human equation. 

Since time is a factor for which there 
is as yet no substitute, many of our 
questions are likely to remain open for 
generations. Meanwhile we can say that 
dose-rates 1,000 times greater than back­
ground produce no demonstrable short­
ening of life in mice. Radiologists of a 
former generation probably took as great 
a dose with no decrease in life span. 

Each advance in man's power over 
nature has brought with it an ele­

ment of danger. Atomic energy is no _ 
exception. Consciously or unconsciously 
we adopt a policy of acceptable risk in 
every facet of our lives. Society must de­
cide what risk it will accept in the de­
velopment of atomic energy; the sci­
entist must make clear the potential 
gains and losses. 

Thus far, as we have seen, the limits 
of risk are not completely outlined, and 
research continues on the biological ef­
fects of ionizing radiation. Some prob­
lems, such as life-shortening, may not be 
solved completely for a long time. Others 
we are liquidating more quickly. Among 
these we might mention the accurate 
measurement of dose, particularly from 
internal sources, and the determination 
of the relative effectiveness of various 
kinds of radiation. 

In the meantime we continue to 
explore the beneficent possibilities of 
nuclear fission and other aspects of radi­
ation. Certainly we should proceed cau­
tiously, within limits that seem reason­
able in the light of expanding knowl­
edge. If one microcurie of radium causes 
only minor effects in the body, and a 
third causes none that we can observe, 
is it not reasonable to set . 1  microcurie 
as a limit for occupational exposure? If 
external radiation 1,000 times back­
ground produces no apparent damage, 
is not 50 times background an accept­
able risk for radiation workers, as has 
been recommended? Perhaps the figures 
will need revising as time goes on. But 
they seem to be adequate guideposts for 
the present. 
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Power in "packages" -for every power need 
ITT 's unique concepts in power conversion bring new efficiency and economies 

PUSH a button -throw a switch ! Out 
of ITT "packages" of power come the 
exact voltages for countless electronic 
applications. 

Power in static "packages" provides 
vital military equipment with the ut­
most in dependable power supply ­
gives industry uninterrupted D C  service 
and saves the cost of DC generators 
and their upkeep. 

I TT's new idea in power supply 
Among the many important areas where 
ITT " pa c k a g e "  p o w e r  systems are 
meeting the highest standards of per­
formance are space and aviation. 

ITT " p a c k a g e d "  p o w e r  c o n t r o l s  
landing gear, operates navigation, com­
munication, counter-measures, missile­
launching and the many other systems 
that give our jets combat capacity. 

A ll D C  power for the supersonic 
B-58 comes from an ITT integrated 
power system -a first in the industry . 

ITT -designed power systems serve 
the B-52 and other famous aircraft, as 
well  as gro u n d - based a n d  s e a b o r n e  
electronic systems. 

"Bu ilding blocks" for any DC output 
From these major contributions to mili­
tary power supply, ITT System com­
panies have developed complete capa­
bilities for engineering modular-type, 
"building block" power systems for the 
most sophisticated needs of industry . 

ITT " p a c k a g e d " power c o n c e p ts 
embrace every field of manufacturing.  
Hundreds of equipment designs are 
ready at ITT to meet the broad and 
expanding range of today's D C  appli­
cations -from the simplest D C  motor to 

the most complex techniques for auto­
mation and data processing systems. 

If you require D C  output for any 
purpose, investigate these unmatched 
capabilities. For complete information, 
write to ITT Ind ustrial Prod ucts Divi­
sion, 15191 Bledsoe Street, San Fer­
nando,  California. 

. . .  the largest American-owned world-wide 
electronic and telecommunication enterprise, 
with 1 01 research and manufacturing un its, 1 4  
operating companies a n d  130,000 employees. 

I N T E R N AT I O N A L  T E LE P H O N E  A N D  T E L EG R A P H  C O R PORATI O N  6 7  Broad Street, N e w  Y o r k  4 ,  N . Y .  

I T T  C O M P O N E N T S  D I V I S I O N . I T T  F E D E R A L  D I V I S I O N · I T T  I N D U S T R I A L  P R O D U CTS D I V I S I O N . ITT L A B O R A TO R I E S . I NTELEX S Y S T E M S  I N C O R P O R A T E D  

A I R M A T I C  S Y S T E M S C O R PO R A T I O N  • K E l. L O G G  S W I T C H B O A R D  A N D  S U PPLY C O M P A N Y . R O Y A L  ELECTR I C  C O R PO R A T I O N  • A M E R I C A N  C A B L E  a R A D I O  

C O R P O R A T I O N · F E D E R A L  ELECTR I C  C O R P O R A T I O N . I TT C O M M U N I C A T I O N  S Y S TE M S ,  I N C . •  I N T E R N A T I O N A L  ELECTR I C  C O R P O R A T I O N . I N T E R N A T I O N A L  

STA N D A R D  E L E C T R I C  C O R P O R A T I O N . L A B O R A T O R I E S A N D  M A N U F A C TU R I N G  P L A N T S  I N  2 0  F R E E . W O R L D  C O U N T R I E S  
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NYLON, " OACRON"', "ORLON"', "TEFLON' "  ANO"SUPER COROURA'" 

How Du Pont Fi bers 
Are Solvi ng Product and 

Process Prob lems 

• Hardly a month goes by that someone doesn't think of a new 

way to use Du Pont fibers . Sometimes fibers simply replace other 

basic materials because they perform better - or more econom­

ically. And, in other cases, these fibers are selected to do jobs 

that couldn't be done before . 

The reason : Even though, as industrial materials, man-made . 

fibers are new, all of them - from nylon to "Teflon" TFE fiber, 

- cover a wide range of properties .  And, unlike those of natural 

fibers, their properties can be tailored to suit specific needs. 

Today, you even find them replacing such materials as steel 

and wood. Take the case of "Teflon" TFE fiber. It's used as a 

non-lubricated bearing in applications too rigorous for the tough­

est plastics and metals . You'll find a few other examples at right. 

Du Pont has the experience and technical know-how to help 

you evaluate these fibers for your own products or processes. 

It's available to you for the cost of a 4-cent stamp. 

D U  P O N T  F I B E R S. F O R  I N D U S T R Y 

<[U PON) 
REG. U. S. PAT. OFF. 

BETT E R  TH INGS FOR BETT E R  L I V I N G  
• . .  T H R O U G H  CHEM ISTRY 

:�Registered Du Pont trademarks r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 
E. 1. du Pont de Nemours & Co. ( Inc. ) 
Textile Fibers Department 
5518-B Nemours Building, Wilmington 98, Delaware 

,r 
Please send me more information on industrial applications of Du Pont 

fibers. I am interested in evaluating these materials for : _____ _ 

Name ______________________ __ 

Addre� _____________________ ___ 

City & State ____________________ _ 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
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W O R L  L O N G EST S L O PE CO NVEY O R  will carry 700 
tons of taconite per hour, traveling at a speed of 460 
fpm. The are will be carried upward approximately 
800 ft. The belting - over 7,500 ft. long, with a center 
distance of 3,79 1 ft. - is reinforced with Du Pont high­
tenacity rayon and nylon. The light weight and high 
strength of these fibers help make so long a conveyor­
belt system economically feasible. 
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T H E  F I R ST MAN IN SPACE may carry his own atmosphere with him 
in a special multi-fabric protective suit. Such experimental suits have 
an outer layer of nylon fabric and rubber. Owing to the strength and 
stretchability of nylon, the suit allows freedom of movement, yet 
protects the astronaut from possible explosive decompression which 

ACID-RESISTANT ROPE SLINGS made with %, "  filament rope of 
"Dacron" polyester fiber support up to 5,000 pounds of stainless-steel 
tubing in pickling operations. The tough, low-stretch properties of 
"Dacron" permit repeated immersion of these slings in acid pickling 
baths for continuous periods of service up to six months long. When 
slings of "Dacron" are used instead of stainless-steel chains, dents 
and handling marks on the tubes are drastically reduced, with a 
resultant saving in cost. 

would boil his blood in seconds. Also in the suit may be a tempera­
ture-resistant layer of aluminized "Dacron". This is designed to 
maintain the space man's body at normal temperature, even though 
he may be subject to the intense cold of space and the extreme heat 
generated by the re-entry into the earth's atmosphere. 

HIGH·EFFI C I E N CY SUPERFINE FILTERS are easily produced in a 
new process utilizing "Dacron". This method involves spraying a 
10 % solution of polystyrene in methylene chloride at 50 psi onto 
a backing mesh of "Dacron". The solvent evaporates almost instan­
taneously, leaving thin fibers less than 1 micron thick and 1 in. long. 
The mesh of "Dacron" is then peeled off, and the mat is rolled to 
produce a completely organic filter that retains 99.5% of the parti­
cles it picks up, down to 0.01 micron. 
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Ionizing Radiation and Evolution 

Living things evolve as a result of random mutations In hereditary 

characteristics that survive when they make the organism more fit. 

What role does ionizing radiation play in the evolutionary process? 

The mutant gene-a fundamental 
unit in the mechanism of heredity 
that has been altered by some 

cause, thereby changing some character­
istic of its bearers-is the raw material 
of evolution. Ionizing radiation produces 
mutation. Ergo, ionizing radiation is an 
important cause of evolution. 

At first this seems like a compelling 
argument. But is it really? To what ex­
tent is the natural rate at which muta­
tions occur dependent upon radiation? 
Would evolution have been much the 
same without radiation? Is it possible 
that increased exposure to radiation, ris­
ing from human activities, has a signifi­
cant effect upon the future course of 
human evolution? 

Radiation has been of tremendous 
value for genetic research, and therefore 
for research in evolution. To clarify the 
issue at the outset, however, it is like­
ly that ionizing radiation has played 
only a minor role in the recent evolu­
tionary history of most organisms. As 
for the earliest stages of evolution, start­
ing with the origin of life, it is prob­
lematical whether ionizing radiation 
played a significant role even then. 
Laboratory experiments show that or­
ganic compounds, including the amino 
acid units of the protein molecule, may 
be formed from simple nitrogen and car­
bon compounds upon exposure to ioniz­
ing radiation or an electric discharge. 
But ultraviolet radiation serves as well 
in these demonstrations, and was prob­
ably present in large amounts at the 
earliest ages of life. In the subsequent 
history of life the development of photo­
synthesis in plants and of vision in ani­
mals indicates the much greater impor­
tance of nonionizing radiation in the ter­
restrial environment. 

Nonetheless, as will be seen, man pre­
sents an important special case in any 
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discussion of the mutation-inducing ef­
fects of ionizing radiation. The muta­
tion rate affects not only the evolution 
of the human species but also the life of 
the individual. Almost every mutation is 
harmful, and it is the individual who 
pays the price. Any human activity that 
tends to increase the mutation rate must 
therefore raise serious health and moral 
problems for man. 

H. J. Muller's great discovery that 
radiation induces mutations in the fruit 
fly Drosophila, and its independent con­
firmation in plants by L. J. Stadler, was 
made more than 30 years ago. One of 
the first things to be noticed by the 
Drosophila workers was that most of 
the radiation-induced changes in the 
characteristics of their flies were fa­
miliar, the same changes having oc­
curred repeatedly as a result of natural 
mutation. Not only were the external 
appearances of the mutant flies recog­
nizable (white eyes, yellow body, forked 
bristles, missing wing -veins) ; it could 
also be shown that the mutant genes 
were located at the same sites on the 
chromosomes as their naturally oc­
curring predecessors. Thus it seems 
that radiation-induced mutants are not 
unique; they are the S:mle types that 
occur anyhow at a lower rate and that 
we call spontaneous because we do not 
know their causes. 

The prevailing hypothesis is that the 
hereditary information is encoded in 

various permutations in the arrangement 
of subunits of the molecule of deoxy­
ribonucleic acid (DNA) in the chromo­
somes. A mutation occurs when this 
molecule fails, for some reason, to rep­
licate itseJ£ exactly . The mutated gene 
is thereafter reproduced until its bearer 
dies without reproducing, or until, by 
chance, the altered gene mutates again. 

A variety of treatments other than 
radiation will induce mutation. Most 
agents, including radiation, seem to af­
fect the genes indiscriminately, increas­
ing the mutation rate for all genes in 
the same proportion. But some chemi­
cal mutagens are fairly selective in the 
genes they affect. It is even conceivable 
that investigators may find a chemical· 
that will regularly mutate a particular 
gene and no other. This will probably 
be very difficult to achieve : A mutagen 
capable of affecting a specific gene 
would probably have to have the same 
order of informational complexity as the 
gene itself in order to recognize the 
gene and influence it. 

Moreover, different mutant genes 
known to be at different locations on the 
chromosome frequently produce effects 
that mimic each other. Geneticists who 
work with fruit flies are familiar with 
several different genes that result in in­
distinguishable eye colors. This is not 
surprising when we consider the com­
plexity of the relationship between the 
genes and the characteristics that they 
produce. There are many different paths 
by which any particular end-point may 
be reached; it is to be expected that 
many different gene changes can lead 
to the same result, though the chemical 
pathways by which this is accomplished 
may be greatly different. 

To consider another kind of example, 
many insects have come to survive in­
secticides. They do so by such diverse 
means as behavior patterns that enable 
them to avoid the insecticide, mecha­
nisms that interfere with the entrance 
of the insecticide into the body, enzymes 
that detoxify the insecticide, and by 
somehow becoming able to tolerate more 
of the insecticide. All these modes of 
survival develop by selection of mutant 
genes that are already present in low 
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frequency in the population . This is one 
of the characteristic features of evolu­
tion : its opportunism. It makes use of 
the raw materials-that is, the mutant 
genes-that happen to be available. 

As a first conclusion it appears that 
radiation-induced mutations do not play 
any unique role in evolution. The same 
gene mutations would probably occur 
anyhow. Even if they did not, the same 
end result could be achieved with other 
mutants . 

One might still suspect that spontane­
ous mutations are caused by natural 
radiations. This was quickly ruled out 
as a possibility in Drosophila. For one 
thing, the spontaneous-mutation rate is 
strongly dependent upon temperature, 
which would be surprising if mutation 
were a simple and direct consequence of 

radiation. But much more decisive evi­
dence comes from the fact that the 
amount of natural radiation is entirely 
inadequate to account for the rate of 
spontaneous mutation. The natural-l1lU­
tation rate in Drosophila, if it were 
caused solely by radiation, would re­
quire 50 or more r [see glossary of terms 
on page 78]. Yet the amount of radiation 
received by a fly in the 12-day interval 
between egg and mature adult is about 
.004 1'. Natural radiation would have to 
be increased more than 10,000 times to 
account for the natural Drosophila muta­
tion rate! Thus, in Drosophila at least, 
radiation accounts for only a trivial part 
of the spontaneous rate. The same is 
true for mice. Although the fraction of 
spontaneous mutations that owe their 
origin to radiation is higher than that 

in Drosophila, it is still less than .1 per 
cent. 

I t is clear that natural-mutation rates, 
if they are measured in absolute time­

units, cannot be the same in all organ­
isms. One example will demonstrate this 
decisively. The spontaneous-mutation 
rate in Drosophila is such that about one 
embryo in 50 carries a lethal mutation 
( a  mutation harmful enough to cause 
death) that occurred during the preced­
ing generation. Most such mutations are 
recessive, that is, they have a lethal ef­
fect only when they are in a double dose, 
but this does not prevent the death; it 
only postpones it. The reproductive life­
cycle in man is approximately 1,000 
times as long as that of a fly : some 30 
years as compared with 12 days. If the 

MUTATION of a single gene in a monse results in offspring that 

have an unusually short tail (skeleton at left). A mouse that re· 

ceives such a mutant gene from both of its parents has more serious 

defects, including the ahsence of the lower part of its spine {skele· 

ton at right) ; it dies soon after birth. These specimens were pre· 

pared in the laboratory of L. C. Dunn of Columbia University. 

The soft tissues were treated with strong alkali and glycerin to 

make them transparent; the bones were stained with a red dye. 
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RATE OF EVOLUTION in certain organisms is extremely slow. 

Depicted in these drawings are four animals that have not changed 

appreciably over a period of millions or even hundreds of millions 

of years. At top left is the horseshoe crab; at top center, the tuatara; 

absolute mutation-rate in man were the 
same as that in Drosophila, each human 
embryo would bear an average of 20 
new lethal mutations ; man would quick­
ly become extinct. 

Actually, if the rate is measured in 
mutations per generation, the spontane­
ous-mutation rate of those few human 
genes whose mutation rates can be ef­
fectively measured is roughly the same 
as that of Drosophila genes. The rule 
seems to be that the absolute mutation­
rate divided by the generation period is 
much more nearly constant from one 
species to another than the rate itself. 
The implication of this is exciting. It can 
only mean that the mutation rate itself is 
capable of modification; that it, too, is 
changed by natural selection. By being 
brought into adjustment with the life 
cycle, the underlying mechanism of evo­
lution itself is undergoing evolution! 

It appears, however, that the rates of 
radiation-induced mutations are not as 
readily modified. If these rates were 
being adjusted along with the rates of 
mutations from other causes, we would 

140 

expect that mice would show a lesser re­
sponse to radiation than do fruit flies be­
cause their life cycle is longer. The facts 
are otherwise ; mouse genes average 
some 15 times as many mutations per 
unit of radiation as Drosophila genes. 

This strongly suggests that the process 
whereby mutations are produced by 
radiation is less capable of evolutionary 
adjustment than other mutation-produc­
ing processes. The implication is that 
organisms with a long life-cycle­
Sequoia trees, elephants, men-have a 
larger fraction of mutations due to 
natural radiations. It may be that the 
majority of mutations in a very long­
lived organism are due to radiations. 
Possibly this sets an upper limit on the 
length of the life cycle. 

Unfortunately the rate of radiation­
induced mutations is not known for any 
organism with a long life-cycle. If we 
assume that the susceptibility of human 
genes to mutation by radiation is the 
same as that of mouse genes,  we would 
conclude that less than 10 per cent of 
human mutations are due to natural 

radiations. But the exact fraction is quite 
uncertain, because of inaccurate knowl­
edge of the rate of spontaneous human 
mutations. So it cannot be ruled out that 
even a majority of human mutations owe 
their origin to radiation. 

Thus the over-all mutation rate is not 
determined by radiation to any signifi­
cant extent, except possibly in some very 
long-lived organisms. In general, radia­
tion does not seem to play an important 
role in evolution, either by supplying 
qualitatively unique types of mutations 
or by supplying quantitatively signifi­
cant numbers of mutations. 

There is another question : To what 
extent is the rate of evolution dependent 
on the mutation rate? Will an organism 
with a high mutation-rate have a corre­
spondingly higher rate of evolution? In 
general, the answer is probably no. 

The measurement of evolutionary 
rates is fraught with difficulty and doubt. 
There is always some uncertainty about 
the time-scale, despite steady improve­
ments in paleontology and new tech­
niques of dating by means of the decay 
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at bottom ('enter, t he recently discovered 

coelacanth; at the far right, the opossum. 

of radioactive isotopes . In addition there 
is the difficulty of determining what a 
comparable rate of advance in different 
species is. Is the difference between a 
leopard and a tiger more or less than 
that between a field mouse and a house 
mouse? Or has man changed more in 
developing his brain than the elephant 
has by growing a trunk? How is it pos­
sible for one to devise a suitable scale 
by which such different things can be 
compared? 

Despite these difficulties, the differ­
ences in rates of evolution in various 
lines of descent are so enormous as to 
be clear by any standard. One criterion 
is size .  Some animals have changed 
greatly. The horse has grown from a fox­
sized ancestor to its present size 
while many other animals have not 
changed appreciably. ( The British bio­
logist J. B. S. Haldane has suggested 
that the word "darwin" be used as a 
unit for rate of size change. One darwin 
is taken to be an increase by a factor e 

Janitrol Reports 

on aircraft and missile components 

Cooling with Boiling Water 
This J anitrol "water boiler" heat ex­

changer serves as an air conditioner for 
hot pilots at supersonic speeds. High 
temperature air passes through unique 
tubular structure made of extremely thin 
plates, and water on the primary side 
of the exchanger boils . Sufficient heat 
is extracted to enable mechanical cool­
ing equipment to complete the job.  Long 
experience with high temperature alloys 

in foil-thin sheets have enabled Janitrol 
to achieve significant weight savings as  
well as excellent heat transfer efficiency, 
simple manifolding, and design freedom 
of value to engineers trying to shoe horn 
the components into odd spaces . 

Million BTU per Hour 
If you like your heat wave in small 

packages - to heat buildings or vehicles 
for personnel comfort, to process auids, 

to prevent freczing in transit or storagc 
-here's a liquid heater of modest dimen­
sions that puts out up to a million Btu 
per hour, can operate on almost any fucl 
(gas, diesel fuel, JP-4 and LP gas) and 
starts reliably down to - 65°F. Output 
is variable : it will maintain liquid at any 
specified temperature ( within reason). 
Other Janitrol heaters of less impressivc 
capacity are serving reliably on emer­
gency fire-fighting vehicles to keep fluids 
fluid at all times all year round. 

Birth of a Notion 
A good measure of Janitrol confidencc 

in the future of the aero-space age is its 
new research, development, and manu­
facturing facility in Columbus, which 
includes among other things one of the 
industry's best privately owned high alti­
tude chambers ( shown below). The six­
foot diameter, twenty-foot long cham­
ber simulates altitudes up to 100,000 
feet plus, temperatures down to - 80°F. 

If you need help in the design of 
pneumatic contl'Ols, heat exchangers, 
duct supports, and couplings-or the de­
velopment of a sub-system involving ail' 
handling - you'll find J anitrol people talk 
your language. 

We invite you to write for a brochure 
entitled "Janitrol Resources," giving a 
clear picture of our extensive capabili­
ties . J anitrol Aircraft Division, Surfacc 
Combustion Corporation, 4200 Surface 
Road, Columbus 4, Ohio. BRoadway 
6-3561. 

per million years . By this criterion the pneumatic controls . duct couplings and supports . heat exchangers 
rate of evolution of tooth size in the an- c o mbustio n equip m e n t  for air craft. missil es. ground support 
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RAPID RATE OF EVOLUTION is illustrated by the horse. Comparisons of the skulls, 

J,indfeet and forefeet of animals of successive periods indicate the changes which led from 

a fox·sized ancestor in the Eocene period, 60 million years ago, to the modern horse ( top) .  
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cestors of the horse was about 40 milli­
darwins.) 

More difficult to quantify, but more 
significant, are changes in structure . 
Some animals have changed very little 
in enormous lengths of time. There are 
several examples of "living fossils," some 
of which are depicted on the preceding 
two pages. During the time the coela­
canth remained practically unchanged 
whole new classes appeared: the birds 
and mammals, with such innovations as 
feathers, hair, hoofs, beaks, mammary 
glands, internal temperature-regulation 
and the ability to think conceptually. 
What accounts for such differences in 
rate? 

The general picture of how evolution 
works is now clear. The basic raw 

material is the mutant gene. Among 
these mutants most will be deleterious, 
but a minority will be beneficial. These 
few will be retained by what Muller has 
called the sieve of natural selection. As 
the British statistician R. A. Fisher has 
said, natural selection is a "mechanism 
for generating an exceedingly high level 
of improbability." It is Maxwell's famous 
demon superimposed on the random 
process of mutation. 

Despite the clarity and simplicity of 
the general idea, the details are difficult 
and obscure. Selection operates at many 
levels-between cells, between individ­
ual organisms, between families, be­
tween species. What is advantageous in 
the short run may be ruinous in the long 
run. What may be good in one environ­
ment may be bad in another. What is 
good this year may be bad next year. 
What is good for an individual may be 
bad for the species. 

A certain amount of variability is 
necessary for evolution to occur. But the 
comparison of fossils reveals no consis­
tent correlation between the measured 
variability at any one time and the rate 
of evolutionary change . George Gaylord 
Simpson, now at Harvard University, 
has measured contemporary represen­
tatives of low-rate groups ( crocodiles, 
tapirs, armadillos, opossums) and high­
rate ones ( lizards, horses, kangaroos )  
and has found no tendency for the latter 
to be more variable. Additional evidence 
comes from domesticated animals and 
plants . G. Ledyard Stebbins, Jr., of the 
University of California has noted that 
domesticated representatives of slowly 
evolving plant groups produce new 
horticultural varieties just as readily as 
those from more rapidly evolving 
groups.  Finally, the rates of "evolution­
ary" change in domestic animals and 
plants under artificial selection by man 
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Royal Pr ecision Large-scale electronic computation at desk-side 
Operating from any 'convenient wall outlet, the powerful, low-cost LGP-30 
gives you the full flexibility of stored-program operation with an unusually 
large memory of 4096 words-2000 more than the next computer in its class! 

Because the LGP-30 command structure and controls have been remarkably 
simplified, you require only minimum experience. You get complete format 
control ... alpha-numeric input-output via keyboard or punched paper tape. No 
additional equipment is required for operation although, if desired, a high­
speed photoelectric reader-with or without mechanical punch-is available. 

The greatest computer value in the market, the LGP-30 requires no expen­
sive installation or air-conditioning. It may be either purchased or leased. 
Customer training is free. An extensive library of programs and sub-routines 
is available-as well as membership in an active users organization. 

Royal Precision Corporation 
Royal Precision is jointly owned by the Royal McBee and General Precision Equipment Corpo­
rations. LGP-30 sales and service are available coast-to-coast, in Canada and abroad through 
Royal McBee Data Processing offices. For complete information and specifications, write 
ROYAL McBEE CORPORATION, data processing division, Port Chester, New York 
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are tremendous compared with even the 
more rapidly evolving natural forms­
perhaps thousands of times as fast. This 
can only mean that the genetic variabil­
ity available for selection to work on is 
available in much greater abundance 
than the variability actually utilized in 
nature. The reasons why evolution is so 
slow in some groups must lie elsewhere 
than in 

'
insufficient genetic variability . 

Instances of rapid evolution are prob-

ably the result of the opening-up of a 
new, unfilled ecological niche or en­
vironmental opportunity. This may be 
because of a change in the organism 
itself, as when the birds developed the 
power of flight with all the new possi­
bilities this offered. It may also be due to 
opening-up of a new area, as when a 
few fortunate colonists land on a new 
continent. 

One of the best-known examples of 

rapid change is to be found in the finches 
of the Galapagos Islands that Charles 
Darwin noted during his voyage on the 
Beagle. Darwin's finches are all descend­
ants of what must have been a small 
number of chance migrants. They are a 
particularly striking group, especially in 
their adaptations to different feeding 
habits . Some have sparrow-like beaks for 
seed feeding; others have slender beaks 
and eat insects ;  some resemble the 

HONEY CREEPERS of Hawaii are a striking example of rapid 

evolution. Dozens of varieties, adapted to different diets, arose from 

a common ancestor. The long bills of Hemignathus lucidus a/finis 

(1), H emignathus wilsoni (4) and H emignathus o. obscurus (7) are 

used to seek insects as woodpeckers do or to suck nectar. The beaks 

of Psittirostra kona (2), Psittirostm cantons (3), and Psittirostra 

psittacea (6) are adapted to a diet of berries and seeds. Loxops v. 
virens (5) sucks nectar and probes for insects with its sbarp bill. 

Pseudo nestor xanthrophrys (8) wrenches at hard wood to get at 
burrowing insects. Some of these species are presently extinct. 
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EXTENSIVE DOW PRODUCTION 
FACILITIES FASHION VARIED 

NEW MAGNESIUM WARES 
Coiled sheet, thin wall castings, many 

other production items are now avail­

able from Dow's big rolling mill, foun­

dry and fabrication facilities. 

Manufacturers on the alert for im­
proved materials and production meth­
ods would enjoy a quick tour of the 
four Dow plants that turn out mag­
nesium products. New ways of forming 
and fabricating magnesium now being 
practiced in these plants open up new 
areas of use for the lightweight metal. 

TOOLING PLATE, extra flat, is annealed to 
eliminate residual stresses. 

At the huge Madison, Illinois, rolling 

mill, for example, they're making mag­
nesium sheet that doesn't require stress 
relief after welding. This is a major 
step forward in light metal technology 
and a boon to manufacturers using 
magnesium assemblies. Madison has 
also increased the maximum width of 
sheet to six feet. Five different sheet 
alloys, including elevated temperature 
alloys, are now available either flat or 
in coils. 

To keep abreast of the rapidly increas­
ing demand for precision jigs and fix­
tures, Madison keeps a close watch on 
the tolerances of Dow magnesium 
tooling plate. Typical flatness toler­
ances, for example, are 0.010 inches 
in any six feet. This means greater ac-

curacy and less machining for users of 
Dow tooling plate. A mammoth 13,200 
ton extrusion press, also located at 
Madison, is now turning out magnesi­
um extrusions up to 3D-inch circum­
scribed circle in size. 

Over in Bay City, Michigan, interesting 
things are happening, too. At the well­
equipped Dow magnesium foundry, 
largest in the U. S . ,  sand and perma­
nent mold castings of all sizes and 
shapes are being produced on a volume 
basis. Complete facilities are main­
tained for heat treatment, styrene DMI 
impregnation and chemical treatment. 
A well-staffed quality control team 
makes sure that all specifications are 
met or exceeded, and that the most 
modern equipment and techniques are 
fully utilized. 

The Bay City foundry casts many com­
plex and difficult designs. Large cast­
ings with walls as thin as 0.100 are now 
being produced. Other useful develop­
ments include cast-in tubeless passage­
ways for use as hydraulic lines, special 
coring techniques for casting enclosed 
shapes and new magnesium casting 
alloys. 

DOW FOUNDRY offers production capacity for 
sand and permanent mold castings of all sizes. 

A new die casting plant is now on 
stream at Bay City. This facility houses 
the most advanced magnesium die cast­
ing equipment, including cold chamber 
metering units which automatically feed 
metal to the machines and contribute 
to unusually high production rates. To 
assure close alloy composition control 
in both die casting plant and foundry, 
a direct reading spectrometer provides 
frequent and precise analyses of the 
molten metal. Similarly, X-ray equip­
ment is also available where radiogra­
phy is needed in quality control. 

The Dow fabrication plant, also in Bay 
City, offers capacity for volume work 
on magnesium assemblies. Here, too, 
developmental work on magnesium is 
constantly in progress. The plant is set 
up to handle large or small jobs, and 
plenty of both. Its activities include 
deep drawing, bending, spinning, 
stamping, piercing, machining, arc and 
spot welding, assembly, chemical treat­
ment and painting. This plant has 
pioneered many "firsts" in magnesium 
production, such as hot drawing, spot 
welding and automatic welding. 

LARGE DRAW PRESS at Dow's fabrication 
plant forms magnesium sheet in one operation .. 

THE DOW METAL PRODUCTS COMPANY 
Midland, Michigan 

A Division of The Dow Chemical Company 
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At Eastman 

QUALITY CO·NTROL 
is a company's conscience ttat wOI--'k" 

You can measure a com­
pany's conscience by the care 
taken to uphold the quality 
of its products. 

If those products are plastics, uncompro­
mised control is a "must" ... for plastics are 
unique materials. Perhaps no other class of 
raw materials used by the manufacturing 
industries has so many variable - yet con­
trollable-physical properties. Flow or mold­

ability, stiffness, heat resistance, weather du­
rability, color, light transmission, hardness ... 

are just a few of the properties that can be 

custom tailored to meet the needs of a specific 
application or a specific fabricating proced ure. 
Such flexibility in setting the physical proper­
ties of a raw material is an advantage which 
must be protected by accurate control. For 
once an acceptable formulation has been 
created and sold to satisfy both performance 
and pro:iuction deElands, it is necessary to 

maintain those praperties within extremely 

Tenite is Illore than a trade naIlle for EastIllan's plastics 
... it's a pledge of proIllised perforIllance 

narrow limits to assure trouble-free 
molding operations as well as satis­
factory service. 

At Eastman, Tenite  Quality  

Control is  the vigilant watchdog over the -
production of all Tenite plastics. This group 
has the co;}tinuing responsibility to conduct 
all necessary testing to forestall deviation 
from the specifications set for each of the 

many formulations. 

So varied and so complete is the testing 
done by Tenite Quality Control, that this one 
control section of Eastman requires a staff of 

over 100 trained personnel. 
Acting as a nerve center, sensitive to any 

factor that could swing a formulation away 
from its prescribed limits, Quality Control 
approves or rejects the results in all phases 

of the production of every pound of Tenite 
plastic made. 

Control of quality begins with approval of 
the basic raw materials. Even though most 

of the basic materials 

that go into Tenite 
plastics are supplied 
by other members of 
the Eastman indus­

trial family, Tenite 
Quality Control has 
the final voice in the 
acceptance or rejec­

tion of these materials. At Kingsport, Tennes­

see, where Butyrate, Acetate and Propionate 

are made, raw materials such as cellulose 

esters, plasticizers, colorants and other addi­

tives are rigorously tested and graded on their 

suitability for compounding into clear trans­

parent plastic or into transparent, translucent 

or opaque colored plastics. Indicative of the 

care taken to assure shipments of Tenite 

plastics that are right for each use, is the fact 
that no order for Tenite Butyrate, Tenite 
Acetate or Tenite Propionate is filled "out of 
stock." Every order for these three plastics 
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; made to order as a separate batch, custom­
,roduced to meet the exact specifications as 

equested. 
At Longview, Texas, where Tenite Poly­

thylene in both low- and medium-density 
;rades is produced via continuous processing, 
�uality Control maintains a constant check 

n the purity of the ethylene gas as it enters 

he reactors. 
During production of both cellulosic and 

,olyethylene plastics, various tests are con­

lucted at intermediate stages to insure proper 
ontrol of the chemical reaction. Similarly, 
fter production, samples of the plastics 

re carefully molded by Quality Control 
to be sure their 

forming charac­

teristics are suited 

to the customer's 
fabricating equip­
ment. In addition, 
flow, color, along 

with physical and chemical stability are also 
checked. If any special qualities, such as fire 
retardance or resistance to ultra-violet have 
been specified, Quality Control runs extra 
tests on the plastic before shipment to con­

firm that these requirements have been met. 

Color gets particular attention. Over the 
years, Tenite plastics have won an enviable 
reputation for accurate color matches. To 
date, plastics in more than 40,000 different 

colors and color effects have been produced 
by Eastman. 

Finally, after Quality Control has been 
satisfied that the Tenite plastic will fully meet 
all specifications of the customer's order, it is 
approved for shipment. Even after shipment, 
Quality Control remains in the picture. Physi­
cal samples of all plastics shipped are kept 
for six months. In addition, all records on the 
processing of these shipments are retained 

for five years. Result: Quality Control has a 
continuing record as a guide in filling subse-

TE 

quent orders with exact duplications of the 
original plastic. 

Ever since Eastman began producing plas­
tics in 1932, an alert awareness has existed 
that users of plastics have a critical need for 

material that is consistent in its performance 
and handling properties shipment after ship­

ment. If one word were to be singled out to 
describe the outstanding virtue of Tenite 
plastics, it would have to be chosen from such 
adjectives as uniform, consistent, unvarying, 
dependable. But whatever the word, the end­
result has been satisfaction for our customers 
. . . and for us. 

And, after all, that's the purpose of having 
a conscience. 

The full story of the detailed testing that un­
derwrites the reputation of Eastman plastics, is 
told in "QUALITY CONTROL," a 20-page 
booklet. For your free copy or more information 
on Tcnite plastics, write EASTMAN CHEMICAL 
PRODUCTS, INC., subsidiary of Eastman Kodak 
Company, KINGSPORT, TENNESSEE. 

I 
BUTYRATE • POLYETHYLENE· PROPIONATE· ACETATE 

1)epewkbfe, plastics by Eastman 
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Imagine global communications that automatically route mes­

sages to the proper commands - give instant priority to emer­

gency traffic. It has been done, by Automatic Electric. 

How? Messages arrive at Teletypewriter Switching Centers on 

coded teleprinter tape. The codings determine whether the mes­

sage has a single or multiple destination, where it is to go, and 

its degree of priority. Telephone switching equipment selects 

the proper outgoing lines, retransmits the message to one or 

more points. 

Making machines like this think automatically is AE's business. 

That is why the armed services and industry can confidently 

seek the solutions to automatic control from AE. The fact is, 

almost every device or system that is operated automatically 
uses the type of switching and relay units originated or manu­
factured by Automatic Electric. 
In problems of communications or control, AE is at your com­

mand. Whether you need engineering advice, basic components 

or a control "package," write the Director, Industrial Products 

Engineering, Automatic Electric, Northlake, Illinois. 

IDEAS 

WOR� 

AUTOMATICALLY 

Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 
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ASEXUAL REPRODUCTION permits little variability in a population; the evolution of 

asexual organisms depends entirely on mutation. At top is a schematic diagram of an asexual 

cell. Within its nucleus (open circle) are chromosomes (rectangles). When the cell divides 

(bottom), its two daughter cells have replicas of the original chromosomes and are exactly 

like the parent. To simplify the diagram only two of the chromosomes of a cell are shown. 

woodpeckers and feed on insect larvae 
in wood; still others feed with parrot­
like beaks on fruits. The woodpecker 
type is of special interest. Lacking the 
woodpecker's long tongue it has evolved 
the habit of using a cactus spine or a 
twig as a substitute-it is the only ex­
ample of a tool�using bird. In the rest 
of the world the finches are a relatively 
homogeneous group. Their tremendous 
diversity on these islands must be due to 
their isolation and the availability of 
new, unexploited ecological opportuni­
ties. A similar example of multiple 
adaptations is found in the honey creep­
ers of the Hawaiian Islands [see illustra­
tion on page 144]. 

When paleontologists look into the 
ancestry of present-day animals, 

they find that only a minute fraction of 
the species present 100 million years 
ago is represented by descendants now. 
It is estimated that 98 per cent of the 
living vertebrate families trace their 
ancestry to eight of the species present 
in the Mesozoic Era, and that only two 
dozen of the tens of thousands of verte­
brate species that were then present 
have left any descendants at all. The 
overwhelmingly probable future of any 

species is extinction. The history of 
evolution is a succession of extinctions 
along with a tremendous expansion of 
a few fortunate types . 

The causes of extinctions must be 
many. A change of environment-due to 
a flood, a volcanic eruption or a succes­
sion of less dramatic instances-may alter 
the ecological niche into which the spe­
cies formerly fitted. Other animals and 
plants are probably the most important 
environmental variables: one species is 
part of the environment of another. 
There may be a more efficient predator, 
or a species that competes for shelter or 
food supply, or a new disease vector or 
parasite. As Theodosius Dobzhansky of 
Columbia University has said, "Extinc­
tion occurs either because the ecological 
niche disappears, or because it is wrested 
away by competitors ." 

Extinction may also arise from natural 
selection itself. Natural selection is a 
short-sighted, opportunistic process .  All 
that matters is Darwinian fitness, that is, 
survival ability and reproductive capac­
ity . A population is always in danger of 
becoming extinct through "criminal" 
genes-genes that perpetuate themselves 
at the expense of the rest of the popula­
tion. An interesting example is the so-

� l6N • � 

UNIMAT 
THE IDEAL MINIATURE MACHINE 

SHOP FOR RESEARCH LABS 
AND MODEL SHOPS 

M U LTI-FUN C TION P RECISION M ACHIN E 
TOOL OCCUPIES NO MORE SPACE THAN A 
TYPEWRITER I Engineers and Designers sup­
plement their sketches and blueprints with 
machined-to-scale models· anybody can "read". 
Technicians in research labs "turn out machine 
work with amazingly small tolerances, down 
to .0004-of-an-inch! Manufacturers developing 
new products find UNIMAT indispensable in 
the mock-up shop. Hundreds t of efficiency­
minded companies, hospitals and gOVernment 
agencies are now putting their UNIMATS to 
a thousand-and-one uses ... it's the practical 
machine for making small ·parts! Let us tell 
you how they can serve you. 
* BASIC UNIMAT includes motor. lathe and com. 
ponents for converting to drill press. tool and surface 
grinding machine. and polisher-grinder. Low-cost 
attachments: jig saw, threader, circular sa'W, 
indexer - divid�r. Plus complete range of machine 
accessories. 

t TO MENTION A FEW: 
Atom Products Division of GE. U.S. Naval Research. 
Bell Telephone Laboratories, Westinghouse, Pratt & 
Whitney. Raytheon. NYU-Bellevue Medical Center. 
Smithsonian Institute. General MotOT�. 

Write for illustrated literature and price list 
AMERICAN·EDELSTAAl/UNIMAT DIVISION 
DEPT •. DJ,,350BROADWAY. NEW YORK 13. N. Y. 
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THE RAW MATERIALS OF PROGRESS 

BRAND ELASTOMER 

New FLUOREL Brand Elastomer is a highly fluorinated 

synthetic rubber that successfully resists corrosive 

chemicals, fuels, solvents and ozone 

FLUOREL Elastomer is rated for continuous long-time 

service at 400°F ... tolerates 600°F temperatures, and 

higher, for reduced periods under some service conditions. 

In addition to good thermal stability, ease of processing, 

non-combustibility, and excellent resistance to compression 

set are other outstanding features. 

EASE OF PROCESSING is shown by this disc. Note the repro­
duction of machine marks from mold surface. FLUOREL 
Elastomer is sold by the 3M Company as a gum. It can be 
readily mold processed on standard rubber compounding 
and fabricating equipment. It may be molded, extruded 
and bonded to most metals. 

-The term "Fluorel" is a trademark of Minnesota Mining and Manufacturing Company 

FLUOREL Elastomer greatly extends the performance 

range of applications requiring elastomeric materials. Its 

many exciting possibilities make it an important member 

of the ever-expanding family of 3M organic fluorine com­

pounds. For complete data, write: 3M, Chemical Division, 

Dept. KAM-99, St. Paul 6, Minn. 

WHEREVER THE HEAT'S ON, put FLUOREL Elastomer to 
work for you. It's in use now or under evaluation in the 
missiles and aircraft, automotive and chemical processing 
industries for oil seals, "0" rings and gaskets. Other sug­
gested uses: fire walls, air ducts, fuel cells, fuel and 
hydraulic hose, diaphragms and tank linings. 

C HEM I CAL D I V I 5 ION .�L.. -. ... . r.L�- .=--� 
MINNESOTA MINING AND MANUFACTURING COMPANY � 

• • •  WHERE RESEARCH IS THE KEY TO TOMORROW � 
� 
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Charts below illustrate FLUOREL Elastomer 
resistance to compression set and heat. 

COMPRESSION SET (ASTM D-395-52T, Method B) 

100 

90 

80 

/ 
tu '" 

70 z 0 in 60 
!fl 22 Hr. Std. Cure 

� 50 

/ 0 u 40 
� 

30 22 Hr. 

20 Extra Post Cure 
24 Hr./500oF 

10 

250 300 350 400 450 500 
TEMPERATURE, OF 

THERMAL STABILITY (Circulating Air Oven) 

2 HRS. AT 700°F 

16 HRS. AT 600
.
oF ... __ + __ 

3 DAYS AT 550o.;. F __ ��-

10 DAYS AT .500_ 0 F __ -i� __ 

30 DAYS AT...;;45. 0.oF __ -I ____ _ 

ORIG.I.N. A;.L _____ + ____ _ 

2500 2000 1500 1000 500 100 200 300 

TENSILE STRENGTH, psi 9 % ElONGA nON 

3M CHEMICAL DIVISION, MANUFACTURERS OF: 
Acids· Resins· Elastomers· Plastics· Oils, 

Waxes and Greases· Dispersion Coatings 

• Functional Fluorochemicals· Surfactants 
and Inert Liquids 

called SD gene, found in a wild Dro­
sophila population near the University of 
Wisconsin by Yuichiro Hiraizumi. Or­
dinarily the segregation ratio-the ratio 
of two alternative genes in the progeny 
of any individual that carries these genes 
-is 1: 1. In this strain the segregation is 
grossly distorted to something like 10 : 1 
in favor of the SD gene; hence its name, 
SD, for segregation distorter. The SD 
gene somehow causes the chromosome 
opposite its own chromosome to break 
just prior to the formation of sperm cells . 

< 

As a result the cells containing the 
broken chromosome usually fail to de­
velop into functional sperm. The SD­
bearing chromosome thus tends to in­
crease itself rapidly in the population 
by effectively killing off its normal coun­
terpart. Such a gene is obviously harmful 
to the population. But it cannot be 
eliminated except by the extinction of 
the population, or by the occurrence of 
a gene that is immune to the SD effect . 

A similar gene exists in many mouse 
populations. Causing tail abnormali-

> 

...
.
•••••• rn; .•••••••••••.••...• . 

. . . . . . . . - . .. : . : .. , ..... . 
SEXUAL REPRODUCTION, also depicted in highly schematic form, depends on the union 
of two cells that may be from different lines of descent. At top left is an egg cell; at top 

right, a sperm cell. Each contains one set of chromosomes (rectangles ) .  They join to form 

a new individual with two sets of chromosomes in its body cells (center ) .  When this organ­

ism produces its own sperm or egg cells (bottom), each receives a full set of chromosomes. 

Some, however, may be from the father and some from the mother. Evolution in sexual or· 

ganisms thus does not depend entirely on new mutations, because the genes already present 

in the population may be combined in different ways leading to improvements in the species. 
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I N  . . .  YOUR . . . . FUTURE . . .  

Tape loop tra nsport i s  part of 
H o n eywell  n u c lear reactor SCRAM 
m on itor which i s  used to remember 
what ha ppened at 19 criti cal  poi nts 
both before and after a scram or 
other off-n ormal conditi o n .  

The dashes in the above tape sym­
bolize electrical pulses recorded 
on magnetic tape. Such pulses can 
precisely represent time, tempera­
ture, rate, vibration, pressure, 
direction, and a host of other 
variables, in either analog or 
digital form. 

Taped data can speed test analy­
ses, monitor operations, program 
equipment, and serve as acces­
sible, compact storage, all auto­
matically. The resultant savings 
in time and expense are yours. 

M I N N E A P O L I S - H o N E Y W E L L ,  
10721 Hanna St. ,  Beltsville, Md. 
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ties, it is transmitted to much more 
than the usual fraction of the offspring, 
though in this case the detailed mecha­
nism is not known. L .  C. Dunn of Colum­
bia University has found this gene in 
many wild-mouse populations. Most of 
these genes are highly deleterious to the 
mouse ( a  mouse needs a tail ! ) , and some 
are lethal when they are borne in a dou­
ble dose, so that the gene never complete-

A ( > r 
B 

c 

D 

E 

G 

H 

Iy takes over despite its segregational 
advantage. The result i s  an equilibrium 
frequency determined by the magnitude 
of the two opposing selective forces : thc 
harmfulness of the gene and its segrega­
tional advantage. The population as a 
whole suffers, a striking illustration of the 
fact that natural selection does not neces­
sarily improve the fitness of the species .  

A gene causing extremely selfish, anti-

� < > 

RECESSIYE MUTATION cannot be expressed in a sexua l organism unless the (·orrespond· 

ing gene of th e paired chromosome has the same defect. Thus a harmful mutation can remain 
latent for generations. In this diagram the hars representing chromosomes are divided into 

squares, each symbolizing the gene for a different character. In row A the chromosomes of 
normal parents are paired ( arrows ) . In row B a gene of their offspring mutates ( black ) . 

In row C the mutant gene has been transmitted to the n ext generation but is still latent 

because the other parent has supplied a normal gene. This continues ( rows E and F) until 

tw o individuals harhoring the mutant gene mate ( row G ) .  The full effect of the mutation, 
harmful or otherwise, is expressed in offspring receiving a pair of mutant genes ( row H ) .  
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I n  science . . .  
This " diary" of an airframe i n  wind-tunnel Right 
i s  a n  i nstantly-readable record taken on a Model 
906A Visicorder by ARO, Inc., at the USAF 
Arnold Engineering Development Center, Tulla­
homa, Tennessee, the ARDC wind tunnel facility. 
This record measures damping-in-pitch deriva­
tives for a clipped-delta-wing-body configuration 
over a Mach number range of 2 . 0  to 5 . 0  so that 
these measurements could be compared with 
Mach number trend predicted by theory. The 

v a l u e s  d i s c o v e r e d  t h r o u g h  t h i s  e x p e r i m e n t  
showed discrepancies from theoretical values be­
cause the theory pertained to simpler bodies than 
that used i n  the tests. The new set of Visicorder 
data will  result i n  more accurate predictions for 
future design. 

In i n d ustry . . .  
This "cardiogram" of a diesel engine was taken 
o n  a Model 906 Visicorder by research engineers 
at the Worthington Co rporation.  It  i s  a directly­
recorded chart of pressure variations i n  the ex­
haust manifold, cylinder, and intake manifold of 
a Worthington Tripower diesel operating at 4 5 0  
RPM and developing 2 6 5  H P  per cylinder. These 
pressure-variation studies enable Worthington 
engineers to determine optimum valve timing and 
engine configuration,  and led to changes i n  the 
Tripower engine for best performance. I n  these 
and i n  hundreds of other scientific and industrial 
applications,  Visicorders are bringing about new 
advances i n  product design, computing, control, 
rocketry, nucleonics, and production.  

For information on how to apply the IInlimited IIse­
flllness of the Visicorder to YOllr specific problems, 
phone YOllr nearest Honeywell Indllstrial Sales Office. 

The Honeywell Visicorder 

provides instantly-readable, 

high-sensitivity data at jreqllelzcies 

/ronz DC 10 5000 CPS. 
Tbere are models with 8, 14, 
or 36-channel capacities. 

Reference Data : Write for Visicorder Bulletins 906A and 1 0 1 2. 

Visicorder records 2/3 actual size. 

Honeywell 

� ��'?�� 
Minneapolis-Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado 
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1 .  

2 .  

- - - - -� 
3 .  

�-----
---ac? 

4. 

THE GENETIC MATERIAL, deoxyribonncleic acid ( DNA) , consists o f  a chain o f  sngar 

units (pentagons) and phosphate groups (circles ) with side chains of bases : adenine ( A ) , 

cytosine ( C ) ,  thymine ( T )  and guanine ( G ) . One possible mechanism for replication 

postulates that DNA normally contains two complementary strands, linked A-T and C-G 

(1) .  The chains then separate ( 2 ) , and separate precursor units assemble along each 
chain (3) . When they are completed, the double strands are identical to the original (4) . 
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social behavior-for example genes for 
cannibalism or social parasitism-could 
have similar effects in the human popu­
lation. Any species must be in constant 
danger from the short-sightedness of the 
process of natural selection. Those that 
are still here are presumably the de­
scendants of those that were able to 
avoid such pitfalls . 

.Nide from mutation itself, the most im-
portant evolutionary invention is 

sexual reproduction, which makes possi­
ble Mendelian heredity . The fact that 
such an elaborate mechanism exists 
throughout the whole living world-in 
viruses and bacteria, and in every major 
group of plants and animals-attests to 
its significance. 

In a nonsexual population, if two po­
tentially beneficial mutations arise in 
separate individuals ,  these individuals 
and their descendants can only compete 
with each other until one or the other 
type is eliminated, or until a second 
mutation occurs in one or the other 
group . A Mendelian species, with its 
biparental reproduction and consequent 
gene-scrambling, permits both mutants 
to be combined in the same individual . 
An asexual species must depend upon 
newly occurring mutations to provide it 
with variability . Sexual reproduction 
permits the combination and recom­
bination of a whole series of mutants 
from the common pool of the species. 
Before they enter the pool the mutants 
have been to some extent pretested and 
the most harmful ones have already been 
eliminated.  

Suppose that a population has 50 
pairs of genes : Aa, Bb, Cc, etc .  Suppose 
that each large-letter gene adds one 
unit of size. The difference between the 
smallest possible individual in this popu­
lation ( aa bb cc . . .  ) and the largest 
possible ( AA BB CC . . .  ) is 100 units . 
Yet if all the genes are equally frequent, 
the size of 99.7 per cent of the popula­
tion will be between 35 and 65 units . 
Only one individual in 2100 ( roughly 1 
followed by 30 zeros ) would have 1 00 
size units . Yet if the population is sexual, 
this type can be produced by selection 
utilizing only the genes already in the 
population .  

This example illustrates the evolution­
ary power of a system that permits Men­
delian gene-assortment. In an asexual 
system the organism would have to wait 
for new mutations. Most of the size­
increasing mutations would probably 
have deleterious side effects .  If the 
asexual organism had a mutation rate 
sufficient to give it the potential vari-
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ability of a sexual population, it would 
probably become extinct from harmful 
mutations . 

The very existence of sexual reproduc­
tion throughout the animal and plant 
kingdoms argues strongly for the neces­
sity of an optimum genetic variability . 
This is plain, even though there is no 
consistent correlation between evolution 
rates as observed in the fossil record and 
the variability of the animals observed. 
It must be that a certain level of genetic 
variability is a necessary, but by no 
means sufficient, condition for progres­
sive evolution. 

Evolution is an exceedingly complex 
process, and it is obviously impossi­

ble, even in particular cases, to assign 
relative magnitudes to the various caus­
al factors . Perhaps species have become 
extinct through mutation rates that are 
too high or too low, though there is no 
direct observational evidence for this . 
Probably many asexual forms have be­
come extinct because they were unable 
to adapt to changes. Other forms have 
become overspecialized, developing 
structures that fit them for only a par­
ticular habitat; when the habitat dis­
appears, they are lost. The population 
size and structure are also important. 
To be successful in evolution, by the 
criterion of having left descendants 
many generations later, a species has the 
best chance if it has an optimum genetic 
system. But among a number of poten­
tially successful candidates, only a few 
will succeed, and probably the main 
reason is simply the good luck of having 
been at the right place at the right time. 

Of all the natural selection that oc­
curs, only a small fraction leads to any 
progressive or directional change . Most 
selection is devoted to maintaining the 
status quo, to eliminating recurrent 
harmful mutations, or to adjusting to 
transitory changes in the environment. 
Thus much of the theory of natural selec­
tion must be a theory of statics rather 
than dynamics . 

The processes that are necessary for 
evolution demand a certain price from 
the population in the form of reduced 
fitness .  This might be said to be the 
price that a species pays for the privilege 
of evolving. The process of sexual repro­
duction, with its Mendelian gene-shuf­
fling in each generation, produces a num­
ber of ill-adapted gene combinations, 
and therefore a reduction in average 
fitness .  This can be avoided by a non­
sexual system, but at the expense of 
genetic variability for evolutionary 
change in a changing environment. I The plant breeder knows that it is 

AI rocket is 2 degrees of! course . . •  a satellite will enter orbit at 0642 GMT . . •  the 

elevati'on to point 6 is 40 10' 12" . . . the distance from point 2 to point 3 is 478 feet 

4 inches . . . the sebaceous growth is nonmalignant . . .  the blood count is normal. 

Seeing the u nseen, determ i n i n g  the u n known . . .  th is  is  the prime role of precise 

o ptics and associated eq u i pment. Th e  power, precision and versati l ity of optica l 

engineering i n struments a n d  resea rch m icroscopes is today placing the h u ma n  eye 

a n d  interpretive m i n d  with i n  view a n d  eva luating d ista nce of yesterday's u n known. 

We a re justly proud that our i n struments h ave becom e  sta ndards fo r q u a l ity, p rec ision 

a n d  performance throughout the civi l ized world • • .  for ........ � .. 
su rveying, photogra m metry. research a n d  scientific 

exploration,  

We invite you r  request for  l iteratu re describing Wi ld  ... i1i1 .. i1ii1 ...... iI 
instruments in your field of interest. I N S T R U M E N T S ,  I N C .  

MAI N AT COVltRT STREET. PORT WASH I N GTON,  NEW YORK • PORT WASH I NGTON 7·4843 
In Ca nada -. Wild of Canada ltd . ,  157 Maclaren St . . Ottawa. Ontario 
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Another RCA Contribution to Energy Detection 

This is Messier 87-one of many galaxies and nebulae radiating 
radio energy throughout time and space. 

What primeval force motivates this celestial radioactivity ? 

Until an RCA Multiplier Phototube successfully recorded the 
antiproton at 75 to 77 percent of the speed of light, this phenomenon 
was indeed wrapped in a physical enigma. Now, the discovery of 
the antiproton lends support to the theory of antimatter. 
Thus, today, many cosmologists share a speculation that radio 
emission from the stars is caused by energy released in space when 
antimatter and matter collide. 

Here is j ust one example of the many applications of RCA M ultiplier 
Phototubes on the frontier of scientific research. To illustrate, 
RCA Multiplier Phototubes are helping to detect brain tumors­
measure thyroid absorbtion of Iodine 131-decode antiquity by 
means of Carbon 14 dating-identify Cerenkov light-radiation angles 
-measure Gamma, Beta, and Cosmic radiation miles out in space. 

