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Chomp, chomp, chom p 
the bugs are marching .. , . 

. . . but nowadays they leave no long, long 
trail of ruined crops. Today's insect in­
vaders find it hard to survive- because of 
new and potent insecticides. 

Shell Chemical insecticides control such 
major crop destroyers as grasshoppers, 
boll weevils, and armyworms. By using 
these powerful insecticides, growers have 
been able to increase both the quality and 
quantity of their crop yields. 

So economical are Shell Chemical's new 
pesticides that mere ounces will protect 
acres of crops. Increased yields and better 
quality crops pay for the cost of treatment 
many times over. 

� � � 

New and better insecticides, like aldrin, 
dieldrin, and endrin, are among many 
Shell Chemical contributions in protecting 
agricultural crops throughout the world. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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CERIUM OXIDE 
-a rare earth that sparked a revolution 

in a long established art in the glass industry 

S
OME twenty years ago in Switzer­

land, two technicians discovered 
the amazing glass polishing 

properties of Cerium Oxide. Soon it 
was being used extensively for polish­
ing of precision lenses in Europe. 

Then came World War II. Scientists 
in the optical industries in this country 
heard about Cerium Oxide • • .  how it 
could polish faster and cleaner than 
any other known material. They 
thought that maybe this was the an­
swer to the problem of accelerated pro­
duction of precision optical· pieces for 
our war machine. 1n a cloak and dagger 
operation, samples of Cerium Oxide 
were smuggled out of Switzerland. 
Tests conRrmed the rumors ... Cerium 
Oxide was IT! 

This was early in the 40's when 
Hitler held most of Europe and the 
Japanese were driving toward Austra­
lia. The urgency of our growing war 
effort was putting· fantastic demands 
on the optical industry. Lenses for 
bombsights, range finders, periscopes 
and other military instruments were 
needed desperately. Production had to 
be increased manyfold with no sacri­
fice of split-hair accuracy. 

Lindsay, the nation's largest proces­
sor of monazite (the chief source of rare 
earths), undertook in 1942 the chal­
lenging task of prodUCing Cerium Ox­
ide. Day after day, Lindsay technicians 
worked with patience and speed to solve 
the inevitable production problems and 
in a remarkably short time, Cerium 
Oxide was being refined with the prop­
erties· that met the demanding stand­
ards of the optical and glass industries. 
At about the same time, Bamesite, a 

rare earth oxide for ultra-high precision 
work, was developed and a few years 
late.r Lindsay took over exclusive 
production. 

By war's end, Cerium Oxide had vir­
tually revolutionized glass polishing 
practices in this country. Today, it is 

a report by LINDSAY 

widely used in the production of dis­
tortion-free TV tubes, fine quality mir­
rors and precision optical lenses. 

Opticians like Lindsay's Cerium Ox­
ide (sold under the trade name CEROX) 
because it enables them to polish lenses 
to prescription specifications faster and 
to give you glasses exactly as the doctor 
ordered. 

Leading automobile manufacturers 
use Lindsay's Cerium Oxide to polish 
out windshield scratches just before 
shipment. One of the largest producers 
furnishes its. dealers with kits contain­
ing Cerium Oxide to remove nicks and 
scratches picked up in transit. 

Why is Cerium Oxide such wonder­
ful stuff when it comes to polishing? 
Fran kly, nobody knows. Lindsay's 
technical people have tested and re­
tested it, put it through countless lab­
oratory analyses and peered at it for 
hours through high-powered micro­
scopes. Just as scientists know how to 
use electricity, but don't know what it 
is, so too, they know that Cerium Oxide 
is a remarkably efficient polishing agent 
but why is still a mystery. 

Like all the other rare earths, Ce­
rium Oxide is a versatile material. Re­
search disclosed its unique potentials 
(along with didymium, neodymium, 
and other rare earths) for use in color-

ing and decolorizing glass and it is 
extensively used for that purpose. An­
other interesting use is as a catalyst 
with some chemical materials. 

Twenty-five years ago, most chem­
ists had little knowledge or curiosity 
about the rare earths. Then the dra­
matic emergence of Cerium Oxide as 
an important factor in the optical in­
dustry excited interest in the full range 
of the 15 rare earth elements-atomic 
numbers 57 through 71. 

There are technical people who 
think that some of the rare earths have 
greater possibilities of revolutionizing 
processes in their industries than Ce­
rium Oxide has had for polishing prac­
tices. We are encouraged to think so, 
too. We are shipping rare earths regu­
larly for use in the production of such 
diverse materials as steel, aluminum, 
glass, ceramics, textiles, ammunition 
and for a variety of applications in the 
electronic and atomic industries. 

We can give you comprehensive 
data about the many rare earth and 
thorium salts available. Your technical 
staff may find it rewarding and profit­
able to take a long, thoughtful look at 
these unique materials, to examine 
their· characteristics and, particularly, 
their potential applications to your 
own processes. 

�. iii 
V 
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PLEASE ADDRESS INQUIRIES TO. UNDSAY CHEMICAL (9MPANY 
264 ANN STREET, WEST CHICAGO, ILLINOIS 
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• This is a partial list of Lear products. It shows at a glance 

why Lear offers exceptional opportunities to the ambitious 

engineer, fledgling or veteran. The great variety of Lear projects 

-plus a constant, soundly. programmed expansion of new 

developments-assure you of plenty of room to grow in, as 

well as ample rewards at the very start of your career with Lear. 

Engineers ... Iook before you leap! 

� flight control systems 

Automatic altitude controllers 
Automatic approach couplers 
Automatic Mach number controllers 
Automatic pilots (lightplane) 
Automatic pilois (high-performance) 
Automatic pilch, yaw, and roll dampers 
Automatic rudder controllers 
Automatic wing flap systems 
Missile control systems 
Test equipment 

(J flight reference systems 

No-gimbal-lock vertical gyro indicators 
Stable pJatforms 

"Test equipment 
Three-axis gyro indicators 
Vertical gyro indicators 

'Y navigational systems 

Automatic radio direction finders 
Glide slope receivers 
High-latitude gyro compass systems 
Integrated ADF-magnetic compass systems 
Localizer receivers 
Marker beacon receivers 
VHF Omnirange receIvers 

� electro-ntechanical systems 

Artificial feel systems 
Camera posit lOners 
Canopy control systems 
Carburetor air door controllers 
Cowl flap positioners 

Convertiplane rotor positioning systems 
De-icing valve positioners 
Engine throttle controllers 
Gas, hydraulic, fuel. valve positioners 
Inlet screen retractIOn systems 
Inlet vane angle controllers 
Jettison systems 
Landing gear lock systems 
Mechanical advantage ratio changers 
Oil cooler flap controllers 
Parachute door systems 
Precision remote positioning systems 
Supercharger blower shifters 
Test equipment 
Throttle friction controllers 
Trim tab positioners 
Turbo-prop clutch valve controllers 
Wmg flap positioning systems 

'A electro·mechanical components 

Linear actuators 
Rotary actuators 
Servo actuators 
Power units 
Actuator controls 
Alternators 
Capstans 
Freewheeling clutches­
Friction clutches 
Magnetic clutches 
Slip overload clutches 
ElectromagnetIc brakes 
Flex drive H·S. hex·s. L'S, and T'S 
Flexible shafts 
Gearboxes 
Handcranks 
Motors (AC and DC) 
Enclosed fan motors 
Explosion proof motors 
Gearhead motors 
High frequency motors 
High temperature motors­
Miniature motors 
Pneumatic motors 
Servo motors 
Torque motors 
Screwjacks 
Load hmit switches 
Position limit switches 
Programming switches 

� ;nslrunlenls 

AOF indicators 
Attitude indicators. 2-axis 
Attitude indicators. 3-axis 
Directional indicators 
ILS indicators 
Integrated ADF-magnetic indicators 
Trim indicators 
Tuning meters 
Omnirange indicators 

J.L lnstrument components 

Altitude transducers 
Vacuum tube amplifiers 
rvlagnetic amplifiers 
Printed and etched circuit amplifiers 
Transistor amplifiers 
DIsplacement gyros 
Dynamic pressure transducers 
Gravity-sensing switches 
MagnetIc modulators 
Magnetic powder clutches 
"c and DC servo motors 

Electric gyro motors 
Flag motors 
High-frequency motoTS 
Torque motors 
Power converters 
Rate generators 
Rate gyros 
Resolvers 
Synchros 
Synchro repeaters 

if; conlmunlcations systems 

UHF. VHF. HF, MF'. and LF receivers 
VHF transceivers 
'VHF, HF', and MF' transmitters 
ADF receivers 
Airport traffic transceivers 
Monitoring transceivers 
Portable transceivers 
Teiemeterlng receivers 
Test equipment 

t com,munications components 

Audio frequency amplifiers 
Vacuum tube amplifiers 
Magnetic amplifiers 
Power amplifiers 
Printed and etched circuit amplifiers 
Transistor amplifiers 
Aircraft broadband antennas 
Ground plane antennas 
LF-MF whip antennas 
Loop antennas 
Mobile antennas 
Trailmg wire antennas 
tJHF-VHF whip antennas 
VHF Qmnirange antennaS 
Antenna fairieads 
Antenna reels 
Antenna tuning coils 
Cable assem�lles 
Coil assemblies 
Crystals 
Dynamotors 
Headsets 
Loudspeakers 
Ampltfying loudspeakers 
Noise-cancelling microphone� 
Radio noise filters 

1') fluid handling equipment 

Dehydrators 
Fuel flow dividers 
Pneumatic actuators 
Pressurizing control panels 
Alcohol pumps 
Anti-detonant injection pumps 
Ballast pumps 
Bilge and refueling pumps 
Dry air pumps 
Electric motor driven pumps 
Ethylene glycol and coolant pumpS 
Ethylene oxide pumps 
Fuel pumps 
Fuel booster pumps 
Fuel filter de-ieer pumps 
Fuel transfer pumps 
Hand operated pumps 
Heater fuel pumps 
Hydraulic pumps 
Hydraulic oil booster pumps 
Hydrogen peroxide pumps 
Lube oil and scavenge pump.$ 
Multiple-element pumps 
Oil transfer pumps 
Scavenge pumps 
Smoke pumps 
Submerged fuel booster pumps' 
Vacuum pumps 
'\'ater pumps 
Radar pressurizing kitS 
Air relief valves 
Check valves 
Hydraulic valves 
Hydraulic servo valves 
Pressure regulating valves 

1> test equipment 

Bench test cable assemblies 
Electronic test sets 
Field strength meters 
Pressurizing test kits 
Universal electro-mechanical test st�,"" ts 
Universal motor test stands 

'IT miscellaneous 

Airborne television installations 
Airplane brake modernization kits 
Auxiliary power supplies 
Electronic chassis assemblies 
Executive airplanes 
Periscope prism selectors 

Absolute pressure switches Precision remote positioners 

Bombsight and instrument desiccators Printed circuits 
Canopy seal pressurizing kits Radomes 
Cooling units for electronic assembJies Wire harnesses 

Lear has highly allractive engineering openings right now 

in Grand Rapids, Michigan; Santa Monica, California,' 

Elyria, Ohio; and in Arizona. Send your technical 

qualifications immediately to Don Cook, 3171 South Bundy 

Drive, Santa Monica, California. Your leiter and interview 

will be handled confidentially-by a Lear engineer. produces for the precision needs of aviation 
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ARTICLES 

, 37 THE ANTIPROTON, by Emilio Segre and Clyde E. Wiegand 

How a particle was first postulated, then sought and (last October) discovered. 

42 REBUILDING A VIRUS, by Heinz Fraenkel-Conrat 

The most primitive living organism can now be reconstructed from its components. 

48 BOWER BIRDS, by A. J. Marsball 

They build little parks and decorate them with everything from flowers to car keys. 

71 GODEL'S PROOF, by Ernest Nagel and James R. Newman 

This feat is considered one of the century's main contributions to science. 

91 OREOPITHECUS: HOMUNCULUS OR MONKEY? by Loren C. Eiseley 

The recent opinion that this fossil primate was manlike reopens a classic debate. 

105 THE FREEZING OF LIVING CELLS, by A. S. Parkes 

Blood cells and sperm can be stored for years; the next step is entire organs. 

119 THE CHEMISTRY OF JUPITER, by Francis Owen Rice 

Its puzzling quilt of colors can be matched in experiments at low temperatures. 

131 PN1WMATIC BUILDINGS, by Murray Kamrass 

They have no ribs or girders-nothing holds them up except the air within them. 

DEPARTMENTS 

19 LETTERS 

24 50 AND 100 YEARS AGO 
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141 BOOKS 
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168 BIBLIOGRAPHY 
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speaking of engineering ..... 

NUCLEAR, or non-nuclear, Vitro Engineering Division has 
created outstanding records in the engineering, design 

and construction of the newest and best in technical facili­
ties for industry and government. 

IN THE NUCLEAR FIELD 

Vitro is across the map in atomic energy. Whether scop­
ing a heavy water plant in India,. working on Consolidated 
Edison's full-scale power reactor or designing atomic facili­
ties for Lockheed's nuclear-aircraft project, you'll find Vitro 
engineers at work. 

Vitro, in nuclear engineering since 1942, has designed 
and built facilities for uranium isotope separation (Oak 
Ridge), plutonium production (Hanford), uranium milling 
and refining (Salt Lake City and Canonsburg), hot labora­
tories, and processing plants. 

IN OTHER FIELDS 

Vitro has designed and built nerve gas installations for 
the Army, armament test facilities for the Air Force, and 
for private industry the country's largest titanium produc­
tion plant, processing plants, including a sugar refinery, 
acrylonitrile plant, and ore and mineral production works. 

Wherever plans are afloat for difficult engineering proj­
ects, it's a good bet Vitro engineers are there. May we 
discuss your engineering problems? 

Write for detailed information to VITRO ENGINEERING DIVISION 

-vi.� r I r .. " CORPORATION of AMERICA 

• 4 • ., 261 Madison Ave., New York 16, N.Y. 

DIVISIONAL ACTIVITIES 
go Research, development, weapons systems 

* Nuclear and process engineering, design 

A Refinery engineering, design, construction 

� Uranium mining, milling, processing, refinln, 

o Rare metals, heavy minerals, fine chemicalS 

o Ceramic colors, pigments, chemical products 

THE COVER 
The photograph on the cover is as­
sociated with two articles in this 
issue: "The Chemistry of Jupiter" 
(page 119) and "The Amateur Sci­
entist" (page 156). It shows the 
planet Jupiter as photographed in 
color with the 60-inch reflecting 
telescope on Mount Wilson. The 
photograph was made by Robert 
Leighton with a special guiding de­
vice of his own design. The south 
pole of the planet is at the top. At 
upper left is the Great Red Spot. Be­
low center are the prominent mark­
ings of the Jovian equatorial belt. 

THE ILLUSTRATIONS 
Cover photograph 

by Robert Leighton 

Page 
37-39 
40 

41 
42-44 
46 

47 
48-52 
56 

72 
74-86 
91 
92 

94-96 
98 

100 
105 

106-110 
112 
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131 

132-138 
156 
157-166 

Source 
Irving Geis 
Herman Yagoda, Nation-

al Institutes of Health 
Irving Geis 
Bunji Tagawa 
R o b l e y  C .  W i l l i a m s  

(top); R o g e r  H a r t  
(bottom) 

Bunji Tagawa 
Eric Mose 
Chicago Natural History 

Museum 
Arnold Newman 
Bunji Tagawa 
New York Public Library 
Armed Forces Medical 

Library 
John Langley Howard 
Wenner-Gren Founda­

tion for Anthropolog­
ical Research 

Cy La Tour & Son 
British National Institute 

for Medical Research 
Roy Stevens 
British National Institute 

for Medical Research 
Bunji Tagawa 
Cornell Aeronautical 

Laboratory 
James Egleson 
Robert Leighton 
Roger Hayward 
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POROSITY 

Kanigen nickel-phosphorus coatings, 
deposited 0.0002" thick on polished 
steel specimens, display no evidence 
of porosity when submitted to test 
in aerated, 185° F water. 

Kanigen deposits, 0.0002" thick on 
polished steel, exhibit zero porosity 
when subjected to the ferroxyl test 
for locating pores. 

Gaseous diffusion tests show no po­
rosity in a 0.00025" thick Kanigen 
coating. 

A thin coating of aged radioactive 
iron isotope, emitting soft X-rays which 
are effectively shielded by nickel, was 
electro-deposited on mild steel discs. 
Kanigen was then deposited over the 
iron isotope in thicknesses of 0.0002", 
0.0004", 0.0006", and photosensitive 
plates exposed to the coated discs. 
The radiographs thus obtained were 
free of spots, indicating zero porosity 
in the Kanigen deposits. 

SALT SPRAY RESISTANCE 
Kanigen coatings, deposited on cold 
rolled steel, withstand salt spray test 
exposure for more than double the 
time required by ASTM-B-1l7-49T. 
When failure finally occurs, the rust 
spots show no tendency to spread even 
when the part is left in the salt spray 
chamber for 1000 hours or more. 

The satisfactory performance of 
Kanigen coatings under salt spray test 
conditions (and in actual service) 

Number 4 In A Series 
Kanigen is a uniform, hard, cor­
rosion-resistant nickel.phosphorus 
coating. It can be applied to iron, 
copper, nickel or aluminum and 
their alloys as well as ceramics, 
glass and thermo-setting plastics. 
This is achieved through a chem­
ical bath without the u s e  of 
electricity. The coating (pro­
bably a solution of nickel phos­
phide in nickel) exhibits many 
desirable properties not normally 
associated w i t h  metals or 
metal plating. 

depends in great part on the surface 
condition of the basis material. Smooth, 
fault-free surfaces permit satisfactory 
deposition of Kanigen coatings with 
excellent salt spray test results. 
Materials which are characterized by 
pronounced discontinuities (exces­
sive roughness or porosit y, sand 
or slag inclusions, lack of homoge­
neity in the alloy structure) may not 
permit perfect Kanigen coating cover­
age. This condition often will promote 
premature salt s pray test failure, 
giving an erroneous picture of the 
poten tial effectiveness of the coating. 

ADHESION 

Adhesion of Kanigen coatings is ex­
cellent. It is extremely difficult, how­
e ver,  to measure,  or to re port 
adhesion since there is  no standard 
measurement techni que for metal 
coatings. Reported values are in the 

order of 30,000 to 60,000 psi to steel. 
Kanigen coated steel specimens show 
no flaking or chipping of the plating 
when pulled to the breaking point in 
tension. When Kanigen plated bars 
are bent 180°, there will usually be 
checking of the coating parallel to 
the axis of the bend on the outside of 
the bend; however, no flaking occurs. 
Because of its high hardness, a Kanigen 
nickel-phosphorus coating will some­
times show compression or shear fail­
ure (especially in heavy coatings) on 
the inside radius of a 1800 bend test 
specimen. This occasionally results in 
some apparent flaking. Actual micro­
scopic observations, in many cases, 
has shown that the separation line 
is in the coating and not between the 
coat and the basis metal. The adhesive 
forces to the basis metal, in these 
cases, exceed the cohesi ve forces of 
the coating itself. 

"X-ray" diffraction pattern showing halo effects denoting the amorphous structure of Kanigen 

If you have a problem that a Kanigen application may .olve or if you'd like further information, write: 

KANIGEN DIVISION, GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South La Salle Street, Chicago 90, Illinois. 
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5 to 50 KV 
Small as a filing cabinet, 
yet it will x-ray anything 
up to Vc" thick alum. 
inurn. S e l f-contained, 
completely rayproof. 

one is no good! 

Wouldn't you like to be that sure about duds in 

your own production? Nondestructive radiograpby 

(either x-ray or gamma ray) could do it for you maybe. 

Anything you buy or seD which needs ��seeing into" 

is fair game for this versatile inspection lRethod • • •  weldments, 

castings, assemblies, plastics, wood, lRetal • • •  right across the board 

from paper-tbin stuff to foot-thick steel. 

If you need to spot hidden defects to keep a firm finger on quality 

control, we'll be glad 'to tell you what radiography can do for you.* 

* There's probably a Picker District office near you (see local 'phone book). Or write 

Picker X.Ray Corporation, 25 South Broadway, White Plains, New York. 

150 KV 
Penetrates Up to 1" steel 
and 5112'" a l uminU1Tl 
(more witli screens). Sta­
tionary o r  m o b i l e  f o r  
"on-the-spot" x-raying. 

250 KV porlable 
Rugged, lightweight 250 
KV tubehecd with separ· 
ate remote power chassis. 
Wi II enter openi ngs 0$ 

1moll as 15" squore. 

RADIOGRAPHIC 
CABINETS 
Royproof enclosures obvi­
ate need for leod-lined 
rooms. Available with or 
without feeder tobles. 

260 KV crane ar dolly 
For heavy-duty inspection 
(up to 3" steel). Oper­
ating dow('I to 60 KV. will 
x-roy 0 wide ronge of 
other materials. 

GAMMA Sources, 
equipment, containers. 
Panoramic, circumferen· 
tial, and directionol pro­
iectors using cesium, ir­
idium or cobalt isotopes. 

one souree for everythiug iu radiography aud fluoroscopy 
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BRUSH ELECTRONICS 
3405 Perkins Avenue, Cleveland 14. Ohio 

Heads Up! 
New Brush magnetic recording heads 

meet the most exacting requirements 

Brush has now introduced a new design concept in 
multi-channel magnetic heads to provide the extremely 
close tolerances required in airborne, missile, and 
similar critical recording applications. Brush is the first 
commercial source of this type head. 

By holding tolerances on gap alignment to within 
± .0001 inch maximum, outstanding channel-to-channel 
timing accuracy is- provided. Likewise, close tolerances on 
track width and channel spacing assure uniform output. 
The new construction technique provides sustained 
accuracy under severe operating conditions. 

Here is another example of Brush design skill and 
production technique-always ready to serve your needs. 
For complete information write Brush Electronics Company, 

Dept. B-6, 3405 Perkins Avenue. Cleveland 14, Ohio. 

BRUSH 
COMPANY 

DIVISION OF 

EUCTIOllts 

7 

© 1956 SCIENTIFIC AMERICAN, INC



Anaconda specifies Enjay Butyl rubber 
TO DEFY OZONE IN HIGH·VOLTAGE CABLES • • •  

for more current per circuit ... more power per dollar 

Anaconda specifies Enjay Butyl insulation for high-voltage cables be­
cause this rubber has incredible resistance to ozone. Surpassing the in­
dustry's standard three-hour specification test, Enjay Butyl insulation 
used by Anaconda showed no inJ·ury after 72 hours of ozone concentration 
tests-24 times longer than specification requirements. Other rubbers 
would deteriorate and crack in a fraction of this time. 

With the help of Enjay Butyl, millions of feet of Anaconda's cable 
now in use deliver more current per circuit, more power per dollar. 

Perhaps your product, too, can be improved with versatile Enjay 
Butyl. It comes in non-staining grades for white and light-colored parts, 
offers excellent electrical properties, low price and immediate availability. 
For full information, contact the Enjay Company. Complete laboratory 
facilities and technical assistance are at your service. 

�� P;oneM in Pet'ochemical, 

ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Other offices: Akron· Boston· Chicago. Los Angeles. Tulsa 
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BUTYL 
Enjay Butyl is the super-durable rubber 

with outstanding resistance to aging • 

abrasion • tear • chipping • cracking • 

ozone and corona • chemicals • gases 

• heat • cold • sunlight • moisture. 
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"Steelmaker to the Electrical Industry" is a title we have 
earned the hard way . . . by the sweat of research and 
pioneering development. In this modern world of gauges 
and instruments, of automation, electronics and atomics, 
the heart of the design is so often some silicon steel, high­
permeability alloy, or other special electrical material that 
we produce . •  When you need a steel to do what ordinary 
steels cannot do-whether electrically or in resisting corro­
sion, heat, wear or great stress, call on us. Allegheny Ludlll1ll 
Steel Corporation, Oliver Bldg., Pittsburgh 22, Pa. 

STEELMAKERS to the Electrical Industry 

Allegheny Ludlum 
Warehouse stocks of AL Stainless Steels carrieel by all Ryerson plants 

Write for "MAGNETIC MATERIALS" 
This 32-page book contains valuable 
data on all Allegheny Ludlum mag­
netic materials, silicon steels and spe­
cial electrical alloys. Illustrated in full 
color, includes essential information 
on properties, characteristics, applica­
tions, etc. Your copy gladly sent free. 

ADDRESS DEPT. SC-78 
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WE ENGINEER RESULTS 

An important part of any product development project is designing 
or restyling for added sales appeal. Yet it is only one step in a truly 
Creative Product Development Service. 

At Designers for Industry, we go far beyond styling and 
appearance. We engineer cost savings, producibility and improved 

performance into products developed for our clients. We do 
this through carefully coordinated research and engineering, all 
pointed toward profitable results. 

Our client-projects range from major and small appliances to 
complex automatic machines and systems ... in the broad fields 
of mechanical and fluid engineering, electronics and instrumentation. 

DFI's carefully coordinated services have created some impressive 
results for clients in widely varied fields. We'd like to tell you about 
them. W rite for our new "result record" booklat ... DFI Creative 
Product Development at Work. Or, if you have a specific problem, ask 
for one of our representatives to call, without obligation. 

?LANN[D 

4241 Fulton Parkway Cleveland 9, Ohio 
Technical Surveys. Research and Development. Design Engineering. Industrial Design 

Production Engineering. Transition Manufacturing . Engineering Audits 
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Unusual 
Diversified 
Challenging 

OPPORTUNITIES 
IN IICREATIVEII 

RESEARCH AND 
DEVELOPMENT 

are waiting at 

To experienced Electronic and Me­
chanical scientists and designers, or 
specialists in Automation, we offer 
challenging career opportunities. 

Designers for Industry is a recog­
nized leader in Creative Product 
Development, specializing in the 
broad fields of mechanical and elec­
tronic design. Our clients include 
branches of the military and many of 
the country's foremost industrial firms, 
from coast to coast, and in Canada. 

We provide a complete "packaged" 
service ... from idea-concept through 
research and development, design, 
prototype manufacture, production 
engineering and detailed manufactur­
ing drawings. 

Our work is tremendously diversi­
fied. DFI mechanical projects range 
from complex, automatic machinery 
and systems to major and small appli­
ances. In electronics, we work in such 
diverse fields as commercial micro­
wave relay systems, television, missile 
guidance and radar systems. 

If such diversity appeals to you ... 
with the opportunity for personal 
growth in a "creative climate," plus 
unusually liberal profit-sharing and 
pension trust programs ... we'd like 
to talk with you. Please write, giving 
brief resume of your experience, to: 

Personnel Director, 
Designers for Industry, Inc. 

4241 Fulton Parlcway, 
Cleveland 9, Ohio 
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PERIODIC CLASSIFICATION OF THE ELEMENTS 

GROUP I. II. IIIIt 

1 H 

2 Li Be 
'" 
c 3 NaMg 
o t--+--+---+--I--"I---I-

4. K Ca Sc 
GI: 

III 5 Rb Sr Y 
L�-+ __ -; ____ � __ + ___ 

6 Cs Ba La 

7 Fr Ra Ac 

Lithium, by reason of its atomic con­
figuration and general characteristics, is 
rightfully included as the first member 
of Group I in the Periodic Table. A de­
tailed study of the properties and reac­
tions of both the elements and their 
compounds, however, shows that Lith­
ium often resembles the metals of Groups 
II and III more closely than Group 1. 
Following are some characteristic dif­
ferences: 

LithiUlll differs in organic 
chemis try ... 
because its organolithium compounds 
form a unique class with stability, solu­
bility and activity characteristics inter­
mediate between those of the Group I 
and Group II organometallic compounds. 

Lithium also differs from the other 
alkali metals in that it serves as a unique 
catalyst for the polymerization of diole­
fins to materials of definite and predict­
able structure. It directs, for example, 
the polymerization of isoprene predom-

inantly to 1,4 addition structures. 
Again, recent investigations have in­

dicated an interesting potential as a 
direct reducing agent in solvents such 
as ammonia, low molecular weight 
amines, and ethylenediamine. 

Lithium differs in metallurgy ••• 

inasmuch as the affinity of Lithium for 
oxygen, for example, is being utilized to 
reduce porosity in copper and copper 
alloy castings. Recent research has re­
vealed that Lithium will produce brazing 
alloys with self-fluxing properties and in­
crease the wetting ability of these alloys. 

Lithium differs in inorganic 
chemistry • • •  

the usefulness of Lithium Hydride and 
Lithium Aluminum Hydride in the prep­
aration of other hydrides having already 
been widely demonstrated. Recent 
studies indicate that other complex hy­
drides prepared in a similar manner may 

prove to be interesting tools for research. 
The low dissociation pressure of Lithium 
Hydride at its melting point, to cite a 
specific example, is unique among all 
hydrides. LiH also has some slight solu­
bility in polar organic compounds which 
is again unique among alkali metals. 

Lithium differs in heat 
transfer ... 
based on its physical properties it has 
no equal as a liquid metal coolant. Due 
to corrosion caused at elevated temper­
atures by impurities in commercially 
available Lithium and Lithium Metal, 
Lithium has thus far found only ex­
perimental use. 

Why don't you take a long look at 
Lithium? Its uniquely valuable differ­
ences in so many diverse fields may 
prove of great interest-and profit-to 
you. Write our PR&D department giv­
ing us details of the application you have 
in mind. Experimental quantities of Lith­
ium Compounds are available on request. 

... �akad���fnLdluum l\ITHIUM CORPORATION 
OF AMERICA, INC. 

! 7685 RAND TOWER 
MINNEAPOLIS 7, MINH. 

MINES: Keystone. Custer, Hill City, South Dakota . Bessemer City. North Carolina . Cat Lake, Manitoba . Amos Area. Quebec · BRANCH SALES OFFICES: New York 

Pittsburgh . Chicago . CHEMICAL PLANTS: St. Louis Park, Minnesota . Bessemer City, North Carolina . RESEARCH LABORATORY: St. Louis Park, Minnesdta 
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Fabric helps 

clean the • aIr Fabric in Dracco Multi-Bag Filter cleans air 
at Jones & Laughlin Plant 

in a hot steel kitchen I 
They're making leaded steel, but they're breathing clean air. 

Not a trace of toxic lead fumes can pollute the atmosphere at Jones & 
Laughlin Steel Corporation's Aliquippa (PaJ Works­

because air is constantly cleansed through the use 

of a Wellington Sears filter fabric. 

Huge hoods (comparable to those you see in 

restaurant kitchens) suck in the air right 

at the pouring platform - some 

36,000 cubic feet a minute-

There the 

air is "bagged" 

by a series of filter 

compartments made of 

Wellington Sears cotton 

sateen fabric: the almost invisible lead 

particles are recovered, the air is 

discharged free and clear. 

Gaseous filtration, for health protection or recovery 

of valuable solids, is but one of many jobs performed by fabrics 

provided to industry by Wellington Sears. No matter what your own 

problem may be, whether it involves wet or dry filtration, 

reinforcement of plastic or rubber products or any other need which 

calls for fabric, call on Wellington Sears. Over a century of 

experience is on tap to serve you in every way. For informative 

booklet, "Modern Textiles for Industry," write Dept. F-6. 

ellington Sears 
A Subsidiary of West Point Manufacturing Company 

FIRST In Fabrics For Industry 
For the Rubber, Plastics, Chemical, Metal/urgical, 
Automotive, Marine and Many Other Industries 

Wellington Sear. Co., 65 Worth St., New York 13, N. Y.· Atlanta' Boston' Chicago' Dallas' Detroit· Los Angeles' Philadelphia' San Francisco' St. Louis 
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How many sides to Surface? 

Have you seen the other side of Surface (short for Surface Combustion Corporation)? You may have seen 

only the side . of engineered time, temperature, and gas atmosphere for heating metals. Others know 

that Surface is a builder of heat process equipment for glass frl�!B�tl and ceramics. Steel producers know 

about Surface soaking pits �l� or strip annealers. To some, the company's geometry is defined by its 

Kathabar dehumidification systems. Still others see the company only as an important name in 

J anitrol aircraft heating and combustion equipment :"C� . In fact, there are other sides to Surface 

as well. The brochure "Heat in Har'ness" describes the many-sidedness of Surface. Ask for it today, Surface 

Combustion Corporation, 2391 Dorr St., Toledo 1, Ohio. When you need heat, you need . 
Surlace

8 
Heat Treat. Steel Mill, and Glass Divisions J6,'/'ii/'iI'® Air Conditioning DiviSion 

Jiutltzo18Aircraft.Automotive Division JlUlltzo18Heating and Air Conditioning Division 
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Paper fibers and tiny rubber particles will 
not combine when merely suspended in 
water. One theory explains that ions, or 
electrically charged atoms from the water, 
collect in double layers on both rubber and 
paper. These layers act like protective en­
velopes that keep the two materials apart. 

In a large mixing tank, new procedures for 
precise control of ions permit rubber par­
ticles to form an even coat on paper fibers, 
producing impregnated paper products with 
a multitude of new industrial applications. 

It's easy to remove the double layers from 
both materials .. . by adding an electro­
lyte, such as salt, to the water. But the 
rubber still will not deposit on the paper 
fibers. Instead, the rubber particles cluster 
together in stringy masses that research 
workers were quick to nickname "rhubarb." 
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How a new method of "ion control" 

is opening up amazing 

industrial uses for paper 

For years it was believed that a material made of 
tubber-coated paper fibers would have almost un­
limited possibilities-as a base for artificial leathers, 
as a filtering medium, for use in low-cost gaskets, 
and in many other industrial applications. 

To make such a material, and make it inexpen­
sively, Armstrong research workers felt that the in­
dividual fibers had to be coated with large amounts 
of rubber while they were suspended in a liquid 
... in the watery pulp stage of paper manufac­
ture. But they also knew that suspended paper 
fibers and rubber normally wouldn't combine uni­
formly in the right proportions. 

The reason for this situation was well known. In 
fact, the 19th Century writings of a German physi­
cist named Helmholtz describe the phenomenon 
that occurs when particles of any material are sus­
pended in water. Double layers of tiny electric 
charges - called ions - form protective envelopes 
around the particles and keep them apart. 

A few years ago, a group of Armstrong research 
chemists set out to make practical use of the Helm­
holtz Double Layers. After working through a 
year-long maze of experiments, they hit upon a 

process which precisely controlled the layers of 
ions. With it, rubber could be made to coat paper 
fibers evenly and thoroughly and in amounts as 
large as 100 per cent of the fiber weight. 

Most important, this new process was adaptable 
to mass production with virtually no sacrifice of 
laboratory accuracy. Completely uniform com­
positions could be made combining rubber and 
fiber in almost any useful proportion. Saturated 
papers with wider and more interesting industrial 
applications thus became possible. 

A low-cost gasket material of unusual dependability is one of 
the many applications of the new Armstrong process. This 
material, called AccopaC®, also contains finely ground cork. 
It is resilient, dimensionally stable, and impervious to most 
common fluids, even at bolting pressures as low as 800 
pounds per square inch. Accopac al­
ready is widely used in automotive 
equipment, aircraft devices, appli­
ances, and many other consumer and 
industrial products. 

For more information about Acco­
pac, write for the 24-page manual, 
"Armstrong Gasket Materials." It's 
free to industrial users. Write Arm­
strong Cork Co., Industrial Division, 
8206- Inland Rd., Lancaster, Penna. 

@mstrong INDUSTRIAL PRODUCTS 
• • • USED WHEREVER PERFORMANCE COUNTS 

adhesives • • •  cork composition . . .  cork-and-rubber .. . felt papers . . •  friction materials 

If you remove the charges from the paper 
fibers only, fhe double layers of ions on lhe 
rubber particles keep the rubber particles 
from sticking to each other. But these lay­
ers also keep the rubber from sticking to the 
paper fibers except in a random, haphazard 
manner. This obviously is not the answer. 

The trick, then, is to remove the double 
layers from the fibers only, while those on 
the rubber are merely made thinner. This 
is managed so the layers on the rubber par­
ticles remain thick enough to keep the rub­
ber from bunching, but not thick enough to 
keep it from coating the fibers uniformly, 

A practical and precise method of ion con­
trolls what Armstrong research chemists de­
veloped. Commercial applications include 
new and far better saturated papers for arti­
ficial leathers, gasket materials, oil filter 
cartridges, notebook covers, shoe insoles, 
and many other important industrial uses. 

15 
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t·O·F Glass Fibers Company Introduces 

MICRO-QUARTZ -The new insulation 
for the 20000-25000 Temperature Rangel 

VO'F Glass Fibers Company an­
nounces Micro-Quartz-a remark­
able, new insulation for tempera­
tures ranging, under many condi­
tions, up to 25000! 

Micro-Quartz is available in felted 
form and in bulk. It is light in 
weight and composed of 98% pure 
quartz. It is resilient, exceptionally 
efficient, and resistant to vibration 
and air flow. Because it has no or­
ganic binder, its performance, sta­
bility, and thermal conductivity are 
those of the quartz fibers themselves. 

The range of uses to which Micro­
Quartz can be put is very broad, 
with possible applications in all in-

Manufacturers and engineers long faced 

with critical high temperature insulation 

problems may find a welcome answer in 

lightweight Micro-Quartz. 

dustries doing work in the high­
temperature field. It may be the 
answer to high temperature prob­
lems involving low heat capacity 
and high thermal diffusivity, fre­
quent- or rapid-heating cycles, and 
problems of weight, space limita­
tions, and vibration. 

Micro-Quartz fibers are available 
in paper form. Can be impregnated 
or coated for electrical applications. 

Requests on your business letter­
head for more information, and a 
Micro-Quartz sample, will receive 
prompt attention. Write: VO' F 
Glass Fibers Company, Dept. 3-66, 
1810 Madison Ave., Toledo 1, Ohio. 

PRODUCT DATA ON STANDARD 
MICRO-QUARTZ SHEETS'. 

Average Fiber Diameter--0.75 mi­
crons or 0.00003 inches 

Density-Standard nominal density 
is 3 Ibs./cu. ft. 

Weight-0.047 Ibs. per sq. ft.-
0.005Ibs. 

Thickness of sheet-Standard nominal 
thickness is 3/1 6 inches 

Width of sheet-34 inches 

length of sheet-71 inches 

*Other thicknesses and densities are 
available. Sheets can be fabricated 
ta fit your application. 

L·O·F GLASS FIBERS COMPANY 
TOLEDO 1, OHIO 

Makers of glass fibers by the exclusive "Electronic-Extrusion" process 
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The New York State Thruway curves gracefully across the Hudson River just north of New York City on the new 16,000-foot Tappan Zee Bridge. 

The roadway over Tappan Zee moves on Anaconda Bronze 

Arrows show direction of movement, as free end 

of approach roadway section slides on 8/1 x 17" 
phosphor bronze bridge plotes. 

THE PROBLEM: A bridge roadway is 
in continuous motion. The sun's heat 
makes it expand. When the tempera­
ture drops, it shrinks. The movement 
is small and slow, but an important 
factor in bridge design. For economi­
cal construction, the 8000-foot-long 
western approach to the main span of 
the New York State Thruway Author­
ity Tappan Zee Bridge, for example, 
is divided into 50-foot sections. One 

end of each section is fixed; the other 
slides freely on bearing plates. 
THE SOLUTION: Cast bronze bridge 
plates sometimes crack, causing con­
siderable difficulty in replacement. 
To meet this problem, Anaconda's 
American Brass Company developed 
a rolled bridge plate of wrought 
phosphor bronze - a copper alloy 
strong enough to carry the weight, 
tough enough to take the wear, and 
highly resistant to corrosion. In build­
ing this great new bridge, The Ameri­
can Bridge Division of U. S. Steel 
used thousands of these Anaconda 
Phosphor Bronze Bridge Plates under 
roadways. 
THE FUTURE: The American Brass 
Company is constantly improving al­
loys. A recent development is Dura­
flex* - a new, fine-grain phosphor 

bronze with 30 percent greater en­
durance limit - that is helping indus­
try produce springs and electrical 
contacts that work better, last longer. 

Anaconda's other fabricating com­
pany, Anaconda Wire & Cable Com­
pany, is blazing new trails in the field 
of elech·ical conductors and their 
insulations. 

Whether you need wire or cable of 
copper or aluminum - or a special 
alloy or shape in copper, brass, or 
bronze - get in touch with the Man 
from Anaconda for help in practical 
solutions to your metal problems. The 
Anaconda Company, 25 Broadway, 
New York 4, N. Y. 'Teo", Mock 562.8 

ANACOND� 
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Avco Defense and Industrial Products combine the 

scientific and engineering skills, and production facil­

ities of three great divisions of Avco Manufacturing 

Corp.: Crosley; Lycoming; Research and Advanced 

Development-to produce power plants, elec­

tronics, airframe components, and precision parts. 

Avco Crosley 

measures man 

for tomorrow's 

machines 

There is only one component in a modern 

machine system which engineers cannot 

"improve." That is the all-important, 

"human component" -man, himself. 

To adapt changing machines to 

unchanging human capacities, Exper­

imental Psychologists of Avco's Crosley 

division are taking a closer look at 

man-his mind, his body, his reactions. 

From these patient investigations are 

emerging ways to make present and 

future machines simpler, more obedient, 

more valuable to man. 

By measuring man today, Avco Crosley 

"human engineering" helps assure man 

that he will realize the full benefits of 

the machines he builds tomorrow. 

To lind out how "human engineering" might improve 

your present or luture products-phone, wire, or write to: 

Avco Defense ond Indus/,iol P,oducts, St,otfo,d, Conn. 

Engineers Wanted: For top-flight men, 
Crosley offers unusual opportunities 
to explore new scientific frontiers. Write 
to Director of Engineering, Crosley 
Government Products, Cincinnati 15, Ohio 

TODAY'S MILITARY SERVICES, WITH THEIR TREMENDOUS 

TECHNOLOGICAL ADVANCES MADE POSSIBLE THROUGH SCIENCE. 

OFFER A VITAL. REWARDING CAREER. 

defense and industrial products 

FOR A COpy O F THIS PIENING ILLUSTRATION, SUITABLB 
FOR FRAMING, WRITE TO PUBLIC RELATIONS DEPT., 

Aveo OEFENSE AND INDUSTRIAL PRODUCTS. STRATFORD, CONN. 
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LETTERS 

Sirs: 
Warren Weaver's interesting article, 

"Lewis Carroll: Mathematician" [SCI­

ENTIFIC AMERICAN, April], contained a 
problem from Dodgson's A Tangled 
Tale. The problem is stated by Dodgson: 

Two travelers spend from three 
o'clock until nine o'clock in walking 
along a level road, up a hill, back down 
the hill, along the same road, and home. 
Their pace on the level is four miles per 
hour. Find the distance walked and, 
within a half-hour, when they were on 
the summit. 

I found the distance to be 24 miles, 
but the time that they were on the sum­
mit cannot be determined within the 
halI-hour. If the level and the summit 
exist at all, we can only say that they 
reached the summit within six to seven 
o'clock. 

Perhaps it would have been more just 
to Dodgson to entitle the article "Lewis 
Carroll: Logician." 

ROBERT FINKEL 

New York, N. Y. 

Sirs: 
Warren Weaver's article mentions the 

monkey and weight problem and implies 
that what would happen to the weight 
as the monkey starts to climb would de­
pend on whether the monkey jerked the 
rope or climbed very gently. A modern 
version of this problem substitutes a 
mirror for the weight and asks whether 
the monkey could get away from his 
image in the mirror, which image is pre­
sumably not to his liking. 

Since the rope is weightless and per­
fectly flexible, and the pulley weightless 

x 

a 

a-x 
x 

a-x 

a 

and frictionless, it is evident that the 
tension of the rope is the same on both 
sides of the pulley. Thus the rope always 
pulls equally hard on both monkey and 
mirror, and since the force of gravitation 
is also the same on both, it is plain that 
the motions of both will be exactly the 
same. 