For copy of technical catalog C RPD-105A describing RCA Photo­
sensitive Devices including Multiplier Phototubes j ust write : 
R CA Commercial Engineering, Section I-95-Q, Harrison, N. J. • RADIO CORPORA TION OF AMERICA 

� a:  Electron Tube Dlllision Harrison, N. J. 
� 
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easy to maintain high-yielding varieties 
of the potato or sugar cane because they 
can be propagated asexually. But then 
his potential improvement is limited to 
the varieties that he has on hand. Only 
by combining various germ plasms sexu­
ally can he obtain varieties better than 
the existing best. But the potato and 
cane breeder can have his cake and eat 
it. He gets his new variants by sexual 
crosses; when he gets a superior com­
bination of genes, he carries this strain 
on by an asexual process so that the 
combination is not broken up by Men­
delian assortment. 

Many species appear to have sacri­
ficed long-term survival for immediate 
fitness .  Some are highly successful. A 
familiar example is the dandelion; any 
lawn-keeper can testify to its survival 
value. In dandelion reproduction, al­
though seeds are produced by what looks 
superficially like the usual method, the 
chromosome-assorting features of the 
sexual process are bypassed and the seed 
contains exactly the same combination of 
genes as the plant that produced it . In 
the long run the dandelion will probably 
become extinct, but in the pre3ent en­
vironment it is highly successful. 

The process of mutation also produces 
ill-adapted types. The result is a lower­
ing of the average fitness of the popula­
tion, the price that asexual, as well as 
sexual, species pay for the privilege of 
evolution. Intuition tells us that the ef­
fect of mutation on fitness should be 
proportional to the mutation rate ; Hal­
dane has shown that the reduction in 
fitness is, in fact, exactly equal to the 
mutation rate. 

'fhe environment is never constant, so 
any species must find itself continu­

ally having to adjust to transitory or 
permanent changes in the environment. 
The most rapid environmental changes 
are usually brought about by the con­
tinuing evolution of other species .  A sim­
ple example was given by Darwin him­
self. He noted that a certain number of 
rabbits in every generation are killed by 
wolves, and that in general these will be 
the rabbits that run the slowest. Thus 
by gradual selection the running speed 
of rabbits would increase. At the same 
time the slower wolves would starve, so 
that this species too has a selective 
premium on speed. As a result both im­
prove, but the position of one with re­
spect to the other does not change. It 
i s  like the treadmill s itnation in Lewis 
Carroll's famous story : "It takes all the 
running you can do, to keep in the same 
place." 

A change in the environment will 
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cause some genes that were previously 
favored to become harmful, and some 
that were harmful to become beneficial. 
At first it might seem that this does not 
make any net difference to the species. 
However, when the change occurs, the 
previously favored genes will be com­
mon as a result of natural selection in 
the past. The ones that were previously 
deleterious will be rare. The population 
will not return to its original fitness until 
the gene numbers are adjusted by natu­
ral selection, and this has its costs. 

Just how much does it cost to ex­
change genes in this way? Let us ask 
the question for a single gene-pair. If we 
start with a rare dominant gene present 
in . 0 1  per cent of the population, it re­
quires the equivalent of about 10 selec­
tive "genetic deaths" ( i .e. , failure to 
survive or reproduce ) per surviving in­
dividual in the population to substitute 
this gene for its predecessor. This means 
that if the population is to share an aver­
age of one gene substitution per genera­
tion, it must have a sufficient reproduc­
tive capacity to survive even though nine 
out of 10 individuals can die without 
offspring in each generation. The cost is 
considerably greater if the gene is reces­
sive. The surprising part of this result is 
that the number does not depend on the 
selective value of the gene . As long as 
the difference between two alternative 
genes is small, the cost of replaCing one 
by the other depends only on the initial 
frequency and dominance of the gene 
and not at all on its fitness . 

If the gene is less rare, the cost is low­
ered. Thus the species can lower the 
price of keeping up with the environ­
ment by having a higher frequency of 
deleterious genes that are potentially 
favorable. One way to accomplish this 
is to have a higher mutation rate, but 
this, too, has its price. Once again there 
is the conRict between the short-term ob­
jective of high fitness and the longer­
term objective of ability to change with 
the environment. 

There are known to be genes that af­
fect the mutation rate . Some of them are 
quite specific and affect only the muta­
tion rate of a particular gene; others 
seem to enhance or depress the over-all 
rate . A gene whose effect is to lower the 
mutation rate certainly has selective ad­
vantage : it will cause an increase in fit­
ness. This means that in most popula­
tions there should be a steady decrease 
in the mutation rate, possibly so far as 
to reduce the evolutionary adaptability 
of the organism. This is offset by selec­
tion for ability to cope with Ructuating 
environments. 

How does man fare in this respect? 

Another RCA Contribution to Energy Radiation 

THE MOS T 
PO WERFUL 

ELEC TRON TUBE 
. . .  ON EARTH 

J nspired by man's relentless effort to smash through the b arriers o f  space, time, 
and work, RCA announces the successful completion of tests on a Super-Power 
Electron Tube that can p roduce 5 m illion peak watts and do it-at an average 
power level of  3 00,000 watts and at  a frequency as high as 450 megacycles/sec. 

. Think of  it-within the geometry of  a single tube no b igger than a nail keg 
lies the potential ability to deliver power enough to explore the possibilities of 
interpl anetary communications, intercontinental television ,  super-radar on a 
global scale.  Here is super-power for industry-in electronic heating, radiology, 
irradiation, and sterilization. 

Envisioned by the Radio Corporation of  America almost 2 decades ago, 
Super-Power Tubes today are doing aston ishing things on a broad technological 
front-"blasting" atoms in p article accelerators, del ivering the electronic energy 
it will take to accomplish thermonuclear fusion, strengthening the hand of 
missile-guidance systems, and increasing the rel iabil ity factor of. communic a­
tions circuits in scatter-transmission applications.  

Can RCA Super-Power Electron Tubes help you in  your research and indus­
trial programs? To find out, jot down your requirements and send them to RCA 
Commercial Engineering, Section I-95-Q, Harrison, N. J; 

'. RA DIO CORPORA TI O N  OF AMERICA U ® Electron Tube Division Harrison. N. J. 
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Camera Size Only 6-5/8" x 2" 

New Industrial TV Cameras 
Two new 6 0 0 - l i n e  resolution 

cameras for many i ndustrial uses : 
remote o perations,  i nstrumenta­
tion, inspection, security, s afety, 
c o m m unication, etc.  Model  70- A 
with random interlace, Model 7 1 -A 
with positive interlace picture. Dage 
manufactures a complete l i n e  o f  
q uality closed-circuit T V  cameras, 
monitors, controls and accessories 
for all  purposes. 

DAG E N U C LEA R -
T V  C A M E R A 

D E P E N D A B L E  F O R  
H I G H  R A D I AT I O N  A R E A S  

. ...., I 

Now the advantages of closed-circuit TV can be ful ly  

utilized in high radiation areas. The breakdown of 

electrical components by radiation has been overcome 

by Dage's new Miniature Radiation Resistant Tele­

vision Camera which places susceptible components 

in an amplifier unit outside the radiation field.  See 

Homogeneous Reactor Quarterly Project Report for 

April 30, 1959. 
The ability to withstand extreme radiation dosage, 

coupled with extreme compactness and remote hand­

l ing ease, are good examples of Dage's special ized 

design capability. Write us today for additional infor­

mation on your specific television problems. {DA6i} D A G E  T E L  E V  1 5 1  0 N D I V I S I O N  Thllmpslln Hamil Wilil/drid,. Inc. &. 
1 9 0 9  W e s'  1 0 t h  S t r e e t ,  M i c h i g a n  C i ty, I nd i a n a  

wunder-buy! It's  the family cm' built for fun! Peppy, 
roomy, unlimited vis ibility. All-alttminum air-cooled 1'ea1' engine . . .  can' t 
ove1·hea t  eVe?'!  Superb mad(tb ility. Does up to 70 mph .  Hom'ds gas! Up to 50 mpg 

on regttl(w gas.  PRINZ-Iy s tyle . 

U. S. IMPORTE R :  fADE! COMMERCIAL CORP. Executive olliees and showroom. Dept. SC9, 487 Park Ave""e. New York 22. New York. 

Dealers from coast to coast. Overseas de l ivery arranged lor your European pleasure. Write for literature and address of your nearest dealer. 
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From the standpoint of his biological 
evolution, is his mutation rate too high, 
is it too low or is it just right? It is not 
possible to say .  

In general one would expect the 
evolutionary processes to work so that 
the mutation rate would usually be be­
low the optimum from the standpoint of 
long-term evolutionary progress, be­
cause selection to reduce the mutation 
load has an immediate beneficial effect . 
Yet selection for a mutation-rate-adjust­
ing gene is secondary to selection for 
whatever direct effects this gene has on 
the organism, such as an effect on size 
or metabolic rate . So we do not have 
much idea about how rapidly such se­
lection would work . 

Our early simian ancestors matured 
much more rapidly than we do now. 
This means that the mutation rate would 
have to be lowered in order to be 
brought into adjustment with the length­
ening of our life cycle . To whatever ex­
tent the adjustment is behind the times , 
the mutation rate is too high. Further­
more, if it is true ( as it appears to be ) 
that radiation-induced mutation rates 
are less susceptible to evolutionary ad­
justment than those due to other causes, 
then an animal with a life cycle so long 
that it receives considerable radiation 
per generation may have too many from 
this cause. 

I think it is impossible, however, to 
say whether man has a mutation rate 
that is too high or too low from the view­
pOint of evolutionary advantage. It is 
worth noting that man, like any sexually 
reproducing organism, already has a 
tremendous store of genetic variabilitv 
available for recombination. If all muta­
tion were to stop, the possibilities for 
evolution would not be appreciably 
altered for a tremendous length of time 
-perhaps thousands of generations. 
Consider the immense range of human 
variability now found, for example the 
difference between Mozart, Newton, da 
Vinci and some of our best athletes, in 
contrast to a moron or the genetically 
impaired. Haldane once said : "A selec­
tor of sufficient knowledge and power 
might perhaps obtain from the genes at 
present available in the human species 
a race combining an average intellect 
equal to that of Shakespeare with the 
stature of Camera." He goes on to say : 
"He could not produce a race of angels . 
For the moral character or for the wings 
he would have to await or produce suit­
able mutations." Surely the most hope­
fully naive eugenist would settle for con­
siderably less! 

I would argue that from any practical 
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N u c l e a r  t ra i n i n g  i n  o u r  a c a d e m i c  i n st i ­

t u t i o n s  i s  a m aj o r  facto r i n  t h e  d y n a m i c  

g rowth o f  ra d i at i o n  i n  i n d u stry , m e d i c i n e ,  

a n d  b i o l o g i c a l  r e s e a rc h .  D ev e l o p m e n t  

of  ra d i o a ct iv ity d etect i o n  a n d  m e a s u r i n g  

i n st r u m e n t s  f o r  n u c l e a r  t r a i n i n g  h a s  

b e e n  a s p e c i a lty a t  N u c l e a r- C h i c a g o  fo r 

m o re t h a n  twe l v e  y e a r s . 

I f  y o u r  res p o n s i b i l i ty i s  to e d u c at i o n  . . .  

o r  t h e  p ract i c a l  a p p l i cat i o n  of ra d i at i o n  

t o  i n d u st r i a l ,  m e d i c a l ,  o r  res e a r c h p r o b ­

l e m s  . . .  we w i l l  b e  g l a d  to s h ow y o u  h o w  

o u r  i n st r u m e n t s  c a n  b e  u s e d  i n  y o u r  

p ro g ra m .  
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• and m ake a variety of oth e r  p recise m eas u re m ents 
Besides being the most accurate, convenient and inexpensive 
instrument for determining C14 and H3, the CARY Model 31 may 
be used to perform a variety of other tasks in the laboratory. 

FOR EXAM PLE, 
The 31 may be used as:  

• A sensitive detector for beta a n d  gamma 
radiation. May often serve as a substitute 
for geiger or proportional counters. 

• A spectrometer for measuring alpha energy 
in the presence of substantial beta and 
gamma emissio.ns. 

• A monitor for gamma background, surface 
alpha contamination, or air contamination. 

• A DC amplifier for semi-conductor studies, 
pH measurement ( detects changes to .0005 
pH ) ,  insulation leakage measurements, 
determination of grid currents on vacuum 
tubes and many other measurements of 
electrical properties. 

So, if YOU are considering instrumentation 
to perform these tasks, investigate 
the CARY Model S1. Its versatility, 
reliability, Bpeed and compactness will save 
time, money and bench space. 

For complete Informatfon on the Model 31 and 
other Cary Electrometers, write for data f i le  H LL·99 

Other Cary I nstruments: 
UV·Visible·Near I R and Raman Spectrophotometers 

APPLI E D  PHYSICS CORPORATI ON ' 2724 SOUTH PECK ROAD ' MON ROVIA, CALIFORNIA 

1 60 

standpOint the question of whether 
man's mutation-rate is too high or too 
low for long-term evolution is irrelevant. 
From any other standpoint the present 
mutation rate is certainly too high. I sus­
pect that man's expectations for future 
progress depend much more on what he 
does to his environment than on how he 
changes his genes. His practice has been 
to change the environment to suit his 
genes rather than vice versa. If he should 
someday decide on a program of con­
scious selection for genetic improvement, 
the store of genes already in the popu­
lation will probably be adequate. If by 
some remote chance it is not, there will 
be plenty of ways to increase the num­
ber of mutations at that time. 

There can be little doubt that man 
would be better off if he had a lower 

mutation·rate. I would argue, in our 
present ignorance, that the ideal rate for 
the foreseeable future would be zero . 
As George W. Beadle makes clear in the 
last article of this series,  the effects pro­
duced by mutations are of all sorts, and 
are mostly harmful. Some cause embry­
onic death, some severe disease, some 
physical abnormalities , and probably 
many more cause minor impairments of 
body function that bring an increased 
susceptibility to the various vicissitudes 
of life . Some have an immediate effect ; 
others lie hidden to cause their harm 
many generations later. All in all, muta· 
tions must be responsible for a substan­
tial fraction of human premature death, 
illness and misery in general . 

At the present time there is not much 
that can be done to lower the spontane­
ous-mutation rate . But at least we can do 
everything possible to keep the rate from 
getting any higher as the result of human 
activities .  This is especially true for 
radiation-induced mutations ;  if anything 
they are probably more deleterious and 
less likely to be potentially useful than 
those from other causes. It is also im­
portant to remember that there are very 
possibly things in the environment other 
than radiation that increase the muta­
tion rate. Among all the new compounds 
to which man is exposed as a result of 
our complex chemical technology there 
may well be a number of mutagenic sub­
stances. It is important that these be dis­
covered and treated with caution. 

The general conclusion, then, is that 
ionizing radiation is probably not an 
important factor in animal and plant 
evolution. If it is important anywhere it 
is probably in those species, such as man, 
that have a long life span, and at least 
for man it i s  a harmful rather than a 
potentially beneficial factor. 
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C h e m i c a l  p u m p  l i n e r  - Viton 

Diesel eq u i p ment 
s e a l - Viton 

Natura l  gas valve d ia p h ragm - Viton 

For advanced fuel . . . hydraul ic . .  . lube systems, 
New materials prove ideal i n  hand l ing 

temperature extremes -350° F .  t o  +750° F. 

Working with two remarkably versatile elasto­

mers, C / R  Sirvene engineers are producing flexi­

ble molded parts for many vital fuel, lubricating, 

hydraulic and pneumatic systems. One, Viton-A-' ,  

can b e  compounded t o  produce parts that func­
tion dependably at 600 · F., and for short periods 
up to 750 · F. The other important feature of Viton 
compounds is their excellent resistance to cor­
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C / R  compounded Silastic 
LS-53 * *  parts are providing low temperature op­
eration down to _ 80 0 F. They also exhibit excel-

* DuPont regi stered trademark 
" Dow·Corn i ng  regi stered trademark 

lent resistance to synthetic and petroleum base 
fluids up to 350 · F. ,  and function well in propane 
up to 500 · F. For temperatures as low as -350 ° 
F. ,  C / R  recommends Teflon'- compounds: 

C / R  Sirvene engineers have an intimate knowl­
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem­
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys­
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 

HIC'AqO RAWHIDE MANUFACTURING COMPANY 
%< @ N'W"" miW 

S I R V E N E  DIV IS ION. 1 227 E lSTON AVEN U E  • CH I CAGO 22 . I L L I NO I S 
Offices in  55 principal cities. See your te lephone book. 

In Canada:  Chicago Rawhide Mfg. Co. o f  Conada, ltd., Brontford, Ontario 

Export Soles: Geon International Corp.,  G reat Neck, New York 

cIa l'RQDUCTS: C /R Shaft & End Face Seals . Sirvis-Conpor mechanical leaiher cUp::s" 
packings, boots • C/ R Non-metallic gears 
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The environment of the sea favors the submarine. This 
makes antisubmarine warfare - from detection to kill­
one of the most formidable ta6ks faced by the U. S. Navy. 
Missile-firing nuclear subs further complicate this acute 
defense problem . ASW calls for all the imagination, skill 
and resourcefulness that industry, in its assisting role, 
can bring to bear. 

Westinghouse is engaged in a program to help our forces 
deal with this increasingly urgent challenge. The cor­
poration's facilities- from research laboratories to manu­
facturing divisions-are working to help solve this threat. 

A BROAD WESTINGHOUSE 

IMAGIN ATION:  W e stinghouse d evelopm ents i n  scanning systems, 
ce l l s  and specia l  circuitry m a ke p ossi b l e  d etection of s u b m a rines in a 
t a ctic a l  environment. 

Developments in  computer techniques and components p rovid e  the 
m e a ns for fu l ly  inte grated ASW wea pon systems, a ssuring e a rly d e ­
tection a n d  s u r e  k i l l .  Typical  is t h i s  n e w  d i g it a l  computer from the 
W esting house A I R  ARM DIVISION. 

© 1959 SCIENTIFIC AMERICAN, INC



A S W  PROG RAM IS HELPING TO MEET THIS M ENACE 

SKILL :  N e w  ra d a r  e q u i p ment i s  in t h e  design a n d  test sta g e  at  t h e  A I R  A R M  a n d  
ELECTRO N I C S  DIVISIONS. These W estinghouse r a d a r  d evelopm ents wi l l  a d d  
effectiveness t o  A S W  sea rch a n d  detection ope rations in a m a nner a n d  t o  a d e g re e  
never before achieved. 

The precision- g uided ASTO R torp e d o  system, p rovides a p owerful wea pon in 
effectively attacking enemy subma rines. The ASTOR w a s  d esigned and bui l t  for 
the Navy by the W estinghouse O R DNANCE DEPARTMENT. 

RESOU RCEFULNESS: From Westinghouse RESEARCH LAB­
O RATO R I E S  comes specia l  know l e d g e  needed for the ASW 
program. An e x a m ple is fundamental work aimed at  und er­
sta nding underwater sound "scalterers." 

Wes tin gholl s e  

D E F E N S E  PRO DUCTS 
1 000 C O N N ECTICUT AVE N U E, N .  W., W A S H I N G T O N  6, D. C. 

A I R  ARM D I V I S I O N  

AVIATION GAS T U R B I N E  D I V I S I O N  

ELEORONICS D I V I SI O N  

AI RCRAFT E Q U I PMENT DEPA RTMENT 

O R DNANCE D E PARTMENT 

W A S P  
'You CAN BE � • • • I F  ITS West inghouse 
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Ionizing Radiation and Medicine 

X-rays have done much to conserve human life, but they have also 

doubled the exposure of people zn advanced nations to radiation. 

The physician now has many ways to reduce the dosage to patients 

I
f we could ask a physician of lS90 

what he needed most to assist him 
in the diagnosis and treatment of 

disease, he might well reply: "A way of 
seeing inside the human body." This fan­
tastic dream was soon to be realized.  In 
lS95 Wilhelm Conrad Roentgen discov­
ered X-rays, the first form of ionizing ra­
diation known to man. 

The modern physician employs the 
X-ray photograph and the fluoroscope 
to see bones, blood vessels, the lungs, the 
heart and practically every other inter­
nal organ. He utilizes the ionizing radia­
tion of radioactive isotopes to "see" in­
side organs such as the thyrOid gland 
and to measure their performance. And 
the uses of ionizing radiation go beyond 
diagnosis to therapy. The physician em­
ploys large doses of radiation to kill 
malignant cells, controlling the radiation 
so that it will do maximum damage to 
these cells and minimum harm else­
where. 

As other articles in this issue point out, 
however, the powerful diagnostic and 
therapeutic tool of ionizing radiation is 
also capable of injuring the patient and 
of causing genetic mutations. The con­
scientious physician is aware of these 
dangers and takes measures to minimize 
them. (Some patients, made fearful by 
the recent arousal of public interest in 
ionizing radiation, have the notion that 
exposure to X-rays will make them radio­
active. This, of course, is nonsense. Ra-

X·RA Y PHOTOGRAPH on opposite page 

reveals a normal colon (loop extending 

across picture). The colon has been made 

visible with a meal of radio·opaque barium 

sulfate. Some small intestine is visible near 

the bottom. The radiograph clearly shows 

variations in the thickness of the bones. 

by Shields Warren 

diation is present only while the X-ray 
machine is operating.) 

Roentgen himself saw the first in­
terior "view" of living human tissue 
when he unintentionally fluoroscoped his 
own hand while holding a bit of lead 
between a fluorescent screen and the 
cathode-ray tube that produced his 
X-rays. Describing the scene, Otto 
Glasser has written: "One can only 
imagine how this first ghostly shadow 
picture of the human skeleton within 
living tissue affected the observer: doubt 
must have been followed by wonder and 
perhaps a reluctance to continue experi­
ments that promised to bring him dis­
repute in the eyes of his colleagues. At 
that pOint (in November, lS95) he de­
termined to continue his experiments in 
secrecy until such time as he himself was 
certain of the validity of his observa­
tions." A few days later Roentgen made 
the first X-ray photograph, or radio­
graph, of human tissue when he used the 
newly discovered rays to picture his 
wife's hand. Frau Roentgen, according 
to Glasser, shuddered when she realized 
she was looking at her own skeleton. 
Roentgen, a physicist, was so well aware 
of the implications of his discovery for 
medicine that he gave the first report of 
it to the Physical Medical Society of 
Wurzburg rather than to an organization 
of physiCists. 

In making the radiograph of his wife's 
hand, Roentgen applied the principle 
that the shadow cast by X-rays varies 
in density with the density of the sub­
stance through which the rays pass. Be­
cause bones are denser than soft tissues, 
they more effectively absorb X-rays. 
Variations in the density of bone show 
up plainly, and permit us to examine 
this tissue in detail. Soft tissues, how­
ever, consist largely of water, and X-rays 
alone cannot clearly distinguish one 

organ from another. Because fat is less 
dense than other soft tissues, it absorbs 
less X-radiation. Air is still less dense, 
so the air-filled lungs are most trans­
parent to X-rays and appear darkest on 
the X-ray negative. 

When an X-ray machine is set at 
40,000 volts (40 kvp in radiation ter­
minology), almost any tissue will stop 
some of its radiation and cast a shadow 
on film. At SO to 100 kvp, a common 
setting for the diagnostic X-ray machine, 
the radiograph displays shadows dif­
ferentiating air space, fat, other soft 
tissue and bone .  Certain phYSical char­
acteristics of X-rays enable the radiolo­
gist to use higher voltages and special 
techniques to obtain on film a faint but 
usable image of the lungs, for example, 
without the interfering image of the 
ribs. Other techniques are capable of 
producing stereoscopic pictures of the 
interior of the body. 

Injured or diseased tissue often ap­
pears on radiographs lighter or darker 
than surrounding tissue, due to depar­
tures from normal density. By itself, of 
course, the radiograph or fluoroscope 
image presents only a shadow or silhou­
ette of the subject. A physician who has 
not had training or extensive experience 
can overlook significant but subtle varia­
tions in the density of the image. 

When the objective is to look at a 
particular internal organ, the physician 
undertakes to fill the organ, by one 
means or another, with a material that 
is relatively opaque to X-rays. A stomach 
or intestine filled with barium sulfate, 
which the patient has simply swallowed, 
stands out in silhouette on a fluoroscope 
screen or photographic film, clearly dif­
ferentiated from surrounding tissues. A 
stomach ulcer will be an outward bulge 
in the silhouette; an intestinal block, a 
constriction of the opaque area. To per-

165 
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CATHETER IN THE HEART OF AN INFANT (top radiograph) was inserted through a leg 

vein. In bottom radiograph a radio.opaque solution hao been injected to make heart visible. 
A series of pictures made within a few seconds shows how heart is working and its defects. 
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ceive such abnormalities the physician 
must often view the organ silhouettp. 
from various angles; when he uses the 
fluoroscope, he m ay move the patient 
about or manipul ate the organ from out­
side the body. The physician also studies 
the rate of motion of the intestinal con­
tents by timing the passage of the radio­
opaque m aterial . 

The heavy and correspondingly dense 
atoms of iodine frequently contribute the 
desired X-ray opacity to compounds 
used for making internal organs visible 
in radiography. Recently solutions of 
iodine compounds have made it possible 
to look inside the living human heart . 
A metal-tipped rubber tube, or catheter, 
is slipped into the heart via a vein or 
artery of the leg, arm or neck. Since 
the catheter is radio-opa(jue, the physi­
cians observe its progress in a fluoro· 
scope. When the tip of the catheter is 
in place, they inject the radio-opaque 
solution, then make as many as 12 radio­
graphs a second from the front and side 
simultaneously. Such radiographs pro­
vide insight into the performance as well 
as the anatomy of the heart, and give 
the sur geon a secure background for pro­
ceeding with the radical operations that 
are now performed on this vital organ . 

Certain organs preferentially take up 
iodine compounds . The liver, for ex­
ample, absorbs iodophthalein and similar 
compounds and concentrates them in the 
gall bladder. This makes the gall bladder 
visible under X-ravs, and gallstones or 
other abnormalities stand out . The kid­
neys, ureters and other organs can be 
visualized bv similar methods . 

1'he exposure to ionizing radiation dur-
ing a given diagnostic X-ray pro­

cedure can vary by a factor of 10 or 
mvre, depending on the patient and his 
condition,  on the machine and its ac­
cessories and on the physician and 
his knowledge and ability . When radi­
ography is conducted by a competent 
phvsician, however, it requires a sur­
prisingly small dose of radiation, even to 
the skin . A complete gastrointestinal 
survey with barium, using both the 
fluoroscope and radiographs,  produces 
a skin dose of from five to 50 r [see 
glossary of terms all page 78]. The 
testes or ovaries receive a smaller bUl 
still measurable dose.  Radiographic ex­
amination of the pelvic area of a woman 
can result in large doses of radiation to 
the ovaries, and, if the woman is preg­
nant, to the entire body of the fetus; 
the skin dose varies widely, depending 
upon the position of the p atient and the 
technique used. The dose to the fetus is 
.4 r to seven r per examination, with 
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A 22·MILLION·VOLT BETATRON ACCELERATOR at Columbia·Presbyterian Medical 
Center in New York produces extremely penetrating X.rays for treatment of deep cancers. A 
lucite guide extends from X·ray port on machine to delineate abdominal area to be treated. 

PLAN OF TREATMENT OF BRAIN TUMOR shows skull from top. Betatron will be 

aimed from four different angles in successive treatments and tumor (shaded) will receive 

most irradiation. Contour lines indicate relative amount of radiation in various regions. 
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similar doses to the ovaries . Because of 
the large dose involved the procedure is 
avoided if at all possible, especially dur­
ing the first three months of pregnancy, 
when the fetus is most susceptible to 
radiation effects . 

In general, much larger doses of radi­
ation result from fluoroscopy than from 
radiography. The exposure is of least 
significance, both from the standpoint of 
body damage and of the genetic hazard, 
when X-rays are used to examine the 
limbs . As John F. Loutit has explained 
elsewhere in this issue, there is a con­
siderable difference between exposing a 
limited region of the body to 25 r and 
exposing the entire body to the same 
dose. The skin over the region being ex­
amined will also sustain a much larger 
dose than the internal organs . 

The fact that r adiation can damage 
living tissue became apparent soon after 
the discovery of X-rays and radioactivity . 
The early investigators found themselves 
suffering intractable burns and even 
more serious injuries. Many of these 
later became cancerous . The destructive 
effect of the new radiations suggested 
that they be used to attack diseased 
tissue.  It was observed that X-rays were 
especially damaging to rapidly dividing 
cells, such as appear in cancerous tissue .  
Soon physicians were employing X-rays 
for the therapy of cancerous and n9n­
cancerous tumors, in some cases with 
apparently good results. 

Physicians nowadays have come to 
limit radiation therapy largely to malig­
nant tumors and to benign tumors that 
present surgical difficulties. Among the 
noncancerous, superficial conditions still 
sometimes treated with X-rays, however,  
are hemangiomas (the "strawberry 
marks" on the skin of young children), 
warts, ringworm and acne.  The use of 
X-rays to treat such skin conditions is not 
desirable, except as a last resort. In 
the treatment of benign skin tumors the 
dose is much smaller than the 5,000 r 
(or more) administered in skin cancer. 
In the treatment both of deep-seated and 
of superficial cancers radiation is given a 
few hundred r at a time, so that between 
treatments the normal tissue in the re­
gion can recover to some extent from 
radiation damage. 

Radiation is also used (and sometimes 
misused) to treat nonmalignant condi­
tions within the body . The painful and 
crippling rheumatic disease ankylosing 
spondylitis ("poker back") was until re­
cently quite frequently treated with radi­
ation. Now r adiation is becoming a "last  
resort" treatment. The dosage to bone 
m arrow is fairly high, and studies in 
Great Britain, cited by Loutit, indicate 
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... viaAI OM 

Why Philco has been 

selected to modernize 

the world's .Iargest 

cOmmunications system 

AIR COM is the vast, global network of elec­
tronic communications that links every base, 
outpost and aircraft of the U. S. Air Force. Ie 
is the world's most extensive integrated com­
munications system. 

Recently awarded the contract to modernize 
and expand AIRCOM, Philco was selected by 
the Air Force for its proven ability in systems 
management and its extensive experience in 
global communications. 

The modernized AIR COM System wil11.lti­
lize advanced techniques in both point-to­
point and air-to-ground communications. It 
will provide greater traffic capacity, maximum 
reliability and complete compatibility of all 

\USAF communications equipment. 
In the world of advanced electronics ... in 

communications, data processing, missiles, 
satellites, weapons systems and radar . • .  look 
ahead and you'll choose Philco. 
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THYROID·GLAND FOLLICLES in photomicrograph at left con· 

tain colloid (white blobs) surrounded by barely visible cells. At 

right similar follicles have absorbed radioiodine and blackened a 

photosensitive emulsion in contact with them. Thyroid tissue and 

emulsion on it were photographed through microscope, enlarged 

400 times. The dark -follicle at upper right was the most active one. 

that the treatment increases the inci­
dence of leukemia. The pituitary gland 
may be irradiated in cases of infertility 
or certain hyperthyroid conditions. Hy­
peracidity of the stomach in older peo­
ple, when it does not respond to other 
treatment, is sometimes alleviated by 
radiation. 

For therapeutic radiation purposes we 
now recognize three types of malig­

nant tumor: radiosensitive, radiorespon. 
sive and radioresistant. The first type 
will regress and sometimes disappear 
after exposure to 2,500 r or less. A radio­
responsive growth will regress with 
2,500 to 5,000 r, and a radioresistant one 
will not regress below 5,000 r. Radiore­
sistant tumors are generally not treated 
with radiation because the damage to 
surrounding tissue is too great. Cancers 
of the intestine especially tend to be re­
sistant, and since normal intestinal cells 
divide rapidly, they are almost as sensi­
tive to radiation as the cancer cells. One 
of the principal problems in the radio­
therapy of cancer is that the cancer cells 
tend to become resistant to radiation. If 
the first series of treatments does not suc­
ceed, it is often found that the renascent 
tumor has become radioresistant and 
that further radiation is valueless. 

High-powered machines have greatly 
improved the treatment of deep cancer. 
Thirty years ago it was a rare X-ray 
machine that operated in the range of 
100,000 volts. Today many medical cen­
ters have two-million-volt equipment, 
and the largest centers have machines 
that develop 20 million to 100 million 
volts. Comparable to the two-million-volt 
machines are the "bombs" that contain 
radioactive cobalt, an especially power­
ful source of high-energy gamma rays. 

Cancers of the larynx, the cervix, the 
uterus and the bladder often respond 
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successfully to supervoltage radiation. 
Treatment by radiation, as opposed to 
surgery,  makes it possible to save the 
affected organ and to reach inoperable 
cancers. Supervoltage machines can de­
liver a larger dose to a deep tumor with 
less systemiC and skin response from the 
patient. To minimize skin effects and 
concentrate the radiation on the target 
within the body,  the radiation may be 
directed into the patient from a different 
angle during each successive treatment; 
the patient may also be placed in a spe­
cial chair or litter and rotated during a 
treatment, with the tumor at the center 
of rotation.  

X-rays are often used for merely palli­
ative treatment. In leukemia small doses 
of radiation administered to the whole 
body can kill many of the leukemic cells 
and relieve the distress of the disease, oc­
casionally prolonging life for years. 

Within the past several years investi­
gators and clinicians have developed the 
possibility that whole-body irradiation 
might be employed to suppress the im­
mune or antibody response so that the 
patient can accept a tissue graft from 
another individual. Normally the body 
will reject foreign tissue, and such grafts 
have until now been successful only be­
tween identical twins. Whole-body irra­
diation, destroying the blood-forming 
tissues where antibodies originate, makes 
it possible to transplant blood-forming 
and other tissues to experimental animals 
from animals of different species. In hu­
mans the results are not yet clear-cut. In 
the case of six Yugoslav physicists who 
sustained lethal doses of radiation in a 
reactor accident early this year, further 
irradiation of the bone m arrow made 
them at least temporarily receptive to 
bone marrow from donors. The treat­
ment is credited with helping five of the 
victims to survive. A similar procedure 

attempted in a Boston hospital last 
spring helped to effect an apparently 
successful graft of a whole kidney to a 
young woman, though the patient died 
later of other causes. In such operations 
it may prove desirable and necessary to 
employ fetal bone-marrow, which does 
not bear antibodies of its own to evoke 
reaction in the patient. In England radio­
therapists have performed successful 
"autografts" of bone marrow. Finding it 
necessary to subject the thorax or entire 
trunk to heavy irradiation, they have 
withdrawn the patient's own marrow 
from the sternum, the bone in the mid­
line of the chest, and from pelvic and 
spinal bones. After the treatment they 
have restored the marrow to the bone, 
where it resumed its normal functions 
undamaged by irradiation. 

While X-ray m achines are still the 
major source of ionizing radiation 

for medical diagnosis and treatment, 
radioactive isotopes are becoming more 
and more important. Before the advent 
of the nuclear reactor, radioactive iso­
topes were obtained for medical pur­
poses almost entirely by laborious bom­
bardment in cyclotrons. Today a wider 
variety and a much larger quantity of 
such isotopes are manufactured in re­
actors. The most useful to medicine are 
cobalt 60, phosphorus 32, iron 59, iodine 
131, sodium 24 and gold 198. 

Iodine 131 is widely used in diagnosis 
and therapy because it has a short half­
life and emits high-energy beta particles 
and gamma rays. Its physical half-life 
of 8.05 days and its biological half-life 
(the time it takes the body to excrete 
half the material) combine to give it an 
"effective half-life" of six to eight days. 
Sodium 24 has a physical half-life of 15 
hours and a shorter effective half-life in 
the body. In contrast, radium, which is 
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The Legendary Firebird, the Phoenix, rose young and strong again and again from flames ... this is the Norton Firebird ... 

symbol of the exciting new fused materials made in Norton's electric furnaces. 

NITRIDES: gifts of the Firebird 
Like the fabled Phoenix, Norton 

NITRIDES acquire their wonder-working 
capabilities in intense heat. In electric 
furnaces of several types they are chem­
ically formed and physically "tempered" 
to fit the rigorous requirements of modern 
industry. 

Here, versatile BORON NITRIDE attains 
the properties of a heat-resistant lubri­
cant, an anti-sticking agent, a high volt­
age and temperature dielectric, and an ex­
cellent thermal insulator. TITANIUM NI­
TRIDE develops characteristics ideally 
suited to the requirements of special cru-

cibles, components and cermets, particu­
larly resistant to attack by molten media 
at elevated temperatures. 

Norton NITRIDES have many different 
applications. Solve your products and 
processing problems with these Gifts of the 
Firebird. Technical help with specific uses 
upon request. 

Gifts of the Firebird: compounds of 
silicon • zirconium • boron • aluminum 
• magnesium • titanium • chromium 

... including many 
borides • carbides • nitrides • oxides. 

.,' 

FACT-FILLED CATALOG Available 
Write to NORTON COMPANY, Electro­

Chemical Division, 548 New Bond Str eet 
Worcester 6, Massachusetts. 

ELECTRO-CHEMICALS 

Making better products . .  to make your products better 
NO RTON PRODUCTS: Abnslm • Grlndln, Wheels • Grlndln, Machines • Refractories • (lectro·Chemicals - BEHR·MANNING DIVtSIDN: Coated Abnsim • Sharpenin, Stones • Pressure·Sensltlve Tapes 
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taken up by the bones, has a half-life of 
1,620 years and an effective half-life 
longer than the human life-span. 

Tests with compounds of iodine 131 
are replacing the basal metabolism (oxy­
gen consumption) test as  a means of 
determining whether a thyroid gland is 
overactive, underactive or normal. Since 
iodine is a key element in the thyroid 
hormone, a certain fraction of the diag­
nostic dose concentrates in the thyroid 
gland. Measurement of the radioactivity 
in the gland shows how much iodine is 
being retained and thus indicates the 
rate of thyroid activity. A hyperactive 
thyroid may absorb up to 80 per cent of 
the diagnostic radioiodine, while a hypo­
active gland will absorb less than 15 per 
cent. With a scintillation counter to scan 
the gland, the radioactivity will even 
produce a "map," locating sites that have 
absorbed abnormal amounts of iodine. 
The dose of radiation to the thyroid 
glan d from a diagnostic test is about four 
r; the whole-body dose is negligible. 

In thyroid cancer physicians may ad­
minister sufficient radioiodine to give the 
thyrOid gland 5,000 l' or more of radia­
tion exposure. The concentration of the 
element in the gland is such that the 
whole-body exposure does not exceed 

75 r. During the treatment the patient 
is sufficiently radioactive to make it  nec­
essary to isolate him. A nurse who stays 
with him for more than two hours a day 
may receive a radiation dose greater than 
that permitted for radiation workers. 

The usefulness of radioactive iodine 
is not limited to the thyrOid. It may be 
used, for example, to locate brain tu­
mors; the isotope tends to concentrate in 
the tumor because the tumor has a richer 
blood supply than normal brain tissue. 
Counters in several positions around the 
head indicate the direction of the most 
intense radiation and locate the tumor. 

The injection of a known quantity of 
fluid containing a known concentration 
of a radioactive isotope provides an ele­
gant method for computing the volume 
of blood in the body. Simple arithmetic 
yields the blood volume when the con­
centration of the isotope in the blood has 
been measured. The rate of blood flow 
can also be calculated by using a radio­
active isotope of short biological half­
life. Measurement of the time between 
the injection of the material in one part 
of the body and its appearance in an­
other part, after p assage through the 
heart and lungs, gives an index of circu­
latory-system output. A similar pro-

cedure can be used to locate abnormali­
ties such as an occlusion in the circula­
tory system. In diagnosis of kidney ab­
normalities the concentration of radio­
active iodo-Pyracet, measmed by scintil­
lation counters placed over each kidney, 
shows how much work each is doing. 
In certain kinds of anemia, radioactive 
iron helps to determine the age of red 
blood cells. 

Useful as the radioisotopes are proving 
to be in diagnosis, they have been 

disappointing in the field of treatment. 
The ideal would be a whole arsenal of 
radioisotopes, each of which would con­
centrate selectively in one organ. The 
only isotope other than iodine 131 that 
has such selectivity and has found sig­
nificant clinical application is phospho­
rus 32. It is the treatment of choice in 
polycythemia vera, a rare disease involv­
ing the overproduction of red blood cells, 
and it is helpful in some types of leu­
kemia. The phosphorus has a tendency 
to concentrate in the bone marrow; by 
killing some of this tissue it cuts down 
the overproduction of red or white blood 
cells. A few patients treated in this way 
20 years ago are still doing well. 

Otherwise the radioisotopes in general 

SCINTILLATION COUNTER DRAWS "MAP" of thyroid gland 

after patient has taken diagnostic dose of radioactive iodine solu-

tion. The counter is on a clockwork mechanism, moves back and 

forth above the throat and makes a mark on paper for each pulse 
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use are biochemically inert or are encap­
suled in inert materials to insulate them 
from the patient's body chemistry. Ra­
dioactive gold, for example, is employed 
as a palliative in terminal treatment of 
cancers of the chest or abdomen. Radio­
active cobalt is cheaper than radium and 
is now replacing it; the cobalt needles 
can be placed at specific locations in or 
on the body to attack localized growths. 
Similarly, tiny beads containing yttrium 
90, which has a physical half-life of 64 
hours, are being embedded in deep­
seated tumors. The beta rays they emit 
have been found less damaging to nor­
mal tissues than radiation from outside 
the body. 

The neutron flux of the nuclear reactor 
that produces these isotopes may itself 
find direct application in therapy. At the 
Brookhaven National Laboratory neu­
trons are being used in the experimental 
treatment of brain tumors. The stable 
element boron, injected into the patient's 
bloodstream, is preferentially absorbed 
by the tumor. Eight minutes after the 
injection, with the boron approaching 
peak concentration in the tumor, a port 
into the pile beside the patient's head is 
opened. The boron absorbs neutrons 
from the reactor, becomes unstable and 
in breaking down to lithium emits an 
alpha particle, which at short ranges is 
biologically the most potent form of ion­
izing radiation . The port into the pile is 
closed after 20 minutes because then the 
boron has begun to move into the normal 
brain tissue. 

In the 64 years since Roentgen's dis­
covery the medical applications of radia­
tion have approximately doubled the 
radiation dose received by the popula­
tion of Western nations. Committees of 
the U. S. National Academy of Sciences, 
the United Nations and other bodies 
have estimated that natural background-

of radioactivity. The "map" it draws is 

shown at right. This gland is a normal one. 

ANOTHER FIRST... ~ 
�:YEkf11l�/;;;jJ 
A.C. TIMING MOTOR 
Thinner ... Quieter ... 
More Reliable • • . More Versatile 

FINGER. THIN • • •  

Only 9tH> Inches Short ... Only 1% Inches 
in Diameter . . . very compact • . . reduces 
the size of your equipment. 

SPECIFICATIONS 
Standard Voltage Ratings: 

6, 12, 24, 115, 230 Volts 
Frequency: WHISPER·QUIET • • •  

Strictly an electrical motor . . • practically 
noiseless .. .  no rattling of gears or ratchets. 

60 CPS Standard 
25,50 CPS Available 

Power Input: 2.5 Watts 
Maximum (60 CPS) HIGH TORQUE • • •  

U! oz. inch at the rotor with an instantaneous 
start and stop ... requires only 2� watts ... 
can replace larger motors in recorders. con­
trols and telemetering equipment. 

BASIC MOTOR 
Weight: 4 ounces 
Speed: 300 RPM 
Torque: 14 oz-in. 
Lenrth: 9116 inch 

HIGHEST RELIABILITY • • •  

Longer life ... no one-way gears or ratchets 
to fail . • •  provides millions of operations 
without any trouble. 

WITH INTEGRAL GEAR TRAIN 
Weight: S ounces 
Suud: 300 RPM to 1/6 RPH 
Torque: 30 oz.-in. @ 1 RPM 
Length: 7fa inch 

@ 1959 . Send for Special Illustrated �� �tin AWH MO-806 

, !A�W-QI}!JAYDON � WITH 
INTEGRAL 
GEAR TRAIN 243 NORTH ELM STREET 

� WATERBURY 20. CONNECTICUT 
• Custom Design t. Muufacture A. ElectrDnlc 

And Electro-Mechanical Timine: Devices 

BESELER-KALVAR 
SLIDE -0 - FILM 

HUSESININDUSTRY" 
AWARD 

Find a new use for SLiDE-O-FILM, the new 
"Wonder Film" that requires no chemicals or 
darkroom! Just add your idea-it may come 
"right off the top of your head"-to the fast 
growing list of uses in your industry! 

If your idea produces the Award-Winning· 
Use-YOU'RE OFF TO BRUSSELS AND EUROPE 
BY NEW SABENA JET, AND TO THE "HEART OF 
PARIS" BY HELICOPTER . • •  A GLORIOUS 
"HOLIDAY ABROAD" FOR TWO! 

SLiDE-O-FILM, a new Physical system of 
photography, is exposed by light and devel· 
oped by heat, makes projection positives from 
negatives or negatives from color or Polaroid ® 
transparencies in just 2 minutes - without 
darkroom, chemicals or special equipment! 

Submit your idea now for slides of new 
products or processes, lab setups, microscope 
specimens, training series, sales presenta­
tions, etc. made with this new film that costs 
so much less than older methods • • •  yours 
may easily be the award winner of the ONCE 
-IN"A-L1FETIME "HOLIDAY ABROAD!" 

Pick up an "Awards" application when you 
buy SLiDE-O-FILM from your dealer or. send 
coupon for full details and Sample Kit that 
contains all materials you need to win. 
1-·-----------------------
1 CHARLES BESELER COMPANY 
: 235 S. 18th St., East Orange, N. J. 
I 
I 
I 
I 

Please send full details on Slide-O-Film 
"Uses· In· Industry" awards and Slide-O-Film 
Sample Kit. (25¢ enclosed to cover mailing 
and handling costs.) 

Name' ____ ____ __ _ 

Address __________ _ 

City _______ Zone ___ _ 

State __________ _ 

����-L�� .. ----��-.��------ _----- . -- --------I 
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IMAGE AMPLIFIER FOR FLUOROSCOPY (vertical black ob· 

ject) lets the physician use his daylight vision, see more than with 

the unaided Huoro"'ope and reduce patient exposure by a factor 01" 

four. The rad io logist here is wearing leaded gloves and apron to 

protect himself from radiation. This photograph and the one 011 
page 172 were made at Columbia.Presbyterian Medical Center. 

radiation gives m�n an average dosage 
of three to five r from birth to age 30, 
roughly the reproductive span. These 
same groups estimate that the dosage 
from medical and dental radiation in the 
same period equals the background dos· 
age . Radioactive fallout from tests of nu· 
clear weapons,  which has caused such 
public concern, contributes 10 per cent 
of the medical dosage, provided the 
present test suspension continues. 

C onscientious physicians are fully 
aware of the biological price that 

must be paid for the advantages of radia­
tion. They take steps to minimize the 
radiation exposure of their patients, par­
ticularly the exposure of the gonads in 
patients who have not yet passed the 
reproductive years .  They are also careful 
to protect themselves and their aides ; 
lead�d gloves and aprons and radiation 
badges to keep track of exposure are 
standard equipment in a well-managed 
radiological department, and the ma-
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chines are shielded to contain strav ra­
diation . 

Over the years the profession has been 
taking active measures to reduce the 
exposure that must attend the use of 
radiation. The physician has his ma­
chines calibrated so that he knows the 
radiation output required for all the ma­
jor procedures . He takes care to place 
the X-ray tube at the proper distance 
from the patient; the intensity of radi­
ation falls off as the square of the dis­
tance, and there is an optimum distance 
for each procedure. In radiography the 
X-ray tube should be three to six feet 
from the patient; in fluoroscopy, at least 
18 inches away . Modern dental X-ray 
machines are commonly and safely used 
closer to the patient. 

A simple filter, the equivalent of 2.5 
millimeters of aluminum, now eliminates 
the diagnostically useless "soft" or long­
er-wave radiation that is entirely ab­
sorbed bv the skin. Other accessories to 
cut radiation include lead diaphragms 

and lead tubes or cones to confine the 
X-ray beam to the precise region under 
study or treatment. Adjustable lead 
shields or aprons to protect the patient's 
gonads are desirable.  The film cassettes, 
or holders, should be equipped with 
intensifying screens,  which fluoresce 
strongly under very little radiation and 
thereby amplify the action of the radia­
tion . New fast films and methods of 
forced film-development have contrib­
uted in a major way to reducing the ex­
posure necessary to accomplish a given 
purpose. 

Unfortunately a few old-fashioned 
radiologists, and too many physicians 
who are not radiologists , are still not do­
ing all that they might to decrease their 
own and their patients' exposure in fluor­
oscopy. The simplest way to decrease the 
time of exposure in this procedure is for 
the physiCian to allow sufficient time for 
his eyes to become adapted to the dark 
of the examination room. Under the pres­
sure of daily practice many phYsicians 
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� -Irradiation of Organic Compounds Begins at Western Reserve 
Fifteen-inch Diameter Irradiation Chamber Will Provide Up To 5 X 105 Roentgens/Hour 

A Model "L" Hotrodder irradiation unit has been 
put into operation at Western Reserve University, 
Cleveland, Ohio, to test irradiation effects on or­
ganic compounds. 

At Western Reserve, a group of young scientists 
led by Dr. R. F. Firestone, has obtained AEC 
approval for experimentation with halogenated 
methanes and simpler aliphatic hydrocarbons. Halo­
genated methanes are of special interest to the group 
because of the unusual and apparently inconsistent 
behavior of several members of this class under the 
influence of ionizing radiation. Dibromodichloro­
methane, bromoform, chloroform, and carbon tetra­
chloride are being used in the first year's experiments. 

In the compact cylindrical irradiation chamber 
used by Western Reserve, 100 curies of cobalt 60 
wafers are stacked to form a single rod-shaped 
source. This source shape permits a high radiation 
rate at uniform flux density. Samples can be in­
serted and withdrawn from the chamber in complete 
safety with a special sample changer. The chamber 
can contain many test tube or larger samples. 

A further safety feature is an electro-mechanical 
interlock which prevents any movement of the 
source shield while the source itself is in an exposed 
position. When in its stored position-for sample 
changing-the source is safely contained in an easily 
movable shield which doubles as an approved 
shipping container. 

Nuclear Systems Division of The Budd Company 
designed and built this Hotrodder for Western 
Reserve University so that it could be used safely 
and conveniently under normal laboratory working 
conditions. Nuclear Systems also encapsulated its 
cobalt 60 source. The unit was designed to hold 
surface radiation to a safe limit with five times the 
amount of cobalt presently used. 

The device is one of a series of portable Hotrodder 
irradiation facilities available from Nuclear Systems. 

Information about irradiation units for research 
is available from Nuclear Systems Division, 
The Budd Company, 2450 Hunting Park Avenue, 
Philadelphia 32, Pennsylvania. 
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Sketch shows g enera l  construction . 
As a 8 .. C disp ersion in metal,  Bora l has  

pred icta b le  properties a t  e levated  tem peratures. 

Bora l is a u n iform dispers i o n  of boron carbide 
crysta ls  i n  a l u m i n u m ,  with a cladding of 
c o m m ercia l l y  pure a l u m i n u m .  

Bora l  is a very effective s h i e l d i n g  material 
against the passage of thermal neutrons.  

A n y  c o n c e ntrat i o n  of Boro n Carbide u p  to 
and including 50% is  now possible.  Avai lable 
from Vi&" t h i c k  t o  :v.c" t h i c k  i n  sta ndard sixes of  
30" x 48",  1 5 " x 96", a n d  · 1 5 "  x 48/1.  Other 
.sizes o n  req uest.  T h e  approximate weight  per 
square foot of 1,4 /I, 35% Bora l plate is  3.4 
p o u n d s .  

T Y P I C A L  and P O T E N T I A L  A P P L I C AT I O N S  
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A .  Reactor Shields 

B .  Neutron Curta i n s  

C. Sh utters for t h e r m a l  curta i n s  

D. Safety rods 

E .  Storage and s h i p p i n g  c o ntain ers for 
fi s s i o n a b l e  materia l to avoid critical 
m a s s .  

F .  Fabricated b o x e s  for electro n i c  equ i p­
ment a n d  other radiation-sensitive 
devices. 

G. Protective shields for eas i l y  a ctivated 
components  of a i rcraft, part icu larly 
e n g i nes.  

Brooks & Perkins, the first commercial producer of Boral, 
invites you to send for technical data and literature. 

B R O O K S  & P E R K I N S, I N C .  
1 9 2 0  W. F O R T  S T R E E T ,  D E T R O I T  1 6 , M I C H I G A N  

O f f i c e s  i n  W a s h i n g t o n  a n d  N e w  Y o r k  

Aclnow!edged 
EXl:: E LLENl:: E 

BASED ON RESEARCH 

LEAKPROOF 
CHROME PROTECTED 

SEA LED·;n·STEEL 
GUARANTEED! 

C O R R O S I ON·PROOF 
PORT A BLE LIGHTS 

B U R G E S S  BATT E RY CO M PA N Y  

FREEPORT, ILL. • N IAGARA FALLS, CANADA 

$520,000,000 
more or less, is  being saved by i ndustry 

every year through the use of. rad io ­

isotopes. Tbe exact figure i s  unknown­

A E C  has said $1 billion-N ICE has 

said only $40 million. We averaged 

them. Either way, it is a lot of money. 

If  your firm is  not participating, we 

suggest that you consider attending 0 1 1 1' 
one week program 

"NUCLEONICS for the EXECUTIVE' -

next scheduled for October 12-16 ,  and 

fi nd out first  hand where your opera­

tions might benefit from the utilization 

of rad ioisotopes. The program includes 

F u n dam.en tals of Radioactivity R adia­

tion ,  Health and Safety A pplication s­

Isotopes and Power Nue/eollics I II 
A m erican Business Sem in.ar 

N U CLEONICS for the E X E C U T I V E  

i s  one o f  1 2  regularly scheduled pro­

grams offered by RES, including 

HEALTH PHYSICS, BASIC N U C LE­

O N ICS. APPLIED N U C LEONICS,  

TRACERS and RADI O C H E M ISTRY, 

ISOTOPE R A D I O G R A P H Y ,  etc .  

Write  L.  P.  Farrell 

RADIATION ENGINEERED SERVICES 
Lafayette and Water Streets 

Norristown, Pa. BR 2·3656 

do not allow sufficient time for dark­
adaptation, and so must turn up the x­
ray beam to produce a brighter image 
on the screen . A 10-minute adaptation 
period makes the physician's eyes 10 
times more sensitive to light than a three­
minute period;  an I S·minute adaptatioll 
period makes his eyes 100 times more 
sensitive . Dark·adaptation can also be 
achieved by wearing red goggles, bu t 
busy practitioners find this just as incon· 
venient as staying in a dark room . 

A new development that reduces the 
need for dark-adaptation is the image­
amplifier. Its complex electronic and op­
tical system so greatly intensifies the 
fluoroscope image that the screen may 
be observed with daylight vision . Such 
an intensifier cuts radiation exposure by 
a factor of four or more, and lets the 
radiologist see more than ever before . 
Because the cost of these machines is 
high, they are found only in large hos­
pi tals and the offices of a few radiologists . 

In view of the need to protect the ge­
netic resources of the population, as 

well as the welfare of the patient, it  is 
becoming a general rule not to use X-rays 
unless there is a specific indication for 
this use . Public-health officials now dis­
courage mass chest X·rays in areas where 
the incidence of tuberculosis is  low . 
Careful and conscientious case histories, 
accompanied by all the necessary labora­
tory tests, can obviate the need for many 
X.rays . Most pediatricians have given up 
routine X-ray examinations of healthy 
children. Because they are growing, chil­
dren are particularly sensitive to radia· 
tion, and should be exposed to it only 
when it is absolutely required. 

Like the surgeon who tries to leave the 
smallest possible scar, the radiologist 
who is proud of his profession and his 
own skill watches every detail in order 
to leave as little radiation "scar" as pos· 
sible . Other physicians who employ ra­
diation should have the same attitude . 

The patient need not fear ionizing 
radiation in the hands of a skilled prac­
titioner. There is no question that this 
boon conferred upon us by Roentgen, 
Henri Becquerel, M arie and Pierre Curie 
and other workers has been a might)' 
force for the conservation of life, and 
will continue to be so. It has also taken 
a few lives,  particularly among the physi. 
cians who have used it to benefit others . 
But as our methods have improved and 
as more and more physicians apply the 
latest techniques for minimizing dosage, 
the dangers have been decreasing and 
the benefits mounting .  The objective in 
medicine, at least, is  to make ionizing 
radiation an unmixed blessing.  
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CRYO GENICS IN 

NUCLE ONICS 

Cold solutions to hot problems are finding increasing 
use in nucleonics and radiochemistry. 

• Basic research in radia tion damage has been carried on at 
200K and colder in the graphi te-modera ted reactor at Oak 
Ridge National Labora tory. 

• Charcoal adsorp tion beds refrigerated at l OOoK are used to 
remove radioactive gases from reactors. They are especially 
a ttractive because of their compactness.  

• Deu terium separa tion by frac tional dis tillation of liquid 
hydrogen at approxima tely 200K is one of the more economi. 
cal processes available. 

Throughou t  indus try, low-temperature techniques are solv· 
ing problems economically and often providing answers to 
problems otherwise insoluble. Arthur D. Little, Inc. , has 
played a leading role in applying cryogenics to problems in 
many technical fields. 

CAMBRIDGE • CHICAGO • SAN FRANCISCO 

NEW YORK . WASHINGTON . SAN J UAN . EDINBURGH 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

You may b e  interested i n  the following articles a n d  papers.  Please indicate those you desire and 
at tach to your letterhead. 

D "TECHNIQUES AND EQUI PMENT UTILI ZED IN LOW-TEM PERATURE REACTOR 
IRRADIATIONS," R .  R.  Coltman, T. H. Blewitt ,  & T. S .  Noggle, Review 01 Scientific Instruments 

D "LOW-TEM PERATURE ADSORPTION," H .  E. Hoelscher, Kelvin Scale 

D " SOME AS PECTS OF HEAVY-WATER PRODUCTION BY D I STILLATION OF 
H YD ROGEN," B. M. Bailey, Second United Nations I n ternational Conference on the Peaceful 
uses of A tomic Energy 

D " RAD IATION, A TOOL FOR INDUSTRY," S . E. Eaton & M .  Michaelis,  presented before 
7th Annual Conference, A tomic Energy for Indus try 

Your request will receive the prompt attention of Director of Public Relations, 
Arthur D.  Little, Inc. ,  21 Acorn Park, Cambridge 40, Mass. 
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..... e:'� I Industry's chemicals: 

WHAT'S MAK I N G  N EWS? 

If an a n n ual report makes its readers expan d  with pride, 
it  may be because sales have broken t h rough to n ew highs.  

But just as often,  it's because management has been able 
to push operati n g  costs to new lows. This  m i ght be the re-
sult  of a production s hort cut, a n  improved process, or  a 

whole n ew plant.  And sometimes, it's as simple as putt i n g  
a n ew chemical i n  the r:i ght place at the r i g h t  t i m e .  A few 
cases in poi nt are reported below. 

You may wish to check certain 
ite m s  i n  th i s  advert isement  a n d  
forward to those concerned in  
your com pany. 

ROUTE TO: 

New chemicals 
influence future car designs 

Many of the desi gns plan ned for the automobi les of to­
morrow cal l for special ized chemicals to make them t ick. 
A peek at the work n ow in progress in Dow's Automotive 
Chemicals Development Laboratories shows what wi l l  be 
requ i red of the antifreezes, lubricants and other automo-

tive fluids of the near future. 

Wondrous engineering advances 
await automobile owners of a few years 
from now. One may be a single unit 
that combines the present day func­
tions of the b'ansmission and rear axle. 
Another may cool the engine by boil­
ing a liquid. No one can say for sure 
which of these and dozens of other 
innovations will be given the nod by 
automakers, but one thing is certain: 
Many new chemical fluids will be 
needed to make them feasible . . • 

chemical fluids far different than those 
used in cars today. 

These new fluids are today being de­
veloped by creative chemistry, such as 
the experimental work being carried 
on in Dow's two new Automotive 
Chemicals Development Laboratories. 
Located in Midland, Michigan and 
Freeport, Texas, the two laboratories 
comprise extensive research facilities 
strictly devoted to automotive chem­
istry, Dow research chemists are cur­
rently concerned with many different 
projects involving the engine, cooling 
system, transmission, brake system and 
other important automotive areas. 

lubricating oils. V.I. improvers help 
extend the range of temperature con­
ditions under which lubricants can op­
erate. For example, an engine oil stand­
ing idle at ten degrees below zero is 
apt to be pretty heavy and syrupy. 
But at normal engine operating tem-

peratures of 200 degrees and above, 
the same oil would "thin out" consid­
erably. V.l. improvers give oil better 
consistency at both temperature ex­
tremes-and at all points in between. 

Work on synthetic l u b ricants for trans­
missions is closely related. Heavier 
fluids are needed to carry the increased 
"loads" required of contemplated trans­
mission designs. Fluids of higher den­
sity may permit smaller, more efficient 
transmissions. 

Dow has long been active in the 
important area of antifreeze and cool­
ing system research. This interest comes 
naturally, as Dow supplies several dif­
ferent formulations of ethylene glycol 

One interesting area of study con­
cerns viscosity index improvers for 

Al leviation of rust o n d  corrosion in the cool i n g  system of today's automobile engine is the 
subject of cont i n u i n g  study in the Dow Automotive Chem icals Laboratories. 
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antifreeze to major oil companies and 
automotive manufacturers . Much of 
this work is concerned with improving 
the characteristics of today's all-winter 
antifreeze. Some, however, is on a 
strictly speculative basis-such as the 
engine that is cooled by boiling. 

Other projects under way at Dow 
include the development of improved 
brake fluids, gasoline additives and 
several other specialized chemicals. 
Whatever direction automotive designs 
take in the next few years, Dow hopes 
to be ready with new chemical fluids 
that will meet their requirements . 

DOW LOOKS TO F U T U R E  
W I T H  GLY C E R I N E  

Glycerine, one o f  the chemists fa­
vorite workhorse chemicals, promises 
to grow in popularity in the years to 
come. The reason . . . stated simply, 
it is glycerine's versatility in so many 
industries. 

P a p e r ,  d yn a m i t e ,  f o o d ,  p a i n t ,  
tobacco, polyurethane, cosmetic and 
drug manufacturers have long admired 
glycerine-and not just for its sweet 
taste. For many years, it has saved 
many hundreds of thousands of chemi­
cals processing dollars for tight-fisted 
management teams. 

The future for glycerine users . . . 
very rosy, indeed. In fact, Dow proudly 
announces that an improvement in 
manufacturing technique has led to an 
even finer quality in Dow's synthetic 
glycerine. Coupled with product im­
provement is another glycerine plant 
in Freeport, Texas. 

What does this mean . . .  Dow hints 
profit-minded production men are re­
evaluating glycerine. They are using 
it to replace less versatile processing 
chemicals. Result . . . improved prod­
uct and rising product profit curve. 

DOW CHEMICALS 
BASIC TO INDUSTRY 

G lycols, Glycol Ethers 

Amines and Alkylene Oxides 

Solvents • Benzene De rivatives 

Inorganic  Chlo rides • Germicides 

Al kal ies a n d  Ha logens 

Fungicides • He rbicides ' Fumiga nts 

H u n d reds of other Chemicals 

Pla stics • Mag nesium 

THE DOW CHEMICAL COMPANY 
Midland, Mi(higan 

HAI L THE LOW-PRESSURE COOKER! 
In processing plants, getting the 

right amount of heat to the right place 
is frequently a serious problem. More 
and more, management men are turn­
ing to Dowtherm® A, a heat transfer 
medium with a number of definite ad­
vantages over both direct fire and 
steam. Dowtherm A has super-high heat 
stability in the 350° F  to 750° F  range, 
permitting pinpoint heat control. It 
transfers heat at high temperatures 
with much less pressure than steam. 
At 700 ° F, for example, steam exerts 
a pressure of 3,000 lbs. per square 
inch. At the same temperature, Dow­
therm A pushes out with a pressure 

of only 1 10 lbs. per square inch. Proc­
essors are invited to utilize Dow's years 
of heat transfer experience. 

P i n p o i n t  tem perature control i n  350 ° F-750 ° F  
range can accurately b e  a c h i eved with Dowth e r m .  

YOUR INQU IRY WELCOMED. I f  you would l i ke ta know m o re about the Dow 

chemical s  discussed i n  this advertisement, or others you may have heard 

about, write to us today. THE DOW CHEMICAL COMPANY, Midland, Michigan, 

Chemicals Merchandising Department 607EQ9. 

D O W  C H E M I CA L S  
b u s y  b e h in d  t h e  

PHENOL-As o n  adhesive com ponent, 
p h e n ol h e l p s  adhere plywood sections. 
P h e n o l i c  res i n s  are used to m a k e  toug h ,  
heat resista nt  counter and t a b l e  tops, 
durable varnish and lacquers. 

CAUSTIC SODA-Ab u n d a n t  supply  of 
Dow Caust ic  g u arantees q u a l ity product 
de l ivered w h e n  a n d  where you need it. 
Four prod u c i n g  p l a nts and n i n e  termi­
nals  serve u.s. i n d u stry. 
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Ionizing Radiation and Organic Chemistry 

In one of its many industrial applications, ionizing radiation lS 

used to break organl:c molecules into lons and free radicals. These 

fragments often recombine to form c01npounds with novel properties 

In iOlllzmg radiation the organic 
chemist has a tool that enables him 
to tear molecules into reactive frag­

ments. ''''hen a high-energy particle 
penetrates an organic compound, the 
valence electrons that form the chemical 
bonds in its molecules absorb minute 
portions of the huge energy carried by 
the radiation, and the bonds are broken. 
For an instant free electrons, ionized and 
highly excited molecules and finally free 
radicals pervade the immediate environ­
ment of the molecules. The ordered 
structure of the target substance is pow­
erfully disturbed as these fragments en­
ter avidly into reactions with one another 
and with molecules not directly affected 
by the radiation. When equilibrium is 
restored, the chemical bonds are re­
established in new configurations; new 
molecules have been synthesized and 
new properties imparted to the sub­
stance. 

With ionizing radiations available in 
plentiful supply over the past decade, it 
was reasonable to expect that they might 
evoke important innovations in chemis­
try. Imaginative chemists envisioned the 
creation of an entire new chemical­
process industry and a route to syntheses 
not otherwise attainable. They saw, for 
example, how radiation could be used to 
develop phy�ical properties under pre­
cise control in such substances as natural 
rubber and polyethylene, to produce 
hybrid materials containing the best fea­
tures of familiar natural or synthetic 
materials and to promote reactions that 
cannot be started by heat, pressure or 
catalysts. 

These possibilities remain as attrac­
tive as ever, but their realization on the 
industrial scale has been rather slow. For 
the most part other techniques can ac­
complish the same end results, and the 
cost of radiation is high. Cheaper sources 

180 
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of radiation will ultimately make more 
radiation processes economically attrac­
tive. The principal advances will come, 
however, with deeper understanding of 
what transpires in the chaotic instant 
between the primary physical impact of 
the radiation and the final chemical 
changes observed in the system. 

The radiochemist has many questions 
in common with the radiobiologist. This 
in itself is testimony to the size and in­
tricacy of the molecules put together by 
contemporary organic chemistry. Like 
the giant molecules assembled in the liv­
ing cell, the polymer molecules of syn­
thetic fibers and plastics consist of re­
peating chains built up of dozens, hun­
dreds or even thousands of simple units 
called monomers. Both kinds of giant 
molecule are highly sensitive to radia­
tion. In a structure containing thousands 
of chemical bonds the breaking of a 
single bond-a chemical change as low 
as .01 per cent-can radically alter such 
macroscopic properties as viscosity. 
Man-made polymers have served effec­
tively as models for their considerably 
more complex natural counterparts in a 
number of decisive experiments. Much 
that has been learned about living mat­
ter applies also to synthetics. 

As Alexander Hollaender and George 
E. Stapleton have observed in this issue, 
the presence of either water or oxygen 
greatly amplifies the indirect effects of 
ionizing radiation on the large molecules 
in the cell, via the secondary action of 
free radicals and peroxides. The same 
holds true for synthetic polymers. Radio­
biologists were puzzled to discover that 
higher temperatures appeared to in­
crease the number of hits on target mole­
cules in the cells. The finding that the 
same effect occurs in synthetic polymers 
made it unnecessary to postulate any 
elaborate biological mechanism to ex-

plain this result. Synthetic polymers 
have also been used to study ways to in­
crease the resistance of cells to irradi­
ation. Both polymers and cells, it turns 
out, can be protected by incorporating 
radiation-resistant groups into their 
structures; I need hardly emphasize the 
much greater simplicity of the polymer 
experiments. 

O ne of the most alluring prospective 
applications of ionizing radiation in 

industrial chemistry is in the synthesis 
of polymers. Certain polymers-among 
them polyethylene, which is used in the 
greatest variety of applications-are as­
sembled by the process of "addition" 
polymerization. In one method the 
monomer solution is seeded with free 
radicals of the monomer, that is, a mon­
omer with an unpaired electron, or open 
chemical bond, at one end. The un­
paired electron readily hooks the radical 
to another monomer. The result is a two­
monomer unit that in turn has an un­
paired electron at its end; so starts a chain 
reaction that builds up a polymer of con­
siderable length. Because ionizing radia­
tion produces huge numbers of free radi­
cals in organic compounds, as Robert L. 
Platzman has explained in this issue, it 
naturally occurred to many chemists that 
radiation might be employed to initiate 
the process of addition polymerization. 
The process can, in fact, be made to 
produce polymers that are already wide­
ly synthesized by conventional methods. 
However, attempts to produce new poly­
mers require doses of radiation too large 
to be economically feasible. 

Addition polymerization can also be 
triggered by ions of the monomer, that 
is, by electrically charged monomers that 
have lost an electron as the result of 
ionization. Here again the use of ioniz­
ing radiation remains a laboratory proc-
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IRRADIATED ORGANIC MATERIALS such as teflon (top) and 
polyethylene (bottom) will combine with solutions of dye-accept­
ing polymers to produce copolymers that can be dyed brilliant 
colors_ Both polyethylene and teflon are normally colorless and 

very resistant to dyes, as is shown by the weak tints produced by 
dyeing commercial teflon (longer strips) _ An undyed strip of teflon 
is shown for comparison at far right- The materials were irradiated 
and dyed in the laboratory of Radiation Applications Incorporated_ 
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A SOLID POLYMERIZES in these time·lapse photomicrographs 
of an acrylamide crystal. Frame at top left, made 76 hours after 
the crystal was exposed to a milli,!n rads of gamma radiation, shows 
dark edge of an almost completely polymerized area. Frame at top 
right shows the same area after another 48 hours. Frame at middle 

1 82 
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left, made 131;2 hours later, shows small polymerized areas begin­
ning to form ahead of main one. Last frame, made 100 hours later, 
shows reaction almost completed. Photomicrographs were made by 
George Adler and Robert F. Smith of the Brookhaven National 
Laboratory, who used crossed polarizers with a red compensator. 
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ess. It has been found, however, that 
irradiation of the monomer produces a 
much greater yield in the presence of 
finely powdered zinc or of silica or even 
of glass beads. This surprising result has 
instigated research into the question of 
the influence of surface effects and cata­
lysts on radiation-induced reactions. 

Ionizing radiation can also bring 
about the peculiar phenomenon of solid­
state polymerization, which would have 
been difficult to foresee, let alone study, 
without such radiation. Under irradia­
tion the molecules of certain crystalline 
solids (e.g., acrylamide) link to form 
polymers. Although the substance is not 
visibly altered, its structure is completely 
rearranged. The process can be followed 
microscopically by observing the gradu­
al changes in color fringes as the materi­
al polymerizes [see illustration on oppo­
site page J. As J. B. Ballantine of the 
Brookhaven National Laboratory has 
pointed out, the different rates of poly­
merization in various regions of a crystal 
are an indication of its internal strains. 
This raises the possibility of using such 
techniques to study irregularities in the 
structure of certain crystals. 

Up to this point we have been discuss­
ing the use of radiation to synthesize 
polymers, a technique that has not been 
a commercial success. This is not the 
case, however, with the technique of 
using radiation to modify existing poly­
mers. When exposed to radiation, all the 
polymers studied so far are either de­
graded to form smaller molecules or 
cross-linked to form larger ones. Which 
of the two reactions a particular polymer 
undergoes depends mainly on the struc­
ture of its monomer units, although the 
precise mechanism of both these re­
actions is still warmly debated. Polymers 
composed of monomers containing a sin­
gle chemical side-group tend to be cross­
linked, while polymers whose monomers 
contain two side-groups tend to be de­
graded. In both types of molecule, radi­
ation apparently breaks the main chain. 
Chain fragments with no bulky side­
groups tend to reunite quickly, but those 
with two side-groups tend to be pushed 
apart, making the break permanent. 

Generally degradation involves what 
the term implies: Because the indi­

vidual molecules are shorter the material 
becomes more soluble, less viscous and 
mechanically weaker. In polymethylme­
thacrylate (Lucite) both the main chain 
and the side chains that branch from it 
are fractured. This liberates hydrogen, 
carbon monoxide and carbon dioxide, 
which remain trapped in the molecular 
structure; upon subsequent heating 

TI Needs More Glenn Penisten's BS EE'53 Oklahoma State University 
SENIOR ELECTRICAL ENGINEERS 
Men like Glenn Penisten are needed for high-level development 

and supervision - EE's who have 3 to 10 years experience in 

specialties such as missile guidance, servo-mechanisms, tele­

metry, digital circuitry, infrared - design or systems studies. 
Following such a specialty Glenn Penisten has advanced 

rapidly in his 3 years at TI, and now leads several missile and 

space projects. Such experience can be used immediately. 

Your resume will get prompt attention by John R. Pinkston. 

PROFESSIONAL 
PLACEMENT 

,I: � "&'! l 
APPARATUS 

DIVISION . 
�� � i� 1,\' � 

J. 

: l' '" t� &w� � 

FOR SALE 
lOO-Mev Betatron 

This electron accelerator 
is complete and in excel­
lent operating condition. 
Constructed by General 
Electric Co./ it has been 
used for several years in 
basic research problems 
in a university laboratory. 
Could be central instru­
ment of physics laboratory 
in educational institution 
or private corporation. For 
further information, con­
tact: 

Clement Mokstad 
Research Institutes, 

University of Chicago 
5640 South Ellis Avenue 

Chicago 37, Illinois 

Midway 3-0800, Ext. 3701 

r--' 
IT'EXAS �INSTRUMENTS 

INCORPORATED : .., 6000 LEMMON AVENUE j 
DALLAS 9, TEXAS I 

MOTION PICTURE 

FILMS 
are the best means to 

sell ... teach 
. .. influence! 
Find out why the mo· 
tion pict u r e  depart· 
ments of the nation's 
leading companies 
and professional film 
producers prefer the 
ARRIFLEX®16 . • .  the 
w orld's most versa· 
tile, money saving 
production camera. 

I name..................................................... 1 
I 

· · · · · · ·· · · 1 
1 address .. ....................... .. ................................. . 1 
�c� �"';" ��= �n� .� . .;;.:...s�t�.=.�.� 

183 

© 1959 SCIENTIFIC AMERICAN, INC



H 

H 

, 

MONOMERS FORM POLYMERS by linking together in long 
chains. The three monomers shown here with their respective poly. 
mers are ethylene (top left) and polyethylene (top right) ; vinyl 
chloride (middle left) and polyvinyl chloride (middle right) ; 

isobutylene (bottom left) and polyisobutylene (bottom right.) . 

1 84 
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These compounds are composed of atoms of carbon (black balls) , 

hydrogen (gray) and chlorine (white) . The large colored circles 
show the monomer units incorporated into polymers. The strings of 
small colored circles beneath them show a small fragment of a poly. 
mer chain, which may contain thousands of such monomer units. 
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these molecules come together to form 
bubbles that foam the plastic into a 
spongy mass [see bottom illustration on 
page 190]. 

'While degradation involves a fracture 
of the polymer's main chain, cross-link­
ing apparently results from the coupling 
of the side-chains of two or more polymer 
fragments. The main chains of two ad­
jacent molecules can also form direct 
carbon-to-carbon cross-links when radi­
ation removes one hydrogen atom from 
eash chain. Cross-linking profoundly af­
fects the macroscopic properties of a 
polymer. vVhen the number of cross­
links is low (about one link per 100 
monomers) , and the chains have ade­
quate flexibility, the polymer will form 
a highly elastic material such as rubber. 
When the number is high (about one 
cross-link for every three or four mono­
mel's) , it will form a more rigid material 
which fractures readily and has many 
of the properties of glass. 

In the pilot plant, at least, ionizing 
radiation has served well in the task of 
cross-linking natural rubber. Cross-link­
ing converts this rather impure polymer 
into the tough elastic material that 
serves so many important purposes in 
our civilization. Ordinarily rubber is 
cross-linked by vulcanization, a complex 
chemical process that in�roduces sulfur 
links between the rubber molecules. Ir­
radiation accomplishes the same purpose 
by inducing direct carbon-to-carbon 
links between adjacent molecules. Since 
the number of cross-links is directly pro­
pOltional to the dose of radiation, some 
parts of a piece of rubber can be made 
more elastic than others. Rubber can 
also be given different elastic properties 
in different directions simply by stretch­
in3 it and irradiating it in this orienta­
�ion. Chemically vulcanized rubber, 
however, is a relatively cheap product, 
produced by a process that has been 
developed over many years to a state 
of high technical efficiency. The curing 
of rubber by radiation is regarded as 
commercially unfeasible in the U.S., but 
the U.S.S. R. has announced that it has 
the process working on a factorv scale. 

The commercial outlook is brighter 
for irradiated silicones, the synthetic 
polymers that are often used as high­
temperature rubbers. Silicones are read­
ily cross-linked by small doses of radia­
tion, and because they are expensive to 
begin with, the cost of irradiating them 
represents only a small percentage of 
their final price. There is also strong 
evidence that irradiated silicones are 
superior to chemically cross-linked ones. 

Irradiation imparts to polyethylene 
significant properties that fit this ubiq-

TI Needs More John Maxwell's BS EE Louisiana Potytechnic Institute 

MICROWAVE ENGINEERS 
Men like John Maxwell are needed for high-level development 

and supervision - EE's who have 3 to 10 years experience in 

development, design and testing of microwave and high 

powered transmitter equipment prototypes. John has almost 

9 years at TI, and now leads ASR transmitter and automatic 

performance monitor projects. Such experience can be used 

immediately. Your resume w i l l  get prompt attention by 

John R. Pinkston. 
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INCoRPORATED 
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DALLAS 9. TEXAS 

THE AMCO MODULAR DIRECTLY MEASURES 
INSTRUMENTENCLOSURESYSTEM DEWPOINT TEMPERATURES 

!iR SEMI-CUSTOM 

. � �I Ji 
ALUMINUM 

, g I .;J 
TWO COMPLETElY NEW liNES ADDEO IN STEEl AND ALUMINUM TO GIVE 

3 COMPLETE MODULAR FRAME liNES IN ONE OVER· ALL SYSTEM 
A. Custom Line. Removable multI-panel, cowlings 
(19" width increments). Custom appearance for 
series mountmg -space.saving and ideal for com· 
plex consoles Double channel 16 gauge steel. 
Meets EIA sLandards. 
B. Semi-Custom Line. Multi·width cowlings for 
smgle.unit appearance with frames in senes. 19H 
wide panels, any thickness, can be recessed to any 
depth. Extra rugged, 14 gauge sLeel, box.Lype 
channel construction. Conforms to EIA mounting. 
C. Aluminum Line. Box extrusions, cast corners 
for fast, easy assembly of cabinets any size from 
7" to 20' In heighL, widLh or depLh. Lock by hand, 
built·m locking deVice. All sizes standard. 
D. Accessories. A full line of Amco integrated 
accessories (blowers, slides, mounts, lighting, etc.) 
Cost savings. Orders can be grouped for best dis· 
count. Free Amco pre.assembly. 3 week delivery 
on standard parts! 

A. Send for free literature 
/Il-»' AMCO ENGINEERING CO. 

� 7333 W. Ainslie Street, Chicago 31 

DOWN TO -100° F. 

W-C DEWPOINT INDICATOR 

The W-C Dewpoint Indicator quickly 
and accurately determines moisture con­
tent in gases. Its method of operation 
is direct, based on the formation of an 
actual dew spot. Its measurements are 
absolute, independent of the test-gas 
temperature. Its dewpoint range is broad, 
from ambient down to -100° F. 
(0.0003% moisture by volume). 

Deriving moisture-content equivalents 
from the dewpoint temperature readout 
is practically effortless: a quick-com­
parison table does the work without 
calculations. 

Conveniently portable, the Indicator 
operates on a self-contained power sup­
ply. Recording/controlling types are 
also available. 
For more information, request Bulletin DPI-4. 

WEIGHING & CONTROL COMPONENTS, INC. 
206-T Lincoln Ave., Hatboro, Pa. 

S.A. 20!50 
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No.5 of a series 

Eastman 910 Adhesive 
solves another 

production bottleneck 
Electro-Voice, Inc., of Buchanan, Mich· 
i g a n, manufactures m i n i a turized 
phonograph cartridges, called "Power­
Point," for high-fidelity audio systems. 

The cartridge consists of a jewel­
tipped ceramic transducer in a plastic 
boot, encased in nylon. Assembly is 
handled on a conveyorized production 
line and depends on rapid bonding of 
the components to obtain economical 
high-volume output. 

The critical bonding problem is 
solved with Eastman 910 Adhesive. 

Immediately following hand assem­
bly, a drop of the adhesive is applied 
to the tiny components. Moments later, 
a permanen t bond is formed . .. and the 
unit moves on, without delay. 

Eastman 910 Adhesive is making 
possible 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 heat­
sensitive elements. 

Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re­
quired. Upon spreading into a thin film 
between two surfaces, setting begins 
immediately. With most materials, 
strong bonds are made in minutes. 

What production or design problem 
can this unique adhesive solve for you? 

Bonds Almost Instantly 

... ,Without Heat, 

Pressure or Catalyst 

For a trial quantity (YJ-ounce) send five 
dollars to Armstrong Cork Company, In­
dustrial Adhesives Division, 9109 Inland 
Road, Lancaster, Pa., or to Eastman 
Chemical Products, Inc., Chemicals Divi­
sion, Dept. 5-9, Kingsport, Tenn. 

186 

uitous plastic for service in certain 
technical applications. Commercial 
grades of polyethylene soften and even­
tually melt to a viscous Ruid at tempera­
tures between 240 and 275 degrees 
Fahrenheit, depending on their degree 
of crystallinity. Irradiation somewhat 
lowers this melting point, but improves 
temperature resistance by inducing the 
formation of cross-links. The irradiated 
polyethylene melts to a rubber-like ma­
terial that does not Row at these higher 
temperatures and regains its original 

properties on cooling. In service as an in­
sulator of heavy-duty electrical cables, it 
withstands temperatures of 300 to 400 
degrees F. and justifies its high cost. 

Irradiated polyethylene can also be 
made into a plastic sheet that is heat­
sealable but resistant to melting. Foods 
can be wrapped in it, cooked and steri­
lized, and then stored almost indefinite­
ly, with the food visible to periodic in­
spection. I have prepared and "canned" 
some excellent omelets with this materi­
al, using a pair of scissors to cut the sheet 

CHAIN STRUCTURE is olle basis for elassHying polymers. Linear or one·dimensional 
polymers such as natural rubber have either straight chains (lOp) or bram'hed chains (I1Iil/' 
clle). Such chains can link together to form either two·dimensional sheets or three·dime"· 
sional networks (bOllom). Vulcanized rubber is an example of a three·dimensional polymer. 
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n Gar e! 
Melpar is an arsenal of technology supplying 

vital electronic elements linked to the nation's 

alert, en garde defense posture. Advancing the 

state of the electronic art is our mission - in· 

volving original conception, design, expedited 

production, and logistics support. Melpar equip· 

ment is created and produced for world·wide 

governmental, industrial and space application. 

"::""@"""'= ��: MELPAR � INC l 

A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

For details on provocative job openings in advanced scientific 
engineering areas, write to: Professional Employment Supervisor 
3607 Arlington Boulevard, Falls Church, Virginia 
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RADIATION 

> 

RADIATION 

> 

RADIATION 

> 

RADIATION CHANGES PO L YMERS by breaking the chemical 
bonds holding the polymer chain together. The broken chain I'mg· 

ments may then recombine in new arrangements (top), be cross­
linked (middle) or be degraded into smaller fragments (bottom)_ 

COPOLYMERS are hybrids composed of two or more different 
types of monomer. Random copolymers (top) consist of monomers 
linked together in no particular order. Block copolymers (center) 

1 88 

contain similar monomer units strung together in groups or 
"blocks." Graft copolymers (bottom) have side-chains of one type 
of monomer "grafted" onto a main chain of a different type. 
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and a flatiron to seal the package and 
cook the eggs. Even at present radiation 
costs this particular process is not 
excessively expensive. 

In many applications, however, the use 
of radiation is limited by its current 

high cost. One way to reduce the cost of 
irradiation is to add allyl (C3H5) groups 
to the polymer. When these groups are 
exposed to radiation, they initiate a 
chain reaction in which each allyl group, 
as it becomes linked to the polymer 
chain, stimulates the formation of an­
other active site on the polymer mole­
cule. The reaction stops only when all 
the active sites have linked. Such reac­
tions can produce a great number of 
cross-links with a relatively modest radi­
ation dose. 

Some polymers are resistant to radi­
ation and cross-link only sparsely. A 
given dose of radiation induces the for­
mation of only a 20th tl,e number of 
cross-links in polystyrene, for example, 
that it does in natural rubber or poly­
ethylene. Characteristically the struc­
tures of these polymers include benzene 
rings, and the benzene ring is distin­
guished for its stability under irradi­
ation. This refractory behavior may be 
turned to account by incorporating ben­
zene rings into other polymer structures 
to produce radiation-resistant materials 
for use in intense radiation fields. Here 
the designer must be wary both of the 
tendency to cross-linking and of sus­
ceptibility to degradation. While many 
polymers degrade into sticky fluids un­
der strong or prolonged radiation, lubri­
cating oils become polymerized and 
cross-link into gummy residues. 

Just as cross-linking can appear on 
occasion as an undesirable phenomenon, 
so constructive uses may be found for 
the process of degradation. The natural 
polymer cellulose, for example, is easily 
degraded by radiation. It has been sug­
gested (perhaps jocularly) that a suit­
able degree of degradation might "pre­
digest" the large cellulose molecules in 
sawdust to yield a nourishing cattle fod­
der. Degradation might also be em­
ployed to produce a hybrid of cellulose 
and nylon: By exposing a mixture of the 
two subsLlIlces to radiation, it might be 
possible to produce polymer fragments 
that would link together to form a hybrid 
which combined the best properties of 
both its parents. 

Such a hybrid is known as a copoly­
mer. In the case of the cellulose-nylon 
combination the idea is that irradiation 
would fracture the cellulose chain and 
permit segments of nylon to fit them­
selves into the backbone of the new 

they're both 
my babies 

... but 
what a 
difference 

Despite their identical appearance, those young innocents are barely 

fraternal. They are destined for fame, but along different Roads 

of Life. 

The one on the left latches magnet­

ically, eats only 50 mw. and works best 

in a circuit designed expressly with his 

characteristics in mind. He's also a few 

months older than his colleague, and 

has already made solid friends with at 

least one big military group. They like 

his particular combination of magnetic 

latching operation, high sensitivity, and 

ability to take 30 g's 

of vibration to 5000 
c y c l e s  a n d  10 0 g 

shocks both on paper 

and in the flesh. 

The little fellow on the right, on 

the other hand, offers a ready replace­
",ellt suitable for existing equipment 

where standard DPDT switching is 

needed and the signal level is up 

around 200 mw. As such he's looking 

forward to making an even wider 

circle of friends than his companion 

- especially since he can take just as 

much vibration and 

shock and is put to­

gether with exactly 

the same care and high 

class materials. 

Both of these hermetically sealed prodigies are described in their birth 

certificates which you can get for the asking. If you think the 50 mw., mag­

netic latching, left - hand one is for you, ask for the Series 32 specs i if it's the 

right-hand, "on-off" one you're interested in, specify Series 33. Don't try to 

go by looks - everything'S coming in crystal cans these days. 

* 
Sigma Corporate Image 

SIGMA 
SIGMA INSTRUMENTS, INC. 
40 Pearl Street, So. Braintree 85, Mass. 

AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 19391 
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IRRADIATED POLYETHYLENE is mo,'e resistant to heat thall 
I he unirradiated material. Here four polyethylene blocks were 
healed for one hour at 390 degrees Fahrenheit. The block at far 
right was previously exposed to a dose of 20 million rads of cobalt· 

IRRADIATED POLYESTER RESIN changes from a syrupy liq. 
uid to a hard, tough solid. Resin pouring from the beaker at left 

IRRA DIATED LUCITE (polymethylmethacrylate) hecomes a 
foamy mass (right) when heated. When exposed to an electron 
beam, a Lucite block hecomes impregnated ,dth free electrons; if 

190 

60 gamma radiation; the block next to it received seven million 
rads; the next block, two million rads. Block at far left was not 
irradiated. The plastics photographed in the demonstrations on 
this page were irradiated by Radiation Applications Incorporated. 

has not heen irradiated; that in Ihe beaker at right has been ex· 
posed to 750,000 rads of gamma rays from a cohalt·60 source. 

the block is then electrically grounded, the sparking of the dis· 
charging electrons forms the crack patterns known as Lichtenberg 
figu"es I center). An unirradiated Lucite block is shown at left. 
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molecule, forming a "block" copolymer 
[see bottom illustration 011 page 188]. 

Irradiation can also be used to excite 
active centers of polymerization on the 
backbone of a polymer, permitting it to 
initiate the polymerization of one of its 
side-chains. In such polymerizations 
monomers of a different type may be 
"grafted" on a polymer's molecular back­
bone. Such graft copolymers have al­
ready been successfully produced. Fot' 
example, irradiation promotes the graft­
ing of dye-accepting monomers to the 
surface of teflon, a notably tough and 
chemically inert polymer, making it pos­
sible to label this material with colors 
when it is used to insulate electrical con­
ductors. The grafting of polystyrene to 
the surface of teflon film similarly per­
mits one side of this otherwise unbond­
able material to be attached to other 
substances, while the other side retains 
its chemical inertness and high tempera­
ture-resistance. 

Such are the possibilities, hopes and 
promises of ionizing radiation as applied 
to chemical technology. Much that is 
known to be technically feasible remains 
economically impracticable. To go from 
the processing of such special-purpose 
materials as silicones and teflon to the 
processing of commonplace industrial 
polymers requires much cheaper sources 
of radiation. One can envision nuclear-. 
power stations and chemical-processing 
plants working side by side. One can 
also envision the difficulty of reconciling 
the very different interests of the chemi­
cal engineer and the nuclear-power en­
gineer. Considerable structural changes 
would be necessary to accommodate a 
high flow of irradiated materials through 
any existing nuclear reactor designed 
primarily for research or for power pro­
duction. On the other hand, the fuel 
rods in nuclear reactors must be re­
placed periodically and the used rods 
stored for a while before they can be 
processed for the extraction of plutoni­
um and fission products. At certain 
plants the fuel rods are already serving 
as irradiation sources during this "cool­
ing-off" period; their declining radio­
activity must, of course, be allowed for 
in the scheduling of chemical processes. 
When the fission products have been ex­
tracted, these too may act as radiation 
sources, especially the long-lived iso­
topes cesium 137 and strontium 90. 
Finally elements such as cobalt may be 
irradiated in a reactor to produce power­
ful radiation sources. 

At present high-voltage electrical 
machines provide ionizing radiation at 
much lower cost. Generating two million 
volts or more, they produce their effects 

MISSILE DESIGN WITH HlleD 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! Cal l  or write us for 
Capabilities Brochure and complete Technical Data. 

• REF
'
RASll Materials 

• HlTeo Metal Blankets 

• THERMO·CDUSTI Materials 

• THOMPSOglas Materials 

• ASTROLITE Reinforced Plastics 

• HITCORE StructUral H. I. THOMPSON FIBER GLASS CO. Core Materials 

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

Now available in standard tube, 
crucible and combustion boat shapes 

For temperatures to 46000F. (2538°C). 
Possesses one of the highest melting pOints 
of aWcommercial refractories. 
Great chemical inertness. Won't erode 
when melting steel or high temperature al­
loys • • •  or react when firing titanates or 
sintering metals • • •  or embrittle platinum. 

Leco zirconia ware • • .  crucibles for 
melting special alloys, tubes for high­
temperature combustion or gas synthe­
sis, heat treating and sinteringfurnaces, 
and kiln furniture. We will be happy 
to quote on custom ware. 

Leco also specializes In Zircon (Zr5iO,) Ware 

Write Today for TECHNICAL DATA CATALOG 
LABORATORY EQUIPMENT CORP_ 

. 400� Hilltop Road, 51. Joseph
'
, Mich'igan' 

-liLPJette 14" 
TRANSPARENT 
CELESTIAL GLOBE 
* Adjustable 

Satellite Orbits 
* Satellites Travel 

around Earth 
Automatically 

* Adjustable 
Sun and Moon 

* AdjustableLunar 
orbital 
inclination 

* 80 Constella· 
tions-including 
all stars of 1st, 
2nd, 3rd, and 
4th Magnitude. 

* Similar devices 
used by the 
Navy-Air Force 
-and Marines. 

Only 59.50 
A true "mechanical universe. U Designed for and dedi .. 
coted to those who recognize the challenge and adven� 
tur. that lie on the frontiers of space. An easily under .. 
stood working model of our universe. Permits compte .. 
hensive explorations in time and space beyond the earth 
atmosphere. Traces the orbits of man made satellites. 
.-400 ................................................................ Ne' 59.50 
FREE - 308 Page '1960 Edition - FREE 

LAFAYETIE RADIO DEPT. SAI9 

P.O. lOll: 222 JAMAICA 31, N. Y. 
o Send FREE LAFAYETTE Catalog 600 

N.me ................................................................... ....... . 

Addrtu .................................................... , .......... ........ . 
City ............... : ............... Zon ......... State ............... ; .... . 
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MINIATURIZA TION 
AWARD 

Miniature Precision Bearings, Inc., cordially invites you to 

participate in the 1959 Miniaturization Award competitions. 

The Miniaturization Award for 1959 will be presented during 

the spring of 1960 at the 3rd Annual Awards Dinner in New 

York City. The Award symbolizing Miniaturization is a bronze 

sculpture by a leading American artist. Certificates of Excel­

lence will also be awarded for additional outstanding entries. 

PURPOSES 
In addition to stimulating public knowledge in the industrial 

advancement of miniaturization, the MA 59 competition pro­

motes national recognition of award winning companies, 

individuals,or
'
organizations. 

,",UDGING OF ENTRIES 
Entries will be judged by an independent committee of members 

of the electronics, metalworking, research and publishing 

fields. 

ENTRIES 
For a brochure giving criteria, upon which the entries are 

judged and other details of the competition, write Miniaturiza­

tion Awards Committee, Box 604, Keene, N.H. 
This brochure outlines the manner in which entries should be 

submitted and gives information on past winners. Because 

entries should be received by January 20, 1960, prospective 

entrants should secure the MA 1959 brochure as soon as 

possible. 

by means of their primary electron­
beams, or by secondary X-rays when the 
electron beams impinge on a target. 

For some purposes there are ad-
vantages to be gained by using one 

of these sources of radiation as opposed 
to the other. But in a wide range of ap­
plications they are interchangeable and 
directly competitive. As the supply of 
fission products increases and the cost 
of processing them comes down, one 
may expect to see an economic battle 
between the electrical and the nuclear­
engineering industries to provide power 
for the new field of radiation chemistry. 

But economics is not the sole barrier 
to progress in radiation chemistry. 
Equally important is the great deal that 
the radiation chemist has yet to learn 
about his subject, No theory yet ad-

IRRADIATED OIL becomes cross-linked, 
changing from a liquid (le/t) to a gummy 
solid (right) that does not flow or melt. 
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Don't let rising process heats ruin your refractories 

... or your profits . . . mix imagination with Alcoa Aluminas 
The steady increase in general process temperatures poses no problem at all for refractories fortified with 
ALCOA® Aluminas. Their refractoriness rises in direct proportion to the amount of alumina in their composition. 
These high-purity aluminum oxides also add greatly to strength and stability under load at elevated temperatures. 
And high-alumina refractories are chemically stable, immune to both oxidizing and reducing 
atmospheres. They offer just one more illustration of the many good reasons why makers 
and users of a variety of products have found it pays to mix imagination and engineering 
with Alcoa Aluminas . . . to make an old product better or a new product possible. Discover 
what ALCOA Aluminas can do for your own product or process. Outline your requirements 
in a letter to ALUMINUM COMPANY OF AMERICA, CHEMICALS DIVISION, 701-J Alcoa Building, 
Pittsburgh 19, Pennsylvania. 

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

For exciting drama watch "Alcoa 
Presents" every Tuesday, ABC-TV, 

and Emmy Award winning "Alcoa 
Theatre" alternate Mondays, NBC-TV 
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. . .  the calculator rprogrammed"for  scientists 

and engineers who want to concentrate on the 

problem instead of the machine. 

Fast, accurate calculations a r e  simple 
with the Deci · Magic automatic cal­
culator because there are no compli­
cated set-ups, no confusing controls. 

To set decimals, you simply touch 
one key to set them all - in the prob­
lem and in the answer. Then you just 
"write" the problem in the keyboard 
as you would on paper. Deci · Magic 
does the rest, and deli vers your answer 
with the decimal point in the right 
p l a c e  - a l l  a u t o ma t i c a l l y .  W i th a 
Deci · M a g i c  calculator,  anyone on 
your staff can get correct answers 
quickly . . .  gaining more time for cre­
ative productivity. 

This remarkable ease of operation 
is illustrated in "Marchant M ethods 

for Science and Engineering ," a bro­
c h u r e  tha t shows how s i m p l y  and 
swiftly the Deci · Magic delivers the 
answers to 21 actual problems, using 

mathematical formulas frequently en­
countered in science and engineering. 

For an actual demonstration of the 
Deci · Magic on your own types of cal­

c u l a t i o n s, j u s t  
call your nearby 
Marchant office. 

For a free copy 
of " M a r c h a n t  
M ethods for Sci­
ence and E n gi­
n e e r i n g ," s e n d  
coupon below. 

less t ime working out problems, more t ime us ing 
the answers . . .  because Dec i · Magic g ives you 

m�R[H � NT 
CA LCU LATD RS 

D i v i s i o n  o f  S M I T H ·  C O R O N A  M A R C H A N T  I N C . 
O A K L A N D  S ,  C A L I F O R N I A 
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• Automat ic  contro l  of d i a ls ,  dec i m a l s  a n d  ca rr iage 

• On e·touch dec i m a l  sett i ng  fo r both  p r o b l e m  a n d  a nswer 

• Progress ive d i a l  p roof of a l l  entr ies ,  a l l  res u l ts 

• Automat ic  s i n g l e · e n try s q u a ri n g  

• Automat ic  a cc u m u l a t i o n  of products  o r  q u o t i e nts 

• Automat ic zeros 

I 
I M A R C H A N T  CALC U LATO R S  • OAKLAND  8, CAL I F O R N I A  
I Please send m e  a free copy o f  . .  Marchant Methods for 

I Science and Engineering." 

I 
I NAME L ·9 
I P L E A. S E  ATT A C H  C O U P O N  T O  YO U R  O R G A N I Z ATI O N ' S  L E TT E R H E A D  

vanced explains, for example,  the pecu­
liar electrical behavior of polymers LIn ­
der irradiation.  Many polymers are \'erv 
effective electrical in sulators, a property 
they retain even after severe radiation 
damage. However, at radiation doses 
and inten sities far too low to cause any 
observab.!e chemical change, they call 
suffer a con siderab.!e reduction in thei r 
insulatin g capacity . They ultimate.!y rc­
cover, but the time it  takes them to do 
so varies from polymer to polymer .  

One theory states t h a t  ion ization l iber­
ates either electrons  or proton s which 
are free to flow as current un der the 
pressure of an external el ectrical fiel d .  
It  accounts for the gradual decay of 
these currents by assuming that the wan­

derin g  electrons  m l lst first  be trapped by 
somc impurity atom,  then released hy 
thermal agitation and finally recaptu red 
by el ectron-deficient mol ecules .  The ex­
perimental conductivity observed, how­
ever, i s  remarkably cons isten t, and bears 
n o  relation to the presence of impurities. 

An alternative theory suggests that 
the conductivity is due to the motion of 
"holes" of the sort that occur in sem i­
con d uctors. These holes are simply the 
charged vacancies left when an electron 
or p roton is ejected from a molecule in 
a crystal l attice . Another electron or 
proton may fill the hole, creatin g another 
holc in the pl acc it vacates in the l at­
tice ; thus, likc a wandering proton or 
electro n ,  the hole appears to move 
through the material . But there are incl i ­
cations t h a t  t h e  h o l e  tends t o  migrate to 
certain preferred positions in a give n 
molecl l l e .  Here the study runs into thc 
cven more fundamcn tal question of 

! "energy tran sfer," the mysterious proc­
ess in certain organ ic molecules by 
which incident energy absorbed at ran ­
dom migrates t o  specific s ites a n d  pro­
duces nonrandom chemical changes.  

-� 'l ost studies of irradiated pol ymers 
1 V . have been carried out on sol ids  
'in which the polymer molecules are 
held almost immobile. Comparativcly 
l ittle atten tion has been paid to the be­
havior of polymers in solution , in which 
the chemical groups in volved may move 
about. This is a significant gap in the 
work of radiation chemistry, because 
polymers in  solution offer much hetler 

I an alogies to biological systems .  M ore­
over, solution studies permit the com­
parison of the direct effects of ' radia· 
tion on the polymer itself and the 
in direct effects that are mediated by the 
action of the radiation on the solvent. 

One set of experiments, using water 
as the solvent, has led to a most surpris­
ing result .  Certain polymers that do not 
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• • • news ab out me t a l s  and metal chemi cals 

U N I O N  
CAR B I D E  M E TA LS 

Electromet brand ferroalloY$, 
pure metal$ and melal chemicals 

Pur i t y  previ ously unat t a ined c omme r c i al ly i s  now ava i l ab l e  in Un i on 
Carb i de Metal s ' high-pur i ty chromium .  Thi s product was int r o duc e d  in 1 9 5 8  in 
r e s p o n s e  to the requ i r ement s of nuc lear energy deve l o pment and h igh-t e mpe rature 
al l oy r e s earch. Uni on Carb i de Metals can now offer high-pur i t y  chr om ium having a 
t o t a l  impur i ty l evel as l o w  as 300 ppm. The newe s t  of the 44 grade s o f  " E l e c t romet "  
chr omium i s  ava i l ab l e  i n  s e m i - c omme r c i al quant i t i e s  a t  c on s i d e rably l e s s  t han 
the pri c e  of i o d i de chromium .  Wr i t e  f o r Data She e t  CR I - S 3 . 

* * * 

A c e tylac e t onat e d e r ivat ive s of the t rans i t i on metal s ( f o r  examp l e , 
chromium ,  c obal t , mangane s e , vanadium ,  i r on ,  and n i cke l ) have r e c ently b e e n  made 
ava i lable in r e s e arch quant i t i e s  by Uni on Carb i d e  Me t al s .  The s e  " E l e c t rome t " 
a c e t yl ac e t onat e c omp ounds provide a c onveni ent means of put t ing the m e t a l s  in 
s o l ut i on in o rgan i c  sys t ems ; the c omp ounds are che lat e d , non- i on i z ing sub s t anc e s ,  
s l i ght ly s o lub l e  i n  wat e r .  They f o rm s o lut i ons whi ch are neut ral and r e s i s t ant to 
hyd r o lys i s .  The ac e t yl a c e t onat e s  ar e  ava i lab l e  in the f o rm of pure , c rys t a l l ine 
powders of me d ium bulk dens i t y .  Bul l e t in AA I-S3 g ives d e t ai l s . 

* * * 

T ime - s av ing mixe s , having proved the i r  worth in t he k i t chen , have now 
moved int o t he me tal lurg i cal f i e l d .  Exampl e s  of t h i s  c on c e pt are Un i on Carb i d e  
M e t al s ' more than 15 t i t anium al l oy add i t i on agent s .  The f i r s t  of t he s e  was 
85% vanadium-aluminum , deve l op e d  in 1 9 54 to exp e d i t e  c ommerc i al p r o duc t i on of 
the high- s t rength 6 0% aluminum -40% vanadium a l l oy . The l i s t  now inc lude s a 
t antalum- c o lumb ium-aluminum c omb inat i on f o r  the new 8-8-1 al l oy .  Dat a She e t  ATI-S3 . 

* * * 

Among t he Un i on Carb i de Metals f am i ly of oxi d e s  are c o lumb ium and 
t antalum oxide s . B o t h  have high d i e l e c t r i c  c on s t ant s us eful in e l e c t r oni c s . 
C o lumb ium oxide i s  al s o  an int e rme d i a t e  mat e r ial f o r  p r o duc ing c o mp ounds w i t h  
great hardne s s  and high me l t ing p o int . Tant alum oxide i s  a s our c e  f o r  t antalum 
carb i d e , a cut t ing t o o l add i t ive whi ch increas e s  re s i s t an c e  t o  abras i on and 
oxidat i on .  Send f o r  Data She e t  OXI- S3 . 

* * * 

Sub s t ant i a l ly impr oved spe c i f i cat i ons f o r vanad ium metal . part i cularly 
as regards gas e ous impur i t i e s , have b e e n  announc e d  by Un i on Carb i d e  Me t a l s  
Company . Through the use of impr oved produc t i on me t h o d s , hydrogen c ont e nt 
has b e en cut by 90 per c ent and n i t rogen and carbon c ont ent s by 50 p e r  c ent . 
Analy s e s  of 500- and 1000-p ound l o t s  show t hat the sum of carbon, oxygen , hydrogen, 

and n i t r ogen is in the rang e of 0 . 1 pe r c ent . Wr i t e  f o r Bul l e t in VMI- S3 . 

* * * 

St ainl e s s  s t e e l  s hap e s  of more t han 95 per c ent the o re t i c al dens ity 

have b e e n  made f r o m  Uni on Carb i de Me t al s ' new s t a inl e s s s t e e l  powde r .  The 

c ompo s i t i on of the powder is s im i lar t o  Type 3 16 or CF-Mo all oys . Me chani cal 

propert i e s  of t he s int ered shape s c l o s e ly appr oach tho s e  of wrought shape s .  

Un i on Carb ide Metals f i e l d  c onsul tant s ,  wo rking w i t h  metal powd e r  f ab r i cat o r s , 

are deve l o p ing the prom i s ing pot ent ial f o r  t h i s  s t a inl e s s  s t e e l  powd e r  in 

many us e s ,  inc lud ing gears , bushings , and other shap e s  exp o s e d  t o  aggre s s ive 

c o rr o s i on env i r onment s .  Dat a  She e t  S S l- S3 g ive s add i t i onal inf o rmat i on .  

* * * 

Uni on Carb ide Me tals C ompany , Divi s i on of Uni on Carb i d e  C o rp o rat i on ,  P .  O. 
B o x  330 , Niagara Fal l s , N .  Y .  In Canada : Uni on Carb i de Canada Limit e d , T o r o nt o .  

The ,terms • ' Electrome t " and ' ' Union Carbide ' • are registered trade marks o f  Union Carbide Corporation 
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Bausch & Lomb 

REMOTE CONTROL 

Stereomicroscope 
• Sharp 3 - D  views o f  standard 

laboratory instrument quality 

• 5 x 7" stereo camera 
• Y2X to 30X magnification 

• Non-browning optics 

Bausch & Lomb 

REMOTE CONTRO L 

Metal lograph 
• Direct v iews o r  photography, b y  

bright f ield or  polarized light 

• 25X to 2000X magnification 

• Non-browning optics 
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C O O L 
VI EWS 
i ns ide "_" "t---.."( 

H OT 
C E LLS 
Bausch & Lomb gives you two safe 
new ways to see and photograph 
radioactive materials_ 

Write for Manual D-2 87, containing speci­
fications, technical data and photographs_ 
Bausch & Lomb Optical Coo, 69445 St_ Paul 
Street, Rochester 2,  New York. 

cross-link easily and even degrade when 
they are irradiated as solids have been 
found to cross-link readily in solution_ 
The molecules link up into a network 
that gels suddenly, absorbing the water 
in which they are dissolved to form a 
jelly-like materiaL As continued irradi­
ation increases the number of cross-links, 
the network gradually shrinks, wringing 
out some of the water. The presence of 
certain radiation-protective molecules 
will greatly increase the dose of radi­
ation required to bring the reaction 
about, and this provides a measure of 
the degree of protection offered. 

In these studies the concentration of 
the polymer in the solution is especially 
significant. One might expect that fewer 
cross-links would be formed at low con­
centrations, when the polymer molecules 
are far apart. But instead the dose re­
quired for network formation decreases 
as the concentration is reduced. The ex­
planation lies in the indirect effect of 
the radiation : Radicals formed in the 
water react in some way with the poly­
mer molecules, causing them to cross­
link. As the polymer concentration is re­
duced, there is a larger number of radi­
cals available to attack each polymer 
molecule, and the polymer may be cross­
linked by very small doses. 

If the concentration is reduced still fur­
ther, a new pattern of behavior emerges. 
Instead of forming networks, the poly­
mer apparently degrades. This transi­
tion, which occurs in a very narrow 
range of concentrations, has several pos­
sible explanations. One postulates that 
unspecified active groups are formed on 
the polymer; if one of these groups 
meets another in a given time, they will 
react to form a cross-link. In very dilute 
solutions, however, such an encounter 
does not occur soon enough, and the 
activated polymer molecule degrades by 
main-chain fracture. Thus radiation ini­
tiates a concentration-dependent com­
petition between cross-linking and deg­
radation. Another explanation depends 
on the fact that networks can be formed 
only by the linking of active sites on 
separate molecules. Below a certain con­
centration this becomes even less prob­
able than the linking of active sites on 
the same molecule_ The latter process 
tightens up the molecule and reduces 
its over-all size, making cross-linking 
with other polymer molecules even less 
likely. The elucidation of such ques­
tions as these will surely enhance the 
usefulness of ionizing radiation in poly­
mer chemistry. But it will also contribute 
significantly to our understanding of the 
effect of radiation on the molecules that 
conduct the intricate processes of life_ 
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C u rt i s s-Wr ight  Research Reactor Core-4 Mega watt 

Taking note of a Calc ulated Conquest 
A l most t w o  decades have passed s i nce t h e  first contro l led 

nuclear chain react i o n .  This  s i gn ificant victory over the 

atom revealed new fields of endeavor for science, fo r 

i n d ustry,  for educat ion ,  and for the m i l itary. At Curtiss­

Wright the conq uest of the atom's  n ucleus has had its 

meaning i n  a new l i ne of products and services and a new 

research approach.  

NUCLEA R P RODUCTS-Curtiss-Wright has developed 

and introduced prod ucts such as the remotely controlled 

Puff Camera for radiographic use i n  hard-to-reach 

places. 8etagages control the th ickness of many sheet 

materials during manufactu re and Gammagages tell the 

density of free-flowing products. Curtiss-Wright n uclear 

products also include power reactors, research and train­

ing reactors, nuclear instrumentation and contro l s  for 

atomic su bmarines and Curmet reactor tubing.  

For further i nform ation, write: Director of Nuclear  S a l e s ,  

Curtiss-Wright Corporation,  Quehanna,  Pennsylva n i a .  

N U C L E A R  S E RVICES-Gamma and neutron irrad iation 

faci l it ies are avai lable for short- or long-tenT. irradiation 

of orga n ic or inorga n ic materials with gamma dose rates 

up to I mil l ion rads per hour or thermal neutron fluxes 

u p  to 4 x 1 0 1 3  neutrons/sq.  cm/sec. Other featured 

n uclear services include radioactive source encapsulation 

(microcurie to megacurie range), gamma radiation 

spectroscopy, and hot  cell  irradiations.  

NUCLE A R  R E S E A RCH-Curtiss -Wright scientists have 

made significant advances in food irradiation processes .  

T h e  first large-scale H i g h  Intensity Food I rradiator w i l l  b e  

completed next year for t h e  U. S .  Army. This group has 

also designed reactor fue l  elements and rod control 

drives, reflector elements and radiation monitoring 

instruments.  