If the monkey pulls downward on the 
rope with a force greater than his weight 
he will of course start to rise; but, since 
the increased tension in the rope is trans­
mitted over the pulley to the mirror, the 
mirror will also start to rise at the same 
rate. If, instead, he were to release the 
rope both he and the mirror would be­
come freely falling bodies and would 
continue to remain at a common level. 
If now the falling monkey were to grab 
the rope, it would exert a great force on 
him and stop him. But the rope would 
exert an equally great force on the mir­
ror and stop it just as quickly. 

Thus the monkey cannot get away 
from his image and it makes no differ­
ence whether he climbs slowly or in 
spurts. 

A. C. SAMUELSON 

Hibbing Junior College 
Hibbing, Minn. 

Sirs: 
Readers of "Lewis Carroll: Mathema­

tician" might be interested in construct­
ing triangles other than the one shown 
in the triangle paradox figure on page 
120. The equation to be used is: 

3a - V 5a2 ± 4 
x = 

2 
' 

where a and x are integers and where a 
must be such that 5a2 + 4 or 5a2 - 4 is 
a perfect square. With such a choice of 
a, the area of the derived "rectangle" will 
differ from the area of the square by 
unity [see illustration below]. 

The first 15 possibilities for a-start-

x 

a-x 
x 

a-x 

2o-x 

A reader generalizes Lewis Carroll's triangle paradox 

OUf modern vacuum melting production 
and laboratory facilities and metallur­
gists provide you with the best in service 
and alloys. We can compound, test and 
produce vacuum melted Ultra Met alloys 
for any application • . .  in test or produc­
tion quantity. Cannon-Muskegon pro­
vides you with complete physical, metal­
lurgical and chemical evaluation of the 
alloy you need. 

Accurately controlled melting of 
UltraMet ferrous-, nickel- and cobalt­
base alloys results in super-clean metals 
with greater tensile strength, ductility, 
wear life • . .  higher electrical and mag­
netic properties . • .  improved corrosion 
and abrasion resistance. Why not let 
Cannon-Muskegon alloy specialists 
solve your metallurgical problem? 

[' 

We offer industry 
Materials for Remelt 
· .. under conventional air melting, inert go., 
or vacuum processes. 

Casting Development 
· . . includes research and experimental facili­
ties for investment, shell mold, dry sand, and 
permanent mold castings. 

Ingots or Cast Billets 
· . . for rolling, forging or extruding in indi­
vidual weights up to 250 Ibs. 

For full particulars write for 

our New Bulletin on Vacuo 

um Melting and Air Melting 

facilities and products. 

CANNON-MUSKEGON 
CORPORATION 

2891 Lincoln Street MuakO'1on. Michigan. U. S. A. 
METALL URGICAL SPECIALIST S 
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When trouble 
is practically 

no trouble 
In the process industries and among 

users of automatic machinery, trouble's 
minimized when it's caught early. 
That's the function of the Panalarm 
Annunciator System. 

Panalarm Annunciators are coordi­
nated, multiple-signal systems that in­
stantly alert operators to off - normal 
process conditions for immediate cor­
rective action. This is particularly valu­
able when one off-normal condition will 
cause a "chain reaction" of off-normals 
with accompanying danger, expense 
or inefficiency. 

One typical adaptation of the basic 
Panalarm system sounds a horn and 
indicates visually the first off-normal, 
separating it from subsequent alarms. 

Being modular, Panalarm Annuncia­
tor Systems are easily modified to meet 
future needs. A wide range of types are 
available to meet your specific require­
ments. A Panellit sales engineer will be 
happy to make a survey of your require­
ments to determine whether a Panalarm 
system can help increase efficiency and 
safety in your operation. 

Division of 
PANELLIT, INC. 

7497 N. Hamlin Ave., Skokie, Illinois 
Panellit of Canada Ltd., Toronto 14 �red In.farrnmatian system�s for Industry 

::'R�� · -

� �:. D • m � '  " � . " , . 
Panolog 

Graphic Panels, Information Instrument 
Control Centers Systems Services Division 
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ing with a = 0 in the above equation­
are listed in the following table: 

a x a-x 

0 -1 1 
1 1 0 
1 0 1 
2 1 1 
3 1 2 
5 2 3 
8 3 5 

13 5 8 
21 8 13 
34 13 21 
55 21 34 
89 34 55 

144 55 89 
233 89 144 
377 144 233 

The first case with any meaning inso­
far as our problem is concerned is for 
a = 2 and x = 1, but the fit for the "rec­
tangle" is so poor (the angles involved 
being discordant by 27 degrees) that 
this "rectangle" would fool no one. The 
last case shown in the table, where the 
two areas involved are 142,129 and 
142,130, has an angular discordance of 
only two seconds of arc. 

JOHN B. IRWIN 

Department of Astronomy 
Indiana University 
Bloomington, Ind. 

Sirs: 
I wish to discuss . . . the so-called 

paradox of the three barbers. Is it possi­
ble that this is really a serious problem 
for the professional logicians? Here we 

Scientific American, June, 1956; Vol. 194, 
No. G. Published monthly by Scientific American, 
Inc., 415 Madison Avenue, New York 17, N. Y.; 
Gerard Pie!, president; Dennis Flanagan, vice 
president; Donald H. Miller. Jr., vice president 
and treasurer. 

Editorial Corrcsllondcncc should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 Madison 
Avenue, New York 17, N. Y. Manuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising correspondence should be addressed 
to Martin M. Davidson, Advertising l\'ianager, 
SCIENTIFIC AMERICAN, 415 Madison Avenue, New 
York 17, N. Y. 

Subscription correspondence should be ad· 
dressed to Circulation Manager, SCIENTIFIC AMERI· 
CAN, 415 Madison Avenue. New York 17, N. Y. 

Change of address: Please notify us four weeks 
in advance of change. If available. kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: 1 
year, $5; 2 years, $9; 3 years, $12.50. Canada and 
Latin America: 1 year, 86; 2 years, 811; 3 years, 
SIS. All other countries: 1 year, $S; 2 years, $14; 
3 years, SIS. 

have a perfectly simple set of facts, 
namely, three barbers and their shop; 
and two perfectly simple sets of condi­
tions limiting these facts, which any rea­
sonably bright child of ten should be 
able to manipulate. There is nothing 
paradoxical or baffling about the prob­
lem, and in order to create the apparent 
paradox it has been necessary to intro­
duce an assumption which violates at 
least one of the stated conditions, to wit: 

All three-A, B and C-being present 
in the shop, there is nothing to prevent 
any one of them from leaving at any 
time. We may therefore properly assume 
that C goes out first. But with C away, 
A and B are no longer as free in their 
choice in regard to going out as they had 
been, all three being present. The inci­
dence of the conditions has changed 
through C's departure. C being away, it 
follows that, though B may still leave at 
any time he chooses, A must stay in, 
either because B is not there to help him, 
or because, if B is there to help him and 
they both leave, the shop will be left 
empty. It is improper to introduce at this 
point, C being absent, the assumption 
that A goes out, a thing impossible for 
him to do under the conditions. To make 
such an assumption would require some­
thing in the nature of a miracle which 
suddenly cures A of his infirmity. 

ALEXANDER B. MORRIS 

San Antonio, Texas 

Sirs: 
It is very gratifying that several of 

your readers have been interested in 
Lewis Carroll's puzzles and paradoxes. 

Mr. Finkel is entirely correct in his 
solution of Knot I in A Tangled Tale, 
but inaccurate in his statement that the 
time on the summit "cannot be deter­
mined within the half-hour." Indeed Mr. 
Finkel himself says that "they reached 
the summit within six to seven o'clock." 
Then the figure of 6:30 is certainly cor­
rect within a half-hour. 

Mr. Samuelson (and others who 
wrote in the same vein) are quite cor­
rect about the monkey problem, and my 
remark that the problem is not well de­
fined was an unfortunate one. In the 
sense that one can say "the weight moves 
exactly as the monkey does" the problem 
is, to be sure, well defined. The problem 
is, however, not completely defined in 
the sense that one cannot say exactly 
how the weight moves until one adds de­
tails about how the monkey climbs. 

Mr. Irwin gives the formula for gen­
eralizing the h'iangle paradox, illustrated 
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A caliper survey was made to detect corrosion of oil-well tubing. Erratic "blips" on the survey chart 
indicate corrosion in well using ordinary inhibitor. Parts of two corroded tubes are shown at right. 

Evenly spaced "blips" in this chart show no corrosion, merely indicate tubing joints in well using 
inhibitor containing Sunaptic acid. The tubes look like new. Both surveys taken after one year. 

Sunaptic Acid's king-size molecules 

give twice the efficiency of fatty, rosin, 

synthetic, or ordinary naphthenic acids 
USED IN CORROSION INHIBITORS, A SUNAPTIC ACID CUTS 

COSTS • • • GIVES GREATER PROTECTION TO OIL WELLS 

In the above oil-well tests, the substitution of high­
molecular-weight Sunaptic® acid for fatty, rosin, 
synthetic or ordinary naphthenic acids doubled the 
efficiency of the corrosion inhibitor. 

The reason: the king-size molecules of Sun Oil Com­
pany's Sunaptic acid. Characteristic features of a 
typical molecular structure are: one carboxyl group 
per molecule, three saturated rings, and ring sub­
stituents of methyl, ethyl, or other aliphatic groups. 

Sunaptic acids have other unusual properties: no 
olefinic unsaturation, high resistance to oxidative 
rancidity, low freezing or pour points, and a higher 
hydrocarbon solubility than fatty, rosin, and ordi­
nary naphthenic acids. 

INDUSTRIAL PRODUCTS DEPARTMENT 

Typical applications of Sunaptic acid derivatives in­
clude anti-oxidants, oil-soluble detergents, lubricant 
additives, plasticizers. A switch to a Sunaptic acid 
can possibly improve any product you're now mak­
ing with fatty, rosin, synthetic, or ordinary naph­
thenic acids. 

For full information on Sunaptic acids and their 
uses, see your Sun representative, or write 
SUN OIL COMPANY, Phila. 3, Pa., Dept. SA-6. 

FREE TECHNICAL BULLETINS 
ON OTHER SUNOCO PETROCHEMICALS 
Benzene, Toluene, Mixed Xylenes • Propylene Tetramer • Pro­

pylene Trimer' PD0-40 (polymerized drying oil) • Sulfonate 

WS (water-soluble sulfonate) • Sulfur' Anhydrous Ammonia 

SUN OIL COMPANY PHILA. 3, PA. 

IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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Ne"" RF Lamp 
(Radio Frequency) 

Shown above is the brilliant projected image of the 
new Sylvania RF lamp. Developed by "Lumonics" 
which combines electronics and lighting engineering, 
the lamp is heated by radio-frequency energy. 
A solid carbide target disc provides greater 
brightness than old incandescent light sources 
and has no filament structure. This assures 
outstanding uniformity and stability at high color 
temperatures. The lamp operates from 3000-
37000 K and has a 5/16" target. 

Because of the high brightness and unusual 
uniformity of the lamp, the motion picture 
industry can now print 35mm color film 8 times 
faster than before. If concentrated source light is 
your problem, Sylvania can help you solve it. 
Lamps with .005" to 5/16" diameter sources are 
available in variDus wattages. 

For more information and your answer to 
ANY light source problem, write to Department 
565, Sylvania Electric Products Inc., 1740 
Broadway, New York 19, N. Y. 

RF Lamps, Cohcentrated-Arc Lamps, Strobo­
trons, Glow Modulators, Flash Tubes, Photo 
Tubes, Projection Lamps. ----------

Ra di o Frequen c y  
lamp shown.in typical 
installation with asso­
ciated power supply 
and RF oscillator. 

SYLN:AN lit 
SYLVANIA ELECTRIC PRODUCTS INC. 
1740 Broadway; New York 19, N. Y. w..- In Canada: Sylvania Electric (Canada) Ltd., � University Tower Bldg., Montreal. 

... fastest growing name in sight 
LIGHTING. RADIO. ELECTRONICS . TELEVISION . ATOMIC ENERGY 
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on page 120 of the article. Any reader 
who is interested in more of the mathe­
matical and historical details will find 
them in an article ("Lewis Carroll and 
a Geometrical Paradox," American 
Mathematical Monthly, Vol. XLV, No. 
4, April, 1938, page 234) which I wrote 
nearly 20 years ago. 

A number of readers have written 
about the barbershop paradox, and all 
of them have essentially the same com­
plaint-namely, that there is no paradox. 
To establish that there is really no para­
dox, the letters attack in two ways. First 
(and this is the easy one to deal with) , 
some of the letters say in effect: "This 
barbershop and its three proprietors 
present a perfectly simple and clear sit­
uation, and I can make several obviously 
correct and noncontradictory remarks 
about who goes out and who doesn't." 
This is all well and good. But it fails to 
meet the real point. The question is not 
"Can you say something noncontradic­
tory?" The question is "What is specifi­
cally wrong with Carroll's argument?" 

The second line of attack is well illus­
trated by the third paragraph of Mr. 
Morris's letter. It consists in saying that, 
having assumed C out, one is then not 
free to go on and say: "Then if A goes 
out, B stays in." 

I am certainly not a logician, and do 
not wish to pose as one. Hence I can only 
state what I believe to be the position of 
the competent experts, and will leave 
the further discussion in their hands. 

In the Principia Mathematica of Al­
fred North Whitehead and Bertrand 
Russell, one of the basic rules of pro­
cedure is the so-called Principle of Ex­
portation. This may be stated in words: 
if p and q jointly imply r, then p implies 
that q implies r. As applied to our situa­
tion, this Principle of Exportation per­
mits one to proceed from the statement: 

If Carr is out, then if Allen is out 
Brown is in. 

Thus under the formal rules of what 
has now become classical logic the sec­
ond of these statements can, in fact, be 
"exported" from the former. Having 
reached this point, one either has to con­
cede the Russell position (that "if Allen 
goes out then Brown must go out" is not 
contradictory to "if Allen goes out, then 
Brown must stay in"), or he has the 
paradoxical conclusion that Carr can't 
go out. Thus if one does not like the 
Russell escape, then he must find some 
way around the standard application of 
the Principle of Exportation. 

WARREN WEAVER 

New York, N. Y. 
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NEW MUSCLES FOR SKY GIANTS 

with "Tailor-Made" Propellants 
bY @�� 

The Olin Explosives Division's leadership 
in both double-base and composite pro­
pellant technology offers designers and 
engineers "tailor-made" solid rocket power 
plants. Given your requirements for thrust 
and duration, an optimization of perform­
ance characteristics is made possible 
through selection from a wide spectrum 
of Propellants. 

Where requirements dictate the discov­
ery and utilization of new propellants, 

Olin's complete laboratories and testing 
facilities give developmental projects every 
expectancy of early success. So why not 
call Olin the next time. a problem can 
possibly be solved by up to date technology 
in the solid propellant propulsion field. A 
capable group of explosives and propellant 
specialists is ready to help. 

Employment Inquiries Are Invited 
From Qualified Engineers And Scientists. 

OLIN SOLID PROPELLANTS AND EXPLOSIVE PRODUCTS ARE READY fOR USE IN THE fOLLOWING APPLICATIONS 

oMissile Propulsion Units, Boosters, 
Retarding and Attitude Control Rockets, 
Sustainer and ATO Motors 

-High Speed Rocket Sled Engines 

_Solid Propellant Turbo Jet Engine Starter 
Cartridges 

eGas Generation and Auxiliary Power Units 

-Power Packages for External StO,res, 
Canopies and Pilot Seat Forced Ejection 
Systems 

-High Explosives, Ignitors, Fuses, Detona· 
tors, Flares, Pyrotechnics 

• Explosive Formation of Metal Parts 

23 
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� G \IN! � BENDIX-FRIEZ 
DESIGNER'S THERMISTOR KIT 

24 

12 Individually Packaged Rod-Type Elements, 
25 to 1,000,000 ohms range 

Here's a real time-saver for the busy designer from Bendix-Friez.* 
This new Rod-Type Thermistor Kit contains twelve standard 

elements for applications in sensing, controlling and indicating 
devices. Handy compartment case keeps thermistors separate and 

ready for quick use. Indexed boxes save time, 
assist in specifying and ordering. 

These twelve thermistor elements range in resistance from 
25 ohms to 1,000,000 ohms. Kit comes complete with 

specifications, covering dimensions, voltage-current character­
istics and temperature resistance relationships. An up-to-date list 

of references are cataloged for your convenience according to 
thermistor applications. Mass quantities available for any 

or all of these 12 different thermistors. 

Order your kit now. Or write for 
complete information. 

FRIEZ INSTRUMENT DIVISION 
BENDIX AVIATION CORPORATION 

BALTIMORE 4, MD. 

Export Sales and Service: 
Bendix International Division 

'Reg. U. S. Pat. 011. 
r---------------------

Bendix-Friez 

1422 Taylor Avenue 

Baltimore 4, Maryland 

Gentlemen: 

Enclosed is my check for $ __ .............................. {add .50 per 

kit for packing and shipping charges), Please send ............... . 

No. 100 Designer's Thermistor Kits. C.O.D.'s accepted. 

Name _ _ _ _________________________________ _ 

Street _ _ _ _________________________________ _ 

205 E. 42nd St., N. Y. 17, N. Y., U. S
. A. L����.: . ._.::.:.:.:�: .. ::::_: . ._.::.:.:.:���.::.:.::.::.:.::.:.: :...J 

50 AND 100 
YEARS AGO 

JUNE, 1906: "Thanks to the argu­
ments which have been advanced by the 
President, the Secretary of War, and the 
Chief Engineer of the Panama Canal, 
the Senate has voted for a lock canal 
across the Isthmus. The sharp conflict 
which has been waged by the advocates 
of sea-level and lock canals, and which 
has resulted in a delay both irksome and 
perplexing to the engineers at Panama, 
is now happily ended." 

"For the last few years Edison has 
been working steadily and enthusi­
astically at his alkaline storage battery, 
and while he has succeeded in develop­
ing a cell that is decidedly superior to 
the lead accumulator for many pur­
poses, a great deal still remains to be ac­
complished before his success can be 
called complete. In the course of his in­
vestigations Edison has employed and 
tested a great variety of different metals, 
and among these recently was cobalt, 
which is comparatively rare, and conse­
quently expensive. It was reported that 
cobalt existed in considerable quantities 
in the neighborhood of Charlotte, N. C., 
and Edison determined to see for him­
self whether or not the reports were 
warranted. For several years past the 
inventor has been an enthusiastic auto­
mobilist, and he decided to make the 
journey from his home in Orange to 
Charlotte by means of his two White 
steam-cars. He strongly favors the steam 
machine for iong and rough trips, and 
declares that it is far superior to the 
gasoline car for such purposes." 

"The inoculation of mice with cancer 
is being practiced on a very large scale 
by Prof. Ehrlich, of the Frankfurt Insti­
tute for Experimental Therapeutics. 
Ehrlich has been led to the conception 
of 'atreptic' immunity, or immunity due 
to starvation of the cancer cells. He as­
sumes that the cell of mouse cancer re­
quires for its growth, in addition to the 
general nutriment which is furnished in 
abundance by the rat as well as the 
mouse, a special nutriment which is 
found only in mice. Ehrlich explains the 
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New radio relay systems for telephone and television now 
in the making will employ an ingenious device invented by 
Bell scientists. The device, known as an "isolator," senses 
which way microwaves are traveling through a waveguide, 
and stops those going the wrong way. 

In the new systems a klystron wave generator sends 
signals through a waveguide to the antenna. The klystron 
must be shielded from waves reflected back along the wa,ve­
guide by the antenna. The isolator stops reflections, yet 
allows the transmitted signals to go through clear and strong. 

This isolator is a slab of ferrite which is mounted inside 
the waveguide, and is kept magnetized by a permanent mag­
net strapped to the outside. The magnetized ferrite pushes 
aside outgoing waves, while unwanted reflected waves are 
drawn into the ferrite and dissipated. This "field displace­
ment" action results from the interplay between microwaves 
and a ferrite's spinning electrons. Bell physicists discovered 
this action during their fundamental studies of ferrites. 

This is another example of how Bell Telephone Labora­
tories research works to improve American telephony and 
telecommunications throughout the world. 

RADIO'S 

ONE-

WAY 

STREET 

Dr. S. Weisbaum assembles an isolator which he 

developed for use in a new microwave system. Dr. 

Weisbaum is a Ph.D. in microwave spectroscopy from 

New York University. He is one of many young men 

at Bell Laboratories applying the insight of the physi· 

cist to develop new systems of communication. 

..... 
The heart of the isolator 

is a ferrite slab. 

Geometric pattern 

is a carbon layer 

which dissipates 

reflected signals. 

� At a radio relay station 

an isolator assures 

one-way transmission 

from the output of the 

amplifier to the antenna. 

BELL TELEPHONE LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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If you are a qualified engineer in any of 

numerous fields and are looking for new and 

challenging opportunities, a good·paying 

position with an assured future awaits you in 
Southern California at Northrop Aircraft, Inc. 

Here you can apply your talents in fast· 

growing jet aircraft and guided missile 

research, development, and production 

programs. For 16 years Northrop has pioneered 

in these dramatic fields. Today, unlimited 

opportunities still exist at Northrop in all 

phases of manned and unmanned flight. 

Where better could you be, and grow, than with 

a pioneer? You can work on many interesting 

pro jects among friendly associates in a 

streamlined organization, with ever·new 

assignments that will give your ability full play. 

Too, you can live in Southern California, where 

climate, sea, mountains and desert combine to 

give new zest to life. 

For complete information about the many 

career positions now available at Northrop, we 

invite you to contact the Manager of 

Engineering Industrial Relations, Northrop 

Aircraft, Inc., 1010 East Broadway, Hawthorne, 

California. Telephone ORegon 8·9111, 

Extension 1893. 

NORTHROP AIRCRAFT, INC. 
Producers of Scorpion F·89 Long·Range Interceptors 

and Snark SM·62 Intercontinental Missiles. 

growth of tumors, according to the mod­
ern cell theory, by assuming that the 
morbid cells surpass the normal cells in 
the power to seize and appropriate food. 
The tumors of mice show great differ­
ences in virulence, as appears from the 
ease, difficulty, or impossibility of trans­
mitting them by inoculation. Most spon­
taneous cases of carcinoma in mice can­
not be transmitted at all, but the most 
virulent cases often give 100 per cent of 
successful inoculations. Ehrlich has 
proved, however, that inoculation from 
an ordinary, non-transmissible tumor, 
though it does not reproduce that tumor, 
has the remarkable effect of making the 
inoculated mouse immune to carcinoma 
by repeated inoculations with non­
virulent growths." 

"If a sportsmanlike chauffeur has any 
yearning to run down human beings he 
has but to study Dr. Foote's recent pa­
per on accidents occasioned by wheels. 
Dr. Foote's investigations were under­
taken after a rather remarkable accident. 
An automobile delivery truck weighing 
about two tons passed over the trunk of 
a ten-year.old child without occasioning 
death. An investigation conducted by 
Dr. Foote for determining the cause of 
this abnormal result, led him to consider 
in a human body extended on the ground 
a line which he terms the 'line of mortal 
pressure: The position of this line is de­
pendent upon a host of factors, such as 
the weight of the vehicle, the width and 
elasticity of the tire, the speed of the 
vehicle, condition of the ground, cloth­
ing of the victim, mechanical resistance 
of the bones, contraction of the muscles. 
If the wheel of a vehicle strikes that line, 
death will probably result." 

"Henry Norris Russell of the Prince­
ton University Observatory informs us 
that a faint object was discovered early 
last spring, which turns out to be a 
minor planet which is more remote from 
the sun than Jupiter is. Its period ap· 
pears to be a few days more than twelve 
years-more than half as long again as 
that of any previously known asteroid, 
and two months longer than that of 
Jupiter." 

JUNE, 1856: "Mons. Foucault, of 
Paris, the inventor of the famous pendu­
lum experiments which set the world 
agog a few years ago, has lately con-
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Du 'Pont offers new performance in a coated fabric 

Superior electrical insulation at modest cost 
from "Lecton"** acrylic resin coated glass fabrics 

Developed specifically for electrical in­
sulation use, Du Pont "Lecton" acrylic 
resin coated glass fabrics offer superior 
performance at moderate cost. "Lecton" 
resists solvents, oils and "Freon" refrig­
erants-can be used for extended periods 
up to 3000 F. High humidity does not 
affect the dielectric properties of this new 
Du Pont coated fabric. 

So new it is still only in limited pro­
duction, "Lecton" can be produced in 
single-ply materials, as tape or multiple­
ply laminates in a wide range of thick­
nesses. In addition to glass-fabric con­
struction, "Lecton" is made with vari­
ous synthetic-fiber fabrics. If you need 
insulation for refrigeration applications 
or where high performance at modest 

cost is required, it may pay you to in­
vestigate the properties of "Leeton" 
acrylic resin coated fabrics. 

Fill out and mail the coupon for com­
plete data on this new coated fabric. If 
you're a manufacturer of electrical equip­
ment, we'll send you samples of single­
ply material for your evaluation. It's 
free-mail the coupon today. 

·"Freon" is Du Pont's registered trademark for its fluorinated hydrocarbon refrigerants . 

• -"Leeton" is Du Pont's registered trademark/or its acrylic resin coated glass fabrics. 

DU PONT INDUSTRIAL 
COATED FABRICS 

I---------------------------� 

I E. I. du Pont de Nemours & Co. (Inc.) I 
I Fabrics Division, Dept. 5·66, Wilmington 98, Del. I o Please send me your bulletm on the properties of "Leeton" acrylic I I resin coated glass fabrics. 

<[0 POtID 
R[G. U. S. PAT. Off. 

BETT E R  THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 

I 0 Please send me a sample of "Leeton" for my evaluation. I 
I Name Position I 
I I 
I 

Firm I 
I �� I 
I City State I 
�---------------------------� 
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Pfizer adds this invisible ingredient ••• 

DRYness by LECTRODRYER* 

Sterile rooms at the Grotoll, Comzecticut, pla111 of 
Chas. Pfizer & Co., Inc. are maintained at a consta1ll low humidity-' 

28 

F
ORMULATION, processing and packaging of many pharmaceutical 

products are carried on in DRY atmospheres. 10% relative 
humidity is quite common in their operations. Thus they safeguard 
moisture-sensitive materials and methods by eliminating this vari­
able and holding moisture at a constant, low figure. 

Dewpoints as low as -100°F are pos­
sible with Lectrodryers. The Activated Alumina 
with which they are charged extracts water 
vapor carried by air, gases, and organic liquids 
-small or large volumes, pressures up to 6,000 
psi. There are few moving parts on a Lectro­
dryer, so very little maintenance is required. 

No need for your engineers to take time to 
figure out DRying methods and machinery. 
There's a standard Lectrodryer for almost every 
moisture-control problem - proved by many 
years of service in plants all over the world. 
You save time and money by asking our engi­
neers for advice on DRying problems. 

by Ihis air-conditioning 
type Lectrodryer. 

The book, Because Moisture Isn't Pink, describes installations in 
various industries. The Moisture In Our Atmosphere (one of a series 
for the more technical man) will also interest you. For copies, write 
Pittsburgh Lectrodryer Company, 336 32nd Street, Pittsburgh 30, 
Pennsylvania (a McGraw Electric Company Division). 

i1!§iil#! 

LECTRODRYER 
;;, REGISTERED TRADEMARK U. S. PAT. OFF. 

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 

structed an apparatus to demonstrate 
that motion produces caloric. A thick 
bar of iron, bent into a horse-shoe form, 
is converted into an electro-magnet; be­
tween its two extremities is supported a 
disk of copper, to which a rapid rotary 
motion-SOO or 400 revolutions a second 
-is communicated by toothed gearing. 
So long as the horse-shoe is not electro­
magnetized the disk turns with ease, but 
so soon as the horse shoe is placed in 
communication with a battery, and 
thereby converted into an electro-mag­
net, a great resistance to the further 
revolution of the disk is made manifest. 
If, in spite of this resistance, the disk is 
turned during a minute or so, and a 
thermometer be placed upon the disk, 
the mercury will ascend to 60 or 80 de­
grees (centigrade). There is, however, 
no point of contact, no friction, and the 
disk alone is heated." 

"A number of large firms in the flour 
trade have just commenced to reckon 
exclusively in the decimal currency, and 
abolished the shilling and pence busi­
ness. This was done by a united agree­
ment. It is a strange thing, showing the 
hold which custom has upon business, 
that our centesimal currency should be 
so long in completely overthrowing the 
old pence and shilling currency." 

"Wm. J. Stevenson, of New York City, 
has recently taken out a patent on an 
improvement for the purpose of effect­
ing the hermetical sealing of the can by 
the action of atmospheric pressure on 
the cap or stopper. Inside the mouth of 
the vessel there is a shoulder on which 
is placed a ring of rubber. The cover is 
simply a flat disk of tin, with cross wires 
soldered on its top, so as to guide and 
keep it in the center. When the pre­
served fruit or other article has been 
sufficiently heated, the cover is laid on, 
and the subsequent cooling produces a 
partial vacuum within the vessel. The 
consequent atmospheric pressure on the 
disk embeds it in the rubber, and thus 
forms a perfectly air-tight joint, without 
screw or wax." 

"The Arabian camels for which a gov­
ernment expedition was sent out to the 
Mediterranean arrived in the Matagorda 
Bay, Texas, on the 12th ult. Arab keep­
ers accompany them. They came on 
shore dressed in their native costume, 
and were as much objects of curiosity 
as the camels. An attempt is to be made 
to acclimate these animals, to employ 
them as transports on the western deserts 
of our country, between the Mississippi 
Valley and the Rocky Mountains." 
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is your Company's research program 

as effective as it should be? 

Is the shortage of experienced research engineers prevent­

ing your own staff from attaining maximum effectiveness? 

Does the inability to prove to your organization that 

basic changes may be essential to sound growth, hamper 

your product or process improvement program? 

Are your Company's research projects aimed at rigidly 

preconceived solutions, or are they approached from a 

fresh and impartial viewpoint? 

American Testing Laboratories maintains a large 

staff of research engineers and skilled technicians, backed 

by the vast resources of the men of Manu-Mine ... always 

available to solve research problems in many fields. 

If your business can benefit from the type of creative 

research that helps companies move ahead, American 

Testing Laboratories may solve your problems. 

AMERICAN TESTING LABORATORIES INC. tU�i MANU-MINE 

LANCASTER, PENNSYLVANIA Research & Development Company 

READING, PENNSYLVANIA 
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PACIFIC AIR INDUSTRIES 
LONG BEACH, CALIF. 

uses "the only feasible solution" 

to measure oil sump contents 

A large oil c ompany wanted to deter­

mine the sump content on several of 

its disposal pits. However, it was im­

possible to enter the disposal area for 

measurements. Pacific Air Industries 

supplied the desired data accurately, 

quickly, economically. "Aerial pho­

tography and p h o t o gra m m e t r i c  

methods using Bausch & Lomb Multi­

plex Equipment provided the only 

feasible solution." Flying height: 

1200'. Map scale: 1:' = 50', with l' 
contours. 

WRITE for Catalog F-301-com­

plete information on the world's 

finest photogrammetric equipment, 

including Multiplex, Auto-focus Rec­

tifier, Twinplex, and-Balplex. Bausch 

& Lomb Optical Co., 69806 St. Paul 

St., Rochester 2, New York. 

America's only complete optical source ... from glass to finished product. 

THE AUTHORS 
EMILIO SEGRE and CLYDE E. 

WIEGAND ("The Antiproton") , both 
nuclear physicists at the University of 
California, are members of the team that 
discovered the antiproton. Segre, born 
in Italy in 1905, took his doctor's degree 
in physics at the University of Rome un­
der Enrico Fermi in 1928. He worked 
with Fermi on the radioactivity of neu­
trons from 1934 to 1936. From there he 
went to Palermo as director of the phys­
ics laboratory. While at Palermo he and 
C. Perrier announced the discovery of 
technetium, the first artificially made ele­
ment. He has been at the University of 
California in Berkeley since 1938, ex­
cept for three years at the Los Alamos 
Scientific Laboratory during World 
War II. Segre seems to have a divining 
rod for discovering elements and patti­
cles. Besides the antiproton and tech­
netium, he identified the first plutonium 
with Glenn T. Seaborg, J. W. Kennedy 
and A. C. Wahl, and found the artificial 
element astatine with Dale Corson and 
K. R. MacKenzie. Wiegand is a physicist 
at the Radiation Laboratory of the Uni­
versity of California. Born in the State of 
Washington, he graduated from Willa­
mette University in Oregon in 1940. He 
became a graduate student of Segre at 
California, went with his professor to 
Los Alamos, and took his Ph.D. in 1950 
after their return to Berkeley. 

HEINZ FRAENKEL-CONRAT ("Re­
building a Virus") is a research bio­
chemist at the Virus Laboratory of the 
University of California. He was born in 
Breslau in 1910. He obtained an M.D. 
there in 1933, and in 1936 acquired a 
Ph.D. in biochemistry in Edinburgh. 
Since 1936, when he came to the U. S., 
his prime <ioncern has been the chemis­
try of biologically active proteins. This 
has included work on enzymes, snake 
venoms, hormones, egg proteins and 
viruses. He worked at the Rockefeller 
Institute for Medical Research and at 
the Instituto Butanta in Sao Paulo, 
Brazil, before coming to Berkeley, where 
he has spent the last 18 years. During 
the 1940s he was with the Western Re­
gional Research Laboratory of the U. S. 
Department of Agriculture. 

A. J. MARSHALL ("Bower Birds") 
is head of the Department of Zoology 
and Comparative Anatomy at St. Bat:­
tholomew's Medical College of the Um­
versity of London. He grew up in Aus-
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A combination ... for relaxation at Home 
Laminated plastics . .• a combination of properties at work 

It takes a combination of properties to satisfy many 

of your basic material requirements. Synthane lami­

nated plastics provide a unique combination of 

mechanical, electrical and chemical properties plus 

ease of machining. 

COMPRESSIVE STRENGTH 
High-speed reversing clutch cone made of Synthane 
molded-macerated laminated plastic increases productivity 
of automatic screw machines. Synthane meets all the de­
mands of high-speed clutch operation • • •  light weight, 
great strength and excellent heat resistance for split­
second reversing of a positive spindle drive operating as 
high as 3025 rpm and with operating temperature of cone 
going up to 250°F. This Synthane clutch cone provides 
smooth, positive clutch action, is long wearing, and is not � 
distorted or deteriorated by the high heat. L 

Property combinations! Synthane has them ... in 

over 30 individual grades ... sheets, rods, tubes, 

moldings and completely fabricated parts. Send for 

free illustrated catalog today. 

LIGHT WEIGHT 

HEAT RESISTANCE 

WEAR RESISTANCE 

SYNTHANE CORPORATION, 2 RIVER ROAD, OAKS, PA. 
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tralia, is a graduate of the universities 
of Sydney and of Oxford, where he was 
a Beit fellow. Bower birds have inter­
ested him since school days. His work 
has been chiefly in the seasonal physiolo­
gy and migration of birds, and be pur­
sues his research both in the field and 
in the laboratory. He has collected wide­
ly in the tropics and the arctics. Marshall 
led the Oxford University Expedition to 
Jan Mayen Island in 1947. He plans to 
spend this summer in East Africa to 
collect endocrine glands of frogs, bats 
and other denizens of regions so close 
to the Equator that their long-range in­
ternal cycles cannot be influenced by 
photoperiodicity. Like the bower birds, 
Marshall is a collector of bright objects: 
bis chief hobby, he says, is hunting for 
18th-century silver and glass in the junk 
shops of London's East End. 

ERNEST NAGEL and JAMES R. 
NEWMAN ("Godel's Proof") are both 
students of logic and of the philosophy 
of science, Newman being, in addition, 
a former student of Nagel. Nagel is 
Jobn Dewey Professor of Philosophy at 
Columbia University. He wrote the in­
troductory article to the special issue of 
SCIENTIFIC AMERICAN on automatic con­
trol in September, 1952, and reviewed 
Galileo's Dialogue on the Great W orId 
System in the issue of October, 1953. 
Nagel's most recent book is Sovereign 
Reason, published in 1954. Newman is 
a member of the Board of Editors of 
SCIENTIFIC AMERICAN. 

LOREN C. EISELEY ("Oreopithe­
cus: Homunculus or Monkey") is a pro­
fessor of anthropology at the University 
of Pennsylvania and curator of early man 
at the University's museum. Eiseley \Vas 
the author of the article "Fossil Man" in 
the December, 1953, issue of SCIENTIFIC 
AMERICAN. He observed in that article 
that "Piltdown man ... did not fit into 
the sequence" of human fossils, and a 
few weeks later he expressed "relief" 
when Piltdown man was exposed as a 
hoax. His most recent piece in SCIEN­
TIFIC AMERICAN was a biographical 
sketch of Charles Darwin in the Febru­
ary issue. 

A. S. PARKES ("The Freezing of 
Living Cells") is a member of the staff 
of the National Institute for Medical Re­
search in London. He attended Christ's 
College at the University of Cambridge, 
graduating in 1921. "Among my few in­
timate friends in Cambridge," says 
Parkes, "was James Hilton, later to be­
come famous as the author of Lost H ori­
zon and Goodbye, Mr. Chips, and who, 
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If you are concerned with: 

Reactor development ... 
Atomic energy projects ... 
Nuclear problems ... 

This new data book 

will help you 

In nuclear science and engineering the 
importance of the neutron absorption re­
action of the boron isotope BlOis well 
recognized. 

Now, for the first time, available data 
on the development of numerous stable, 
boron-rich materials ha\'e been compiled 
and coordinated by Norton in one con­
venient reference book. 

This book is the "Halldbook on Boron 
Carbide and Elemental Boron" - a com­
pact source of technical information on 
materials made by Norton for use in the 
atomic energy field. 

A partial list of the table of contents 
includes: Boron for neutron absor/Jtion ... 
Technical grade boron . . . P1'operties of 
boron . . . Commercial grades of boron 
caTbide ... Radiation damage to boron car-
bide ... Bonded boron carbide (caTbon, 
silicate, plastic, metal) ... Boron nitride ... 
Metal borides. These and many other sub­
jects are fully described and illustrated 
with tables, charts and photographs. 

A Quarter-Century of ExPerience 
Work in Norton laboratories on boron 

compounds began some 25 years ago. 
This included the development of 
NORBlDE

* boron carbide, the hardest ma­
terial yet produced commercially. Nor­
ton facilities for producing NORBIDE wear­
resistant articles and abrasive have been 
expanded to supply boron carbide in 
numerous forms for atomic energy ap­
plications. 

Recent Norton development has been 
aimed at improving the quality, increas­
ing the production and reducing the 
costs of various boron-rich products. As 

This new free Norton "Handbook on Boron Carbide and Elemental 
Boron ", is a valuable reference, containing both fundamental 
data and practical information. Printed in colors with many 
charts and tables it will serve as a useful and permanent addition 
to the reference files of those concerned with atomic energy and 
rela ted fields. 

a result, Norton now produces these ma­
terials to highest purity standards, at 
prices ranging between one - half and 
one-ten th of former pricing. 

Other Norton 
Electric Furnace Products 

of special interest to nuclear engineers 
include ALUNDUM

* fused alumina, CRYS­

TOLON
* silicon carbide, MAGNORITE

* mag­
nesium oxide, FUSED ZIRCONIA arid various, 
refractory carbides, oxides and nitrides. 

Besides being 'the basic ingredients of 
the famous Norton Refractory ij's - re­
fractories engineered and prescr'ibed for 
the widest range of conventional applica­
tions - these high-melting materials are 
finding many new and valuable uses in 
atomic energy projects. 

They are .all described in the new 
Norton handbook. For your free copy, 
write to NORTON COMPANY, Refractories 
Division, 545 New Bond St., Worcester 
6, Massachusetts. 

NORTON 
REFRACT·ORIES 
Engineered . . .  Il . . .  Prescribed 

akinf/ better products ... 
IrJ make your products better 

*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 
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Brief words to those 

who have ende d up 

in left field 

Take a solid look at the potentialities of Foote 

lithium chemicals, and the chances are good that your 

research - development staff will come up with a 

new perspective . '.' . and a better product. * 

Write today for newly compiled data on Foote lithium compounds. 

• Want a f'rinstance? Lithium compounds form 

very low melting eutectics with numerous other 
compounds. If you have a problem involving a 
fusion or a melt, a lithium compound may be the 
key to a major process improvement. 

FOOTE MINERAL COMPANY 
454 Eighteen W. Chelten Bldg., Philo. 44, Po. 
RESEARCH LABORATORIES: Berwyn, Po. 

PLANTS: Exton, Po.; Kings Mountain, N.C.; Sunbright. Va.; Knoxville, Tenn. 

even at that time, was writing prolifical­
ly and seemingly without any difficulty 
whatever. James and I shared rooms dur­
ing our last year in Cambridge, and his 
example led me to the quite erroneous 
belief that writing was dead easy. At 
about the same time I was much in­
trigued by a semipopular article by Ju­
lian Huxley describing the sex chromo­
some mechanism of sex determination. 
I spent the next vacation in the library 
and as a result published my first orig­
inal paper at the age of 20 years. After 
this exhibition of an urge to do research, 
my father, a banker, sent me to Man­
chester University to do postgraduate 
work for a Ph.D. degree. I then worked 
at University College, London, for rather 
more than eight years, first on the sex 
ratio in mammals, later on the physiolo­
gy and endocrinology of reproduction. 
At the beginning of 1932 I took up a 
permanent appointment at the National 
Institute for Medical Research, and have 
continued as a member of the staff." 

FRANCIS OWEN RICE ("The 
Chemistry of Jupiter") is head of the 
chemistry department at the Catholic 
University of America in Washington, 
D. C. He was born in Liverpool in 1890; 
he received a degree of Doctor of Sci­
ence from the University of Liverpool 
in 1916 and worked in British govern­
ment chemical plants until the close of 
World War 1. He came to the U. S. in 
1919 on a fellowship to Princeton Uni­
versity. After teaching chemistry at New 
York University and at the Johns Hop­
kins University he went to the Catholic 
University in 1938. Rice's work lies 
mainly in the borderland between physi­
cal and organiC chemistry, where he has 
been tracking down the free radicals 
formed in the intermediate stages of 
many organic reactions. In 1949 he col­
laborated with the nuclear physicist Ed­
ward Teller on a book entitled The 
Structure of Matter. 

MURRAY KAMRASS ("Pneumatic 
Buildings") is a research engineer at 
Cornell Aeronautical Laboratory, Inc., 
in Buffalo, N. Y. He graduated from the 
University of Michigan in 1942, then 
spent two years with the Stinson Divi­
sion of Consolidated Vultee Aircraft 
Corporation and two years in the Army. 
Kamrass joined the Cornell Aeronautical 
Laboratory (which is affiliated with 
Cornell University) in 1946, and has 
served in its aerodynamics and industrial 
divisions. He was project engineer for 
studies which included not only air-in­
Bated structures but also aircraft and 
industrial noise and safety. 
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what helps an engineer grow? 

Answers by 3 outstanding Avco scientists reveal both the 

thinking and opportunity at Avco Advanced Development Division. 

"Technical support" 

says Dr. J. P. Silvers, specializ­

ing in thermodynamics, hydro­

dynamics in reactor design; 

formerly with Navy Nuclear 

Power Division; now with Avco 

Advanced Development. 

"An engineer should be given plen­

tiful technical assistance. His 

potential cannot be fully realized 

when his energies are consumed 

by routine duties." 

"An atmosphere of inquiry" 

says Eaton H. Draper, noted 

nuclear weapons systems expert 

and Engineering Manager of 

Avco Advanced Development 

Division. 

"Provide a climate which encour­

ages a healthy questioning of the 

known, as well as the unknown, 

and an engineer will perform at 

his peak ... and even beyond." 