CllJ]RTI99=\WRIG[�'� 
C O R PO R AT I O N · W O O D - R I D G E ,  N .  J .  
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· . .  first in toda y's front  page deve lopm e n ts 

T O  T H E M O O N  . . .  O R  B E Y O N D . • • 

Verlort can track it. As an exa m p l e  of Reeves System s  Engineering and produc­

t i o n  capa b i l it ies,  Very Long Ra nge Tra c k i ng Radar (VER LORT) was successfu l ly designed 

and produced with i n  a period of s ix  months to meet u rgent req u i rements of the 

D I SCOVERER ground-tra c k i ng program. 

Th i s  remarka ble  beacon radar system ca n ach ieve extreme tracking ra nges • • .  to the 

moon and beyond.  I ngen i o u s  circuit design e l i m i nates the poss i b i l ity of either range 

a m bigu ity or interference between transmitted and rece ived s igna l s. 

Equa l ly advanced research and deve lopment, tea med with com p l ete, fu l l-sca le pro­

d uction faci l it ies, a re ava i l a b l e  for the so lut ion  of you r  own press ing problems i n  the 

fie lds of m i ssi le and veh i c l e  guida nce, track ing a n d  fire contro l systems, computer 

systems, and components. 

R E E V E S  I N S T R U M E N T C O R P O R AT I O N  
A Subsidiary of Dynamics Corporation of America - Roosevelt Field, Garden City, New York 

7RV59 

a h i g h l ight on 
CREATIVE 
SYSTEMS 
E N G I N E E R I N G  
at Reeves 

Qua lified engineers seeking reward­
ing opportun ities in this and other 
advanced fields a re invited to get 
in touch with us. 

1 99 
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Ionizing Radiation and Metals 

The effects of radiation on nwtals result froln the displacement 

of entire atoms in a cr'ystal, not from ionization. These atomic 

displacements 'yield new insight into the nature of the solid state 

rng before the uranium in the fuel 
element of a nuclear reactor has 

� been consumed in fission, the fuel 
element becomes swollen, elongated, 
blistered and embrittled by the flux of 
high-energy particles within. A graph­
ite moderator, which slows down the fast 
neutrons from the fuel elements to the 
slower "thermal" speeds needed to sup­
port the chain reaction, loses much of its 
thermal conductivity and suffers dimen­
sional changes under the action of those 
neutrons. Similar damage is sustained by 
the metal control-rods that absorb the 
excess neutrons and so serve to maintain 
the reaction in a steady state. 

Here is ample evidence that high-en­
ergy radiation-which so powerfully dis­
rupts living matter and substances com­
posed of organic molecules-may also 
have significant effect upon inorganic 
crystalline solids. There is a substantial 
distinction to be drawn, however, be­
tween the effects obselved in organic 
and inorganic matter. John F. Loutit has 
pointed out elsewhere in this issue that a 
dose of 300 or 400 r [see glossary of 
terms on page 78J of ionizing radiation 

by Douglas S. Billington 

to the whole body is nearly always fatal 
to man. What is the effect of a similar 
dose of radiation to a piece of metal, or 
ceramic? The answer, in the case of al­
most all inorganic crystalline solids, is : 
No effect is detectable. It is only at the 
heart of a nuclear reactor that the de­
structive action of ionizing radiation up­
on such materials becomes a matter of 
concern, and even there it primarily af­
fects materials that are involved in the 
nuclear reaction itself. The uranium­
graphite reactor at the Oak Ridge Na­
tional Laboratory has been in continu­
ous operation for 16 years. The fuel ele­
ments and control rods have of course 
been replaced several times during this 
period. But the thick walls of concrete 
that shield the scientists and engineers 
who work around the reactor remain un­
affected by the huge volumes of intense 
radiation they have absorbed over this 
long period. All of the structural com­
ponents of the reactor are still sound and 
will continue to be selviceable for an in­
definitely long time to come. 

The stability of inorganic solids under 
irradiation is best understood in terms 

of the events that take place on the 
microscopic scale. Ionizing radiation is 
disruptive to organic and living matter 
precisely because it ionizes, that is, tears 
electrons from their moorings in atoms 
and molecules and thereby breaks the 
chemical bond. In the case of most in­
organic solids, however, this ability of 
radiation to cause ionization results in 
no signiRcant change in properties. The 
electrons in metals are not bound to any 
one atom but are shared by all; in other 
words, metals in the solid state are per­
manently ionized. However, when a 
particle or photon of radiation carries 
sufficient energy, it may, by a simple 
billiard-ball type of collision, knock atoms 
out of their positions in the lattice struc­
ture of the crystal. Now the displacement 
of whole atoms does alter the properties 
of the metal in signiRcant ways. But it 
takes radiation of considerable energy 
and intensity to make these changes 
show up on the macroscopic scale. 

Such radiation is available only in the 
interior of a nuclear reactor, from 

certain extremely active radioisotopes 

SEQUENCE OF EVENTS following bombardmem by a 

rast (one· or two·million·electron·volt) neutron (a) in the 

idealized lattice of a copper crystal is depicted on the opposite 

page. Red line traces path of atom displaced by neutron; 

yellow line traces path of second atom iu sequence of col· 

lisions; purple lines show paths of subsequent atomic col· 

lisions. The great majority of displaced atoms (darkest dots) 

come to rest interstitially, distorting the lattice by forcing 

adjacent atoms out of position. Vacancies left by interstitials 

(broken circles) distort lattice by allowing adjacent aloms to 

collapse inward. Before stopping, displaced atoms may have 

only enough energy left to deliver glancing blows in collisions, 

enhancing thermal vibration of other atoms (circled dots) but 

nOl displacing them. The 60,OOO·electron.volt energy of the 

first atom shrinks the apparent diameter of atoms along its 

path (blue area at left) . The arrows in the margins point to 

exlra plane of aloms (a "dislocalion") which ends in middle of 

lower blue area at right. Same area shows a focusing collision: 

Impact is squarely on axis of travel of displaced atoms, causing 

each atom to spring forward, collide with the next and return; 

lhe last atom is permanently displaced. Upper blne area at right 

shows defocusing collision. Impact is just off the axis of travel 

of the displaced aloms, causing atoms to follow jagged path, 

each one knocking the next out of position and replacing it. 

Some neutrons pierce the lattice with no effect; others (b) may 

dislocate only one atom. A slower moving (l/40.electron.volt) 

thermal neutron (c) may be absorbed by nucleus of an atom. 

The atom is thereby transmuted; it emits a gamma ray and 

recoils to an interstitial position. In a crystal the events charted 

here in two dimensions occur in three dimensions. The dia· 

gram is hased on drawings that were prepared by O. S. Oen of 

the Solid State Division of the Oak Ridge National Laboratory. 
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how the 
triton 
holds 
its breath 

The Triton, latest and largest 
atomic sub, can hold its breath 
for weeks under water. 148 men 
live safely,  work efficiently, 
breathe easy. The recirculated air 
they breathe is kept pure and odor 
free with activated charcoal filters. 
Why not "up periscope" on other 
uses for activated charcoal. 

how to 
bar 
the tar 

A vapor trap no bigger than a cig­
arette filter-now, oddly enough, 
goes on a cigarette that's making 
big news. Vapor phase contami­
nants such as tars are hauled up 
short by activated charcoal built 
into the filter. Maybe you are a 
pipe smoker-or a non-smoker­
and worry about contaminants in 
other forms. Try activated char­
coal. It'll knock the tar out of your 
problems. 

how to 
keep your 
spirits 

Distillers who store alcohol in 
barrels watch the level go down as 
the age goes up. Now-distillers 
may use activated charcoal to 
turn costly vapors into pure liquid 
form, fresh as the dew-with very 
attractive savings. Activated char­
coal recovers many expensive 
vapors for as little as 2c per gallon. 

activated 
charcoal 

Activated charcoal (or carbon), a 
hard, gran ular, black material, 
acts as a molecular sponge, puri­
fies air, gases, liquids -recovers 
solvents-removes odors and im­
purities-does hundreds of jobs_ 
Write for Bulletin E-l88-D. Barne­
bey-Cheney, Columbus 19, Ohio. 

Barnebey Cheney 
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and from high-energy accelerators. Parti­
cles of sufficient energy can exert even 
more extreme effects on the micro­
structure of solids. When the two or 
more fragments of a fissioning uranium 
atom fly apart with a total energy of 160 
million electron volts, each yields up its 
share of this enormous energy within 

.00 1 inch; the spectacular changes in the 
fuel rod are the result. The neutrons and 
other particles in the reactor may cause 
transmutation of atoms into radioiso­
topes of their own or other species, thus 
modifying the properties of a material in 
a most radical way. 

In choosing or developing materials 

SWIMMING-POOL REACTOR at the Oak Ridge National Laboratory is used for irradia­

tion experiments. Bright glow surrounding the core is Cerenkov radiation, produced by elec­

trons which travel through water of pool at speeds greate,' than the speed of light in water. 
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Arnold Builds World's Largest 

Permanent Magnet ... Used in Atomic Research 

Vital Statistics 
on the Big Magnet 

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

Here's how the world's champion permanent 
magnet weighed in: 1720 pounds of Alnico V 
in the assembly ... a keeper weighing 225 
pounds . . . a total shipping weight of a 
little over 2 tons. 

Overall dimensions of the magnet assem­
bly, as illustrated at right, were 52\12" x 36" 
x 10", with a gap length of 16.5". The gap 
volume was 1584 cu. inches, and the density 
at the center of the gap was 1100 gausses. 

Approximately 500,000 ampere turns were 
required to magnetize the big unit, which 
was shipped magnetized and keepered. It was 
designed for use in auxiliary equipment serv­
ing a breeder reactor for the Argonne National 
Laboratory, operated by the University of 
Chicago for the U.S. Atomic Energy Com­
mission. Actual service is in an electro.mag­
netic pump for pumping fluid metals. 

Vital Suggestion 
for Your Requirements 

The facilities and wealth of experience that 
produced this world's largest permanent 
magnet are ready to bring you advantages, too. 

Arnold permanent magnets are available in 
all types of Alnico and other magnet mate­
rials, from large castings like the Argonne 
unit to very small sintered parts weighing 
less than a gram. Many sizes and types of 
Alnico magnets are carried in stock for imme­
diate delivery. 

Special assemblies-such as rotors, travel­
ing wave tube and magnetron magnets, etc. 
-may be supplied jacketed to facilitate 
mounting and give added protection to the 
magnet. Arnold also can supply large magnet 
assemblies for mass spectrometer and other 
measuring applications, where a high degree 
of stability and uniformity of field is required . 

• Ask for a copy of Bulletin GC-I06C, for 
more information on Arnold permanent mag­
nets and other products, (tape cores, powder 
cores, etc.) Write The Arnold Engineering Com­
pan)l, Main Office and Plant, Marengo, Illinois. 

ADDRESS DEPT. SA·99 

Top: the world's largest permanent magnet, built by Arnold for Argonne Labs, 
was designed to supply a field of 1100 gausses in a gap of 16", inches. Bottom: a 
typical group of the permanent magnet assemblies that Arnold supplies for rotors 
traveling wave tube, wave guide and magnetron magnets, mass spectromete; 
and other measuring applications, etc. 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL OTIES 
Find them FAST in the YELlOW PAGES 
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RADIATION DAMAGE to rem·tor control rod is illustrated in 

these photomicrographs (magnification 100 diameters). Unirradi· 

aled rod (left) consists of boron granules in iron, encased in a 

sheath of stainless steel (to/1). Neutrons from reactor transmute 

boron to lithium and helium (right). Expanding helium bubbles 

(dark arca,,) cause rod to swell and separate steel jacket from it. 

of construction, reactor scientists and en­
gineers have had to contend with these 
effects in materials that must also stand 
up under extreme conditions of tempera­
ture, corrosion and, at times, pressure. 
From the beginning, therefore, they ha ve 
been exposing inorganic crystalline sol­
ids to the flux of the reactor and studying 
the consequences in terms of strength, 
electrical conductivitv and other signifi­
cant properties. These investigations 
have now laid the basis for an entirely 
new experimental approach to funda­
mental questions about the solid state. 

Until the advent of the nuclear reac­
tor the metall urgist depended upon the 
same three methods for altering the 
properties of his materials that were 
known to the smiths of the Bronze Age. 
These are the introduction of impurities. 
or alloving; plastic deformation, by hot­
forging or cold-working; and heat-treat­
ing. by slow cooling or fast lJuenching. 
Irradiation now gives the art and science 
of metallurgy a fourth technique, one 

204 

that can accomplish some of the same 
effects as each of the others but one that 
affords unexampled control over the var­
.iables in the experiment. In the tradi­
tional techniques the entire mass of the 
material under study is necessarily in­
volved. With high-energy radiation, 
events involving a single atom or a few 
atoms at a time may be observed and 
known degrees of alteration mav be ei­
fected in the material. 

Metals derive their characteristics 
both from the perfection and the imper­
fection of their internal structures. Just 
below the macroscopic level that we see 
and touch is the so-called microstruc­
ture, that is, the small crystals or grains 
which become visible at magnifications 
of 100 or 200 diameters. This structure 
resembles a flagstone pavement. The ir­
regularly shaped crystals fit fairly closely; 
such impurity grains as may be present 
appear as pebbles between the flagstones. 
At the atomic level the internal structure 
of each crystal is more regular. Here, in 

the precise geometrical array of the lat­
tice, are ranks and filcs of atoms in per­
petual thermal vibration, and, whirling 
tightly about each, a complement of elec­
trons. Pervading the entire space of the 
metallic crystal lattice is a "gas" of free 
electrons which binds the atomic nuclei 
together and which also gives the metal 
its characteristic conductivity. Here and 
there an atom of an alloying metal or im­
purity may occupy a lattice site and warp 
neighboring atoms in the lattice out of 
position. Elsewhere a lattice site may be 
vacant, and the surrounding atoms move 
slightly into the vacancy, partially filling 
it. An occasional atom may be forced 
into an interstitial position between the 
ranks and files of atoms, placing the basic 
periodic structure under strain and forc­
ing adjacent atoms slightly out of place. 

'rhe stage is now set for the action 
of a high-energv particle. \\Then a 

fast neutron. traveling with a million 
electron volts of energy, hurtles into a 

© 1959 SCIENTIFIC AMERICAN, INC



One of the leading figures in nuclear 
1'eact01' development in this count1'y, 
J, M, Har1'er, MSE, pa1'ticipated in 
the Geneva Confe1'ences and similar 
nuclea1' activities in Norway, France, 
Italy and Australia, He is Chait'man, 
Chicago Section of the A me1'ican Nu­
clear Society, Chairman of the AlEE 
Subcommittee of React01' Inst1'umen­
tation, and a membe1' of 12 other nu­
clea1' groups, He is presently Associate 
Di1'ect01', Reactor Engineering Divi­
sion, A 1'gonne National Lab01'atory 
which is operated by the University 
of Chicago for the AEC, 

His problem: 

To develop 
an economically 
practical nuclear 

power reactor 
The name of this 

scientific American: 
J. M. Harrer, 

Argonne National Laboratory 

"In our search for an economically 

feasible nuclear reactor, we have 

reasoned that if we can learn to 

bring together the rare elements of 

human know-how at the right time 

-and under the right conditions­

we'll release a chain reaction of 

ideas that lead to a successful de­

sign." So comments J, M. Harrer, 

Associate Director of Reactor En­

gineering, Argonne National Labo­

ratory, Lemont, Ill. 

Harrer's emphasis on human re­

sources has produced results, His 

staff, working with control engi­

neers, has been able to automati­

cally position the reactor control 

rods which function as throttles in 

keeping reactor output at the re­

quired level. His team has also de­

veloped a highly desirable "zero 

steam bypass" for boiling water re­

actors which saves the significant 

percentage of reactor output for­

merly used as a control "cushion," 

Other reactor engineering accom­

plishments of the Argonne facility 

include: first significant amount of 

electric power from a nuclear reac­

tor, first atomic power to light an 

entire town, first completely inte­

grated breeder reactor , . , as well as 

basic development for military re­

actors, Advances such as these bring 

America much closer to the reality 

of economical nuclear power, 

Leeds & Northrup men work closely 

with Harrer's team of scientists, 

converting ideas into controls that 

do the required job . , , frequently 

in unexplored areas of the nuclear 

control science. 

Look closely at the many L&N in­

stallations in the atomic energy 

field .. , in any major industry , , . 

and you'll see the kind of quality 

which scientifically-minded leaders 

respect. 

LEEDS 8< NORTHRUP 
4935 STENTON AVE. PHILADELPHIA 40ti 

QUALITY systems engineet'ing 
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PHASE PRECIPITA TION of beryllium from a nickel-beryllium alloy is illustrated in these 

photomicrographs, Crystal grains magnified 250 diameters (top) are supersaturated with 

beryllium. Heating causes excess beryllium to precipitate along grain boundaries. Succes­
sive stages of the process are seen magnified 250 diameters (middle) and 100 diameters 

(bottom). The same effect can be produced in a copper·beryllium alloy by radiation. 
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crystal lattice and collides with an atom, 
it bounces off like a billiard ball. The 
atom recoils violently (in a typical metal 
such as copper its energy may be as 
much as 60,000 electron volts) and 
leaves behind a vacancy. As it rushes 
through the lattice, its high velocity re­
duces the probability of interaction with 
other atoms, in effect making them 
smaller [see illustration on page 200]. 
The migrant atom expends a great deal 
of energy tearing away the outermost 
electrons from the atoms it fleetingly 
encounters. This is ionization, but the 
few electrons thus freed make an insig­
nificant addition to the gas of electrons 
that pervades the metal. The still-recoil­
ing atom expends more of its energy 
exciting other electrons, making them 
jump momentarily from inner to outer 
orbits around the lattice atoms. These 
encounters slow its headlong :flight suf­
Rciently to give interatomic forces more 
time to act. The atom now begins a series 
of collisions with other atoms that sends 
them recoiling into collisions with still 
others. With the remainder of its energy 
the migrant atom sets the last atoms 
along its path into heightened ther­
mal vibration and thus, in a burst of 
heat, it forces itself into an interstitial 
position in the lattice. Meanwhile the 
neutron has set other atoms in the lat­
tice off on similar careers, directly and 
indirectly knocking hundreds of atoms 
out of their positions before it expends 
its energy, 

From this account of the action of a 
single particle, it is clear that radiation 
must heighten those properties of a solid 
which derive from its imperfections, that 
is, from the presence of vacancies and 
interstitials in the lattice. Such lattice­
defects explain many of the important 
and interesting properties of metals that 
are inexplicable in terms of an ideal lat­
tice. The introduction of defects into 
metals by means of irradiation is now 
confronting theory with a rich new realm 
of observation. 

One phenomenon in metals which de­
pends upon vacancies and which is af­
fected by irradiation is diffusion, the 
process by which atoms of various kinds 
mix. When copper and zinc, for example, 
are placed in good contact and heated, 
the atoms of the two metals intermingle 
in the zone of contact, with the result 
that the two metals may even be welded 
together. The concept of a perfect, rigid 
lattice had indicated that the energy re­
quired for one atom to force its way past 
another was too high to account for the 
rapidity with which welding takes place. 
The notion of the vacant lattice-site, 
however, furnishes an excellent mecha-
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Answer: All but this one. 
Here is a medium-scale general purpose digital computer, and 

the only small-scale thing about it is the price. It's the low-price 

Bendix G-15. 

Part of the remarkable success of the G-15 is due to that low 

price. One user writes, " ... the nearest competitor to the G-15 
costs five times as much." 
There are many other reasons hundreds of computer experts 

have chosen the G-15. Versatility is one. The G-15 can handle 

problems encountered in any business or industry - from 

accounting to engineering to pure research. Also, simplified 

programming methods allow your engineers or scientists to solve 

their own problems on the computer. 

A broad line of accessories means the G-15 is expandable. As 

the work increases, you can add magnetic tape units, punched 

card equipment, and other accessories. Don't forget, however, 

that the basic G-15, with its photoelectric paper tape reader­

punch and electric typewriter, is more than adequate for most 

problems. 

Other features you will like are: true alphanumeric input-output, 

high internal speed, buffering, large program library and user's 

exchange group, and fast nation-wide service. 

Complete details will be sent upon request. Mention specific pr(Jblems 
where the G-15 may be helPful, and we will be glad to advise you. 

DIVISION, DEPT. C-14. LOS ANGELES 4S, CALIFORNIA 
Experienced programmers, sales and service person�el . • •  

share our growth. Contact O. P. Staderman, Director of Marketing. 
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FASTER ... CLEANER ... 
MORE ECONOMICAL 
WHEN YOU PAINT 
WITH THE 

Gator Boat transport trailers are painted 

in less than half the time-with half the 

paint-with the new Ransburg Electro­

static Hand Gun. 

Peterson Bros., Inc., Jacksonville, Florida 
and Ft. Wayne, Indiana, world's largest 
manufacturer of boat trailers for the Marine 
Industry, switched from air hand spray to 
Ransburg No.2 Process Electrostatic Hand 
Gun at the Fort Wayne operation in the 
finishing of their big custom line boat trailers 
and their Gator line of Marine Trades Equip­
ment. 

Paint saving with the Ransburg Hand Gun 
is estimated at 50 to 60% over the former 
method. Construction of their products (they 
use a lot of tubular steel) is ideal for Hand Gun 
application because of the "wrap-around" 
characteristic of Electro-Spray. 

Painting is done now in an open spray 
room where two water-wash booths stand 
idle. Not needed! Maintenance in the paint 
room has been reduced 75%, for where they 
used to have to clean up the room sometimes 
twice a week (mostly on overtime) it now 
goes two or three weeks without cleanup. 

One of Peterson's biggest products now 
painted electrostatically is a boat transport 
trailer, Model 807, built to haul six 16-ft. 
runabout boats. The trailers are over 31-feet 
long; overall height is 11'-2" and almost 8' 
wide. With air spray, it used to take 8 hours, 
or more, to paint the big vehicles. Now, with 
Ransburg No. 2 Process Electrostatic Hand 
Gun, one operator does the job in only 3 Y2 
hours. And, with half the paint! 

HO RUSOH WHY YOU (AH'f DO If, TOO! 
Write for information and literature about this revo­

lutionary, new painting tool. See how the Electro­
static Hand Gun can save time ... paint • . .  and 

cut costs in YOUR finishing department. If your 

production justifies conveyorized painting, it'll pay 

you to investigate Ransburg's automatic electro­

static spray painting equipment. Write for our No. 

2 Process brochure which shows numerous ex­

amples of modern production painting in both 

large and small plants. 

RANSBURG 
Elec1:ro-Coa1:1ng Corp. 
Box-23t22. Adv. Dept., Indianapolis 23, Indiana 
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CRYSTAL LATTICE consists of repetitions of a basic atomic arrangement, 0" unit cell. 
Two of the possible structures are shown here: cubic (left) and monoclinic (right). 

nism for diffusion. Instead of forCing its 
way past the next atom, an atom has 
merely to move into a vacancy left b�' 
that atom; in doing so, it creates a va­
cancy for the atom in line behind it, 
and so on. Since heat increases the 
vibrations of atoms at their lattice sites 
and thereby encourages them to create 
vacancies, it is easy to see why heat 
promotes the welding of copper and 
zinc. In fact, zinc diffuses into copper 
about 1 00 million million times faster at 
300 degrees centigrade than it does at 
room temperature. Irradiation similarl�' 
enhances diffusion. During nuclear bom­
bardment at low temperatures, the inter­
mingling of the atoms of zinc and copper 
proceeds at a rate characteristic of much 
higher temperatures. In other words, un­
der bombardment the solid acts hotter 
than it really is. 

X10ther property that may be modified 
by the creation of vacancies is the 

geometry of the crystal structure itself. 
If copper is alloyed, for example, with 
beryllium in the ratio of seven copper 
atoms to each atom of beryllium, the 
solid solution of the two elements at 
room temperature contains two distinct 
cubic lattice-structures, or phases. One, 
the so-called alpha phase, is a face-cen­
tered cubic crystal (a cube with atoms 
at the center of each face and at each 
corner) : the other, the beta-prime phase, 
is a body-centered cubic crystal (one 
with an atom in the center of the cube 
and others at each corner). When the 
temperature of this alloy is raised to 
850 degrees centigrade, all the beryllium 
atoms go into solution with the copper, 
joining with them in the alpha phase. If 
the alloy is now rapidly cooled, as by 
quenching, the solution becomes super­
saturated and the allov is "frozen" in the 
alpha phase. The atoms will not move 
from their positions because their thermal 

vibrations at room temperature do not 
give them enough mobility to rearrange 
themselves into the beta-prime phase 
in less than 1,000 years. But if the ma­
terial is now exposed to neutron bom­
bardment in a reactor, the introduction 
of vacancies causes the excess beryllium 
to leave the alpha phase and precipitate 
in the beta-prime phase, as though 
] ,000 years had passed or heat had been 
applied. 

At the Oak Ridge National Laboratorv 
and other centers a similar process has 
been demonsh'ated in an alloy containing 
three atoms of copper to one of gold. 
The alloy is exposed to irradiation in the 
"disordered" condition, that is, with the 
atoms of copper and gold occupying 
random positions in the face-centered 
cubic lattice. Under irradiation the cop­
per atoms take positions on the faces of 
the cubes, while the gold atoms assume 
corner positions. The same h'ansforma­
tion can be achieved by heating. But the 
alloy assumes this "ordered" configura­
tion at much lower temperatures under 
neutron bombardment. Investigations at 
the Brookhaven National Laboratory 
have shown that the crystallographic 
rearrangement that converts white tin 
.into gray tin can also be accelerated by 
irradiation. There now seems to be no 
doubt that irradiation introduces vacan­
cies in crystal structures. Thus a process 
that is either too slow to observe at room 
temperature or too fast to observe at 
higher temperatures may now be 
brought under experimental control and 
observation. 

The interstitial atoms, as well as the 
vacancies they leave behind, play a 
decisive role in the behavior of metals, 
notably in their plasticity. Crystals owe 
this qualitv in part to the presence of 
extra and incomplete planes of atoms 
in their lattices. Under shearing stress, 
which itself may multiplv their number, 
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SCIENTIFIC INS TRUMENTS FOR RESEARCH AND D EVE lOP MEN T, 

STEREO·MICROCAMERA 

� �mkl'l® 

NOW FOR AS LITTLE AS $4,000 ! 
Complete RCA X-Ray Diffraction Equipment 

for all Types of Film Studies 
Think of it-a complete x-ray diffraction facility for film studies can be yours now for less than 
$4,000.00. A typical installation could include: a Crystalloflex II X-Ray Diffraction Generator 
complete with two powder cameras, a flat camera, and a stereo-micro camera, a copper target 
x-ray tube and camera carriers. Other combinations, with prices varying according to the selection, 
could include both one and two radian cylindrical cameras, flat cameras and the very versatile 
70mm. film with one radian cylindrical camera which can be used for powder diffraction, sym­
metrical back reflection work and rotating crystal layer line diagrams. A wide variety of additional 
cameras, x-ray tubes with other targets, and attachments for special specimen handling are 
also available. 

Cameras used with the Crystalloflex II can be operated simultaneously at four x-ray ports, each 
of which is equipped with an individually timed shutter. Rating of this compact table model is 
25 to 60 KV in 5 KV steps. Tube current control is continuous from 0 to 40ma. Overall size of the 
unit is 24" wide x 32" high x 22" deep. The Crystalloflex II can also be tilted so that the tube may 
be operated horizontally. All these features make this generator an excellent tool for chemists, 
metallurgists, physicists and biologists whose research projects usually entail a high volume 
and wide variety of film work. 

RCA also offers the Crystalloflex IV console model generator, and the world's most complete line 
of attachments and accessories for x-ray diffraction and spectroscopy including an excep­
tionally versatile group of cameras, pole figure goniometer, single crystal layer line and micro­
fluorescence attachments. 

Contract services on RCA X-Ray diffraction equipment and electron microscopes are available 
through eleven regional offices of the RCA Service Company. 

For more information about this advanced equipment or a quotation on your require­

ments, write: Radio Corporation of America, Dept. Y-l11, Building 15-1, Camden, N.J. 

RADIO CORPORATION 0' AMERICA 
CAMDEN 2, N. J. 

209 

© 1959 SCIENTIFIC AMERICAN, INC



DICK ELLIOTT 
Hayes Sales Engineer 

and General Sales Manager 
personally invites you to 

"SOLVE YOUR HEAT 
TREAT PROBLEM 

IN OUR LAB" 
Ever since 1918, C. 1. Hayes has 
maintained a laboratory of the latest 
production-line furnaces and allied ><, 

),. equipment (not lab models) on '.\.1 �; which actual heat treating processes �; 
':. can be duplicated and evaluated, ':; \: Here yo,u can take an active part in . ,'. 
.\ developmg the best heat treat pro- .' 
'.;:. cedure for your needs. You partici-
,'" pate in developing equipment that's 
:' exactly right for your work. 

CUSTOMERS ARE WELCOME 
to make use of the lab without cost 
or obligation. H&yes 
equipment plus OUI 
engineering know­
how plus the Hayes 
library of case his­
tories - this combin­
ation is ready to help 
you solve your prob­
lems ... either with 
standard or special 
furnaces. 

HAYES SHOWED THE WAY­
others followed. There are several 

"Chinese copies" of 

\� '1 the Hayes lab in in-
�.. . � d u s t ry t o d a y  ... �.:,.,.. >:" 1\ proof . positive that 

, _ . !) the fight way to 
_ I solve heat treat prob-
./, 'I.. - lems is the Hayes � �' 1_ way - by experi-

. _ mentation and dem-
onstratIOn - not by 
"sweet talk". 

WANT RESULTS GUARAN- ,� 
. � TEED?Won't you pleasetake advan- �. J� � tage of our lab and .�� 
.�. :- its range of furnaces :i. �". r!!: ;if ,; and atmosphere gen- ;:, 
� ::{ , 00 era tors ... whether {'. 
!�� : b � you're hardening low '"' � '\ � �arbon steel, sinter- :t 
\J: "I ,1 109 refr�ctory n:tetals, , 
fy \. " or braZing stainless. , Let us show you how 

to improve your product, reduce 
costs, and speed production. 

BULLETIN 1961 gives full lob details .. . 
write for your copy today. 

c. I. HAYES, INC. 
Edoblifh.J 1905 

835 WELUNGTON AVE. ' CRANSTON 10. R. I. 
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these "dislocations" travel through the 
lattice by successively displacing adja­
cent planes, thus permitting the sh-ess 
to be exerted against one lattice plane 
at a time. In the absence of dislocations, 
the stress would have to move all the 
lattice planes simultaneously. Now lat­
tice defects may cancel the effects of 

dislocations. An interstitial or vacancy in 
the plane along which the dislocation 
moves will impede the movement of the 
dislocation and thus will tend to 
strengthen the crystal. Neutron bom­
bardment introduces interstitials and 
vacancies, and by doing so can increase 
the strength of metal crystals-in the case 

QUARTZ CRYSTAL-LATTICE is destroyed by radiation. Orderly arrangement of silicon 

atoms (solid dots) and oxygen atoms (open dots) in a normal crystal (top left) produces 

the X-ray diffraction pattern of bright spots in the photograph (bottom le/t). Irradiating 

the crystal breaks some interatomic bonds and displaces atoms (top right) _ Because disorder­

ed structure can no longer diffract X-rays coherently the 
'
paltern disappears (bottom right) . 
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B l o w  m o l d e d  p l ast i c  p u ts st e a m  i n  va p o r i z e r  d e s i g n · 

Sometimes a material and a process make a natural team 
-as in the case of Fortiflex linear polyethylene and blow 
molding. Together, they make it  p ossible to redesign 
products for better quality and greater economy. 

For example, Celanese FortiAex provides increased 
safety in this blow molded bottle for a new G.E.  vaporizer. 
The sturdy, rigid bottle is unbreakable and h eat resistant. 
It withstands boiling temperatures with out softening. Blow 
molding makes it  possible to prod uce this difficult shape 
quickly and economically in large-scale production. 
Eliminated are such expen sive requ iremen ts as interior 
matching cores commonly used in the inj ection molding 
of hollow obj ects . With a capacity of nearly a gallon, the 
bottle weighs little more than 12 ounces and provides 
steam for 12 hours with out refilling. Molded-in bottle 
colors are pink and blue. 

If you need a h ollow component that has good strength, 
why not see whether a blow molding of Fortiflex will 
meet the requirements? We'll be glad to send yo u 
information on both process and material. 

Celallese® Fortiftex® 

For t i f l e x  . . .  a C  �,. p l a st i c  
Canadian Affiliate: Canadian Chemical Company Limited� Montreal9 Toronto, Vancouver. 

Export Sales: Amcel Co., I nc., and Pa n Amcel Co., Inc., 180 Madison Avenue, N.Y. 16 

TYPICAL PHYSICAL A N D  C H E M I CAL P R O P E R T I E S  OF FORTIFLEX 
Properties of Fortiflex uA" Related to Melt  Index 

PHYSICAL PROPERTIES ASTM METHOD 

Melt Index . . . . . . . . . . . . . . . •  D - 1 2 3 8-52T 
H eat Distortion Temp.  ( 6 6  psi) • •  D-648-45T 
Brittleness Temp . • • • • • • • • • • • •  D-764-52T 
I mpact Strength, izod • • • . . . • . .  D-256-54T { Va" x Y2" injection-mol d e d  bars}  
Tensile Strength, 

Max., 0.2 in. /min . . • . • • • • • •  0 · 6 3 8 · 5 2 T  
Elongation, First Tensil e 

Yield Point . . • . . • • . • • • . • . .  0 · 6 3 8 · 5 2 T  

UNITS 

OF.  
OF. 
ft. l b . /;n. 
notch 

psi. 

% 

FORTIFLEX RESINS 

A-20 A-TO A-2S0 A-SOO 

0.2 0.7 2.5 5.0 
1 8 5 1 85 1 80 1 80 

- 2 0 0  - 1 80 - 1 60 - 1 00 
2 3  1 8  1 3  3 

3700 

25 

3 6 0 0  

2 5  

3 5 0 0  

2 5  

3 3 0 0  

25 
Properties of Fortiflex "A" Not Affected by Melt  I ndex 

PHYSICAL PROPERTIES ASTM METHOD UNITS 

Density • • • • • • . • . • . . . . . . . • . • . • . . • . . • . . . . . • . .  
Refractive I n d ex . . . . • • . . . . . . . . . . . . . • . . . . . . . •  0·542·50 
H a r dness, Shore D • • • • . . . . . . • . . . • . . . . . . • . • . .  D·676-49T 

g Icc. 
n � 

Stiffness • • • • • . • . • . • . . . • . • . . . • . . • . . • . • . . . . . .  D·747·50 psi. 
Water Absorption . . • . . . • . . . . • . . . . . . • . . . . • . . .  O·570·54T %, wgt.  g a in ( Ya" specimen, 24 hr. imm ersion @ room temp.)  

VALUE 

0.96 
1 .5 4  

6 5  
1 50,000 

< 0. 0 1  

Fl amma bility • . . . • . . . • . . . . • • • . . . . . . . . . . . . . . .  0 · 6 3 5 · 4 4  in. 1 m  in. 1 .0 
·Mold Shrinka g e, l ength . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . .  in. /in. 0.03 to 0.05 

width • . . . . . • • . . . • . . . . . . . . . . . . . . . . . . . . . .  in. lin. 0.02 to 0 .0 4  
Measured on i n jection molded tensile b a r .  M o l d  shr in kage deoends on part design a n d  mol d i n g  conditions. 

Celanese Corporation of America, P l a stics Division, 
Dept. 1 5 1 -5, 744 Broad Street, Newark 2,  N. J. 
Please send:  0 more information on, 0 test quantities of Fortiflex. 
Name _________________ ntl e  ____________ _ 

Compony __________ � __________________ __ 

Address _____________________________ _ 

C�y _______________ Stole ______________ _ 
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Reliabil ity is a most 
important characteristic 
of KENNAMETAL* 
One of the most important contribu­
tions made by Kennametal to any 
project is reliable performance . . . 
delivering the expected service under 
given conditions. That's why Kenna­
metal is used more and more where it 
is found or feared that other materials 
just aren't good enough. 

DEPENDABLE resistance to abrasion . . . 
for such parts as spray nozzles, seal 
rings, bushings, pulverizing hammers, 
compacting dies, non-lubricated guides 
and gripping jaw applications. 

DEPENDABLE resistance to corrosion, 
cavitation and wear . . . vital parts for 
valving and hydraulic systems, parts for 
chemical processing equipment exposed 
to mineral acids, red fuming nitric acid, 
slurries and similar highly corrosive 
agents. 

DEPENDABLE strength at high tempera­
tures . . . Kentanium* compositions for 
gas turbine components, sensing ele­
ments for jet stream thermostatic con­
trols, parts to handle glass in semi-plas­
tic state, flame burner tips, hot rod mill 
guides, tip wear rings for scarfing 
torches. Kentanium retains high strength 
at temperatures to 2200°F-high stiff­
ness/weight ratio. 

DEPEN DABLE resistance to deformation 
. . .  spindles for precision grinding, groov­
ing blades, boring bars, compressor cyl­
inder liners and components for high 
pressure valves. (Kennametal has a 
YME up to 94 million psi • .  _ 3 times 
that of hardest steel. )  

For more information, send for: Booklet 
B-ll IA, "Characteristics of Kennametal" 
and Booklet B-444A, "Kentanium." 

Write to KENNAMETAL INC., Department 
SA, Latrobe, Pennsylvania. 

7 2 3 t  
*Trademark 

2 1 2  

of copper multiplying its flow-resistance 
1 0-fold. 

But at the same time that irradiation 
increases the strength of metals, it de­
creases their electrical conductivity. Any 
departure from perfect order in the crys­
tal lattice-such as impurity atoms, inter­
stitials or vacancies-increases the scat­
tering of electrons and thus interferes 
with their ordered flow in an electric 
current. The effect of irradiation is dem­
onstrated by the results of experiments 
performed at low temperature in a re­
actor at Oak Ridge. Ordinarily reduction 
of the temperature of copper, or other 
conductors, increases their conductivity; 
with the thermal vibrations of the lattice 
atoms reduced, the scattering of elec­
trons is correspondingly reduced and 
current flows more freely. Neutron irra­
diation reverses this low-temperature ef­
fect. The conductivity of copper at four 
degrees absolute (degrees centigrade 
above absolute zero) has been reduced 
by 90 per cent under neutron bombard­
ment in the reactor. 

Subsequent warming of the metal re­
stores most of its conductivity. Because 
the interstitials are in the most unstable 
configuration, their increased thermal vi­
bration gives them enough mobility to 
return to the normal, and more stable, 
positions in lattice sites, annihilating the 
corresponding vacancies. In effect the 
interstitials introduced by irradiation at 
low temperature are frozen in. Careful 
reheating "thaws" them slowly, making 
it possible to observe the return of con­
ductivity. 

Atoms of an impurity or alloying metal 
have an effect on conductivity similar to 
that of interstitials or vacancies. All al­
loys of copper, for example, exhibit a 
conductivity lower than that of copper 
itself. The different electronic structure 
of the impurity atom distorts the regu · 
larity of the lattice, causing electron 
scatter. 

Impurities have the opposite effect in 
semiconductors, which have a paucity of 
free electrons to begin with. A properly 
selected impurity (a "donor") will con­
tribute extra electrons to the number of 
the electrons in the material and thus 
enhance conductivity. Certain semicon­
ductors, by the same token, show a large 
change in conductivity when they are 
irradiated; interstitial atoms may ionize, 
thereby increasing the number of elec­
trons free to move in an applied electric 
field. In those semiconductors which 
carry current by the organized motion of 
"holes," irradiation generates free elec­
trons by ionization which disorganizes 
the motion of the holes and decreases 
conductivity in much the same way as 

crystal defects scatter the current-carry­
ing electrons in a conductor. Thus though 
the ionizing effect of radiation is of 
small consequence in metals, it does sig­
nificantly affect the properties of semi­
conductors. 

The ionizing effect of radiation is im­
pOltant also in ionic and covalent crys­
tals. When sodium chloride, an ionic 
solid, is exposed to X-rays, the crystal 
rapidly darkens and may even become 
opaque. The effect can be explained in 
part by other factors, but one must con­
clude that ionization also plays a role. 
Ionization causes a pronounced change 
in the structure of covalent crystals 
such as quartz and diamond. These 
crystals are bound together by valence 
electrons that form a precise pattern of 
bonds, producing highly symmetrical 
lattice structures. Neutron bombardment 
knocks whole atoms from their lattice 
positions, and these atoms, by ionizing 
the covalent bonds, disrupt the orien­
tation of other atoms in the lattice. 
Macroscopically the crystals remain un­
changed, but X-ray diffraction photo­
graphs show that the ordered structure 
of the crystalline solid has given way to 
an amorphous structure; quartz comes to 
resemble silica glass and diamond is con­
verted to a graphite-like solid. 

Certain transformations that occur in 
the crystal structure of uranium­

containing solids demonstrate another 
way in which irradiation may alter the 
properties of solids. In this case the proc­
ess turns on the behavior of a single frag­
ment ejected in the fissioning of an atom 
of uranium. Such a fragment is many 
times heavier than a neutron and it car­
ries an electrical charge. As a result it 
expends most of its enormous energy 
ionizing and exciting the lattice atoms 
along its path and gives up another por­
tion in billiard-ball collisions. The rest 
of its energy it transfers to a large num­
ber of atoms in near-collisions and glanc­
ing blows that do not displace them from 
their positions but set them in violent 
thermal vibration. Together these atoms 
act as if they had suddenly been heated 
to an extremely high temperature, well 
above 1 ,000 degrees C. This "thermal 
spike" lasts no more than one ten-bil­
lionth of a second and may involve as 
few as 1,000 atoms. Though its duration 
is short, the thermal spike lasts long 
enough, by the time-scale of the vibra­
tional frequencies of atoms, to permit 
many processes to occur. In zirconium 
oxide -that contains uranium as a minor 
impurity, tiny crystals characteristic of a 
high-temperature phase appear; the 
quick cooling of the spike apparently 
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Bulova assigns project authority and responsibil ity to one man. 

The Bulova Project Manager i s  a customer's m a n .  He 
holds fu l l  responsi b i l ity for met icu lous contro l  over 
every phase of a s i ngle project - i nc lud i ng d i rect· l i ne 
com m u n i cation with the c l i ent. 

Repo rt i n g  d i rect ly to the Pres ident, the B u l ova Project 
" Exec" heads up a task force of specia l i sts specifica l ly 

assi gned to h i s  project. Though th is  task force changes 
d u r i n g  progra m m i ng, the Exec doesn't. He's  B ul ova's 
u n i q ue s i ngle ma nagement control over that p roject. 

Experience in precis ion design and prec ision manu­
facture i s  the B u l ova trad ition , " the B u l ova capa b i l ity. I t  
has been for over 80 years. For more i nformation write-

I n d u s t r i a l  a n d  D ef e n s e  S a l e s · B u l o v a, 6 2 - 1 0 W o o d s i d e  A v e n u e  • W o o d s i d e  7 7, N e w  Y o r k  

BU LOVA 
2 1 3  
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TO A 
P H VS I C I ST' S 

P HVS I C I ST 
At the Atom ic Power Depo rtment of West inghouse the foremost author ities on 
i n du st r i a l  n uc lear  tech nology a re endeavo r i n g  to m a ke ato m i c  power rea d i l y  and 
econom ica l l y  ava i l a bl e .  Now, you ca n toke part i n  this sti m u lat ing p rog ra m to g ive 
the g ift of n uc lear  f i re to the wheels of i n d u stry. West inghouse g ives you the o p por­
t u n ity to g a i n  reco g n it ion for your work a n d  at the so me t ime to toke advantage of 
a l l  the faci l it ies of th is  un ique laboratory. Yo u r  assi g n m ents w i l l  b r i n g  you i nto 
contact with oth er sc ientists whose i nterests pa ro l le l  yo u r  own . In t h i s  atmosphere 
of sc ientif ic e n l ightenment there a re few restr ict ions on informatio n .  Today, at  
West ing house you can  odd your contr ibut ion to th i s  f ie ld  of the future. 

Wo rk ing at the Ato m i c  Powe r Deportment w i l l  enable you to toke advantage of 
what has  been ca l led the Rena issa nce C ity of Amer ica - Pittsb u rg h . Here, the 
p resence of the ato m i c  age is str i k i n g l y  evident by the n u mber of wo r l d-renowned 
research centers devoted to n uc lea r sc ience.  I n  a d d it ion to a l l  of th is ,  you have the 
advantage of g rac ious  suburban l i v i n g .  

SENIOR SCIENTIST . . .  P h D  physic ist or  mathemat ic ian w i t h  o n  u n usu a l  deg ree o f  
a l ertness a n d  i n it iat ive.  MS i n  physics o r  mathematics w i t h  severa l years exper ien ce 
in either reactor ca l c u l at ions or crit ica l expe r i m e ntat ion .  

SCIENTIST . . . P h D  i n  ph ysics with exper ience i n  the Ato m i c  F ie ld  deSi rab le ,  but  
not  essent i a l ;  o r  BS deg ree with 5 yea rs exper ience i n  the n uc lear  f i e l d  ORSORT 
or n uc lear e n g i n ee r i n g  background "ccepta b l e .  

SCIENTIST . . . P h D  i n  physics o r  related f i e l d s .  Must have the type o f  perso n a l ity that 
lends itse l f  to LRMD work a n d  i n  a d d it ion possess a h igh deg ree of creat ive a b i l ity.  

Send resu me to M r .  C .  S .  South a rd,  
West ingho use Ato m i c  Power  Dept . ,  P .  O .  Box 355,  Dept .  W· 34,  P ittsb u rg h  30, Po.  

Westinghouse 
F I R ST I N  ATO M I C P O\N E R  

prevents reversion to the low-tempera­
ture phase. What is more interesting, 
X-ray diffraction studies show that the 
crystallites of the converted phase may 
contain several million atoms, many 
more than could have been directly in­
volved in interaction with the fission 
fragment. Apparently the tiny crystal 
that first condenses from the spike in the 
high-temperature phase acts as a center 
of nucleation which grows as adjacent 
atoms are incorporated into its lattice 
structure. 

It is highly unlikely that any of the 
experiments thus far conducted with the 
effects of radiation on solids can ever be 
engineered into industrial processes. One 
can perfectly well make some metals 
harder and stronger by neutron irradia­
tion. However, this is an expensive way 
of doing what metallurgists learned to do 
cheaply long ago. Even if one could 
afford it there would remain the hazard 
of radioactivity due to the transmutation 
of the metal or one of its impurities to a 
long-lived radioactive species. Residual 
radioactivity could be avoided by the use 
of electrons or gamma rays, but then one 
would have to settle for mere surface­
hardening. This effect can be accom­
plished more cheaply and surely by such 
chemical processes as carburizing or 
nitriding. 

It appears, then, that the principal use 
of radiation in industries that process in­
organic solids will be X-ray photography. 
The future may, of course, bring uses we 
cannot foresee. 

Meanwhile radiation promises to be­
come an ever more productive research 
tool in the hands of the solid-state physi­
cist. Great interest centers at present 
upon the use of radiation in combination 
with low temperatures. The introduction 
of excess vacancies and interstitials at 
room temperature and below makes it 
possible to speed up solid-state reactions 
that are otherwise too slow to observe. 
The introduction of defects at tempera­
tures near absolute zero followed by 
slow-heating permits correlation of their 
behavior with change in any selected 
characteristic, under ideally controlled 
conditions. 

Already irradiation studies have shown 
that some commonly accepted ideas 
about the nature of solids are incomplete 
and in some cases erroneous. They have 
accordingly inspired new lines of study 
in unirradiated solids. Since the demands 
of technology now exceed our basic un­
derstanding in this field, it is plain that 
every 'addition to knowledge achieved 
by radiation techniques will find speedy 
application in industry. 
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99. 999 + %  Pure 

available in ingot, stick,joil, sheet, and wire 
Indium is a silvery white metal, 

non-tarnishable, very soft, lnalleable, 

ductile and crystalline. It is diamagnetic. 

PHYSICAL CONSTANTS 

Atomic number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 49 
Atomic weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 14.76 

Boiling point . . . . . . . . . . . . . . . . . . . . . . .  2000 ° C  ( 3632 ° F )  

Crystal structure . . . . • . . • . . . . . .  Face·centered tetragonal 

Density at 20 ° C  (68 °F)  
g/cc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .31  
Ibs/cu. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.264 
troy ozs./cu. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.85 

Electrical resistivity (microhm·em) 
( solid) 2 0 ° C  (68 ° F )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
(at  melting point) 156 ° C  ( 3 1 3 ° F )  . . . . . . . . . . . . . . . .  29  

Electrochemical equivalent 
In + + +  (mg/coulomb) . . . . . . . . . . . . . . . . . . . . .  0.39641 

Electrode reduction potential 
In +++ (H, = 0.0 volt) . . . . . . . . . . . . . . . . . . . . . . . .  0 .34 

Latent heat of fusion ( cal/g) . . . . . . . . . . . . . . . . . . . . . .  6.8 

Latent heat of vaporization ( cal/g)  . . . . . . . . . . . . . . .  . 468 

Linear coefficient of thermal expansion/1 ° C  . . .  33 x 10-6 

Mechanical propertie s :  
Tensile strength, p s i  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  380 
Elongation (% in 1") . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

Brinell hardness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.9 
Modulus of elasticity, psi . . . . . . . . . . . . . . . . . . .  1 ,570,000 

Melting point . . . . . . . . . . .  156.1 7 ± .05 ° C  ( 3 13 .1  ± r F )  

Nuclear Data 
Stable Isotopes ( 1 13,1 1 5 )  . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Thermal neutron cross section (2200 m/s) 

Absorption ( barns) . . . . . . . . . . . . . . . . . . . . .  190 ± 10 

Scattering (barns) . . . . . . . . . . . . . . . . . . . . . .  2 .2 ± 0.5 

Solidification shrinkage . . . . . . . . . . • • . . . . . . . . . . . . .  2.5% 

Specific heat ( cal/g; o C )  
( solid) 20 ° C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.057 

Specific volume ( cc/g) 

20 ° C  (68 ° F )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.136 

Thermal conductivity ( caI/sq. cm/cm; o C/sec) 
20 ° C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.057 

Valence . . . . . . . . . . . . . . . . . . . .  Usually 3 ,  but also 2 and 1 

Vapor press. (mm Hg) 
1249 ° C  (2280 °F)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
1466 ° C  (267 1 ° F )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
1 756 ° C  (3193 °F)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
1863 ° C  (3385 °F)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200 
1982 ° C  (3600 °F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 400 

For furth er information on ASARCO High Purity Elements, write on your company letterhead. 
WRITE : AMERICAN SMELTI N G  AND REFINING COMPANY, 120 B ROADWAY, NEW YORK 5, N. Y. 
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General Electric moves to 
provide a more effective 

DEFENSE 

Top syste m s  m a n a g e m ent, tec h n i c a l  talent a re c o n cen­

trated i n  Defense Syste m s  Department with a c h a rter 

geared to mod ern d efen se need s for :  

• System s-oriented management 

• Pin pointed a uthority, responsi bi l ity 

• Fu l l  back-u p  resou rces 
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RICHARD l. SHEtlER 
General Mana"a, 
Defense Systems Department 

Richard L. Shetler is General  Manager of the Defense 
Systems Deportment. One of the Campany's  out­
standing system manag ers, Mr. Shetler's e x p e rience 
has included responsibility for some of the longest 
range radar systems ever built in this country. 

• KARSH, OTTAWA 

SYSTEMS CAPABILITY 
Accelerating technological change, coupled with 

the increased complexity and wider variety of 
choice of weapons and weapons systems, has pro­

foundly altered the defense requirements on 
industry. 

In line with this requirement, General Electric's 

Defense Systems Department, headquartered in 
Syracuse, New York, draws together under one 

roof, the systems capabilities and long-range 
planning functions required to draw on all of 
General Electric to provide the total solution to 
specific defense problems of the military depart­

ments of the Department of Defense and other 

government agencies. 

U N I Q U E  SYSTEMS ORGANIZATION 

The Defense Systems Department is a unique 
department within General Electric's Defense 

Electronics Division. Completely systems-ori­

ented, DSD has no need for equipment design or 

fabrication facilities. While it determines the 

specifications to be met, the Defense Systems 

Department assigns design and fabrication func­
tions to other General Electric departments or to 

some subcontractors among the 45,000 suppliers 
to General Electric. 

But overall responsibility to the customer for 
the complete weapon or support system always 

remains within the Defense Systems Department. 
This responsibility is fulfilled through the De­

partment's 

• Systems-oriented program management 

• Competent systems engineering 

• Continuous program evaluation 

• Efficient specification and procurement 

These specific capabilities permit the Depart-

ment to deliver the total system requirement on 
time, with the right quality, and at the specified 
price. 

A UTHO RITY, ACCOUNT A B I LITY 

As the focal point within the Company for a 
specific system effort, the Defense Systems De­

partment program manager has complete re­
sponsibility and accountability plus the authority 
necessary for the timely execution of the par­

ticular program. 

OUTSTA N D ING COMP ETITIVE ADVANTAGES 

The Defense Systems Department offers its cus­

tomers outstanding qualifications for meeting 

total prime and support system requirements in­
cluding long-range planning and feasibility 
studies. For example, it has . . .  

Dem onstroted systems c o m petence: Recent examples 

include the highly successful radio-command 

guidance system for the USAF's ATLAS ICBM 

which precisely guided the Atlas into orbit around 
the earth on December 18,  as part of Project 

SCORE . 

F u l l  back-up res o u rces : The full range of General 
Electric's scientific, engineering and manufactur­

ing skills supports DSD capabilities. 

For example, the Company's research and de­
velopment programs, carried on by over 100 
laboratories at an annual cost of 300 million 

dollars, provide the depth of knowledge for vital 

technological break-throughs. 

For more information-or for a copy of brochure 

GED-3760, describing the Department's defense 

systems capabilities-write to R. L. Shetler, General 

Manager, Defense Systems Department, P.O. Box 

457, Syracuse, New York. 226-1 

ProgreS$ Is Ovr Mosf Imporl-c1nf Prot/vef 

G E N E R A L  e E L E C T R I C  
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THAT EVEN A WILLIWAW 
CAN 'T BURST 

Photo courtesy-International Telephone and Telegraph Corporation 

Take a 1 50-mile-an-hour wind. Freeze 
it to 50 below zero. That's a williwaw. 

Now raise a structure four stories 
high and 55 feet across. A structure to 
house del icate radar equipment. A 
structure that's cardboard-thin - but  
doesn 't  waver even when a williwaw 
hits it. 

Do t h is, and you'll get an inkling of 
the punishment that Hetron® plastic 
takes in DEw-Line radar domes like 
the one above. 

Strength isn't the only reason why 
Hetron was chosen for these big domes. 
This Durez plastic has an inherent 
abil ity to d iscourage fire. It can't con­
tribute to a blaze, or cause one to 
spread. That's important when you're 
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1 ,000 miles from the nearest fireplug. 
This unique strength-safety combi­

nation is the reason behind Hetron's 
wide use by government and industry 
-in light-diffusing windows for facto­
ries and schools; in corrosion-resistant 
tanks, blowers and ducts; in fire-safe 
luggage pods for transoceanic jet air­
l iners; in Coast Guard lifeboats, Navy 
landing craft, sport cruisers, industrial 
utility boats. 

Hetron is just one of many plastics 

from Durez-plastics known the world 
over for their ability to solve tough 
problems. 

If you'd like a descriptive folder on 
Hetron, just write us. If you're cur­
rently having problems with thermo­
setting plastics, we'd appreciate the 
chance to give you our personal at­
tention. Address DUREz PLASTICS DI­
VISION, Hooker Chemical Corporation, 
9409 Walck Road, North Tonawanda, 
New York. 

D U REZ P LA S T I C S D I V I S I O N  
9 4 0 9  WA L C K  R O A D ,  N O R T H  T O N AW A N D A ,  N .  Y. 

H O O K E R  C H E M I CAL C O R P O RATI O N  
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Ionizing Radiation and the Citizen 

How can mankind secure the demonstrated ben�fits of radiation 

and minimize the hazards that attend it? The question assumes 

that the specles will not exterminate itself in a nuclear war 

I n a  few short years the science and 
technology of nuclear physics have 
come to affect the lives of all men. 

As the authors of the preceding articles 
in this issue have made abundantly clear, 
the nuclear age is attended by unprece­
dented new risks and hazards. 

By far the greatest hazard, as every­
one knows, is the threat of nuclear war. 
Nuclear weapons could bring ciyiliza­
tion to a catastrophic end. Yet no one 
seems able to find a workable formula 
for avoiding this danger that is at once 
foolproof and acceptable to all nations. 
To many men the complete abolition of 
nuclear weapons is the only sure solu­
tion. This must remain an unrealistic 

by George W. Beadle 

hope until ways are found for extending 
the ban to armed conflict itself. What is 
to prevent nations that have not re­
nounced war from rebuilding their 
armories of nuclear weapons? 

In their failure to settle their differ­
ences by peaceable agreement the 
major nations are engaged in a mad 
nuclear arms race. Each hopes to deter 
potential enemies by the threat of in­
stantaneous and annihilating retaliation. 
All know the danger of the game. None 
appears to see how to stop in a man­
n er that will guarantee security for all. 

Meanwhile the hazard of nuclear ar­
mament becomes progressively more 
grave. Existing weapons are more widely 

dispersed, and the responsibility for us­
ing them is delegated to lower ranks of 
command. The risk of accident or poor 
judgment increases correspondingly. In 
the recent report issued by the American 
Academy of Arts and Sciences (The Nth 
Country Problem: A World-Wide Survey 
of Nucleal" Weapons Capabilities) it is 
made clear that at least a dozen nations, 
in addition to the Big Three, have eco­
nomic resources and manpower suffi­
cient to arm themselves with these 
weapons. Will they not be tempted to 
enter the race in increasing numbers for 
national prestige if not for defense? Can 
they be dissuaded by any real hope of 
a just and effective solution? Failing this, 

UNITED NATIONS SCIENTIFIC COMMITTEE on the Effects of 

Atomic Radiation meets periodically. A U. S. representative at 

this March, 1959, session was Shields Warren (at left, chin ill 
hand), author of "Ionizing Radiation nnd Medicine" in this issue. 
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can they be convinced that they will be 
better off if they do not join the com­
petition? It is true that capability of 
small-scale retaliation is a highly vulner­
able intermediary position along the 
road to full retaliatory power. But will 
this argument carry conviction, coming 

BACKGROUND RADIATION 

FALLOUT RADIATION 

MEDICAL RADIATION TO GONADS 

MAXIMUM PERMISSIBLE RADIATION 

DOSE TO ENTIRE POPULATION 

o 

from nations that have already arrived 
at the latter stage, or think they have? 

The only practicable solution may lie 
in a pedestrian step-by-step approach. 
Certainly the present attempts to effect 
a permanent ban on the testing of 
nuclear weapons deserve full support, 

2 

if only because this is the sole first step 
that appears to have a reasonable chance 
of acceptance. 

Termination of the tests, which have 
increased exponentially in number for 14 
years, will eliminate one nuclear hazard. 
The hazard of fallout is quantitatively 

3 4 5 

r PER 30 YEARS 

ESTIMATED RADIATION DOSE for average U. S. resident duro 
ing reproductive years is represented by top three bars. Fallont 

estimate applies only if n L1elear weapons tests cease. Permissible 
dose at bottom is in addition to medical and background doses. 

SPONT ANEOUS 

FALLOUT RADIATION 

MEDICAL RADIATION 

MAXIMUM PERMISSIBLE RADIATION 

DOSE TO ENTIRE POPULATION 

PER 100 BIRTHS 

0.02 

0.2 

o .2 .4 

INDIVIDUALS BORN WITH NEW MUTATIONS, per 100 births, 
and causes of mutations are charted at left. At far right are totals 

2 20 

.6 .8 1.2 1.4 1.6 1.8 2 

of new mutations. Background radiation is responsible for some of 
the spontaneous mutations. All the figures on this chart are very 
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small but qualitatively large, because of 
its embarrassing moral aspects. In addi­
tion, the mere fact of agreement will en­
courage negotiation on other issues. 

B ut even if we succeed in taking this 
step and all the ones that must fol­

low to achieve permanent peace, we will 
by no means be done with the hazards 
of radiation. We will have greatly re­
duced the risk of exposing large seg­
ments of the world population to high­
level radiation. But there will remain the 
delayed effects of fallout and the in­
creasingly important hazards of the 
peacetime uses of radiation. Power­
reactor accidents may occur, as they 
already have; the radioactive by-prod­
ucts and spent fuels of reactors will need 
to be contained and safely disposed of; 
radiation and radioisotopes will be find­
ing wider use in technology as well as in 
scientific and industrial research. The 
medical profession must continue its 
evaluation of the risks attending diag­
nostic and therapeutic irradiation of 
patients and its efforts to reduce these 
risks to the essential minimum. 

What are the hazards to health of 
ionizing radiation and how great are they 
in given situations? After the millions of 
words that have been written and spoken 
there remain much uncertainty and con­
fusion in public understanding. Why is 

IN U. S. PER IN WORLD PER 

YEAR PER YEAR PER 

4,000,000 80,000,000 
TOTAL BIRTHS TOTAL BIRTHS 

80,000 1,600,000 

IN WORLD PER 

GENERATION PER 

2,400,000,000 
TOTAL BIRTHS 

48,000,000 

800 16 000 480,000 

-----L.-'-----l------
__ 8

_

' 0

_

0

_

0 __ 
.

�60 000 4,800,000 

13,000 270,000 8,000,000 

rough estimates, aud are subject to at least 

a five·fold uncertainty in either direction. 

For a 
long range 

future ... 

NUCLEAR ROCKET PROPULSION 
One of the most important 
programs at Los Alamos is Project 
Rover-research and development 
work aimed at utilizing nuclear 

los 

energy for rocket propulsion. 
Investigations are being made in 
the fields of heat transfer, 
neutronics, fluid dynamics and 
rocket engine controls. Of special 
interest is the field testing 
of reactor concepts. 

The Laboratory is interested in 
inquiries from physicists, physical 
chemists, metallurgists and 
engineers who wish to engage in 
any phase of this well-rounded 
research program. 

Write to: 

Director of 
Personnel 
Division 59-90 

alamos 
OF THE��!�H,��H�,I:�oratory 

LOS ALAMOS, NEW MEXICO 
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HUMAN CHROMOSOMES are enlarged some 2,000 diameters in 

this photomicrograph made by J. H. Tjio and T. T. Puck at Univer· 
sity of Colorado Medical Center. The chromosomes are from a 
female body cell grown in tissue culture. There are 46 of them. 

it not possible to give simple answers 
to straightforward questions? 

We are told at various times and by 
investigators of repute that fallout does 
no biological harm; that there is some 
damage but that it is negligible with re­
spect to our defense needs; that present 
fallout levels, by producing several hun­
dred thousand genetic mutations per 
generation on a world-wide basis, do 
enormous biological harm. Whom shall 
we believe? 

We read in a reputable scientific jour­
nal that present and foreseeable levels of 
strontium 90 in human bone are unlikely 
to produce a single case of leukemia. 
But in another issue of the same journal 
we find it argued that the concentration 
of strontium 90 may already be ap­
proaching harmful levels in the bones of 
some individuals and may well be re­
sponsible for hundreds of new cases of 
leukemia in the next generation. Is there 
a "right" answer? 

Should school children be given an­
nual X-ray examinations? The truck con­
tinues to make its rounds and many 

222 

schools still request its services. Do the 
advantages outweigh the risks? 

In occupational exposure to ionizing 
radiation, is there a zone of greater dan­
ger as exposure approaches "permissi­
ble" levels? "Permissible" implies no risk, 
but the maximum permissible occupa­
tional exposure is several hundred times 
larger than fallout exposure per given 
period. Is this not inconsistent with the 
statement that even low exposure-as 
from fallout-produces mutations? 

To arrive at sensible assessments of 
radiation hazards it is necessary to un­
derstand the reason for the conflict in 
opinion and information. Such assess­
ments are imperative; the health and 
survival of hundreds of thousands of in­
dividuals are at stake. As for succeeding 
generations, if we now seriously under­
estimate genetic hazards, the harm that 
is done will persist, in some degree, for 
centuries to come. Nor can we postpone 
decisions until we have final and com­
plete answers. 

It is not in the nature of science to 
give final and complete answers. The 

probability is that there will always be 
diverse, tentative or contradictory an­
swers to fundamental scientific ques­
tions. The best that can be hoped is that 
responsible citizens will make a greater 
effort to understand the knowledge at 
our disposal at any given time and to 
comprehend the social implications of 
this knowledge. 

The preceding articles in this issue 
have presented a review of the state 

of knowledge of ionizing radiations. To 
place this knowledge in the perspective 
of public policy it will be useful to sum­
marize here the biological aspects of the 
situation. 

Whole-body exposure of man to pene­
trating ionizing radiation in large doses 
of 400 to 600 or more r units [see glos­
sary of terms on page 78) delivered over 
a short period of hours or days causes 
cell and tissue damage so extensive that 
sllccessful repair may be impossible. 
Death results within days or weeks, the 
interval depending on the exposure. On 
the other hand, the same amount of 
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radiation received over a much longer 
time, say months or years, permits such 
recovery processes as the replacement of 
cells by the division of still-viable cells 
and the successful resorption and elim­
ination of breakdown products. Conse­
quently the individual may survive and 
show little direct evidence of injury. 

The chance of death after exposure to 
lethal radiation doses may be greatly 
reduced by certain therapeutic measures 
now under development. Of these the 
replacement of blood-cell-forming tissues 
by means of bone-marrow transplanta­
tion is one of the most promising. Non­
lethal doses of something like 100 r units 
given at one time produce immediate 
damage, but it is to a considerable extent 
reparable. Such symptoms as change in 
the number and proportion of blood 
cells of various types, subcutaneous 
bleeding and loss of hair provide means 
of estimating exposure where this is not 
otherwise known. 

In experimental animals, the mouse 
for example, sublethal doses of radiation 
appreciably reduce the life span. It is 
almost certain that this also occurs in 
man. Most investigators agree that there 
is no threshold below which ionizing ra­
diation has no effect on living matter. On 
the other hand, some believe that there 
may be a minimum effective dose or dose 
rate for particular effects such as life­
shortening, as John F. Loutit points out 
elsewhere in this issue. Unfortunately 
the quantitative relation between the de­
gree of exposure and the reduction in 
longevity is difficult to determine even 
in experimental animals. If the relation 
is linear-that is, directly and simply pro­
pOl-tional to exposure-down to low lev­
els of radiation, and if the reduction of 
longevity in man is proportionately the 
same as in the mouse, the life-span re­
duction per r of total-body exposure 
could be something like one to 10 days. 

In mice and in men heavy radiation­
exposure increases the incidence of vari­
ous forms of cancer. Radiologists and 
heavily irradiated survivors at Hiroshima 
and Nagasaki, for example, show an 
incidence of leukemia 10 or more times 
higher than that of roughly comparable 
but unexposed individuals. Here again 
the exact relation between dose and in­
cidence is not known; measurements are 
subject to large sampling errors. Even in 
mice the data are ambiguous. It may 
well be that the relation differs for dif­
ferent types of malignant disease. The 
most pessimistic assumption holds that 
the relation of disease to exposure is 
linear down to the lowest possible doses, 
and that the effect of intermittent and 
slowly delivered radiation is strictly 

cumulative. If this is the case, the prob­
ability that a person will develop leu­
kemia appears to be approximately one 
in one million for each r of exposure per 
year. There is some evidence that pre­
natal exposure results in an even higher 
incidence of leukemia per r during the 
childhood years. 

In several respects the genetic hazard 
is the most difficult and serious as­

pect of the problem of radiation. Genetic 
mutations are almost always harmful. 
Transmitted to descendants, they may 
express themselves over many successive 
generations. 

It is now almost certain that in all cel­
lular organisms (and in some viruses ) 
molecules of deoxyribonucleic acid 
(DNA) bear the primary hereditary di­
rections for the numerous processes that 
interact in development and function. 
Thus in man the DNA molecules in the 
chromosomes of the fertilized egg-cell 
are believed to carry the specifications 
by which the egg cell grows into an in­
dividual. 

These specifications are "written" in 
a kind of molecular code; its basic sym­
bols are the four kinds of units called 
nucleotides. Genetic directions are 
somehow spelled out by the sequence of 
these units, of which there are about 
200 million in the 46 chromosomes of a 
human body-cell. Each grouping of 
1,000 or so units of DNA is called a gene; 
each gene "tells" the body how to con­
duct some vital function; for example, 
how to assemble the proper amino acids 
(from the 20-odd kinds available ) in the 
proper sequence to make an essential 
protein constituent of hemoglobin. 

The individual's total DNA code is 
multiplied many times in the course of 
his life cycle and is ultimately passed on 
to the next generation. The details of 
this replication process are beginning to 
be understood; in fact, the process will 
proceed under relatively simple condi­
tions in a test tube. Its precision is high. 
The probability of a genetically signifi­
cant and easily detectable mistake dur­
ing the 20 to 40 successive replications 
per generation is estimated at about one 
in a million for each gene. If there are 
10,000 kinds of genes ( an estimate sub­
ject to a large error ) , the chance that there 
will be a mistake of any kind in a given 
egg or sperm is only about one in 100. 

Such mistakes are, like typographical 
errors, changes in the sequences of sym­
bols in the code. The replication of DNA 
molecules is purely mechanical; there­
fore a sequence of incorrect symbols will 
be replicated as faithfully as if it were 
a correct sequence. Errors of this sort-
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mutations-are not repaired except by 
the rare reversal of the process by which 
they occurred. There is no proofreader in 
the system. And such errors are likely 
to lead to significant errors of develop­
ment or function; for example, defective 
hemoglobin. Since there are many ways 
to make hemoglobin incorrectly and only 
one way, or possibly a few ways, to make 
it correctly, mutations are much more 
likely to be deleterious than neutral or 
favorable. 

If the mutant genes are replicated 
faithfully, with no correcting mecha­
nism in the system, they should accumu­
late progressively generation after gen­
eration. Why then do species not mutate 
themselves out of existence? The answer 
is that natural selection rejects those in­
dividuals in whom deleterious mutations 
occur. Selection is a kind of inspector 
that discards the bad sets of specifica­
tions. This rejection of unfavorable mu­
tations has been called "genetic death" 
by H . .T. Muller. In man it may occur in 
many ways : death in the embryonic 
stage, death near or after birth, death 
prior to reproduction, failure to produce 
an average number of offspring, or fail­
ure to reproduce at all. L. S. Penrose 
of the University College London has 
estimated that in Europe and the U. S. 
the members of a given generation are 
the offspring of only 50 per cent of the 
members of the preceding generation. 
Thus "genetic death" may not mean lit­
eral premature death of individuals; it 
may, and frequently does, mean elimina­
tion of a particular line of descent on the 
instalment plan over many generations, 
without anyone being quite aware that it 
is happening. 

The genes of all species, including 
man, are subject to varying rates of 
"spontaneous" mutation of which we do 
not know the cause. There are many 
ways, however, to increase the fre­
quency of mutation, among them high 
temperatures, a variety of chemical 
treatments, and high-energy radiation. 
Ionizing radiation sufficiently penetrat­
ing to reach sperm and egg cells or their 
precursors is a particularly effective way 
of increasing mutation. 

We may now summarize with some 
assurance the genetic hazard of 

radiation as follows: Radiation-induced 
mutations, like other mutations, however 
induced, are mostly deleterious. Under 
a given set of ·conditions, mutations ap­
pear to be induced in linear proportion to 
exposure; thus there is probably no 
threshold below which radiation will 
produce no mutations. Since there is no 
repair mechanism, once the mutation 
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process is complete, mutations induced 
at different times will tend to accumulate 
in a line of descent until this tendency is 
just counterbalanced by natural selec· 
tion. Ultimately, therefore, each new 
deleterious mutation must be compen­
sated for by genetic death in the Muller 
sense. 

From data on mice, fruit flies and 
other organisms it is estimated that the 
level of exposure of sperm and egg cells 
or their precursors to ionizing radiation 
sufficient to double the spontaneous­
mutation rate probably lies between 10 
and 100 r. Taking 30 r, the geometric 
mean, as a reasonable guess for the 
doubling dose in man, it is possible to 
estimate in a very rough way the number 
of mutations for various levels of expo­
sure to radiation. 

If there is one spontaneous mutation 
in each 100 egg or sperm cells per gen­
eration, as suggested above, there will be 
two such mutations in every 100 individ­
uals. Exposure to 30 r would double 
this. The exposure from fallout to date is 
liberally estimated at a cumulative .3 r 
in the 30 years of the average human 
reproductive lifetime. According to this 
estimate, fallout would increase the 
spontaneous-mutation rate by 1 per cent. 
The mutation rate calculated in a similar 
way for medical radiation runs consider­
ably higher : at 10 per cent of the spon­
taneous rate, as shown in the bottom 
chart on pages 220 and 221. The maxi­
mum permissible occupational exposure 
allows for an increase of more than 50 per 
cent over the spontaneous rate. It should 
be emphasized that these are exceeding­
ly rough estimates and may be too high 
or too low by a factor of five or more. 

Although most geneticists will agree 
that the foregoing statements about radi­
ation-induced mutations are reasonably 
well established, and that the estimates 
of the number of new mutations resulting 
from given amounts of radiation are at 
least plausible guesses, there remain 
many unanswered questions. For ex­
ample, are malignant diseases the result 
of mutations in ordinary body cells, as 
contrasted with those that occur in germ 
cells? Although there is sufficient cir­
cumstantial evidence to convince many 
geneticists that some malignant diseases 
are the result of mutations in body cells, 
the answer is in most cases not positively 
known. Until recently no effective tech­
niques were available for the genetic in­
vestigation of body cells. In whatever 
way malignant diseases arise, however, 
there is no doubt that high levels of 
radiation induce them effectively. As for 
low levels of exposure, the question of 
exact relation of exposure to incidence 

must remain open until better data are 
available. 

A difficult question is: What is the 
magnitude of the burden added to 

society by a given increase in mutation 
rate? Suppose, for example, that fallout 
were to add 5,000 to 120,000 additional 
mutations and perhaps five to 40 addi­
tional deaths from leukemia in each gen­
eration in the U. S. What would this 
mean in terms of social burden? 

The answer is not known. Perhaps it 
cannot be, for social burden consists of 
diverse components that cannot be 
summed. The cost of caring for a men· 
tally defective person in an institution 
may be calculable in dollars, but how 
does one assess the unhappiness and 
mental anguish of the victim and the vic· 
tim's family? Furthermore, even though 
we have some notion of the manner in 
which genetic deaths occur, and even if 
we could evaluate them in terms of social 
burden, we still could not arrive at a 
proper accounting, because we do not 
know in what relative proportions the 
various kinds of genetic deaths occur. 
It is also important to remember that 
the more considerate of its unfit individ­
uals a society becomes, the greater will 
be the burden of a given mutation rate. 
On the other hand, there is a correction 
of unknown magnitude for coincidental 
elimination of two or more unexpressed 
mutations in single individuals who 
merely fail to reproduce. What we do 
know with some confidence is that the 
social burden of mutation will be in­
creased by radiation in approximate 
proportion to the increase in mutation. 

In view of these uncertainties about 
the harmful effects of exposure to low 
levels of radiation, is it possible to arrive 
at safe "permissible" upper limits of ex­
posure for such groups as industrial 
workers, X-ray technicians and the pub­
lic at large? If there is no threshold, the 
answer is clearly that it is impossible to 
establish any "safe" exposure other than 
zero, in the sense of having eliminated 
all risk. The best alternative is to estab­
lish permissible levels for which risks 
are below specified levels. This is exactly 
what the various commissions and com­
mittees responsible for setting permissi­
ble exposures attempt to do. The task is 
not an easy one, for adequate data are 
difficult to obtain even with animals. 

A recent study by Carol W. Buck of 
the University of Western Ontario will 
serve to illustrate some of the difficul­
ties. Let us suppose that the relation of 
leukemia to radiation is linear at all 
levels, and that for each r of total-body 
exposure the annual increase in deaths 
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from this disease is one for every million 
individuals. This is a value that appears 
reasonable for high levels of exposure. 
If a population were exposed prior to 
age 30 to an average of five r above the 
natural and medical background, how 
many individuals would have to be ob­
served to establish a statistically signifi­
cant increase in leukemia? 

The answer is six million people, and 
they would have to be observed for a 
period of at least a year. In this number 
there would be, on the average, 30 new 
cases of leukemia each year attributable 
to the five r. This additional number, 
over and above the 200 cases expected 
without those added by radiation, would 
be just statistically significant. To be 
certain that the added radiation was re­
sponsible, there would of course have to 
be a control rate based on an unirradi­
ated population similarly observed and 
comparable in all other respects. Even 
if one observed a smaller population for 
a correspondingly longer time, say 600,-
000 people for 10 years, the difficulties 
in meeting these requirements in human 
populations are formidable. They are so 
great that the study has not been done 
at this level of radiation even with an 
animal as favorable as the mouse. 

It is obvious that we cannot for a long 
time arrive at better than the roughest 
kind of approximation in establishing 
permissible exposures. Right now it is 
difficult to see how we can improve on 
what the International Commission on 
Radiological Protection has done. This 
agency defines the maximum permissible 
dose for an individual as "that dose, 
accumulated over a long period of time 
or resulting from a single exposure, 
which in the light of present knowledge 
carries a negligible probability of severe 
somatic or genetic injury." It recom­
mends that the total permissible genetic 
dose prior to age 30 "to the whole popu­
lation from all sources additional to the 
natural background should not exceed 
five r plus the lowest practicable contri­
bution from medical exposure." 

Buck's calculations show how difficult 
it would be to establish whether this 
level of radiation to the general popula­
tion would increase the incidence of 
leukemia by as many as five cases per 
million persons per year. If the entire 
population of the U. S. were to be ex­
posed for generations to the maximum 
permissible level, it would be exceeding­
ly difficult to exclude the possibility that 
the incidence of leukemia would in­
crease by as many as 850 cases per year, 
or 50,000 per generation. 

In addition to these difficulties, it 
should be remembered that ionizing 

radiation cannot be detected by the un­
aided human senses. Furthermore, overt 
signs of its harmful effects are often de­
layed for many years. 

From the beginning of man's experi-
ence with ionizing radiation he has 

consistently underestimated its hazards. 
In fact, the tendency has been to under­
estimate not only the effects of a given 
exposure but often the amount of ex­
posure as well. The exposures due to 
medical radiation have often been found 
to exceed estimates. And more recently 
there has been underestimation of the 
radiation from strontium 90 and carbon 
14, two of the biologically most signifi­
cant radioisotopes produced in tests of 
nuclear weapons. Permissible exposures 
have been revised downward repeatedly. 
Have we now reached the end? Many 
informed persons think not. 

Incomplete knowledge thus plays a 
large part in public confusion and mis­
understanding. It is easy to see why a 
qualified investigator inclined to look 
at the matter in the most favorable light 
could reasonably say that the number of 
persons genetically affected by fallout 
per year in the U. S. population might 
be less than 200; that the majority of 
these might be counterbalanced by such 
factors as early embryonic deaths and 
slight reductions in fertility; that genetic 
deaths of this kind would be largely un­
detected, even in individual cases; that 
the added social burden could be 
negligibly small. He might reason: Why 
worry until more compelling evidence 
requires it? 

At the other extreme an equally quali­
fied worker could easily feel obligated 
to emphasize the least favorable possi­
bility: that fallout might well be produc­
ing as many as 800 or more new muta­
tions per year in the U. S., or 400,000 
or more per generation on a world-wide 
basis. On this basis he could well argue 
that the fallout hazard is by no means 
an unimportant problem for SOCiety. 

It is clear that the tendency to take 
one or the other of these extreme posi­
tions with regard to genetic and other 
hazards will be strongly influenced by 
attitudes toward the problem of world 
peace. The individual who is convinced 
that national defense through massive 
build-up of nuclear weapons is at the 
moment the only tenable safe position 
will be likely to regard the development 
and testing of such weapons to be of 
such overriding importance that the 
uncertain, unmeasurable and possibly 
small damage to the population seems of 
relatively little importance. In contrast, 
another individual whG is convinced that 
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P R O G R � S S  R E P ORT 

So l a r- pOlNe r 

e l ect ri c a l  p l a n ts 

2 3 0  

Development o f  a self-contained solar-power electrical system 

for a space vehicle is now beyond the working-model stage at 

the TAPco Group . Perfection of a practical small-envelope system 

involves a number of sub -projects . . .  the mechanical effect of 

meteors on the solar collector, a compact solar boiler system, a 

simple, long-lived vapor-driven turbo-alternator, a self-erecting 

radiation collector, and self-contained orientation controls .  

Impact effects of micro - meteors  on materials suitable for 

structures exposed and the solar-energy-gathering devices erected 

on space vehicles are under study. A I 5 0-kv. electric-field acceler­

ator at TAPCO hurls micron-size charged particles against targets 

of evaporated aluminum on glass or of solid copper. Size, depth, 

and contour of the craters formed are evaluated for use in design­

ing the shell and collector structure . 

To solve the basic problem of knowing "which way is the sun?" 

TRW has designed a device to continuously direct the collecting 

mirror so that the sun's rays remain focused on the boiler. 

Mercury is the heat-exchange medium for the Rankine cycle 

power-conversion unit of the T APco-developed solar-power elec­

trical system. A simple boiler vaporizes the mercury by using 

direct solar heat while the vehicle is on the bright side of the 

earth. A heat-of-fusion storage system keeps the boiler and turbine 

operating at full power during the dark-side orbit of the vehicle. 

The mercury vapor is used to drive a small turbo-alternator. 

Experience of the TA PCO Group in designing and manufacturing 

over 2,000 turbo-alternators for APU 's extends into the basic 

design of the solar power system. Additional refinements include 

an unusual method of using l iquid mercury as the bearing 

lubricant for the rotating m achine to avoid problems of wide 

ambient temperature range, long unattended life of the vehicle, 

and possible contamination of orthodox lubricants  by the 

vaporized mercury in case of seal failure . 

Let us tell you about the unusual abilities and facilities we 

can put to work on your project. 

TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 

Dept.  SA- 1 959 • C l e v e l a n d  1 7 , O h i o  

the only completely safe position will be 
attained through nuclear disarmament, 
and that we must get on with it imme­
diately, tends to look for all possible 
arguments against nuclear weapons and 
will therefore be likely to cite the grim­
mer estimates. 

There is no effortless way for the 
concerned citizen to arrive at an opinion. 
He must consider al! aspects of the prob­
lem-risk of nuclear war included-hear 
all arguments, weigh all evidence and 
bope to arrive at a conclusion that makes 
sense to him. The scientist with special 
knowledge has a responsibility to make 
the facts available in as objective a man­
ner as possible. As a citizen he bas tbe 
obligation to belp interpret them in terms 
of public policy. 

T he area of scientific confusion re­
garding radiation hazards can of 

course be greatly reduced by the direct 

I 
procedure of adding to present knowl­
edge. This work now engages many in­
vestigators in government agencies, in-
dustry and academic institutions. The 
process can and should be speeded up 
in all reasonable ways. Additional man­
power is needed and, above all, new 
ideas. For example, the application of 
the techniques of microbiology to hu­
man-cel! populations in vivo and in 
vitm promises a new approach to ques­
tions about human genetics. Existing 
manpower can be used to better advan­
tage and at little additional expense. 

M embers of the medical profession are 
in an espeCially favorable position for 
learning about human genetics. Collec­
tively they have occasion each year to 
examine millions of individuals. Unfor­
tunately most physicians are not suffi­
ciently well prepared to ask the right 
questions and make the right observa­
tions to add to the store of genetic knowl­
edge of man. With only a little effort 
they could be equipped for the task. For 
example, medical records as kept by pri­
vate practitioners, by clinics and by hos­
pitals could be enormously improved 
from the standpOint of their genetic in­
formation. 

In the long run more nearly adequate 
genetic training in medical schools will 
be the answer. Entirely aside from radia­
tion hazards, this is necessary and de­
sirable; it is increasingly apparent that 
the relative importance of genetic dis­
ease is great and will become greater 
as other diseases are conquered. Already 
some 160,000 infants are born each year 
in the U. S. with significant genetic de­
fects, many of which constitute impor­
tant medical problems. 

For these reasons census procedures 
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and records should also be revised to 
encompass genetic data. A pilot study 
is now under way in Canada, designed 
to find out how this might best be done. 
There is every reason for other nations 
to consider such actions. 

It is well known that unambiguous 
communication is difficult even among 
investigators in the same scientific disci­
pline. This is true especially in the area 
of radiation hazards, where probability 
arguments are so often involved. Since 
the incidences of radiation damage are 
often very low, the evaluation of their 
significance usually involves statistical 
methods of the most sophisticated kind. 
Scientists, who should understand statis­
tics, have been known to be confused 
about them. 

Consider a specific example. Shortly 
after World War II geneticists were 
asked whether long-term studies of the 
survivors of the bombing of Hiroshima 
and Nagasaki should be made to see if 
evidence of genetic damage could be 
found. Simple preliminary calculations' 
suggested that significant results would 
be hard to obtain. On the assumption 
that man is about as mutable per unit of 
radiation as the fruit fly or mouse, the 
detectable genetic effects would be near 
the borderline of statistical significance 
-maybe just over, maybe just under. 
Despite this and other difficulties the 
study was made, for there was both a 
clear obligation and an opportunity to 
add Significantly to knowledge of the 
genetic hazards of radiation. 

The results were pretty much as pre­
dicted: There were at first no demon­
strable effects that were statistically 
significant. What did this mean to lay­
men-and, it should be added, to some 
scientists? The result was often taken to 
mean that there was no effect. The cor­
rect interpretation was that from tl1is 
study alone it could not at the time be 
said whether the effect was zero, or as 
great as that expected in mice, or at a 
level between the two. We are not in any 
way justified in concluding that radiation 
is less effective in producing mutations 
in man than in mice. The data do indi­
cate that the genes of man are not more 
sensitive than those of the mouse by any 
large amount, and that is gratifying to 
know. 

World-wide radioactive contamina­
tion by the testing of nuclear weapons 
raises moral problems of a new kind. It 
has not previously been possible for any 
one nation to alter the global environ­
ment in a manner clearly harmful to oth­
er nations. A nation accused of such con­
tamination is naturally reluctant to face 
the issue squarely. The temptation is 

S U N - POWE R E D  VO I C E  
FO R A MOON 
You put a tremendous lot of effort into getting a man-made 
moon into orbit around the earth . . .  and what happens? 
In only a couple of weeks, "the cat gets its  tongue" ! B atteries 
that power the radio soon go dead . . .  and the moon silently races 
around, heaven knows where. 

To make "moons" talk back for years, the TA P C O  G roup has 
developed an ingenious electric-power station to fit into a satellite's 
nose. A sun-loving reflector focuses the sun's heat on a tiny boiler 
filled with mercury . . .  the m ercury turns into vapor . . .  turns a 
tiny turbine . . .  and drives an alternator . . .  which generates several 
kilowatts of electric power for the moon-riding radio transmitter. 

Abilities such as this one are at work every day at the TA PCO 
Group . . .  solving electrical, electronic, missile, space vehicle, and 
metallurgical problems. Tell us your problem . . .  we'll deliver the 
answer . . .  AND the com pl ete system, subsystem, or any part. 

j\ TAPeO GROUP ��Thompson Ramo Wooldridge Inc. 
D e p t .  S A -. 2 9 5 9  • C l ev e l a n d  1 7 , O h i o  

D E S I G N E R S  A N D  M A N U FA C T U R E R S  O F  S Y S T E M S, S U BSYST E M S  A N D  C O M P O N E N T S  
F O R  T H E  A I R C RA FT, M I SS I L E, O R D N A N C E, E L E C T R O N I C, A N D  N U C L EA R  I N D U ST R I ES 
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"Eve ry 
c u b i c  i n c h 
of s p ace 
is  a m i rac l e ." 

W a l t  W h 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 it.  

For example,  explor ing oute r 

space req u i res much m ore 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 n uscule,  can end a fl i ght. 

The dependa b i l ity of count l ess m i n ­

iatur ized devices i s  vital  to prog ress  

- not  o n l y  in  space t rave l  but 

throughout i ndustry. 

MPB bear ings  are  leading exam­

ples of modern m i n iaturizat ion,  not 

on ly  in a i rborne and other scientific 

equipm ent, but i n  a n  ever-increas­

i n g  n u m ber  of industr i a l  appl ica­

t ions.  MPB offers over 500 types 

and s izes  of m i niature bea r ings,  

with  O . O . ' s  ra n g i n g  from 'h to 

1 / 1 0" and with spec i a l s  provided 

on request. For a complete cata l o g ,  

w r i t e  to Miniature Precision 
Bearings, Inc., 1 209 Preci s ion 

Park, Keene,  N. H .  

� h e l p s  y o u  perform m i rac les  

i n  m i n i aturization 

M '1 ___ \ 
2 3 2  

lI4 I N IATUR-E PR-E OISION 
:BEAR-I NGS, I N O .  

rather to avoid the issue by alleging that 
the harm does not exist or that it is in­
significantly small. Once significant 
harm is admitted; the issue can no longer 
be evaded, for morality is qualitative, 
not quantitative. 

During war, standards shift. Mutual 
harm is then inflicted in the name of 
self-defense or rightful causes. Neutrals 
inadvertently caught between belliger­
ents may then accept injury that would 
not otherwise be tolerated. There is a 
close analogy in the case of individuals. 
Society permits individuals to commit 
acts in self-defense that would not oth­
erwise go unpunished. Again, innocent 
bystanders may be hurt in the process. 

A large portion of the confusion that 
arises in disagreements about nuclear 
weapons results from failure of the ad­
versaries to make clear whether they are 
arguing on the basis of a peacetime or 
wartime moral standard. Which moral 
standard is applicable during a cold war? 
Does the potential enemy follow the 
same standard? Although attempts to de­
fine moral standards may not help in ar­
riving at final agreement, they may nev­
ertheless establish that the basic issue is 
not one of science at all. 

What should the citizen conclude 
about ionizing radiation? Having 

heard what the scientist has to say about 
it, and having checked a few references 
to be sure that what he has been told is 
good science, he might find the following 
considerations decisive in his thinking : 
Ionizing radiation has always been with 
us and will be for all foreseeable time. 
Our genetic system is probably well ad­
justed by natural selection to normal 
background-radiation. Added radiation 
will increase the frequency of muta­
tions; most of these will be harmful. Ex­
posure to radiation in large amounts will 
increase malignant disease; small 
amounts may possibly do the same, in 
proportionately lesser degree. In view 
of these potentially harmful effects every 
reasonable effort should be made to re­
duce· the levels of ionizing radiation to 
which man is exposed to the lowest 
levels that can reasonably be attained. 

As to fallout from nuclear-weapons 
tests, the citizen will conclude that it 
contributes in a small way to world-wide 
levels of radiation. For this reason alone 
the tests should be discontinued, or con­
ducted in such a way as not to lead to 
atmospheric contamination. Additional­
ly, as a hopeful first step toward a final 
solution of the problem of nuclear war, 
every possible effort should be made to 
discontinue the tests altogether. 

Medical radiation, if properly used, 

is of great benefit to man. The citizen 
will accordingly support the investiga­
tion of ways to reduce the exposure, 
especially to the gonads of persons who 
may still reproduce, without sacrifice of 
clearly established diagnostic or thera­
peutic benefits. Radiologists estimate 
that progress in this direction can be ex­
pected before many years to reduce 
medical radiation to the gonads by a 
factor of five to l O-perhaps to an aver­
age value for the entire population of 
.5 l' per reproductive generation. For 
the same reason exposure from industrial 
and experimental radiation sources 
should be held at minimum levels. This 
means that adequate shielding must be 
engineered into power reactors and oth­
er sources of radiation. Safe, permanent 
methods of waste disposal can and must 
be developed. 

If all reasonable measures are taken, 
it does not seem an unreasonable hope 
that present levels of radiation exposure 
in the U .  S. can be appreciably reduced 
-perhaps to an average level of less than 
one r above natural background. 

With the millennium-when the citi­
zenry has achieved sophistication in sci­
ence, when wars have been abolished 
when populations are stabilized at level� 
compatible with food supplies, when 
medicine has conquered the last infec­
tious disease and corrected most genetic 
ailments-it may at last become essential 
to take a hard look at man's long-term 
evolutionary past and his prospects for 
the future. 

Painful questions will have to be 
asked. It may become important, for ex­
ample, to determine whether conquest 
through war, with subsequent replace­
ment of one population by another, has 
been important in man's evolution. Did 
the conquerors differ genetically from 
the conquered? If so, was the effect fav­
orable for the species ( assuming that 
man will by then have arrived at some 
sensible definition of "favorable" ) ?  For 
the same reasons it may become essential 
to ask whether man's evolution has been 
held back because his system of control­
ling populations has made insufficient 
provision for natural selection. 

Finally, assuming that medicine will 
have become highly successful in cir­
cumventing genetic death, will the net 
effect of medical practice have been un­
favorable to the genetic capital of man­
kind? It is not inconceivable that by 
asking such questions man may one day 
find himself in the paradoxical position 
of searching for wiser and more humane 
ways than he now knows to counteract 
the undesirable evolutionary effects of 
too much success. 
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8:( The Time Table jor the Irish Geophysical Year Expedition :tv 

O N  TO MC: M U RD O  54 ! 

[ V O L . I I  N ?  V I  ] 
Yes ,  the first Irish Geophysical Year Expedition 

is preparing to push off to Antarctica or so we 

[The Wh iskey Distillers of Ireland] understand. 

Good news , good news to know our spirit of 

scientific enquiry at last will  crysta l l ize, if only 

into ice. � The purpose of the expedition-we 

explained it  last tim.e but it  will do no harm to 

cover it again, we suppose-is the study of " How 

Today' s  Man Relates To The Ir ish Whiskey 

Around H im . "  And why some relate more than 

others . And how to encourage this healthy inter­

action.  Cal l it an anthropological expedition,  

except there are no native cultures down there 

and you must bring along your own ; otherwise it 

would be a wild penguin chase don ' t  you see ? 

� You'l l  note that the Recruitment and 1. D. 

Card Application Form shown asks you to state 

whether you are Irish Whiskey Drinkers or Non­

Irish Whiskey Drinkers . The latter will form the 

Control Group once at McMurdo but should 

[for scien tific reasons] proceed there on their own 

independent of the various south- bound parties 

of burnished, emphatic Irish Whiskey Drinkers , 

attractive travell ing compan ions though they 

may be .  � Once you have arr ived at Litt le  

Ireland the following t ime table may be useful : 

First Day: Set up camp ; divide parry as follows : Wood 
Gatherers . Irish Whiskey Drinkers , Control 
Group. Nurses. 

Second Day: Set up scientific instruments. 

Third Day: T urn scientific instruments " on. " 

Fourth Day: Irish Whiskey Drinkers pair off with Con­
trol Group for one-teach-one indoctrination. 

Fifth Day: Control Group report to Canteen ; buy Irish 
W hiskey. Unsupervised activity. 

Sixth Day: Organize softball league. Irish Coffee Fanci­
ers vs.  Irish W hiskey Purists ; Control Group 
vs. Canteen Staff ; or N urses against the rest 
of the camp. Losers stand treat. 

Last Day: Police area ; Wood Gatherers pick up empties. 

Bon voyage ! Meanwhile, the paper work : 

I RI S H  G E O P H Y S I C A L  Y E A R 
E X P E D I T I O N  R E C R U I T M E N T F O R M  

Whiskey Distillers of Irt/and 
Box B 1 8 6c, Dublin (Air Mail ljC; Ship 8c; Post Cards jC) 

Please send me my 1 .  D .  Card and engrave my name on 
the 1. G.Y. Honour Roll which you wil l  publish later. _ I am an Irish Whiskey Drinker. _ I am a Non-Irish 
Whiskey Drinker. I am further qualified to serve as a :  

D Wood Gatherer ; D N urse ; (other) D _____ _ 
Name. __________________ _ 
Addms _________________ _ 
City ________ State ____ Country __ _ 

��----------------�� 
@ 1959. THE WHISKEY DISTILLERS OF IRELAND (Next, a'lOtber I.C. Y. Bulletin) 

23 3 

© 1959 SCIENTIFIC AMERICAN, INC



© 1959 SCIENTIFIC AMERICAN, INC



© 1959 SCIENTIFIC AMERICAN, INC



MATHEMATICAL GAMES 
Concerning Inechanlcal puzzles, and how 

an enthusiast has collected 2,000 of theln 

by Martin Gardner 

Mechanical puzzles, in contrast to 
the pencil-and-paper variety, 
are puzzles requiring some sort 

of special equipment that must be op­
erated by hand. The equipment may be 
nothing more than a few piec"'s of card­
board, or it may be an elaborate con-

struction of wood or metal that is be­
yond the ability of most home craftsmen 
to duplicate. Manufactured puzzles of 
the mechanical type, sold in toy and 
novelty shops, are often extremely inter­
esting from a mathematical standpoint, 
and for this reason are sometimes col­
lected by students of recreational mathe­
matics. The largest such collection 
known to me is owned by Lester A. 
Grimes, a retired fire-protection engineer 
who lives in New Rochelle, N. Y. (A 

smaller collection, though stronger on 
19th-century items and old Chinese 
puzzles, is owned by Thomas Ransom 
of Belleville, Ont.) Grimes's collection 
numbers about 2,000 different puzzles, 
many of them exceedingly rare. The fol­
lowing account is based largely on this 
collection. 

No history of puzzles has been writ­
ten, but there is little doubt that the 
oldest mechanical puzzle is the ancient 
Chinese puzzle-game of tangrams. 
Known in China as the ch'i ch'iao 
t'u (meaning "ingenious seven-piece 
plan"), it has been a popular Oriental 
pastime for several thousand years. In 
the early 19th century it became a fad 
in western countries, and it is said that 
the exiled Napoleon whiled away his 
hours with a set. The name tangrams 
(unknown in China) seems to have been 
coined by an anonymous U. S. or British 
toy manufacturer in the mid-19th cen­
tury. Many books of tangram figures 

Lester A. Grimes of New Rochelle, N. Y., and some of his 2,000 m echanical puzzles 
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what is 

Energy conversion is our business 
i 

I' , 
; , 

o 

A candle in a dark room? 

Transverse and lor Visible electro­
magnetic waves? --

A universal constant? 

How many wave lengths in a photon? 

Is light affected by gravity? 

A full appreciation of light and all 

its phenomena is essential to the 

successful completion of our energy 

conversion mission_ 

We use this knowledge constantly­

as. for example. in our recent devel­

opment of a photo-voltaic conversion 

system and a mechanical-optical 

system to convert light energy to 

electrical energy. 

To aid us in our inquiries we call 

on the talents of General Mot o r s  

Corporation. its Divisions and other 

individuals and organizations. By 

applying this systems engineering 

concept t o  new research pr ojects 

we increase the effectiveness with 

which we accomplish our mission­

exploring the needs of advanced 

propulsion and weapons systems. 

If y o u  have adv anced academic 

recognition and appropriate experi­

ence in t h e  field of s cience and 

research. we would like to hear from 

you. Write R. C. Smith. Salaried Per­

sonnel. Dept. E-1. 

Division of General Motors. Indianapolis. Indiana 
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A small sampling of Grimes's puzzles 

To solve and keep one of his puzzles (left) Grimes had to have it X·rayed (right) 

238 

have been published, one of them a 

booklet by the famous U. S. puzzlist Sam 
Loyd that is highly prized by collectors. 

Dissection puzzle-games similar to 
tangrams have appeared from time to 
time (the ancient Greeks and Romans 
amused themselves with a 14-piece dis­
section of a rectangle), but tangrams has 
outlived them alL To understand why, 
you need only cut a set of "tans" from a 

sl[uare of heavy cardboard, then try your 
skill at solving a few tangram puzzles 
or devising some new ones. The illustra­
tion on pages 240 and 241 shows how 
the square is dissected. The rhomboid 
should be colored black on both sides 
so that it can be turned over if desired. 
All seven tans must be used in every 
figure. Only the geometrical patterns re­
quire a bit of effort to solve; a variety 
of picture-figures are included to show 
the graceful effects that can be achieved. 

Simple dissection-puzzles of this type 
occasionally provoke mathematical prob­
lems that are far from triviaL Sup­
pose, for example, you wish to find all 
the different convex polygons (polygons 
with no outside angles less than 180 de­
grees) that can be formed with the 
seven tans. You might find them by pro­
longed trial and error, but how can you 
prove that you have indeed discovered 
all of them? Two mathematicians at the 
National University of Chekiang-Fu 
Traing Wang and Chuan-Chih Hsiung­
published a paper in 1942 on just this 
problem. Their approach was ingenious. 
Each of the five largest tans can be di­
vided into isosceles right-angle triangles 
congruent with the two small tans, so 
that altogether the seven tans are made 
up of 16 identical isosceles right-angle 
triangles. By a clever chain of arguments 
the two Chinese authors show that 20 
different convex polygons (not counting 
rotations and reflections) can be formed 
with 16 such triangles. It is then easy 
to prove that exactly 13 of these 20 
polygons are tangrams. 

Of the 13 possihle convex tangrams, 
one is a triangle, srx are l[uadrilaterals, 
two are five-sided and four are six-sided. 
The triangle and three quadrilaterals 
are shown in the illustration. It is a pleas­
ant but by no means easy task to discov­
er the other nine. Each can be formed in 
more than one way, but there is one 
hexagon that is considerably more elu­
sive than the other 12 figures. Its con­
struction will be depicted in this depart­
ment next month. 

Another popular genus of mechanical 
puzzle, species of which can be traced 
back many centuries, involves counters 
or pegs that are moved across a board 
according to prescribed rules in order to 
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Report from IBM Yorktown Research Center, New York 

THE IMPORT OF POLARIZED MESON BEAMS 

Study of meson decay has led to further confirmation of 
parity nonconservation in "weak" interactions of high­
energy particles by a group of scientists of the Columbia 
University Physics Department and the IBM Watson Lab­
oratory at Columbia. Their work has also uncovered im­
pOltant new knowledge of the meson particle itself. 

When T. D. Lee and C. N. Yang first proposed their now 
famous hypothesis of parity nonconservation, they pOinted 
out that it implied a polarization of the spin of the f1. meson 
emitted from stopped 7T mesons. About two years ago, pre­
cise experiments by R. L. Garwin and L. M. Lederman 

verified this predicted polarization with meson beams ex­
tracted from the Columbia University Nevis Cyclotron. More 
recently, polarized meson beams were used to measure 
accurately the magnetic moment of the f.' meson. This ex­
periment required apparatus for measuring time to 2/10,000 
of a microsecond. 

As a result of these studies and other independent investi­
gations, the meson is now probably better understood than 
any particle except the electron. In fact, polarized meson 
beams have become a powerful tool for exploring magnetic 
fields in nuClei, atoms and interatomic regions. 

IBM® RESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept. 6591,590 Madison Avenue, New York 22, New York 
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achieve a certain result. One of the best 
puzzles of this type, widely sold in Vic­
torian England, is shown in the illustra­
tion at the top of page 242. The object of 
the puzzle is to exchange the positions of 
the black and white pegs in the fewest 
number of moves. A move is either (1) 
from one square to an adjacent vacant 
square, or (2) a jump over an adjacent 
peg to a vacant square. A peg may jump 
a peg of the same or opposite color. All 
moves are "rook-wise"; no diagonal 
moves are permitted. Most puzzle books 
give a solution in 52 moves, but Henry 
Ernest Dudeney, the English puzzle ex­
pert, discovered an elegant solution in 46 
moves that will be explained here next 
month. Perhaps a reader will find a 

stiU- simpler one, but this is unlikely 
because 46 moves has been the record 
for many decades. The puzzle can be 
worked by placing small counters on 
top of the pegs in the illustration. The 
squares are numbered to facilitate re­
cording the answer. 

This and the preceding puzzle were 
singled out because the reader can con­
struct them with little effort. Most of the 

puzzles in Grimes's collection cannot be 
made easily; since they must be handled 
to be appreciated, I shall content myself 
with a brief description of their variety. 
There are puzzle boxes, purses and other 
containers to be opened by cleverly 
hidden methods, hundreds of odd­
shaped wire puzzles to be taken apart, 
silver bracelets and finger rings made 
of separate pieces that interlock ingeni­
ously, cords to be removed from objects 
without cutting or untying, glass-topped 
dexterity puzzles containing objects that 
are rolled or shaken into desired posi­
tions, rings to be removed from rods, 
eggs to be balanced on end, mazes in 
three dimensions, Chinese puzzles of in­
terlocked wooden pieces, and hundreds 
of curious puzzles that defy all classifica­
tion. Who invents such toys? To trace 
them back to their origins would be an 
impossible task. In most cases it is not 
even known in what country a puzzle 
originated. 

There is one happy exception. A sec­
tion of Grimes's collection is reserved for 
about 200 remarkable puzzles invented 
and constructed by L. D. Whitaker, a 

Chinese tangrams (top left) and some of the figures that can be made 
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retired veterinarian of Farmville, Va. 
The puzzles are beautifully made of 
fine woods ('Vhitaker turns them out 
in a basement workshop), and many 
of them are enormously complicated 
and diabolically clever. A typical puz­
zle is a box with an opening at the 
top into which you drop a steel ball. 
The object is to get the ball out through 
a hole in the side of the box. One is 
allowed to manipulate the box in any 
manner, provided, of course, it is not 
damaged or taken apart. Much more is 
required than just tipping the box to 
roll the ball through concealed passage­
ways. Certain impediments must be re­
moved by tapping the box in certain 
ways. Other barriers have to be lifted by 
applying magnets or blowing through 
small holes. Interior magnets are so 
placed that they grab the ball and hold 
it. You are unaware of this because there 
are dummy balls inside that you hear 
rattling about. On the outside of the box 
there may be wheels, levers and plung­
ers of various types. Some of them must I 
be manipulated a certain way to get the 
ball through the box; others are there 

with the seven "tans" 

A NEW DIMENSION 
IN SCIENTIFIC / OPPORTUNITY 

/ FOR SCIENTISTS-ENGINEERS 

RCA's continuing research and development program-which. recently pro­
duced the dramatic nuvistor concept-has a limited number of challenging 
project assignments available to qualified scientists and engineers. You 
are invited to inquire about these key positions if you have a degree in . • •  

ELECTRICAL ENGINEERING. CERAMICS· PHYSICS· METALLURGY 
Phone or write: Mr.J. F.McPartland. Dept. J.270. HUmboldt 5-3900 

G RADIO CORPORATION OF AMERICA e 
�® Electl'on Tube DIvision' Hanlson, New Jel'sey 
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NEW 
PRECCIT§[ON 

NEW 

EI c::::» L. Is: >c: 
H-16 REFLEX! 

New Variable Shutter Adds 
Exposure Control to 16mm Movies 

CONTROL EXPOSURE more precisely 
than ever before--cut down glare . . . 
sharpen fast-action subjects ... and wash 
out unwanted backgrounds. Makes possi­
ble perfect fades and lap dissolves. 

SHOWN ON CAMERA is the REXO­
FADER, a fading 
device that automat­
ically times fades for 
pre-set number of 
frames. Optional at 
$37.50. 

WITH THE BOLEX REFLEX SYSTEM, 
you view and focus through the shooting 
lens. No parallax, no figuring distance. 
Insures exact centering of subject in mac­
rophotography-field scenes without a 
doubt about focus. 

OTHER H-16 REX FEATURES: gov­
erned speeds from 12 to 64 fps, footage and 
frame indicators, time exposure setting, 
plus over 10 other professional extras as 
standard equipment. Priced from $400.00 
with Lytar 1" F/l.S lens. Lenses shown 
are optional at extra cost. Available on 
convenient terms; write today for litera­
ture and the name of your Bolex dealer. 

All prices include Federal Excise Tax where 
applicable. 

PAILLARD In corporated 

100 Sixth Avenue, New York 13, N.Y. 
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How can the black and white pegs be transposed in the smallest number of moves? 

just to confuse you. It may be necessary 
at some point to push a pin through an 
inconspicuous hole. 

For several years Grimes and 
Whitaker had an arrangement whereby 
Grimes received a new puzzle at regular 
intervals. If he solved it in a month, he 
was permitted to keep it; otherwise he 
had to buy it. In some instances the 
challenge was accompanied by vigorous 
side bets. Once Grimes worked for al­
most a year on a Whitaker puzzle with­
out cracking it. He had gone over it with 
a small compass to locate all concealed 
magnets. He had carefully probed all 

the openings with bent wires. The bot­
tleneck was a plunger that had to be 
pushed in, but apparently some interior 
steel balls prevented this. Grimes cor­
rectly deduced that these balls were to 
be tilted out of the way, but all his at­
tempts to do this were unsuccessful. He 
finallv solved the puzzle by having it 
X-rayed. The prints disclosed one large 
cavity into which four balls had to be 
rolled, and a smaller cavity into which 
a fifth ball had to be maneuvered. When 
all five balls were out of the way, the 
plunger yielded. 

The rest of the puzzle was not so diffi-

Solution to last month's problem 0/ bisecting the Cross of Lorraine (see also page 244) 
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Deposited Cores 
One of the many areas of advanced research and development 

now open to engineers and scientists at Remington Rand Univac 

In the very composition of matter lies the key to a whole new 
range of digital computer capabilities. Solid state research has 
been vitally important to the outstanding reliability of Univac® 
military computers. One of the most interesting current programs 
involves a searching study of ferro-magnetic domain behavior as 
applied to computer memory elements. An important result of 
this program is the use of thin firm memory cores produced 
through vacuum deposition of molten metals. Switching time of 
deposited cores is in some instances as fast as 1/40 to 1/50 micro­
second. Use of these thin (.I microns) deposits is an important 
st�p toward micro-miniaturization of computer components. The 
evaporative process also promises to greatly simplify and speed 
up quantity production of memory units. 

This is one example of a variety of programs currently in pro­
gress at Remington Rand which .offer opportunity for advanced 
work in your field of interest. In all of them you will find the 
advanced facilities and the favorable environment which foster 
original, imaginative research and development. 

If yo,", have experience and education in a scientific field that 
has application to the computer technology, we invite inquiries 
·pertaining to career opportunities. 

Send complete resume of education and experience to: 
R. K. PATTERSON, Department S-10 

• 

ADVANCED EXPERIMENTAL .. 
equipment for production of deposited 

core memory elements employs vac· 
uum chambers utilizing both oil and 

mercury diffusion pumps. 

ELECTRON MICROSCOPE capable . 
of 200,000 X magnification permits in­

tensive study of ferro-magnetic do­
main structure in investigating various 

metals and alloys used for memories. 

DIVISION OF SPERRY RAND CORPORATION 

2750 West 7th Street . st. Paul 16, Minnesota 
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MISSILE 

ENGINEERS 

Please forward 

resume /0: 

Mr. W. F. O'Melia 

Employment Manager 

Raytheon Company 

Bedford, Massachusetts 

or call collect: 

CRestview 4-7100 
Extension 2138 

Inauguration of a new weapons sys­
tems program at Raytheon has created 
exceptionally rewarding openings for 
Junior and Senior engineers with mis­
sile experience in the following areas:. 

Microwave design-
component and antenna 

Aerodynamics 

Communications systems 

Digital programming 

Guidance systems 

Radome design 

Computer systems 

Heat transfer 

Radar systems 

Inertial reference systems 

Feed-back control 

Auto-pilot 

Ground support 

Electronic packaging 

Radar systems-project management 

Electromechanical engineering back-
ground in missile control and auto­

pilot design-project management 

Mechanical engineering background 
in ground handling of large missile 
systems-project management 

Living and working in the suburban 
Boston area offers many advantages. 
Relocation assistance and liberal 
benefits. 

MISSILE 
SYSTEMS 

DIVISION 

More on the Cross of Lorraine problem 

cult, though at one point it required 
three hands. While the right and left 
hands applied pressure at certain spots, 
another plunger, attached to a strong 
spring, had to be pulled out. Grimes 
finally managed it by tying one end of 
a cord to the plunger and the other end 
to his foot! 

�st month's problem of bisecting the 
Gaullist cross can be solved alge­

braically by letting x be the length CD 
[see illustration at the bottom of page 
242], and !f be the length MN. If the di­
agonal line bisects the cross, the shaded 
triangle must have an area of 2)f square 
units. This permits us to write the equa­
tion ( x -+- 1) (y + 1) = 5. Because tri­
angles ACD and AMN are similar, we 
can also write the equation xjl = l/y. 