"Top-level associates" 

says Dr. J. A. Kyger, noted 

authority on nuclear engineer­

ing; formerly Chief Scientist for 

Nuclear Power Division, U. S. 

Navy Bureau of Ships; now 

Proiect Director of Avco Ad­

vanced Development Division. 

"An engineer's development de­

pends on mental stimulation pro­

vided by able associates. It's 

important at all levels and it is 

essential to a young engineer." 

Helping talented engineers and scientists-at all levels-become more 

effective is the best way we, at A vco Advanced Development, know 

of helping our own growth. For outstanding men, Avco's long-range 

expansion-in missiles and in all the physical sciences-offers un­

precedented opportunity. Write Dr. E. R. Piore, Vice-President in 

Charge of Research, Room 405 F, Avco Advanced Development Divi­

SlOn, Stratford, Conn., or Phone Bridgeport, Conn., DRexel 8-0431. 

WANTED: 
Leaders in the exploitation of new areas of Science 

Physical Scientists 
Advanced degree preferred in-Physics· Aerodynamics 

Electronics· Metallurgy· Physical Chemistry· Mathematics 

Engineers 
Electronic . Mechanical • Aeronautical 

Chemical 

AllaRceo Uevelopmenl!livision 
avco defense and industrial products 

combine the scientific skills, and production facilities of 3 great divisions of Aveo 

Manufacturing Corp.: Advanced Development; Crosley; Lycoming - which currently 

produce power plants, electronics, airframe components, and precision parts. 

© 1956 SCIENTIFIC AMERICAN, INC



36 

Armstrong adhesive speeds bonding of plastic laminates 

If you're bonding plastic laminates for such things 
as dinette tables, counter tops, or school desks, 
Armstrong D-253 Adhesive will help you turn out 

a finished panel every three minutes. 

D-253 is an air-drying thermoplastic adhesive 
which combines unusually high dead-load and 

shear strength with good heat resistance. It holds 

plastic laminates on flat or curved surfaces in a 

grip you'd normally expect only from harder-to-use 
thermosetting cements. 

Armstrong D-253 offers the speed, convenience, 

and economy of assembly-line production, too. Ap­
plied by spray or rQller to core and skin sheets, 

D-253 dries under infrared heat in less than a 

minute. After the sandwich is assembled, one pass 
through rubber-covered pressure rolls produces an 
instantaneous bond. The finished panel is ready for 
further processing or immediate shipment. 

For more information on D-253, send for a copy 

of our 36-page adhesives catalog. It's free to indus­
trial users. Address Armstrong Cork Company, 
8006 Inland Road, Lancaster, Pa. In Canada, write 

6911 Decarie Boulevard, Montreal 29, Quebec. 

@mstrong 
ADHESIVES • COATINGS • SEALERS 

. . . used wherever performance counts 
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The Antiproton 
A quarter-century ago physical theory pointed to the existence 

of a fundamental particle of lnatter with the lnass of the proton 

but the opposite charge. An account of its discovery last year 

I
n the past 10 years physicists have 

discovered many "elementary" par­
ticles (though we must frankly ad­

mit that we do not really know how to 
define an "elementary particle"). Not 
all of these discoveries have come un­
heralded. One might suppose that the 
only way to discover a particle should 
be by experiment, but this is not so, al­
though of course experiment is the judge 
of last resort. Sometimes theoretical 
physicists, from hypothetical equations 
and calculations with pencil and paper, 
have predicted the existence of particles 
that had never been seen. These pre­
dictions, however strange some of them 
may seem, arise from a necessity to pre­
serve basic principles which form the 
foundation of our present understanding 
of the physical universe. When neces­
sary, physicists have been willing to en­
tertain the existence of something never 
seen rather than to imperil these firmly 
established foundations. This article is 
the story of how such a prediction was 
verified. 

A quarter of a century ago P. A. M. 
Dirac of the University of Cambridge 
developed an equation, based on the 
most general principles of relativity and 
quantum mechanics, which described in 
a quantitative way various properties of 
the electron. He had to put in only the 
charge and mass of the electron-and 
then its spin, its associated magnetic mo­
ment and its behavior in the hydrogen 
atom followed with mathematical neces­
sity. The fact that all this could be ob­
tained automatically from one equation 
without ad hoc assumptions for each 
property was such a spectacular success 

by Emilio Segre and Clyde E. Wiegand 

that great faith was put in Dirac's equa­
tion and the theory on which it was 
based. Its discoverer found, however, 
that the equation required the existence 
of both positive and negative elech'ons: 
that is, it described not only the known 
negative electron but also an exactly 
symmetrical particle which was identical 
with the electron in every way except 
that its charge was positive instead of 
negative. It proved impossible to pre­
vent Dirac's theory from giving both 
types of solutions. This meant that either 
Dirac's theory was wrong or there must 
be a positive electron which no physicist 
had ever detected or even suspected up 
to that time. 

A few years after Dirac's prediction, 
Carl D. Anderson of the California Insti-

N 

I 
I 
I + 
I 
I 
I 

S 

tute of Technology found positive elec­
trons (positrons) among the particles 
produced by cosmic rays in a cloud 
chamber. This discovery not only was a 
triumph for Dirac's theory but also set 
physicists off on a new and more formi­
dable search for another hypothetical 
particle-a search which was to take 
some 25 years and which was finally re­
warded only a few months ago. 

D irac's general equation, slightly modi-
fied, should be applicable to the 

proton as well as to the electron. In this 
instance too it predicts the existence of 
an anti-particle-an antiproton identical 
to the proton but with a negative in­
stead of a positive charge. The unknown 
particle's symmetry to the proton clearly 

s 

I 
I 
I 

N 
PROTON (left) may be regarded as a spinning sphere weighing 1.6724 x 10-24 grams. It has 

positive electric charge and, as a consequence of its rotation, north and south magnetic poles. 

The antiproton (right) has the same spin and mass. It has the same amount of electric 

charge, but of the opposite sign. Its north and south magnetic poles are similarly reversed. 
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BEVATRON at the University of California produced antiprotons hy accelerating protons 

to 6.2 hillion electron volts. This schematic plan view shows the four magnet·enclosed seg· 

ments in which the protons are accelerated. The radius of each segment is 50 feet. The pro­

tons are injected into the machine hy two accelerators at the top. The copper target in which 

the antiprotons are produced is represented hy the heavy vertical line at the bottom right. 

defines some of its properties. A particle 
in order to have the right to be called 
an antiproton: (l) must have the same 
mass as a proton (1.6724 X lO-24 
grams); (2) must have an equal charge 
of opposite sign (4.8028 X lO-10 elec­
trostatic units); (3) must be stable, in 
the sense that it will not decay spontane­
ously into a different particle and will 
last forever in a vacuum; (4) must dis­
appear in a mutual annihilation when it . 
encounters a proton or a neutron, liber­
ating energy equivalent to the mass of 
the two particles; (5) is never generated 
separately but only in a pair with a pro­
ton or neutron; and (6) must have an 
angular momentum (spin) equal to that 
of the proton. Like the proton, an anti­
proton must also have a magnetic mo­
ment (i.e., behave like a little magnet), 
and when it spins in the same direction 

38 

as a proton its magnetic moment is equal 
in magnitude but of opposite sign to that 
of the proton; that is, the "north and 
south" poles are reversed. 

With all these clues, physicists natu­
rally began an intensive search for the 
antiproton. Since it was apparent that 
creation of the particle required tre­
mendous energy, the most likely place 
to look for it was in cosmic rays. On 
a few occasions investigators found 
events which seemed to signal the gener­
ation of an antiproton, but there was 
never sufficient information to identify it 
with certainty. The question then arose 
as to how much energy would be needed 
to create antiprotons in the laboratory 
with an accelerator. 

Because an antiproton can be created 
only in a pair with a proton, we need at 
least the energy equivalent to the mass 

of two protons. Albert Einstein's theo­
rem, E=mc2, tells us that this amounts 
to 2 X 938, or 1,876 million electron 
volts (i.e., about two billion electron 
volts). However, we need much more 
than two Bev in the proposed laboratory 
experiment. To convert energy into par­
ticles we must concentrate the energy 
at a point; this is best accomplished by 
hurling a high-energy particle at a tar­
get-e.g., a proton against a proton. 
After the collision we shall have four 
particles: the two original protons plus 
the newly created proton-antiproton 
pair. Each of the four will emerge from 
the collision with a kinetic energy 
amounting to about one Bev. Thus the 
generation of an antiproton by this 
method takes two Bev (creation of the 
proton-antiproton pair) plus four Bev 
(the kinetic energy of the four em erg -
ing particles). It was with these num­
bers in mind that the Bevatron at the 
University of California was designed. 
It was built to accelerate protons to a 
kinetic energy of more than six Bev, 
with the hope of producing antiprotons. 

W
hen the Bevatron began to bombard 
a target made of copper with six­

Bev protons, the next problem was to de­
tect and identify any antiprotons cre­
ated. A plan for the search was devised 
by Owen Chamberlain, Thomas Ypsi­
Ian tis and the authors of this article. 
The plan was based on three properties 
which could conveniently be deter­
mined. First, the stability of the particle 
meant that it should live long enough to 
pass through a long apparatus. Second, 
its negative charge could be identified 
by the direction of deflection of the par­
ticle by an applied magnetic field, and 
the magnitude of its charge could be 
gauged by the amount of ionization it 
produced along its path. Third, its mass 
could be calculated from the curve of its 

EXPERIMENTAL SETUP which demon­

strated the existence of the antiproton is de­

picted on opposite page. The colored line at 

the top is the orbit of the protons in the 

Bevatron. The path of the antiprotons and 

other particles produced in the target is 

traced by I.he colored line from upper right 

to lower left. From the target to the last scin­

tillation counter the particles travel 80 feet. 

At the lower right the various events of the 

experiment are represented by their charac­

teristic cathode ray traces. Above the center 

of the diagram is the concrete shield of the 

Bevatron. The prisms and lenses superim­

posed with broken lines on the four magnets 

symbolize their function. The experiment is 

described in detail by the text of this article_ 
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NUCLEAR EMULSION PHOTOGRAPH reproduced hy tracing shows the death of an anti· 

proton (p-) in a "star" of pi mesons (7T) and hydrogen nuclei (H). One of the pi mesons 

" .. s decayed into an electron (e); another into a mu meson (fJ,) and an electron. 

trajectory in a given magnetic field if its 
velocity was known. 

The trajectory of a charged particle in 
a magnetic field depends on its momen­
tum: once the trajectory is known, the 
momentum can be calculated. Now if 
we also measure the velocity of the par­
ticle (say by timing its travel between 
two given points in the apparatus), we 
can compute the mass from the momen­
tum and velocity, using the relativistic 
equation which connects momentum, 
rest mass and velocity. 

All this sounds very simple, but the 
main difficulty in the experiment arises 
from a complication which we have thus 
far neglected to mention. When the 
beam of 6.2-Bev protons hits the target, 
it generates a great many other particles 
which have the same momentum as the 
antiprotons. Most of them are mesons, 
the particles supposed to represent the 
cement that holds the nucleons together 
in the nucleus. It turned out that there 
were about 40,000 mesons for each rare 
antiproton in the stream of emerging 
particles focused by our magnets. The 
mesons follow exactly the same trajec­
tory as the antiprotons, but they are 
lighter and travel with a velOcity prac­
tically identical to that of light, whereas 
the heavier antiproton moves with 78 
per cent of the velocity of light. The 
problem was to pick out of the stream 
the occasional heavy particle (one in 
40,000) moving with the right velocity 
to be an antiproton. 

An extensive array of bending mag­
nets, magnetic focusing lenses and de­
tectors was set up to comb out the anti­
protons [see diagram on pqge 39]. From 

40 

the spray of charged particles emerging 
from the copper target a bending mag­
net first sorted out the negatively 
charged particles of the desired mo­
mentum, bending them in a particular 
trajectory. This stream was then focused 
by a magnetic lens. The focused beam 
now encountered a detector-a disk of 
plastic material which scintillates when 
charged particles pass through. The 
main purpose of the detector was to 
serve as a "stop watch" for timing the 
passage of particles so as to measure 
their velocity: precisely 40 feet farther 
on they hit a second scintillating detec­
tor, and the velocity was reckoned from 
the time taken to travel the distance be­
tween the two "stop watches." The flash­
es of light from each scintillator were 
translated by photosensitive tubes into 
pulses of electric current, and these 
pulses were recorded as pips on a 
cathode ray screen. This timing system 
could measure differences of one bil­
lionth of a second in the travel time of 
particles over the 40-foot interval. In 
our experiment the antiprotons cross the 
40-foot distance in 51 billionths of a 
second, whereas the mesons take only 
40 billionths of a second. 

However, we found that we needed 
an independent measurement of the par­
ticles' velocities as a check against acci­
dental coincidences. So many mesons 
were streaming through our "speed trap" 
that sometimes one meson triggered the 
first stop watch and another triggered 
the second after an interval that corre­
sponded to the travel time of an anti­
proton. We therefore placed a velocity­
selecting counter just beyond the second 

scintillator. This unique selector makes 
use of the Cerehkov effect, discovered 
many years ago by the Russian physicist 
Pavel Cerenkov. He found that when a 
charged particle passes through a me­
dium such as glass or quartz with a 

, velocity greater than the velocity of light 
in that medium, it emits light-an effect 
analogous to the shock waves produced 
in air by a jet aircraft exceeding the 
speed of sound. Now the angle at which 
the Cerenkov light radiation is emitted, 
with respect to the path of the particle, 
depends upon the velocity of the par­
ticle. An analogy is the wake of a boat: 
the faster the boat travels, the narrower 
is the angle of its wake. Taking advan­
tage of this fact, we put a piece of quartz 
in the path of the beam and arranged a 
system of mirrors and light shields so 
that Cerenkov radiation was recorded 
only from particles traveling at 75 to 78 
per cent of the velocity of light-the 
speed of the antiproton. We took two 
other precautions against spurious iden­
tification. To make sure of weeding out 
mesons and other unwanted particles we 
placed in front of the velocity selector a 
"guard" detector of the Cerenkov type 
which gave a warning signal of the ar­
rival of any particle exceeding 78 per 
cent of the velocity of light, and to ex­
clude particles that might come from 
outside the system we used a final scin­
tillation counter which recorded only 
particles traveling in the direction of the 
beam. 

Thus a particle would be identified as 
an antiproton only when all the follow­
ing conditions were fulfilled: the "stop 
watch" counters indicated that a particle 
had passed through with the correct 
velocity (crossing the 40 feet in 51 bil­
lionths of a second); the guard counter 
gave no warning signal; the velocity se­
lector registered a particle with velocity 
between 75 and 78 per cent of the ve­
locity of light; and the final scintillation 
counter showed that the particle had 
coursed through the length of the selec­
tor. When all these things happened, a 
characteristic sweep was traced on the 
oscilloscope [see page 39]. Many more 
tests were made to confirm that this type 
of sweep really meant that an antiproton 
had passed through the system. 

When the discovery of the antiproton 
was announced last October, 60 of 

them had been recorded, at an average 
rate of about four to each hour of opera­
tion of the Bevatron. They had passed 
all the tests which we had preordained 
before the start of the experiment. We 
were quite gratified by the comment of 
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a highly esteemed colleague who was 
visiting' from another university where 
he had just finished an important and 
difficult experiment on mesons. After ex­
amining our tests, he said, "I wish that 
my own experiments on mu mesons were 
as convincing as this." At this time sev­
eral long-standing bets on the existence 
of the antiproton started to be paid. The 
largest we know of was for $500. (We 
were not personally involved,) 

It was still highly desirable to have 
some information on the process of anni­
hilation of the antiproton when it en­
countered a proton. The first experiment 
along this line was performed by a group 
consisting of J. Brabant, B. Cork, N. 
Horowitz, B. Moyer, J. Murray, R. Wal­
lace and W. Wenzel. They arranged to 
trap an antiproton from our apparatus 
in a piece of glass. On being stopped, 
the antiproton, and the proton which 
presumably was annihilated with it, 
emitted charged particles which moved 
fast enough to release considerable light 
by Cerenkov radiation. A study of this 
light confirmed that the particle selected 
as . an antiproton was. ddlnitely not a 
meson. 

While all this was going on, another 
experiment for detection of the antipro­
ton was started by the authors, Cham­
berlain, W. Chupp and G. Goldhaber, 
in collaboration with a team of physi­
cists in Italy: E. Amaldi (a former 
fellow stude;lt with Segre of the late 
Enrico Fermi), G. Baroni, C. Castagnoli, 
C. Franzinetti and A. Manfredini. It was 
decided to try to find the tracks of anti­
protons in photographic emulsions. If we 
could detect them there, we could get 
direct information about the antipro­
ton's destruction. 

We exposed photographic plates in a 
beam which should yield antiprotons 
and then sent some of the plates to Home 
and examined some ourselves in Berke­
ley. In spite of strenuous efforts by 
both groups, only one star that might 
represent a proton-antiproton annihi­
lation was found-by the scanners in 
Home. Later experiments by our group 
(including D. Keller and H. Steiner) 
indicated that absorbers which we had 
used to slow down the antiprotons be­
fore they entered the photographic 
plates had unexpectedly destroyed many 
of the antiprotons. The absorbers were 
then removed and new plates were 
exposed, with the result that tracks of 
about 20 antiprotons have now been 
detected in emulsions by observers in 
Berkeley. 

A star of annihilation is pictured at 
the top of the opposite page. The track 

of the incoming antiproton has the range 
predicted for it. The particle lost its 
kinetic energy by collisions and ioniza­
tion and came to rest in the emulsion. It 
was then captured by a nucleus in' the 
emulsion and promptly annihilated itself 
with another nucleon. Many of the 
cbarged fragments into which it broke 
down can be identified bv their tracks; 
others cannot be named with certainty; 
still others were neutral particles which 
made no tracks in the plate. At all events, 
we know for certain that the total energy 
released in the annihilation was greater 
than the mass equivalent of the anti­
proton-proof that another nucleon was 
annihilated along with it. 

As usual with all discoveries, the ad­
vent of the antiproton has launched a 
host of new questions, on which work is 
progressing. For the time being only 
Berkeley has an accelerator powerfu I 
enough to produce antiprotons. The next 
to enter the picture, according to reports 
at the Geneva conference of last sum­
mer, should be a U.S.S.H. machine, now 
in an advanced stage of construction. 

X interesting subject for contempla-
tion is the possible existence of an 

"anti-world." This would be a world in 
which all particles are opposite in charge' 
to our own: the hydrogen atom, for in­
stance, would have an antiproton as its 
nucleus and a positron in place of the 
electron. �le know of no method bv 
which we could recognize the existence 
of such a universe by astronomical ob­
servation. But if antimatter exists and if 
it should come into contact somewhere 
with ordinary matter as we know it, the 
two forms of matter would annihilate 
each other with a huge release of energy, 
mostlv as mesons. \,yhether we would 
see this event would depend on the den­
sity of the matter colliding. If it were 
spread out as thinly as the average densi­
ty of matter in the galaxies, the effect 
might not be very conspicuous. It is also 
possible that a collision even between 
concentrated masses of matter and anti­
matter would not be very spectacular as­
tronomically, for they probably would 
repel each other, by radiation pressure, 
as soon as they came into contact. 

If the universe originated from the 
transformation of pure energy into nu­
cleons and electrons, we must suppose, 
in order to preserve the principle of the 
constancy of the number of these parti­
cles, that somewhere there are antinu­
cleons and antielectrons equal in number 
to those of our world. It is a speculation 
which gives a highly satisfying sym­
metry to creation. 
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LIFE CYCLE of an antiproton is schemat­

ically depicted. A high-energy proton (black 

ball will. plus sign at the top) collides with 

another proton in the target nucleus. This 

gives rise to a new proton (black ball wit.h 

plus sign al right. center) and an antiproton 

(black ballw;lh minus sign). The new pro­

ton travels until it comes to rest as the 

nucleus of a hydrogen atom (right). The 

antiproton continues until it encounters an­

other nucleus (bottom). The antiproton 

and a proton or a neutron are then both 

annihilated in a shower of val'ious particles. 
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REBUILDING A VIRUS 

The tobacco mosaIC VIrus IS composed of protein and nucleic acid, 

which may be separated by gentle chemical treatment. When the two 

components are mixed together, they form infective virus particles 

A 
few months ago a Burry of excite­
ment was caused by newspaper 
stories about "creation of life in 

the test tube" at the University of Cali­
fornia Virus Laboratory. Actually what 
the Laboratory had reported was some­
thing at once more specific and less ro­
mantic. Let us be clear about the scope 
of this work. It was found that after the 
tobacco mosaic virus had been split into 
its two components-protein and nucleic 
acid-these components could, under 
suitable conditions, recombine to form 
particles which looked like the original 
virus and displayed its properties: that 
is, the ability to infect and multiply in 
tobacco plant cells. The aim of these 
studies is not "creation of life" but an 
attempt to analyze the organization of 
biologically active structures in terms of 
chemistry. What we learn about viruses 

THREONINE SERINE 

by Heinz Fraenkel-Conrat 

specifically helps in the fight against 
virus diseases. And the information we 
can gain about the chemistry of these 
organizations, which occupy the no­
man's-land between the so-called living 
and nonliving worlds, should improve 
our understanding of the line of evolu­
tion from mere molecules to living or­
ganisms. 

Ever since Wendell M. Stanley, now 
the director of our laboratory, first iso­
lated the tobacco mosaic virus in crystal­
line form at the Rockefeller Institute for 
Medical Research in 1935, this virus has 
been a main focus of attention in gen­
eral virology. Its biological activity has 
been investigated extensively; it has 
been examined exhaustively under the 
electron microscope, and it has been 
analyzed chemically. The investigations, 
including recent studies by workers in 

our laboratory, give the following pic­
ture. The tobacco mosaic virus (known 
to its investigators as TMV ) is a rod­
shaped particle 300 millimicrons long 
(about one 100,000th of an inch). It 
consists of two parts: a thick-walled 
cylinder of protein and a rodlike core of 
nucleic acid inside the cylinder. The 
protein accounts for about 94 per cent 
of the virus's substance and the nucleic 
acid for the remaining 6 per cent. Its nu­
cleic acid is the type known as RNA 

(ribonucleic acid). X-ray and chemical 
studies suggest that the inner rod of nu­
cleic acid is not solid but a hollow, tube­
like structure composed of intertwisted 
strands. 

The protein of the virus can be broken 
down by moderate chemical treatment 
into subunits, each of which is a single 
peptide chain containing about 150 

H CH3 

I I 
CH N CO CH NH COOH 

/ � y �/� /�y � / 
NH CO : CH NH CO CH 
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I 
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PROLINE ALANINE THREONINE 

PROTEIN MOLECULE of the tobacco mosaic virus appears to con­

sist of five or six single-chain units. One end of each chain forms 

a loop; the other end has been chemically analyzed into the slruc-

lure diagrammed here. The chain is composed of subunits which 

form amino acids when it is taken apart. The names of the amino 

acids corresponding to the last six subunits are given at the bottom_ 
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amino acids. The subunit is being ana­
lyzed and parts of its structure have been 
worked out [see illustration all the op­
posite page]. In this form the protein is 
"denatured": it has lost its stable, orderly 
architecture, is insoluble and is inca­
pable of recombining into the original 
protein complex. 

W ith gentler chemical treatment the 
protein of the virus can be sepa­

rated from the nucleic acid in its "na­
tive" state. It then appears to be com­
posed of five or six of the single-chain 
units, bonded together in a stable con­
figuration. The native TMV protein is 
soluble in water and possesses a remark­
able tendency to form a large aggrega­
tion of molecules. The character of this 
build-up is highly unusual. By virtue of 
speCial sites of "auto-affinity" on the 
sides, the protein molecules join together 
side by side. They must form structures 
like sectors of a pie, which then unite 
and pile up in a spiraling manner [see 
illustrations on this and the following 
page]. Eventually they build up a super­
molecule of a characteristic shape-the 
shape of a rod. 

Robley C. Williams of our laboratory 
has photographed stages of this process 
under the electron microscope. In a 
slightly acid solution (a pH of about 6) 
the protein forms little disks with a hole 
in the center, like faucet washers, all of 
the same diameter. Now if the solution 
is made a little more acid (about pH 5), 
rods begin to appear, evidently built by 
further spiraling growth of the washers. 
The rods grow to various lengths, and 
some of them are indistinguishable in 
appearance from the virus itself. 

The protein rod alone does not behave 
like a virus-it is completely noninfec­
tious. But if the protein is mixed in a 
slightly acid solution (between pH 6 and 
7) with freshly prepared nucleic acid, 
the two will oombine into particles 
which give every indication of being 
viruses. They are rods of the same diame­
ter and length as the original virus [see 
illustlation at top of page 46]. Roger 
Hart of this laboratory has clearly dem­
onstrated that the reconstituted rods also 
have the virus structure: a protein cylin­
der enclosing a thin jnner rod of nucleic 
acid. And they produce the tobacco mo­
saic disease when applied to the leaves 
of plants. 

When these experiments were first 
performed, there was great skepticism, 
both on the part of the author and of his 
associates. that the plant lesions were 
actually caused by viruses newly formed 
in the reaction mixture. There were, to 

� 
23A 

W 

LOOPED CHAINS of tobacco mosaic virus protein may be arrangerl in two layers, making 

a molecule 23 Angstrom units thick. On one side of this schematic strncture are three black 

triangles symbolizing sites that have an affinity for complementary sites on another molecule. 

< 150 A ----------->� 

THINNEST DISK of tobacco mosaic virus protein revealed by electron micrographs appears 

to be made up of molecules joined in a helix by the complementary sites on their flat sides. 

The disk is 150 Angstrom units across. The hole has a diameter of ahout 50 Angstrom units. 

be sure, several good reasons for believ­
ing that this was the case. First, the 
material was infectious only when re­
combined virus-like particles appeared 
in the mixture. Second, no activity de­
veloped unless a substantial concentra­
tion of the components (about 1 per 
cent of protein and .1 per cent of nucleic 

acid) was allowed to interact at a favor­
able pH for a definite time. Third, if the 
nucleic acid preparation was not fresh 
or if it was treated with a destructive 
enzyme (ribonuclease) before being in­
troduced into the mixture, the material 
failed to become infectious. Yet there 
still remained t11e possibility that the so-

43 

© 1956 SCIENTIFIC AMERICAN, INC



3000 A 

44 

lutions were contaminated with active 
viruses which h�d e��aped being broken 
,down into the two, component's in the 
first place: Perhaps such lurking viruses, 
'though the� showed no 'activity in the 
degraded batch, in some way became 
more aggressive when the reaction mix­
ture was "incubated," 

Viruses, of course, cannot multiply ex­
cept in a living cell. One way to examine 
the question as to how far residual un­
degraded virus might be responsible for 
the infectivity of the mixture is to deter­
mine exactly how much active virus has 
survived. Such analyses indicate that the 
separated protein contains no more than 
one part in a million of undegraded 
virus, and the nucleic acid probably less 
than 30 parts per million. Whether this 
amount of contamination can be 
shrugged off as insignificant depends 
critically on the next question: Could it 
account for the amount of infectious ac­
tivity developed by the mixture? The 
answer is that the infectivity is some­
times as much as 100,000 times as great 
as could be produced by the amount of 
un degraded virus that may be present. 
It seems inescapable that new patho­
genic virus actually is formed by recom­
bination of the separated components. 

Recently this conclusion has been con-
firmed by biological eyidence which 

seems to amount to absolute proof. It 
was furnished by experiments in com­
bining components from different strains 
of the tobacco mosaic virus. 

One of the crucial properties of living 
matter is the ability to mutate. When 
viruses multiply in host cells, they show 
this property: virus mutants emerge 
which can attack other hosts or produce 
disease symptoms different from the orig­
inal. Many mutants of the tobacco mo­
saic virus are known. Some are closely 
related to the common strain; others are 
so different that they must be the prod­
uct of a series of mutations. All known 
mutants of the tobacco mosaic virus ap­
pear to be of the same shape and size, 
but differences in their chemical compo­
sition have been established. These dis­
tinguishable variations lie in their pro-

ENTIRE PARTICLE of tobacco mosaic vi­

rus is a helix of proteiu with a strand of nu, 

cleic acid running down the middle. There 

are 130 turns of two·layered protein in the 

helix. Its length is some 3000 Angstrom 

units, or roughly one 100,000th of an inch. 

tein. Some mutants contain slightly more 
or less of one or two amino acids than 
\h� common TMV strain: Others differ 
from it markedly. One strain, called HR, 
has different proportions of almost all 
the amino acids and in addition contai

'
ns 

two amino acids absent fro� common 
TMV' [see "The Mutation of Viruses," 
by C. A. Knight and Dean Fraser; SCIEN­
TIFIC AMERICAN, July, 1955]. As for nu­
cleic acid, the mutants must differ in this 
component too, but these differences 
have not so far been detected by chemi­
cal analysis. 

Now it was found possible to separate 
the protein and nucleic acid components 
of different strains and to cross-combine 
them, forming active "hybrid" viruses. 
In each case the "hybrid" produced in 
test plants the disease symptoms charac­
teristic of the parent virus that had sup­
plied the nucleic acid. Regardless of 
their differences in protein, the hybrid 
virus preparations appeared to cause the 
same disease so long as they contained 
the same nucleic acid. This clearly dem­
onstrated what researchers had long sus­
pected: The nucleic acid is the main 
carrier of genetic information from par­
ent to offspring. A great number of beau­
tiful studies from several laboratories 
had indicated that desoxyribonucleic 
acid (DNA) plays this role in bacterial 
viruses; the experiments with tobacco 
mosaic virus showed directly for the first 
time that RNA also can serve as the main 
carrier of genetic information. 

An extension of these experiments 
provided most convincing evidence that 
the recombination of protein and nucleic 
acid actually generated active virus par­
ticles. This new test was immunological. 
When an animal receives an injection of 
a foreign protein, it generally produces 
specific antibodies against that sub­
stance. Thus injection of tobacco mosaic 
virus into a rabbit will cause the rabbit 
to generate antibodies which specifically 
neutralize the virus's protein. If, for ex­
ample, we' inject the common strain of 
the virus, the antibodies formed are spe­
cific for that protein; if we inject the HR 
strain, the resulting antibodies are differ­
ent-they attack the HR protein but are 
much less potent against common TMV. 

Suppose then, that we take some HR 
virus, separate its protein and nucleic 
acid components and then mix the HR 
nucleic acid with common TMV protein. 
The mixture will produce hybrid par­
ticles with an HR nucleic acid core and a 
TMV protein coat. Now we add antibody 
against the HR virus and apply the ma­
terial to a tobacco plant. If this prepa­
ration succeeds in infecting the plant 
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ELECTRON MICROGRAPHS made by Robley C. Williams of the 

University of California show disks of protein that are fonnd in a 

solution of tobacco mosaic viruses which have been broken down 

by chemical treatment. The reproduction above enlarges the 
disks 130,000 diameters; the reproduction below enlarges two of 

the disks 650,000 diameters. Each disk has a hole in the middle. 
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RECONSTITUTED VIRUS PARTICLES are enlarged 150,000 di· 

ameters in this electron micrograph made by Williams. Their pro· 

DEGRADED VIRUS PARTICLES are enlarged the same amount 

in this micrograph by Roger Hart of the University of California. 
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tein and nucleic acid had been separated, and then allowed to reo 

combine. The longer structures are typical of the original particles. 

The particles were broken down by treatment with detergent. 

The thin threads emerging from some of the rods are nucleic acid. 
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with disease, we know that the infection 
must be due to newly formed particles, 
for if any of the original HR virus sur­
vived the chemical treatment and were 
still lurking in the preparation, it would 
be neutralized by the HR antibody. \;Ve 
can check further by introducing com­
mon TlI'IV antibody. If it inhibits the in­
fectivity of the solution, we have con­
clusive evidence that this infectivity is 
attributable to newly formed hybrid 
viruses-HR at heart but wearing TM\' 

coats. 
These experiments have been per­

formed, and they give a clear answer. 
The immunity tests show that the in­
fectious particles do indeed wear TlI'I\' 

coats. On the other hand, they produce 
the HR disease symptoms in plants, 
showing that the particles have a core 
of HR nucleic acid. 

rrhe next exciting question is: vVhat 
kind of particles will these hvbrids 

produce when they multiply in the plant 
cells? In other words, what will the 
progeny of the hybrid viruses be like? 
We already have a good hint in the fact 
that the plant cells invaded by the 
spreading viruses show the HR symp­
toms. Chemical analysis of these de­
scendants shows that their protein coats 
are in fact of the HR type. The protein 
contains the two amino acids-histidine 
and methionine-which are present in 
HR viruses but absent from common 
TMV. This proves that the nucleic acid 
plays the dominant part in determining 
the character of the progeny, providing 
a blueprint which gives them HR coats 
to match their HR nucleic acid core. 

However, there seem to be some slight 
quantitative differences between the 
protein of the progeny and that of the 
original HR virus. This suggests that the 
TMV protein may contribute something 
to the genetic blueprint, bringing about 
modifications of the descendants' pro­
tein coat. If so, what we would have is 
an artificially produced mutation. That 
possibility suggests a possible method 
of producing new strains of viruses. It 
opens up the attractive prospect of form­
ing tailor-made hybrid viruses which 
might serve as vaccines against virus 
diseases. These are only speculations, 
however, for much work will have to be 
done to determine the facts about the 
apparent changes in the virus hybrids. 

\;Vhat we can conclude safely is that 
the work with these viruses has launched 
a new chemical approach to studies of 
virus disease, of the organization of bio­
logically active matter, and of the mech­
anism of inheritance. 

TWO STRAINS of virus (shortened cros.� sections in lop row) were broken down (second 

row), and the protein of one allowed to recombine with the uucleic acid of the other (third). 

The progeny of this hybrid had the protein odginally associated with their nucleic acid. 
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Bower Birds 

The lnales of these species found in Australia and New Guinea build 

elaborate bowers decorated with, among other things, pebbles, flowers, 

sea shells, beer-bottle tops, car keys and charcoal mixed with sali()a 

I
n the 1840s, when much of the Aus­

tralian continent was still unex­
plored, a Captain J. Lort Stokes came 

upon a peculiar object in the wild bush 
of western Australia. It was a neat struc­
ture consisting of two parallel walls of 
sticks stuck in the earth, forming a little 

by A. J. .\Iarshall 

avenue. The avenue and its entrances 
were paved with a scattering of white 
shells. The adventurous captain found 
"matter for conjecture" in this phenome­
non and, not surprisingly, decided that it 
had been built by some aboriginal Aus­
tralian mother to amuse her child. When, 

a little later in his voyage, he stopped at 
a settlement on the north coast of Aus­
tralia, the settlers showed him another 
"playhouse" like the one he had seen. 
This one was occupied by its builder and 
owner-a gray, pink-crested male bird 
about the size of a small pigeon. 

MALE SATIN BOWER BIRD (left) parades in its bower witb a 

blue flower in its bealc J ust �efore copulation the female crouches 

in the central avenue of the bower (right). The ground in front of 
the avenue entrance is decorated with shells, feathers and flowers. 
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Captain Stokes's report on the incident 
was one of the first accounts of a phe­
nomenon that has continued to perplex 
scientists to this day. The bower-build­
ing birds attracted the interest of many 
of the leading naturalists of the 19th cen­
tury. John Gould, the famous English 
ornithologist, is believed to have coined 
the name "bower bird." Charles Dar­
win, who visited Australia in the voyage 
of the Beagle, speculated about the 
strange behavior of these creatures, and 
Thomas Henry Huxley, a member of the 
celebrated voyage of the Rattlesnake, 
observed the discovery of a remarkable 
species of bower bird in Australia. 
(The official naturalist of this voyage 
carefully described a shipwrecked Scots­
woman found living with the aborigines, 
but not the new bower bird-a thing 1 
have never been able to understand.) 

The species Captain Stokes had seen 
became known as the great gray bower 
bird. As Australia was populated, bower 
birds gained a fabulous reputation for 
their collecting proclivities: their bowers 
were found strewn not only with shells, 
pebbles, bones, bits of precious opal and 
pieces of quartz but also with such ob­
jects as teaspoons, coins, bits of broken 
glass, nails, beer-bottle tops and brass 
cartridge cases. An otherwise undistin­
guished gentleman named Edward De­
laney acquired celebrity in the literature 
of zoology when his stolen spectacles 
were found in the bower of a great gray 
bower bird. Descriptions of the bowers 
and their decorations caught the imagi­
nation of the Victorian public, and 
"bower bird" became a household ex­
pression applied to people, especially 
little girls, who collect odds and ends of 
colorful rubbish. 

The satin bower bird of eastern Aus­
tralia, a glossy blue-black species, was 
found to have a predilection for blue ob­
jects. This urge is so powerful that it has 
been known to fly into laundries through 
the open windows to steal bags of bluing. 
It will purloin delphiniums, petunias, 
hyacinths and other blue flowers almost 
from under the noses of gardeners. The 
spotted bower bird of Australia gathers 
principally pale objects-bleached bones, 
shells, broken glass, bits of tin, thimbles, 
screws, spoons, forks, coins and the like. 
It will hop through an open window onto 
a dressing table to steal jewelry. A spot­
ted bower bird once stole the keys from 
a parked automobile; the aggrieved own­
er was shrewd enough to hunt up the 
nearest bower and retrieve them. An­
other bird stole the glass eye of a bush­
man from the night table beside his bed! 

The bowers themselves are even more 

A 

8 

c 

D 

AVENUE-BUILDING BOWER BIRDS make these structures shown semidiagrammatically 

from above. Bower A is made by the regent bower bird; B, by the satin bower bird; C, by the 

spotted bower bird; 0, by the great gray bower bird; E, by I he yellow-breasted bower bird. 
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MA YPOLE·BUILDING BOWER BIRDS make much more elabo· 

rate structures than the avenue builders. At the left is the bower of 

the Queensland gardener bower bird, which builds a pyramid as 

much as nine feet high. Second from the left is the bower of the 

remarkable than the objects the birds 
collect to decorate them. The species I 
have described so far build simple ave­
nues of sticks [see preceding pagel But 
in 1878 the celebrated Italian travel­
ing botanist Odoardo Beccari brought 
back from New Guinea a report of a 
greater curiosity. In a jungle so thick 
that "scarcely a ray of sunshine pene­
b·ated," he came upon a "conical hut or 
bower close to a small meadow enameled 
with· flowers." The meadow was arti­
fiCially made of transplanted green moss 
with freshly picked flowers, fruit and 
fungi of vivid colors strewn over it. The 
bird that had planted this garden had 
built its hut around a slender sapling as 
the center pole. Around the base of the 
pole it had packed a cone of plant fibers; 
the walls and roof of the hut consisted 
of transplanted stems of climbing or­
chids that formed a watertight mat [see 
drawings above l 

Beccari named the builder of this 
bower the gardener bower bird. He had 
discovered the first of a group of birds 
that I call the maypole builders, to dis­
tinguish them from the avenue builders. 
On the Owen Stanley Range of New 
Guinea lives an orange-crested gardener 
which builds a hemispherical hut around 
a central maypole. A low stockade in 
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front of the building encloses a garden 
containing a variety of flowers, fruits and 
seed pods. The bird also adorns the cone 
around the base of the maypole with 
flowers, berries, leaves and beetles' 
wings of various hues. In the same region 
a yellow-crested gardener constructs a 
maypole bower consisting of a basal cone 
of fiber covered with web material and 
debris produced by wood-boring insects 
and topped by a further packing of green 
moss with pale sticks projecting outward 
like jets of water from a fountain-the 
whole surrounded by a "circus ring" 
which in turn is enclosed by a raised 
parapet of green, transplanted moss. 

In the remote mountain rain forests 
of northeastern Australia the golden 
Queensland gardener, which is only 
about the size of a thrush, sometimes 
erects a pyramid of fabric nine feet high 
around its central maypole. On this 
pyramid it plants seed pods, lichens, 
moss and orchids. Beneath its hanging 
garden the golden male bird perches on 
a special display stick, where it exhibits 
its golden fantail, small erectile crest 
and wings. 

Within the last couple of years a third 
type of bower has been discovered: it 
is neither an avenue nor a maypole but 
a simple clearing. Its builder is the so-

called black bower bird of New Guinea, 
a dusky black species with a flaring 
double crest of gold. Its display ground 
is a bare patch of earth, about five by 
four feet, strewn with dead fern fronds, 
shells and beetles' wings. 

N ow what function do these bowers 
serve? When they were first discov­

ered, Gould, Darwin and other scientists 
quite naturally supposed that they were 
simply arenas where the male displayed 
himself and courted the female. But as 
time went on, naturalists who observed 
them closely decided that they must be 
something more than mere places of 
courtship. The male birds often build 
their bowers and display themselves 
there outside the mating season. What 
is even more curious, some of the bower 
birds actually paint the inside walls of 
their bowers! 

The blue-black satin bower bird, for 
example, paints the inner twigs of its 
avenue bower sometimes with fruit 
chewed to a pulp, sometimes with char­
coal. Its charcoal painting is a ritual of 
fascinating complexity in which it uses 
a tool of its own making. The bird first 
collects some charcoal-of which there is 
plenty available in a country periodically 
swept by forest fires-and grinds it up in 
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yellow·crested gardener, which is surrounded by a low parapet of 

transplanted moss. Third from the left is the bower of the brown 

gardener, which builds a conical hut. Fourth is the bower of the 

orange·crested gardener, which builds a hut with a low stockade. 

its beak to a sticky black paste. Then it 
selects a fragment of bark and fashions 
a tiny oval wad. Some observers have 
supposed that this implement serves as 
a paint brush, but in actual fact the bird 
uses it as a stopper which keeps its beak 
slightly open and allows the charcoal 
stain to ooze from the sides of the beak. 
The bird vigorously smears the stain on 
the twigs of its bower, repeating the job 
several times a day, until the twigs are 
painted with a thick plaster of sooty 
black. All this has been observed and 
photographed, and the bird can be heard 
to crunch the charcoal in its beak as it 
prepares for painting. Other bower birds 
plaster the inner twigs uf the bower with 
fruit or grass mixed with saliva. 

\;I,'hen this behavior was first seen in 
the 1920s, one observer exclaimed: "Is 
there any reasonable limit to the skill 
or the intelligence of the Australian 
bower birds?" Some went so far as to 
credit the satin bower bird with the 
power of deductive reasoning, on the 
ground that it consciously experimented 
with various painting materials and, act­
ing on experience, made a selection. 
Soon there arose a hypothesis that bower 
birds built and decorated their bowers 
largely for recreation purposes-as a hob­
by. It was held that only such a theory 

could explain the bizarre and seemingly 
thoughtful activities of bower birds. 

Nearly 20 years ago I began a series of 
physiological studies of bower birds 

to try to find a reasonable explanation of 
their behavior. The first step toward 
cracking the puzzle was, it seemed to 
me, to determine what prompted the 
male bird to build a bo\ver "out of sea­
son." Male satin birds, for example, have 
been observed to build bowers in every 
month of the year, although the female 
normally ovulates only in October and 
November (the sprin.g season in Aus­
tralia). To attaok this problem I ex­
amined the annual rhythm of function­
ing of male birds' testes. 

By the end of spring or summer, the 
bird's interstitial gland (which produces 
the male sex hormone) is exhausted. At 
the same time its sperm-producing 
tubules change [see "Birds as Flying 
Machines," by Carl Welty; SCIENTIFIC 
AMERICAN, March, 1955]. However, the 
bird soon proceeds to generate some 
fresh interstitial cells, which appear to 
secrete hormones to at least a limited de­
gree. This renewal of hormone supply 
apparently is responsible for the autumn 
resurgence of singing by male birds, and 
also for the fact that many species in 

various parts of the world stake out ter­
ritories and exhibit other sexual behavior 
at that time. 