The two equations combine to give x 
a value of % (3-YS). BC therefore has 
a length of )f(v5-1), or .618+, which 
is the reciprocal of phi (lcp). In other 
words, BD is divided by C in golden 
ratio. The lower end of the diagonal line 
similarly divides the side of the unit 
square in golden ratio. The bisecting line 
has a length of vIS. 

To find paint C with compass and 
straight-edge we can adopt any of sev­
eral simple methods that go back to 
Euclid. One is as follows: 

Draw BE as shown in the illustration 
above. This bisects AD, making DF 
one half of BD. With the point of the 
compass at F, draw arc of circle with 
radius DF, intersecting BF at G. With 
point of compass at B, draw arc of cir­
cle with radius BG, intersecting BD at 
C. BD is now divided into the required 
golden ratio. 
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The care and feeding of a missile system 

It takes more than pressing a button to send a giant rocket on its way. 

Actually, almost as many man-hours go into the design and construction 

of the support equipment as into the missile itself. A leading factor in the 

reliability of Douglas missile systems is the company's practice of including 

all the necessary ground handling units, plus detailed procedures for system 

utilization and crew training. This complete job allows Douglas missiles like 

THOR, Nike HERCULES, Nike AJAX and others to move quickly from test 

to operational status and perform with outstanding dependability. Douglas 

is seeking qualified engineers and scientists for the design of missiles, 

space systems and their supporting equipment. Write to C. C. LaVene. 

Box 620-N, Douglas Aircraft Company, Santa Monica, California. 

Alfred J. Carah, Chief Design Engineer, discusses the ground installation 

requirements for a series of THOR-boosted space DO U G LAS probes with Donald W. Douglas, Jr., President of 

MISSILE SYSTEMS. SPACE SYSTEMS. MILITARY AIRCRAFT. JETLINERS. CARGO TRANSPORTS. AIRCOMB • GROUND·HANDLING EQUIPMENT 

245 

© 1959 SCIENTIFIC AMERICAN, INC
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bubble blovving 

This plastic bubble protects the antenna of a 
radically new aerial three-diInensional radar 
defense systeDl. 

Sensitive to the inadequacies of conventional radar 
systems, engineers at Hughes in Fullerton devised 
a radar antenna whose pointing direction is made 
sensitive to the frequency of the electromagnetic 
energy applied to the antenna. This advanced tech­
nique allows simultaneous detection of range, bear­
ing and altitude ... with a single antenna. 

Hughes engineers combined this radar antenna with 
"vest-pocket sized" data processors to co-ordinate 
antiaircraft missile firing. These unique data proc­
essing systems provide: 

1. Speed-Complex electronic missile firing data was 
designed to travel through the system in milli­
seconds, assuring "up-to-date" pinpoint position­
ing of hostile aircraft. 

2. Mobility-Hughes engineers "ruggedized" and 
miniaturized the system so that it could be mounted 
into standard army trucks which could be de­
ployed to meet almost any combat problem-even 
in rugged terrain. 

3. Reliability - By using digital data transmission 
techniques, Hughes engineers have greatly re­
duced any possibility of error. 

Result: the most advanced electronics defense 
system in operation! 

Falcon air-to-air guided missiles, shown in an en­
vironmental strato chamber are being developed and 
manufactured by Hughes engineers in Tucson, Arizona. 

Reliability of the advanced Hughes systems can be in­
s ured only with the equally advanced test equipment 
designed by Hughes El Segundo engineers. 

Other Hughes projects provide similarly stimulating 
outlets for creative talents. Current areas of Re­
search and Development include advanced airborne 
electronics systems, advanced data processing 
systems, electronic display systems, molecular elec­
tronics, space vehicles, nuclear electronics, electrolu­
minescence, ballistic missiles ... and many more. 
Hughes Products, the commercial activity of Hughes, 
has assignments open for imaginative engineers to 
perform research in semiconductor materials and 
electron tubes. 

Whatever your field of interest, you'll find Hughes 
diversity of advanced projects makes Hughes an 
ideal place for you to grow ... both professionally 
and personally. 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Infrared 
Plasma Physics 
Digital Computers 
F ield Engineering 
Quartz Crystal F ilters 
Communications 

Thin F ilms 
Microwave Tubes 
Circuit Design & Evaluation 

Systems Design & Analysis 
Logical Design 
Semiconductor Circuit Des. 

Write in co'Yl/idence to Mr. Mike Welds 

Hughes General Offices. Bldg. 6·H9. Culver City. Calif. 

© 19!59. H.A.C. 

1----------------------------, 
I I 

! HUGHES ! 
I I 
I I 

The West's 

leader in 

advanced 

ELECTRONICS 
L ____________________________ J 
HUGHES AIRCRAFT COMPANY 
Culver City. El Segundo, Fullerton, Newport Beach, 

Malibu and Los Angeles, California 

Tucson. Arizona 
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CAPABL.e OF SELECTING THE TAlfGEr IN AN'I'EljjI'f(ONMENr 
'l"llascierltists and engin�s engageil in Infnu:ed Systems .,research at 
the Ramo-Wooldridge division of Thompson Ramo Wooldridge Inc . 

. have successfully developed infrared syste:'ns possessing unique capa-
bilities for solving target discriro,ination problems. Advanced electronic 

'and infrared techniques have been combined to produce superior detec­
tion systems for airborne and ground-based applications. Programs are 
now underway to provide infrared systems for guided missiles, anti-air­
craft fire control, air collision �arning, and advanced weapons systems. 
• Scientists and engiTUlers . with backgrounds in infrared systems, ekc­
tt:onic systems technology, computers, or data processing are invited 
to explore current. opportunities at Ramo-Wooldridge. Please address 
iru1uiriesto Mr. D. L. Pyke, Ramo-Wooldridge, P.O. Box 90534, Airport 
Station, Los Angeles. 45, California. 

Thompson Ramo Wooldridge Inc. 
Main offices. CLEVELAND 17. OHIO · LOS ANGELES 45. CALIFORNIA 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

H
OW is it that so many new drugs 

have been added to the arma­
mentarium of medicine in recent 

years? A large part of the answer lies 
in the intensified application of the art 
of the controlled experiment. In an 
earlier epoch of medicine useful drugs 
were simply handed down from one 
generation to another, that is, they had 
been discovered by virtually accidental 
experiments on human patients. Today 
the process is vastly accelerated not 
only by our advanced knowledge of 
microbiology and human physiology but 
also by controlled experimentation on 
large numbers of laboratory animals. 
The scope of such experiments is am­
bitious, but the principles involved are 
relatively simple, and can even be ap­
plied by the amateur. A nice example is 
submitted by Sarah E. Southwick of 
Midland, Mich. ,  who is presently a stu­
dent at the University of Michigan. 

"For my science fair project during 
my senior year in high school," Miss 
Southwick writes, "I set up a controlled 
experiment to test the effect on rats of 
chlorpromazine, one of the new tranquil­
izing drugs. Tranquilizers were making 
news at the time, particularly in the 
treatment of mental disease, and this 
caught my interest. According to medi­
cal reports, the side effects of the tran­
quilizers had not been fully catalogued, 
and it seemed likely that a science fair 
project based on one of them would 
have a good chance of scoring high on 
originality. 

"Chlorpromazine has the property of 
quieting mental patients who are rest­
less, overactive and abnormally elated. 
Would the drug have a similarly de­
pressing effect on normal animals? If so, 
how would it affect other aspects of their 
functioning? 

"As subjects for the experiment I ob-

An amateur's controlled experiments measure 

the effects of a tranquilizing drug on rats 

tained six white rats, all males from the 
same litter. During the first phase of the 
experiment three rats were selected at 
random for treatment and the remaining 
three were reserved as controls. Each 
animal was tagged for identification. 
Midway through the experiment the 
treatment was switched; the controls 
were put on the drug, and the group 
previously treated became the controls. I 
called this the 'crossover' phase. It served 
as a check against previous results. Oth­
erwise all animals were maintained un­
der identical conditions as closely as 
possible, and each was given a standard 
ration of food and water on a fixed 
schedule. The experiment continued for 
five months as a spare-time activity. 

"A thorough physical examination was 
made of each animal at the beginning of 
the experiment, both to assure that the 
animals were in good health and to pro­
vide comparison data for subsequent 
use. The effects of the drug were then 
observed by measuring changes in activ­
ity, intelligence, blood composition, 
pulse rate, body temperature, weight, 
respiratory rate, external features, sexual 
behavior, internal organs and metabo­
lism. The animals were treated by ad­
ministering chlorpromazine along with 
their food, initially at the rate of five 
milligrams of the drug per kilogram of 
body weight. After one week the dose 
was increased to 15 milligrams; some­
what later, to 20 milligrams. 

"Reaction to the drug was immediate. 
The treated rats became quieter than the 
control group. Their movements were 
slower and more deliberate. To measure 
the difference I designed a 'jiggle cage' 
consisting of a box of quarter-inch wire 
mesh covered at the bottom with a sheet 
of heavy aluminum foil of the kind used 
by bakers. The cage was suspended by a 
weak spring from the bottom of a small 
table consisting of a seven-inch square 
of half-inch plywood fitted with legs of 
wooden dowel stock. The movements of 
the caged rat caused the cage to jiggle 
up and down and actuate the handle of 
a telegraph key in contact with the bot­
tom of the cage. The key closed an elec­
trical circuit between a battery and the 

coils of a modified buzzer. The buzzer 
contacts were closed; a wire stylus was 
attached to the armature. The stylus 
pressed against the smoked drum of a 
kymograph on which the movements of 
the rat registered as sharp vertical pips 
in an otherwise smooth trace. I borrowed 
the kymograph from the biology depart­
ment of the Midland High School. It is 
not too difficult, however, to make such 
a drum recording-device. One is de­
scribed, in fact, in 'The Amateur Sci­
entist' for July, 1 957 .  A recording speed 
of some three inches per second, equiva­
lent to the speed of a six-inch drum turn­
ing at about one revolution per minute, 
is adequate for this experiment. 

"The activity of each rat was meas­
ured daily for one hour in darkness 
(when rats are commonly most active) . 
Copies of two recordings are shown in 
the accompanying illustration [bottom 
of next page J. These show the activity 
of the same rat before and after the drug 
had been administered. 

"The effect of chlorpromazine on in­
telligence was tested by means of a 
changeable maze in which both the pat­
tern of the paths and the obstacles (rec­
tangular partitions) could be altered. 
The animal was required to crawl under 
a partition or jump over it, depending 
on whether the partition was turned so 
that its opening was at the top or at the 
bottom. The maze was covered so the 
animals would not be distracted during 
the run. To test the adjustment of the 
rats to change the maze was altered four 
times for each group of animals during 
the course of the experiment. In the be­
ginning the control rats required about 
seven runs to learn the maze, during 
which the time of the run dropped from 
eight minutes to 30 seconds. The treated 
group required substantially more prac­
tice to achieve comparable performance; 
at first these rats actually lost ground. 
The reaction of the rats was even more 
significant during the crossover phase of 
the experiment. 

"During the crossover phase the rats 
in the control group learned to run the 
maze, with practice, in five seconds. 
When they were under the influence of 
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YOUR LOGICAL CHOICE IS 
A UNITRON REFRACTOR 

The beginner, advanced amateur, and pro­
fessional alike turn to UNITRON for com­
bined optical and mechanical excellence, 
Invest in a UNITRON-the telescope that 
has stood the test of time. 

UNIT!?ON 

UNITRON'S 6" and 4" Equatorial Refractors 

17 UNITRON REFRACTORS TO SELECT FROM 
SATELLITE TELESCOPE ... .. 
1.6" ALTAZIMUTH 
2.4" EQUATORIAL 

...... $ 75 
75 

3" ALTAZIMUTH ...... . .... ....................... .......... . 225 
265 
435 3" EQUATORIAL . 

4" ALTAZIMUTH ... . 
4" EQUATORIAL ....... . 
6" EQUATORIAL 

465 
785 

.. ............. 5125 
All instruments fully guaranteed. Shipment ezpre88 col­
lect. Prices include Standard accessories. Send check or 

M.O. or 20% deposit with balance C.O.D. 
TIME PAYMENT PLAN AVAILABLE! 

GET UNITRON'S FREE CATALOG and 38 page 
OBSERVER'S GUIDE. This valuable introduc· 
tion to astronomy is yours for the asking. 

Contents include-
• Observing the sun, 

moon, planets and 

wonders of the sky 

• Constellation map 

• Hints for observers 

• Amateur clubs 
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fly fol' slowing 
down kymograph 

Cage, telegraph key and kymograph to measure the activity 0/ a rat 

chlorpromazine, however, none of these 
rats could do better than one minute. In 
contrast, the previously treated rats, 
after recovering from the drug, learned 
to run a new pattern in five seconds. 
Furthermore, when the crossover phase 
was started, the drug caused the con­
trols to forget a maze pattern they had 
mastered. From this it would appear that 
the drug has a depressing effect on 
memory as well as on intelligence. 

"Does the drug similarly depress or­
ganic functions? This was investigated 
in part by examining changes in the 
blood of the rats. The blood was taken 

by clipping the tip of the rat's tail. Inci­
dentally, I quickly learned that rats are 
not as cooperative in all parts of the ex­
periment as one could wish; blood 
sampling is a case in point. I first tried 
to hold the animals in one hand while 
taking the specimen with the other, but 
soon adopted the technique of wrapping 
them in a towel. Later I borrowed a glass 
vessel especially designed for the pur­
pose. Standard clinical pipettes were 
used for withdrawing two specimens of 
blood from each rat: one specimen to 
ascertain the number of red blood cells; 
the other to test for the number of white 

Top record reflecls activity 0/ untreated rat; bottom record, activity 0/ treated rat 

© 1959 SCIENTIFIC AMERICAN, INC



Projects illustrations up to 3" x 3'h" and enlarges them to 4 ft. 
wide. No film or negatives 
needed. Projects charts, dia­
grams, pictures, photos, letter­
ing in full color or black-and-115 volt. A.C. current. 6-ft. ex­

included. Operates on 60 watt 12" x8" x4'h" wide. Weight 
with built-in handle. 

Postpaid 

American Made­
Over 50% 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 at objectives on rotating turret. 
23X and 40X. 10 Day Free Trial. 
Stock No. 85.056-S .......... S99.50 

f.o.b. Barrington, N.J. 
Low Power Supplementary Lens Attachment tor above Stereo 
-provides 15X down to 6X with clear. extra large 1 %" 
field at 6X. 
Stock No. 30,276-5 ............................................ $7.50 

NEWBINOCULAR-TO-CAMERA HOLDER 
For Exciting 

Telephoto Pictures 
Bring distant objects 7 times 
nearer with a 35 mm. camera, 
7x50 binocular and our NEW 
BINOCULAR - TO - CAMERA 
HOLDER. Idcal for 10ng­
range shots of wild lite, ships, 
planes, people, etc. Camera 

and binoculars attach easily. Use any binocular or monocu­
lar-any camera, sUlI or movie. Take color or black and 
white. Full directionii for taking telephotos. 
Stock No. 70,223-S ........................ $11.50 postpaid 

WAR SURPLUS! -INFRARED SNOOPERSCOPE 
Govt. Cost $900-Bargain at $39.50 

Converts Infrared to visible light. See 
in total darkness without being seen. 
Use in lab, ractory, classroom, etc. 
Completely portable. Operates on two 
flashlight batteries (not included). 
Image is Quite good, may be made 
even better by careful focusing. Size 
11 %" x 8". 'Veight with carrying 

12 Ibs. No infrared light source 

Stock No. 85,098-5 .............................. $39.50 f.o.b. 
Barrington, N.J. 

INFRARED LIGHT SOUnCE AVAILABILITY! You will n eed 

�t!�o�to.tr:o��O;�i� .. �� . . � . .  � .. �.�.� .. ��:����.i�o�g�ra�stpaid 

See the Stars. Moon, Planets Close Upl 

3" ASTRONOMICAL REFLECTING TELESCOPE 
60 10 160 Power-An Unusual Buy! 

Famous Mt. Palomar Type 
You'll see the Rings of Saturn, the fascinati�g planet Mnrs. 
huge crat.ers on the Moon, Star Clusters, Moons of Ju))lter In 
detail, Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high-speed l/lO mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 

¥:f���p��n:iw���in
s� �"s�e�8al� i� 6�lsgoi���Ud�� . °St���,F�r:a��� 

wood, portable tripod. 

Free with scope: Valuable STAR CHART 
and 272 page "Astronomy Book." 

Stock No. 85,050-5 .................................... $29.95 Postpaid 

I:' , · 
. -

HELPFUL NEW BOOK 
for the AMATEU R 

"HOW TO USE YOUR 

TELESCOPE'! 
A down-to-earth introduc· 
tion to AstronomIcal Tele­
scopes and the stars. Clear. 

T ELESCOPE! Up to 270X! 
With this scope you can see everything as 
above but with greater power plus wlll 
split finer ,stars. Mirror has twice the 
light gathering power. Mirror guaranteed 
to give theoretical limit of resolution. 
Rack and pinion focusing, hardwood tri­
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, flOX, 120X, and 
270X. Low-cost accessory eYepiece avail· 
able for higher powers. Free handbook and 
Chart. ShiPlling weight 25 lbs. 

simple language--profuseI.y 
illustrated. Contains moon maJ}--diagrams. 
'I'ells how to select and use Telescope--all 
about power, mounts, eyepieces. collimation. 
Barlow Lenses-guide to stars and planet 
observation. 
Stock No. 9055-S 32 p ••• s ilnly 60¢ Pstpd. Stock No. 85,006-5 .................................... · ......... $74.50 f.o.b. 

Same Telescope as above but equipped with Electric PlOCk Drive_ 
Stock No. 85.094.5 ....•••...............•. $111.50 F.O.B. Barrington, N. J. 

IC ELECTRICITY 
GE NE RATOR 
Sturdy, Improved M.odel! 

See a thrllling spark display as you 
set ot! a miniature bolt or light­
ning. Absolutely safe and harmless. 
Sturdily made-it standii 14" high. 
Turn the handle and two 9" plastic 
dIscs rotate in opposite dIrections. 
Metal collector brushes plck up the 
static electricity, store it in the 
Leyden jar type condenser untll dis­
charged by the jumping spark. 
Countless tricks and experiments. 
24 page instruction booklet Included. 

2.95 Postpaid 

D-STIX Construction Kits 

4 
Shape Your Ideas Fastl 

Scientists, executives, planners, 
signers-all find D-STIX simplify 
ualization and demonstration of 
ideas. D-STIX---1:olored wood 
thick and "easy-on" rubber . 
prox. 3/16" diam.-help 
molecular structures, 
structural members, 
scientific apparatus. 

al men, educators, hobbyists. Big basIc kit 230 or 
370 pIeces. Additional parts in supplementary kit. Far 
superior to kits of wood or metal. Money-back guarantee. 

Stock No. 70,209-S 1230 pcsl. ........... $3.00 ppd. 

Stock No. 70,210·S 1370 pcsl ............ $5.00 ppd. 

8 POWER ELBOW.TELESCOPE-WAR SURPLUS 
Terriflc Bargain I $200 GOy't Cost-Only $13.50 

Big 2" objective, fo�asing eye­
piece 28mm focal length­
Amici erecting system-turret 
mounted filters. clear, red, 
amber and neutral-reticle il­
lumination. Sparkling, clear, 
bright Image-6° field (325 ft. 
at 1.000 yds.). Focus adjusts 
15 ft. to Infinity. 28mm F .L. eyepiece alone Is 
worth more �han $12.50. 
Stock No. 70,173-5 .................... $13.50 Postpaid 

Take Telephoto 

Shots Thru 

7 X 50 
MONOCULAR 

This Is fine quality, American made instrument-war 
surplus I ActuallY % of U.S. Govt. 7 x 50 Binocular. Used 
for general observation both day and night and to take 
fascinating telephoto shots with your camera. Brand new. 
$95 value. Due to Japanese competition we close these out 
at a bargain price. Directions and mounting hints included. 
Stack No. 50,003-S .......................... $15.00 Pstpd. 

ASTRO COMPASS AND STAR FINDER r---.............. I111111� ... ����� ... ---. 
Gov't cost $75-Price $14.95 postpaid M AKE YOUR OWN POWERFUL REPLICA GRATI NG-Low, Low Cosl 
Detennines position or stars Quickly. ASTRONOMICAL TELESCOPE Take Unusual Color Photos At Nightl 
Shows various celestial coordinates. An It·s here-after decades ot et!ort. Replica 
extremely useful star finder which can be GRIND YOUR OWN ASTRONOMICAL MIRROR Grating-on film-at very low price. rotated through 60° angles along calibrat- Kits contain mirror blank, tool, abrasives, dlag. Breaks up white light into full spectrum 
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��� ��:� ing, tangent screw with scale for five pre- ments ranging in value from $15.00 to thousands used to answer more Questions about the cision readings, azimuth scale graduated of dollars. structure of the material world and the in two-degree intervals, adjustable tilting Stock No. Dia. Mirror Thickness Price unherse than any other single device. 
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f G���� 70,003·5 41/4" 3,4" $ 7.50 postpaid Use it for making spectroscopes, for experiments, as a 
cost $75. Instructions. carrying case in- 70,004-S '" 1" 11.95 postpaid faSCinating novelty. First time available such large size-
eluded. 70,005--5 8" 13f," 19.50 postpaid so cheaply-comes in clear plastic protector. 70,006·5 10" l'A" 30.75 postpaid Stock No. 50,202-S-lncludes 2 pcs. 8" x 5%"-1 

Stock No. 70,200·S ................ 0nly $14.95 postpaid 70.007-5 12" 2'/." 54.75 postpaid transmission type. 1 refiectlng type. $2.00 pstpd. 

G IANT MAGNETS! TERRIFIC BARGAINS! 

'Val' surplus-Alnico V type! Horse- � .
.

.... ;' . .. -.
.

. .. T shoe shape. Tremendous llfting " . 
.. c 

power. 5 lb. size. Dimensions: A- .\ . . . ' .. � . , .:q i 
3\4"; B-2%."; C-4,}'16"; D-11,4"; . 

;,:" � E-l',4"; F-2%". Strength Is about 
. . 

" .•. 2.000 Gauss. Will lift over 125 lbs. /--!=�::L-i 
Stock No. 70,183.5 ..... = ............. $8.50 Postpaid 

15.% lb. size. A p proximately 5,000·6,000 Gauss rating. 
Will lift over 250 Ibs. 

Stock No. 85,088-5 ............................ $22.50 F.O.B. 

!Z B UILD A SOLA R 
; ENERGY FURNACE 

. A Fascinating Science Project! 
A tremendous new field. You can build your own Solar Furnace for experi-

\ �
a
�
�
t�i��-;;

�e��s�v
��t��:l y���\c��� ., wood. We furnish instruction booklet. This sun powered furnace will generate terrific heat 2000° to 3000°. Fuses enamel to metal-produces many un­

usual fusing effects. Sets paper aflame in seconds. Use 
cur Fresnel Lens-14%." diameter . .. t.t. 14". 
Stock No. 70,130-5 pockoge of 1 .... $ 6 .00 Pstpd. 
Stock No. 70,131-5 package of 2 .... 11.00 Pstpd. 

Over 1000 Bargainsl Optics 
for the pace Era! Huge selection of lenses, 
prisms, war surplus optical instruments, parts 
and accessories. Telescopes, 
Microscopes, Satellite Scopes, 
Binoculars, Infrared Sniper. 
scopes, science experiment 
items, math learning and 
teaching aids. 
Request Catalog.S. 
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FISSION PRODUCTS 

NOW AVAILABLE 

For the first time, kilocurie quantities of 
long-lived radioactive fission products 
are available for your development 
work. The new Fission Products Pilot 
Plant at Oak Ridge National Labora­
tory makes it possible to distribute 
these isotopes at greatly-reduced prices: 

• Cerium-144 
• Cesium-137 
• Promethium-147 
• Strontium-90 
• Technetium-99 

As the nation's principal supplier of 
isotopes, the Laboratory offers more 
than 300 radioactive and stable isotope 
products. Requests are invited for in ­
formation concerning compounds for 
source fabrication. Oxides, fluorides, 
chlorides, and plate sources are avail­
able. Whatever your needs, we are 
ready to help you. Write to: Isotopes 
Division, Oak Ridge National Labora­
tory, P.O. Box X, Oak Ridge, Tennessee. 

ISOTOPES DIVISION 
Oak Ridge National Laboratory 

Operated by 
UNION CARBIDE CORPORATION 

for the 
U.S. ATOMIC ENERGY COMMISSION 

® 
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Graph compures the performance 0/ treated and ""treated rats j,,, a maze 

blood cells. The pipettes are fitted with 
a short length of suction tubing; one sim­
ply places the glass tip in the fluid and 
withdraws enough to reach the .5 mark 
etched in the glass. Sufficient diluting 
fluid is then drawn into the pipette to 
reach the top mark. When one is sam­
pling white cells, the top mark is 1 1 ; in 
the case of red cells the mark is 1 0 1 .  The 
diluting fluid for white cells (which 
causes the red cells to disintegrate) con­
sists of one part by volume of hydro­
chloric acid to 100 parts of distilled wa­
ter. The red-cell specimen is diluted by 
a fluid consisting of .5 gram of mercuric 
chloride, five grams of sodium sulfate 
and one gram of table salt dissolved in 
200 cubic centimeters of distilled water. 
This solution causes the white cells to 
disintegrate. 

"Blood cells are counted witf1 the aid 
of a special chamber that divides the 
field of view into a pattern of uniform 

260 

260 ... + 
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squares, somewhat like a sheet of graph 
paper. If one encounters difficulty in 
procuring a counting chamber, a rough 
estimate of change in the relative num­
ber of white cells and red cells can be 
made by comparing stained specimens. 
I borrowed a chamber. 

"The red-cell count remained constant 
throughout the experiment for both 
treated and untreated rats. But the 
white-cell count increased substantially 
during the time the animals were on the 
drug, averaging 22,000 cells per cubic 
millimeter during treatment as against 
a normal count of 1 4,000. Counts were 
taken of all rats once each week for the 
first three weeks after the beginning of 
treatment. Measurements made during 
the crossover phase were identical with 
those recorded at the beginning of the 
experiment. In one exceptional case, 
however, both groups yielded identical 
counts. This occurred after the experi-
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Space Technology Laboratories' new corporate symbol represents a bright history in a stimulating age. * STL has 

provided the over-all systems engineering and technical direction for the Air Force Ballistic Missile Program since it 

was assigned the highest national priority in 1954. Five years of accelerated effort produced epic advances in science 

and technology, and propelled the art of missilery through three distinct generations of progress. STL contributed 

technical leadership to the science/government/industry team which has built this solid, expandable foundation 

for future advances in space, and is daily adding new strength to our national security. * In addition to its major 

management functions, STL also conducts advanced space probe experiments for the Air Force at the direction of 

such agencies as NASA and ARPA. * To those scientists and engineers 

thermodynamics, aerodynamics, structures, astrophysics, computer 

disciplines,sTL now offers unique professional opportunities.Inquiries 

with capabilities in propulsion, electronics, 

technology, and other related fields and 

regarding staJfpositions at STL are invited. 

a new symbol 

for a new era of 

technology 

Space Technology. Laboratories, Inc. P.O.BOX 95004,LOS ANGELES 45,CALIFORNIA 
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Infrared 
Optical Systems 

Prototypes or production 

runs in Cassegrain or cata­

dioptic forms-short and 

long focus-have been sat­

isfactorily supplied. If you 

have a problem we will be 

pleased to discuss it. 

P 
H 
o 

PHOEN IX 
N 
I 
X 

At the cTossroaos of opportunily for men with 
vlsion in Electronic Engineering. 

GOODYEAR 
AIRCRAFT 

CORPORATION 
ELECTRONIC LABORATORY 

WE HAVE OPENINGS IN OUR 
MODERN LABORATORIES FOR 
ADVANCED ENGINEERS AND 
SCIENTISTS IN ELECTRONIC 

RESEARCH AND DEVELOPMENT 
Long range research and 

development projects. 
Graduate studies availab1e under company 

financed evening courses. 

LEISURE LIVING AT ITS BEST 
"IN THE VALLEY OF THE SUN" 

Send resume to: A. E. Manning 

Engineering and Scientific Personnel 

GOOD1YEAR AIRt:RAFT 
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LITCHFIELD PARK 

PHOENIX, ARIZONA 

Similar OPllortunities available in our 
Akron, Ohio. Laboratory 

ment had been running two months and 
suggests that the rats mav have de­
veloped some tolerance for the drug. 

"Stained blood-specimens were ex­
amined with the aid of a microscope 
equipped with a 10-power eyepiece, an 
oil-immersion objective of 97 power, 
and dry objectives of 10 power and 43 
power. The combinations of eyepiece 
and objectives gave magnifying powers 
of 970, 100 and 430 diameters. The in­
strument was borrowed from the 'did­
land Hospital. 

"The technique of making differential 
smears is not difficult if one carefullv 
follows a standard procedure. Th� 

microscope slides must be cleaned thor­
oughly. Ordinary household detergents, 
particularly those containing a soft abra­
sive powder, make a satisfactory clean­
ing agent. A drop of blood is first placed 
near the end of a freshly cleaned slide. 
The end of a second slide is then held 

at an angle of abollt 45 degrees at a 
point between the drop and the center 
of the second slide, so that the drop wets 
the lower surface of the upper slide. The 
fluid will immediately spread by capil­
lary attraction across the line of contact 
between the two slides. The second slide 
is then quickly pushed forward toward 
the far end of the first. This distributes 
the specimen behind the top slide in a 
film which adheres to the lower slide. 
Do not place the drop in front of the 
top slide and push it with the end of the 
glass; the cells will be forced to flow be­
tween the two slides and may be broken. 

"The smear is allowed to drv until it 
becomes tackv, and then is stained. I 
used Wright'; stain, which can be pro­
cured through most drugstores. It is 
made into a solution consisting of .3 
gram of powdered stain mixed with 
three grams of glycerin and 97 cubic 
centimeters of methyl alcohol. A drop of 

Pi.petting a specimen of rat blood 
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THE FAR REACHES OF MAN'S KNOWLEDGE 

Over the years ITT Laboratories has made 
significant contribution to advancing the state 
of the art in electronics. Today highly evolu­
tionary progress is  moving apace in such areas 
as broadband communications systems, low­
noise parametric amplifiers, atomic clocks, in­
ertial navigation systems, high density storage 
tubes, and space guidance, navigation and 
flight control. Major achievements are result­
ing in stored program digital computers and 
digital communications. 

While engineers and scientists at ITT Labs 
meet the u rgencies of today, they are simul­
taneously exploring the far reaches of man's 
knowledge, accepting small failures, making 
small successes, to unlock the doors to revolu­
tionary achievements in electronics. 

Communications, as essential to civilization as 
food and shelter, is an area of unlimited chal-

ITT LABORATORIES 

lenge which constantly occupies our efforts. To 
find more room within the radio spectrum for 
electronic communications - from direct cur­
rent to the cosmic rays - is a major goal. 
Revolutionary ways to extend communications 
is another. We foresee early success with single 
satellite systems of the delayed-transponder 
type, and possibly passive reflector satellites. 
In only a few years ITT's "Earth Net" com­
munication system may be a reali ty, providing 
global communications via three satellites in 
orbit. Within a generation, world-wide televi­
sion may be a commonplace. 

Positions of responsibility, challenge and 
reward are open to engineers with mini­
mum B.S. degree and U.S. Citizenship. 
For information regarding specific posi­
tions, write G. T. Wall, Technical Place­
ment Director. 

A Division of International Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, New Jersey 

Fort Wayne, Indiana . San Fernando and Palo Alto, California 
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900X "MICROBE HUNTER" 
• The only Microscope in its class featuring 

GRADE A optics! 
• Power Range 25X, 50X, 75X, IOOX, ISOX • 200X. 

300X. 400X. 600X. 900X 
• Full Range Fine Adjustment 
• Safety Stop on Coarse Adjustment 

This instrument-made to our rigid design specifications­
has wide llsage in schools, laboratories and law enforcement 
agencies. All of the most needed features have been incol'� 
jlorated to meet the requirements tOI' diversified micro­
studies. Highly recommended for serioLis hobhyist desiring 
exceptional quality at modest COSl. Power range from 25X 
to !JOOX in 12 possible combinalions. Geared rack and 
]linion coarse foclising, ?llicro-Illotion tine focusing of full 
range-12 complete rc\'olutions. Safety stop prC\'ClllS o\'er 
rise. 36mm dual surface (pIano/conca\'c) mirror. ]'ixcd 
sfJuare stage, 70mm X SOmm. Rotating 5-hole, disc dia­
phragm, Three Hu.rgenian eyepieces of 5X. lOX and 15X. 
Four athromatic objectives of 5X. I (lX, 4 OX and 6 OX. O\'cr­
size ba�e insures stability and protects objecth'es. BJuy 
tilts through 60o-perfectly balanced at any angle. Com­
plete with upright, wooden carrying case. 
F-338-List $69.95 . ...... .. ...... Net $39.95 

( Add 1.00 for postage and lwndlillO; 

OLIVER GARFIELD COo. INC. Dept. SA99 
108 E. 16 ST., N. Y. 3, N. Y. 

New "Mechanical Educator" to 
IMPROVE MEMORY 

Inability to recall names, places, facts quicldy is a 
common, often costly, shortcoming that can now be 
easilY oyel'come with the a id of it new c1eyice for 
self-instruction, memory and concentration train­
ing. This versatile new educational tool ('an also be 
used effecth'ely in language learning, speech cor­
rection and improvement, in mastel'ing tables, for­
mulae-anything to be memorized-faster than ever. 

DORMIPHONE Memory Trainer 
• Speeds up learning processes 
• Aids concentration 
• Provides entertainment 

L'sing a new recording 
principle, the 1I1emol'Y 
Trainer records, in­
stanth' pla .... s back, amJ 
automatically repeats 
speeeh. music, or any 
spoken or broadcast 
material by clock con­
trol, through a built­
in speakcr. Xo reels of 

tape to snarl or rewind. 
Completel.... portable. 
Ideal aid for home. 
school. industrial :,afe­

ty trll ining lise. So 

simple to use, children 
bcneHt-so helpful and 
IH'actical. it. is used by 
educators, psycholo­
gists, people of allllges 
and professions. 

I) 

Modernophone, Inc. 220-099 Radio City 
New York 20. N. Y. 

. - --- --------------1 

I MODERNOPHONE. INC. Circle 7·0830 I 
I 220·099 Radi. City. New Y.rk 20. N. Y. I 
I �1�����1:��1: i�"

le
l��Cn�i�n;l �ll��r�

O
l��·h�'��:ENleH��I���l�·i P�l���� I 

I �i�C\��:'� ·���!�,�lr
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�n�:.
i

l\�h�;
I
\� call do for lIIe. 1'0 uuliga- I 

I Nam....... 
I I Address I 

I City... . ... Z.ne . . . .. State. I 
.\t.\' main interest in the Memory Trainer is fo,,: I I 0 Language Learning 0 Speech lmprorement I I 0 .\]etnorizatioll 0 School or College Work 

�----- ------- ----� 
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the solution is applied to the slide and 
allowed to stand for three minutes. A 
drop of buffer solution is then added. 
This consists of 1.63 grams of potassium 
phosphate and 3.2 grams of sodium 
phosphate dissolved in a liter of distilled 
water. The ingredients of both formulas. 
incidentally, mav be cut in proportion 
if smaller quantities are desired. After 
the buffer has worked five minutes the 
slide is washed gently with distilled wa­
ter, permitted to dry in open air and 
then placed under the microscope for 
examination. 

"The differential smears from rats un­
der treatment showed a 20-per-cent in­
crease in the white cells known as 
lymphocytes, and an equal decrease in 
neutrophil white cells. Again, however, 
one measurement made two months 
after the beginning of the experiment 
proved exceptional and suggested the 
development of tolerance to the drug. 

"As another index of reaction to the 
drug the pulse rate of all animals was 
taken twice during each phase of the 
experiment. This proved somewhat dif­
ficult because the pulse rate of a health v 
rat is about 375 beats per minute, and, 
as I discovered, this rate is almost 
doubled by the administration of chlor­
promazine. Accordingly accurate counts 
could not be made by listening to the 
rats' heartbeats with a stethoscope. I 
solved the problem with the aid of an 
ordinary magnetic-tape recorder. The rat 
was held against the microphone and a 
recording of the heart sounds made at a 
tape speed of 7.5 inches per second. The 
record was next played back at 3.25 
inches per second and the beats counted 
by ear against a stop watch. The count 
was then multiplied by two. (The abso­
lute tape speed, which varies with the 
make of the machine, is not important. 
One is only concerned with the ratio of 
speeds.) ;Rats tend to become excited 
when placed against the microphone, so 
they should be permitted to settle down 
for a few minutes before the recording 
is made. The pulse rate of tranquilized 
rats averaged 639.6 beats per minute, as 
against 389 beats per minute for the 
controls. The slightly higher-than-nor­
mal rate of the controls is explained by 
the excitement of the rats at being 
handled. 

"The body temperature of tranquil­
ized rats was also found to be abnormal­
ly high. averaging 100.1 degrees Fahren­
heit as against an average of 99.7 de­
grees for the controls. The average dif­
ference is not great. But in every in­
stance the lowest temperature observed 
in a treated animal was above the high­
est temperature among the controls. 

This fact, when considered together 
with the elevated lvmphocyte and neu­
trophil counts, suggests that the tran­
quilized rats had contracted an infection 
of some sort. This was further indicated 
by their behavior. Some appeared to be 
sick part of the time. The temperatures 
were taken with a conventional rectal 
thermometer. 

"A careful record of body weight was 
made daily, along with the weight of 
food and water consumed. Early in the 
experiment the ratio of water to total 
body weight changed in a direction that 
suggested that the drug was causing de­
hydration. but this was not supported 
by the crossover observations. Both 
groups made comparable gains in weight 
throughout the experiment, as indicated 
by the accompanying graph [bottom of 
page 252]. 

"Chlorpromazine lowers the respira­
tory rate of rats substantiallv. Tranquil­
ized rats average 72 inhalations per min­
ute as against 95 for the controls. The 
rates coordinate well with the relative 
activity of the two groups. Counts were 
taken three times during each phase of 
the experiment. 

"A close check was made throughout 
the experiment of the external appear­
ance of the rats in both groups. I ob­
served a number of obvious differences. 
Minor skin eruptions developed within 
a few days after each animal was put on 
the drug. In addition, the hair of the 
treated rats became rough and shed read­
ily. In the case of the first group to re­
ceive the drug, violent muscle tremors 
occurred when the animals awakened 
from sleep. This, however, was not ob­
served in the group treated during the 
crossover phase. The behavior of the 
groups also suggested that, at least in 
rats. chlorpromazine acts as a sexual 
stimulant. 

"Tendencies to jaundice sometime"S' 

mm 
•.".05 
number of white celb in ar£C115 '4' 

times 50 = cell!; pCI' cubic mm 
"timber of red cdl5 in .ueas 'b' 

time: s 10.000 = celb per cubic mm 

Pattern of chamber for COL/nli.ng blood cells 
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'VVhat lies beyond? 
This eternal enigma has generated a new 

concept of the engineering organization at 

Convair/Fort Worth ... blending the 

contributions of each individual into the best 

c o mb i n a t io n  of i d e a s  t h r ough hig h l y  

inter-related, smooth flowing and carefully 

coordinated functions. The imaginative 

thinking resulting from this finely-drawn 

e n g i n e e r in g  o r g an i z a ti o n  i s  c u r r e ntly 

exemplified by the B-58, which a few short 

years ago lay beyond the then-known state 

of the art. 

Experienced, well-trained men, seriously 

interested in projects to stimulate and satisfy 

an inquiring mind, and in freedom to 

exercise creative ability, are invited to 

investigate the engineering opportunities in 

the continual search for new ideas . . . new 

concepts ... at Convair/Fort Worth. 

Complete details are available on request. 

Se n d  a r e sume of yo u r  t r a i n i n g  a n d  

experience for evaluation by engineers i n  the 

area best suited to your qualifications. Do it 

now ... your contribution may be precisely 

what we need, particularly if your capabilities 

are in the areas of electronics, radome design 

and test, structures, or structural design. 

CONVAIR / FORT WORTH 
P. O. BOX 748-5 

A D IVI S I O N  o F 

GENERAL DYNAMICS 
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You Get Things Done With 

Gives Graphic  Pictu re of Your O perations­
Spotl ighted by Color 

* Facts at  a g la nce - Saves Time, Saves 
Money, Prevents Errors 

* Simple to operate - Type or Write on 
Cards,  Snap in Grooves 

* Ideal for Production, Traffic, I nventory, 
Sched u l ing, Sales,  Etc. 

* Made of Meta l .  Compact and Attractive. 
Over 400,000 in  Use 

Comp lete p rice i n c l u d i n g  cards 

I F R E E I 24-PAG E . BOOKLE.
T �O. C-200 

WIthout o b l l g at oon 

Write for Yo ur Co py Today 

GRAPHIC SYSTEMS 
55 West 42nd Street . New York 36, N .  Y. 

ASTRONOM ICAL 
6" DIA. AIR S PACED 

TELESCOPE OBJECTIVE 
Hard coated on 4 surfaces 

f/l 0-60" focal length MOUNTEO $ 1 75.00 
UNMOUNTEO $ 1 50.00 

focal length MOUNTED $ 1 75.00 
UNMOUNTED $ 1 50.00 

f/1 5-90" 

The effective aperture of the above lenses is six inches. 
The black anodized aluminum mount fits into seven 
inch diu. aluminum tubing. 

MOUNTED A IR  SPACED OBJECTIVES 
T h e  finest American Made. hand� corrected 

air·spaced astronomical object ires ; 
mounled in black anodized aluminum cells. 

F . L. P R I C E  P R I CE 

:�: g�:��� �g�:gg ��� g��t:� ��g:gg 
"BIG" LENSES ��� ;��C

f���\ 1!n�tfl�1� 
the largest in the Umted 

States 3Yailable for immediate delivery. Perfect magnesium 
fluoride coated and cemented achromatic telescope objecti"es.  

Aluminum tubing and cells 81'ailable for lenses listed below. 
Send for complete list of other diameters and focal lengths, 

D ia. F . L. E A C H  D ia. F . L. E A C H  

��: irs,,· · : · : : · · · · $ : � :�g ��: §�: . . . $n:gg 
HF g> I �:n ��: ��%". �::�� 
2%" 20" . .. . 1 2 .50 3\(,." 40" . . . .  30.00 
2 % "  23%" 1 2 . 50 4" 34%" ..  60.00 
2%" 30" 1 2 .50 4\(,." 36" . . . . . . . .  60.00 
2%" 40" 1 2 .50 4 % "* 42t.-:" .. .  60.00 
2 1fs "  50" 1 2 .50 4 % "  42r'lr" . 67.00 
3n" 15" . . . .  2 1 .00 5-h"* 24%," 75.00 
3%" 19%" 28.00 5,\," 24%," 85.00 
3ftt" 24';6" . . . . . .  22.50 *Not coated 
W e  can s u p ply A L U M I N U M  T U B I NG for the above lenses. 

a POWER ELBOW TELESCOPE ax 50 
Thts i\f - 1 1  telescope has a brilliant image 4S 
degree apparent field-325 feet at  1.000 yards. 
It has a 2"" objecti \'e, focusing eyepiece 
28mm focal length with an Amici erecting 
system. T urret mounted filters. clear, red, 
amber and neutral . Lamp housing 
to  illuminate reticle for night-

���� )�� ·w;��I��·et�1�tf�����s6r�;�: ... dI.III""·'" 
nal Government cost $ 2 0 0 .  

(;NCOATED 513 .50 
COATED $ 17 . 50 

We pay the POSTAG E IN U . S .-C. O . D . ' s you pay postage­
Satisfact i o n  g uaranteed o r  money refunded if  returned 
within 30 days. 
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Respiratory quotient 0/ treated and untreated rats was determined in this apparatus 

follow the administration of chlorpro­
mazine, according to reports in the pro­
fessional journals .  This reaction ap­
peared in both groups of rats approxi­
mately two weeks after treatment was 
started. Their eyes became pale and 
their feces lost color. To check possible 
damage to the liver an autopsy was per­
formed on one control and one treated 
rat 17 days after the beginning of the 
crossover phase. Sections of liver tissue 
were taken from both rats and preserved 
in xylol . Both specimens showed abnor­
mality. The damage appeared more ex­
tensive in the animal that was undergo­
ing treatment at the time the autopsy 
was performed. This part of the experi­
ment was interesting, but because the 
observations were limited to two animals 
the result could not be considered con­
clusive. 

"No diabetic effect was observed. The 
qualitative test for this reaction was 

made by a procedure which I learned at 
the Midland Hospital that requires the 
use of chemically treated test-strips that 
one must either purchase or borrow. The 
strip is dipped in the urine of the ani­
mal ; if sugar is present, the tip of the 
stick turns blue within a minute. 

"Metabolism was measured by a 
variation of the method devised in 1 890 
by the noted British physiologist J .  S_ 
Haldane [ see "The Amateur Scientist"; 
August, 1957) . Essentially the test con­
sists in supplying the animal for a known 
interval with air containing a minimum 
of water vapor and carbon dioxide and 
then subtracting the weight lost by the 
animal from the weight of the water 
vapor and carbon dioxide exhaled during 
the test interval. This gives the weight 
of oxygen absorbed by the animal, and 
when this figure is divided into the 
weight of exhaled carbon dioxide ( ad­
justed for the molecular weights of oxy-
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A vco 
llesearcl! ! Arlvancerl lIeve/ollf!.flJI 

Af A vco . . .  

SPACE R SEARC 
WIT "BU I LT-I N" 
STAN DARDS 
Toda y's c o m plex wea pons syste m s  require 

new levels of precision in every subsystem, 
every component, virtually every part. 

Primary standards are a point of departure 
for any research and development program 

that is to lead to a workable, reliable, 

modern weapons system. 

At Avco's Research a n d  Adva nced 

Developm ent Divis ion,  scientists and 

engineers are designing advanced re-entry 

vehicles and research equipment that will 
open the door to further advances in space 

flight. Built into this program are standards 

laboratories designed to ensure that the 

requirements of space-age precision will be met. 

By " b U i l d i n g  i n "  its own reference sta ndards 

and calibration laboratories, Avco has 

established a firm base for research and 

development. The laboratories provide the 

A vco Research Center with its own primary 

standards, to which working, secondary 
standards are regularly compared. These 

laboratories cover electrical, radio frequency 

and physical measurement calibration, with 
secondary calibration laboratories for 

electrical, electronic and electromechanical 

measurements. 

A dyna m i c  progra m of sta ndards resea rch 

is carried on within these laboratories to 

develop tools of measurement that will 

ensure the even greater reliability required 

of future weapons systems. This standards 

research program exemplifies the spirit of 

scientific support for development programs 

that is found throughout the division. It is 
part of an approach that enables scientists 

and engineers at the Research and Advanced 

Development Division to benefit from an 
interchange of information and ideas among 

all levels and all areas of effort. 

For information on unusual career opportunities 
forera!ptionaUy quali{ied scientists and enginars. 
write to: Scientific a1ii:l Technical Relations, 
Avco Research &. Advanced.t Development Division. 
201 LoweU Street, Wilmington, Mass. 
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AN INVITATION  
TO  JO IN  ORO 

Pioneer In 
Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak­
ing. It employs the services of 
mathematicians, physicists, econo­
m ists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non­
governmental organization, you 
will become one of a team assigned 
to vital mil itary problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe­
rience of ORO. Founded in J 948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision­
making on the highest mil itary 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien­
tific capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any t ime they so desire. 

ORO starting salaries are com­
petitive with those of industry and 
other private research organiza­
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea­
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available i n  all price ranges. 
Schools are excellent. 

For further information write: 
Professional Appointment5 

OPERATIONS RESEARCH 
OFF IGE I� 

The Johns Hop k i n s  Un iversity 
6 9 3 5  A R L I N G T O N  R O A D  

B E T H E S D A  1 4 , M A R Y L A N D  

gen and carbon dioxide ) ,  the result is 
equal to the respiratory quotient of the 
animal. My apparatus consisted of an 
air pump ( a  water-powered aspirator )  
and five flasks o f  one liter each con­
nected in series [see illustration on page 
258 ].  The initial flask in the series con­
tained approximately 600 cubic centi­
meters of 'Ascarite,' a commercial prepa­
ration that has the property of absorbing 
carbon dioxide. The second flask held a 
comparable amount of anhydrous cal­
cium chloride, which absorbs water 
vapor. The intake of the second flask 
was coupled to the exhaust of the third, 
a wide-mouthed jar capped with a close­
fitting stopper, which served as the ani­
mal chamber. The intake of the animal 
chamber led respectively to flasks of cal­
cium chloride, Ascarite and calcium 
chloride. All containers and the ani­
mal were weighed individually before 
and after a test interval of one hour. 
The weight (in grams ) lost by the rat 
was then divided into the product of 
the weight gained by the fourth and 
sixth flasks multiplied by .7282 (the 
ratio of the molecular weights of oxygen 
and carbon dioxide ) . 

"Only two animals remained in each 
group at the time the respiratory quo­
tient was measured, the other pair hav­
ing been used for the autopsy. The res­
piratory quotients of the rats then under 
treatment were .56 and .58 ,  whereas 
those of the control rats were .82 and 
.65 . Here again the sample was too small 
to yield reliable figures. Differences in 
the individual determinations show a 
spread, however, which suggests that 
the lower activity of the tranquilized 
rats is accompanied by a corresponding­
ly low respiratory rate. 

"From this experiment it would seem 
that a rat is tranquilized by the steady 

3 5- m m  
sl i d e :;  

administration o f  chlorpromazine, but 
with at least temporary cost to its health. 
The drug depresses the animal's memory 
and intelligence, alters the composition 
of its blood, invites infection, increases 
its pulse and body temperature, lowers 
its metabolism, induces abnormal sexual 
stimulation and damages its skin, hair 
and liver." 

M any readers of this magazine have 
undertaken to repeat some of the 

experiments in color vision recently de­
scribed by Edwin H. Land [see "Ex­
periments in Color Vision"; SCIENTIFIC 
AMERICAN, May].  In one of these experi­
ments Land made two black-and-white 
photographs of a colored scene, one 
photograph through a red filter and the 
other through a green filter. Positive 
transparencies were then made of both 
photographs. When the "red" transpar­
ency was projected on a screen through 
a red filter, and the "green" transparency 
projected without a filter, the superim­
posed images reproduced the original 
scene in full color. 

Most amateurs who have repeated 
this experiment have used two 35-milli­
meter slide projectors-one borrowed 
from a friend. The experiment was then 
prematurely terminated by the necessity 
of returning the borrowed projector. 
Jeremy M. Palmer of North Hollywood, 
Calif., solved this problem by means of 
a gadget that can be built in 1 5 minutes. 

On the face of a block of wood half 
an inch thick and 2Jf inches square Pal­
mer makes two saw cuts a quarter of an 
inch deep; one cut is parallel to one 
edge of the block and the other cut is 
parallel to an edge at a right angle to the 
first. A third cut is then made diagonally 
across the face of the block. This bisects 
the right angle made by the previous 

Roger Hayward's device to observe slides made by the Land technique 
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A Study 

in Applied 

Creativity 

at 'KAPf. 

- directed 

to E nf/ineers 

& Scientists 

to whom an 

environment 

of academic 

freedom 

is of first 

importance . . .  

N ARROWI N G  

TH E " D E PARTU RE 

FRO M  I D EALITY" 

I N  D I S PE R S I O N  

t Longitudinal section of 2 0 0 -,u.. U O :!  
dispersed i n  Z i r caloy matrix.  3 0 X .  
B F .  Reduced approximately 380/0 for 
reproduction. 

Tra n s v e r s e  s e c t i o n  o f  2 0 0 - JL  U O z  
d i s p ersed i n  Zircaloy matrix. 30X. 
BF. Reduced approximately 3 8 %  for 
reproduction. 

. Scientists have long been cognizant ot the theoretical advantages 
of applying the dispersion theory to reactor fuel elements. Ideally 
this concept could be utilized to extend substantially fuel rod life in 
high performance water cooled reactors. 

But it remained for KAPL Metallurgists Dr. A. P.  Beard and R. N. 
Honeyman to solve basic problems of process metallurgy involved 
and achieve actual fabrication of zirconium-alloy base dispersion 
elements which were a significant step closer to the theoretical ideal. 

FU E L  D EVELO P M E NT 

Encouraged by Dr. C. E. Weber, Manager of Basic Ivlaterials Devel­
opment, and a leading figure in Dispersion Element research - and 
aided by consultation with specialists in several KAPL laboratories ­
Beard and Honeyman successfully completed evaluation of the 
irradiation behavior of their first samples in September 1958, only 
eighteen months ( and 2 volumes of experimental data ) after the 
study program was formally initiated. 

A capsule description of their findings appears below. Reprints of a 
paper o.utlining the experimental method and techniques used to 
prepare laboratory samples will be furnished on request. 

Summary of Findings: Dispersion Fuel Study 

. . .  showed that mechanical attritioning could be used 
to prepare zirconium powder with high corrosion resistance. 

t . . . that extrusion of dispersions of 200 micron dia. particles of 
spherical U02 & UC could be achieved at 750· C with little or no 
stringering and no reaction between particles and Zircaloy matrices . 

. . . that irradiation behavior of zirconium base dispersion fuels con­
firmed theoretical concepts of such systems. 

R. N. Honeyman (I.) and A. P. BeaTd (T.) 

Engineers and scientists who appreciate an environment where free i1lquiry and creative initiative are encouraged are 
invited to investigate these immediate openings: M e c h a n i c a l  meta l l u rgy * M athematical  statistics & design of experi m e nts (PhD) * 
M athematical a n a lysis & computer p rogra m m i ng * Theoretical  reactor physics * Expe rimental  reactor physics * Adva nced n u merical  a n a lysis 

(PhD) * Adva nced engineering mathematics (PhD) * Materi a l s  i rradiations experim ents * S h i e l d i ng d esign * Reactor m ateri a l s  development 

* Powerplant performance eva l u ation * A n a lytical  chemistry, X·ray d iffraction * Applied ceramics * Rad iochem istry * Reactor structural 

design * Pri m a ry & secondary systems design * Chemical a n a lysis, vacuum tech n i q u e s  * Reactor i n stru m e ntation * Nuclear a n a lysis * 
Reactor operation * Computer operations * M ateri a l s  q u a l ity control * Coolant technology * Process development meta l l u rgy 

Send your resume in confidence, including salary requirement. We are interested in your technical achievements and interests. 

( U.S. citizenship required) 6 Address : MR. A. J. SCIPIONE, DEPT. 59-MI 

rr- K�A�,�,L� 
G E N E R A L . E L E C T R I C  

SC H E N ECTADY. N .  Y . 
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Nuclear Research at 

B AT T E L L E  

Chemists, physicists, engineers, 
and m a t h e m a t i c i a n s  at B a t t e l l e  
have in progress studies ranging 
from those concerned with reactor 
design and engineering to problems 
of radiation in space . 

Batte l l e ' s  n u c l e a r  research f a c i l i t i e s  

i n c l u d e  h o t- c e l l  l a b o r a t o r i e s  ( l e f t) ,  

cr i t ica l  a s s e m b l y  l a boratory ( c e n ter) ,  

2 - m e g awatt pool-type research reactor 

( r i g h t ) ,  r a d i o i s o t o p e  l a b o r a t o r i e s ,  

g a m m a- i rr a d i a t i o n  l a b o ratory, mate­

r i a l s  a n d  component  l a borato r i e s ,  a n d  

a n e w  p l u to n i u m  l a b o ratory. 

From a modest beginning in the 
pre-war years when accelerator­
p roduced isotopes were first used in 
s t u d y i n g  w e a r  p h e n o mena,  B a t­
telle's interest in nuclear subjects 
has grown to encompass numerous 
areas. Studies of nuclear theory;  the 
use of radiation to effect chemical 
reactions ; nuclear-powered p ropul­
sion devices for aircraft and ships; 
applications of radioisotopes in in­
dustry, agriculture, and medicine ; 
and others today attract those who 
are interested in, and qualified for, 
careers in research. 

Battelle is p roud of its staff which 
has been a continuing contributor to 
the p rogress of nuclear science. 
Much of the world's uranium pro­
duction is based on an ion-exchange 
p rocess pioneered here. Staff mem­
bers participated, too, in the devel­
o p m e n t  o f  t h e  N a u t i l u s,  t h e  
Materials Testing and Shipping­
port reactors, to mention just a few. 
Today that staff is particularly 
devoted to the peacetime applica­
tions of atomic energy. 

Careers in research at Battelle 
offer real opportunity for individual 
and p rofessional growth. For more 
information, write Russell S.  D r um, 

B AT T E L L E  
M E M O R I A L  I N S T I T U T E  
505 K i n g  Avenue,  C o l u m b u s  I ,  Ohio 

�TE� 
��S o�� 'P�L II<S" 

Dedicated to the 
advancement of science 

2 6 2  

3 0. 000 vo lts  � k:> § � 4 mfd � � fo rd 

U
� t5 co i l  

l G 3 - G T  
o r  

----

��QQ� 
i n d uctance 

I �"-wdtt l dmp 
� (0 
CJ � g b 

1 .25 
ohms 

I B3 - GT 

1 . 5 vol t 
f l a sh l ight 

battery 

Circllit diagram 0/ all amat eur's high-voliage po wer sllPply 

cuts . Two 35-millimeter slides made by 
Land's technique are placed i n  the right­
angle cuts . A microscope cover-glass ,  
mounted i n  a cardboard slide holder,  i s  
inserted in  t h e  di agonal c u t .  The cover 
glass fUllctions as an optical beam-split­
ter. vVhen one looks through it  directlv 
at  one slide, the other i s  seen simultane­
ously bv reBected light and in regi ster 
if the two slides are properly positioned.  
One slide is  lighted bv reBection from a 
colored card and the other bv reBection 
from a white card. 

Roger H ayward, who illustrates this 
department, recommends a more elabor­
ate version of Palmer's devi ce.  He m akes 
a pair of wooden brackets with faces at 
an angle of 45 degrees and sandwiches 
a half-silvered mirror between them . 
The slides are clamped to the outer sur­
faces of the assembly ( which meet at a 
right angle ) bv means of spring clothes­
pins, as shown i n  the illustration on 
page 260.  "Palmer's gadget works," 
writes H ayward, "but the slides tend to 
j iggle out of register in the saw kerfs . 
Clothespins, mv favorite laboratory 
clamps, provide solid support . The sub­
stitution of a half-silvered mirror for the 
cover glass increases the brilliance of the 
image greatly because plain glass i s  a 
poor reBector ."  

,"Y Tilli am Tyrrel of Hempstead, N. Y . ,  
\,V submits a solution for another prob­

lem that confronts manv amateurs : the 
construction of a safe and inexpensive 
source of high voltage required for the 
operation of Crookes tubes and similar 
apparatu s .  "In the years before sources 
of alpha radiation became available," he 
writes ,  "I  constructed a high-voltage, 
low-current supply for neutralizing the 
static charge that builds up on the paraf­
fin ribbon from a microtome.  It was 
based on a modified spark-coil from a 
M o del-T Ford . The coil was driven by a 
l l O-volt, alternating-current source, and 
the output was rectified by a vacuum-

tube diode . The \ 1 odel-T coil  gave bet­
ter results than any other. 

"The coil was taken apart and tIl e 
windings immersed for an hour in a mix­
ture o f  melted paraffin containing about  
3 per cent  of beeswax at a temperature 
of 1 30 degrees Fahrenhei t .  The primm\' 
and secondarv windings were next sepa­
rated and fitted with l eads of Bexible 
lamp cord. The assemblv was then re­
potted in the wax, with the leads extend­
i n g  from the box.  

"A vibrator of the type used i n  the 
power supplv of automobi le  radios was 
substituted for the one with which the 
coil is fitted a n d  was connected with the 
prim arv winding [ �ee illustration 0 1 1  
th is page l .  For m aximum output the 
vibrator contact must c lose at the instant 
a four-microfarad l ine-capacitor reaches 
full charge . The time of closure is deter­
mined bv the value of an iron-core i n ­
ductance of t h e  tvpe u s e d  in 'B '  batten' 
eli m inators, which is connected in series 
with the capacitor and i s  adjusted either 
by removing iron laminations from the 
core of the inductance or by adding 
capacitance . The proper adjustment 
must be determined experimentally. The 
coil that drives the armature of the vibra­
tor i s  energi zed bv the l ine voltage 
through a I O-watt lamp. Hence the de­
vice operates at 60 cycles per second, 
and a unidirectional voltage pulse ap­
pears at the output everv half cycle . The 
<Jualitv of the output is  improved by the 
addition of a rectifving tube of the high­
voltage tvpe used i n  power supply of 
televis ion sets .  Thc cathode of the tube 
operates at 30,000 volts  above ground 
potenti al . so it must be energized by an 
insulated source. 1 used a Hashlight bat­
tery . The current drain i s  low, however, 
so a cell will  give many hours of service . 

"Ford coils can still be procured from 
at least two of the Jarge m ail-order firms 
and from some of the suppliers who cater 
to those who make a hobby of restoring 
antique automobiles . "  
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C. D. Boyce 
October 1 958, when the Thor-Able lunar probe soared 

79,000 miles, was a time of quiet pride for Clay Boyce. 

Design engineer Boyce was responsible for successfully 

predicti ng the in-flight performance of the Aeroj et second 

stage of the Able vehicle. 

Clay Boyce has gone on to become an Aeroj et Systems 

Division group leader, i n  charge of design and installation 

for the next generati on of Able upper-stage vehicles for 

scientific and military applications. You'll agree, a mighty 

important assignment for a BSME still in his twenties. 

Clay Boyce, with Aeroj et since 1 955, exemplifies the 

possibilities that exist at Aeroj et for professionally gi fted 

younger men to perform tasks of engrossing interest. 

We'd be delighted to hear from you. Write : Di rector of 

Scientific and Engineering Personnel, Box 296P, Azusa, 

California, or Box 1947P, Sacramento, Cal i fornia. 

AZUSA AND NEAR SACRAMENTO, CALI fOR N I A · A SUBSI DIARY OF THE GEN ERAL TIRE & RU B'BER COM PANY 

2 63 
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E X C E L L E N C E  

I N  E L ECTRON I C S  

�-
OPERATION 
EXPANSION 

September 1, 1959 - Raytheon 
Government Equipment Division 
today announced a major expan­
sion into five operating subdivi­
sions: Submarine Signal, Airborne 
E lectronic,  Systems M anagement, 
H e a v y  E l e c t r on i c ,  a n d  S a n t a  

Barbara. 

M ade necessary by expanding 
product activity, the decentrali­
zation has created managerial and 
technical staff positions in all areas. 

Engineers and scientists of es­
tablished technical competence 
are invited to investigate the 
several opportunities present in 
the area encompassing their par­
ticular interest. 

Inquiries should be forwarded 
to Mr. Donald Sweet, Engineering 
and Executive Placement, Govern­
ment Equipment Division , Ray­
theon C ompany, 624A Worcester 
Road, Framingham, M ass . 

J'/t{J�Jv 
H. R. OLDFIELD. JR. 
V ice President & General Manager 
Government Equipment Division 

G OVER N M EN T  EQU I PM EN T  D I V I S I O N  

S I G N A L  

A I R B O R N E  SYSTEM S H EAVY 

E LE CTRO N IC M A N AG E M E N T  E L E C T R O N I C  

S A NTA 
B A R B A R A  
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S U B M A R I N E  

S I G N A L  

Newport, Rhode Island 
W. Rogers Hamel, General Manager 
Engineering, Marketing, 
and Production of com­
p r e h e n s i v e  a n t i ­
submarine warfare sys­
tems. Major products: 
u n derwater d e t e c t i o n ,  
navigation, communica­
tions and fire control 
equipment. 

A I R B O R N E  

E L E CTRO N I C  

E Q U I P M E N T  

Maynard, Sudbury, 
WaUham, Massachusetts 
Glenn R. Lord, General Manager 
Engineering, M arketing, 
and Production of ad­
vanced aerospace sys­
tems. Major products: 
navigation, search, and 
fire control apparatus for 
manned aircraJt, unman­
ned aircraft, and space 
vehicles. 

SYST EMS 

M A N AG E M E N T  

West Newton, 
Massachusetts 
Harold M. Hart, General Manager 
Engineering, M arketing, 
a n d  M a n a g e m e nt o f  
major electronic system 
programs. Activities -in­
clude systems synthesis, 
learning machines, weap­
ons studies, microwave 
supported platform. 

H EAVY 

E L E CTRO N I C  

E Q U I P M E N T  

Wayland, North Dighton, 
Massachusetts 
Fritz A., Gross, General M.anager 
Engineering, Marketing, 
and Production of long 
r a n g e  s u r f a c e  r a d a r s ,  
ordnance and communi­
cations sytems. Products 
e n c o m p a s s  8 0 0 - t o n 
ground warning systems, 
missile fire control radars, 
96-voice channel pulse 
code modulation equip­
ment. 

SANTA 

BARBARA 

Santa Barbara, California 
Gordon S. Humphrey, General Manager 
Engineering, Marketing 
and Production of infra­
red and countermeasures 
devices. Projects involve 
active and passive ECM 
equipment for aircraft, 
missiles, and satellites, 
infrared guidance, map­
ping, and fire control 
components. 
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To nearly 50,000 working scientists, educators and other readers of 
broad scientific interests, The Library of Science regularly makes avail­
able the choicest works in evelY major area of the sciences - always at 
meaningful savings. By joining now, for example, you may choose any 
of the six timely and authoritative volumes listed below as your first 
Selection - and receive one of the valuable sets pictured, as a welcoming 
gift. As a member, you need purchase as few as five more Selections in 
the next 24 months from the 75 or more offered at reduced Member's 
Prices. After every fourth Selection, you receive a Free Bonus Book 
of your choice. 

A H ISTORY OF SCIENCE 
By George Sarton 
The leading scientific his­
torian of our time re-creates 
the development of the sci­
ences of antiquity, from pre­
historic  times through the 
l a s t  century B.  C .  "Not 
simply a history of scientific 
discovery, but a large-scale 
history of civilization itself." 
Scientific American.  Two 
volumes, 1 200 pages. 

Retail Value $22.00 

BRAINIAC K-30 KIT and Martin Gardner's 
LOGIC MACHINES AND DIAGRAMS 
An unusual opportunity for firsthand exploration of the 
principles and applications of computers-Gardner's com­
prehensive survey of this important new science, con­
taining material never published before, is presented in 
combination with an improved version of the famous 
Brainiac "electric brain" construction kit, specially 
adapted for us by its originator, Edmund C. Berkeley. 
Kit solves problems in logic, reasoning, mathematics; ac­
companied by 64-page manual. 

Total Retail Value $23.95 

The Library of Science 
59 Fourth Avenue, New York 3, N. Y. 

Enroll me as a member and send my choice of Membership 
Cift, along with my first Selection at the reduced Member's 
Price, as indicated below. I need take as few as 5 more Selec­
tions during the next 24 months, and I will receive a free Bonus 
Book of my choice after every four Selections. 

Membership Gift'-________________ _ 

First Selection __________________ _ 

Additional Selections DesirM ____________ _ 

Name _____________________ __ 

Address ____________________ _ 

City zon"---State' ______ _ 
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CHOOSE YOU R  FIRST SELECTIONS 
from among these s ix important works 

MATTER, EARTH AND SKY 
By George Gamow 

uA most fascinating jour­
ney of the entire physical 
cosmos" ( The New York 
Times ) ,  with "one of the 
f o r e m o s t  interpretive 
writers i n  the field" 
( Science ) .  LIST PRICE $ 1 0.00 

Member's Price $6.50 

FRONT I E RS I N  SCI ENCE 
Edited by 

Edward Hutchings, 'r. 
Latest findings in the 
important areas of con­
temporary rese arch ­
Pauling, Oppenheimer, 
Beadle, Hoyle, 25 otheIS. 

MembX:;/;:fc� $a� 

THE NEW GOLDEN BOUGH 
By Sir James G. Frazer 
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by Robert W. White 

PSYCHOANALYSIS, SCIENTIFIC METHOD 
AND PHILOSOPHY, edited by Sidney 
Hook. New York University Press 
($5)  . 

FREUD: THE MIND OF THE MORALIST, by 
Philip Rieff. Viking Press ($6) . 

The first half of the 20th century has 
seen mankind scale astounding 
heights of rationality and fall to 

incredible depths of irrationality. If we 
fix our eyes on scientific achievement, we 
discover a world transformed for human 
use and happiness, but if we think of 
political history, we peer into mires of 
passion, hate and murder. Many 
thoughtful people, living in an age of 
such promise and such betrayal, have 
found a needed symbol and hero in 
Sigmund Freud, the man who dared look 
steadily at the dark forces within us and 
who held out hope, however cautiously, 
that they might be better governed. 
Freud can be seen as the scientist of the 
irrational, who used our best instrument 
-scientific method-to investigate our 
worst selves, and who told us, in the cool 
disillusioned spirit of the scientist, what 
chances we might have of happiness. It 
may be that Freud is climbing to the 
status of a modern Copernicus or Dar­
win; at all events it is a task of our period 
to come to terms with what he said. 

Freud's contribution amounted to a 
revolutionary picture of human nature. 
It was worked out in the course of 
treating neurotic patients, and its strong­
est factual root still lies in those very in­
timate thoughts and feelings which only 
a sick person seeking help would be will­
ing to disclose. Freud hunted relentless­
ly for meaning-motivational meaning­
in the dreams, errors, resistances and 
symptoms of his patients, and he satis­
fied himself that these were all manifes­
tations of instinctual energies struggling 
for discharge through the many barriers 
imposed upon them by civilization. He 
saw the young child as a creature of love 
and hate, of sex and aggression, whose 

BOOKS 
Discussions of the scientific validity of 
psychoanalysis, and of Freud the Inoralist 

strivings had to be much sacrificed to the 
demands of constraining parents. These 
contests more or less permanently 
shaped the child's personality. If the in­
stincts were too badly defeated, neurosis 
might follow in later life, and the early 
inhibitions could be undone only by a 
protracted process of recollection which 
brought the ancient issues back into 
adult consciousness. The grave irra­
tionalities in human behavior could thus 
be traced to repressed and distorted in­
stincts, driven to unconscious cover by 
the constraints of the family circle. 

The two books reviewed here aim in 
different ways to come to terrns with this 
revelation. One of them, a symposium of 
philosophers and psychoanalysts,  in­
vites us to consider whether or not 
Freud really demonstrated his conten­
tions about human nature. Do the 
theories of psychoanalysis deserve to be 
considered scientific? The other book, a 
detailed analysis of Freud's writings by 
a sociologist, hunts out the moral values 
that lie hidden in Freud's vision of per­
sonality and of psychotherapy. To any­
one who is h'ying to reach a judgment on 
the significance of Freud's work, these 
two questions-how true is it all, and 
what are its moral implications?-are 
bound to be highly pertinent. 

We begin with the scientific problem. 
The symposium, organized by Sidney 
Hook at New York University, brought 
together a distinguished group of psy­
choanalysts and philosophers who were 
told to be concerned "solely with psycho­
analysis as a scientific theory." U. S. 
philosophy is currently much interested 
in the methodology and philosophy of 
science, so there was no doubt that the 
philosophers would come with well­
sharpened knives. In retrospect Hook, 
who describes himself as "a seat-cal­
loused veteran of innumerable confer­
ences and institutes ," calls this meeting 
unique in his experience for its "sense 
of absorption and intellectual excitement 
among the participants ." Could this be 
because the philosophers, long smarting 
from Freudian interpretations of their 
concerns, were at last joined to attack 
psychoanalysis on its weakest flank? 

At all events the psychoanalysts seem 
to have been much on the defensive. In 
the book, at least, they are badly out­
numbered, being represented in only 
three of the original nine papers and one 
of the 19 contributions submitted after­
ward by other participants. And they 
must have been aware that the cards 
were stacked against them, affording no 
chance to overwhelm with clinical evi­
dence or to dazzle with penetrating in­
tuitions .  Forced to stand on the bedrock 
of cold logic, they pointed to the un­
finished, tentative character which 
Freud himself attributed to his theories, 
and they made much of the difficulty of 
precise observation in their realm. But 
they still claimed scientific status, rest­
ing their case mainly on two points. They 
maintained, in the first place, that the 
situation in which observations are made 
-the therapeutic situation wherein the 
analyst makes himself more or less a 
blank screen and the patient talks about 
whatever comes into his head-is suffi­
ciently standardized to permit compar­
able observations on different days and 
with different patients. As the psycho­
analyst Lawrence S. Kubie expressed it, 
free association is "our only approxima­
tion to a technique by which to secure 
relatively un weighted representative 
samples of all that is going on in the 
mind, " with a minimum of interference 
and distortion by the observer. In the 
second place, observations made in this 
way, set in the context of much previous 
observation, make predictions possible­
"predictions of various degrees of pre­
cision or reliability," in Heinz Hart­
mann's words, "but as a rule superior to 
any others that have been attempted in 
the psychology of personality." Indeed, 
the whole technique is full of predic­
tions. Quite early the analyst can fore­
tell what problems will next appear, 
what childhood situations will presently 
come to light, what points will offer the 
most stubborn resistance; and there are 
ways of judging from the patient's sub­
sequent behavior the correctness of the 
interpretations whereby the analyst at­
tempts to advance his patient's insight. 
In all this discussion there was scarcely 
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a hint that a psychoanalyst might ever 
mention the unconscious determinants 
of philosophy. It remained for a philoso­
pher, Morris Lazerowitz, to declare that 
"psychoanalysis can alone discover for 
us what philosophers really say, as 
against what they delusively appear to 
say." Many pages of the book, marked 
by something sharper than intellectual 
excitement, are used up in refuting this 
bit of extravagance. 

The heaviest artillery directed at the 
psychoanalysts came from Ernest Nagel, 
who aimed his fire both at the logic of 
Freudian theory and at its method of 
gathering facts. "A credible theory," he 
said, "must not only be confinned by 
observational evidence, but it must also 
be capable of being negated by such 
evidence," and he pointed out several 
Freudian propositions, such as those 
concerning instincts, energy levels, and 
the interrelations of id, ego and super­
ego, which could not possibly be proved 
false by any conceivable empirical state 
of affairs. He was also impressed that 
Freud stuck to the Chevalier de 
Lamarck's view of inheritance and did 
not think its rejection by all competent 
biologists refuted any of his own prem­
ises ; "it is therefore pertinent to ask what 
could refute those premises and whether 
they are at all refutable." These are 
severe strictures, but they were directed 
against those aspects of Freud's theoriz­
ing that are most metaphorical and that 
might well prove superfluous if one un­
dertook to build a tighter theory on the 
basis of his facts. But what about those 
facts? Are they unequivocal, or does the 
method of observation poison them from 
the start with questionable theory? 

Here Nagel attacked the very points 
on which the psychoanalysts tried to rest 
their case. However neutral the observer 
may try to be in the psychoanalytic situa­
tion, the technique requires that at suit­
able points in the patient's free associa­
tions he offer interpretations as to what 
he thinks is going on. To an unknown de­
gree-and there are no outside observers 
to judge in what degree-he "directs the 
course of the narrative"; the free asso­
ciations are never left to speak for them­
selves. Strictly speaking, the patient's 
response to an interpretation, whether 
it be agreement, denial, new insight, 
anxiety or a sense of relief, can never be 
considered competent evidence for the 
truth of the interpretation. And when 
connections with childhood experience 
are pointed out, they cannot, even if they 
are correct in the given case, become the 
basis for causal generalizations unless 
there is a control group in which the 
postulated cause and effect never occur 

singly. What do these criticisms mean 
for psychoanalytic theory? Nagel con­
cluded : "I can only echo the Scottish 
verdict : Not proven." 

In a way there could hardly be a 

more crashing anticlimax. Who has sup­
posed that psychoanalytic doctrine was 
proven, in the strictly logical sense? To 
see force in Nagel's closing remark we 
have to know that he is speaking as a 

logical positivist, and that the members 
of this school of philosophy hold ex­
tremely rigorous standards for admis­
sion to the charmed circle of scientific 
knowledge. Only propositions that can 
be proved under controlled conditions 
can be considered scientifically con­
firmed. The point is dramatized in a con­
tribution by Michael Scriven, who pro­
poses an elaborate and rather impractical 
experiment to test the proposition that 
psychoanalytic therapy produces signifi­
cant improvement in patients . Scriven 
declares that in the absence of such a 
crucial test "we are wholly ignorant, I 
repeat, wholly ignorant" concerning the 
proposition. Obviously we are not 
wholly ignorant about what has hap­
pened in thousands of treated cases , 
some of which, at least, have been much 
improved when they left the doctor. 
What Scriven means by "wholly ignor­
ant," therefore, is not what we mean in 
ordinary speech. He means that no test 
has ever been made which fully excludes 
the possibility that improvement was 
due to factors other than the treatment, 
however remote such a possibility may 
seem to both analyst and patient. And 
when Nagel denies Freudian theory the 
status of science, he means that it has 
not brought its propositions to the level 
of indisputable proof. 

Very much in the spirit of Nagel's 
cannonade, Hook pressed a question he 
claimed to have been asking in vain for 
40 years. What kind of evidence, he de­
manded, would psychoanalysts accept 
"which could lead them to declare in any 
specific case that a child did not have an 
Oedipus complex?" The intent of this 
question is, of course, to determine 
whether or not one of Freud's most cen­
tral proposals about the child's emotional 
development is cast in such a form that 
some kind of empirical evidence would 
show it to be false. If it is cast in such a 
form, then one can look for the evidence, 
and if this can never be found the theory 
stands confirmed. But if, on the other 
hand, there is no conceivable way to 
prove the theory false, there is also no 
way to prove that it is true. That psy­
choanalysts had been unwilling for 40 
years to entertain this query seems rather 
to their discredit, even though the ques-
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tion might need recasting in order to be 
really fair. But now at last, in unreported 
discussion and in a subsequent contribu­
tion by Jacob A. Arlow, they endeavored 
to give Hook satisfaction. The attempt 
shows how difficult it is to satisfy a 
philosophic expert on scientific method. 
The acceptable evidence seemed to indi­
cate a wholesale arrest of development, 
suggesting that only idiots would lack 
the Oedipus complex . Hook still wanted 
to know "in what circumstances the be­
havior of a nonidiotic child would be 
necessary and sufficient evidence that he 
had not achieved the oedipal phase of 
development." Let us hope that a further 
replv and clarification will come in less 
than 40 years . 

Some of the philosophers were im­
pressed by Nagel's stringent demands, 
but many of them, especially in the sub­
sequent contributions, hastened to de­
fend psychoanalysis . Was it really sensi­
ble, they asked, to deny a promising 
branch of inquiry the title of science, 
especially in a time when this term car­
ries so many overtones of goodness and 
righteousness? 'Was it helpful to ask for 
crucial experiments in a realm where 
crucial experiments are just about im­
possible? There appeared to be consid­
erable feeling that Nagel had drawn too 
tight a leash, that Freud's creation 
should be accorded the privileges of sci­
entific youthfulness and inherent impre­
cision .  Some contributors implied that 
logical positivism would disqualify all 
naturalistic, descriptive science, thus dis­
couraging the valuable efforts of thou­
sands of workers who by careful obser­
vation and dispassionate judgment stood 
as exemplars of the scientific spirit. 
There was even a suggestion that Nagel's 
requirements would prove too much for 
physical science. Philipp Frank put in 
a reminder that the law of conservation 
of energy cannot be demonstrated gen­
erallv, but only under certain restricted 
conditions; that some thinkers consider 
it tautological; and that others have used 
this argument "to prove that the general 
laws of traditional science are not better 
confirmed than the principles of the­
ology." Surely we should not require 
that psychoanalvsis surpass the rigor of 
physics. 

In such fashion logical positivism won 
the battle and lost the war. Under the 
pitiless glare of logic Freud's theories 
looked loose and leaky, but many par­
ticipants continued to regard them as 
embodying highly probable insights into 
human nature. In taking such a stand 
they were, of course, making a judgment 
about uncertainties .  But this is no differ­
ent from what we all do when we make 

Ready now 
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decisions about human affairs, private 
or public. We run our lives on estimates, 
not proofs; we send for the doctor wher. 
we are ill, even though we know he can 
only guess what might make us better. 
Most people who have heard free asso­
ciations, given them or done experiments 
involving them, are much impressed by 
the things that come to light, and they 
judge it improbable that all these things 
were in some way suggested from out­
side, even though, under the circum­
stances, there is always a chance that 
they might have been so suggested. 'vVe 
constantly live by such judgments, mak­
ing our bets as to what is probably the 
true state of affairs ; we offer no apologies 
for balancing weights of evidence in our 
minds when they cannot be measured in 
objective scales . Logical positivism does 
not want to dignify this universal but 
fallible operation by the name of science. 
Yet Freud conceived himself to be a sci­
entist, made his momentous observations 
with patient care, and left a body of 
doctrine that most of us perceive as sci­
entific in intent, however faulty may be 
the fulfillment. 

We must account for the fact, how­
ever, that the gist of Freud's contribu­
tion is accepted today by thousands of 
thoughtful people who have had no di­
rect experience with free association in 
the technical sense. What is the appeal 
of his doctrines to these mere readers of 
his work? For an opinion of this point we 
turn to the book by Philip Rieff, who 
says : "It is precisely its combination of 
strict medical judgments with a sweep­
ing criticism of the contemporary moral 
climate that has elevated Freudianism to 
its present position of intellectual afflu­
ence." Science conceives itself to be 
ethically neutral except on issues of truth 
and untruth. A system of psychotherapy, 
however, can never be ethically neutral: 
There is always an implication of good 
and bad, desirable and undesirable, 
even if it is expressed ( a  little metaphori­
cally ) as health and illness, in any proce­
dure that undertakes to bring about 
changes of personality. But Rieff's re­
mark clearly implies more than this mini­
mum commitment to good against evil. 
Viewing Freud as "the presiding figure 
in our culture," he extracts from his writ­
ings an impressive-though not strictly 
measurable-body of evidence that 
Freud was a significant modern moral­
ist, a man who "derived lessons on the 
right conduct of life from the misery of 
living it." 

The reader of this book should not 
be in a holiday mood. Rieff's tremendous 
scholarship and rich reflections fill his 
pages with memorable treasures but pre-
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clude both a brisk pace and an orderly 
unfolding of the argument. Those who 
believe that one man alone in his study 
can contribute more than 50 men chat­
tering at a symposium will very likely 
feel that our present pair of volumes 
constitutes a case in point. If we reduce 
Rieff's argument to a simple summary, it 
cannot be on the analogy of boiling down 
maple syrup, where what goes up in 
steam is merely superfluous water. All of 
the book is nourishing, even when it 
seems to stray from its theme. 

Freud's implicit morality can best be 
approached by considering what is sup­
posed to happen to the neurotic patient 
during treatment. The patient is told to 
tell everything and conceal nothing that 
passes through his mind, an instruction 
that soon proves to set a taxing ethical 
ideal of honesty. In particular he is 
warned to suppress nothing in the inter­
ests of conventional decency, for this 
.will only distort the revelation of his 
real motives . In technical terms, the job 
to be done is to unmask and neutralize 
the superego, the irrational fOl:ce estab­
lished in the child's mind by parental 
punishments and prohibitions. If the crip­
pling anxieties and guilt feelings engen­
dered by the superego can be lifted, if 
repression can be abolished, the instinc­
tual urges need no longer express them­
selves in the indirect, distorted forms that 
constitute neurotic symptoms .  Instead, 
thev are governed by the realistic ego 
and are guided by adult, conscious judg­
ment. The goal of treatment is thus to 
free the patient from the irrational anxie­
ties that have come to beset him as a con­
sequence of his childhood training to be 
a member of civilized society. 

If we looked no deeper, this account 
of the patient's progress could easilv 
pass for a movement in the direction of 
health. But neither Rieff nor Freud al­
lows us to look no deeper .  Freud's writ­
ing did not stop at patients and therapy. 
If one overlooked a polemical intent in 
his clinical papers, in spite of the con­
stant dramatic opposition between the 
unhappy instincts and an overbearing 
culture, one could certainly not miss it in 
Civilization and Its Discontents, where 
the toll taken by civilization from man's 
instincts was explicitly momned, or in 
The Future of an Illusion, where for 
once with obvious passion he unmasked 
what he conceived to be the stupidity 
and cruel repressiveness of religion. It is 
worth noting that Freud's anger against 
religion was not a personal rebellion 
against early teachings, of which he had 
none; his image of religion was usually 
that of Viennese Roman Catholicism, 

with its hierarchy of authority, its pres­
sure toward conformity and its anti­
Semitism . This was the culture toward 
which he felt such a powerful antipathy. 
Producing neurosis was but one of the 
evils he laid at its door. Civilized pre­
tensions in general annoyed him: "There 
are many more hypocrites than trulv 
civilized persons." The world needed � 
whole new standard of righteousness .  

With convincing detail Rieff shows us 
the intrusion of Freud's moral values 
into his scientific theories . The superego, 
as he described it, seemed to be roughly 
equivalent to conscience, which is gen­
erally assigned a constructive part in be­
havior, but he made it infantile, i .rration­
al and in cases of neurosis harshly puni­
tive . Feelings of guilt he considered to 
be symptoms of neurosis. Freud tbus cir­
cumscribed and made evil the traditional 
forces for good, but correspondingly he 
greatly enlarged the meaning of sexuali­
ty and greatly improved its ethical posi­
tion . Rieff points out that he "concen­
trated in the attributes of sexualitv everv 
variety of emotion: sympathy �nd at­
tachment, respect and contempt, paren­
tal love and filial piety, friendship and 
enmity." Thus many a virtue hitherto 
claimed by the moral hypocrites turned 
out to be a manifestation of the very urge 
they most strenuously denied . Freud's 
Thme Contributions to the Theory of Sex 
is seen by Rieff to be at once "an oblique 
'scientific' plea for great sexual latitude" 
and "a way of scoring pOints against the 
repressive order." Freud's formulation al­
so involved the contention that sexuali­
ty, being a fundamental instinct, can 
never be fully tamed. "In sexuality," says 
Rieff, "and in the products of fantasy 
( dreams, wit and art ) a refuge from so­
ciety is created. At the same time these 
activities defy society and triumph over 
it; they are a mode of blasphemy." 

This revelation of Freud's ethical mis­
sion should not, however, be carried to 
the point of seeing in him a Romantic 
champion of sexual liberation. There is 
no hint of the noble savage in his view 
of the child's "polymorphous perverse" 
sexual life . There is nothing lyrical about 
his drily scientific account of sexual im­
pulse .  Indeed, Reiff considers that his 
whole idea about sex has an element of 
harshness, an air that it was a little nasty 
after all, and a sad feeling about the 
fleeting character of satisfaction. "The 
erotic life, like the economic, becomes 
under Freudian guidance an area for 
methodical self-examination and system­
atic improvement . . .. In this sense, al­
though Freud is critical of middle-class 
moralism, he himself mav be cbarged 
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with being very middle-class in his moral 
attitudes ." No libertine in his personal 
life, Freud assumed that the entry of 
sexual impulses into consciousness would 
not lead to an "unrealistic" disregard for 
social convention. Perhaps it is legiti­
mate to say that Freud loved sex less 
than he hated the hypocrisy that denies 
sex while claiming for itself the sup­
posedly civilized virtues . 

We arrive, then, at the heart of 
Freud's ethical imperative. The good is 
somehow identified with honesty-with 
the opposite of "civilized" self-decep­
tion-and thus with the untrammeled 
functioning of the ego, which is respon­
sible for knowing about reality, both 
external and internal . Just as the cure of 
the patient means a strengthening of the 
ego, so the good life for all men means 
being free from illusions about oneself 
and the world. Freud once asked how 
people would behave "if their flight into 
illness is barred by the indiscreet revela­
tions of psychoanalysis." His answer, 
says Rieff, "hints another kind of civiliza­
tion, one that is not built on reticence 
or hypocrisy : they will have to 'confess 
to the instincts that are at work in them, 
face the conflict, fight for what they 
want, or go without it.' '' This is Freud's 
definition of normality, but normality for 

, him was a rare thing, difficult to achieve 
-an exacting ethical ideal . The deep 
strain of pessimism that many people 
have felt in his doctrines lies partly here: 
The rational, realistic ego is our only 
hope, but the ego is weak amidst the 
forces surrounding it, and there is only 
an outside chance that it will really pre­
vail. 

Freud's contribution as a moralist thus 
consists of what Rieff calls "the ethic of 
honesty." "This honesty Freud would 
have us achieve by working through the 
layers of falsehood and fantasy within 
us to a superior accommodation to reali­
ty." The new conscience demands a spe­
cial candor and disenchantment, "a more 
accurate and yet more scrupulous self­
centeredness." The ideal image created 
by the ethic is that of "psychological 
man," seen by Reiff as the natural succes­
sor of economic man, who has been our 
most recent dominant moral type. "Once 
again," says Rieff with something of a 

flourish, "history has produced a type 
specially adapted to endure his own peri­
od : the trained egOist, the private man, 
who turns away from the arenas of pub­
lic failure to re-examine himself and his 
own emotions ." And he pOints out an 
astounding irony, that psychological man 
"has espoused the Oriental ideal of sal­
vation through self-contemplative ma-

nipulation just at the historic moment 
when the Orient, whose westernmost 
outpost is Russia, has adopted the Occi­
dental ideal of saving activity in the 
world. "  But perhaps our author has gone 
too far when he finds something Oriental 
about an ethic that actually arose as a 
protest against upper-middle-class Vien­
nese society in the late 19th century. As 
he points out elsewhere, Freud's ego is 
a brisk managerial agency : rational, pru­
dent, with a gift for compromise, by no 
means disposed to turn its back on every­
day realities or to court unnecessary fric­
tion with existing conventions .  Psycho­
logical man may look within, but he is 
very much of this world. 

The current appeal of Freud's ethical 
message is a powerful one in intellectual 
circles .  He speaks to those who have be­
come disillusioned about consoling be­
liefs and public enthusiasms, telling 
them that life should be led without such 
beliefs and enthusiasms.  But Rieff does 
not allow potential converts to overlook 
the disturbing consequences of being a 
psychological man, consequences that 
may have arisen from Freud's own com­
plete isolation from public affairs and 
from the fact that, thinking of himself 
as a neutral scientist, he never brought 
to his own consciousness the moral im­
plications of his ideas. There is, accord­
ing to Rieff, a "fatal lack of commitment 
about Freud's ideal type." The ego-di­
rected, uninhibited person will be ''busy, 
spirited, and self-confident," but this 
goal "will inspire only those who have 
resigned the ghosts of older and no­
bler inspirations . "  Rieff further pOints 
out that Freud "never understood the 
ethic of self-sacrifice," and that on this 
account his doctrine offers no real oppo­
sition to quite sinister possibilities. "Be­
ing honest, admitting one's nature, does 
not resolve specific issues of choice . . . . 
Freud gives no reason why unblinking 
honesty with oneself should inhibit un­
blinking evil ." Psychological man thus 
proves in the end to be not a whole man. 
If he finds ways to affirm his membership 
in society, if he becomes a participant in 
cooperative endeavors to improve the 
conditions of life, he will be acting on 
some moral behest that was foreign to 
the founder of psychoanalysis .  

Much as we owe to Rieff for his ex­
traordinary analysis of the moral impli­
cations of Freud's doctrines, it is per­
haps necessary to keep reminding our­
selves that Freud did not strictly intend 
to be a moralist. And those who find 
him a hero perhaps Similarly do not in­
tend to take him as a complete moral 
guide. But this whole question has been 
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shrouded in an obscurity which Rieff has 
now gone far to dispel. 

Short Reviews 

T
fIE ART OF NAVIGATION IN ENGLAND 
IN ELIZABETHAN AND EARLY STUART 

TIMES, by D.  W. Waters . Yale Univer­
sity Press ( $ 12 .50 ) . This massive, at­
tractively illustrated book is a thorough 
and scholarly history of the development 
of navigation during a period of dra­
matic advance, from 1550 to 1630. A 
new age of exploration, colonization and 
merchant enterprise demanded improve­
ments in the mariner's art, which in the 
mid-16th century consisted mainly of 
the individual pilot's skill aided by hand­
written records of traditional knowledge. 
Pilotage, or coasting, as described by a 
16th-century French writer, meant 
"knowing perfectly by sight all the 
capes, ports and rivers met with, how 
they rise up and how they appear from 
the sea, and what distance lies between 
them, and what route or course, or 
rather bearing, they have one from an­
other; also in knowing on what rhumb 
( bearing) of the moon high and low 
tides occur and the ebb and flow of the 
waters; and in knowing the depth and 
nature of the bottoms." Oceanic naviga­
tion-la naVigation grande-was a more 
formidable profession: the navigator had 
not only to be a well-tried pilot, but had 
to know how to direct the ship's course 
in the absence of landmarks, to fix the 
ship's position by instrumental observa­
tion of heavenly bodies and mathe­
matical calculation. The 80 years cov­
ered by Commander Waters's mono­
graph saw much progress in chart-mak­
ing, pOSition-finding, the preparation of 
reliable tables, the construction of 
globes, compasses, astrolabes and other 
instruments, ship design and the train­
ing of navigators. Until the latter half 
of the 16th century an English ship­
master was still typified by Chaucer's 
"shipman" who had: 

. . .  to rekene wel his tydes, 
His stremes and his daungers him 

bisydes, 
His herberwe and his mane, his 

lodemenage . . .  
Hardy he was, and wys to undertake; 
With many a tempest hadde his bm'd 

been shake. 

But little more than half a century 
later the master's beard had not only to 
withstand the tempest, but the rigors of 
trigonometry, of arithmetical and loga­
rithmical navigation, of new learning­
and its application-in astronomy, math-
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ematics and hydrography. Waters's 
fact-filled, graphic story, which will give 
pleasure to readers of many different in­
terests, has an extensive bibliography, a 
superb index ( which merits special men­
tion ) , 87 plates and 43 figures. 

T
RIGONoMETRIC SERIES, by A. Zyg-
mund. Cambridge University Press 

( $27.50 ) . The first edition of this work, 
published in Warsaw in 1935 and later 
translated into English, was at once ac­
cepted as the best study of its kind. In 
the last quarter-century the theory of 
trigonometric series, as the author points 
out, has undergone considerable change. 
Its notions and methods now appear in 
abstract form, in distant fields such as 
the theory of groups, algebra and the 
theory of numbers . Zygmund has taken 
account of progress in this much-en­
larged and revised edition. The first vol­
ume of this two-volume work contains 
the rewritten material of the original 
book; the second volume covers much 
material that has not been previously 
published in book form, including trigo­
nometric interpolation, differentiation 
of series, complex methods, Fourier in­
tegrals, convergence and summability. 

T
HE GOLD OF TROY, by Robert Payne. 
Funk & Wagnalls Company ( $3.95 ) . 

A biography of the legendary Heinrich 
Schliemann, trader, plunger, banker, 
antiquarian, historian, philologist, ar­
chaeologist, who uncovered the buried 
cities of ancient Greece . Schliemann was 
born in 1822 in the parsonage of an ob­
scure village in Mecklenburg-Schwerin, 
not far from the Polish frontier. His for­
mal schooling ended when he was 13, 
and thereafter he had to fend for himself. 
His first job was as a grocer's assistant, 
but before he was 30 he had made a 
fortune as an indigo merchant in St. 
Petersburg and as a buyer of gold dust 
in Sacramento. He was an extraordinari­
ly complex and gifted man who did not 
know what he wanted, could not fail at 
what he undertook and was unable to 
enjoy what he achieved. Self-taught, he 
mastered some 12 or 13 languages with­
in a few years, learned the Iliad and the 
Odyssey by heart, studied philology at 
the SOl'bonne, was cultivated and well 
mannered, and lived like a prince. But 
the image he showed to the world bore 
little resemblance to the inward man. 
The years of privation, wretchedness 
and frustration had scarred him. He was 
restless,  driven, suspicious, contemptu­
ous, deceitful and vainglorious. No mat­
ter how his wealth multiplied-on top of 
what he already had he made millions 
profiteering in the Crimean War-he 
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Ye ste rd ay's l i m itat ions  o n  log i c  des i g n  a re b roken t h ro u g h  

today. O u r  c a pa b i l i t i es i n  t h i s  f i e l d  contr i b ute t o  t h e  a d v a n c e d  

d e s i g n of t h e  a i rborne c o m p uters used i n  o u r  I n e rt i a l  G u i d a n c e  

syste m s .  I f  t h e  n e w  paramet e rs i n  l o g i c  d e s i g n  c h a l l e n g e  y o u ,  
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T E C H N I C A L  D ATA B O O K S  

Printed on loose leaf,  6 hole.  6)!,i" x 3 )!,i "  bond paper,  each 
book contains about 1 40 pages of 
technical data, condensed, accurate. 
essential for engineer, technical 
worker,  student,  business man . 

Arch itecture 
ElectriC ian's Data 
Bu i lder's Data 

A ir  Condit ioning 

Bu i l d i ng Constr. 

Surveying 

Surveying Tables 
H ighway Eng'g 
General Math 
Math Tables 

PhysiCS 

Trig·log Tables 
Gen'l Chemistry 
Chemical Tables 
Analytic Chern. 

Mech ' l  Drawing 
Mach ine Design 

Mech. of Materials 
Pwr. Trans. Mach. 
Thermo. Tbls.  & Charts 

Phys. & Thermo. Data 
Meta ls  

Metall urgy 
Hydraul ics 

Radio 
Televis ion & FM 
AC Motors & Gen'trs 
Transformers, 

Relays & Meters 

W ri t e  for F R E E  cata log (2000 l i s t i n g s ) . See 
how helpful L E F A X  can b e  to you ,  Send $ 1 . 2 5  
book. or  $6 for  any fi v e  b o o k s  to L E F A X .  

E N G I N E E R I N G  F O R M U LA S  & 
T A B L ES :  Contai ns  396 pages of bas i c  
form u las. desi g n  data and tables.  for 
t h e  3 branches of e n g i n 2eri n g-c i v i l ,  
m e c han i c a l .  e lectri cal . Condensed.  i n .  
dexed,  accu rate. I n  S i m .  leather cover 
loose l eaf B i nder.  $4.75. 

L E FA X  P U B L I S H E R S 
"I11III ......... D E PT. SA·99. 

P H I LA D E L P H I A 7. PA. 

FU N K  & WAG NALLS 
1 959 

New Language Phone Method 
- FRENCH 

- SPANISH 

- GERMAN 

- ITALIAN 
The famous " Listen-See-Learn" method 
used by school s and colleges throughout the 
country is  now available to you. 

With Funk & Wagnalls  new Language 
Phone Method, native-born teachers at lead­
ing universities come right into your home 
on high-fidelity recordings and bring you 
the thri l l  of speaking a foreign language flu­
ently and correctly. W ith their expert help 
in pronunciation, usage, and conversation, 
supplemented by synchronized word-for­
word manuals and a modern textbook, you 
learn the language of your choice easily, in­
expensively, and in an a'llla:::illgly short time. 

Find out how easily and quickly you can 
now learn a foreign language. Send today 
for our FREE booklet. 
There's no obligation and 

no salesman will call. 
Just mail the coupon 
below. 

MAIL THIS  COUPO :- �;;'k�.;dW;;gn-;jl;'- D e pt. SA·959 
• 1 53 East 24 Street. N e w  York 1 0  
I Please send m e  the FREE booldet t elling 
• all about the New LANGUAGE PHONE 
• METHOD way of learning French, German, 
I Spanish or Italian. : Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
• Addl'ess . . . . . . . ................... . . . . . . . . . . . . . . . . . . ........................ . 
=- .£.i� ;;:.;:;;;;::;;;;:;;;; .:;;;;:.:.:..:.Z�::.:::;;;;�a.!::. .;;.;;:;;;;;:;;;;J 
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ELECTRON IC 
A N D  

ELECTRO· 
MECHAN ICAL 
ENG I N EERS 

The varied programs of Bell's 
Avionics Division can he your 
springboard to a rewarding 
future. Opportunities  now 
open for you in : 

I N E RTIAL I N STRUMENTATI O N  

A U T O M AT I C  L AN D I N G  SYSTEMS 

FLIG H T  C O N T R O L  SYSTEMS 

VISUAL S U RVEILLANCE  SYSTEMS 

• Evaluation of digital velocity 
meters and low drift gyros. 

• I n s tr u m en tation electronics 
developmenL 

• I n s trumentation electro­
me chanical 

• Testing of inertial gyroscopes. 

• Development a n d  tie-in o f  
transistorized digital logic cir­
cuitry. 

• Analysis and development of 
a u t o m atic throttle control 
loops. 

Openings at all levels from 
$7,000 to $15,000 yearly_ 

The i n dus try's b e s t  r e tire. 
ment and group insurance 
plans .. .  company paid tuition 
assistance . . .  ideal family liv­
ing in Western New York's 
vacationland. 

2 7 8  

For further information and 
to arrange a personal inter­
view write or phone today_ 

S U PERV I S O R  

E N G I N E E R I N G  E M P L O YMENT 

B E L L  A I RC R A FT 
C O R P O R AT I O N  

BU FFAL O 5, N E W  YORK 

was constantly in hysterical fear of ruin. 
"Fires blazed in him and sexual passion 
drove him almost insane. Above all he 
wanted a wife and children and with all 
the women in Russia to choose from, he 
had to choose a cold virago who mar­
ried him only for his money, refused to 
share his bed, taunted him continuous· 
ly, and lived out her life as though she 
were waiting for him to die so that she 
could inherit his fortune." By this wom­
an he had three children, having "stolen" 
two of them from her, as he wrote brutal­
ly. Finally he divorced her in Indian­
apolis ( he had become an U. S. citizen 
for the purpose ) ,  and soon afterward in 
Athens married a lovely 17 -year-old 
Greek girl, a third his age, Ricked out 
for him by a friend pursuant to specifi­
cations and approved by Schliemann 
from a photograph. The marriage 
marked a turning point. With adven­
tures, travels and successes behind him 
enough to fill a dozen lives, Schliemann 
at last found the clue to himself and be­
gan the career for which he is remem­
bered. His grand and passionate aim was 
to unearth the buried city of Troy, and 
to that end he began a series of extensive 
excavations . He was surely the most er­
ratic, impulsive and unscientific of 
archaeologists ; he was also self-seeking, 
dishonest, greedy for the treasure he 
hoped to find, more interested in gold 
than in knowledge. Yet there was a gen­
uine urge to uncover the past, a last des­
perate hope for self-fulfillment in mak­
ing contact with the remains of the 
Greek heroes whose deeds had haunted 
and fascinated him since childhood. He 
dug like a madman, recklessly destroy­
ing whatever blocked his p�th to treas­
ure; he uncovered walls and palaces and 
cities and enough antiquities ( most of 
which he stole for himself ) to fill a mu­
seum. His grandiose notions of the places 
he located-Hissarlik, for example, his 
greatest excavation, he believed to be the 
ancient citadel of Homer's Troy-were 
completely wrong; he had touched Troy 
but failed to recognize it "because he 
worked with such astonishing speed and 
because he was tempted to remove ev­
erything that was not Homeric from his 
path." The world he thought he had 
found probably never even existed; in 
his mania he created it because it was so 
much more beautiful than the world he 
knew. Still, through a blend of flaming 
imagination, high skill and incredible 
perseverance, he did a giant's work and, 
as Payne says, in the roll call of those 
who have brought the Homeric age to 
life Schliemann was the boldest and saw 
the farthest. An absorbing, fast-moving 
story, written in Payne's practiced, light-

ning-quick style. It is inexcusable, how­
ever, that the book has no index. 

THE CROSSING OF ANTARCTICA, by Sir 
Vivian Fuchs and Sir Edmund Hil­

lary. Little, Brown and Company 
( $7 .50 ) . The story of the Common­
wealth Trans-Antarctic Expedition 1955-
1958, told by its leaders . In November, 
1957, after two years of intensive prepa­
rations and reconnaissance, Fuchs and 
1 1  of his men set out on a h'actor-and­
sledge journey across the Antarctic con­
tinent, from Shackleton Base, which thay 
had established on the Weddell Sea, 
over the Pole to Scott Base on the Ross 
Sea. The 2,500-mile journey took 99 
days . Earlier Hillai-y had traveled from 
Scott Base to the Pole, marking a trail 
and setting up supply depots that facili­
tated Fuchs's traverse. The achievement 
itself is not as dramatic as the polar ex­
peditions of a hardier day : the mecha­
nized equipment, radio communications 
and aircraft support inevitably dull the 
edge of the adventure. Still it was an ex­
citing feat, here very ably reported and 
holding one's attention throughout. The 
weather was mostly frightful, as Antarctic 
weather usually is ; the repeated white­
outs were formidably dangerous ; the 
Sno-Cats and Weasels kept falling into 
treacherous crevasses ( though miracu­
lously no one was injured and no tractor 
was lost ) . There were innumerable me­
chanical difficulties, and although exten­
sive repairs-some requiring complete 
rebuilding of engines and h'acks-had to 
be made in portable tent-workshops at 
10,000 feet altitude in 35-below-zero 
weather, with a 30- or 40-knot "breeze" 
blowing, the engineer crew managed to 
keep every vehicle rolling as long as it 
was needed.  Scientific observations were 
made along the way, including geologi­
cal surveys, seismic soundings of ice 
depth, mapping, collection of meteoro­
logical data, glacier studies, physiologi­
cal research. But for most of the paJ·tici­
pants it was the journey itself, rather than 
its scientific fruits, that justified the un­
dertaking. G. L. Mallory's oft-quoted 
epigram that men climb mountains "be­
cause they are there" does not really hit 
the mark; they climb them, as they ex­
plore deserts and polar wastes, because 
of the danger, the satisfactions of shared 
privation, the beauty of silence and 
lovely places . Excellent illustrations. 

THE WORLD OF INSECTS, by Paul Pes-
son. McGraw-Hill Book Company, 

Inc. ( $ 1 5 ) . A translation from the 
French, by R.  B.  Freeman, of a lavishly 
illustrated popular survey of insects : 
their history and evolution, respiration, 

© 1959 SCIENTIFIC AMERICAN, INC



Fro m b e l ow 

t h e  p o l a r  

i c e  ca p t o  the  

o ute r f r i n g es 

of space 

Ch ief of Nava l Resea rch 
Attentio n :  M r. Edwa rd McCrensky 

. . .  the Office of Naval Research plays a 
major role i n  the drama of scientific progress 
Because the Navy's operations are so diverse and 
widespread, the program of the Office of Naval 
Research encompasses every scientific area from pole 
to pole, from the depths of the oceans to the fringes 
of outer space. This broad ONR program involves 
all scientific disciplines with a complete realization that 
great advances are preceded by basic research. 

ONR's research programs are long-range efforts 
which permit major scientific achievements. Naval 
research, for example, gave birth to radar . . .  developed 
high altitude research rockets, balloons and scientific 
earth satellites . . .  pioneered the field of human 
engineering . . .  exerts predominant influence in radio 
astronomy . . . and is the leading supporter 
in oceanographic research. 

The Office of Naval Research is one of the great 
research sponsors of the world stimulating creative 
men of science to turn their ideas into reality. 

For detailed information about outstanding career 
opportunities for scientists and engineers, write: 

• 
Ja. Office of Naval Research 

Wash i n gton 2 5 ,  D. C .  

Naval Research Laboratory · Naval Tra in i ng Device Center ·  Navy Underwater Sound Reference Laboratory 
B R A N C H  O F F I CES: BOSTO N .  N EW YORK, C H I CAGO, SAN FRA N C I SCO, PASAD ENA, A N D  LO N D O N ,  E N G LAN D 
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Aviation 
Link has grown to be one 

of the world 's  l a rgest 

prod ucers of ana log com· 

put ing eq u i pment, from 

its start as the pioneer (and 

now lea d i n g  produ cer) of 

electro n i c  flight s i m u lators. 

And you r  ca reer w i l l  grow 

with L i n k  Aviat ion,  I nc. ,  

i n  Bi nghamton, New York. 

These and other oppor· 

tun ities a re ava i la b l e  n ow ! 

Advanced circuit 

development 

ASW I AEW systems 

simulation 

Fire control 

computer design 

Radar simulation 

Analog & digita l computer 

components & systems 

Aircraft simulation 

Optical systems 

development 

N ote you r engi neering 

degree (or eq u iva lent) a n d  

previous experience i n  

you r  reply a n d  write 

immediately to : 

M r. A.L . Darra h ,  

L i n k  Aviation, I nc. 

B i nghamton, New York 

A 

G E N E RA L  
P R E C I S I O N 

C O M PANY 

a s u b s i d i a ry of 

General  Precision 

Eq u i pment Corporation 

conservation of water, reproduction, 
embryology and development, sense 
organs and behavior, relation to climate 
and man. Insects, as the author clearly 
shows, are the most effective of living 
forms, and if man should succeed in ex· 
terminating himself, they will very 
properly inherit the earth. There are 225 
photographs ( some are marvelous ) ,  52 
in color. The color pictures are not of 
exceptional quality. 

T
HE GULF STREAM : A PHYSICAL AND 
DYNAMICAL DESCRIPTION, by Henry 

Stommei . University of California Press 
( $6 ) . A technical monograph by a phys­
ical oceanographer who has spent some 
years in specialized study of the subject . 
The book discusses the history of ideas 
about the Gulf Stream, the instruments 
used to observe and measure its be­
havior, the balance of forces in the 
Stream, its hydrography, the wind sys­
tem over the North Atlantic, linear and 
nonlinear theories of the Gulf Stream, 
meanders in the Stream, fluctuations In 
the current, the role of the thermohaline 
circulation. The author's general conclu­
sions run along these lines : The central 
North Atlantic is covered to a depth of 
about 700 meters with a layer of warm 
water, slowly drifting toward the south­
west under the combined influence of 
the wind and' the earth's rotation. This 
is the fabled Sargasso Sea. It does not 
reach the eastern coast of North Ameri­
ca but is bounded some distance offshore 
by the Gulf Stream, which "acts as a kind 
of dynamic barrier" or dam, which by 
virtue of the Coriolis force restrains the 
Sargasso Sea from overflowing the cold­
er northern water of the North Atlantic. 
The water in the Stream is not much 
different in temperature from that in the 
Sargasso ; the Gulf Stream, in short, "is 
not an ocean river of hot water," as is 
commonly supposed. Thus the popular 
and long-established belief that the Gulf 
Stream keeps the European climate 
warm is open to question. It is unlikely 
that the Stream itself has a direct cli­
matological influence ; more probably its 
effects are indirect, in determining the 
northern boundaries and average-tem­
perature structure of the large mass of 
warm water on its eastern flank. Because 
of the many complex factors that must 
be taken into account, including the 
transport of the Stream, the physical re­
lations between the Stream and the 
density and thermal structure of the wa­
ter on either side, the thermocline of the 
Sargasso, the radial shrinking of the cur­
rent system, the rates of the formation of 
water masses, the effects of wind on 
ocean currents and vice versa, oceanog-

raphers have not thus far succeeded in 
framing a comprehensive, testable 
theory of the Gulf Stream. A great deal 
of work must still be done before we can 
hope to understand the physical process­
es involved. 

T
HE FOSSIL BOOK, by Carroll Lane 
Fenton and Mildred Adams Fenton. 