It seems reasonable to suppose, there­
fore, that the hormone refreshment 
stimulates the out-of-season display of 
bower birds. Let us follow them through 
the annual cycle of activities. At the end 
of the breeding season, when the young 
have left their mother's nest, the mother 
and father satin birds foregather with 
their young at the bower. After a short 
time, during which the parents display 
("dance") a little, the family flies off, 
joins other family groups, and the birds 
rOam the fruit-filled forest in noisy com­
munal flocks of up to 100 strong. But 
after the male's interstitial gland recovers 
and begins producing hormones again, 
he is urged back to visit the bower site 
from time to time and rebuilds or reno­
vates his bower. I found that by merely 
scattering fragments of blue grass un­
der a tree in which blue satin males were 
feeding I could stimulate impromptu dis­
plays: the males would fly down, lay a 

few twigs on the ground and begin to 
posture and give their characteristic 
whirring cries. 

The bird soon deserts the new bower 
he has started and rejoins the flock. 
From time to time through the late sum-
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mer, autumn and early winter he re­
visits 'the bower site-the focal pOint of 
his sexual territory-and rebuilds the 
structure, but not until midwinter does 
he settle down to the main seasonal dis­
play. He now builds a more elaborate 
bower and this time does not allow it to 
fall into disrepair. The male displays 
vigorously in an endeavor to attract a 
mate to his bower. Some photographs of 
the satin bower bird's magnificent glossy 
blue plumage flashing in the sun suggest 
a black and white magpie. 

During this winter season a female 
that may be attracted near the bower 
stands by impassively; often she becomes 
bored with the display and goes away. 
The male calls her back with a special 
note, and if she does not respond, he fol­
lows her into the forest. A virile, mature, 
glossy blue-black male will generally 
succeed in attracting the female back 
again. As the season advances, the bond 
becomes firmer and the female spends 
more and more time at the bower. But 
she remains passively watchful, appar­
ently unmoved, near the bower for 
weeks or even months, while her ovaries 
develop. Then, when summer comes, 
copulation occurs and she goes away into 
the forest, builds her nest and incubates 
and rears her young without masculine 
assistance. The blue male stays on alone 
at his bower, gyrating noisily. 

I-loW are we to explain this cycle of be­
havior, particularly the prolonged 

courtship? I believe that the answer is 
as follows. It is advantageous for the 

male to stake out his territory early. Con­
sequently long before the arrival of the 
season for reproduction he begins his 
noisy, flashing, even violent displays to 
keep rivals away and hold an eligible 
female within his sphere of influence, so 
to speak. When the eastern Australian 
forests become full of a harvest of insect 
food in the late spring, the female is 
finally ready to accept the male'. Exactly 
how she signals her readiness and diverts 
the attention of the male from his bower 
and posturings to herself I was never 
able to discover, but recently another 
investigator, E. McNamara, learned the 
answer. He saw a female suddenly enter 
a bower and assume a squatting position. 
The male began to display with high­
level intensity. He circled the bower ex­
citedly and then entered and copulated 
with his mate. Whatever the factors may 
be that trigger the female's readiness, 
they cause reproduction to occur at the 
time of the year that is most propitious 
for the survival of the young. 

We do not know why bower birds 
have developed so bizarre a pattern of 
sexual behavior-any more than we un­
derstand why birds of paradise have 
developed gloriously colored and fila­
mentous trailing plumes for their sexual 
displays. So far as population numbers 
are concerned, these spectacular and 
peculiar methods of courtship seem to 
have conferred no special advantage, 
for the inconspicuous flycatchers and 
scrub robins in the same region are 
just as abundant. In any case, we are 
reasonably sure that neither intelligence 

THIRD TYPE OF BOWER has recently been discovered in New Guinea. Built by the black 

bower bird, it is a bare patch
, 

of earth strewn with fern fronds, shells and beetles' wings. 
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nor conscious estheticism is involved in 
the bower birds' behavior. The bower 
bird is not sufficiently intelligent to 
scratch aside a piece of bark to look for 
a beetle it has knocked down in a cage. 
The bird's selection and placement of 
decorations in its bower is purely me­
chanical. A species that habitually 
chooses blue and yellow never changes 
to red and white, or even to very pale 
blue and gold. 

I see the bower birds' construction of 
bowers as a form of displaced nest­

building. This activity on the part of the 
males (which do not assist females in 
building the nests for the young) seems 
to be under the influence of sex hor­
mones, for a castrated bower bird does 
not build a bower. The construction may 
be a displaced expression of aggressio� 

against rivals. Experiments have shown 
that the male satin bower bird chooses 
decorations in the image of competitors 
of its own species: the blue flowers and 
feathers that it tosses about so ferocious­
ly match the eye color of its rivals, while 
the lemon-yellow objects it selects match 
the color of the adult male's beak tip. 
The savage intensity with which the 
bower owner displays these objects ef­
fectively keeps marauding rivals away 
from his bower and from his female as 
long as he remains strong and healthy. 
The aggressive ''bower dance," similar­
ly, is probably a displaced threat drive. 

The mysterious painting ritual of some 
of the bower birds can be explained in 
the same way. It is probably a displace­
ment of a common feeding practice of 
birds. Many birds feed one another by 
passing chewed food from beak to beak, 
particularly during courtship. The ave­
nue-building bower birds apparently 
have projected this activity onto the 
bower, transferring chewed material to 
the twigs. During the many weeks when 
the male is secreting hormones and wait­
ing for the unready female, the bower 
occupies the male's sexual attention. 
This fact offers the best explanation we 
can produce at the moment for the 
weird specializations of the avenue­
building birds that have been studied. 
(The behavior of the maypole-builders, 
buried deep in the tropical rain forests of 
New Guinea and northern Australia, is 
still not known in detail.) The important 
clue seems to be that while the female is 
ignoring the male, awaiting stimuli from 
the environment that will herald the ar­
rival of the appropriate season for repro­
duction, the sexually stimulated male has 
ample leisure, and a variety of activities 
focusing on the bower has evolved. 
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_-,--_Kodak reports to laboratories on: 
filters to match your color film to your photomicrographic light source • . •  bloody business 

at Fall River ... the low cost of acquiring an addiction to photocopying 

What the brain discounts 
Color perception is something per­
sonal and indescribable that goes on 
inside your head. A ripe tomato, a 
lump of carnotite, or the eyes of a 
flaxen-haired girl look just as meetly 
and respectively red, yellow, or blue 
whether seen by candlelight or under 
a cold north sky. Between the flame 
and the sky there is a vast difference 
in the constitution of the light that 
these things reflect into the eye of 
the beholder, yet his brain discounts 
the physical difference and sets all 
to rights. 

Now just because you happen to 
find yourself past the middle of the 
sixth decade of the twentieth cen­
tury, you expect to feel these and all 
other possible color-feelings through 
the agency of varying amounts of 
three factory-standardized dyes on a 
piece of film. And, marvel to tell, 
you can come pretty close. 

It's just that in the manufacture 
of a reversal-type color film, a com­
mitment must be made as to light 
source. If the light source used dif­
fers from the one assumed, the phys­
ical parameters (they're the only 
kind available) must be manipulated 
to meet the psychophysical neces­
sities. The manipulation can be done 
with dyed gelatin filters placed some­
where along the line. Here, for ex­
ample, are our recommendations 
for some light sources common in 
photomicrography: 

LighI�rc. 

6--v ribbon at 
coil ftlament 

300 to 75().w 
coil Aloment 

zirconium arc 

carbon arc 
(4.5 amp) 

·Correcfioft flIfers For 

Kodak Kodak 
Ektachrome Ektachrome 

Film, Type 8 film, Type F 
(Ih.etanly) 

82A a2A Clnd 82C 

match! 82 and 82C 

28 82, 82e, and 26 

810 and 28 82 and 28 

Kodachrome 
Professional 

Film, Type A 

I2C 

82A 

a2A and 28 

lie Clnd 28 

As for the choice to make in 
35mm, look at it this way: If you 
seek comfort in knowing that your 
color film is capable of the highest 
resolving power and acutance that 
the market currently affords, pick 
the new Kodachrome Professional 
Film, Type A. Pick Kodak Ekta­
chrome Film, Type F, if you want the 
results at once. 

Still another choice might have to 
be made when the only all-night 
drug store in the neighborhood has 
no other 35mm color material than 
Kodachrome Film, Type F. This 
gives just as good definition as the 
Kodachrome Professional, but, like 
Type F Ektachrome, is balanced for 

the amateur's flash bulbs and there­
fore requires the same correction 
with photomicrographic lig ht 
sources. The filtering cuts the speed 
down somewhat lower than that of 
the other two 35mm choices. 

·"82," "82A," "82C," "8iC," and 
"8ID" are all Kodak Light Balancing 
Filters; "2B" is a Kodak Wratten Fil­
ter, which absorbs ultraviolet. The Kodak 
dealer can fix you up. If you want the 
filters in 33-mm very thin glass mounts 
for insertion in the filter receptacle below 
the substage diaphragm, he'll probably 
have to write in to us. He won't mind at 
all, particularly if you have accustomed 
him to minister to your needs. 

Truly blood_ .. .:: --

John D. M,cPh1lrk�p, p'-BenzYI­
idenebis(N, N-dimethylanilinej(East­
man 3620) better than the classic 
benzidine for the identification of 
bloodstains because he finds it more 
specific. Doing business as Forensic 
Science Service (144 Third Street, 
Fall River, Mass.), Mr. MacPhail 
knows how to keep legal evidence 
intact. He moistens a filter paper 
with 0.1 N saline and merely presses 
it against an edge of an old stain 
suspected as blood. Then he touches 
the paper (not the stain) with one 
glass rod dipped in a 1 :240 solution 
of Eastman 3620 in 40 % acetic acid. 
A second time he touches it with 
anotl1er glass rod dipped in an 11 :30 
solution of sodium perborate in 
40% acetic acid. If the paper turns 
blue-green after the second touch, 
Mr. MacPhail knows the spot is 
truly blood. Such colored oxidants 
as potassium permanganate turn 
the reagent blue-green before con­
tact with sodium perborate. Perhaps 
something in the bloodstain re­
leases from the sodium perborate 
the oxygen to oxidize our com­
pound to its far better known form, 
malachite green, a common dyestuff 
named for its color resemblance to 
the brilliant copper mineral mala­
chite. 

The first supply of our leuco-

malachite green that Mr. MacPhail 
laid in worked fine down to the last 
grain; presto, twenty years of hu­
man violence had gone by and it 
was time to reorder. (The price is 
$2.20 for 5 g.) The second lot we 
supplied worried Mr. MacPhail. It 
was green enough in the stock solu­
tion to invite sarcastic questions 
from lawyers. Our man who signed 
the papers to manufacture the first 
batch is still on the job, however. 
He suggested that Mr. MacPhail 
add a little sodium bisulfite to re­
dress the redox balance leucowards. 
Now Mr. MacPhail reports he is 
all set again. 

Yes, and if you want the balance the 
other way we can supply Malachite 
Green Oxalate (Eastman 1264). Among 
3500-odd organics, the chance of finding 
what you wallt is encouraging. All from 
Distillatiol! Products industries, Roch­
ester 3, N. Y. (Division of Eastman 
Kodak Company). 

Beware! 

Damsel's job here is to lure the eye 
to the new Veri/ax Signet Copier. 
Reduces to $148 the cost of acquir­
ing an addiction to the Verifax habit. 
Addicts make photocopies of labo­
ratory notes and documents that 
might otherwise be manually copied. 
They are then forced to find more 
productive means of making the day 
go by. Even the rationalization that 
permanent copies are needed for the 
files is denied them. For archival 
storage, the Verifax kind of photo­
copies requires no more solicitude 
than do typed originals. 

Write "Where?" on the back of a 
postcard. Be sure your name and address 
are on if. Mail it to Eastman Kodak 
Company, Business Photo Methods Divi­
sion, Rochester 4, N. Y. We'll know. 

Prices quoted are subject to 
change without notice. 

This is one of a series of reports on the many products 

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 
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SEE WHAT 
ZIRCONIUM 
CHEMICALS 
Can do for xou / 
From deodorants to water repellents, 

Zirconium Chemicals have opened 
the way to many profitable projects. 

The facts of the matter can lead to 
improvements in your present 

products or even the creation of new. 

TAM can supply these facts plus 
experimental samples for tests in 

your own laboratories. 

• Why not write our N. Y.c. office today. 

TITANIUM ALLOY MFG. DIVISION 
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NATIONAL LEAD COMPANY 
Executive and Sales Offices: 

III Broadway, New York City 
General Offices, 

lI7 orks and Research Laboratories: 
Niagara Falls, New York 

Some 7,000 biologists, covering the 
entire spectrum of the life sciences, 

� gathered in Atlantic City in April 
for the annual meeting of the Federa­
tion of American Societies for Experi­
mental Biology. Among the highlights of 
the meeting were the following reports: 

Wendell M. Stanley of the University 
of California announced that his labora­
tory had prepared what might be called 
the first synthetic virus. Its core, like that 
of natural plant viruses, consists of ribo­
nucleic acid (RNA). This material was 
furnished by Severo Ochoa of the New 
York University College of Medicine, 
who had made it by exposing certain 
organic phosphate compounds to an en­
zyme extracted from bacteria. To the 
RNA the California chemists added a 
protein [see article "Rebuilding a Virus" 
on page 42 of this issue]. When they 
examined the result with an electron 
microscope, they found tiny rods looking 
exactly like plant viruses and presum­
ably with a similar construction: a core 
of RNA coated with protein. As yet 
Stanley and his co�workers have not 
found a plant that their creation can 
infect. They call it "a virus in search of 
a host." The announcement was made 
at the 50th anniversary meeting of the 
American Society of Biological Chemists, 
one of the six organizations that are 
members of the Federation. 

At a session of the American Society 
of Experimental Pathology two investi­
gators from the Brookhaven National 
Laboratory's medical department re­
ported an apparent relation between 
fondness for table salt and high blood 
pressure. They had polled 1,346 em-

SCIENCE AND 
ployees of the Laboratory and found: of 
135 who never salted their food, only 
one had high blood pressure; of 630 who 
sometimes added salt, 43 had hyperten­
sion; of the remaining 581, who auto­
matically reached for the salt shaker be­
fore tastin g, 61 were afflicted. 

At one of the best-attended sessions 
of the American Physiological Society a 
report entitled "Physiological Responses 
During Coitus in the Human" was made 
by Roscoe C. Bartlett of the National 
Institutes of Health. He told how he and 
a colleague at an unnamed university 
had measured the heart and breathing 
rates of three married couples, who had 
volunteered for the research, during 
sexual intercourse. The measurements 
were made by attaching wires to the 
subjects and recording their responses 
in another room. The heart rates of the 
subjects rose from about 70 beats per 
minute to about 170, and their breathing 
rates tripled. Electrocardiograms showed 
many abnormal heartbeats, particularly 
during orgasm. The pioneer study by 
Bartlett and his colleagues may help 
physicians advise patients who have suf­
fered strokes or coronary attacks. 

Chemical Psychoses 

C hemistry was the outstanding topic 
of the annual meeting of the Ameri­

can Psychiatric Association in Chicago 
last month. In addition to general dis­
cussions of the connection between body 
chemistry and mental disorders, two 
groups of investigators reported experi­
ments linking psychoses to specific sub­
stances. 

Robert D. Heath and three associates 
at Tulane University have found that 
the blood of schizophrenics contains a 
protein which produces a temporary 
psychosis when injected into human sub­
jects. They tested it on two volunteers, 
prisoners in a Louisiana penitentiary. 
Soon after the injection one lapsed into 
a catatonic state and had hallucinations. 
The other became paranoid, suspecting 
that everyone was talking about him. 
Both subjects returned to normal after 
about two hours. 

Heath explained that the experiment 
was designed to test a hypothesis that a 
genetically determined disturbance of 
metabolism is the cause of schizophrenia. 
He suggested that the disorder may be 
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THE CITIZEN 
linked with adrenalin metabolism. The 
blood protein responsible for the dis­
turbance has not yet been identified. 

Howard D. Fabing of Christ Hospital 
in Cincinnati reported that a drug ex­
tracted from a poisonous mushroom also 
produced mental disturbances. The 
mushroom is the one that Viking war­
riors a thousand years ago are supposed 
to have made a practice of eating before 
battle. Legends relate that the eater was 
excited to a frenzy in which he howled 
like a wolf and bit the edge of his shield. 

Fabing isolated the active principle 
of the mushroom, the drug bufotenine, 
and found it similar to mescaline and 
lysergic acid, which also produce symp­
toms of mental disorder. Bufotenine 
evoked in subjects a reaction "striking in 
its Similarity to the famous rage of the 
Viking hoodlums." 

W ired for J or 

E lectrical stimulation of certain areas 
in the brain of an experimental ani­

mal evokes sensations of extreme pleas­
ure which have recently attracted the 
attention of a number of neurophysiolo­
gists. The investigation, which is ex­
pected to lead to important new find­
ings about the brain, was described to a 
Senate appropriations subcommittee by 
Robert H. Felix, director of the National 
Institute of Mental Health. 

The technique was originated by 
James Olds of the University of Califor­
nia at Los Angeles Medical School, who 
is expected soon to publish some results 
of his work. Felix told of experiments 
by John Lilly, a neurophysiologist at the 
Institute. He inserted slender wire elec­
trodes into a brain area called the fornix, 
between the two halves of the brain. 
When an alternating current was turned 
on, the animals apparently experienced 
pure delight. 

Describing experiments with rats, 
Felix said: "They put a little pedal in 
the room which the rat can press, and 
when he presses it he gets this electric 
stimulation. The stimulation apparently 
causes such exquisite pleasant sensations 
that he will push this pedal days on end, 
and, with food and water in his cage, he 
will not stop to take food and water. But 
he will continue to press this pedal until 
he falls exhausted or dead." Felix added: 
"I am almost frightened to say what I 

MALLORY- SHARON reports on 

How a METAL iMPROVEMENT helps 
maintain B-52 production schedules 

• Here's the Boeing B-52 global 
bomber . . . flying 400 pounds 
lighter because the new metal 
titanium is used extensively in 
the jet engine pods. But in forming 
titanium parts, Bell Aircraft, one 
of the firms which produces the 
complete pod assemblies, original­
ly encountered production delays 
because of variable "springback" 
in forming titanium sheets of 
different strengths. 

To overcome this, Bell segregates 
titanium into different strength 
groups, which are color coded 
and handled separately with im­
proved forming techniques. Here 
Mallory - Sharon's new "quality 
certification" of titanium proves a 

substantial time saver. With this 
method, we not only meet speci­
fications, but certify average 
strength of each heat we pro­
duce, and certify that 97.5% of 
each heat is in a narrow range 
of this average. This eliminates 
the need for tests to segregate 
incoming material ... helps cut 
fabrication costs ... and permits 
meeting production schedules on 
time. 

Quality certification is another 
first from Mallory-Sharon ... a 
leading producer of titanium and 
titanium alloy mill products. Call 
us for your requirements in this 
lightweight, strong, corrosion 
resistant metal. 

MALLORY-SHARON TITANIUM CORPORATION. NILES. OHIO 

MALLORY SHARON 
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think might come of this in terms of the 
treatment of the mentally ill." 

Humanities for Engineers 

Engineering students should get more 
training in the humanities and social 

sciences, according to a report just re­
leased by the American Society for Engi­
neering Education. A three-year survey 
financed by the Carnegie Corporation of 
New York showed that the average en­
gineering student spends less than 17 

per cent of his study time on subjects 
not directly connected with his profes­
sional education. The committee that 
conducted the study recommended that 
the proportion be increased to at least 
20 per cent. 

"To meet his growing responsibilities 
and to realize his capacities as a human 
being," said the engineering group, "the 
engineer needs both professional compe­
tence and a broad understanding of him­
self and of the world in which he lives. 
. . . Leading engineering schools have 

FOUR STRANGE FIGURES appeared on the cover of a recent issue of the Bulletin 
of the Chicago Natural History Museum. They result from a remark made by the 
late Harvard anthropologist Earnest A. Hooton, who said that if fossil man were 
dressed in contemporary clothing, he might be passed on the street without attract· 

ing attention. This stimulated artist Gustaf nalstrom of the Museum's department 
of anthropology to make a drawing of four fossil men dressed in top hats and opera 
capes. At lower left is Pithecanthropus ereclus; at lower right, Sinanthropus 
Pekinensis; at upper left, Neanderthal man; at upper right, Cro-Magnon man. The 

drawing of Sinanthropus is based on a reconstruction made by the late Franz 
Weideureich of New York's American Museum of Natural History; the other 
drawings, on reconstructions made by J . . H. McGregor 

.
of Columbia Univ!,rsity. 
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SI LICON E NEWS 

New Mal:erials Sl:rel:ch Profil:s 
• Silicone rubber cuts aircraft warm-up time; opens 

new markets. 

• Rolling mill production increased 30% with silicone 

insulated induction heaters. 

• Beauty industry uncorks wide variety of silicone­

based cosmetics. 

• Faster Take-offs-Need for mini­
mum warm-up time in aircraft led to 
development of heating elements that 
can quickly reach and safely hold 
temperatures of 400 to 500 F. Safe­
way Heat Elements, Inc., of Middle­
town, Conn. answers that need with 
woven resistance wire sandwiched 
between layers of Dow Corning's 
Silastic* R Tape. Also used to give 
maximum life and reliability to diesel 
electric traction motors, this silicone 
rubber tape is the only resilient insul­
lating material that can withstand 
such temperatures. 
Void-free, moistureproof insulat­
ing jacket has maximum flexibility, 
minimum thickness, high thermal 
conductivity, excellent dielectric pro­
perties. Safeway heaters may be 
immersed in fluids that must be 
heated or maintained at optimum 
temperatures. Other aircraft appli­
cations for the heaters include gyros, 
bearings, cameras, valves, hose, pitot 
tubes. Large industrial market is 
indicated. No. 22 

·T.M. REG. U.S. PAT. OFF. 

• Fish Foam - Trout churn up 
troublesome foam in tanks carrying 
them from hatcheries to your favorite 
fishing hole. Here, as in thousands 
of industrial applications, a little 
Dow Corning silicone defoamer kills 
foam; saves cleaning scum from tank 
walls; makes everybody happier­
including the fish. No. 23 

• No Siestas for Inductiou Heaters 
Vancouver Rolling Mills of Canada 
cut steel ingot heating time 75 %; 
reduced fuel costs $200 per day; 
stepped up production 30% with 
induction heating coils insulated with 
Dow Corning silicones. Cold ingots 
are heated to 2300 F and converted 
to bar stock in 10 minutes. Rated 
production is 20 tons an hour. With 
heating coils cheek by jowl with 
white-hot ingots, only silicone insula­
tion can prevent coil failure. Same's 

true in any hard working or space and 
weight saving electrical or electronic 
equipment. No. 24 
• Self-bailing Boats - "Bail-a­
matic" pumps in Scott-Atwater's new 
outboard motors start bailing the first 
time out after winter hibernation, 
thanks to .a few drops of Dow Corn­
ing 200 Fluid as nongumming lubri­
cant for rubber impellers. No. 25 
• Grease Cuts Labor Cost-Relub­
ricated every 8 hours with high tem­
perature organic grease, injector 
valves on Cooper-Bessemer engines 
in a gas field compressor station still 
required frequent cleaning and re­
placement. Relubrication cost 1600 
man-hours a year plus materials. Dow 
Corning 41 silicone grease, used since 
1953, cuts relubrication schedule 
from 3 times a day to 3 times a year; 

minimizes down-time and replace­
ment costs. Comparable savings re­
ported for heat-st!ible silicone lubri­
cants in hard-working motors, textile 
machines, oven conveyors. No. 26 
• Lasting Beauty-A few years ago, 
silicone-based cosmetics were total 
strangers to drug store shelves and 
beauty salons. Now, they're big busi­
ness and growing like Jack's bean 
stalk. Latest count 
f o u n d  ov e r  60 
cosmetic manu­
facturers making 
new or improved 
products through 
u s e  of s i l i c o n e  
fluids. List in­
cludes protective 
hand creams, sun-tan oils, nail pol­
ishes, after-shave lotions. Anatomy­
wise, applications range from baby 
bottoms to hair dressings. 
How come? With properties unlike 
those found in conventional ingre­
dients, silicone fluids developed by 
Dow Corning give cosmetic industry 
new selling features. Durably water 
repellent, nonvolatile and harmless 
physiologically, silicones help cos­
metic chemists create new and better 
products. Also important is rapidly 
growing sales appeal born of major 
contributions made to every day liv­
ing and to the industrial economy by 
silicones. No. 27 
• Competitive Advantage - often 
hinges on materials engineering. 
That's why design, production and 
maintenance men need handy new 
Reference Guide to Dow Corning 
Silicone Products. No. 28 
DOlO Corning Silicones Mean Business! 

FOR MORE INFORMATION 
on silicones. used in these 
applications, circ1e refer­
ence numbers in coupon. 

Dow Corning Corporation, 
Dept. 9806, Midland, Michigan 

22 23 24 25 26 27 

first in 

28 

Name ____________________ __ 

Title 

Company 

Address 

City -,-::=====State=== 
DOW CORNING CORPORATION ' MIDLAND ' MICHICAN 

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS 

DETROIT LOS ANGELES NEW YORK WA5HINGTON,D.C. 

CANADA: DOW CORNING SILICONES LTD., TORONTO 

GREAT BRITAIN: MIDLAND SILICONES LTD., LONDON 

FRANCE; ST. GOBAIN, PARIS 
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SEE FOR YOURSELF 
IN FREE LABORATORY 

DEMONSTRATION 
Write today for demonstration 
in your own lab, at your con. 
venience • • •  and for informative 
Catalog D-280. Bausch & Lomb 
Optical Co, 78106 St. Paul St., 
Rochester 2, New York. 

BAUSCH &- LOMB SINCE'I'8SJ 

Just 
LOAD-LIGHT-LOOK! 
Top accuracy refractometry 

in seconds! 

EASIEST OPERATION EVER! Front, hori­
zontal loading. Fixed prism assembly 
• . .  wipes clean in a wink. DUO-SPEED 
control knob ... rapid scanning and 
fine line setting at the touch of a finger. 

FASTEST, TOP ACCURACY READINGS! 
New instant-reading precision scale, 
graduated directly to .0005. Quick, 
easy estimates to .0001. 

ASSURES FULL-WORKING-DAY COM­
FORT! Eyepiece at convenient height 
and angle for relaxed sitting-position 
observation; DUO-SPEED control knob 
and line-scale switch in low position 
for hand-at-rest operation. 

PLUS • • .  many other new features and 
new performance advantages setting 
the new standard for high-speed, high­
accuracy refractometry. Find out now 
how they can ease your work load. 

demonstrated that carefully planned 
programs provide a sound introduction 
to the humanities and social sciences 
while Simultaneously reinforcing stu­
dents' engineering training." 

The most popular humanity among 
engineering students is music: "They 
play music, listen to music and discuss 
music with an enthusiasm which sets 
them apart from most other students." 

World Atom Agency 

A charter for a United Nations atoms-
for-peace agency was approved by 

12 nations after a two-month conference 
in Washington. The conferees laid plans 
for a second meeting to be held in Sep­
tember at United Nations headquarters 
in New York. At this meeting the charter 
will be submitted for ratification by all 
UN member nations. 

The agency will operate like semi-in­
dependent groups such as the World 
Health Organization and the Food and 
Agriculture Organization. It will not be 
directly responsible to the Security 
Council but will submit reports to it, to 
the General Assembly and to the Eco­
nomic and Social Council. 

The 22 or 23 governors of the new 
group will be chosen according to the 
following formula. Five will represent 
the leading nuclear powers: U. S., 
U .S.S.R., Great Britain, France and 
Canada. Three will be from countries 
having large resources of thorium or 
uranium. Five more will represent ma­
jor geographical regions of the world. 
And nine or 10 seats will be reserved for 
countries which have made little prog­
ress in atomic energy. 

The nations taking part in the Wash­
ington talks were Australia, Belgium, 
Canada, Brazil, Czechoslovakia, France, 
India, Portugal, the Union of South 
Africa, the U.S.S.R., the United King­
dom and the U. S. 

U.S.S.R. Fusion Research 

During the recent visit to Britain by 
U.S.S.R. leaders, physicists of the 

British atomic energy establishment at 
Harwell got a firsthand report of Soviet 
progress toward the control of thermo­
nuclear energy. A physicist in the Soviet 
party, Igor Kurchatov, said that his col­
leagues have discharged short bursts of 
extremely large electric current through 
tubes containing hydrogen isotopes and 
have thus heated the gas to about a mil­
lion degrees centigrade, the thresh­
old of fusion reactions. In the course of 
these experiments the Soviet physicists 
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VACUUM CHAMBER 

ACCELERATOR GRID 

COOLING COilS --===---..J..../ 

-

• 
• 
.. Common Gas 

Molecule 
o Electron 
e Inert Gas Ion 

the pump with no outlet 
This unique pump-the Evapor-ion­
removes many millions of times its 
own volume of air from a system­
yet it has no outlet. 

As shown above, pure titanium 
wire is fed onto a post heated by 
electron bombardment from the fila­
ment. The titanium evaporates and, 
upon striking the cooled pump wall, 
condenses as a thin layer. 

Gas molecules wander into the 
pump from the vacuum chamber and 
move aimlessly about. Eventually 
they strike the titanium layer. 

Molecules of the active gases, 
which comprise over 99% of the air, 
are held as compounds by the tita­
nium. As each layer of titanium be­
comes chemically saturated, a fresh 
layer of metal is deposited. 

The inert gases do not combine 
chemically with the titanium. Some 
of the electrons emitted by the fila­
ment collide with and ionize the inert 

gas molecules. The electrical field of 
the accelerator grid violently repul­
ses these positive ions and drives 
them into the titanium "layer. Here 
they are buried by subsequent tita­
nium evaporation. 

This constant removal of air mol­
ecules by evaporation and ionization 
constitutes a pumping action. The 
Evapor-ion pump produces a vacuum 
in the range from 10-4 to 1O-9mm Hg, 
uncontaminated by the fluids used in 
conventional pumps. Nitrogen is 
pumped at speeds as high as 2000 
Ii ters per second. 

The Evapor-ion is ideal for non­
cyclic vacuum systems such as beta­
trons, synchrotrons and other par­
ticle accelerators. In addition it has 
potential applications in the fields of 
metallurgy, electronics and metal­
lizing. 

For further information, write for 
data sheet No. 6-140-Z1. 

///LIJZ;J! Consolidated Vacuum 
/ �. Rochester 3, N. Y. 

a d.vJS<on of CONSOLIOATED ELECTRODYNAMICS CORPORATION, Pasadena, California 
Sales Offices: Albuquerque • Atlanta • Boston • Buffalo • Chicago • Dallas • Detroit 

New York • Pasadena • Philadelphia • San Francisco • Seattle '. Washington, D.C. 
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detected neutrons, which might be in­
terpreted as a sign that fusion had taken 
place. But careful investigation showed 
that the neutrons had resulted from an­
other kind of reaction. Kurchatov said 
that plans call for tests with even strong­
er currents to produce higher tempera­
tures. 

B. J. F. Schonland, deputy director of 
Harwell, said that he was impressed by 
the quality of Soviet thermonuclear re­
search and also with the willingness of 
Kurchatov to answer questions. 

Rebirth of Genetics 

T rofim Lysenko's personal rule over 
U.S.S.R. genetics came to an end in 

April with his resignation as head of the 
All-Union Academy of Agricultural Sci­
ences. The event is interpreted to mean 
that after 15 years during which "Men­
delian" genetiCS was a politically dis­
credited branch of science in the Soviet 
Union, it is once again acceptable . 

Hybrid corn, which is incompatible 
with Lysenko's theories of acquired 
characteristics, is now being planted on 
Soviet farms. The week before Lysenko 
retired from prominence there was an 
announcement from Moscow that the 
scientific works of Nikolai Vavilov were 
about to be published. Vavilov, a world­
famous geneticist, opposed Lysenko's 
rise, and in 1942 died in exile in Siberia. 

In the opinion of H. J. Muller, the 
Indiana University geneticist who 
worked in Moscow from 1933 to 1937, 
the passing of Lysenko and the rebirth 
of genetics indicate that the Soviet gov­
ernment may be relaxing its control of 
science. 

Evolution of Elements 

The widely accepted belief that a cos-
mic explosion 4.5 billion years ago 

created the chemical elements that now 
exist in the universe is challengem by 
recent findings at the California Institute 
of Technology. William A. Fowler and 
Jesse L. Greenstein propose instead that 
all but the lightest elements have been 
built up by stars formed in part from 
matter cast off by very old stars. This 
process of heavy element building is ap­
parently still going on, they report in 
Proceedings of the National Academy of 
Sciences. According to their theory, the 
heavy elements in the earth and sun 
were created about 500 million years 
after the "beginning" of the universe. 

Although no star made entirely of hy­
drogen has yet been discovered, the cool, 
ancient subdwarf stars contain very little 
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Navigation and Control Devices 

110\\1\\"'" for Missiles and Aircraft 

Kollsman has designed, developed and produced 

the following navigation and control systems and 

components: 

FOR NAVIGATION OR GUIDANCE 

navigation. 

Photoelectric Sextants for remote semi­

automatic celestial navigation. 

Automatic Astrocompasses for precise 

celestial directional reference and 

Photoelectric Tracking Systems For many years 

Kollsman has specialized in high precision tracking 

systems. 

Periscopic Sextants for manual celestial observations. 

Computing Systems to provide precise 

for automatic navigation and guidance, 

operated by optical, electromechanical, and pressure 

sensing components. 

FOR CONTROL 

proven components 
now in production 

Pressure Pickups and 
Synchrotel Transmitters 

to measure and electrically transmit 

• true airspeed • 'indicated 

airspeed • absolute pressure 

• log absolute pressure • . dil· 

ferential pressure • log differ­

ential pressure • altitude 

• Mach number • airspeed 

and Mach number. 

Pressure Monitors - to provide can· 

trol signals lor altitude, abso· 

lute and differential pressure, 

vertical speed, etc. 

Acceleration Monitors - lor many 

applications now served by 

gyros. 

Pressure Switches - actuated by 

static pressure, dillerential 

pressure, rate of change of 

static pressure, rate of climb or 

descent, etc. 

Motors - miniature, special purpose, 

including new designs with in­

tegral gear h eads. 

SPECIAL TEST EQUIPMENT 
optical and electromecha nical for ·

flight 

test observations. 

Please write us concerning your 

specific requirements in the field of missile 

or aircraft control and guidance. 

Technical bulletins are available 

on most of the devices mentioned. 

kollsman INSTRUMENT CORPORATION 

80-18 45th AVE., ELMHURST, NEW YORK. GLENDALE. CALIFORNIA. SUBSIDIARY OF $� COIL PRODUCTS cll. INC. 
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"POTATO'S EYE VIEW OF A FORK" 
This Droodle presents several fascinating pos­

sibilities. Turned upside down, the title could be 
rp�'east-cake Quartet Rising to the Occasion". 
Best of all, though, I'd like to add little squiggly 
lines, and call it ((Tines getting in Tune". But 
squiggle-drawing makes me nervous. Gee, I wish 
J were normal! But if I were, then my psychiatrist 
wouldn't have that shiny new Continental. Just 
goes to prove that every problem has a silver lining. 

ifyoll have a problem • • .  concerning quality con-

trol inspection ... here's your silver lining: the 
J & L Optical Comparator. It's an incredibly 
flexible precision inspection instrument that in­
spects and measures all sorts of parts and objects. 

The J & L Comparator not only is a great aid 
in production-line inspection, it is also ideally 
suited to job-shop work. It's versatile, easy to op­
erate, accurate to .0001 ", and makes speedy in­
spection a cinch. Eleven models available. Send 
coupon now for full information. 

JONES & LAMSON OPTICAL COMPARATORS 
Precise ... Rapid ... Flexible ... Easy to operate 

A J & L Comparator, with 
special fixture and chart, easily 
and perfectly measures a 3-
dimensional cam. This is tra­
ditionally one of the most dif­
ficult of Illspection jobs. 

This inexpensive J & L Com­
parator is precisely measuring 
four small parts, of different 
sizes, with the same setup. 

Jones & Lamson makes a complete line of 11 
Comparators, in both bench and pedestal types. 

00 
---® JON ES 6 LAMSON 

JONES & LAMSON MACHINE COMPANY, Dept. 710, 529 Clinton Street, Springfield, Vermont, U. S. A. 

Please send me Comparator Catalog 402-C, which describes the complete J&Lline of optical comparators. 

name title 

company 

street 

city zone state 
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metal. On the other hand, such vigorous 
youngsters as the red giants are rich in 
carbon, which is presumably the starting 
point for reactions that build up still 
heavier elements through the addition of 
neutrons. The most convincing evidence 
of element-building, the authors say, i� 
the presence of technetium in the stars. 
This unstable element decays so rapidly 
that it could not be detected by spectro­
scopes unless it were freshly made. 

Stellar temperatures and nuclear com­
position can account for all elements up 
to the atomic weight of lead, but the still 
heavier radioactive elements require 
more energy. Fowler and Greenstein be­
lieve that these are made by intense 
stellar magnetic fields which behave like 
powerful particle accelerators. 

T est Printer 

An electromagnetic printing machine 
which could reproduce Gone with 

the Wind in about 15 minutes has been 
developed by the General Electric Com­
pany. It already prints 2,500 lines a min­
ute, and could be stepped up to "several 
hundred lines a second," G.E. engineer 
Robert D. McComb told the Rochester 
section of the Photographic Society of 
America. 

The new machine is not designed, 
however, to compete with printing 
presses: it is intended to open up a bot­
tleneck in the operation of modern com­
puters which need ever faster printers to 
keep pace with their output of answers. 

The printer is about the size of a shoG 
box. It consists mainly of a horizontal 
metal cylinder on which are outlined 
numbers, letters and other symbols. As 
the cylinder revolves rapidly, the output 
from the computer temporarily magnet­
izes various symbols. These pick up tiny 
black magnetic particles and then de­
posit them in the symbol forms on a roll 
of hot waxed paper. As the paper cools, 
the black particles sink into its surface 
like ink. 

Heat Rectifier 

A strange liquid that coaducts heat in 
only one direction is helping Duke 

University physicists reach temperatures 
close to absolute zero. The liquid is a 
mixture of the helium isotopes 3 (rare) 
and 4 (ordinary). Helium 4 is a good 
conductor of heat and helium 3 a poor 
one, The rectifier-like behavior of the 
mixture stems from the peculiar tend­
ency of helium 3 .to concentrate at the 
coldest part of a container. 

The Duke physicists put the mixture 
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the firs' truly 

RECTILINEAR 
GALVANOMETRIC RECORDER 

CONSERVE VALUABLE SCIENTIFIC AND ENGINEERING TIME 
with the most convenient and modern recorder 

available today • • •  featuring the error·free 

trigonometric linkage that gives you 

straight line writing motion-

the exclusive 

system 

Make direct readings with a simple ruler ... 
perform all routine operations from the front of the instru­
ment ... get ± 1 % accuracy over full 4 Yz-inch scale; sensi­
tivity of 0.45 of an inch per 100 microamperes; pen speed 
at a quarter-second over full 4 Yz -inch deflection ... use ac 
drive, 6, 12, or 28-volt dc drive; spring-drive; or external 
drive ... make standard or "gear shift" chart speed changes. 

For more Information on how the modern, practical "recti/riter" 
will simplify your recording applications, write for BULLETIN R·SOI 

HOUSTON TECHNICAL LABORATORIES 
3701 BUFFALO SPEEDWAY • P.o. BOX 6027 • HOUSTON 6. TEXAS 

-------- instrumentation subsidiary 01--------

TEXAS INSTRUMENTS 
IN C O R P O R A T E D  
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UII/YACl:urs COSlS fOR 8US/NESS anti DU'!l Cuts co;; In Uoivac 

In the past few years, electronic data processing systems have 
put dollar and time savings of almost staggering 
proportions in the hands of business and industry. 

These are machines of the highest precision in operation 
and in manufacrure, which makes Durez phenolic 
the plastic you'd expea to find in them. Remington 
Rand's interchangeable programming panel board 
for the Univac 120 is an example. 

Before Durez was used, the boards had to be drilled, 
milled, ground, punched, and dipped in varnish. Now all 
this is eliminated. Alignment and dimension of 816 
plug contact holes are automatic-molded in along with 
slots and other details. The required dimensional stabiliry 
and electrical properties are inherent in Durez. 

Added to production economies like these, Durez for your 
products could result in more pleasing appearance, better 
performance. Your engineers and molder can benefit 
by the combined resources of the Hooker organization-
50 years in chemicals and 35 in plastics. Call on us 
freely for technical counsel. 

Phenolic Plastics 
that fit the job 

DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 

806 Walck Road, North Tonawanda, N. Y. 

*Made by Remington Rand UnivaC® Division 0/ Sperry Rand Corporation 
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of liquefied helium in a slender vertical 
tube a few inches high. At the upper 
end they fasten an insulated package of 
magnetic salt. The lower end is im­
mersed in a cold bath of liquid helium. 
When they switch on a powerful electro­
magnet, the salt becomes appreciably 
warmer than its surroundings, and heat 
flows from it down the tube and into the 
cold bath. Then they turn off the mag­
net; the temperature of the salt quickly 
drops; and helium 3, collecting next to 
the cool salt, prevents heat from flowing 
into it from the warmer tube. By re­
peatedly switching the magnet on and 
off, they drain off a little more heat at 
each cycle. 

Reporting their discovery to the re­
cent Washington meeting of the Ameri­
can Physical Society, W. M. Fairbank, 
C. D. Fulton and C. F. Hwang said they 
were trying out their heat rectifiers in 
so-called ·'magnetic refrigerators," con­
sisting of a chain of magnetic-salt con­
tainers linked by tubes of mixed helium. 
They hope to reach temperatures only a 
few millionths of a degree above abso­
lute zero. 

Cryotron 

superconductivity, the strange proper-
ty of metals at temperatures near 

absolute zero, can be eliminated by a 
fairly weak magnetic field. Physicists in 
the Lincoln Laboratory at the Massa­
chusetts Institute of Technology are now 
utilizing this fact to develop a new com­
puter element comparable with transis­
tors in size and power requirements. 

The device is a slender inch-long rod 
of tantalum with a single layer of wire 
coiled around it. When immersed in 
liquid helium, the tantalum becomes su­
perconductive. But when current passes 
through the surrounding wire, creating 
a magnetic field, the tantalum regains its 
normal resistance. Thus current in the 
wire controls current in the tantalum 
rod, just as in a simple vacuum tube the 
grid current controls the flow of elec­
tricity from cathode to anode. 

In the current issue of Proceedings of 
the Institute of Radio Engineers D. A. 
Buck of the Lincoln Laboratory foresees 
a brilliant future for the "cryotron," as 
the new element is called. It is easy to 
make and inexpensive. And because it 
operates in an extremely cold and inert 
atmosphere, it should have a long life. 
It is not as fast as vacuum tubes or 
transistors, but faster than electrical re­
lays. Its chief advantage is its inherent 
compactness. A large-scale digital com­
puter based on cryotron circuits should 
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ALDOLING 

CELANESE REFINES A CHEMICAL PROCESS AND CREATES 
A RICH NEW SOURCE FOR PRODUCT IMPROVEMENTS 

Synthesizing organic chemicals by aldol condensation is a 

standard processing method. But now through the refinements 

introduced by Celanese, Aldol Production has suddenly taken 

on new meaning for manufacturers in many fields. 

Celanese Aldoling has the efficiency, economy, and capac­

ity of compactness. In place of single aldol units, there is one 

consolidated aldol installation which utilizes specially devel­

oped techniques and depends only upon Celanese-produced 

aldehydes and ketones. A typical end product is trimethylol­

propane. 

A few short months ago, trimethylolpropane was just a 

polyol with high promise to producers of alkyd resins and 

Basic reasons ................. . 

Acids Functional Fluids Polyols 

Alcohols Gasoline Additives Plasticizers 

Aldehydes Glycols Salts 

Anhydrides Ketones Solvents 

Esters Oxides Vinyl Monomers 

polyurethane foams. But it was too expensive; its supply ques­

tionable. Today, higher purity trimethylolpropane is available 

from Celanese in continuous commercial volume ... and at a 

price that makes it competitive in all applications. 

Similarly released by Celanese Aldoling for full commer­

cial development: methyl isopropenyl ketone and 3-methoxy 

butanol. Other high potential chemicals are in the develop­

ment stage. 

Is there an organic chemical you can't get at because of 

supply, purity, or price? It may be on the Celanese Aldol 

schedule. Write Celanese Corporation of America, Chemical 

Division, Dept. 582-F, 180 Madison Avenue, New York 16. 

. . • • • • • • •  for improved products 

Agricultural, automotive, 

aviation, building, 

electrical, paper, 

pharmaceutical, plastics, 

surface coatings, textile. 
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NYLON • ORLON • DACRON • DYNEL 
American has discovered how to felt these four syn­
thetic fibres, individually or in blends. They also can 
be combined with wool or other natural fibres. Thus 
quite new felts can be produced in yardage to your 
exact specifications, to perform old tasks with new 
efficiency and economy, or enable you to create new 
methods, processes and applications. The most obvious 
use for felts of synthetics is in filtration, because of 
resistance to many important gases and fluids, but it 
is expected that engineers and designers will e.agerly 
seize upon the new materials and find additional 
applications. 

Thus the art of felting takes another great step for­
ward. American will gladly collaborate with you in 
the important task of specifying the felt that will serve 
you best in each given set of conditions. 

Amer1canJ!elt 

To 
GENERAL OFFICES: 58 GLENVILLE ROAD, GLENVILLE, CONN. 

SALES 
,
OFFICES: New York, Boston,

. 
Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. louis, Atlanta, 

�reenvllle, S. C., D�lIos, San FranCISco, los Angeles, Portland, San Diego, Seattle, Montreal-PLANTS: Glen­
Ville, Conn.; Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R. I.-ENGINEERING AND RE. 
SEARCH LABORATORIES, Glenvilie, Conn. 

"lIen·Bradley Co. 

"rmour Research 
Foundation 

Bell Aircraft Corp. 

Bige 10w·Sanford 
Carpet Co., Inc. 

Burroughs Corp. 

Chrysler Corp; 
Convair 

Douglas Aircraft 
Co., Inc. 

It's not what you 

loo-k at ... 

it's what you see 

MANY SATISFIED 
FAsrtfK USERS: 

Fellows Gear Shaper 
CD. 

Ford Motor Co. 
General Electric Co. 

General Motors 
Corporation 

International 
Business 
Machines Corp. 

Arthur D. Little, Inc. 

Massachusetts 
Institute of 
Technology 

Phillips Petroleum 
Co. 

Pratt & Whitney 
Aircraft Div. 
United Aircraft 
Corp. 

Sandia Corporation 

Temco, Inc. 

University of Texas 

United States 
Air Force 

ONLY WITH 

HIGH-SPEED 

PHOTOGRAPHY 

CAN YOU SEE 

CLEARLY THE 

FASTEST MOTION 

AT THE LEISURELY 

PACE NEEDED 

FOR ACCURATE 

ANALYSIS 

Why not find out 
what FASfAX 
can do for yOU • • • 

WRITE for 
Bulletin F-100 

FAsrllK High-Speed Cameras 

66 

by WOLLENSAK 
OPTICAL COMPANY, ROCHESTER 21, NEW YORK 

occupy only one cubic foot, exclusive of 
refrigerating devices, and should draw 
no more than half a watt of power. 

Free-Piston Engine 

�st month the General ]\'[otors Corpo-
ration exhibited a new experimental 

automobile powered by a hiee-piston en­
gine, similar to some that have been 
used for the last 30 years in Europe for 
ships, locomotives and power plants. 

The combustion chamber of this en­
gine is a cylinder containing two op­
posed pistons. At each cycle the explod­
ing fuel drives both pistons outward, 
until they bounce back from a resilient 
cushion of air at either end of the cylin­
der. On the return stroke the pistons 
compress a fresh fuel mixture. There is 
no crankshaft. Instead, hot exhaust gases 
flow directly to a turbine that turns the 
car's wheels. 

The free-piston design has several ad­
vantages over conventional automobile 
engines and gas turbines. It needs few 
high-precision parts, and its simplicity 
largely eliminates the wear of rubbing 
metals. It is inherently so well balanced 
that it operates with very little vibration. 
Because the exhaust gases reaching the 
turbine are relatively cool (about 900 
degrees Fahrenheit) turbine blades need 
not be made of critical materials. And 
the engine can run on virtually any 
clean-burning fuel. 

Elephant's Memory 

If the saying "An elephant never for-
gets" is questionable, at least it has 

a better memory than most animals. So 
reports Bernhard Rensch of the West 
German University of Munster in The 
American Naturalist. 

Rensch and a colleague trained a 
young Indian elephant to discriminate 
"right" from "wrong" plaques among 40 
painted with different colors and pat­
terns. Despite the fact that some of the 
patterns were only subtly different (for 
example, broad stripes compared with 
narrow stripes), the elephant learned to 
touch with her trunk almost unerringly 
the one "right" pattern in any group of 
four. Rensch also taught similar lessons 
to mice and rats and to small chickens 
and large chickens. From these experi­
ments he concluded that among kindred 
animals, the larger species learn more 
and remember better than smaller ones. 
He attributes the difference to the big 
animals' larger brains, containing larger 
nerve cells capable of performing more 
complex switching operations. 
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SVSTE 
NeED JET 

INES 

With the increasing speed of aircraft it has become more important 

to integrate power plant controls with the airplane and its mission. 

For over 10 years Sperry engineers have been actively 

engaged in developing complete control systems for turboprop. 

turbojet and ramjet engines. Our Aeronautical Equipment 

Division will be happy to help solve your engine contro1 problems. 

Engineers are required to man various exciting programs in engine 

control development. Write .... W. Dwyer, tBS. 

SPlRlIl '��":.��!'1n 
DIVISION OF SPERRY RAND CORPORA T/ON 

CLEVELAND ' NEW ORLEANS ' BROOKLYN 

LOS ANGELES ' SAN FRANCISCO ' SEATTLE 

IN CANADA: SPERRY GYROSCOPE COMPANY 

OF CANADA. LIMITED, MONTREAL, QUEBEC 
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P R E S  
t significant 

Versatility of the Ampex FR-l 00 
permits it to serve virtually any 
data req uirement in the enti,re 
O-C to 1 00,000 cyc le/sec. range. 
Magnetic tape is inherently the 
most versatile of data-record-
ing mediums and the F R - l 00 
m a kes b r o a d e s t  u s e  of this 
scope. 

ANY DATA- Withi n i ts freq uency 
range,  the FR-1 00 can  record a ny 
data that either orig inates in e lec­
trica l form or can be tro nsduced 
i n to e l ectri ca l s igna ls. 

IN ANY COMBINATION - Any 
n u m bers of the FR-1 00's ava i l a b l e  
tracks can be a pportioned t o  h i g h­
f r e q u e n c y  d a ta , l ow-freq u e n c y  
d a ta ,  t ra n s i e n t  p h e n o m e n a  o n d  
q u asi -sta t i c  m e a s u r e m e n ts. E a c h  
wi l l  u s e  t a p e  space economica l ly. 
A l l  wi l l  share a common t ime base. 

A C H O I C E  OF R E CO R D I N G  
M E T  H O D  S - Different types of 
data are accommodoted by p lug- in  
i nterchangeable a m p l ifiers. These 
perm i t  each of the FR-1 00's 2 to 1 4  
tracks to be used for d i rect record­
ing ,  FM-carrier recording,  or pu lse 
width modu l a tion os needed. 

A SELECTION OF 6 TAPE SPEEDS 
- Every FR·1 00 tape tra nsport pro­
vides tape speeds of 60, 30, 1 5, 7112. 
3% a n d  1 'l'a  i n ches per second for 
opti m u m  bala nces between record-
i ng ti me and freq uency response. 
They o l so per m i t  s l ow-down or 

speed-u p  of data in various ratios. 

D ATA R E D U C I B L E  T O  A N Y  
F O R M - T h e  FR-1 00's output i s  

usable i n  n u merous forms: visua l 
records by osci l lograph or pen re-

corder; visu a l  study by osci l I oscope; 
a u to m a t i c  c o m p u t a t i o n  by d a ta 

conversi on devi ces or computers; 
a nd reg u l a tion or a ctivation of me­

chanisms by e lectrical controls. 
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odular F R  
recorder Sl Ampex first pioneered 
for instrum 

Performance specifications on the FR·1 00 

are the best of a n y  m a g netic tape reo 

corder now i n  production.  Such accuracy 

a d d s  to the FR·1 00's  versati l ity. I t  also 

makes it  the best choice for m a n y  well  

defined appl ications where qua lity of 
performance alone is the criterion for 

selection. 

IMPROVED STABILITY OF TAPE MOTION 
- The c l osed loop tope drive o nd short  u n­
supported tope length  redu ces peak-fo-peak 
f l u tter to 0. 1 %  c u m u l o tive to 1 00 cycles or 
0.2% c u m u l a tive to 1 000 cyc l es at 60 i n /sec. 

PRECISE TRACK-TO-TRACK TIMING - Re­
cord a nd reprod uce head stacks perm a n e n t l y  
o l ig ned wi th  a l l  gaps  with i n  0 1 I l 0 ,000- i nch 
ba nd a n d  a z i m u th with i n  0 ° 1 '. With FR-l 00's 
s ta b l e  tope motion th i s  provides l owest dy­
n a m i c  i n tercha n n e l  t ime-disp l a cement  error 
ever a va i l a b l e  commercia l l y. 

"MIL CONSTRUCTION" THRO UGHOUT­
M i l  specif ico t ion E-41 58-A compo n e n ts, ha rd­
ware a n d  f in ishes a re used thro u g h o u t. 

AMPEX - TO - AMPEX COM PATIBIL lTY ­
Recorded da ta is i ntercha ngea b l e  between 

0 1 1  Ampex FR-l 00s, and 300 and 800 series 
mach i nes (provided tra cks a re the same type 

a n d  tape speeds the same) .  

SIMPLIFIED OPE RATIO N A L  MAINT E N ­
ANCE - Mod u l a r  desi g n  of the FR- l 00 re­

d u ces most opera t i o n a l  m a i ntena n ce to a 

s i m p l e  p l u g  in of spare a sse m b l ies  with n o  
loss o f  opera ting t ime.  

The Ampex FR-1 00 g ives your eng ineers and 
scientists a freedom to experiment. In one ma­
chine it aff. rds a high portion of a l l  the broad­
ly useful capabil ities of magnetic recording .  
I t  encourages deve lopment o f  the most effec­
tive data recording techniq ues for your par­
ticu lar special ized needs.  

CAPACITY FOR BRILLIANT AFTERTHOUGHTS ­
The Ampex FR-l OO wi l l  serve the we l l  defi ned i n i ti a l  

p u rposes for w h i c h  i t  i s  a c q u i red. B u t  i t  a lso pro­

vides for the i n ev i ta b l e  cha nges of d i rect ion that  

occur a s  a ny research,  deve lopment  or testi ng  pro­

g ra m  prog resses. 

AN OVER-ALL ECONOMY - The combined c h a r­

a c terist ics of the Ampex FR- l 00 a re the eq u iva lent  

of dozens  of d ifferent  modi f ied  tape recorders bu i l t  

by Ampex i n  past yea rs. O n e  Am pex FR- l 00 may 

e l i m i na te need for  purchase of  a su ccess ion of spe­

cia l  machines. 

..,.,dIFi.,,]ti,>ns o n  the Am pex F R - l  00,  write Dept_  0-2750 

F I R S T I N  M A G N E T I C  T A P E  

934 Cha rter Street · Redwood City, Ca l ifornia 

District O ffices: Atlanta; Chicago; Dayton; 
Montcla ir, . New Jersey; Redwood City. California; 
Silver Spring, Maryland. 

Distributors: Southwestern Engineering and < • . •  , • .  __ ••• 
Dallas and Houston: Technical Apparatus Co., 
Bing Crosby Enterprises, los Angeles; 
Ampex.American in Canado. 
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u.s .  A r m y  Phofograph 

Electronic specialists at Ft. Monmouth SCEl laboratories checking out radar and computing system designed for field use. 

ARMY S I GNAL C O RPS E NG I N E E RI N G  LAB O RATO RI ES  
I S  A CENTE R F O R  DE F E N SE E L ECTRON I CS 

The Army Signal Corps Engineering Laborator­
ies at Fort Monmouth, N. J., is a house of elec­
tronic miracles.  Some 4,400 scientists, engineers 
and technicians at SCEL, and thousands more 
working with SCEL contractors, strive constantly 
to keep the United States preeminent in the elec­
tronics essential to modern military demands. 

The nerves of today's fighting forces are elec­
tronic. Radar guides, traces and detects missiles 
and manned aircraft. It directs friendly artillery 
and pinpoints enemy mortars, or night troop 
movements. It measures speed and direction of 
missiles and vehicles. 

Modern armies need constant and effective 
television, radio and telephone communications .  
They need devices to detect deadly atomic and 
hydrogen radiation. And instruments to predict 
weather around the clock in all the world. 

Development of these and an imposing variety 
of other devices is SCEL's business. Working 
in close cooperation with its many contracting 
firms, in private industry, both large and small, 
SCEL never ceases striving for the electronic 
perfection that can make the defenses of the free 
world an armor impervious to all assaults . 

This is one of a series of ads on the technical 
activIties of the Department of Defense. 
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FORD I N STRU M E N T CO M PA N Y  

ENGINEERS 

D I V I S I O N  O F  S P E R R Y  R A N D  C O R P O R A T I O N  

3 1 - 1 0  Thomson Avenue, Long Island City 1 ,  New York 

Beverly Hills, Cal. Dayton, Ohio 

of unusual abilities (an find a future at FORD INSTRUMENT COMPANY. Write for information. 

Skilled machinists at Ford Instrument 
Company, manufacturing precision 
parts for an Army military computer. 
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GODEL'S PROOF 
Although little known, it IS a landn1ark of 20th-century thought. 

The proof brought to light certain astonishing limitations ,vhich 

have ahvays been inherent in mathematics and mathematical logic 

In 1931 a young mathematician of 25 
named Kurt Codel published in a 
Cerman scientific periodical a pa­

per which was read only by a few 
mathematicians. It bore the forbidding 
title: "On Formally Undecidable Propo­
sitions of Principia Mathematica and 
Related Systems." It dealt with a sub­
ject that has never attracted more than 
a small group of investigators, and its 
reasoning was so novel and complex that 
it was unintelligible even to most mathe­
maticians. But Coders paper has be­
come a landmark of science in the 20th 
century. As "Coders proof," its general 
conclusions have become known to many 
sc.ientists, and appreciated to be of revo­
lutionary importance. Coders achieve­
ment has been recognized by many hon­
ors; not long after his paper appeared 
the young man was invited from Vienna 
to join the Institute for Advanced Study 
at Princeton, and he has been a penna­
nent member of the Institute since 1938. 
When Harvard University awarded him 
an honorary degree in 1952, the citation 
described his proof as one of the most 
important advances in logic in modern 
times. 

Codel attacked a central problem in 
the foundations of mathematics. The 
axiomatic method invented by the 
Creeks has always been regarded as the 
strongest foundation for erecting sys­
tems of mathematical thinking. This 
method, as every student of logic knows, 
consists in assuming certain propositions 
or axioms (e.g., if equals be added to 
equals, the wholes are equal) and de­
riving other propositions or theorems 
from the axioms. Until recent times the 
only branch of mathematics that was 
considered by most students to be estab­
lished on sound axiomatic foundations 
was geometry. But within the past two 
centuries powerful and rigorous systems 
of axioms have been developed for other 

by Ernest Nagel and James R. Newman 

branches of mathematics, including the 
familiar arithmetic of whole numbers. 
Mathematicians came to hope and be­
lieve that the whole realm of mathemat­
ical reasoning could be brought into or­
der by way of the axiomatic method. 

Coders paper put an end to this hope. 
He confronted mathematicians with 
proof that the axiomatic method has cer­
tain inherent limitations which rule out 
any possibility that even the ordinary 
arithmetic of whole numbers can ever be 
fully systematized by its means. What 
is more, his proofs brought the astound­
ing and melancholy revelation that it is 
impossible to establish the logical con­
sistency of any complex deductive sys­
tem except by assuming principles of 
reasoning whose own internal consist­
ency is as open to question as that of the 
system itself. 

Codel's paper was not, however, alto­
gether negative. It introduced into the 
foundations of mathematics a new tech­
nique of analYSis which is comparable 
in fertility with Rene Descartes's historic 
introduction of the algebraic method in­
to geometry. Coders work initiated 
whole new branches of study in mathe­
matical logic. It provoked a reappraisal 
of mathematical philosophies, and in­
deed of philosophies of knowledge in 
general. 

His epoch-making paper is still not 
widely known, and its detailed demon­
strations are too complex to be followed 
by a nonmathematician, but the main 
outlines of his argument and conclusions 
can be understood. This article will re­
count the background of the problem 
and the substance of Codel's findings. 

The New Mathematics 

The 19th century witnessed a tre­
mendous surge forward in mathematical 
research. Many fundamental problems 

that had long resisted solution were 
solved; new areas of mathematical study 
were created; foundations were newly 
built or rebuilt for various branches of 
the discipline. The most revolutionary 
development was the construction of 
new geometries by replacing certain of 
Euclid's axioms with different ones. In 
particular the modification of Euclid's 
parallel axiom led to immensely fruitful 
results [see "The Straight Line," by 
Morris Kline; SCIENTIFIC AMERICAN, 
March]. It was this successful departure 
that stimulated the development of an 
axiomatic basis for other branches of 
mathematics which had been cultivated 
in a more or less intuitive manner. One 
important conclusion that emerged from 
this critical examination of the founda­
tions of mathematics was that the tradi­
tional conception of mathematics as the 
"science of quantity" was inadequate 
and misleading. For it became evident 
that mathematics was most essentially 
concerned with drawing necessary con­
clusions from a given set of axioms (or 
postulates). It was thus recognized to 
be much more "abstract" and "formal" 
than had been traditionally supposed: 
more "abstract" because mathematical 
statements can be construed to be about 
anything whatsoever, not merely about 
some inherently circumscribed set of ob­
jects or traits of objects; more "formal" 
because the validity of a mathematical 
demonstration is grounded in the struc­
ture of statements rather than in the 
nature of a particular subject matter. 
The postulates of any branch of demon­
strative mathematics are not inherently 
about space, quantity, apples, angles or 
budgets, and any special meaning that 
may be associated with the postulates' 
descriptive terms plays no essential role 
in the process of deriving theorems. The 
question that confronts a pure mathema­
tician (as distinct from the scientist who 
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KURT CODEL was photographed in his office at the Institute for 
Advanced Study by Arnold Newman. Codel was born in Czecho· 
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slovakia in 1906. He received his doctorate from the University of 
Vienna in 1930 and served on its faculty until he came to the U. S. 
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employs mathematics in investigating a 
special.subject matter) is not whether 
the postulates he assumes or the conclu­
sions he deduces from them are true, 
but only whether the alleged conclusions 
are in fact the necessary logical conse­
quences of the initial assumptions. This 
approach recalls Bertrand Russell's fa­
mous epigram: Pure mathematics is the 
subject in which we do not know what 
we are talking about, nor whether what 
we are saying is true. 

A land of rigorous abstraction, empty 
of all familiar landmarks, is certainly not 
easy to get around in. But it offers com­
pensations in the form of a new freedom 
of movement and fresh vistas. As mathe­
matics became more abstract, men's 
minds were emancipated from habitual 
connotations of language and could con­
struct novel systems of postulates. For­
malization led in fact to a great variety 
of systems of considerable mathematical 
interest and value. Some of these sys­
tems, it must be admitted, did not lend 
themselves to interpretations as obvious­
ly intuitive ("common sense") as those 
of Euclidean geometry or arithmetic, but 
this fact caused no alarm. Intuition, for 
one thing, is an elastic faculty. Our chil­
dren will have no difficulty in accepting 
as intuitively obvious the paradoxes of 
relativity, just as we do not boggle at 
ideas which were regarded as wholly 
unintuitive a couple of generations ago. 
Moreover intuition, as we all know, is 
not a safe guide: it  cannot be used safely 
as a criterion of either truth or fruitful­
ness in scientific explorations. 

However, the increased abstractness 
of mathematics also raised a more serious 
problem. When a set of axioms is taken 
to be about a definite and familiar do­
main of objects, it is usually possible to 
ascertain whether the axioms are indeed 
true of these objects, and if they are 
true, they must also be mutually con­
sistent. But the abstract non-Euclidean 
axioms appeared to be plainly false as 
descriptions of space, and, for that mat­
ter, doubtfully true of anything. Thus 
the problem of establishing the internal 
consistency of non-Euclidean systems 
was formidable. In Riemannian geom­
etry, for example, the famous parallel 
postulate of Euclid is replaced by the 
assumption that through a given point 
outside a line no parallel to the line can 
be drawn in the same plane. Now sup­
pose the question: Is the Riemannian set 
of postulates consistent? They are appar­
ently not true of the ordinary space of 
our experience. How then is their con­
sistency to be tested? How can one prove 
they will not lead to contradictory the­
orems? 

A general method for solving this 
problem was proposed. The underlying 
idea was to find a "model" for the postu­
lates so that each postulate was con­
verted into a true statement about the 
model. The procedure goes something 
like this. Let us take the word "class" to 
signify a collection of distinguishable 
elements, or "members." (For example, 
the class of prime numbers less than 10 
is a collection consisting of 2, 3, 5 and 
7 as members.) Suppose now we con­
sider two purely abstract classes, K and 
L, concerning which these postulates are 
given: 

1. Any two members of K are con­
tained in just one member of L. 

2. No member of K is contained in 
more than two members of L. 

3. The members of K are not all con­
tained in a single member of L. 

4. Any two members of L contain just 
one member of K. 

5. No member of L contains more than 
two members of K. 

From this little set we can derive, by 
using customary rules of inference, cer­
tain theorems. For e'xample, it can be 
shown that K contains just three mem­
bers. But is the set a consistent one, so 
that mutually contradictory theorems 
can never be derived from it? This is 
where we invoke the help of a model, 
or interpretation, of the classes. Let K 
be the vertices of a triangle, and L its 
sides. Each of the five abstract postu­
lates is then converted into a true state­
ment: e.g., the first postulate asserts that 
any two of the vertices are contained 
on just one side. In this way the set is 
proved to be consistent. 

At first thought such a procedure may 
seem to suffice to establish the consisten­
cy of an abstract system such as plane 
Riemannian geometry. We may adopt a 
model embodying the Riemannian pos­
tulates in which the expression "plane" 
signifies the surface of a Euclidean 
sphere; the expression "point," a point 
on this surface; the expression "straight 
line," an arc of a great circle on this 
surface, and so on. Each Riemannian 
postulate can then be converted into a 
theorem of Euclid. For example, on this 
interpretation the Riemannian parallel 
postulate reads as follows: Through a 
point on the surface of a sphere, no arc 
of a great circle can be drawn parallel 
to a given arc of a great circle. 

Unhappily this method is vulnerable 
to a serious objection; namely, that it 
attempts to solve a problem in one do­
main merely by shifting the problem to 
another (or, to put it another way, we 
invoke Euclid to demonstrate the con­
sistency of a system which subverts Eu-

Pardon us, 
Maior Parson ... 

We're telling all our friends about your 
fine new book':' but we'd like to point out 
one thing. You say: 

"Because of the need for sending tech­
nical information to the ground from a 
test missile, telemetering developed . . .  " 

Actually, telemetering-despite its re­
cent fantastic advances in missiles-has 
been around a long time. 

It's been 43 years, for instance, since 
we installed the first Bristol industrial 
telemetering system. Thousands are in 
use today. You'll find almost every kind 
of measurement being transmitted over 
Bristol telemetering systems for public 
utilities, oil and gas pipeline companies, 
and chemical, petrochemical, steel and 
many other industries. 

Covering distances that vary from a 
few feet to hundreds of miles, they trans­
mit and receive up to 15 remote measure­
ments over a single private wire, leased­
wire, carrier-current, or radio link. 

That's why we say telemetering is not 
new, though-as in guided missiles-it's 
going places further and faster than ever 
today. 

Find out about Bristol telemetering if 
you need remote measurement, record­
ing, or control in industry. And don't 
forget our other products: Bristol's auto­
matic controls for automation systems 
and rugged aircraft electronic products. 
We'll be glad to send you the complete 
story on any of these. The Bristol Com­
pany, 133 Bristol Road, Waterbury 20, 
Connecticut. 

*Guided Missiles in War and Peace. Nels A. 
Parson, Jr. (Cambridge: Harvard Univer­
sity Press, 1956) 6.36 

BRISTOL 
INSTRUMENTS . RECORDERS . AUTOMATIC 

CONTROLS . TELEMETERING SYSTEMS 
FASTENERS · AIRCRAFT COMPONENTS 
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All gentlemen are polite. 

No bankers are polite . 

No gentlemen a re bankers. 

g e p 
be p 
geb 

gp O  
bp 0 

gb = 0 

SYMBOLIC LOGIC was invented in the 

middle of the 19th century by the English 

mathematician George Boole. In this illus­

tration a syllogism is translated into his 

notation in two different ways. In the up­

per group of formulas, the symbol e means 
"is contained in." Thus g e p says that the 

class of gentlemen is included in the class 

of polite persons. In the equations below 

two letters together mean the class of things 

having both characteristics. For example, 
bp means the class of individuals who are 

bankers and polite. The second equation in 

the group says that this rlass has no memo 

bers. A line above a letter means "not." 
(Not.p, for example, means impolite.) 

c1id). Riemannian geometry is proved 
to be consistent only if Euclidean ge­
ometry is consistent. Query, then: Is 
Euclidean geometry consistent? If we 
attempt to answer this question by in­
voking yet another model, we are no 
closer to our goal. In short, any proof 
obtained by this method will be only a 
"relative" proof of consistency, not an 
absolute proof. 

So long as we can interpret a system 
by a model containing only a finite num­
ber of elements, we have no great diffi­
culty in proving the consistency of its 
postulates. For example, the triangle 
model which we used to test the K and 
L class postulates is finite, and accord­
ingly it is comparatively simple to de­
termine by actual inspection whether 
the postulates are "true" and hence con­
sistent. Unfortunately most of the postu­
late systems that constitute the founda­
tions of important branches of mathe­
matics cannot be mirrored in finite mod­
els; they can be satisfied only by non­
finite ones. In a well-known set of axioms 
for elementary arithmetic one of the 
axioms asserts that every integer in the 
sequence of whole numbers has an im­
mediate successor which differs from 
any preceding integer. Obviously any 
model used to test the set of postulates 
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must mirror the infinity of elements pos­
tulated by this axiom. It follows that the 
truth (and so the consistency) of the 
set cannot be established by inspection 
and enumeration. Apparently we have 
reached an impasse. 

Russell's Paradox 

It may be tempting to suggest at this 
point that we can be sure that a set of 
postulates is consistent, i.e., free from 
contradictions, if the basic notions em­
ployed are transparently "clear" and 
"certain." But the history of thought has 
not dealt kindly with the doctrine of in­
tuitive knowledge implicit in this sug­
gestion. In certain areas of mathematical 
research radical contradictions have 
turned up in spite of the "intuitive" clar­
ity of the notions involved in the assump­
tions, and despite the seemingly consist­
ent character of the intellectual con­
structions performed. Such contradic­
tions (technically called "antinomies") 
have emerged, for example, in the theory 
of infinite numbers developed by Georg 
Cantor in the 19th century. His theory 
was built on the elementary and seem­
ingly "clear" concept of class. Since 
modern systems in other branches of 
mathematics, particularly elementary 
arithmetic, have been built on the foun­
dation of the theory of classes, it is per­
tinent to ask whether they, too, are not 
infected with contradictions. 

In point of fact, Bertrand Russell con­
structed a contradiction within the 
framework of elementary logic itself. It 
is precisely analogous to the contradic­
tion first developed in the Cantorian 
theory of infinite classes. Russell's antin­
omy can be stated as follows: All classes 
apparently may be divided into two 
groups: those which do not contain 
themselves as members, and those which 
do. An example of the first is the class 
of mathematicians, for patently the class 
itself is not a mathematician and is 
therefore not a member of itself. An ex­
ample of the second is the class of all 
thinkable concepts, for the class of all 
thinkable concepts is itself a thinkable 
concept, and is therefore a member of 
itself. We shall call the first type of class 
"normal," and the second type "non­
normal." Now let N stand for the class 
of all normal classes. We ask whether N 
itself is a normal class. If so, it is a mem­
ber of itself. But in that case N is non­
normal, because by definition a class 
which contains itself is non-normal. Yet 
if N is non-normal and thus a member 
of itself, it must be normal, because by 
definition all the members of N are nor­
mal. In short, N is normal if and only if 

N is non-normal. This fatal contradiction 
results from an uncritical use of the ap­
parently pellucid notion of class. 

Other paradoxes were found later, 
each of them constructed by means of 
familiar and seemingly cogent modes of 
reasoning. Non-finite models by their 
very nature involve the use of pOSSibly 
inconsistent sets of postulates. Thus it 
became clear that, although the model 
method for establishing the consistency 
of axioms is an invaluable mathematical 
tool, that method does not supply a final 
answer to the problem it was designed 
to resolve. 

Hilbert's Meta-Mathematics 

The eminent German mathematician 
David Hilbert then adopted the oppo­
site approach of eschewing models and 
draining mathematics of any meaning 
whatever. In Hilbert's complete formali­
zation, mathematical expressions are re­
garded simply as empty signs. The pos­
tulates and theorems constructed from 
the system of signs (called a calculus) 
are simply sequences of meaningless 
marks which are combined in strict 
agreement with explicitly stated rules. 
The derivation of theorems from postu­
lates can be viewed as simply the trans­
formation of one set of such sequences, 
or "strings," into another set of "strings," 
in accordance with precise rules of op­
eration. In this manner Hilbert hoped to 
eliminate the danger of using any un­
avowed principles of reasoning. 

Formalization is a difficult and tricky 
business, but it serves a valuable pur­
pose. It reveals logical relations in naked 
clarity, as does a cut-away working 
model of a machine. One is able to see 
the structural patterns of various 
"strings" of signs: how they hang to­
gether, how they are combined, how 
they nest in one another, and so on. A 
page covered with the "meaningless" 
marks of such a formalized mathematics 
does not assert anything-it is simply an 
abstract design or a mosaic possessing a 
certain structure. But configurations of 
such a system can be deScribed, and 
statements can be made about their var­
ious relations to one another. One may 
say that a "string" is pretty, or that it 
resembles another "string," or that one 
"string" appears to be made up of three 
others, and so on. Such statements will 
evidently be meaningful. 

Now it is plain that any meaningful 
statements about a meaningless system 
do not themselves belong to that system. 
Hilbert assigned them to a separate 
realm which he called "meta-mathe­
matics." Meta-mathematical statements 
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are statements about the signs and ex­
pressions of a formalized mathematical 
system; about the kinds and arrange­
ments of such signs when they are com­
bined to form longer strings of marks 
called "formulas," or about the relations 
between formulas which may obtain as 
a consequence of the rules of manipula­
tion that have been specified for them. 

A few examples will illustrate Hil­
bert's distinction between mathematics 
(a system of meaningless expressions) 
and meta-mathematics (statements about 
mathematics). Consider the arithmetical 
expression 2+3 = 5. This expression be­
longs to mathematics and is constructed 
entirely out of elementary arithmetical 
signs. Now we may make a statement 
about the displayed expression, viz.: 
"'2+3 = 5' is an arithmetical formula." 
The statement does not express an arith­
metical fact: it belongs to meta-mathe­
matics, because it characterizes the 
string of arithmetical signs. Similarly the 
expression x=x belongs to mathematics, 
but the statement " 'x' is a variable" be­
longs to meta-mathematics. We may also 
make the following meta-mathematical 
statement: "The formula '0 = 0' is deriv­
able from the formula 'x=x' by substi­
tuting the numeral '0' for the variable 
'x'." This statement specifies in what 
manner one arithmetical formula can be 
obtained from another formula, and 
thereby describes how the two formulas 
are related to each other. Again, we may 
make the meta-mathematical statement: 
" '0 � 0' is not a theorem." It says that 
the formula in question is not derivable 
from the axioms of arithmetic, or in 
other words, that a certain relation 
does not hold between the specified 
formulas of the system. Finally, the fol­
lowing statement also belongs to meta­
mathematics: "Arithmetic is consistent" 
( i.e., it is not possible to derive from 
the axioms of arithmetic both the for­
mula 0 = 0 and also the formula 0 � 0) . 

K 

K ----:-__ ...l 
K 

MODEL for a set of postulates about two 
classes, K and L, is a triangle whose vertices 
are the members of K aud whose sides are 

the members of L. The geometrical model 

shows that the postulates are consistent. 

Upon this foundation-separation of 
meta-mathematical descriptions from 
mathematics itself-Hilbert attempted 
to build a method of "absolute" proof 
of the internal consistency of mathe­
matical systems. Specifically, he sought 
to develop a theory of proof which 
would yield demonstrations of consist­
ency by an analysis of the purely struc­
tural features of expressions in com­
pletely formalized (or "uninterpreted") 
calculi. Such an analysis consists exclu­
sively of noting the kinds and arrange­
ments of signs in formulas and determin­
ing whether a given combination of signs 
can be obtained from others in ac­
cordance with the explicitly stated rules 
of operation. An absolute proof of the 
consistency of arithmetic, if one could 
be constructed, would consist in show­
ing by meta-mathematical procedures of 
a "finitistic" (non-infinite) character that 
two "contradictory" formulas, such as 
( 0  = 0 )  and its negation, cannot both 
be derived from the axioms or initial 
formulas by valid rules of inference. 

It may be useful, by way of illustra­
tion, to compare meta-mathematics as a 
theory of proof with the theory of chess. 
Chess is played with 32 pieces of speci­
fied design on a square board contain­
ing 64 square subdivisions, where the 
pieces may be moved in accordance with 
fixed rules. Neither the pieces, nor the 
squares, nor the positions of the pieces 
on the board signify anything outside 
the game. In this sense the pieces and 
their configurations on the board are 
"meaningless." Thus the game is anal­
ogous to a formalized mathematical 
calculus. The pieces and the squares of 
the board correspond to the elementary 
signs of the calculus; the initial positions 
of the pieces correspond to the axioms 
or initial formulas of the calculus; their 
subsequent positions correspond to for­
mulas derived from the axioms ( i.e., to 
the theorems) , and the rules of the game 
correspond to the rules of inference for 
the calculus. Now, though configura­
tions of pieces on the board are "mean­
ingless," statements about these configu­
rations, like meta-mathematical state­
ments about mathematical formulas, are 
quite meaningful. A "meta-chess" state­
ment may assert that there are 20 pos­
sible opening moves for White, or that, 
given a certain configuration of pieces 
on the board with White to move, Black 
is mate in three moves. Moreover, one 
can prove general "meta-chess" theo­
rems on the basis of the finite number 
of permissible configurations on the 
board. The meta-chess theorem about 
the number of possible opening moves 
for White can be established in this way, 

NITROMIITHANI! 
CH3NOa 

NITROIITHAN. 
CH .. CHaNOa 

1-NITIilOPIilOPANE 
CH3CHaCHaNOa 

a-NITIilOPROPAN. 
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Tomorrow is behind us 
Recent announcements of 

jet aircraft flying twice the 

speed of sound and of atomic 

power beyond our wildest 

dreams make Jules Verne 

and Buck Rogers rather 

tame. We have been moving 

ahead at such a rapid pace 

that whatever we do today 

is but a stop gap 'til tomor­

row. 

It was only nme short 

years ago that Cooper Alloy 

cast centrifugally the first 

production run of jet engine 

rings. Progress has mad:) 

this method but one of many. 

Our new plant at Clark, N.J. 

built to produce rings by 

various means is already too 

small and is being tripled in 

size. 

Research makes us live m 

tomorrow, but unlike yester­

year when new ideas were 

buried, we now put invention 

to work so quickly that truly 

tomorrow is already behind 

us. 

� H. A. Cooper 
PRESIDENT fill, COOPIER ALLOY III ' C O R P O R A T I O N  "', 

< HILLSIDE NEW JERSEY 

Corrosion ResistantValves, Fittings, Castings, Pumps 
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and so can the meta-chess theorem that 
if White has only two Knights, it is im­
possible for White to mate Black. These 
and other "meta-chess" theorems can, in 
other words, be proved by finitistic 
methods of reasoning, consisting in the 
examination of each of a finite number 
of configurations that can occur under 
stated conditions. The aim of Hilbert's 
theory of proof, similarly, was to demon­
strate by such finitistic methods the im­
possibility of deriving certain contradic­
tory formulas in a calculus. 

The Principia 

It was Hilbert's approach, coupled 
with the formalization of logic itself in 

the famous Principia Mathematica by 
Alfred North Whitehead and Bertrand 
Russell, that led to the crisis to which 
Godel supplied a final answer. 

The grand object of PrinCipia, pub­
lished in 1910, was to demonstrate that 
mathematics is only a chapter of logiC. 
But it made two contributions which 
are of particular interest to us here. 
First, following up work by the 19th­
century pioneer George Boole, it sup­
plied a system of symbols which per­
mitted all statements of pure mathe­
matics to be codified in a standard man­
ner [see "Symbolic Logic," by John E. 
Pfeiffer; SCIENTIFIC AMERICAN, De­
cember, 1950J. Secondly, it stated in 
explicit form most of the rules of formal 

NON·EUCLIDEAN GEOMETRY of Bernhard Riemann can be represented by a Euclidean 
model. The plane becomes the surface of a Euclidean sphere, points on the plane become 
points on this surface, straight Jines become great circles. Thus a portion of the plane 
bounded by segments of straight lines is depicted as a portion of the sphere bounded by 
parts of great circles (center). Two parallel lin" segments are two segments of great circles 

(bottom), and these, if extended, indeed intersect, thus contradicting the parallel postulate. 
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logic that are employed in mathematical 
proofs. Thus Principia provided an es­
sential instrument for investigating the 
entire system of arithmetic as a system 
of "meaningless" marks which could be 
operated upon in accordance with ex­
plicitly stated rules. 

We turn now to the formalization of 
a small portion of Principia, namely, the 
elementary logic of propositions. The 
task is to convert this fragment into a 
"meaningless" calculus of uninterpreted 
signs and to demonstrate a method of 
proving that the calculus is free from 
conh·adictions. 

Four steps are involved. First we must 
specify the complete "vocabulary" of 
signs to be employed in the calculus. 
Second, we state the "formation rules" 
(the rules of "grammar") which indicate 
the combinations of signs permissible as 
formulas (or "sentences"). Third, we 
specify the "transformation rules," which 
tell how formulas may be derived from 
others. Finally, we select certain formu­
las as axioms which serve as foundations 
for the entire system. The "theorems" of 
the system are all the formulas, includ­
ing the axioms, that can be derived from 
the axioms by applying the transforma­
tion rules. A "proof" consists of a Rnite 
sequence of legitimate formulas, each of 
which is either an axiom or is derivable 
from preceding formulas in the sequence 
by the transformation rules. 

The vocabulary for the elementary 
logic of propositions (often also called 
the "sentential calculus") is extreme­
ly simple. The "sentential" variables 
(which correspond to sentences or state­
ments) are certain letters: p, q, l' and 
so on. Then there are several connec­
tives: "", which stands for "not"; v, 
which stands for "or"; :::>, which stands 
for "if . . . then," and ., which stands 
for "and." Parenthesis marks are used 
as signs of punctuation. 

Each sentential variable counts as a 
formula, and the signs may be combined 
according to the formation rules to form 
other formulas: e.g., p :::> q. If a given 
sentence (p :::> q) is a formula, so is its 
negation"" (p :::> q). If two sentences, 
S1 and S2, are formulas, so is the com­
bination (S1) V (S2)' Similar conven­
tions apply to the other connectives. 

For transformations there are just two 
rules. One, the rule of substitution, says 
that if a sentence containing sentential 
variables has been assumed, any formu­
la� may b� substituted everywhere for 
these variables, so that the new sentence 
will count as a logical consequence of 
the original one. For example, having 
accepted p :::> p (if p, then p), we can 

696· 
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MERCURY BATTERIES 
with dependable power can help you 

miniaturize your products 
General Mercury Batteries with their 
small size and dependable high­
energy output, are enabling manu­
facturers of portable and personal 
radios, hearing aids, and many other 
battery- powered products to minia­
turize and improve performance. 

Why not investigate the possibili­
ties of these small but powerful 
batteries for your products? We will 
be glad to work with you in develop­
ing General Mercury Batteries which 
will exactly fit your requirements. 

General Mercury Batteries can be 
made in .. power packs" in an un-

limited number of series, parallel or 
series - parallel combinations. These 
"power packs" are made up of in­
dividual cells joined together by 
General's surge-weld process which 
makes a better battery with constant 
potential and uniform rate of dis­
charge, and with resistance to 
humidity, corrosion, impact and ac­
celeration ... a battery that is usable 
over wide temperature and pressure 
ranges. 

Complete technical data will be sent 
on request, and specific questions 
gladly answered. Just write and tell 
us how we can help. 

EXPORT O FFICE: 431 5th Ave., New York 16, New York 
IN CANADA: General Dry Balleries, Ltd., Toronto 4, Ontario 
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When can 

adhesives 
help? 

Answers come faster 
with our Custom Service 

Flocking - Natural or synthetic fibres, 
1f4 to 1 mm. fong, cemented to fabric, 
paper, rubber, plastics, metals, wood, etc. 
to produce the effect of pile, suede, velvet 
or plush. 

(p V p) => p 

If either p or p, then p 

2 p=>(p v q) 
If p, then either p or q 

3 (p v q) => (q v p) 

If either p or q, then 

either q or p 

4 ( p => q) => [ (r v p) => (r v q)] 
Permanent Bonding - Foam or sponge 

I f I h ( h bonded to fabric·backed vinyl; then to arm pimp ies q, t en eit er 
rest shell of plastic or metal. r or p) implies (either r or q) 

If either Henry VIII was a boor 

or Henry VIII was a boor, then 

Henry VIII was a boor. 

If psychoanalysis is valid then 

either psychoanalysis is valid or 

headache powders are better. 

If either Immanuel Kant was 

punctual or Hollywood is sinful 

then either Hollywood is sinful 

or Immanuel Kant was punctual. 

If ducks waddle implies that v'2 is 

a number then (either Churchill 

drinks brandy or ducks waddle) 

implie's ( either Churchill drinks 

brandy orv'2 is a numbed. 

Desk Top 
Rigid Laminating - Linol eum, cured 
phenolic laminate, melamine laminate, or 
vinyl plastic top·sheeting permanently 
bonded to steel or wooden desks. 

SENTENTIAL CALCULUS, or the elementary logic of propositions, is based on four 
axioms. The nonsense statements illustrate how general is the "meaning" of the symbols. 

Here you see a few samples of how 
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day. More and more industries 
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cost of joining and fa stening 
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120 Potter Street, Cambridge 42, Mass. 