Doubleday and Company, Inc. ( $ 12 .50 ) . 
Fossils are remains or traces of organ­
isms that lived during ancient geologic 
times and were buried in rocks . Ancient 
geologic times is a loose expression cov­
ering an enormous span from 1 . 5  billion 
years ago to the beginning of the present 
ice age ; and the word rocks is not 
confined to its common usage but may 
mean gravel, clay, permafrost, paraffin 
beds, asphalt, amber or any other sub­
stance that registers and preserves traces 
of organic matter. In these traces the 
long story of life on our planet has been 
written, the story of our antediluvian an­
cestors and relatives, of the unceasing 
change that led "from jelly-like blobs to 
oaks and redwoods, from very simple 
wormlike creatures to snails, elephants 
and dinosaurs ." The Fentons present an 
excellent account in text and pictures 
of the evolutionary parade. Their book 
explains how fossils have been pre­
served by freezing, drying, simple bur­
ial, fixing in wax and asphalt, carboniza­
tion, petrification, the formation of casts 
and molds, the solidification of tracks, 
trails and burrows . In some cases the 
complete organism has been almost per­
fectly preserved, but in most instances 
mere fragments are the basis of recon­
struction of past life . From footprints 
men have learned where dinosaurs 
walked, ran and rested; from furrows, 
the trail of trilobites and snails ; from 
bones, the nature of the soft anatomy 
and mental and sensory equipment of 
many fossil vertebrates; from fossil 
spores, the chromosome structure of 
plants ; from bone lesions and scars, the 
diseases ( e .g . ,  rheumatism, arthritis ,  
tumors, abcesses ) of ancient vertebrates;  
from the shapes and positions of shells, 
the habits of invertebrates . In 1950 Har­
old C. Urey analyzed a Jurassic belem­
nite roughly 150 million years old, and 
from the isotopes of oxygen present in 
the fossil he was able to show that the 
animal hatched in the summer, lived 
almost four years and died in the spring;  
that during its life summer tempera­
tures ranged from 68 to 70 degrees 
Fahrenheit and winter temperatures 
from 59 to 64 degrees. The Fentons' 
book has hundreds of drawings and pho­
tographs, eight color-plates that show 
both actual fossils and restorations of 

© 1959 SCIENTIFIC AMERICAN, INC



L A U N O R  F. CARTER  

"H U M A N  FACTO R S  i s  a ra p i d l y  g row i n g  p rofes s i o n a l  s p e c i a lty m a k i n g  c o ntr i b u t i o n s  in  p e r s o n n e l ,  tra i n i n g ,  

h u m a n  e n g i n e e ri n g ,  a n d  a l l  t h o s e  areas w h e re t h e re i s  m a n - m ac h i n e  i nteracti o n .  T h e  ra p i d  accepta n c e  o f  system c o n c e pts  

h a s  m a d e  t h e  " h u m a n  p a r t " of a n y  sy ste m a f o c a l  p O i n t for  system p l a n n i n g .  W h e rever a system i s  req u i red to c o l l e c t  

a n d  i n p ut i nformat io n ,  p ro c e s s  t h i s  i nf o r m at i o n ,  d i s p l a y  d ata f o r  a c t i o n  o r  d e c i s i o n - m a k i n g -at s u c h  p l a c e s  h u m a n s  

w i l l  b e  i n vo l ved a n d  h u m a n  factors k n o w l e d g e  a n d  tec h n i q u e s  c a n  make s i g n if i c a n t  c o ntr i b u t i o n s  to system d e s i g n .  

S D C  i s  t h e  w o r l d ' s  l a rg e s t  p r i vate e m p l oy e r  o f  h u m a n  factors s c i ent i sts . I n  c o n j u n ct i o n  with  c o m p u ter p r o g ra m m e r s ,  

d e s i g n  a n d  c o m p uter e n g i neers  a n d  o p e rati o n s  researc h s p ec i a l i st s ,  h u m a n  factors p e r s o n n e l  at S D C  a r e  p l a y i n g  k e y  

r o l e s  i n  t h e  d e v e l o p m e n t  o f  severa l  o f  t h e  nat io n ' s  l a rg e st d ata p r o c e s s i n g  a n d  c o ntro l  syste m s .  S D C ' s  d e ve l o p m e n t  o f  

t h e  System T ra i n i n g  P r o g r a m  f o r  b oth t h e  m a n u a l  a n d  S A G E  a i r  d efe n s e  c rews i s  w e l l  k n o w n . M o re rec e n t l y  t h i s  tra i n i n g  

h a s  b e e n  e x p a n d ed t o  i n c l u d e  batt l e  staff tra i n i n g  a n d  d ec i s i o n - m a k i n g  a t  t h e  h i g h e st e c h e l o n s .  S i m u lt a n e o u s l y  S D C  h a s  

b e e n  d i vers i fy i n g  its h u m a n  factors work  s o  that  a t  t h e  p resent  t i m e  over  a t h i rd o f  o u r  h u m a n  factors p rofes s i o n a l  e m p l oy e e s  

a r e  w o r k i n g  o n  d e s i g n  of a d v a n c e d  n e w  s y ste m s ,  o n  h u m a n  e n g i n e e r i n g ,  a n d  o n  b road researc h p r o b l e m s .  

I f  y o u  h a v e  tra i n i n g  a n d  e x p e r i e n c e  i n  t h e  h u m a n  facto rs  area , a n d  e s p e c i a l l y  i f  y o u r  b a c k g ro u n d  i s  i n  h u m a n  e n g i n e e r i n g  

o r  ex p e r i m e nta l  p s yc h o l o g y ,  we w o u l d  b e  v e ry p l ea s e d  t o  d i s c u s s  ava i la b l e  p o s i t i o n s  i n  o u r  e x p a n d i n g  fac i l i t i e s  a t  S a nta 

M o n i c a ,  C a l ifo r n i a ,  Lod i ,  N e w  J e rsey and t h ro u g h o u t  the c o u ntry and A l aska . P l ea s e  ad d re s s  i n q u i r i e s  to Dr. E.  H. P o r t e r ,  

J r . ,  A s s i stant  D i rector  of H u m a n  Factors f o r  Pers o n n e l ,  at 2420 C o l orad o A v e n u e ,  Sa nta M o n i c a ,  C a l i forn i a . "  

S Y S T E M  

oL�1-� 
L A U N O R  F. C A R T E R ,  D I R E C T O R  OF H U M A N  FACTO R S  
A N D G E N E RA L  M A N AG E R  O F  S Y ST E M  T R A I N I N G  

D E V E L O P M E N T C O R P O R AT I O N  
SA N TA MONICA. CA L IFORNIA ' l ODI. NE W JERSE Y ·  
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OPPORTUNITIES 
IN  ELECTRONICS 
T h e  Grumman WF2 Ea rly Wa rn ing a i rp lane is  on ly  o n e  o f  the 
products which is  a pr ime concern of our  E lectron ics Engineers. 
Other Grumman programs i nvolving l a rge sca le  a ppl icat ions 
of e lectronics a re Attack, Reconna issa nce and Anti -Submar ine  
Wa rfa re Wea pons Systems. 

These programs and add itiona l c lassified projects, d rawing 
heavi ly on the a b i l ity of  the Electron ics Engi neer, have created 
the fol lowing professional  positions : 

Radar Systems Engineer. EE or Physics degree with a m i n i m u m  of 5 
years' experience in the design, development or analysis of advanced rade 
systems. Work wi l l  consist of the ana lysis, preparation of specificati ons ; 
vendor l i a ison ; test and evaluation ; fl ight development of the  latest 
ai rborne rada r  eq u ipment and systems. Responsi b i l it ies inc lude the 
development of support eq u i pment for these systems. 

Digital Computer Engineer. E E  or Physics degree with a m i n i m u m  of 2 
yea rs' experience in the design and development of ai rborne d igital 
computers. Work wil l  i nvolve the establ ishment of test poi nt req u i rement, 
and  test logic for m i l itary automatic l ine test devices and  a utomatic and 
manual mi l itary shop test equi pment. 

Automatic Flight Control Systems Engineers. EE or Physics degree 
with a m i n i m u m  of 5 years' experience in the design and development of 
autopi lot and f l ight s imulators. Work will i nvolve the development of 
a i rborne fl ight control systems and the estab l ishment of m i l itary automatic 
test equi pment req u i rements. 

Communications Equipment Engineer. EE with a m i n i m u m  of 5 yea rs' 
experience with thorough knowledge of s ingle sideband theory and its 
app l icat ion.  Should possess a complete u n derstand ing of AM, FM,  PM, and  
s ing le  sideband modulation processes and their  app l ication as we l l  as  
tech n iques. M ust have  experience i n  analyzing and  test ing com m u n icat ion 
receivers and  transmitters and should be thoroughly famil iar with HF 
and  UHF a ntennas and associated propagation problems. A background i n  
d igital eq u ipment ; encoder, decoder a n d  magnetic storage devices i s  
a n  important consideration. 

Antenna Design Engineer. EE, Physics or Math degree with experience i n  
a i rborne antennas and/or radomes. Work t o  consist of antenna a n d  radome 
ana lysis, synthesis, design and resea rch in a modern, professional 
atmosphere, supported by the f inest of faci l ities i n  a new Avionics Laboratory, 

U .S .  Citizenship Req u i red. 

You are invited to send your resume to Mr. A. Wilder, 
Engineering Personnel Director, Dept. Gr-23, 
who will arrange an interview at your convenience. 

GRUM MAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage Long Island New York 

plants and animals, a glossary, a bibliog­
raphy, and directions on how to collect 
fossils. 

HISTORY OF AMERICAN STEAM NAVI-
GATION, by John H. Morrison. Ste­

phen Daye Press ( $ 1 0 ) . Reissue of a 
noted history first published in 1903.  
Morrison's book is a mine of important as 
well as marvelously trivial information 
about steamships and steamboats of the 
century following Fulton's Clermont. It 
covers the experimental period, the ves­
sels of the Hudson and Delaware rivers, 
western-river navigation, coastal traffic, 
the lines plying Long Island Sound, Lake 
Erie and Lake Ontarlo, Maine and Bos­
ton shipping, ocean lines and liners, 
steam ferries and tugs, lighthouses, the 
deepening of New York City's Hell Gate . 
There is even a section on the steam cal­
liope. Fifty quaint pen-and-ink drawings 
by Samuel Ward Stanton and a few 
photographs illustrate this volume, 
which will delight the antiquarian and 
inform the student of technology. 

Notes 

BIOLOGICAL AND BIOCHEMICAL BASIS 
OF BEHAVIOR, edited by Harry F .  Har­
low and Clinton N. Woolsey. The Uni­
versity of Wisconsin Press ( $8 ) . Papers 
presented at a symposium at the Uni­
versity of Wisconsin, attempting to cor­
relate studies in progress in anatomy, 
physiology, biochemistry and behavior. 

PSYCHOPHARMACOLOGY FRONTIERS, 
edited by Nathan S. Kline. Little, Brown 
and Company ( $ 10 ) . Proceedings of the 
Psychopharmacology Symposium of the 
Second International Congress of Psy­
chiatry, with papers by many different 
specialists on the general problems of 
psychopharmacology, clinical observa­
tions and descriptions of the action of 
various drugs, and studies on the mode 
of action of psychotherapeutic drugs . 

DICTIONARY OF PHYSICS AND ALLIED 
SCIENCES; VOL . I ,  GERMAN-ENGLISH, 
edited by Charles J .  Hyman. Frederick 
Ungar Publishing Co., Inc. ( $9 ) . The 
first bilingual dictionary primarily de­
voted to physics, with some coverage of 
related sciences such as mathematics, as­
tronomy, chemistry, mineralogy, geolo­
gy, geophysics, meteorology and tech­
nology. 

THE NEW SCIENCE, by Max Planck. 
Meridian Books, Inc. ( $5 ) . Three com­
plete works of Planck are collected in 
this attractive volume : "Where is Sci­
ence Going?", "The Universe in the 
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PHYSICISTS - NUCLEAR ENGINEERS 

ENGINEERS and 

�GIENTISTS 
.- - . . . who··vaJue 

the' opportunity 

to do original .work, 

are invited' to iriq�ir� ' . 

about positions 

. . . · .aURe ·right. 

Please include 

salary requirements 

with resume. 

5 areas 
where the 
phxsic is t  

ac t 

l1'n!nl"'m� of developing nuclear propUlsion for a ircraft and 

impinge upon many ·areas of theoretical and appl ied 
- and must be carried o n  at a high level. 

Assignments of unusual scientific interest are now open at General 

THEORETICAL INVESTIGATIONS 

Conduct theoretical investigations into areas of solid state physics with em· 
phasis on effects of neutrons and photons on matter. (PhD) 

RADIATION HAZARD STUDIES 

Develop experimental and theoretical approaches to evaluation and limita­
tion of radiation hazard for personnel. (PhD or MS. BS with 5 years experi­
ence Health Physics) 

INTEGRATION of NUCLEAR THEORY and EXPERIMENTAL TECHNIQUES 

Develop improvements in reactor theory and methods of reactor analysis. 
Combine advances in nuclear physics, transport theory and handling of large 
numerical problems on digital computers. (PhD, MS) 
ADVANCED and PRELIMINARY 

DESIGN STUDIES of HIGH PERfORMANCE REACTORS 

To identify and evaluate reactor types and configurations for future require­

rt'iMt$.�Ali�·REACtOR AN)!'-OSIS !u'ld cr.itieTl e�mua!Tr>ii. -Of �r.n-.d 
proposed reactor designs. I nterpret results of mockup critical experiments. 
(PhD, MS, BS) 
NUCLEAR SHIELD PHYSICS 

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

A broad program requiring physicists and nuclear engineers, BS to PhD levels 

. ,  . shield physics experiments to develop fun?amental data 

• . .  shield design and analysis for both presertt and future nuclear propulsion 
systems 

. . .  planning, design and analysis of shield tests of both partial and full-scale 
mockup configurations 

Write to: Mr. P. W. Christos, Div. 59-MI 

AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 

G E N E R A L f) E L E C T R I C  
P. o. Box 1 3 2  Cincinnati 1 5, Ohio 

All scientists have the advantage of large-scale computing equipment at the site, as well as supporting programming personnel. 

2 8 3  
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ELECTRIC SPACE VEHICLE 
Hypothetical Model 

1 N uclear Reactor 

2 Propel l a n t  

3 Turbo·Generator 

4 Radiator 

5 Crew Cabin for 8 
6 L a n d i n g  Craft 

Len gth : 600 feet 

G ross Weight:  350,000 I bs. 

Power: 1 2,600 KW 

Thrust:  58 Ibs. 

MAST E RY OVE R SPACE 5 

284 

NASA's space efforts are directed toward two specific ob­
jectives. First, to make it possible for man to achieve the 

same mastery over space he has already secured in every 
other region he has attempted to make his own . . .  on the 
surface of the earth, under it, or in the air above it. 
Second, to free man from one additional element of intel­
lectual bondage-that is, to gain for all mankind additional 
knowledge about the cosmos. 
To accomplish these objectives NASA's broadly conceived 
programs encompass intensive work in the following areas:  

Scientific investigations in space by means of sounding 
rocket!!, scientific · Mtellite!l, lunar probe!l, deep !!pace 
probes. 

Research and development of spacecraft, missiles and 

aircralt. 
Meteorological and communications satellite systems. 
Space operations technology - Project Mercury and 

space rendezvous techniques. 
Space propulsion research, including solid propellant 

rockets, high energy propellant rockets, I 1h -million-pound­
thrust single-chamber rocket engine, nuclear and electric 
rocket engines. 

Orbiting space laboratories. 

Scientists 
and Engineers: 
Career o p port u n ities for g ra d u ates at 
NASA a re as  u n l i m ited a s  the scope of 
o u r  o r g a n ization .  

Please a d d ress y o u r  i n q u i ry t o  the 
Person n e l  D i recto r of a n y  of the 
fol lowi n g  NASA research centers: 

• Lang ley Research Center 
Hampton, Virg inia 

• Ames Research Center 
Mountain View, California 

• Lew. 1_, ... C_ 
Cleveland, Ohio 

• Hig h-Speed Flight Station 
H •• '''I, C ..... ",i. 

• Goddard Space Flight Cente, 
4555 Overlook Avenue, S.W. 
Washill8ton 25, P. C. 

N A S A  N at i o n a l A e r o n a u t i c s  a n d S p a c e  A d m i n i s t r at i o n  
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Light of Modern Physics" and "The Phi­
losophy of Physics ." There is also a brief 
prefatory essay by Albert Einstein and 
a biographical introduction by James 
Franck. A fine package. 

INTRODUCTION TO SYMBOLIC LOGIC 
AND ITs ApPLICATIONS, by Rudolf Car­
nap. Dover Publications, Inc. ( $ 1 . 85 ) . 
First English translation of a text by an 
outstanding authority, covering the ele­
mentary and advanced portions of the 
theory of symbol ic logic and treating its 
applications. 

THINKING TO SOME PURPOSE, by L. 
Susan Stebbing. Penguin Books ( 95 
cents ) .  A reissue of Miss Stebbing's man­
ual of first aid to clear thinking, which 
exposes the assorted stupidities, illogi­
calities, canned ideas, frauds and chi­
caneries by which politicians succeeded 
in bamboozling not only us but them­
selves. This book was pointed to the 
world problems of 1939 but was never 
more needed than today. 

THE NEW CAMBRIDGE MODERN HIS­
TORY : VOL . II, THE REFORMATION, 
1.520-59, edited by C. R.  Elton . Cam­
bridge University Press ( $7 .50 ) . The 
second volume in this new series which 
sllcceeds, without necessarily supplant­
ing, the first Cambridge Modem History 
of 50 years ago, describes the open con­
flicts of the Reformation "from Luther's 
first challenge to the uneasy peace of the 
early 1560's ." The chapter on intellec­
tual tendencies has a section on science 
written by A. R. Hall . 

PHYSICAL LAWS AND EFFECTS, by C .  
Frank Hix, J r . ,  and Robert P. Alley. John 
Wiley & Sons, Inc. ( $7 .95 ) . A compila­
tion for engineers of major physical laws 
and effects from absorption and Am­
pere's law to Wien's displacement law 
and the Zeeman effect. Descriptions and 
examples are given in clear language, 
and references to the literature. A quite 
lIseful book but overpriced. 

A SHORT ACCOUNT OF EARLY MUSLIM 
ARCHITECTURE, by K.  A .  C .  Creswell . 
Penguin Books ( $ 1 .  95 ) . This book, 
based on the author's well-known larger 
work, explains how Muslim architecture 
was born and describes the cultural in­
fluences that helped to mold it. Seventy­
two plates and numerous text figures . 

THE THEORY OF ELEMENTARY PARTI­
CLES, by J .  Hamilton. Oxford University 
Press ( $ 1 2 ) . An account of the basic 
mathematical methods used in investi­
gating elementary particles .  

solid opportunity for solid state researchers 
in ,"uth£nI 'ifJij ""' ' - � nMP . R - ( (� � , 

G IJ�S_ 
D � h 

Al ' 
" 

�EVRS- �� 
or 
RESEARCH 
Here's an excellent opportunity to explore unknown horizons in the 
solid state computer field. NCR now has open 12 choice positions, 
including three senior ones for superior engineers and physicists. 
SENIOR RESEARCH ENGINEER OR SPECIALIST with an 
MS or Ph. D. and strong experience in transistor circuits is needed 
for magnetics research. 
SENIOR RESEARCH ENGINEER OR SPECIALIST, ( EE or 
physicist ) with an MS or Ph. D. and broad research background 
including system experience, is needed for research analysis. 
SENIOR PHYSICIST, MS or Ph. D., with semiconductor experi. 
ence, is needed for solid state thermoelectrics research. 
NINE EE's AND PHYSICISTS are needed for magneto·optics, 
direct character recognition, a parametron proj ect, and a solid 
state proj ect. Experience range : from j unior to senior level. One 
of the following backgrounds required : transistor circuits, logical 
design, digital systems, magnetics, electron and physical optics, 
electro· chemistry, physical chemistry or chemical engineering, 
evaporated films, microminiature circuits or components. 
At NCR Electronics Division, located in California's Riviera-like 
Southland, you will have a free rein to formulate and develop 
ideas in exciting new phases of solid state computers. You'll be 
part of the team that developed the magnetic Rod memory with 
a 4-millimicrosecond switching speed ; the photochromic memory, 
based on the microencapsulation technique ; inhibit-core logic, 
using ferrite cores or Rods for greater reliability ; and the NCR 
304, the first wholly business.designed large-scale computer having 
all-solid state circuitry. 
What's more your future is assured - you'll be working for one 
of the best known and best financed companies in the world. 
Please contact D.  P. Gillespie, director of industrial relations. All 
replies held in strict confidence. 

The National Cash Register Company 
ELECTRONICS DIVISION 
1401 East El Segundo Boulevard, Hawthorne, California 
* Trade Mad: Reg. U. S. Pat. Off. 
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A C M E E L ECT R I C  C O R P O R AT I O N  . .  58 
Agency : Scheel Advertising Agency, I n c orpora ted  

AERO S E RV I C E  C O R P O RATI O N . .  . .  1 02 
Agency : The Aitkin - Kynett  C o . ,  I n c .  

A E R O J ET- G E N ERAL C O R P O RAT I O N .  A S U B­
S I D I A RY OF T H E  G E N ERAL T I R E  & R U B-
B E R  C O M P A N Y . . .  . . . . .  263 

Agency : D' Arcy Advertising Company 
A E R O N C A  M A N U FACT U R I N G  C O R P O RA-

T I O N  . . . . . 1 2  
Agency :  Penn and Hamaker, I n c .  

A L L I ED R A D I O  C O R P  . . .  . . . . . . . . .  1 32 
Agenc y : George Brodsky Advertising, I n c .  

A L L I  ED RESEARCH ASSOC I ATES.  I N C . .  A 
S U 8 S I D I A RY OF V E RT O L  A I RCRAFT C O R-
P O R AT I O N  . . . . . 1 1 6  

Agency : Gaynor & Ducas, I n c .  
ALPHA C O R P O R AT I O N .  A S U BS I D I A RY OF 

C O L L I N S  RAD I O  C O M PANY. . .  35 
Agenc y : D o n  L. Baxter,  Inc.  

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 . . . . . . . . . . . . . . .  1 93 

Agenc y : Ketchum, MacLeod & Grove, I n c .  
A M C O  E N G I N E E R I N G  CO. . . . .  . 1 85 

Agency : B u t i - Roberts 
A M E R I C A N  BOSCH A R M A  C O R P O R AT I O N .  

A R M A  D I V I S I O N . .  2 5  
Agenc y : Doylc, Kitchen & M c C ormick, I n c .  

A M E R I CA N  B RASS C O M P A N Y .  T H E  . . . . . . . . . . . . . . .  30.  31 
Agenc y : Kenyon & Eckhardt I n c .  

A M E R I CA N  E D E LSTA A L .  I N C . .  U N I M AT D I V .  1 49 
Agcncy : Harold J. Siesel Company 

A M E R I C A N  FELT C O M P A N Y... 1 8  
Agency : Kelly, Nason, Incorporated 

A M E R I C A N  M A C H I N E  & FO U N D RY C O M ­
P A N Y .  GOVE R N M E N T  P R O D UCTS G R O U P  6 7  

Agency : C u nningham & Walsh I n c .  
A M E R I CA N  O P T I C A L  C O M P A N Y .  I N S T R U -

M E N T  D I V I S I O N . .  . . . . . . . .  1 04 
Agency : J. G. Kelly C o . ,  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  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 2 1 5  

Agency : Needham, Louis and Brorby, I n c .  
A M E R I C A N -STA N DA R D .  M I L I T A R Y  P R O D -

U CTS D E PT . .  . . .  226 
Al!cncy : S. Gunnar Myrbcck & Company, I n c .  

A M P E R EX E L ECTRO N I C C O R P  . •  S E M I -C O N ­
D U CT O R  A N D  S P EC I A L  P U R P O S E  T U B E  
D I V I S I O N  . . . . . . . . .  1 1 3  

Agency : Sam Groden, I ncorporated 
A N AC O N D A  C O M PA N Y .  TH E.. . . .  . . . . . . . .  30. 31  

Agency : Kenyon & E ckhardt Inc.  

A P P L I E D  P H Y S I C S  C O R P O RATI O N . .  . . . . . . . .  1 60 
Agenc y : Clyde D. Graham Advertising 

A R G O N N E  N AT I O N A L  LABO RATORY . . . . . . . . . . . . . . .  291 
Agency : Grant .Jacoby Studios, I n c .  

A R N O L D  E N G I N E E R I N G  C O M P A N Y .  T H E  . . . . . . 203 
Agency : Erwin Wasey ,  R u t hrauff & Ryan, I n c .  

A R R I F L EX C O R P O RATI O N  O F  A M E R I CA .  . . . . . .  1 8 3  
Agency : Advertising Aides 

A UT O M A T I C  ELECT R I C  C O M P A N Y .  S U 8S I D I ­
A R Y  O F  G E N E R A L  T E L E PH O N E  & E L EC-
T RO N I C S  C O R P . .  . .  1 48 

Ag-ell c y : K u chler Agency,  I n c .  
A U TO N ET I C S .  A D I V I S I O N  O F  N O RTH A M ER-

ICAN A V I AT I O N .  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123 
Agency : Ballen, Barton, Durstine & Osborn, Inc.  

AVCO C O R P O RAT I O N . . . 1 33 
Agency : Benton & Bowles, I n c .  

A V C O  C O R P O RAT I O N .  A V C O  R E S E A R C H  
A N D  A D V A N C E D  D EV E LO P M E N T  D I V I -
S I O N  . 259 

Agency : Benton & Bowles, I n c .  

B A R N E B EY-CH E N EY C O M PA N Y  . . .  . . . . . .  202 
Agen c y : Odiorne Ind ustrial Advertising,  I n c .  

BATT E L L E  M E M O R I A L  I N ST I TU T E  . . . . . . . . . . . . . . . . . . . . . .  262 
Agency : B yeI' & Bowman Advertising Agency 

BAUSCH & L O M B O P T I C A L  CO . . . . . . . . . . . . . . . . .  1 30 . 1 96 
Agenc y : Wolff Associates, I n c .  

B E L L  A I RCRAFT C O R P O RAT I O N . . . . . . . . . . .  278 
Agency : The R u mrill Company I n c .  

B E L L  T E L E P H O N E  LABO RATO R I ES. . .  . . . .  37  
Agency : N .  W .  A y e r  & Son,  Incorporated 

B E N D I X  AV I AT I O N  C O R P O RATI O N . .  3 3  
Agency : MacManus,  J o h n  & Adams, I n c .  

B EN D I X  AV I AT I O N  C O R P O R AT I O N .  SYST E M S  
D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 07 

Agenc y : MacManus, 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  

AV I A T I O N  C O R P O RAT I O N . .  . 207 
Agenc y : Shaw Advertising, I n c .  

B E S E L E R .  C H A R L ES .  C O M PA N Y  . . .  
Agency : Marwel Advertising, I n c .  

B L I SS .  E.  W . •  C O M P A N Y  . . .  
Agency : Feeley Advertising Agency, Inc.  

B R I T I S H  I N D U ST R I ES C O R P O R AT I O N  . .  
Agellc y :  The Z l o w e  C o m p a n y  I n c .  

. . . . .  1 73 

50 

. 1 32 

B R O O KS & P E R K I N S .  I N C.. . . . . . .  . . .  1 76 
Al!etlcy : Holden Chapin Larue I n c .  

8 R U S H  B E R Y L L I U M  C O M PANY.  T H E  . . . . .  
A. gt' tU ' Y : The Ken Fox Company 

BUD RA D I O  C O R P .  . 1 34 
Ag-enc y :  Allied Advertising Agency, I n c .  

B U D D  C O M P A N Y .  T H E .  N U C L E A R  SYST E M S  
D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . 1 75 

Agen c y : Lewis & Gilman, I n c orporated 

B U LOVA 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 ES . . . . .  2 1 3  

Agenc y : Duncan-Brooks I n c .  
B U RG E S S  BATTERY C O M PANY. . .  . . . . . . . . .  1 7 6  

Agenc y : Kall
�
e Advertising 

B U R N DY C O R P O R AT I O N .  O M AT O N  D I V I S I O N  1 31 
Agency : Ted Gruvcnson,  I n c .  

C E LA N ES E  C O R P O RAT I O N  O F  A M E R I CA .  
C H E M I C A L  D I V I S I O N . .  . . . . . . .  1 1 4 . 1 1 5  

Agency : Ellington & Company, I n c- .  
C E LA N ES E  C O R P O R AT I O N O F  A M E R I C A .  

PLASTICS D i V i S i O N . . . . . . . . . . . . . . . . . . . . .  . . . .  2 1 1  
Agenc y : Ellington & Company, I n c .  

C H I CA G O  RAWH I D E  M A N U FACTU R I N G  
C O M P A N Y .  S I RV EN E  D I V I S I O N  . . . . . . . . . . . . . . . . . . .  1 6 1  

A�ency : Aves,  Shaw & Ring, I n c .  
C O N V A I R - F O RT W O R T H .  A D I V I S I O N  O F  

G E N ERAL DY N A M I C S  C O R P O R AT I O N  . . . . . .  257 
Agen c y : Glenn Advertising, I n c .  

C O O P E R  A L LOY C O R P O RAT I O N . .  . . . .  1 1 1  
Agency : Adams & Keyes,  I n c .  

C O R N I N G  G LASS W O R K S  . . . . . . . . . . . . . . . . .  . 
Agency : The Rumrill  Company I n e .  

C O X  & C O M PANY,  I N C . . . . . . . . . . . . . . . . . . . . .  40 
Agen c y : Donaldson Associates I n c .  

C U RT I SS-W R I G HT C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . .  1 98 
Agency : Adams & Keyes, I n c .  

D A G E  T E L EV I S I O N  D I V I S I O N .  T H O M P S O N  
R A M O  WOO L D R I D G E  I N C  . . . . . . . . . . . . . . . . . . . . . . .  1 58 

Agenc y : Lamport, Fox, Prell & Dolk I n c .  
D EA R 8 0 R N  CH EM I CA L  C O M PA N y  . . . . . . . . . . . . . . . . . . 1 08 

Agenc y : Adams & Keyes, I n c .  
D I A L  P R E S S .  T H E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  276 

Agency : Sussman & S ligar,  l l l c .  
D O U B LEDAY & C O M P A N Y .  I N C . . . . . . . . . . . . . . . .  269 

Agenc y : Franklin Spier, I n c .  
D O U G LAS A I RCRAFT C O M P A N Y .  I N C  . . . . . . . . . . . .  245 

Agenc y :  J. Walter Thompson Company 
DOW C H E M I C A L  C O M P A N Y .  TH E . . . . . .  6 .  7 . 1 78 . 1 79 

Agcn c y : MacManus, John & Adams, In � . 
DOW C O R N I N G C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . .  57 

Agenc y : Church and Guisewite Adver t i s i n g .  I l l f· .  
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Agen c y : Bal len,  llarton.  D l I n; t i n e  & Osho rn . I I I I ' .  
D U  P O N T  D E  N E M O U RS .  E .  L .  & CO . •  I N C  . •  

PO LYC H E M I CA L S  D E PARTM E N T  . . . . . . . . . . . . . . . . . . . .  1 7  
Agenc y : B a t t e n ,  B a r t o n .  Dursline & Osbn rll. I l l f ' .  

D U  P O N T  D E  N E M O U RS .  E .  L .  & CO . .  I N C  . .  
TEXT I L E  F I BERS D E P A RT M E N T  . . . . . . . . . . . . . . . . . .  1 36 .  1 37 

Agency : Ballett ,  Barton, D li t's t i n c  8.. O s b o r n .  I IH' . 
D U R EZ P LA S T I C S  D I V I S I O N .  H O O K E R  C H E M -

I C A L  C O R P O RAT I O N . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 8  
Agency : T h e  Rumrill  Cumpany l u c .  

EASTM A N  C H E M I C A L  P R O D UCTS.  I N C  . .  
S U 8 S I D I A RY O F  EAST M A N  K O D A K  C O M -
P A N Y  . 1 46 .  1 47 

Agency : Fred V;'i t t n e r  C OIll P U U \  

EAST M A N  C H E M I C A L  P R O D U CTS.  I N C  . .  
S U B S I D I A R Y  O F  EAST M A N  K O D A K  C O M -
P A N Y .  C H E M I CALS D I V . . . . . . .  . . . . . . . . . . . . . . . . . 1 86 

Agenc y : Fred Wittner Company 
EAST M A N  KODAK C O M P A N Y . . .  . . . . . . . . . . 1 01 

Agenc y : The Rumrill  Company [ I I I ' .  
E D M U N D  SC I E N T I F I C  CO . . .  . . . . . . . .  2 5 1  

Agenc y : Walter S .  Chitt ick CO m p H I I \ 

ERCO. D I V I S I O N  OF A C F  I N D U STR I ES .  I N C .  68 
Agency : Conti  Advertising Agettc ) ,  [ n c .  

FA D EX CO M M E RC I A L  C O R P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 58 
Agenc y : Gore Smith Grecltland I tw .  

FAFN I R  B EA R I N G  C O M P A N Y .  TH E. . . . . . . . .  20  
Agen c y : N o y e s  & C o m p a n y ,  l n e o rporated 

FERSON O PT I C A L  C O M PA N Y .  I N C  . . . . . . . . . . . . . . . . . . .  254 
Agcncy : Godwin Advertising Agenq 

F I S C H E R  & P O RT E R  CO.. .  . . . 240 
Agen c y : Tbe I'larry P. Bridge C o rn p u n  y 

F U N K  & WAG N A LLS C O M P A N y  . . . . . . . . . . . . . . . . . . . .  : . . .  277 
Agency : Albert Frank·Guenther Law. [ n e .  

G A E RT N E R  S C I E N T I F I C  C O R P O RAT I O N  . .  
Agenc y : Sidney Clayton & Associates  

GARFI ELD.  O L I V E R .  CO.,  I N C. . . .  . . . .  256 
Agenc y : Daniel & Charles ,  I n c .  

G A R R ETT C O R P O R AT I O N .  T H E .  A I RESEARCH 
M A N U FACTU R I N G  D i V i S i O N S.. . . . . .  1 09 

Agency : J. Walter Thompson Company 
G E N E R A L  D Y N A M I C S  C O R P O RAT I O N  

B a c k  Cover 
Agency : D'Arcy Advertising Company 

G E N E R A L  E L ECT R I C  C O  . •  A I RCRA FT N U C L E-
AR P R O P U L S I O N  D EPARTM E N T  . . . . . . . . . . . . . . . . . . . .  283 

Agency : Deutsch & Shea, I n c .  
G E N E R A L  ELECT R I C  C O M PA N Y .  D E F E N S E  

SYST E M S  D E P A RT M E N T  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 6 .  2 1 7  
Agency : G .  � L  Basford Company 

I N DEX OF  
SEPTEMBER, 

G E N E R A L  E L ECT R I C  CO .• K N O L L S  ATOM I C  
P O W E R  LABO RATORy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  261 

Agen c y : Deutsch & Shea.  I n c .  
G E N ERAL E L ECT R I C  CO . .  L I G H T  M I L I TA RY 

E L ECTRO N I CS D E P A RTM E N T  . . .  
Agenc y : D e  Carmo I ncorporated 

G E N E R A L  ELECT R I C  C O M PA N Y .  X-RAY D E-
PARTM E N T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 . 27 

Agency : Klan. Van P ietersom -Dunlap,  I n c .  
G E N ERAL M OTORS C O R P O RAT I O N .  A L L I -

S O N  D I V I S I O N  . . . . . . . . . . . . . . . . . . . .  . . . . .  237 
Agency : Kudner Agency,  I n c .  

G L O B E  I N D USTR I ES .  I N C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
Agenc y : Odiorne I n dustrial Advertising,  Inc .  

G O O DYEAR A I RCRAFT C O R P O RAT I O N .  A 
S U BS I D I A RY OF T H E  G O O DY E A R  T I R E  & 
R U B B E R  CO • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  254 

G O O D Y E A R  T I R E  & R U B B E R  CO .• C H E M I C A L  
D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n s ide  Front Cover 

Agen c y : Kudncr Agency,  I n c .  
G OVE R N M ENT P R O D U CTS G R O U P .  A M E R I ­

C A N  M A C H I N E  & FO U N D RY C O M P A N Y  . .  67 
Agen c y : Cunningham & Walsh I n c .  

G RA P H I C  SyST E M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 8  
Agency : D i e n e r  & Dorskind I n corporated 

G R U M M A N  A I R C R A FT E N G I N E E R I N G  C O R-
PORAT I O N  . . . . . . . . . . . . . . .  64. 65. 282 

Agency : Fuller & Smith & Ross I n c .  
G U R L E Y .  W .  & L. E . . .  6 2  

Agency : F r e d  Willner Company 

H A Y D O N .  A .  W . •  C O M P A N Y .  THE . . . . . . . . . . . . . . . . . . 1 73 
Agency : Cory Snow.  I n l ' .  

H AYES.  C.  L .  I N C. . . . .  . 2 1 0  
Agenc y : Horton,  Church & Goff I n e .  

H A Y N ES STE L L I T E  C O M P A N Y .  D I V I S I O N  O F  
U N I O N C A R 8 1 D E  C O R P O R AT I O N . .  4 3  

Agenc y : J .  J\L Mathes I ncorporated 
H E RC U L ES POW D E R  C O M P A N Y .  I N C O R P O -

RATED . 23 
Agenc y :  Fuller & Smith & Ross I ti C .  

H I G H  VOLTA G E  E N G I N E E R I N G  C O R P O RA-
T I O N  36 

Agenc y :  }� ngineererl Adv e r l i " i n g  

H O O K ER C H E M I C A L  C O R P O R AT I O N .  D U R EZ 
PLASTICS D I V I S I O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 8  

Ag-ellc y :  T h e  Rumrill  Company Inl ' . 
H U G H ES A I R C R A FT CO M PA N y  . . . . .  . . . .  246 . 247 

Agency : F o o t e .  Cone & Belding 

ITT L A 8 0 RATO R I ES .  A D I V I S I O N  O F  I N TER­
N AT I O N A L  T E L E P H O N E  AND T E L E G R A P H  
C O R P .  . . . . . . . . . . . . . . . . 255 

AgctlC' y :  Carpcnter·Proctor,  I n c .  
I N D U ST R I A L  T ECTO N I C S .  I N C . . .  . . .  2 1  

Agency : Carl Connable �dvertisit1g  
I N ST R U M ENTS F O R  I N D U STRY.  I N C . .  1 1  

Agenc y : :McClellan Ad\'ert is ing-,  l n t' . 
I N T E R N AT I O N A L  B U S I N ESS M A C H I N ES C O R-

P O RAT I O N  . . . . . . . . . . . . .  1 1 0 . 239 
Agency : Benton &. Bo\\ If'S,  T i le .  

I N T E R N AT I O N A L  M I N E R A L S  & C H E M I CA L  
C O R P . . . . .  . .  1 25 

Agency : Klau·  Van Pietersom . D lInlap,  I n c .  
I N T E R N AT I O N A L  N I C K EL C O M P A N Y .  I N C  . •  

T H E .  P L AT I N U M  M ETALS D I V I S I O N  . . . . . . .  .44 . 45 
Agen cy : Marschalk and Pratt D i v .  of  M e C a n ll '  

E rickson, I n c .  
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 RA P H  C O R PO RAT I O N . .  1 35 
Agellcy : J. M. :Mathcs Inc orporated 

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 RA P H  C O R P  .• I N D U ST R I A L  P R O D U CTS 
D I V I S I O N  56 

Agency : Darwin H. Clark C o .  
I R I S H  EX P O RT P R O M O T I O N  B O A R D  . . . . . . . . . . . . . . . . 233 

Agency : Weiner & Cossage, I n c .  

J A E G E R S .  A . . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  258 
Agenc y :  Carol Advertising Agency 

J A N I T R O L  A I R C R A FT D I V I S I O N .  S U R FACE 
C O M B U S T I O N  C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . .  1 41 

Agen c y : Odiorne Industrial  Advertising,  I n c .  
J O H N S  H O P K I N S  U N I V E R S I TY.  T H E .  A P -

P L I E D  P H Y S I C S  LABO RATORY . . . . . . . . . . . . . . . . . . . . . . .  274 
Agency : M. Belmont Vcr Standig, I n c .  

K ELSEY-HAYES C O M P A N y  . . . .  
Agency : Zimmer,  Keller & Cah'crt I n c .  

K E N N A M ETAL I N C . . .  
Agenc y : Ketchulll, MacLeod & Grove, I n c .  

34 

. . . 2 1 2  

K N OWLTON B R O T H E R S  I N C O R P O RATED . . . . . . .  225 
Agency : Barlow Advertising Agency,  I n c .  
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K O L L M O R G E N  O PTICAL C O R P O RAT I O N  .. . . . .  224 
Agenc y : WilSOD, Haight, Welch & Grover, Inc.  

LABORATORY EQ U I P M ENT CORP. . . . . . . . . . . ... 1 9 1  
.-\gency : J o n e s  & Taylor, I n c .  

LA FAYETTE RA D I O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 1  
Agenc y :  Friend-Reiss Advertising, I n c .  

LEEDS & N O RTH R U P  CO M PA N y. . . . . . . .  . . . .  205 
Agency : Harris D .  M c K i n n e y  I ncorporated 

L E FAX P U B L i S H ERS.. . . . . . . . . . . . . . . . . . . . .  . 277 
Agenc y : H .  Lesseraux 

L I BRARY OF SC I ENCE,  TH E... . . .  . . . . . . . . . . . . 266 
Agency : Wunderman, Ricotta & Kline. I n c .  

L l B RASCO PE,  I N C O R PO RATED. A S U B S I D I ·  
ARY O F  G EN ERAL P R EC I S I O N EQ U I P-
M EN T  CORPORAT I O N . .  2 9  

Agency : Compton Advertising, Inc.  
L I N D E  C O M PA N Y ,  D I V I S I O N  OF U N I O N  

CARB I D E C O R P O RAT I O N  6 1  
Agenc y : J .  1\ '1.  Mathes Incorporated 

L I N K  AV I AT I O N ,  I N C . ,  A S U B S I D I A RY O F  
G E N E R A L  P R EC I S I O N  EQ U I P M E N T  COR-
P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  280 

Agency : Gaynor & Ducas, Inc.  
LITTLE,  ARTH U R  D . ,  INC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 77 

Agency : Henry A. Loud"lll , Advertising, I n c .  
L I TT O N  I N D U ST R I ES ,  I N C . ,  E L ECTRO N I C  

EQ U I P M ENTS D I V I S I O N . .  . 277 
Agency : Fletcher Richards, Calkins & Holden, l n c .  

LOC K H E E D  A I RCRAFT C O R PO RAT I O N ,  
G E O R G I A  D i V i S i O N .. . . . .  46 

Agency : Donahue & Coe, I n c .  
LOC K H EED M I S S I LES A N D  S PA C E  D I V I S I O N ,  

L OC K H E E D  A I RCRAFT C O R P O R AT I O N  
234, 235 

Agency : Hal Stebbins, Inc.  

L O RAL E L ECTR O N ICS C O R P O RAT I O N ,  SYS-
TEMS D i V i S i O N .. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

Agency : Smith, Winters :Mabuchi,  Inc.  
L O S  A LA M O S  SC I EN T I F I C  LABO RATORY OF 

THE U N I V ERS I TY OF C A L I F O R N I A  . . . . . . . . . . . . . .  221  
Agency : Ward Hicks Advertising 

L U D W I G ,  F. G., I N C .. . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  1 32 
Agenc y : Moore & Company. I n c .  

M A LAYA N T I N  B U R EA U ,  TH E.. .  . . . . . . . . . . . . . . .  225 
Agency : Gray & Rogers 

M A L L I N C K RO D T  N UC L E A R  C O R P O RAT l O N ..48, 49 
Agency : H .  George Bloch I n c .  

M A RC H A N T  CALCU LAT O R S ,  D I V I S I O N  O F  
S M I T H -C O R O N A  M A RC H A N T  I N C . . . . .  . 1 94 

Agenc y : Foote, Cone & Belding 
M A R Q U A R D T  A I RCRAFT C O . . . . . . . . .  . . . .  70, 71 

Agellcy :  Grant Advertising, I n c .  
M A RT I N C O M P A N Y ,  T H E  . . .  60, 61 

Agency : VanSant, D ugdale & Co . •  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  273 

Agenc y : E. M. H alvorson Co. 
M. I. T. L I N C O L N  L A B O RATORy . . . . . . . . . . . . . . . . . . . . . . . . . . .  290 

Agency : Randolph Associates 
M E L P A R ,  I N C . ,  A S U B S I D I A RY O F  WEST I N G -

H O U S E  A I R  B R A K E  C O M PANY. . .  . 1 87 
'\gency : Larrabee Associates Advertising 

M E RCK & CO . •  I N C . , C H E M I C A L  D I V I S I O N . .  47 
\;.{cncy : Charles W .  Hoyt Company, I n c .  

M ETAL & T H E R M I T  C O R P O RAT I O N ,  C O M -
M E RC I A L  D EV E L O P M ENT D I V I S I O N . .  5 1  

Agenc y : Marsteller. Rickard, Gcbhardt a n d  
H. c e d ,  I n c .  

M I N I AT U R E  P R EC I S I O N  B EA R I N G S ,  I N C. 
1 92 ,  232 

Agency : James T homas Chirllrg COlllpany 

M I N N EA P O L I S- H O N EYW E L L  .. . . . . . . . .  52,  5 3 ,  1 52 
Agenc y : The Aitkin·Kynett  Co . •  l u c .  

M I N N EA P O L I S- H O N EYW E L L ,  A E R O N A U T I -
C A L  D I V I S I O N . .  . . . . . . . . . . . . . . . . . .  288 

.A gellcy : Kerker Peterson Hixon Hayes, I n c .  

M I N N EA P O L I S - H O N EYW ELL,  H E I LA N D  D I V I -
S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 3  

Agcncy : Tool and Armstrong Advcrtising 

M I N N ESOTA M I N I N G AND M A N U FACT U R­
I N G  C O M P A N Y ,  C H E M I C A L  D I V I S I O N  

1 50 ,  1 51 
A �e n c y : :Macl\Ianus. John & Adams, I n c .  

M I N N ESOTA M I N I N G  AND M A N U FACT U R­
I N G C O M P A N Y ,  M AG N ET I C  P R O D UCTS 
D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

A gency : l\lac)(alills,  John & Adams, I n c .  

M I T R E  C O R P O RAT I O N .  T H E.. .  . . . . . . . . . . . .  227 
Agency : Deutsch & Shea, I n c .  

M O D ER N O P H O N E, I N C . .. . . . . . . . . . . . . . . .  . . .  256 
Agenc y :  The Kaplan Agency. I n c . ,  Div. of Mogul 

Lewin Williams & Saylor, I n c .  

NARDA U LTRASO N ICS CORPORAT I O N ,  T H E ,  
S U B S I D IA RY O F  T H E  N A R D A  M I C RO­
WAVE CORPORAT I O N ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 

Agency : John Mather Lupton Company Inc. 
NATIONAL AERONAUTICS AND S PACE AD-

M I N I STRAT I O N  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  284 
Agency : M. Belmont Ver Standig, Inc.  

N AT I O N A L  CASH R EG I STER COM PANY, THE, 
ELECTRO N I CS D i V i S i O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  285 

Agency : Allen,  Dorsey & Hatfield,  I n c .  
NAT I O N A L  C O M PANY, I NC.. . . . . . .  . . . . .  1 67 

Agency : Burton Browne Advertising 
N EW D EPART U R E  D I V I S I O N  O F  G E N ERAL 

M OTORS CO RP O R AT I O N . . . . . . . . . .  41 
Agency : D. P .  Brother & Company 

N O N -L I N EA R  SYST E M S ,  I N C... . . . . . . . . . . . . . . . . . . . .  121 
Agency : Barnes Chase Company 

N ORTO N COM PANY, ELECTRO-C H E M I CA L  
D I V I S I O N  .. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  1 7 1  

Agency : James Thomas Chirurg Company 
N U CLEAR-C H I CAGO CORPORAT I O N  . . . . . . . . . . . . . . .  1 59 

Agency : Don Colvin & Company, Inc. 

OAK R I D G E  N AT I O N A L  LABO RATO R I ES­
I SOTOPES D I V I S I O N  ( U N I O N  CA R B I D E  
C O R P O RAT I O N )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  252 

Agency : J. M .  �Iathes Incorporated 
O F F I C E  OF NAVAL R E S E A RC H ,  D E P A RT M E N T  

O F  TH E N AVY .. . .  279 
Agency : i\l. Belmont Ver Standig, I n c .  

O P ERAT I O N S  RESEARCH OFFICE,  THE 
JOHNS H O P K I N S  U N i V E RS iTy . . . . . . . . . . . . . . . . . . . . . . .  260 

Agency : M. Belmont Ver Stan dig, Inc.  
OXFORD U N I V E R S I TY P R ESS,  I N C .................... . . . .  268 

Agency : Denhard & Stewart, Inc. 

P A I L L A R D  I N C O R P O RATED . . . . . . . .. • . ......•...•..•.... . . . . . .  242 
Agency : Fuller & Smith & Ross Inc. 

P ERGAM O N  P R ESS, INC • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  270 
Agency : JOII·Bruce Associates 

P E R K I N - E L M E R  C O R P O RAT I O N .. . . . . . . . . . . . . . .  · 32 
Agency : G . .M. Basford Compauy 

PH I LC O  C O R P O RAT I O N ,  G O V E R N M EN T  A N D  
I N D U ST R I A L  D I V I S I O N  ...  1 69 

Agenc y : 1\Iaxwell Associates, I n c .  
P H OTO M EC H A N I S M S .  I N C.. . . .  . . . . . . .  1 28 

Agenc y : Fred Wittner Company 
P I C K E R  X-RAY C O R P O RAT I O N  1 5  

Agency : Gotham-Vladimir Advertising. I n c .  
POTTER & B R U M F I E L D  I N C . ,  D I V I S I O N OF 

A M E R I CA N  M ACH I N E  & F O U N D RY 
C O M PA N y .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  28 

Agency : Fletcher Richards, Calkins & Holden, Inc.  

R A D I AT I O N  DY N A M I C S ,  I N C. .. . . . . . . . . . . . . . . . . . .  13 
Agency : Conti  Advertising Agency, Inc.  

RA D I AT I O N  E N G I N E E R E D  SERVICES . . . . . . . . . . . . . . . . 1 76 
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•• Research Engineers, here 
are opportunities to J"oin 

a group probing advanced 
concepts in space controls �� 

"A unique feature of man's explorations in space is his utter de­
pendence on automatic controls. Flight controls, environment 

controls, instrumentation and data processing, inertial guidance 

and navigation ... these are the work areas of Honeywell Aero, a 

division of the world's largest producer of automatic controls. 
"Our group at Honeywell conducts research in these advanced 

control fields. Now we must expand 100% in the next three years 

to maintain our leadership-currently evidenced by our demon­
stration of electrically suspended gyro concepts and by the fiight­

tested "Adaptive" autopilot. Opportunities exist in seven areas: 
computer systems, infrared, inertial sensors, human factors, sys­

tems analysis, instrumentation, and automatic controls. 

"If you are a qualified research engineer interested in a reward­

ing career in these areas, I'd like to hear from you. Drop me a 

line-including information on your background, interests, and 

accomplishments. " 

Write: Hugo Schuck, Dept. 854A 

' ell H 
AERONAUTICAL DIVISION 

HON EYWEll 

2600 Ridgway, Minneapolis 13, Minnesota 
Fine opportunities also exist in other Honeywell development and manufacturing 
facilities in the Boston area, the Philadelphia area, the Los Angeles area, Min­
neapolis, Seattle, St. Petersburg, Chicago and Freeport, Illinois, Denver, and the 
WashinqtQn D.C. area. Send resume to H. D. Eckstrom, Director of Employment, 
Dept. 8,S4A, Minneapolis Honeywell, Minneapolis 8, Minnesota. 
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Silence deep as death 
• "There was silence deep as death, and the boldest held his 
breath, for a time." Thomas Campbell was describing the 
Battle of the Baltic, in 1801. But many a submariner will 
recognize the moment in modern underwater combat, when 
complete silence is the only way to survival. 

Modern submarines make the problem of silence tougher, 
for in these modern boats, som� machinery must always be 
running. This is why tech/ops is probing, for the Navy's 
Bureau of/Ships, the transmission of noise through water 
pipe lines through structure and into the sea ... to be picked 
up by enemy ears. And tech/ops has found new ways of test­
ing for such noise . . . methods that light the way toward 
"silence deep as death " for our Navy's pigboats. 

Another typical break-through in tech/ops' broad scien­
tific research and development for business, industry and 
government. 

Technical Operations, Incorporated 
Central Research Laboratories, South Avenue / Burlington, Massachusetts 

• WASHINGTON, D.C . •  MONTEREY, CALIFORNIA . FORT MONROE, VIRGINIA 

personnel requirements 

at Washington, D.C.: Unusual oppor· 
tunities for qualified scientists interested in 
more sophisticated disciplines related to 
mathematics, digital computer programming, 
operations analysis, statistir.al mathematics. 
at BurlinGton, Massachusett.: 
Scientists and engineers with experience in 
simulation techniques. programming research. 
operations research, systems analysis. mathe­
matical statistics, for long·term program to 
provide integrated weather observing, fore­
casting, data handling and transmission 
systf!m. 
at Fort Monroe, Virginia, Re.earch 
OHice: Experienced computer programmer; 
statistician interested in development and 
use of operational simulations; senior scien· 
tist experienced in Army weapons and sup· 
port assistance. 
at Monterey, California, and Hon .. 
olulu. Hawaii, Research Offices: 
Senior mathematician·programmer for pro­
gram integration including large file mainte· 
nance and informal retrieval problems; opera· 
tions analyst to develop operational simula· 
tions and subsequent programming; junior 
programmer with large computer experience. 

address: Robert L. Koller 
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l.AST OF A SERIES 

Data Systems 

and Techniques 

to Expand Man's 

Scientific Knowledge 
• • •  THE CONTINUING OBJECTIVE OF IMAGINATIVE MINDS 

AT SYLVANIA'S DATA SYSTEMS OPERATIONS 

Data processing, frequently regarded as a recent development, is as 
old as mankind. When we witness a person counting on his fingers, 
we are watching the world's oldest - and simplest - digital computer 
in operation. With man's constant search for faster, more efficient 
ways of processing and reducing data came the development of 
devices such as the abacus, straightedge-and-compass, slide rule, 
astrolabe, nomogram, 
planimeter and inte­
graph. Each of these 
i n v e n t i o n s  brought 
measurable advances 
in engineering and the 
physical sciences. 

Today, the world has 
entered the scientific 
age in which the bold 
dreams of yesterday are becoming realities. At Sylvania's Data 
Systems Operations far-ranging programs in data systems are 
directed toward expanding man's scientific knowledge and develop­
ing new technologies. Typical of these projects are MOBIDIC, the 
first mobile, transistorized, large-scale computer and the data proc­
essing phase of BMEWS, the USAF's Ballistic Missile Early Warn­
ing System. 

• MECHANICAL ENGINEER Senior positions in product engineering & 
design of data processing systems. Areas: (1) packaging design of digital 
& analog circuits with emphasis on modularity & standardization; (2) struc· 
tural design of cabinets, racks, chassis & other modular packaging; (3) en· 
vironmental control, testing & analysis; (4) design of operator's consoles 
& displays; (5) design of electronic test equipment; (6) systems integration. 

• SENIOR SYSTEMS ENGINEERS To work on digital data systems. Past 
experience (5·10 years) as Systems Designers or Project Leaders. Also 
openings for JR. SYSTEMS ENGINEERS with 1·5 years experience. 

• SENIOR ENGINEER BS/EE; at least 2 years recent experience in tran· 
sistor circuit design; 5 years total experience in diversified circuit work. 
particularly digital computer circuits. Design & supervise development of 
transistor circuits to operate over wide temperature range. Select & specify 
components, packaging layout & interconnecting cables for pulse & switch· 
ing circuits, high gain linear amplifiers & selection matrices. 

Please send resume to J. B. Dewing 

Data Systems Operations / SYLVANIA ELECTRONIC SYSTEMS 

A Division of 

�SYLVANIA 
Subsidiary or 

� GENERAL TELEPHONE" ELECTRONICS � 
.n_ 

189 B Street - Needham 94, Massachusetts 
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New Solar gas turbine offers small size, 

light weight, greater fuel efficiency 

SOLAR'S REMARKABLE NEW llOO hp Saturn 

gas turbine repi'esents an important 

forward step in gas turbine fuel effi­

ciency -requiring only .63 pounds of 

fuel  per hp hour. T he engin e i s  

extremely lightweight, averaging less 

than 1/10th the weight of conventional 

engines of similar hp; it occupies only 

about 51 cubic feet; it starts instantly 

and takes full load without laboring in 

temperatures from -65F to 130F, even 

after long periods of standby service. 

And the new Solar Saturn engine will 

operate on a wide variety of fuels. 

Today, proven-in-service Solar gas 

turbines-ranging from 50 to llOO hp 

-are creating new standards of per­

formance and reliability. As propulsion 

units for boats, as a dependable power 

source for electric generators, as high-

ENGINEERS WANTED! Challenging projects, unlimited opportunities with Solar. Write today! 

efficiency pumps and in other applica­

tions ... Solar gas turbines are saving 

time and money for hundreds of satis­

fied users. For a new gas turbine 

brochure, write to Dept. G-135, Solar 

Aircraft Company, San Diego 12, Calif. 

SOLARVOlAR 
SAN DIEGO 

A I • eRA FT C 0 M PAN Y DES MOIN[S 
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