Midwestern Plant: Huntington, Indiana 

always substitute q for p, obtaining as 
a theorem the formula q => q; or we 
may substitute (p v q) for p, obtain­
ing (p v q) => (p V q). The other rule, 
that of detachment, simply says that if 
the sentences Sl and Sl => S2 are log­
ically true, we may also accept as logi­
cally true the sentence S2' 

The calculus has four axioms, essen­
tially those of Principia, which are given 
in the table at the top of this page, 
along with nonsensical English sen­
tences to illustrate their independence of 
meaning. The clumsiness of the transla­
tions, especially in the case of the fourth 
axiom, will perhaps help the reader to 
realize the advantages of using a special 
symbolism. 

Search for a Proof 

Each of these axioms may seem "ob­
vious" and trivial. Nevertheless it is pos-

sible to derive from them with the help 
of the stated transformation rules an in­
deRnitely large class of theorems which 
are far from obvious or trivial. However, 
at this point we are interested not in 
deriving theorems from the axioms but 
in showing that this set of axioms is not 
contradictory, We wish to prove that, 
using the transformation rules, it is im­
possible to derive from the axioms any 
formula S (i.e., any expression which 
would normally count as a sentence) to­
gether with its negation '"'-' S, 

Now it can be shown that p => 
( "-' p => q) (if p, then if not-p then 
q) is a theorem in the calculus. Let us 
suppose, for the sake of demonstra­
tion, that a formula S and its contradic­
tory '"'-' S were both deducible from t�e 
axioms, and test the consequences by 
means of this theorem. By substituting 
S for p in the theorem, as permitted by 
the rule of substitution, we Rrst obtain 
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S ::J ( '" S ::J q). From this, assuming 
S to be demonstrably true, we could 
next obtain, bv the detachment rule, 
'" S ::J q. Finally, if we assume '" S 
also is demonstrable, by the detachment 
rule we would get q. Since we can sub­
stitute any formula whatsoever for q, 
this means that any formula whatsoeve.r 
would be deducible from the axioms. 
Thus if both S and its contradictory'" S 
were deducible from the axioms, then 
any formula would be deducible. We 
arrive, then, at the conclusion that if the 
calculus is not consistent (i.e., if both S 
and ,....., S are deducible) any theorem 
can be derived from the axioms. Accord­
ingly, to prove the consistency of the 
calculus, our task is reduced to finding at 
least one formula which cannot be de­
rived from the axioms. 

The way this is done is to employ 
meta-mathematical reasoning upon the 
system before us. The actual procedure 
is elegant. It consists in finding a charac­
teristic of formulas which satisfies the 
three following conditions. (1) it is com­
mon to all four axioms; (2) it is "heredi­
tary," that is, any formula derived from 
the axioms (i.e., any theorem) must also 
have the property; (3) there must be at 
least one formula which does not have 
the characteristic and is therefore not a 
theorem. If we succeed in this threefold 
task, we shall have an absolute proof of 
the consistency of the axioms. If we can 
find an array of signs that conforms to 
the requirements of being a formula but 
does not possess the specified character­
istic, this formula cannot be a theorem. 
In other words, the finding of a single 
formula which is not a theorem suffices 
to establish the consistency of the sys­
tem. 

Let us choose as a characteristic of the 
required kind the property of being a 
"tautology." In common parlance a tau­
tology is usually considered to be a re­
dundant statement such as: "John is the 
father of Charles and Charles is a son 
of John." But in logic a tautology is de­
fined as a statement which excludes no 
logical possibilities-e.g., "Either it is 
raining or it is not raining." Another way 
of putting this is to say that a tautology 
is "true in all possible worlds." We apply 
this definition to formulas in the system 
we are considering. A formula is said to 
be a tautology if it is invariably true re­
gardless of whether its elementary con­
stituents (p, q, r and so on) are true or 
false. Now all four of our axioms plainly 
possess the property of being tautolo­
gous. For example, the first axiom, (p V 
p) ::J p, is true regardless of whether p 
is assumed to be true or is assumed to 
be fake. The axiom says, for instance: 

� � 
SUPPOSE you could drive a rotary switch � 
continuously or one segment at a lime; suppose each 

aHernation (or pulse) applied to � a motor 
advanced the switch exactly � one step; 

suppose you could "pulse" it as fast as 

100 counts per second ! 

YOU CAN 
with the 
SIGMA 

* 

CVCLONOME 
STEPPING 

MOTOR 

. . • . . . . . . • . . • . • . . . . 
. . . ......................... . 

Here is a motor that probably is unlike any motor you ever saw 

before. Though synchronous, it will operate on DC pulses as well 

as AC. Each pulse moves the shaft through 180 of rotation - no 

more, no less. Its operation is ratchety, but, since this is accomplished 

magnetically, there is no ratchet. This of course means it will go 

pretty fast (130 cps) without wearing out - and at a cost a lot 

lower than other devices that will hold together at 130 cps. 

The most obvious application for the Cyclonome *, since it was 

introduced several months ago, was in the Sigma Cyclonome* 

Counter where, hooked up to a Veeder - Root drum register, it 

counts to six figures up to 8,000 counts per minute. From there, 

uses range all the way from missiles to gambling machines. 

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

CYCLONOME' STEPPING MOTOR SPECIFICATIONS 

Size _ • • • • • • • • • • • • • • 

Torque • • • • • • • • • • • • • • 
Inertia .. • • • • • • • • • • • • . 

(Equol loads will reduce max. speed 70%) 
Max. speed, stepping • • 

Max. speed, synchronous 
t THIS IS HOW WE DO IT IN OUR LABORATORY, 

THE SWITCHES ARE NOT REGULARLY FOR SALS. 

Type 12A 
1�" x 1%" x 2%" 

1.3 inch/oz. 
.6 gram/cm2 

150 cps (15 r. p. s.) 
600 cps (60 r. P. s.) 

SIGMA INSTRUMENTS, Inc. 
40 Pearl Street, So. Braintree, Boston 85, Mass. 
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SIGNS 

v 

3 

o 
s 

VARIABLES 

p 

q 

etc. 

CONNECTIVES AN� ELEMENTARY SIGNS 

GODEL NUMBER 

2 
3 
4 

5 
6 
7 
8 
9 
10 

MEANING 

not 

or 

If ... then 

There is on 

equals 

zero 

The next following number 

punctuation mark 

punctuation mark 

punctuation mark 

SENTENTIAL VARIABLES (EACH DESIGNATED BY A 

NUMBER GREATER THAN 10 AND DIVISIBLE BY 3) 

GODEL NUMBER 

12 
15 
18 

SAMPLE 

Henry VIII was a boor. 

Headache powders are better. 

Ducks waddle. 

INDIVIDUAL VARIABLES (EACH DESIGNATED BY A NUMBER GREATER 
THAN 10 WHICH LEAVES A REMAINDER OF WHEN DIVIDED BY 3) 

VARIABLES GODEL NUMBER MEANING 

x 13 a numerical variable 
y 16 a numerical variable 
z 19 a numerical variable 

etc. 

PREDICATE VARIABLES (EACH DESIGNATED BY A NUMBER GREATER 

THAN 10 WHICH LEAVES A REMAINDER OF 2 WHEN DIVIDED BY 3) 

VARIABLES GODEL NUMBER SAMPLE 

P 14 Being a boor 
Q 17 Being a headache powder 
R 20 Being a duck 

etc. 

ELEMENTARY GO DEL NUMBERS are assigned to every symbol used in his system of 
symbolic logic in accordance with the orderly scheme which is illustrated in the table above. 
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"If either Mount Rainier is 20,000 feet 
high or Mount Rainier is 20,000 feet 
high, then Mount Rainier is 20,000 feet 
high." It makes no difference whether 
Mount Rainier is actually 20,000 feet 
high or not: the statement is still true 
in either case. A similar demonstration 
can be made for the other axioms. 

Next it is possible to prove that the 
property of being a tautology is heredi­
tary under the transformation rules, 
though, we shall not turn aside to give 
the demonstration. It follows that every 
formula properly derived from the axi­
oms (i.e., every theorem) must be a 
tautology. Having performed these two 
steps, we are ready to look for a formula 
which does not possess the characteristic 
of being a tautology. We do not have to 
look very hard. For example, p v q fits 
the requirements. Clearly it is not a 
tautology; it is the same as saying: 
"Either John is a philosopher or Charles 
reads SCIENTIFIC AMERICAN." This is 
patently not a truth of logic; it is not a 
sentence that is true irrespective of the 
truth or falsity of its elementary constit­
uents. Thus p v q, though it purports 
to be a gosling, is in fact a duckling; it 
is a formula but it is not a theorem. 

We have achieved our goal. We have 
found at least one formula which is not 
a theorem, therefore the axioms must be 
consistent. 

GodeI's Answer 

The sentential calculus is an example 
of a mathematical system for which the 
objectives of Hilbert's theory of proof 
are fully realized. But this calculus codi­
fies only a fragment of formal logic. The 
question remains: Can a formalized sys­
tem embracing the whole of arithmetic 
be proved consistent in the sense of Hil­
bert's program? 

This was the conundrum that Godel 
answered. His paper in 1931 showed 
that all such efforts to prove arithmetic 
to be fi-ee from contradictions are 
doomed to failure. 

His main conclusions were twofold. 
In the first place, he showed that it is 
impossible to establish a meta-mathe­
matical proof of the consistency of a sys­
tem comprehensive enough to contain 
the whole of arithmetic-unless, indeed, 
this proof itself employs rules of infer­
ence much more powerful than the 
transformation rules used in deriving 
theorems within the system. In short, one 
dragon is slain only to create another. 

Goders second main conclusion was 
even more surprising and revolutionary, 
for it made evident a fundamental limita­
tion in the power of the axiomatic meth-
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od itself. Godel showed that Principia, 
or any' other system within which arith­
metic can be developed, is essentially in­
complete. In other words, given any con­
sistent set of arithmetical axioms, there 
are true arithmetical statements which 
are not derivable from the set. A classic 
illustration of a mathematical "theorem" 
which has thwarted all attempts at proof 
is that of Christian Goldbach, stating 
that every even number is the sum of two 
primes. No even number has ever been 
found which is not the sum of two 
primes, yet no one has succeeded in find­
ing a proof that the rule applies without 
exception to all even numbers. In reply 
to Godel it might be suggested that the 
set of arithmetical axioms could be modi­
fied or expanded to make "underivable" 
statements derivable. But Godel showed 
that this approach promises no final 
cure. That is, even if any finite number 
of other axioms is added, there will 
always be further arithmetical truths 
which are not formally derivable. 

How did Godel prove his conclusions? 
His paper is difficult. A reader must mas­
ter 46 preliminary definitions, together 
with several important preliminary theo­
rems, before he gets to the main results. 
We shall take a much easier road; never­
theless we hope at least to offer glimpses 
of the argument. 

Codel Numbers 

Godel first devised a method of assign­
ing a number as a label for each elemen­
tary sign, each formula and each proof 
in a formalized system. To the elemen­
tary signs he attached as "Godel num­
bers" the integers from 1 to 10 ;  to the 
variables he assigned numbers according 
to certain rules [see table at left] . To 
see how a number is given to a formula 
of the system, let us take this formula: 
( 3 x )  (x = Sy), which reads literally 
"there is an x, such that x is the imme­
diate successor of y" and in effect says 
that every number has an immediate 
successor. The numbers associated with 
the formula's 10 successive signs are, 
respectively, 8, 4, 13, 9, 8, 13, 5, 7,  16, 9 
[see table] . Now these numbers are to 
be used as exponents, or powers, of the 
first 10 prime numbers (i.e ., 2, 3, 5 and 
so on). The prime numbers, raised to 
these powers, are multiplied together. 
Thus we get the number 28 X 34 X 513 
X 79 X l IB X 13 1 3  X 175 X 197 X 2316 
X 299• The product is the Godel number 
of the formula. In the same way every 
formula can be represented by a single 
unique number. 

We can assign a number to a sequence 
of formulas, such as may occur in some 

Jlow 

ORANGES TUMBLE off a stainless steel woven wire belt, made from 

wire supplied by Alloy Metal Wire Division, H. K. Porter Company, lnc. 

NON-FERROUQ META� . . .  AND STAINLESS STEELS 
Every industry, from aircraft to zipper, needs special metals to meet special 
conditions of fabrication and use. 

Of the 1 3  H. K. Porter Company, Inc. divisions, two are specialists in 
producing these non-ferrous metals: Riverside Metal in New Jersey and 
Alloy Metal Wire in Pennsylvania, also a specialist in stainless steels. 

As in all Porter divisions, service is the key word at these two divisions. 
To increase Riverside's service, Porter has spent over $ 1  Y2 million to ex­
pand and modernize plant facilities. At Alloy, much new equipment has 
been installed, including a new 4-high mill. new rod polishing machines, 
new die finishing and new gas cracking equipment. 

As Porter divisions grow so does their service to industry. 
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ALLOY METAL WIRE, PROSPECT PARK, PA • •  CONNORS STEEL, BIRMINGHAM, ALA • •  DELTA-STAR ELECTRIC, 

CHICAGO, ILL • •  Henry DISSTON, PHILADELPHIA, PA • •  ESECO, JOLIET, ILL • •  LACLEDE-CHRISTY, ST. LOUIS, MO. 

LESCHEN WIRE ROPE, ST. LOUIS, MO • •  McLAIN FIRE BRICK, PITTSBURGH, PA. • QUAKER PIONEER RUBBER, 

SAN FRANCISCO, CAL. • QUAKER RUBBER, PHILADELPHIA, PA • •  RIVERSIDE METAL, RIVERSIDE, N. J • •  VULCAN 

CRUCIBLE STEEL, ALIQUIPPA, PA • •  W-S FITTINGS, ROSELLE, N. J. 
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PEAC E MAKE R. 
They called this weapon the Peacemaker. 
In the hands of the Western lawmen, it 
brought peace and order to the turbulent 
frontier. 

In the West today, Sandia Corporation en­
gineers and scientists explore new frontiers 
in research and development engineering 
to produce modern peacemakers . . .  the 
nuclear weapons that deter aggression and 
provide a vital element of securi ty for the 
nations of the free world. 

Sandia Corporation,  a subsidiary of the 
Western EleCtric Company, operates Sandia 
Laboratory in Albuquerque, N. M. and a 
branch installation at Livermore, Cal. under 
direct contract with the AtOmic Energy 
Commission. At both of these locations, 
engineers and scientists who look to the 
future find challenge and opportunity . . .  
the challenge of advanced problems in a 
broad range of research and development 
activities, and the opportunity for profes­
sional growth and individual advancement 
in a stimulating new field. In addition, chey 
enjoy excellent l iving and working condi­
tions, and outstanding employee benefits. 

Qualified engineers and scientists interested 
in joining our professional staff are invited 
to write for further details. 

Please address 
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CODEL NUMBERS of formulas are con­
structed by raising the prime numbers, in 

sequence, to powers which are the Codel 
numbers of the symbols involved. Thus 100 
is not a Codel number because its factors 

skip the prime number 3. On the other hand, 

162 is the Codel number for "there is not." 

proof, by a similar process. Let us say 
that we have a sequence of two formu­
las, the second derived from the first. 
For example, by substituting 0 for y in 
the formula given above, we derive 
( 3  x )  ( x = SO ) ,  which says that 0 has 
an immediate successor. Now the first 
and second formulas are identified by 
Codel numbers which we shall call m 
and n, respectively. To label this se­
quence, we use the Codel numbers m 
and n as expone,nts and multiply the first 
two primes (2  and 3 )  raised to these 
powers. That is to say, the Codel num­
ber that identifies the sequence is 2m X 
3". In like manner we can give a number 
to any sequence of formulas or any other 
expression in the system. 

What has been done so far is to estab­
lish a method for completely arithmetiz­
ing a formal system. The method is es­
sentially a set of directions for making 
a one-to-one correspondence between 
specific numbers and the various ele­
ments or combinations of elements of the 
system. Once an expression is given, it 
can be uniquely numbered. But more 
than that, we can retranslate any Codel 
number into the expression it represents 
by factoring it into its component prime 
numbers, which can be done in only one 
way, as we know from a famous theorem 

CO PPER 
rol led to 
1,4 THOUSANDTH 

M i n i a t u r i n d  w a f e r · t y p t  
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. • • for m i n i a ­
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Now, this ultra-thin metal permi�s ma,xi­
mal miniaturization of ekctrontc cotIs, 
transformers and capacitors as well as 
pulse transformers and solenoids in 
travelling wave tubes . . .  by the sub­
stitution of tape-wound, wafer-type wind­
ings for the bulkier conventional magnet 
wire wound design. I t  is  also ideal for flexible printed circuitry. 

This dramatic new material is  dense 
a n d  h o m o g e n e o u s. It is ro lled, n o t  
electro-deposited. A square foot weighs 
only .01 1 62 lb. One pound of this 1;' mil 
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close as 0.00005" 
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Brown Servo 
Components 
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available as individual units. Use them 
in remote positioners, null balance cir­
cuits, analog and coordinate transla­
tors, servo loops. 

Order a few for prototype development 
. . .  or thousands for production use. 
Quick, dependable delivery. 

• Write for Data Sheets giving full facts. Or phone your local Honeywell office. 
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of arithmetic [see illustration belowJ . In 
other. words, we can take the number 
apart as if it were a machine, see how it 
was constructed and what went into it, 
and we can dissect an expression or a 
proof in the same way. 

This leads to the next step. It occurred 
to Codel that meta-mathematical state­
ments can be translated into arithmetical 
terms by a process analogous to map­
ping. In geography the spatial relations 
between points on the spherical earth 
can be projected onto a flat map; in 
mathematical physics relations between 
the properties of elech'ic currents can be 
mapped in terms of the flow of fluids; in 
mathematics itself relations in geometry 
can be translated into algebra. Codel 
saw that if complicated meta-mathemat­
ical statements about a system could be 
translated into, or mirrored by, arith­
metical statements within the system 
itself, an important gain would be 
achieved in clarity of expression and 
facility of analysis. Plainly it would be 
easier to deal with arithmetical counter­
parts of complex logical relations than 
with the logical relations themselves. To 
cite a trivial analogy: If customers in a 
supermarket are given tickets with num­
bers determining the order in which they 
are to be waited on, it is a simple matter 
to discover, merely by scrutinizing the 
numbers, how many persons have been 
served, how many are waiting, who pre­
cedes whom and by how many cus­
tomers, and so on. 

What Codel aimed at was nothing less 
than the complete arithmetization of 
meta-mathematics. If each meta-mathe-

A 1 25,000,000 

B 64 X 1 25 X 1 5,625 

c 

D 

E 

6 5 6 

! ! ! 
o 0 

o o 

ARITHMETICAL FORMULA "zero equals 

zero" has the Godel number 125 million. 
Reading down from A to E, the illustration 

shows how the number is translated into the 

expression it represents ;  reading up, how 

the number for the formula is derived. 
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effic iently hand les a l l  

m icro a n d  m acro work : 

1 .  Visual microscopy 

2. High power photomicrography, with 
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3. Low power photomacrography, with 
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4. Photocopying 

Bau sch & lomb 
Model  l 
Photomi e  rag ra ph i e  
Eq uipment  
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Fits microscope eyepiece tube . • •  

photographs what you want, when 
you want it! Simultaneous focus 
of visual and film images assures 
vivid, detailed pictures. 3 5 mm or 
2 Y4  x 3 Y4  film, color and black­
and-white. 

WRITE FOR INFORMATION 
AND DEMONSTRATION 
Please specify Catalog Number ( s ) . Dem­
onstration on request; no obligation, of 
course. Address Bausch & Lomb Optical 
Co., 75806 St. Paul St., Rochester 2,  N. Y. 

Bausch & lomb Model N 
Eyepiece Camera, Cata log E-2 1 
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Not all the problems faced by atomic 
researchers are of earth shattering 
gravity. Some merely cause incon­
venience and broken golf dates. 
For instance, the safety-record of 
various firms engaged in nuclear re­
search such as G-E, Union Carbide, 
and Westinghouse has long been a 
point of particular pride with them. 
To maintain this record, the amount 
of radiation received by workers 
must be checked frequently. 
Until Berkeley's Systems Engineer­
ing Department brought out their 
high s p eed Automatic S ample 
Changer, monitoring large quanti­
ties of samples involved night and 
week-end work. By manual methods 
a technician starting at 5 p.m. on 
Friday to measure radioactivity on 
250 samples would finish at 7 p.m. 
Sunday evening. Berkeley's n ew 
sample changer finishes the same job 
by 2 p.m. on Saturday - automati­
cally measuring and printing out the 
radioactivity present on each sample. 
Unattended to be sure, but hardly 
unloved by those health physicists 
who used to spend their week-ends 
in the lab. 
Berkeley engineers built the auto­
matic sample changer by taking a 
model 2020 Scaler and Model R-5 
Digital Printer from stock and en­
gineering the sample changing me­
chanism to tie the system together: 
This is another example of Berkeley's 
practical and economical approach 
to automation. 
Natu rally, complete specifications 
are available o n  request. Please ad­
dress Dept. 06. 

� Berkeley B E C KMAN  INSTR UM E NTS INC .  
R I CHMOND 3, CAli F  • •  LANDSCAPE 6-773 0 
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matical statement could be uniquely 
represented in the formal system by a 
formula expressing a relation between 
numbers, questions of logical depend­
ence between meta-mathematical state­
ments could be explored by examining 
the corresponding relations between in­
tegers. Godel did in fact succeed bril­
l iantly in mapping the meta-mathe­
matics of arithmetic upon arithmetic 
itself. We need cite only one illustra­
tion of how a meta-mathematical state­
ment can be made to correspond to a 
formula in the formal arithmetical sys­
tem. Let us take the formula ( p  v p )  � 
p. We may make the meta-mathematical 
statement

' 
that the formula ( p  v p )  is 

the initial part of this formula.  Now we 
can represent this meta-mathematical 
statement by an arithmetical formula 
which says in effect that the Godel num­
ber of the initial part is a factor of the 
Godel number of the complete formula. 
Evidently this is so, for the Godel num­
ber of (p v p )  is 28 X 31 2 X 52 X 712 
X 110, while the Godel number of ( p  

MAPPING of objects from one realm onto 

another is illustrated above. Points in the 

upper, horizontal plane can be uniquely 
mapped onto the lower plane, which slants 

downward from back to front, by drawing 

l i n es from a single point through the points 
of the upper plane and extending them un­

t il t.hey int.ersect the lower plane. Thus a cir­
cle in the upper plane maps as an ellipse in 

the l ower. Godel mapped statements ahout 

arithmetic as expressions in arithmetic. 

v p ) � p is 28 X 312 X 52 X 712  X 1 P 
X 133 X 1712 • 

The Undecidable Proposition 

We have now arrived at the very 
heart of Godel's analysis. He showed 
how to construct an arithmetical formu­
la, whose Godel number we shall sup­
pose is h, which corresponds to the 
meta-mathematical statement, viz. : "The 
formula with Godel number h is not 
demonstrable." In other words, this for­
mula ( call it G) in effect asserts its 
own indemonstrability, though it is a 
legitimate formula belonging to the for­
mal system of arithmetic. Godel then 
proceeded to examine the question 
whether G is or is not a demonstrable 
formula of arithmetic. He was able to 
show that G is demonstrable if, and only 
if, its negation, ,......, G, also is demonstra­
ble. But if a formula and its negation 
are both derivable from a set of axioms, 
obviously the axioms are not consistent. 
It follows that if arithmetic is consistent, 
neither G nor its negation is demonstra­
ble. That is to say, G is an undecidable 
formula of arithmetic. Now from this 
Godel proved the indemonstrability of 
the proposition that arithmetic is con­
sistent. It can be shown that a meta­
mathematical statement of arithmetic's 
consistency corresponds to a certain 
arithmetical formula, A, and that the 
arithmetical formula A � G ( if A, then 
G) is demonstrable. Thus if A were de­
monstrable, G would be also. But we 
have just seen that G is 

�lot demonstra­
ble. It follows that A is undecidable. In 
short, the consistency of arithmetic is 
undecidable by any meta-mathematical 
reasoning which can be represented 
within the formalism of arithmetic. 

Godel's analysis does not exclude a 
meta-mathematical demonstration of the 
consistency of arithmetic; indeed, such 
proofs have been constructed, notably 
by Gerhard Gentzen, a member of the 
Hilbert school. But these "proofs" are in  
a sense pointless, because they employ 
rules of inference whose own internal 
consistency is as much open to doubt as 
is the formal consistency of arithmetic 
itself. Gentzen's proof employs a rule of 
inference which in effect permits a for­
mula to be derived from an infinite class 
of premises. And the employment of this 
non-finitistic meta-mathematical notion 
raises once more the difficulty which 
Hilbert's original program was intended 
to resolve. 

There is another surprise coming. Al­
though the formula G is undecidable, it 
can be shown by meta-mathematical rea­
soning that G is nevertheless a true arith-

© 1956 SCIENTIFIC AMERICAN, INC



tough, versatile1 

u.s. Royalite the sheet fabricating material 

that turns designers' dreams into practical realities 

Is the case, cabinet, cover or other part of your 
product now made of a material which leaves 
something to be desired in . • •  

Economy? Royalite@ assures exact, inexpensive 
prototypes . . .  lower tooling, finishing and assem-, 
bly cost . . .  fewer operations. 

Beauty ?  Royalite molds readily to shape, detail 
and contour . • •  retaining its eye"catching, sales­
appealing color and texture. 

Durability? Patented compounding of thermo� 
plastic fortified with rubber gives never-before 

wear ability. It's super-tough to resist impact . . .  
yet weighs less than any metal. Custom formulized 
to meet specific needs such as oil and chemical 
resistance, moisture-resistance, and performance 
at extremes in temperature. 

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

• See these designers' dreams come true at 
the Royalite Display, National Plastics 

Show, Coliseum in New York • • •  

Jnne 11 to 15-Booth No. 1212 
. . . . . . . . . . . . • • • • • . . . • • • . . . . . . . . . . . . 

U n i t e d S t a t e s R u b b e r  
2638 N ,  Pu laski Road, Ch icago 39, I l l i no is  

85 

© 1956 SCIENTIFIC AMERICAN, INC



/ 

U n i q u e, a l l -purpose n o n -woven 
fabric you can put to prollta ble use 

Felters h a s  combined a va riety of 

fi bers - wool,  rayon,  cotton ,  dynel ,  
nylon a n d  dacron - with a resi n  

(thermoplastic) b inder. R esult: a 

felt- l ike fa bric with a tremendous 
ra nge of f iber  com b i natio n s  -

using different d i a m eters, l engths 
and gravities. 

The thermoplastic b i n d e r  has two 
big advantages: ( 1 )  A I i Fa b  wil l  hol d 
a n y  em bossed pattern, actual ly 
gives d i m ension to a design; a n d  
(2)  it  i s  possible to elect ro n ic 
" stitc h "  or heat sea l ,  el i m i nati n g  

sewing_ T h e s e  features open a n e w  
rea l m  of uses a s  low-cost f i l ler  a n d  

backi ng fo r plastics a n d  u p holstery, 

and for creating n ew packages a n d  

b o x  designs. 

BeHer yet, you name it ! Felters wil l  

be glad to furnish sa mples a n d  

tec h nical advice t o  h e l p  y o u  save 

m o n ey with this low·cost A I i Fab.  

One of the NEW 
fam ily of f e l t s  • • •  

MiraFelt® 

Dynel-Mat 

Unisorb® 

MX-1 0 l  

AI IFab® 

Cut Felt Parts 

A n other Fa bri c 
First In • • •  

ManuFacturer. of Felt 
and Felt Product. 

S E N D  for Free Sa m pl e  
a n d  d escriptive B u l l et in.  

The Felters Co.  
242 South St. ,  Boston I I , Mass.  

Na m e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Title . . . . . . . . . . . . . . . . . . . . . . . .  . 

Com pa ny . . . . . . . . . . . . . • . . . . . . .  

Add ress . . . . . . . . . . . . . . . . . . . . .  . 
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metical statement and expresses a prop­
erty of the arithmetical integers. The 
argument for this conclusion is quite 
simple. We need recall only that Codel 
mapped meta-mathematical statements 
upon arithmetical formulas in such a 
way that every true meta-mathematical 
statement corresponds to a true arith·­
metical formula. Now C corresponds to 
a meta-mathematical statement ("the 
formula with Codel number h is not 
demonstrable") which, as we have seen, 
is true, unless arithmetic is inconsistent. 
It follows that C itself must be true. We 
have thus established an arithmetical 
truth by a meta-mathematical argument. 

So we come to the finale of Coders 
amazing and profound intellectual sym­
phony. Arithmetic is incomplete, in the 
transparent sense that there is at least 
one arirtlmetical truth which cannot be 
derived from the arithmetical axioms 
and yet can be established by a meta­
mathematical argument outside the sys­
tem. Moreover, arithmetic is essentially 
incomplete, for even if the true formula 
C were taken as an axiom and added to 
the original axioms, the augmented sys­
tem would still not suffice to yield for­
mally all the truths of arithmetic: we 
could still construct a true formula which 
would not be formally demonstrable 
within the system. And such would be 
the case no matter how often we re­
peated the process of adding axioms to 
the initial set. 

This remarkable conclusion makes 
evident an inherent limitation in the 
axiomatic method. Contrary to previous 
assumptions, the vast "continent" of 
arithmetical truth cannot be brought in­
to systematic order by way of specifying 
once for all a fixed set of axioms from 
which all true arithmetical statements 
would be formally derivable. 

Men and Calculating Machines 

The far-reaching import of Coders 
conclusions has not yet been fully fath­
omed. They show that the hope of find­
ing an absolute proof of consistency for 
any deductive system expressing the 
whole of arithmetic cannot be realized, 
if such a proof must satisfy the finitistic 
requirements of Hilbert's original pro­
gram. They also show that there is an 
endless number of true arithmetical 
statements which cannot be formally de­
duced from any specified set of axioms 
in accordance with a closed set of rules 
of inference. It follows that an axiomatic 
approach to the theory of numbers, for 
example, cannot exhaust the domain of 
arithmetic truth. Whether an all-inclu­
sive general definition of mathematical 

or logical truth can be devised, and 
whether, as Codel himself appears to be­
lieve, only a thoroughgoing Platonic 
realism can supply such a definition, are 
problems still under debate. 

Coders conclusions have a bearing on 
the question whether a calculating ma­
chine can be constructed that would 
equal the human brain in mathematical 
reasoning. Present calculating machines 
have a fixed set of directives built into 
them, and they operate in a step-by-step 
manner. But in the light of Codel's in­
completeness theorem, there is an end­
less set of problems in elementary num­
ber theory for which such machines are 
inherently incapable of supplying an­
swers, however complex their built-in 
mechanisms may be and however rapid 
their operations. The human brain may, 
to be sure, have built-in limitations of its 
own, and there may be mathematical 
problems which it is incapable of solv­
ing. But even so, the human brain ap­
pears to embody a structure of rules of 
operation which is far more powerful 
than the structure of currently conceived 
artificial machines. There is no imme­
diate prospect of replacing the human 
mind by robots. 

Coders proof should not be con­
strued as an invitation to despair. The 
discovery that there are arithmetical 
truths which cannot be demonstrated 
formally does not mean that there are 
truths which are forever incapable of 
becoming known, or that a mystic intui­
tion must replace cogent proof. It does 
mean that the resources of the human 
intellect have not been, and cannot be, 
fully formalized, and that new principles 
of demonstration forever await inven­
tion and discovery. We have seen that 
mathematical propositions which cannot 
be established by formal deduction from 
a given set of axioms may nevertheless 
be established by "informal" meta-math­
ematical reasoni�g. 

Nor does the fact that it is impossible 
to construct a calculating machine 
equivalent to the human brain neces­
sarily mean that we cannot hope to ex­
plain living matter and human reason in 
physical and chemical terms. The possi­
bility of such explanations is neither 
precluded nor affirmed by Coders in­
completeness theorem. The theorem 
does indicate that the structure and 
power of the human mind are far more 
complex and subtle than any non-living 
machine yet envisaged. Coders own 
work is a remarkable example of such 
complexity and subtlety. It is an occa­
sion not for discouragement but for a 
renewed appreciation of the powers of 
creative reason. 
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N e vv t re n d s  a n d  d ev e l o p m e n t s  
e l e ct r i c a l  p ro d u ct s  i n  d e s i g n i n g  • • • 

H ow to d eterm i n e  w h i c h  G e n e ral  E l ectri c A l n i c o  P e r m a­

n e nt M ag n et g rad e offe rs t h e  o pti m u m  s et of m ag n et i c  

a n d  p h y s i c a l  p r o p e rt i e s f o r  a p a rt i c u l a r a p p l i c at i o n  

THE BASIC function of a permanent 
magnet is to provide a specific 

magnetic flux across a given air gap. 
The basic problem for the designer 
is to select a magnetic material with 
the optimum combination of mag­
netic and physical properties to ful­
fill this function. 

Since the permanent magnet has 
considerable influence on the final 
size, cost, and efficiency of the prod­
uct, it is important to know the 
primary characteristics of each of 
the seven available General Electric 
Alnico grades. 

Each of these grades offers specific 
advantages in available energy, unit 
cost, and physical properties. No one 
grade excels in all of them. 

In terms of energy product, cast 
Alnico 5 has no peer among mag­
netic alloys. Its 5 million minimum 
gauss-oersteds is 43 % higher than 
Alnico 6. 

Its demagnetization curve (Figure 
1) shows that Alnico 5 has the high-
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Fig. 1 - Al nico 5 Energy Product and 
Demag netization Curves 

est residual induction of all the 
Alnicos, as well as relatively high 
coercive force. This means that a 
smaller cross-sectional area and less 
total volume will be required to 
maintain a given air gap density. 

Thus, where there are space re­
strictions, as in hearing aids, Alnico 
5 has more available energy per 
unit volume. Where there are weight 
restrictions, as in airborne magne­
trons, Alnico 5 offers more available 
energy per pound. And where there 
are cost considerations, as in loud 
speakers, Alnico 5 provides maxi­
mum external energy per dollar. 

At the opposite extreme, Alnico 3 
has one of the lowest energy prod­
ucts of the Alnicos ..,... 1.38 million 
gauss-oersteds (Figure 2 ) .  About 
3% times more Alnico 3 than Alnico 
5 is required to produce a given air 
gap field energy requirement. 

However, because of its lower 
cost, Alnico 3 offers important sav­
ings in applications like toys and 
novelties, where performance and 
weight are not critifal factors. 
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Fig. 2 - Alnico 3 Energy Product and 
Demag netization Curves 

Despite its relatively low energy 
product, Alnico 3 still provides 
more external energy, at lower cost, 
than does 37% cobalt steel - the best 
of all the magnet steels. 

G-E Alnico 6 has an energy prod­
uct of 3.5 million gauss-oersteds, 
ranking second only to Alnico 5. 
But the primary advantage of this 
grade lies in its flatter, more stable 
demagnetization curve (Figure 3, 
see top of next column) .  

Alnico 6 has ability t o  provide 
useful field energy under dynamic 
operating conditions. And in certain 
applications, Alnico 6, despite its 
lower energy product, will produce 
a higher gap flux density than 
Alnico 5. 

For motors, generators and lifting 
applications, where the magnet is 
operating under varying demagnet-
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Fig. 3 - Al nico 6 Energy Product and 
Demag netization Curves 

izing influences, Alnico 6 offers 
greater stability and high useful 
recoil energy. 

Generally speaking,  p e rmanent 
magnets' physical properties are 
seldom the primary consideration 
when selecting magnetic materials. 
However, in certain high rotary 
speed applications, such as rotors, 
physical strength is of maj or impor­
tance. This necessitates the use of a 
sintered, instead of a cast, Alnico 
grade. These sintered magnets have 
tremendously improved physical 
properties, with but a slight sacrifice 
in magnetic properties. 

Sintered Alnico 2, for example, 
has more than 20 times the tensile 
strength of cast Alnico 2. And, it has 
10 times the transverse rupture 
strength, in addition to more uni ­
form magnetic properties. Approxi­
mately the same order of structural 
improvements holds true for sintered 
Alnicos . 4 and 5. 

Selecting the proper magnetic ma­
terial is a crucial and complex part 
of the design problem. If you would 
like the assistance of a G-E Magnet 
Engineer in this, or any other, stage 
of your permanent magnet design, 
write : Carboloy Department of 
General Electric Company, 1 1 199 E. 
8 Mile Ave., Detroit 32, Michigan. 

1fogress Is Ovr Most Imporltlnf 'Protlvt!f 

G E N E R A L  e E L E C T R I C  
8 7  
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"The finest steels ever developed�� . • • 

In this new ultra-modern Research Center * at Monroeville, Pa. 

United States Steel is intensifying its activities in fundamental 

and applied research to better serve a changing world. 

IT is safe to say that every man, woman 
and child living in America will in 
some way be benefited from the work 

being done in these laboratories. 
For, by advancing the knowledge of 

steel and its related products-by better 
utilization of raw materials - by im­
proving steelmaking techniques - by de­
veloping new methods of recovery and 
purification of coal chemicals - and by 
other allied research activities, from here 
will come not only better steels to meet 
the more stringent requirements of to­
morrow, but a whole host of valuable 
products undreamed of today. 

To accomplish this end, facilities at the 
Research Center are divided into two 
main groups : the Edgar C. Bain Labora­
tory for Fundamental Research which 
engages in research of a basic nature or 
of long-range significance-and the Ap­
plied Research Laboratory which applies 
basic scientific knowledge from all avail­
able sources to the improvement of proc­
esses and products and the development 
of new ones. 

The Fundamental Research Laboratory 
Broadly speaking, work in the Funda­
mental Research Laboratory covers four 
scientific fields : Physics, Physical Chem­
istry, Physical Metallurgy and Metal­
lurgical Chemistry. 

Specific activities of moment are con­
cerned with fundamental studies of the 
chemical equilibria of interest in steel­
making and related operations, vacuum 
melting techniques, and the use of radio­
active tracer elements in scientific in­
vestigations . . .  the precise measurement 
of various physical, electrical and mag­
netic phenomena, electron microscopy 
and X-ray studies . . .  determination of 
the effects of elevated temperatures on the 
properties of metals . . .  how heat treat­
ment affects the microstructure and prop­
erties of steel . . .  the development of new 
or improved metallographic techniques. 
In short, here are accumulated scientific 
data of a fundamental nature that will 
provide an ever-broadening basis for the 
technology of the future. 

Some of the rather unusual facilities 
available in this laboratory include an 
X-ray microanalyzer - perfected by the 
Fundamental Research Laboratory and, 
we believe, the first of its type to be 
used in this country. This instrument is 
capable of identifying microscopic par­
ticles which cannot be removed from the 
iron matrix. 

Also designed and built at the Funda­
mental Research Laboratory is a unique 
micro-hardness tester for measuring the 
hardness of the individual constituents 

* Important research is also carried out by several 0/ the Oper­
ating Divisions and Associated Companies 0/ United States 
Steel. For example, the Oliver Iron Mining Division operates 
a unique laboratory at Duluth, Minnesota, for studies on the 
mining and beneficiation of iron ore. Other laboratories are 
operated by the National Tube Division in Pittsburgh, Pa., 

8 8  

the American Steel and Wire Division i n  Cleveland, Ohio, and 
the Universal Atlas Cement Company in B uffington, Indiana, 
for carrying out research directly relating to their respective 
operations and products. 

observed in the microstructure of a steel 
specimen. 

To investigate properties of steels in­
tended for high temperature service, the 
Fundamental Research Laboratory has 
developed apparatus which permits the 
measurement of hardness at tempera­
tures up to 1500· F. 

High-speed motion-picture photogra­
phy, using a camera which operates at 
speeds up to 3000 frames per second, is 
being employed to record, for example, 
what happens in a welding arc, in the 
combustion zone in front of a blast 
furnace tuyere, in steel pouring and 
teeming streams and during the break­
ing of mechanical test specimens. 

As an aid in developing steels with 
improved properties through the reduc­
tion of gaseous impurities, a furnace for 
the melting and casting of small, experi­
mental heats in vacuum or under special 
atmospheres is available.  (A similar 

vacuum furnace of 300 pounds capacity 
is available in the Applied Research 
Laboratory. ) 

The Applied Research Laboratory 
The Applied Research Laboratory directs 
its efforts largely to specific, definable 
problems, the solutions for which are 
usually in immediate demand. 
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may well have their beginnings here 
O f  vital imporlance, if the country i s  to 

be assured of an uninterrupted supply of 
steel in the future, is optimum utilization 
of raw materials. This involves research 
on the recovery and beneficiation of lower 
grade iron ores (the so-called "taconites" )  
and their utilization in the blast furnace 
. . .  studies for evaluating various methods 
of agglomerating ore concentrates, such 
as sintering, nodulizing or pelletizing. A 
specially designed, experimental sinter­
ing machine makes it possible to study 
sintering characteristics of various raw 
materials as well as the sintering opera­
tion itself. 

Paralleling this program are studies 
to develop an increasing use of low grade 
coals . . .  to increase recovery of coal from 
coal washery plants . . . to improve 
coke quality through better selection and 
blending of coals. The Laboratory has 
complete facilities for preparing and 

blending coals, for closely controlled, 
experimental coking operations and for 
exhaustive testing of the experimental 
cokes produced. 

Now being greatly extended is a re­

search program for the continued im­
provement in quality of the chemicals re­
covered from coke oven gases-benzene, 
toluene, xylene, naphthalene, pyridine, 
phenol, etc. The work in this field not 
only has resulted in chemicals of higher 
purity but has greatly increased their 
availability for the final products made 

from them-plastics, resins, dyes, phar­
maceuticals and a host of others. 

Another Applied Research activity of 
importance, because it furthers the con­
servation of one of our great natural 

resources, wood, comprises extensive 
studies of the use of coal-tar creosote 
. . .  improved methods of application . . .  
factors influencing permanence . . .  toxic­
ity to wood-destroying organisms and so 
forth. Other investigations which are be­
ing actively pursued concern the recovery 
and utilization of the lesser known com­
pounds not presently recovered from 
coal tar. 

United States Steel has pioneered in 
the field of coated steel products, par­
ticularly electrolytic tin plate, and is 
continuing to make significant contribu­
tions on this subject. These studies have 
had a profound influence on the manu­
facture of tin plate throughout the world, 
resulting in more efficient utilization of 
available supplies of tin, and the develop­
ment of such entirely new products as 
differentially coated tin plate. 

Directly attributable to the work done 
in the Applied Research Laboratory is 
the development of new and improved 
alloy, stainless and other special steels. 
For example, the now familiar high 
strength, low alloy steels having superior 
resistance to atmospheric corrosion, of 
which "COR-TEN" Steel is the prototype 
. . .  "T-!" Constructional Alloy Steel, a 
low carbon alloy steel which, furnished 
in the heat treated condition, provides 
high strength and toughness plus excel-

lent weldability . . .  ultra-high strength 
steels for aircraft landing gears and other 
critical aircraft parts requiring maximum 
strength and reliability with minimum 
weight . . .  age-hardening austenitic steels 
. • . steels for television picture tubes 
. . •  stainless steels resistant to sulphuric 
acid. And for the chemical industry, for 
steam and gas turbines and jet pro­
pelled aircraft, steels with improved cor­
rosion resistance and high temperature 
properties. These problems, and many 
more, engage the attention of Applied 
Research. 

Personnel 
Now something about the men and 
women who staff this new Research 
Center of United States Steel. More 
than 500 in number, they include many 
of the leading research scientists in the 
steel industry. These outstanding metal­
lurgists, physicists, chemists and highly 
skilled technicians operate as research 
teams to continually advance the fron­
tiers of steel technology. Working with 
the ultra-modern facilities available in 
these splendid laboratories, their aim is 
to make certain that the familiar phrase 
"Only Steel can do so many jobs so well" 
will be as true in the years ahead as it 
is today. United States Steel Corpora­
tion, Pittsburgh 30, Pennsylvania. 
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, Please send me the folio ' ' . 
- rysta l  Street, Corn i ng, New York 

' , 0 wmg m atenal· , , Bookl�t: "Glass and You." 
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, 
, 0 BUlletm IZ· T :  "Glass ·t . . , O . . . I S increasing impo t . ' Information on the VYCOR b 
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I Title , 
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How to engineer a platypus 
A happy combination of purposeful prac­
ticality is the furry platypus with its 
webbed feet, beaver's tail, and duck's bill . 

A lot of our customers, to their con­
tinuing delight and profit (we hope) , 
have discovered that glass is sort of 
platypus-like in that it, too, can be made 
to combine many useful characteristics. 

Take, for example, PYREX brand pipe. 
Here you see a man using a piece of it 

to drive a one-inch 
nail in a pine block. 
This is essentially 
an extra-curricular 
activity for glass 
pipe, which is more 
at home conveying 
metal-eating acids 
a round chemical  
plants, but  it ' s  a 
way of showing just 

how tough glass can be when it's made 
that way. 

All of which may serve to illustrate for 
you how we can arrange the optical, 
chemical, thermal, mechanical, and 
electrical properties of glass in different 
combinations to match a considerable 
variety of end-use requirements. In fact, 
we've worked up some 50,000 different 
formulas for glass in our years of helping 
customers solve specific design and proc­
essing problems. 

If platypus-like glass is a novel idea 
to you, if you've never given glass a 
second thought as a highly adaptable 
design and construction material, we 
suggest your reading a pocket-size vol­
ume entitled " Glass and You." It tells 
in a few words and many pictures how 
glass contributes to profit and pleasure 
and we'd be delighted to send you a copy. 
Or, if you're more concerned with put­
ting glass to work for you than in learning 
what it's doing for others, there's a 
slightly more technical bulletin called, 
" Glass-its increasing importance in 
product design." We'll be glad to send 
you either-or both. 
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_ J Most remarkable glass 
In 1 952 Philadelphia's Franklin Institute 
presented the John Price Wetherill 
Medal to Corning's Dr. Martin E. Nord­
berg and Harrison P. Hood for inventing 
the most fabulous of glasses-VYCOR 
brand 96 per cen t silica glasses. 

Evolution of a VYCO R  jor: A-formed by can· 

ventiona l  g lass blowin g ;  8 -Uthirsty g l ass"; C­

finished product. 

These two scientists discovered a com­
position that appeared to be a combina­
tion of two distinct types of glasses. One 
type could be dissolved out, leaving a 
skeleton of 96 per cent or more of silica 
filled with so many millions of holes that 
a one-inch cube contained some 60,000 
square feet of hole surface. 

This new child of research was dubbed 
" thirsty glass" because, just slttmg 
around, it absorbed moisture right out of 
the air. But our researchers were on the 
trail of something even more exciting. 
They heated their " thirsty glass" and it 
shrank to two-thirds its original size.  
The millions of little holes vanished and 
left a vacuum-tight glass that looked like 
any other-except that you could take this 
new glass white-hot from a blazing furnace 
and plunge it into ice water without the 
slightest injury. It was a glass as ideal 
as fused quartz, but different since it could 
be melted, mass produced, and worked 
in its original state like ordinary glass. 

If you'd like to know more, just check the 
coupon above. 
Ribbon glass by the yard 
Here's a glass that's a thousandth of an 
inch thin and in small widths it's flexible 
as-well, a ribbon. You can twist it, roll 

it, wrap it around your arm without 
cracking it. It  comes in any length you 
want-inches, yards, miles. 

Actually ribbon glass isn' t a single 
glass. We can make it of several different 
compositions according to what you need 
it for. Originally we developed it to take 
the place of mica in electronic capacitors 
of which there are several in your radio 
and TV sets and in any other piece of 
electronic equipment you can name. As 
mica is formed in layers, it is subject to 
cleavage in the plane parallel to lamina­
tion ; ribbon glass being homogenous is 
easily workable. This is just one advan­
tage of this glass in capacitors. 

Medical scientists have found a quite 
different use for ribbon glass- as micro­
scope slide covers. These are the wafer­
like pieces of glass that are used to cover 
blood smears and the like for examination 
under the microscope. In this case ribbon 
glass can be made clearer, flatter and 
more free of bubbles and striae than pre­
viously made glasses. 

Seems as if this unique stuff should be 
good for a lot of things, bu t what (other 
than electl'ical and laboratorial) proba­
bly lies in the laps of imaginative design­
ers. Would you like us to send you a 
little strip to play with? Customer ideas 
and problems that really bring out the 
best in glass. So, even if what's on your 
mind seems unrelated to any item this 
page discusses, glass may still be its ful­
fillment. We'd like to hear from you. 

C O R N I N G  G L A S S  WO R K S  _ C O R N I N G ,  N .  Y. 

� �1'Kea4�Ve c7&u 
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Oreopithecus: Homunculus or Monkey? 
This fossil primate has recently been described as 7nanlike, 

which calls attention to a classical argument as to whether 

the primitive ancestors of man resembled little men or apes 

T
hree months ago a curious anthro­
pological argument Hamed sud­
denly for a few days in the news­

papers. It was touched off by the arrival 
in New York City of a paleontologist 
from Switzerland bearing the bones of a 
small primate long known to science as 
Oreopithecus. Johannes Hurzeler of 
Basel presented to a group of scholars 
gathered at the Wenner-Gren Founda­
tion for Anthropological Research his 
view that the bones of Oreopithecus 
showed human rather than anthropoid 
affinities. Since these bones are estimated 
to be 10 million years older than the 
earliest known fossil men, his announce­
ment made headlines. 

"Fossil Research Questions Darwin 
Evolution Theory," the New York Times 
announced. The Herald Tribune edi­
torialized: "No Missing Link?" Special-

by Loren C. Eiseley 

ists on fossil man were besieged by tele­
phone calls from reporters and by faintly 
derisive queries from anti-evolutionists 
whose interest had already been whetted 
by the Piltdown hoax. Perhaps this new 
contradiction would mark the final exit 
of the man-monkey and of the anthro­
pologists along with it. 

By the time scientists had begun to 
respond, the press had passed on to other 
things, leaving in the mind of the public 
a confused vision of a sort of "little man" 
who, so the newspapers said, had been 
found in a coal mine in Tuscany. Like 
most such episodes, that of Oreopithecus 
has a history, and the argument over it 
is of the same general nature as two 
similar controversies fought within the 
memory of men now living. 

This episode has served to draw at­
tention to a long-existing debate among 

anthropologists which has occasionally 
waxed acrimonious. The partisans divide 
basically into two schools: the school of 
the "little men" and that of the "ape­
men." The former pursue the figure of 
man backward until, upon some far wall 
in time, it appears as a dwarfed, big­
headed little shadow; the latter see our 
earliest ancestor shambling into the 
light like some great shaggy anthropoid. 
The argument recalls the ancient dispute 
between the preformationists, who saw 
in the human sperm cell a preformed 
homunculus, or little man, which had 
only to grow to adult size, and the 
epigenesists, who judged correctly that 
each embryo acquires the characteristics 
of a human being only through develop­
ment. 

Some anthropologists search for hu­
man characters-vertical front teeth, a 

ONE 19TH·CENTURY VIEW of human evolution, hy stressing the 

similarities between living apes and man, suggested that the remote 

ancestors of man resembled living apes. This picture from T. H. 

Huxley's Evidence as to Man's Place in Nature compares the skele· 

ton of man (right) with those of the gihbon, orang, chimpanzee and 

gorilla (left to right) . All except the gibbon are drawn to scale. 

91 

© 1956 SCIENTIFIC AMERICAN, INC



A 17TH·CENTURY VIEW of human em· 

bryonic origins is reflected by this woodcut 

in Nicholas Hartsoeker's EsslIi de Diop. 
trique. Hartsoeker believed that the human 

spermatozoon contained a little man, or 

homunculus. The hole in its head repre· 

sented the open sutures in the infant skulL 
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shortened face, an expanded brain case 
-early in the human line of descent. 
They seek, in other words, for something 
dangerously close to the homunculus of 
the preformationists. They "prove" evo· 
lution by finding, as St. George Jackson 
Mivart said in 1874, "an ancesh'al form 
so like man [that] we have the virtual 
pre-existence of man's body supposed, in 
order to account for the actual first ap­
pearance of that body as we know it." 

The more thoroughgoing evolution­
ists, in contrast, have looked for forms 
which contained only the possibility of 
development into man. Such students 
have generally regarded man as a rela­
tively recent emergent from a group of 
primates which also gave rise to the 
modern great apes; in other words, the 
comparison of man with the anthropoids 
of today has been based on the assump­
tion that they and we had ancestors in 
common. 

C hades Darwin was not the first to 
notice our likeness to the monkeys 

and apes. Such observations extend into 
antiquity, and by the 18th and early 
19th centuries philosophers were arrang­
ing the primates in an order of complex­
ity. As voyagers began to come into con­
tact with primitive peoples, these were 
often placed on the scale as grades 
between the anthropoids and civilized 
European man. The Hottentots of the 
Cape of Good Hope particularly ap­
pealed to the Western mind as candi­
dates for such a place; it was said that 
their language was only a step above 
the chatter of apes. 

Thus notions of the "missing link" 
were in existence long before Darwin 
and long before the appearance of a 
truly evolutionary philosophy. Darwin 
himself cautiously refrained from at­
tempting to trace man's precise relation­
ship to the apes. But some of his follow­
ers, notably T. H. Huxley, tackled the 
problem head on. Huxley was provoked 
to his excursion into man's past by events 
at the famous meeting of the British As­
sociation for the Advancement of Sci­
ence at Oxford in 1860. He had borne 
the brunt of the conservatives' attacks 
on evolution. At this meeting Richard 
Owen, England's foremost comparative 
anatomist and a mortal enemy of Darwin 
and his followers, attempted to main· 
tain man's unique position in the animal 
world by placing him in a distinct sub­
class of the mammals for which he pro· 
posed the name "Archencephala." This 
classification was based upon brain 
characters which Owen maintained did 
not occur in the lower primates. Huxley, 
his ire aroused, set out to demonstrate 

about the people 
who research the 
IIDEASI at IBM 

Ralph Penoyer 

Ralph Penoyer doesn't leave all his elec­
tronics activity at the laboratory when 
he goes home-he's quite a hi-fi fan. But 
electronics has to share some of Ralph's 
off-time with his other interests-swim­
ming and the design and construction 
of radio-controJled gas-model airplanes. 
He received his RE.E. degree in 1953 
from Syracuse University and joined 
IBM in 1955, right after receiving his 
Master's Degree in Electrical Engineer­
ing from Syracuse. 

Richard R utz 

Even when he's not on the job, Dick Rutz 
still doesn't stay too far away from his big 
interest in life-scientific investigation. 
But when he's not catching up on the 
latest developments in physics or the 
newest finds in archeology, he'll probably 
be engaged either in color photography 
or in a little star-gazing with his three­
inch reflector. A graduate of Shurtleff 
College and of the State University of 
Iowa, where he received his M.S. degree 
in Physics in 1947, Dick began his career 
with IBM in 1951. 

• If you are a Creative Engineer who 
would like to put ideas to work at IBM, 
write, describing your background and 
interests, to William Hoyt, Room 1106, 
1BM,590MadisonAve.,New York22,N. Y. 
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putting I IDEAS I to work-research at \ IBM I 
• Merry - go-round: Automatic magnetic torque balance, accurate to 

0.0006 inch-ounce, used to measure magnetic anisotropy of memory 

core materials. IBM Bulletin No. 100. 

• Trigger Happy Transistor: Used in place of a thyratron, new tran­

sistor permits high-speed switching of large currents by a low-power 

electrical pulse. IBM Bulletin No. 101. 

• Incubator Hatched: Tube elements spaced 1/5000 of an inch apart; 

assembled in the Very Clean Room. 

Merry-go-round 

Adding "memory" to machines is no 
longer a scientist's fancy. 1t is a fact. Ac­
tually, this ability to "remember" is the 
abil.ity to "recall" information previously 
entered into the machine. One of the 
latest and best ways of storing informa­
tion utilizes the now familiar small, 
rugged, reliable magnetic cores. Each 
letter or numeral is stored in a kind of a 
"Morse code," where a dash is repre­
sented by one direction of magnetization 
and a dot by the other. But, to employ 
cores more effectively, the mM Research 
people are studying a number of very 
basic things having to do with ferrites. 
One of these is magnetic anisotropy­
which involves the continual measure­
ment of the minute torque exerted in a 
magnetic crystal by a rotating external 
magnetic field. 

TORQU{ CURVE OF APPROXIMATE CliO) DISK (I 
fe,O. AT ROOM TEUPERATURt {SAMPlE. VQJJME • O.Cl eel 

To increase the speed and accuracy of 
measurement of this property, Ralph 
Penoyer, of our Ferrite Materials Re­
search Group, has developed an auto­
matic magnetic torque balance that is 
accurate to 0.0006 inch-ounce, and al­
lows the direction of the magnetic field 
to change through a 3600 arc in one min­
ute. Obtaining and plotting such data 
was, by standard methods, a laborious, 
time-consuming process. 

Full details describing the device, cir­
cuit diagrams, method of operation, 
calibration and accuracy are available 
in IBM Bulletin No. 100. Write for 
your copy. 

Trigger Happy Transistor 

Everybody is talking about transistors. 
But, certain problems are not readily 
solvable by the use of conventional tran­
sistors. A typical problem is that of pick­
ing up a relay with a transistor controlled 
by microsecond pulses. So Richard Rutz, 
of our Semi-Conductor Devices Research 
Group, took a long look at transistor 
possibilities in this case. The result: The 
mM X-4 Transistor. This new type per­
mits high-speed switching of large cur­
rents by low-power electrical pulses. It 
operates with a turn-on time of two ten­
millionths of a second and a turn-off time 
of one-millionth of a second; experi­
mental models have been made to switch 
currents as high as 15 amperes. 

You can find full scientific data on the 
X-4, its construction, electrical charac­
teristics, and circuit applications in IBM 
Bulletin No. lOJ. 

.�. 
• ALLOY .uicTiON (MITTER 

" 8M X-4 

Incubator Hatched 

Dirt, dust and moisture are death to deli­
cate electrical devices. In our experi­
mental component assembly room­
which we call the Very Clean Room­
at our Poughkeepsie Research Labora­
tory, we've eliminated the scourges. How 
do we keep the Very Clean Room clean? 

Clean, temperature- and humidity-con­
trolled air is blown into thel'Oom, keeping 
the pressure inside greater than outside. 
Therefore, when one enters from the out­
side no dirt enters with him. As a further 
precaution, he must wear a lintless nylon 
lab coat over his clothing. Dry, clean, 
compressed nitrogen replaces compressed 
air to blow off particles of dirt that may 
accumulate on an assembly. Since a great 
deal of work in this room is done under 
microscopes, with wire as small as one­
sixth the diameter of the average human 
hair, controlled atmospheric conditions 
are vital. 

RESEARCH at IBM means IDEAS 
at work. For bulletins mentioned above, 
write Dept. SA-6, International Business 
Machines Corp., 590 Madison Ave., New 
York 22, N. Y. 
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RECENT 
10,000 YEARS 

PLEISTOCENE 
I MILLION YEARS 

PLIOCENE 
7 MILLION YEARS 

MIOCENE 
20 MILLION YEARS 

OLIGOCENE 
15 MILLION YEARS 

EOCENE 
20 MILLION YEARS 
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that Owen was wrong, that man was 
closely related to the other primates. He 
composed a series of lectures which were 
published in 1863 under the title Evi­
dence as to Man's Place in Nature. 

In this work, which more or less set 
the pattern for much that followed, Hux­
ley thoroughly demolished Owen's posi­
tion. He took the view that "the surface 
of the brain of a monkey exhibits a sort 
of skeleton map of man's, and in the 
manlike apes the details become more 
and more filled in, until it is only in 
minor characters .. . that the chimpan­
zee's or the orang's brain can be struc­
turally distinguished from man's." Hux­
ley was quite willing to admit that man's 
own origin was obscure and might go 
back millions of years to a common an­
cestor, but he insisted that the modern 
apes were our closest surviving relatives. 
If Huxley dwelt too heavily and too 
emotionally upon anatomical corre­
spondence between ourselves and the 
great apes, it must be remembered that 
at the time he wrote the evolutionists 
were fighting primarily for a principle, 
against the orthodox "special creation­
ists." Furthermore, it must also be re­
membered that very few human fossils 
had been discovered, and these were 
fragmentary. Our living relatives in the 
trees could be seen at the zoo, and it was 
inevitable that they should dominate 
man's imagination. Serious scholars even 
came to believe that microcephalic idiots 
were throwbacks to some remote pe­
riod of the human past. 

By the beginning of the 20th century 
the ape origins of modern man 

seemed pretty well established. The 
Pithecanthropus skull cap had bolstered 
this view. Many felt that from a form 
something like that of a chimpanzee it 
was an easy step to the Java man and 
thence on to Neanderthal and modern 
man. But at the turn of the century there 
came a new revolt against the ape. 

The attention of anatomists was at­
tracted to a small, tree-living creature in 
southeast Asia possessing definite char­
acters of a primate. The tarsier (TarsitiS 
spectl"lt1n), an animal with enormous 
eyes and about the size of a small kitten, 
has a brain and other characteristics 

TEN PRIMATE FOSSILS are located in 

time by the chart on the opposite page. The 

time scale is at left. The depth of each epoch 

is not proportional to its length. Plesian­

thropus is one of the Australopithecines, or 

South African man·apes. Despite its name, 

Necrolemur is not a lemur but a tarsioid. 
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which ally it to the lower monkeys. In 
19 18 .F. Wood Jones, a distinguished 
English anatomist, first expressed the 
heretical view, which he has maintained 
and developed since, that man arose 
from a tarsioid rather than from an an­
thropoid ancestry. 

Wood Jones insists that the human 
line is very ancient, going back to a past 
tens of millions of years old in the Ter­
tiary Period. He predicts that man's 
immediate ancestors, if ever discovered, 
"will be utterly unlike the slouching, 
hairy 'ape-men' of which some have 
dreamed . . .  and will be found in geo­
ls:>gical strata antedating the heyday of 
the great apes." The ancestors of man, 
he says, were "small, active animals" al­
ready endowed with legs longer than 
their arms, small jaws without protrud­
ing teeth, and enlarged craniums. They 
were not swingers in trees: the human 
hand and foot, he contends, are too spe­
cialized to have been made over rapidly 
from an arboreal ancestor's. The present­
day tarsiers in the trees, according to his 
view, evolved their tree-living speciali­
zations later, but our early tarsioid an­
cestor walked on the ground. 

Wood Jones's proto-man thus sounds 
like a homunculus. When he first advo­
cated his views, he found very few fol­
lowers. Henry Fairfield Osborn, the late 
paleontologist, though not a Wood Jones 
follower, inclined toward a homuncular 
dawn man going back to early Tertiary 
times many millions of years ago. "I pre­
dict," he said, "that even in Upper Oligo­
cene time we shall find pro-men, and 
that they will have pro-human limbs." 

Wood Jones and Osborn were vigor­
ously refuted by primatologists who 
championed the orthodox view that man 

THREE THEORIES on the common ances­

try of man and the large anthropoid apes 

are depicted on the opposite page. The 

theory illustrated at left supposes that in 

the Miocene Period man and the anthro­

poid apes had a common ancestry of dry­

opithecoid apes (A). The theory illustrated 

in the center suggests that in the Oligocene 

Period they had a common ancestry of un­

specialized Old World primates in which 

both monkey and anthropoid ape traits 

were intermingled (B). On this theory the 

Swiss scholar Johannes Hurzeler believes 

that Oreopithecus is a direct ancestor of 

man. The orthodox view is that this primate 

was a separate offshoot of the common 

stock. The theory illustrated at right pro­

poses that in the Eocene Period man and 

the anthropoid apes had a common ancestry 

of Old W orId tarsioids (C). All three lines 

are simplified and do not purport to repre­

sent all branches of the primate family tree_ 

ENGINEERS and PHYSICISTS are going ���rection at MOTOROLA • • .  UP! 

1 EI JWe, at Motorola, know where we're going-and 
we're confident about getting there_ If you, too, 
believe there's plenty of room at the very top­

'" why not join us? You'll be teaming up with men of 
vision in an organization that respects creative­
ness as well as hard work. We think you'll grow 
with the challenging assignments at Motorola­
missile guidance, radar, microwave, and the many 
other pioneering projects_ 
, Motorola's continuing expansion program offers 
excellent opportunity for advancement to match 
you.r"abilities_ But, just as important to an engi­
neer or physicist, the daily challenge to the im­
agination will bring the strong sense of aCCOffi-

".;r plishment you seek. 
"" 

If you're an electrical engineer, mechanical engineer, physicist, physical chemist or 

metallurgist (senior or junior level), and looking for more important assignments in: 
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• Microwave Antennas 
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Electronic Equipment 
• Radar Systems Design 
• Logical Circuitry 
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• Transistor Applications 
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• Transistor Application Engineers 
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was a "made-over ape." They insisted 
that man's immediate forerunners could 
not be' so ancient as Wood Jones and 
Osborn said. "It seems anachronistic," 
wrote William King Gregory, "to attri­
bute to the very remote Tertiary ances­
tors of man the long legs, long thumbs, 
big brain, short face, small canines, etc., 
which are now diagnostic characters." 
But by the 1940s the "made-over ape" 
point of view had moderated. The most 
important factor in this change was the 
discovery in South Africa of the fossil 
Proconsul africanus-a creature of the 
early Miocene (the period immediately 
after the Oligocene) which combined 
characters of early Old World monkeys 
and great apes. William L. Straus, Jr., 
of the Johns Hopkins University, voiced 

a suspicion that man's immediate ances­
tors might have been "more monkey-like 
than anthropoid-like." Straus, who takes 
a very sane and cautious position on this 
lengthy controversy over the human an­
cestry, feels that the anthropoid ape 
theory is weakest in its failure to account 
for anatomical traits which man shares 
with the monkeys and lemurs. More re­
cently W. C. Osman Hill, the well­
known English primatologist, has come 
to believe that man branched off the 
primate stock below the great ape line. 
He even suggests that Straus's view 
might be reconciled with Wood jones's 
tarsioid hypothesis if some early Oligo­
cene monkey of tarsioid affinities were 
admitted on the line leading to man-a 
form, say, like Parapithecus. 

FRAGMENTARY FOSSILS of Oreopithecus bambolii Gervais were found in Italian coal 

deposits. These fragments are mandibles photographed from above the crowns of the teeth. 
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Thus before Hurzeler's recent an­
nouncement a slow shift of thought or 
widening of possible horizons had been 
under way in the study of human evo­
lution. The theory that man came down 
late out of the trees has been dropped 
in some quarters and is less explosively 
defended in others. There is a greater 
willingness to reserve judgment and 
wait upon new evidence. It was in this 
receptive atmosphere that Hurzeler pre­
sented his new study of Oreopithecus. 

The fossil has been known since 1872, 
when it was described by the French 
paleontologist Paul Gervais, who re­
garded it as an Old World monkey. 
Hurzeler, after studying the original 
fossil and later finds, has become con­
vinced that Oreopithecus is the first 
manlike form discovered in the Tertiary 
Period-it is believed to date from the 
Miocene. He apparently bases this view 
upon certain technical features of the 
teeth, including the nonprojecting ca­
nines, the vertical bite and the shortened 
face. It must be noted, however, that 
only parts of the skull have been found, 
and its full shape cannot be recon­
structed. 

Oreopithecus is a lower "monkey," in 
popular terms. It is not a "man" in the 
sense that many reporters assumed it to 
be, in spite of "no tooth gaps, no apelike 
protruding jaw," and so on. There are 
fossil and still-living primates which 
would have no trouble in answering that 
description, yet I am sure no one would 
call them men. 

So the substance of the story is that 
Hurzeler has revived interest in a prob­
lematical bit of bone we have long been 
fingering. For the successful reconstruc­
tion of the evolution of the horse in the 
Tertiary Period, paleontologists had 
thousands of fossil bones to study. Prima­
tologists may therefore be forgiven their 
fumblings over great gaps of millions of 
years from which we do not possess a 
single complete monkey skeleton, let 
alone the skeleton of a human forerun­
ner. For the whole Tertiary Period, 
which involves something like 60 to 80 
million years, we have to read the story 
of primate evolution from a few hand­
fuls of broken bones and teeth. Those 
fossils, moreover, are from places thou­
sands of miles apart on the Old World 
land mass. 

I f we were able to follow every step of 
man's history backward into time, we 

would see him divested, rag by rag and 
stitch by stitch, of every vestige of his 
human garment. That divestment, how­
ever, would not occur all at one place. 
If we accept the evidence of evolution, 
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DOWTHERM assures true color in batch after batch, uniform heat transfer and fraction-ofa-degree accuracy_ 

Dowtherm eliminates off colors 
and spoiled batches 

Operating in a closed vapor 
system and at extremely low 
pressure, Dowtherm simplifies 
process operation ___ permits 
the use of more compact, 
thinner-walle d equipment_ 

Up goes resin and drying-oil quality ... thanks to 
precise, uniform process heating with Dowtherm 

Like other industries that require high, 
accurately controlled temperatures in 
processing products-resin and drying-oil 
processors are taking the long-range view 
of profits, costs, and product quality __ _ 
and are installing Dowtherm® heated equip­
ment. Small wonder ! For this modern heat 
transfer medium overcomes the disadvan­
tages of both direct fire and liquid phase 
heating; provides temperatures to 750°F_ 
at pressures below 160 Ibs_ p_sj_ 

But most important - this pressure-con­
trolled heat assures completely uniform 
heating, accurate within a fraction of a 

degree_ Eliminated are fluctuations and 
local overheating of a product in process! 
No longer do off colors and spoiled batches 
reduce quality, eat up profits! 

Shouldn't your plans include a look at Dow­
therm? It operates on a closed vapor system, 
but contains no minerals to cause scale 
difficulties_ In fact, processors report 50% 
savings in maintenance! And if your process 
cycle requires alternate heating and cool­
ing, Dowtherm serves as a liquid coolant 
in the same equipment. For all the facts 
write THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Dept. D0825A_ 

you can depend on DOW CHEMICALS 
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FILTRATION NEWS 

MAGNETIC PORO-KLEAN FILTER element. In 
use, submicronic ferromagnetic 
stick like clips in photo. 

Magnetic filter 
protects servo valves 

A sticky servo valve in the hydraulic con­
trol system for a Mach one-plus airframe is 
sticky business indeed! 

Yet Cuno engineers recently encountered 
just such a problem. Submicronic wear par­
ticles, well below the size range of conven­
tional filters at the temperatures and pres­
sures involved, contaminated the hydraulic 
fluid. These tiny particles, in the servo valve 
caused erratic operation, and instability. 

Magnetic PORo-KLEAN is answer 

Cuno's new magnetized porous iron filter 
solves this problem by removing ferritic 
wear particles 2 microns and smaller as well 
as all larger non-magnetic particles. Three 
models have been designed to handle 112, 3 
and 8 gpm of MIL-O-5606 hydraulic oil. 

Filters to AN specs or better 

Standard PORo-KLEAN filters of porous 316 
stainless steel are also available in a com­
plete range of standard AN 6235 sizes for 
operation to 3500E Similar filters for use to 
9000E and a variety of cup, cylinder and 
disc shapes are also available. 

Ask your local Cuno representative for 
all the facts on versatile, high-strength, 
high-temperature, corrosion-resistant PORO­
KLEAN for aircraft or industrial filters. Or 
write Cuno Engineering Corporation, 35-6 
South Vine Street, Meriden, Com�. 

FREE! 

AUTO·KlEAN (",e·lyp.) 

FlO·KlEAN (wlre·wound) 
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IIICRO·KlEAN (Ilbre CIIlrld,e) 

PORO·KLEAN (porous sl.lnless s'''') 

we must assume that man became man 
by degrees, that he emerged out of the 
animal world by the slow accumulation 
of human characters over long ages. 

Our knowledge at present is not suffi­
cient to establish precisely what ana­
tomical traits are peculiarly human. As 
the British anatomist Solly Zuckerman 
has very aptly pointed out: "It is this 
general lack of structural specialization 
that makes the study of primate phy­
logeny so difficult." Some traits may have 
been paralleled in primate lines of evolu­
tion which did not lead to man; some 
traits called human may represent old 
generalized characters which have sur­
vived in man and been lost in some of 
his modern specialized relatives. 

To continue our writing of the story 
of human evolution we are totally de­
pendent upon finding additional fossils. 
Until further discoveries accumulate, 
each student will perhaps inevitably 

read a little of his own temperament into 
the record. Some, as Hurzeler has done, 
will dwell upon short faces, vertical front 
teeth and little rounded chins. They will 
catch glimpses of an elfin human figure 
which mocks us from a remote glade in 
the forest of time. Others, just as com­
petent, will say that this elusive homun­
cular elf is a dream spun from our dis­
guised human longing for an ancestor 
like ourselves. They will say that in the 
living primate world around us there 
are lemurs with short faces and vertical 
teeth, that there are monkeys which 
have the genuine faces of elves and the 
capacious craniums of little men. 

In the end we may shake our heads, 
bafRed, and have to admit that many 
lines of seeming relatives, rather than 
merely one, lead to man. It is as though 
we stood at the heart of a maze and no 
longer remembered how we had come 
there. 

TARSIER was believed by the English anatomist F. Wood Jones to be a highly specialized 

descendant of the Eocene tarsioids, a group which he believed had also given rise to the 

human liue. This specimen was brought from the Philippines to the Philadelphia Zoo. 
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HOFFMAN makes the complete airborne 

portion of the TACAN system-another example 

of Hoffman integrated electronics at work 

TACAN is the trustworthy electronic navigation system that 

unerringly guides pilots through fair and foul weather every 

second of the flight.Two compact dials on the instrument panel 

automatically show the pilot his exact distance and direction 

from a fixed ground station with an accuracy never before 

attained. Result: greater safety in any weather, any place. 

Some of TACAN's advantages over other systems include: 

three times greater accuracy; handles more airlane traffic­

allows planes to fly safely at closer intervals; permits starting 

landing approaches further out-minimizes "stack up" of 
planes waiting to land; meets military requirements for rug­

gedness, compactness and mobility. 

The same teamwork, experience and facilities at Hoffman 

Laboratories that put TACAN into full scale production are 

available for you to use-whatever the size or complexity of 

your electronic needs.WhY not discuss your specific systems en­

gineering problem with a Hoffman Labs' representative soon? 
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_ NUCLEA R RESEARCH REACTORS 

SWIMMING POOL REACTOR, one of three G-E 
research reactors available under the 7-point 
program, is designed to produce large quan-

tities of neutrons. Its flexibility, safety fea­
tures, and high flux potential appeal to 
universities and research orga�izations. 

NEW GENERAL ELECTRIC 7-POINT PROGRAM: 

1 REACTOR SPECIFICATIONS are pre­
pared to meet your research require­

ments. These include details on core, 
control, and reactor components. 

2 BUILDING STUDY also includes com­
plete co-ordination of all plans -f"Or 

the many facilities Tequired in the re­
actor and laboratory buildings. 

'J HAZARDS SUMMARY REPORT: 

.-l W� help you prepare study for 

submission to AEC Division of 

Civilian Application. 
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How General Electric can help you 
enter advanced nuclear research fields 

New G-E 7-point program simplifies procedure 
for obtaining a nuclear research reactor 

There is more work involved in obtaining a nu­

clear reactor for advanced research than simply 

ordering one. Specific research requirements must 

be determined beforehand, an appropriate design 

selected, and necessary AEC construction per­

mits and licenses obtained. Other essential steps 

are covered in the program outlined below. 

NEW GENERAL ELECTRIC 7-POINT PROGRAM 
is a plan designed to materially aid you in put­

ting a research reactor to work. Through this 

program you can obtain any one of three Gen-

eral Electric research reactors: The Swimming 

Pool Reactor, Heavy Water Research Reactor, 

or the Nuclear Test Reactor. 

FOR MORE INFORMATION on these three re­

search reactors and the new General Electric 

7 -point program, write for bulletin GEA-6326, 

General Electric Company, Section 191-1A,Sche­

nectady 5, N. Y.; or contact your nearest G-E 

Apparatus Sales Office. Outside the U.S. and 

Canada, write to: International General Electric 

Co., 570 Lexington Ave., New York, N. Y. 

�gress Is Our Mosf Imporft1Jnf Protlu(;f 

GENERAL . ELECTRIC 

4 MANUFACTURE OF REACTOR is 
accurately co-ordinated with other 

construction plans, thereby assuring 
centralized project scheduling. 

5 REACTOR INSTALLATION is supervised 
at the site by the men who have fol­

lowed the design and manufacture of the 
complete system. 

6 7 START-UP AND SERVICE under su­
o pervision of experienced personnel 

is added assurance that proper operation 
of your system will be maintained. 
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Martin Block's � 
Make Believe� Ballroom 

MYLAR® solves a problem for Martin Block 
The lasting strength that "Mylar" poly­

esterfilm* gives to recording tapes solved 

a production headache for radio per­

sonality Martin Block. 

In the past, aging and temperature 

changes weakened ordinary tapes on 

which Mr. Block pre-recorded portions 

of his ever-popular program ... some­

times caused them to break on air time. 

He solved the problem with tapes made 

with Du Pont "Mylar." They're virtu­

ally unbreakable, unaffected by changes 

in temperature and humidity, can be 

stored indefinitely. 

How can you use Ou Pont "Mylar"? 

From acoustical tile to electrical trans­

formers, business is finding new and 

profitable ways to use the unique com­

bination of properties found in "Mylar." 

Besides being the strongest of all plastic 

films, "Mylar" has exceptional dielec­

tric strength ... is resistant to chemi­

cals ... has unusual stability under ex­

tremes of heat and cold. 

The range of applications of "Mylar" 

goes even further. This thin, transparent 

film can be slit into yarn, metalized, 

bonded to a variety of other materials 

to make durable laminates for electrical 

insulation or decorative wall surfacings. 

Perhaps versatile Du Pont "Mylar" 

can help you solve a knotty develop­

ment problem or improve product per­

formance. Mail the coupon below for 

more information. Be sure to indicate 

the specific use of "Mylar" you have in 

mind. 

<® POf}]) 
RE ... u.$.,. ... ,..orf. 

$HMylar" is Du Pont's registered trademark for its brand of polyester film. 
BETTER THINGS FOR BETTER LIVING 

. . .  THROUGH CHEMmTRY Du Pont manufactures the base material U Mylar" -not finished magnetic recording tape. 
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The Freezing of Living Cells 

Human blood and cattle sperm can now be stored at low temperature 

for more than a year. It has also been shown that a whole hamster 

can be frozen for an hour and thawed out none the worse for wear 

Suspended animation in the frozen 
state-conferring potential immor­
tality-has often figured in legend 

and literature, but it is less known as a 
theme of laboratory experiment. Indeed, 
it is only within the last two or three cen­
turies that any accurate study of the 
effects of cold on living organisms has 
been possible. In 1683 the chemist Rob­
ert Boyle, writing of his observations on 
the subject, remarked: 

"It may to most men appear a work 
of needless Curiosity, or superfluous 
diligence, to examine sollicitously by 
what Criterion or way of estimate the 
Coldness of Bodies and the degrees of 

by A. S. Parkes 

it are to be judg'd; Since Coldness being 
a Tactile Quality, it seems impertinent 
to seek for any other judges of It than 
the Organs of that sense, whose proper 
object it is." 

When, in 1714, Gabriel Fahrenheit 
invented the first accurate thermometer, 
objective measurement of the "coldness 
of bodies" became not only pertinent but 
a subject of interest to biologists. They 
turned eagerly to testing the effects of 
low temperatures upon plants and ani­
mals. Outstanding among these early 
students was Lazzaro Spallanzani, the 
18th-century Italian naturalist, who per­
formed many experiments on cells and 

tissues and made some remarkably 
shrewd and penetrating observations. 
In our own century there has been a 
great extension of such investigations. 
With the aid of liquefied gases (e.g., air) 
living cells and tissues have been sub­
jected to temperatures far below those 
ever recorded in nature. 

Scientists engaged in this kind of 
work no doubt have been activated in 
part by "needless curiosity," but the 
work also has a practical side: namely, 
the hope of finding ways to preserve 
cells and tissues (e.g., blood) for long 
periods. Progress was not very rapid un­
til less than a decade ago. Experimenters 

FOWL SPERM are photographed under the microscope before and 

after freezing. After the photomicrograph at left had been made, 

glycerol was added to the sperm and their temperature lowered to 

-79 degrees centigrade. At right they are shown after thawing. 
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WHOLE BLOOD is stored in a deep·freeze unit in the laboratory 

of Henry A. Sloviter in the Harrison Department of Surgical Re· 

search at the University of Pennsylvania School of Medicine. After 

glycerol solution is added, the blood is stored at -20 degrees C. 

had some success in freezing and re­
viving lower organisms, but the cells of 
vertebrates, including mammals, were 
found to be very sensitive to freezing and 
thawing. It was thought that they were 
irreparably damaged by the formation 
of ice crystals during freezing. Hoping 
to avoid this damage, some investigators, 
notably B. J. Luyet and his co-workers 
at the St. Louis University Institute of 
Biophysics, experimented with strat­
agems such as partial dehydration of the 
cells and ultrarapid freezing. The dry­
ing method gave encouraging results. 
For example, some experimenters found 
that the spermatozoa of fowl occasional-
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ly survived freezing and thawing when 
they were treated with a strong sugar so­
lution as a dehydrating agent. However, 
the treatment succeeded in protecting 
only a very small proportion of the 
sperm. Much of this early work is sum­
marized in the classic monograph, Life 
and Death at Low Temperatures, pub· 
lished by Luyet and his associate P. M. 
Gehenio in 1940. 

In the fall of 1948 a curious chance dis-
covery made possible a fresh on­

slaught on the whole matter. At the 
National Institute for Medical Research 
in London, Audrey U. Smith and Chris-

topher Polge were re-investigating the 
sugar dehydration technique. They used 
solutions of levulose, the fruit sugar, and 
froze fowl sperm with dry ice to minus 
79 degrees centigrade (112 degrees be­
low zero Fahrenheit) . The experiments 
were unsuccessful: hardly any of the 
sperm survived after thawing. Pending 
some new inspiration, the experimenters 
put away some of their levulose solution 
in the refrigerator. Some months later 
they went back to the experiment, using 
what they took to be the stored levulose 
solution. This time the solution proved 
to be almost completely successful in 
protecting frozen fowl sperm: the sperm 
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Millions have benefited financially from the great 
savings idea born 15 years ago! Yes, U. S. Series E 
Savings Bonds helped buy homes, pay for children's 
educations, build safe retirement incomes. And they 
can do as much for you. Because Savings Bonds 
are a money· building investment-and the easiest 
way to save ever devised! Join the Payroll Savings 
Plan today, or buy U. S. Savings Bonds regularly 
where you bank. 

Lo(aI boy 
mahes good 

WHEN THE LATE Ebenezer Hubbard, a 
patriotic Concord man, left a bequest for a 
local statue, there luckily happened to be a 
real sculptor close at hand. 

Even more luckily, young Dan French 
had never yet sculped a whole statue-had, 
in fact, recently started by whittling on tur· 
nips. So he'd take the job for expenses, and 
glad to get it. 

Two years later, Daniel Chester French's 
first statue went up. And Mr. Emerson, a 
neighbor, gladly obliged with a little verse 
to go under it, ending-
"Here once the embattled farmers stood, 
And fired the shot heard round the world." 

Now, during his great lifetime, Daniel 
French was to make many more statues, but 
his fame needs only two to rest secure. One 
is the massive, brooding figure in the Lin­
co1n Memorial. T he other is his first: the 
big, bold, living bronze of the Minuteman 
of Concord. 

When, in 1941, a symbol of American 
strength was sought, the President picked 
the Minuteman. Ever since, the Minuteman 
has been the emblem of the great savings 
program that helped-and still helps-keep 
America and her people safe and secure. 
This year, the 15th anniversary of U. S. 
Series E Savings Bonds, finds 40 million 
Americans owning 40 billions of Bonds. 
Are you among them? For your own secu­
rity - and the nation's - invest in Savings 
Bonds regularly. And hold on to them! 

Safe as Ame.riCa - Us. Savings Bonds 
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not only regained motility after thawing, 
but what was more, at least some also 
retained fertilizing power. 

This very curious change in the solu­
tion's effect naturally aroused our keen­
est interest. The miraculous solution was 
analyzed, and it was then discovered 
that what had been taken from the re­
frigerator shelf was not the levulose solu­
tion but a mislabeled bottle of Mayer's 
albumen-a mixture of albumen (egg 
white) and glycerol (or glycerin) ! 

Tests soon showed that the albumen 

GLYCEROL SOLUTION is held in a ves· 

sel suspended above the blood bottle. The 

solution is added to the blood through a 

needle inserted into the cap of the bottle. 
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had nothing to do with the protection 
of frozen sperm, and our attention 
therefore focused on the glycerol-a 
syrupy, sweetish alcohol. It was only 
after our chance observation of glycerol's 
protective effect that we learned of an 
important earlier observation along the 
same lines. In 1946 Jean Rostand of Paris 
had observed that frog spermatozoa sur­
vived a slight degree of freezing when 
he added glycerol to the medium. 

I record this story in some detail 
partly to add it to the literature of 
chance discoveries, partly to provide 
an authoritative account of the incident, 
and partly to correct any notion that our 
work with glycerol was based-without 
acknowledgment-on Rostand's observa­
tion, of which we had no knowledge at 
the time. 

It was fortunate that the accident of 
. the switched bottles occurred while 
fowl spermatozoa were being investi­
gated. Glycerol would not have protect­
ed spermatozoa of mammals under the 
procedures we were using at the time, 
which included rapid freezing. Even 
with the fowl sperm, one snag after 
another cropped up. In the first place, 
it was found that the glycerol treat­
ment, even without freezing, deprived 
most of the sperm of their fertilizing 
power. Considerably later we realized 
that this was probably due to the fact 
that the glycerol caused osmotic dam­
age to the sperm after they were trans­
ferred to a normal environment in the 
oviduct of the hen. Experiments then es­
tablished that the sperm would recover 
their normal fertilizing power if the 
glycerol was removed from the sperm 
suspension by a gradual process before 
the insemination. 

The clues leading to this discovery 
stemmed from work by Smith on llU­
man red blood cells. She found that the 
red cells, like fowl sperm, would resist 
freezing and thawing without destruc­
tion if they were immersed in a saline 
solution with 15 per cent of glycerol. 
However, they disintegrated when they 
were returned to a normal medium-in 
this case the blood. Examination under 
the microscope showed that when the 
red cells were immersed in the glycerol 
solution, they first shrank, as water was 
drawn out of them by the glycerol, and 
then swelled back to their normal size 
and shape as glycerol slowly infiltrated 
the cell. When the thawed cells were re­
turned to serum, they burst, because 
water passed into them more rapidly 
than glycerol passed out. 

It was Hemy A. Sloviter of the Uni­
versity of Pennsylvania School of Medi-

cine, a visiting worker in our laboratory, 
who developed the technique for gradu­
al removal of glycerol from cell suspen­
sions; he used the process known as 
dialysis. Red cells so treated survived 
for their normal lifetime when they were 
returned to the bloodstream. 

A second snag in the protection of 
frozen sperm was even more illuminat­
ing and reorientated the whole course of 
our freezing research. It had been tacitly 
assumed that cells kept at minus 79 de­
grees C. would not deteriorate and might 
be held in a state of suspended anima­
tion indefinitely. Work with the frozen 
fowl spermatozoa showed that this as­
sumption was fallacious. When the cells 
were kept at minus 79 degrees, most of 
them lost their ability to recover motility 
within a few weeks. The recovery rate 
declined even when the sperm were held 
at the extremely low temperature of 
minus 190 degrees C. in liquefied air. 
Since it could not be supposed that bio­
chemical processes were going on at this 
temperature, we had to conclude that 
the cells were damaged in some way by 
physical causes. At this stage our team 
was joined by a physical chemist, J. E. 
Lovelock. He was able to show that the 
losses during storage were greatly in­
fluenced by the nature of the medium in 
which the cells were frozen. 

Red blood cells, like fowl sperm, de­
teriorated at minus 79 degrees C., but 
more slowly. Lovelock proceeded tq de­
velop a modification of the glycerol­
saline medium in which red cells could 
be preserved for a year or more with 
negligible loss. The cells apparently do 
not age during storage, for P. L. Molli­
son and his co-workers found that such 
cells have a normal lifetime after later 
transfusion. 

This work has made possible the long­
term storage of blood. So far the method 
has been used in blood banks only for 
preservation of rare types of blood, be­
cause of the expense and complication of 
removing the glycerol before use, but it 
is applicable on a large scale if neces­
sary. The fact that studies of frozen fowl 
spermatozoa, prompted in part by 
"needless curiosity," led directly to a 
new and potentially important method of 
storing human blood is a good example 
of the value of basic research. 

We turned next to experiments in 
freezing the sperm of cattle. The 

first results were disconcerting: bull 
sperm, when treated by the technique 
that had been successful with fowl 
sperm, failed to revive after thawing. We 
then realized that the reason for the 
failure might be the fact that we were 
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Proved air data system 
AiResearch solves stick-force reversal on latest 

high-speed aircraft 
There's no secret to the development" 
of a fine aircraft air data system. 
Required are superior components, 
compatible and reliable, that pro· 
duce the desired stimulus· response 
pattern with minimum weight and 
size and maximum efficiency. 

The simple elevator trim servo 
system illustrated is only one of 

THE 

many integrated systems produced 
by AiResearch to meet customer 
requirements. Thousands of AiRe­
search transducers and actuators of 
the highest sensitivity and perform­
ance are now in service. New ones 
to even more exacting requirements 
are constantly being developed. 

A few of the fields in which we 

have extensive experience are tem­
perature and flight controls, 
instrumentation, air data, ballistics 
computations and positioning and 
sensing systems. Let an AiResearch 
engineering team study your prob­
lem and formulate a solution. 

Qualified engineers are needed 
now. Write for information. 

CORPORATION 

�iResearch Manufacturing Divisions 
Los Angeles 45, California· Phoenix, Arizona 

Designers and manu/aclurers Q/ aircraft systems and components: REFRIGERATION SYSTEMS · PNEUMATIC VALVES AND CONTROLS · TEMPERATURE CONTROLS 

t"IIN AIR COMPRESSORS • TURBINE MOTORS • GAS TURBINE [NGIN[$ • CAl 1ft PRESSURE CONTROLS • HEAT TRANSFER EQUIPMENT • ELECTRO-MECHANICAL EQUIPMENT • ELECTRONIC tOMPUTUS AND CONTROLS 
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using. the method of rapid cooling. 
Mammalian spermatozoa are subject to 
shock when cooled suddenly. A more 
gradual cooling method was therefore 
adopted. The bull semen was cooled 
slowly, at the rate of one degree centi­
grade per minute, down to minus 15 de­
grees C., and then more rapidly to minus 
79 degrees. This change made a great 
difference, and with other improvements 
in technique we were able to raise the 
survival rate of the bull sperm to about 
70 per cent. Moreover, it appeared that 
in the case of bull sperm it was unneces­
sary to remove the glycerol after thaw­
ing: the glycerolized sperm survived re­
turn to a normal medium without 
damage. 

We moved on at once to field tests in 
which cows were inseminated with bull 
semen that had been glyceroli�ed, frozen 
and thawed. The first season's tests 
failed, but in the second season, after a 
slight modification of technique, pre­
served semen produced as high a rate of 
pregnancies as does normal fresh semen. 
Frozen bull semen has now been stored 
successfully without deterioration for 

several years. A bull that has been dead 
nearly three years is still getting cows 
in calf. In cattle, at least, telegenesis in 
time as well as space has arrived. 

Experiments with other kinds of cells, 
including human sperm, naturally fol­
lowed. Successful human pregnancies 
from sperm preserved by freezing have 
been reported. Varieties of herring that 
spawn at different times of year (spring 
and autumn) have been crossed for the 
first time by the use of sperm kept in cold 
storage. And there have been promising 
results with mammalian eggs, protozoa 
and various other types of cells. 

Further, the work has now gone be­
yond single cells to tissues and whole 
organs. Substantial success has been 
achieved in preserving for long periods 
the adrenals and gonads of rats, the skin 
of rabbits and the uterus of the guinea 
pig. Long-term storage of human tissue 
for grafting is an obvious possible de­
velopment. It has already been achieved 
with the cornea of the eye, for which 
storage banks kept at minus 79 degrees 
C. are being established. The technique 
should be useful for other tissues which, 

like the cornea, crn be transplanted from 
one person to another. It will be most in­
triguing to see to what extent the provi­
sion of spare parts for human surgery 
can be developed. 

I nevitably we were drawn to a still 
more fascinating question: Could a 

whole animal survive freezing? There 
are, of course, many stories of fish and 
frogs reviving after being found frozen 
solid in blocks of ice, but these stories 
must be apocryphal. Any that revived 
must have been frozen only on the sur­
face, for no vertebrate, even of the cold­
blooded variety, will survive conversion 
of all its body water to ice under any 
conditions so far known. 

A warm-blooded animal is, of course, 
vulnerable to cooling of its body tem­
perature at levels far short of freezing. 
In the rat, for example, the heartbeat 
and breathing stop when the internal 
temperature falls to about 15 degrees C. 
(59 degrees F.) . Hibernating animals 
may maintain the heartbeat and other 
vital functions, at a reduced rate, at a 
body temperature as low as 2.5 degrees 

BOTTLES OF BLOOD are shown before (left) and after (right) 
freezing. After the blood is thawed out, and before it can be used 

for transfusion, it must be treated to dilute or remove the glycer­

ol. The red blood cells apparently do not age during cold storage. 
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When research into cyanoethylation began many years 

ago, its future was unknown. 

Its real future is still unknown today. But chemists are 

intensifying their investigation to discover new deriva­

tives that may be obtained with acrylonitrile. 

The challenge is pressing, since almost any material con­

taining a labile hydrogen atom is reactive with acryloni­

trile. Lignin, for example, with its phenolic hydrogen and 

other reactive centers is susceptible to cyanoethylation. 

But the question of what properties might be developed 

from the altered molecular structure containing a reactive 

Nothing contained herein shall be construed as a recommendation to 
produce or use any product in conflict with existing patents. 

nitrile group opens a broad new field for study. 

Some day the answers to thousands of questions like 

these will be known. Perhaps from your laboratories will 

come some of the answers that will result in new and 

profitable products. 

Technical Literature on acryloni­

trile and laboratory-size samples are 

available. Write on your letterhead to 

Monsanto Chemical Company, Plastics 

Division, Room 966, Springfield 2, 

Massachusetts. 

Where creative chemistry works wonders for you 
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Slamming the door 
on radiation 

Pushbutton control for 34-ton 
shield door makes life 

easier for scientists 

Moving tons of shielding for personnel 
protection is not an easy task at a modem 
nuclear particle accelerator. 

Early cyclotron workers, for example, had 
to pile up large concrete blocks with a chain 
hoist before they could fire up their cyclo­
tron. In the face of this labor, it's no wonder 
they were sometimes tempted to neglect 
safety. 

Not so with the modern 60-inch, 20-Mev 
cyclotron at a large Eastern atomic labora­
tory. Here Ward Leonard centralized 
motor controls smoothly and easily slide 
a massive shield door into place when 
experiments are about to begin. 

The cyclotron, used to accelerate deu­
terons (the nuclei of heavy hydrogen atoms) 
to 20 million volts, is only fair-to-middling 
sized, as modem cyclotrons go. Neverthe­
less, the shield door, made mainly of lead, 
measures 6 by 6 by 14 feet and weighs 34 
tons-an example of the elaborate precau­
tions that modem atomic workers take to see 
that radiation stays where it belongs! 

The Ward Leonard Electric Company, 
of course, is happy to have sUPl?lied the 
fingertip control for this outsized door. It's 
another of the many ways Ward Leonard 
products serve science, industry �nd na­
tional defense today. 

We're happy, too, that Ward Leonard 
products are selected for just those applica­
tions where dependability and consistent 
perfonnance are most urgently needed. We 
continually aim for such perfonnance in our 
engineering and manufacturing, in our raw­
material checks ranging up to X-ray diffrac­
tion and spectrometry, and in our 100% 
inspections and tests of finished material. 
And, if that's the kind of perfonnance you're 
looking for in controls, relays, rheostats, po­
tentiometers, resistors or dim-
mers, write Ward' Leonard $[1.' " 
Electric Company, 80 South 
Street, Mount Vernon, N. Y. 
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C., but what would happen if the body 
temperature fell below zero? 

In short, the reduction of a whole 
mammal to a state of suspended anima­
tion by freezing seemed an unpromising 
project. In considering the matter we 
saw at least two major problems: firstly, 
how to stop the heartbeat and breathing 
in such a way that they could be re­
stored by rewarming, and secondly, how 
to avoid damage to the animal from 
freezing of its body water. At this point 
in our cogitations we were fortunate in 
making contact with Radoslav Andjus of 
the University of Belgrade, who seemed 
to have solved the first of our two prob­
lems. Andjus had succeeded in reani­
mating rats after chilling them almost to 
freezing temperature. He first placed the 
rats in cold air in a closed vessel, where, 
they rebreathed their own expired air so 
that the proportion of oxygen decreased 
and that of carbon dioxide increased. 
When their body temperature fell to 
about 15 degrees C., he put the animals 
in iced water. Their respiration and 
heartbeat soon stopped, and their body 
temperature dropped to about one de­
gree above freezing. Andjus found that 
he could revive some of the rats so treat-

ed by plaCing a hot spatula over the 
heart and giving artificial respiration. 

Andjus came to our laboratory as a 
visiting worker, and his method was de­
veloped further so that rats were revived 
in almost every case after the body tem­
perature had been reduced nearly to the 
freezing point of water. The way was 
thus cleared to study the cooling of mam­
mals below zero. For this purpose it was 
decided to use the golden hamster, 
which in nature is a hibernating animal. 

Audrey Smith of our group first cooled 
the hamster to about 3 degrees C. by 
Andjus' method. At this point, when its 
heartbeat and breathing were about to 
cease, the animal was transferred to a 
very cold bath kept liquid by an anti­
freeze solution of 50 per cent propylene 
glycol. It was kept at about 5 degrees 
below zero centigrade in a deep-freeze 
cabinet. The hamster's deep body tem­
perature, as measured by a thermocou­
ple inserted into the colon, soon went 
below zero. At this stage one of two 
things happened. The animal might start 
to freeze, at first on the outside and then 
in the deeper layers of the body. If taken 
out within one hour, when about 50 per 
cent of its total body water had been 

NEWLY FERTILIZED RABBIT EGG divides in laboratory culture after having been 

treated with glycerol, cooled to -190 degrees C. and kept frozen for 20 hours before thawing. 
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SCIENTISTS IN MANY FIELDS, THE WORLD OVER, DEPEND ON 
RADIOACTIVITY MEASURING INSTRUMENTS BY NUCLEAR·CHICAGO 

Uranium Ore Assay-Ontario, Canada. 
Uranium ore producers use Nuclear·Chicago scaling 
units in assaying various ore samples to determine 
uranium content. 

Petroleum Research-Pasadena, California. 
Petraleum geologists determine radioactivity of ail 
well cuttings-use resultant "profile" to expand and 
develop oil fields. 

Biological Chemlstry-Callege Station, Texas. 
Pea plants grawn on a liquid radiosulfur diet and 
Nuclear-Chicago instruments help biochemists deter­
mine how plants produce amino acids. 

Medical Diagnosis-Detroit, Michigan. 
Nuclear·Chicago Isotape Scanner makes it possible 
for physicians to have "picture" of radioisotope dis· 
tribution in organs of patient. 

Industrial Research-New York, N. Y.  
Laboratory uses radioactive "dirt" and Nuclear­
Chicago instruments to test washing machines, improve 
soil-removal techniques. 

Uranium Exploration- Wallace, Idaho. 
Uranium prospectors use an ultra-sensitive Nuclear­
Chicago airborne scintillation system to survey vast 
areas quickly. 

Here is evidence of the wide usefulness of Nuclear­

Chicago instruments in the fields of medical, biochemical, 

industrial, and physical research. Wherever the need for 

radiation equipment exists you can depend on the long 

experience and technical skills of Nuclear-Chicago to pro­

vide the finest nuclear instruments and accessories avail­

able today. We will be glad to recommend the particular 

equipment best suited to your needs. 

Metabolic Research-Cocon�t Island, Hawaii. 
Marine biologists use Nuclear-Chicago instruments for 
metabolic research, manitaring fish forced-fed radio­
active strontium. 

Diagnosis of Thyroid Function-La Crosse, Wis. 
Nuclear-Chicago "Mediac" determines uptake of 
radioiodine by thyroid gland, helps physicians diag­
nose thyroid dysfunction. 

Gamma-ray Spectrometry-Chicago, Illinois. 
Radiation physicists study the energy spectrum of 
gamma emitting radioactive isotopes with Nuclear .. 
Chicago spectrometer system. 

Nuclear Instrument and Chemical Corporatio" 

247 West Erie St., Chicago 10, illinois 
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PHYSICISTS 
Are you ready for your 

NEXT JOB? 
Now that you've found out which jobs in engineering 
offer you the most opportunity for adyancement ... and 
which fields of engineering you really like, it's time to 
consider your KEXT job. 

This is your opportunity to advance in your profession; 
prove your ability in a creatiYe atmosphere; establish a 
comfortable happy home in progressi\'e upstate Kew 
York. You'll find fine schools and churches in the 
wonderful Finger Lakes region, with vacation-land at 
your doorstep. 

There are interesting assignments in:-

TUBE DESIGN & DEVELOPMENT 
MICROWA YE TUBES: Magnetrons. travel­
ing wave tubes, klystrons, reference cavities, 
and other devices. 

PICKUP DEVICES: Image orthicon, vidicon. 
infra-red, X-ray image intensifier. 

POWER TUBES: High power, neutron count­
er, or gas tubes. 

CATHODE RAY TUBES: Color and black­
and-white. 

OTHER TUBES: Including receiving and 
power tubes. 

THERMIONIC EMISSION ENGINEERING 
In each of the aforementioned fields. 

Many Government·approved 
installations 

Quality·approved * 
product of the 
B.l.e. Group 

British Industries Corporation 
Port Washington, New York 

APPLICATION ENGINEERING 
In each of the aforementioned fields. 

TEST & MFG. EQUIPMENT DESIGN 
Seasoning and test units, induction heaters, 
wave-guide apparatus, high-frequency oscil· 
lation test units, automatic receiving tube 
test circuits. 

MANUFACTURING ENGINEERING 
Microwave, image orthicon, receiving or color 
TV tubes. 

QUALITY CONTROL ENGINEERING 
For process capability studies and process 
control. 

I CREATIVE PIONEERING 

POSITIONS in I AIRCRAFT I NUCLEAR PROPULSION I 
I 
I 
I 
I 
I 
I 
I 
I 

Interesting positions which will contribute 
to your professional sense of achievement 
and bring you closer to your goals are now 
open in a field of exceptional importance. 

NUCLEAR ENGINEER or PHYSI-
CIST-Reactor and shield application. 
Should know existing methods of analyz. 
ing reactors and shields and their nuclear 
application to aircraft propulsion systems. 
M.S. in Physics, Mathematical Physics or 
Nuclear Engineering. Several years' ex· 
perience preferred. 

CHEMIST, PHYSICIST or METAL­
LURGIST-Nuclear Radiation studies 
for application to atomic flight. Analyze 
and coordinate all data relative to the effect 
of radiation on materials. Ph.D. in Chemis· 
try. Physics or Metallurgy with 8 to 10 
years' experience in neutron and gamma 
radiation effects on materials. 

Publication of research results in the ap· 
propriate classified or open literature en· 
couraged. 

Address confidential replies stating 
salary requirements to location you 
prefer. 

I Mr. W. J. Kelly 
P.O. Box 132 
Cincinnati, Ohio 

Mr. L. A. Munther I P.O. Box 535 
Idaho Falls, Idaho IGENERAL ELECTRIC I 

-----_ .. 

converted to ice, the hamster could be 
revived by rewarming and artificial 
respiration, and it recovered completely_ 
On the other hand, many hamsters did 
not freeze when their body temperature 
fell below zero. These "supercooled" 
animals remained quite limp at internal 
temperatures as low as 6 degrees be­
low zero C. Rewarming from this state 
resulted in complete recovery of the 
animal. 

A remarkable finding of these experi­
ments was the rarity of cold injury to the 
surface parts of the animal that had been 
frozen stiff. Even extremities, such as 
the ears, very rarely showed signs of 
frostbite unless manipulated while froz­
en-a relationship discovered when a 
group of distinguished visitors to whom 
the experiments were being demon­
strated yielded to the temptation to try 
to bend the frozen extremities. 

.N.. zero temperature the hamster has 
every appearance of being dead. All 

of its obvious vital functions have 
ceased. No doubt less obvious functions, 
such as enzyme activity, also are ar­
rested or slowed down. However, the 
animal's many and various processes are 
certainly not slowed to a unifOim de­
gree, and it must be in a biochemically 
unbalanced and therefore unstable con­
dition. Consequently no prolonged sur­
vival can be expected at this tempera­
ture. For long-term preservation in the 
frozen state much lower temperatures 
will be necessary, presumably not less 
than those already known to be required 
for individual cells and tissues. The in­
duction of suspended animation at minus 
8.0 degrees C. will no doubt necessitate 
the pretreatment of the mammal with 
some such substance as glycerol at a 
concentration which according to pres­
ent knowledge is highly toxic to the 
whole animal. In other words, the biolo­
gist is not yet in sight of achieving sus­
pended animation of a warm-blooded 
animal at 'a temperature likely to result 
in a stable state. 

\Vhen biologists arrive at this achieve­
ment, they will find, of course, that nov­
elists have been there before them and 
that the icy Valhalla already has several 
charter members. Among them is Ed­
mond About's L'homme a l' oreille cassee. 
"The Man with the Broken Ear" was one 
of Napoleon's soldiers, who was frozen 
stiff during the retreat from Moscow. His 
body was retrieved and dried from the 
frozen state by an enterprising scientist, 
and years later was reconstituted and 
reanimated by another genius-at no 
greater cost than the accidental break­
ing off of one dried ear. 
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"Rigged for diving", the Navy's new 4-man experimental sub­
marine, USS X-I, heads for deep water_ Built by Fairchild 

Engine Division, Deer Park, New York, many vital parts of 
this boat are made of corrosion-resisting Inco Nickel Alloys. 

Undersea "ferret" 
for close-in attacks on harbors and shipping 

You are looking at the Navy's new 4-
man midget submarine, USS X-I. 

It is only 50 feet long. Diameter 7 feet. 
Displacement 25 tons. A unique and 
nimble offensive weapon for testing 
U. S. harbor defense and performing 
missions larger subs simply cannot do. 

But its very compactness posed a 
perplexing problem. Major alterations 
and repairs were bound to come up on 
this experimental boat. How were they 
to install or remove equipment that 
was too l arge to pass through the 
hatch? 

A unique solution occurred to Fair­
child engineers: build the pressure hull 
in sections and bolt them together. 
Then the hul l  could be easily dis­
assembled for alterations, repairs, or 
even shipment over land. 

But this led to a second problem: 
what alloy to use for the bolts. It had 
to be corrosion-resisting, of course. But 
more than that, it had to be strong 
enough to hold the pressure hull tight­
ly together even when the boat was 
submerged. 

They found the answer in "K" Monel 
age-hardenable nickel-copper alloy. It 
is outstandingly resistant to marine 
corrosion. And it can be age-hardened 
to a tensile strength of 130,000 to 
200,000 psi. 

Because of the Navy's previous suc­
cessful experience with Monel and 
Nickel, in resisting corrosion by salt 
water, these alloys are used in many 
other parts on this submarine. Grease 
fittings. Plumbing. Pumps and pump 
parts. Diving gear, including universal 
joints. Exhaust valves. Engine acces-

sory apparatus. Rings. Springs. 

Do you need a strong metal that will 
resist corrosion ? Wear? High temper­
atures? Or provide some unusual elec­
trical property? Then write for our 
handy guide to more than 20 alloys 
developed specifically to give longer, 
better service under destructive con­
ditions. Called "Standard Alloys for 
Special Problems," this 16-page book­
let is yours for the asking. 

The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 

<�> Nickel Alloys 
"Trade Mark 01 

The International Nickel Company, Inc. 
MONEL * • "R"* MONEL • "K"* MONEL 

"KR"* MONEL · "S"* MONEL · INCONEL* 

INCONEL "X"* • INCONEL "W"* • INCOLOY* 

NI-O-NEL • NIMONIC* ALLOYS • NICKEL 
Low CARBON NICKEL DURA NICKEL * 
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Life 
on the 

Chemical 
Newsfront 

SILVER COMES CLEAN AS A WHISTLE with one quick dip in a properly formulated 
acidified thiourea solution, an ideal work-saving, silver-saving instant cleaner. The 
thiourea solution dissolves silver sulfide tarnish without the rubbing required by abra­
sive polishes and without loss of metallic silver other than that contained in the dissolved 
tarnish. Cyanamid's thiourea, a sulfur analog of urea, is a highly reactive intermediate 
also used in making black and white reproduction papers, liquid glues, fumaric acid, 
hair-waving lotions, pharmaceuticals, and in the treatment of nylon fiber and silvering 
of mirrors. (Organic Chemicals Division) 

NEW WATER RESOURCES like the one above must be developed 
on an unprecedented scale to take care of growing municipal 
and industrial needs. A 90% increase in demand is forecast over 
the next twenty years, with industry taking the lion's share. To 
help quench this tremendous thirst, chemical means for purifying 
water also must be expanded. Cyanamid, a major producer of 
alum, widely used in water treatment and papermaking, is build­
ing a new liquid alum plant in Plymouth, N. C., to meet the 
growing need for this chemical in the South. Alum, an efficient 
coagulant, is used in water treatment and pH adjustment, and as 
a precipitant for rosin size. In liquid form, it can be handled with 
greater efficiency and economy. ( I ndustrial Chemicals Division, Dept. A) 
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INTERESTING NEW PRODUCT POSSIBILITIES are offered by these 
six amines, derived from Cyanamid's acrylonitrile. Each has a 
propylamine group, but varies in the other substituent with cor­
responding changes in physical properties. As the substituent 
increases in each series, vapor pressure decreases, solubility in 
non-polar solvents increases, and activity in specific reactions 
varies. For example, dimethylaminopropylamine provides rapid 
cure for epoxy resins, while higher substituents offer greater pot 
life. Surface active agents produced by reaction with fatty acids 
make useful emulsifying agents for waxes and flotation agents. 
Possibilities also include use as intermediates for germicides, 
pharmaceuticals and dyestuffs. (New Product Development, Dept. A) 
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A NEW PIGMENT MAKES THE GRADE in exterior weathering 
exposures on Cyanamid's test fence. This time it's Cyan Green 
Toner 15-3100, a phthalocyanine green with high strength and 
excellent stability to light and weathering in exterior finishes. Rec­
ommended for paints, lacquers, automotive enamels, printing inks, 
plastics, floor coverings, synthetic textiles and roofing granules, 
Cyan Green Toner 15-3100 has excellent working properties. It 
disperses readily in coating formulations and is free from bodying. 
It is essentially non-bleeding in organic solvents, highly stable 
in both acid and alkaline media and does not migrate in organic 
media. (Pigments Division) 

FIGHTING ENGINE WEAR. Most new 
cars today are delivered with "break­
in" oil containing zinc dithiophosphate. 
Major automotive manufacturers 
consider it the most effective wear­
inhibiting additive, particularly in the 
valve-train mechanisms of modern V-8 
high-compression engines. Notice the 
excellent condition of the test valve 
lifter (above) protected by oil contain­
ing AEROLUBE@ 93-C Zinc Dithiophos­
ph ate, recently modified to give supe­
rior antiwear characteristics. The badly 
pitted valve lifter (below) received 
ordinary lubrication. AEROLUBE 93-C 
also controls oil oxidation and checks 
formation of corrosive peroxides and 
organic acids, extending bearing life 
and reducing engine maintenance. 
(Industrial Chemicals Division, Dept. A) 

• 

, ... . 
• 

. , 

BETTER QUALITY CONTROL in the commercial production of 
rubbers, plastics and other polymers is one of the many benefits 
secured by selection of the proper surfactant for emulsion poly­
merization. AEROSOL@ Surface Active Agents have shown excel­
lent results as emulsifiers in producing uniform particle size, as 
shown above in an electron micograph of a styrene-butadiene 
latex, magnified 15,000 X . The latex particles are very uniform in 
size and shape, ranging in diameter from 0.21-0.24 microns. The 
AEROSOLS also increase the rate of polymerization, stabilize dis­
persions during reaction and secure good heat, color and rub 
stability in the latex film. The versatility of AEROSOL Surface 
Active Agents has been demonstrated by their use in a variety of 
emulsion polymerization reactions. Since they vary considerably 
in ratio of polar to non-polar constituents, a selection is available 
for specific applications. (Industrial Chemicals Division, Dept. A) 

Additional information may be 
obtained by writing on your 
letterhead to the Division of 
American Cyanamid Company 
indicated in the captions. 

Building for the Future 
Through Chemistry 
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TITANIUM's Rating in Etching Solutions 
Specia I purpose racks, with a non conductive 
protective coating can effectively be used in 
many electroplating or etching solutions. 

Etching Solution Rating 
HJPO.·CROJ at 1800F Excellent 

Alcoa R5 Bright Oip at 1900F Good 

H2S0.·CROJ at 1800F Good 
50% HNOJ at Room Temp. Fair 

how TITANIUM cuts costs 
of anodized aluminum 

Racks used for anodizing aluminum parts lead a rugged 

life. Sulphuric acid, and other highly corrosive solutions 

in which they're used, quickly eat up racks of ordinary 

materials ... and production and labor costs go up. 

But, made of TITANIUM, these same racks last indefi­
nitely. For TITANIUM is not affected by any of the solu­

tions used in anodizing - is exceptionally resistant to 
most forms of corrosive attack. And TITANIUM

'
S high 

strength helps cut rack maintenance to practically zero. 

For example, the anodizing racks shown here were 

designed and made by Omega, Inc., Litchfield, Connecti­

cut. Joseph Reed, Jr., Omega's president, sums up 

TITANIUM
'
S advantages this way: "True, the TITANIUM 

rack costs approximately three times as much as a con­

ventional rack, but for any production run which will 

demand three or more sets of special purpose aluminum 

racks, TITANIUM is definitely the choice. After such runs, 

TITANIUM racks are still in good condition for future use." 

This is no isolated example of how TITANIUM is cutting 

production costs. If you have an application calling for 

a metal that's strong ( TITANIUM is as strong as steel, but 

weighs only half as much) , corrosion resistant, and easily 
formed by normal shop methods, then TITANIUM may be 

for you, too. Your REM-CRU representative will be 

glad to help you make the best use of this versatile metal. 

To keep abreast of the latest clevelopments on this 

vital melal, write to Dept. 8·6 for the Rem·eru Revierv­

a free perioclical presen ting the latest technical 

clata on titanium alloys. REM-eRU 
TITANIUM REM-CRU TITANIUM, INC., MIDLAND, PENNSYLVANIA 
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THE CHEMISTRY OF JUPITER 

The big planet's varicolored markings are an old astronomical 

puzzle. The author now suggests that the colors may be due to 

free radicals, frozen solid in the very cold Jovian atmosphere 

T
he planets of the solar system 
( omitting Pluto, about which little 
is known) fall into two natural 

groups: (1) the terrestrial planets­
Mercury, Venus, Earth and Mars-and 
(2) the major planets-Jupiter, Saturn, 
Uranus and Neptune. We can make in­
formed estimates of the composition of 
the terrestrial planets because they are 
all somewhat like our own. But the 
chemistry of the larger planets has 
always been something of a mystery. 
They are much less dense than the Earth 
and are enveloped in huge atmospheres 
several thousand miles deep. These at­
mospheres are quite evidently very dif-

by Francis Owen Rice 

ferent from ours. Jupiter, which is the 
nearest to us and has been most thor­
oughly studied, wears a Joseph's coat 
of many colors, suggesting that its at­
mosphere is made up of a varied and 
unusual array of compounds. My chief 
purpose in writing this article is to pre­
sent a new chemical explanation of the 
markings on Jupiter. 

Through a telescope we can see that 
Jupiter is encircled by bands of rich yel­
low, brown and orange, alternating with 
darker strips, roughly parallel to its 
equator. In addition there are olive 
green and bluish patches on its surface. 
If we fix on a distinctive spot in a band 

s 

and follow its movement, it appears to 
make a complete circuit of the planet in 
somewhat less than 10 hours. But this 
does not mean that the planet itself is 
rotating at that speed. The markings 
seem to be floating at various speeds in 
an atmospheric ocean. Those near the 
poles circle the planet in a somewhat 
shorter time than those traveling around 
the equator, and one band may drift as 
much as 200 miles per hour faster than 
the next. Some of the markings are tran­
sient; others may last for weeks or even 
months. The members of the Jupiter sec­
tion of the British Astronomical Associ­
ation watch the planet constantly and 

,------ SOUTH POLAR REGIONS 

SOUTH SOUTH TEMPERATE ZONE 

SOUTH TEMPERATE ZONE --­
4:===========::::::::��- SOUTH SOUTH TEMPERATE BELT 

J=.===========:::::::==�\--- SOUTH TEMPERATE BElT 

SOUTH TROPICAL ZONE ---I 

€§§��� SOUTH EQUATORIAL BElT 

EQUATORIAL ZONE --- -< 1 ------- -------------1 --- EQUATORIAL BAND 

NORTH EQUATORIAL BELT 

NORTH TROPICAL ZONE --
\====:lI!C============;'--- NORTH TEMPERATE BElT 

NORTH TEMPERATE ZONE ---\ 

NORTH NORTH TEMPERATE ZONE 

�::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::���!P'-- NO RT H N 0 RT H T E M PER AT E BELT 

SURFACE CURRENTS in Jupiter's atmosphere, moving at differ· 

ent speeds, produce sharp bands of light and dark. The dark bands 

N 

,------ NORTH POLAR REGIONS 

are conventionally called belts; the bright bands, zones. The planet 

is shown inverted, as it appears in an astronomical telescope. 
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have made a systematic study of its 
more conspicuous markings, following 
their life history and keeping meticulous 
records of their period of rotation, dura­
tion, intensity, color changes and so 
forth. But over the many years that Jupi­
ter has been under inspection, observers 
have seen hardly any regularities of pat­
tern, except that there appears to be a 
cycle of coloring in the equatorial belt 
which repeats at intervals of U.S years­
the period of Jupiter's revolution around 
the sun. 

Of the few comparatively permanent 
markings on Jupiter, the most remark­
able is the Great Red Spot. Robert 
Hooke described in 1664 what is prob­
ably the same Red Spot we see today. 
It has been observed continuously for 
the past 100 years. Its appearance 
changes from time to time. A marked 
increase in its intensity during the latter 
half of the 19th century caused great 
excitement among astronomers. At other 
times it loses its color and appears to 
fade until it can scarcely be seen. Situ­
ated in Jupiter's southern hemisphere, 
the Red Spot is normally oval in shape, 

about 30,000 miles long and 7,000 miles 
wide. Its period of rotation varies so 
irregularly that the spot must be drifting 
in the atmosphere. 

Until fairly recent years many astrono-
mers thought that Jupiter was red 

hot and the bands and spots were glow­
ing vapors. But the fact that Jupiter's 
moons cast shadows on the planet makes 
this doubtful, for if Jupiter emitted its 
own light, the shadows of the moons 
should not be visible. The belief now is 
that the markings are simply reflections 
of sunlight from distinctive formations 
in Jupiter's atmosphere. This belief has 
been confirmed by recent measurements 
of the atmosphere's temperature. De­
termining the temperature is not easy, 
because one needs a sensitive instrument 
to detect and measure the feeble radia­
tion from the planet and must make var­
ious corrections for such matters as ab­
sorption of light from Jupiter by the 
atmosphere of our own planet. However, 
careful experimental work has estab­
lished that the temperature of the outer 
layer of Jupiter ranges between 130 and 

SUN MERCURY VENUS EARTH MARS 

DISTANCE FROM SUN 
36 67 93 140 

(MIlliONS OF MILESI 

DIAMETER 
865 3 7.6 7 9  4.2 

(THOUSANDS OF MILES I 

MASS 
300,000 .05 (EARTH" II .8 

NUMBER OF MOONS 

DENSITY 
(WATER� II 1.4 4.9 4.9 5.5 4.2 

ROTATION PERIOD 26 88 100 
(DAYSI 

ROTATION AROUND SUN 
.24 .6 1.9 (YEARSI 

REFLECTED SUNLIGHT 
I PER CENT! 

7 60 45 15 

AVERAGE TEMPERATURE 
6,000 -44 -27 -56 I DEGREES CI 

ISO degrees below zero centigrade. The­
oretical calculations based on the energy 
received by Jupiter from the sun give 
about the same figures. 

Many years ago spectral analysis of 
the light reflected from Jupiter showed 
that its atmosphere absorbed certain 
wavelengths of the sun's light, particu­
larly the extreme red and the infrared 
portions of the spectrum. The pattern 
of absorption was peculiar: it had never 
been observed in any laboratory analysis 
of compounds. Eventually it was discov­
ered that exactly the same absorption 
spectrum appeared when light passed 
through ammonia and methane gas for 
a considerable distance. Thus both of 
these gases were identified as compo­
nents of the Jovian atmosphere. It seems 
probable that free hydrogen and per­
haps helium are abundant in the atmos­
phere of Jupiter, but no definite evi­
dence of their presence has yet been 
obtained. 

We may imagine that Jupiter has a 

relatively small core of rock and metal, 
that this is covered with a thick layer of 
ice and frozen ammonia, that a huge 

JUPITER SATURN URANUS NEPTUNE 

480 890 1800 2800 

87 71 29 27 

320 95 15 17 

12 9 5 2 

1.3 7 1.1 1.6 

.4 .4 .4 .6 

12 29 84 165 

50 60 60 70 

-171 -197 -224 -231 

SOLAR SYSTEM comprises the sun and nine planets plus an eluded in the table because very little is known about it. Average 

enormous number of smaller bodies_ The planet Pluto is not in- temperatures are those at top of atmosphere of each of the bodies_ 
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After years of experience in the application of inertial navi­

gation, Fairchild Guided Missiles Division is now partici­

pating in the development of many new systems of this type. 

The particular direction being taken by our talented en­

gineering and scientific staff is of course secret, but the 

importance of inertial guidance to America's defense is not. 

The missile that incorporates true inertial guidance is vir­

tually non-deterrable, because it is totally self-contained, 

depending only upon its own "brains" to pinpoint its target. 

Developing such projects as these demands the greatest 

knowledge, experience and inventiveness. You'll find them 

all at Fairchild Guided Missiles Division, currently being 

applied as well to many other new, advanced concepts in 

this vital field of defense. 

,'IliE. 

FAIRCHILD 
GUIDED MISSILES DIVISION . WYANDANCH,ll,II.Y. 

A Division of Fairchild Engine and Airplane Corporation 

WHERE THE FUTURE IS MEASURED IN LIGHT·YEARS! 
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�_-C>-_�6Y O.SOG-LOW 

12,000 TIMES AS IMPORTANT AS FOOD. When 
the judge says 40 days on bread and water, 
that's bad. But if he said 5 minutes without 
air, that would be the death sentence. Man can 
go 40 days without any solid food-IO days 
, .. ithout water-only five minutes without air. 
We take many precautions to keep our food 
and water pure. How about air? 

ROOM SERVICE. Air-Maze panel filters keep 
hotels cleaner and guests happier with plenty 
of clean, fresh air. All-metal cells are easy to 
clean, provide high efficiency, low pressure 
drop in hospitals, office buildings, stores­
wherever clean air is required. 

DUST IS DONE FOR! Air-Maze oil-bath filters 
literally "scrub" compressor intake air clean 
in a bath of oil. Compressors and engines 
last longer when abrasive dirt and grit can't 
get in to damage polished pistons, cylinder 
walls, rings and valves. 

IF YOU BUILD OR USE engines, compressors, 
air-conditioning and ventilating equipment, 
or any device using air or Liquids - the chances 
are there is an Air-Maze filter engineered to 
serve you better. Representatives in all prin­
cipal cities. For condensed product catalog, 
write Air-Maze Corporation, Department D, 
25000 Miles Rd., Cleveland 28, Ohio. 

AlasMAZI 
The filter Engineers 

AIR FILTERS. SPARK ARRESTERS. LIQUID FILTERS 
SILENCERS. OIL SEPARATORS. GREASE FILTERS 
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INTENSE HEAT OR LIGHT 

FREE RADICALS are formed when molecules of ordinary substances are decomposed by 

exposure to intense heat or to light of appropriate wavelength. At the top, a molecule of 

water (large sphere represents an oxygen atom; small spheres, hydrogen atoms) is sche· 

matically shown breaking up into a hydroxyl radical, OH, and a hydrogen atom. The middle 

row shows an ammonia molecule, NH3 (large sphere is nitrogen, small spheres are hydro. 

gens), an amine radical, NH2, and an imine radical, NH. At the bottom is a molecule of 

methane, CH� (the large sphere is now a carbon atom), a methyl radical, CH3 and a methyl· 

ene radical, CH2• Under ordinary conditions free radicals disappear almost as soon as they 

are formed. They react among themselves, or with other molecules, to form new substances. 

sea of liquid methane overlies the ice 
and that Rnally the planet is enveloped 
in an atmosphere of hydrogen, helium 
and vapors of ammonia and methane. 
But the only thing we know positively 
is that ammonia and methane are pres­
ent in the outermost layer. 

The Rrst clue to understanding the 
extraordinary activity and fascinat­

ing color changes in Jupiter'S atmos­
phere is the rotation of the planet itself. 
A point on the surface of Jupiter moves 
at a speed of about 30,000 miles per 
hour-about 30 times as fast as on Earth. 
It is exposed to the sun for Rve hours 
and then is in the shadow of night for 
the same period. Because of this rather 
rapid heating and cooling, and the fact 
that the atmospheric bands move with 
different speeds, Jupiter probably has 
wind and electrical storms far surpass­
ing any on the Earth. The tremendous 
cyclones may whirl clouds of colored 
material from the planet's surface into 
the upper atmosphere. The red material 

we see may be cuprene, a polymer of 
acetylene, which is known to be formed 
when methane is illuminated with light 
of very short wavelength. The blues and 
grays may well be due to the presence of 
sodium, for this metal gives such colors 
when it is dissolved in liquid ammonia, 
the color depending on the temperature. 

The new hypothesis I shall discuss is 
that Jupiter's colors may be accounted 
for in part by free radicals-the transi­
tory chemical compounds which on 
Earth are detectable only as fleeting in­
termediate products of chemical reac­
tions [see "Free Radicals," by Paul D. 
Bartlett; SCIENTIFIC AMERICAN, Decem­
ber, 1953J. For example, if we take a 
hydrogen atom away from the water 
molecule, we are left with the hydroxyl 
radical, OH. If we take away the second 
hydrogen atom, we are left with just one 
atom (of oxygen) -the simplest type of 
radical. Similarly, if we take a hydrogen 
atom from ammonia, NH3, we obtain 
the amine radical, NH2; removal of a 
second hydrogen atom gives the imine 
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Hand work assures quality 
not found in mass· produced 

switches. 

Most metals, subjected to se­
vere cold forming, :lre suscep· 
tible to internal stresses. Each 
diaphragm and bourdon tube 
is heat treated to reduce in­
ternal stresses to a minimum. 

Metals used are carefully spe­
cified and thoroughly 

checked. 

Sensing elements are cycled 
to the proof pressure 1,000 
times. Cycling relieves any 
stresses left in metals. Any 

small leaks arc detected 
in this test. 

Switch parts are checked and 
rigidly inspected at end 

of each step. 

Since sensing elements might 
be corroded by the atmos­
phere, this photo shows how 

they are plate� to prevent 
corrosion. 

Reduced size 
ond weight 

�seals or 
springs used 

Snap·action 
switch; only 

moving port 

Depth of cadmium plating is 
determined by magnetic and 
acid tests. 

Pressure switches may be re­
quired to work in high alti­
tudes, dry climates, high 
humidity or over rough ter­
rain. These switches are being 
tested in a high temperature. 

leok·proof, tie' 
tube protection 

INot offeCled 
W-o� temperotur. 

changes 

Excellent 
vibration 

characteristics 

Heli"'arc welding (which 
excludes oxygen) is used to 

insure cleanliness. 

In final test calibration, spe­
c i a l  Me letron developed 
equipment operates every 
switch several hundred cycles; 
then each switch is individu-

ally inspected. 

123 

© 1956 SCIENTIFIC AMERICAN, INC



advanced 

$ 'echnique 

fighter situation 

display by AVION 

Fighter Situation Display 
(F,SD) is an automatic, 
continuous indication 'on 

a map of the aircraft 
position during flight. 

Developed by Avion for 
the Air Force. FSD 
eliminates manual com­

putation and facilitates 
pin point navigation. 

Avion's flexibility and 
ingenuity, coupled with 
extensive experience in 
Electronics, Mechanics 
and Optics can better � "'" Y'U. 

Investigate the career op­
portunities in our expand. 
ing organization. 
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radical, NH, and removal of the third 
hydrogen atom leaves a nitrogen atom. 
In the same way we can obtain from 
methane, CH4, the methyl radical, CHa, 
the methylene radical, CH2, and so on. 

Under ordinary conditions radicals 
have only a fugitive existence in the free 
state because they react very rapidly, 
either with themselves or with other 
molecules. It is only recently that meth­
ods have been discovered for studying 
their chemical behavior. The favorite 
method is to generate and trap them in 
a tube in which, as soon as the radicals 
are formed, they are swept away from 
the source material by a stream of inert 
gas, such as nitrogen. If, for example, 
the vapor of tetraethyl lead (the anti­
knock compound) is heated in such a 
tube, the compound decomposes into 
lead and the ethyl radical (C2H5) . The 
lead is deposited on the tube wall, and 
the freed radicals are swept rapidly 
down the tube by the current of nitro-

:> 

/\ A 
.'.� 

gen. Their presence can be detected by 
trapping them on a cold "mirror" of lead 
Of some other metal, where they com­
bine with the metal to form a volatile 
compound. The radicals in the stream 
also react with themselves to form Of­

dinary molecules. Their lifetime as free 
radicals in the tube lasts only a few 
thousandths of a second. 

While this technique has been useful 
for studying hydrocarbon radicals, it is 
not adaptable to noncarbon radicals 
(such as OH or NH2) , which do not 
react with "mirrors" of lead or any other 
known material. However, a method of 
detecting such radicals was discovered 
through a chance happening in our lab­
oratory at the Catholic University of 
America. One of my graduate students 
accidentally spilled some liquid nitrogen 
on a tube through which a stream of 
radicals was passing. A colored deposit 
immediately appeared on the walls of 
the tube. The radicals, it seems, were 

B 

..•.. � 

B 

EXISTENCE OF FREE RADICALS can be demonstrated by the experiment diagrammed 

here. Through the tube, from left to right, is pumped a stream of nitrogen gas containing a 
small amount of tetramethyl or tetraethyl lead vapor. The tube is first heated near point B, 

as in the upper drawing. The lead compound decomposes and a lead mirror forms at B. 

This deposit is then cooled and the tube is heated at point A, as in the lower drawing. A 

new mirror forms at A, but as it develops the one at B grows thinner and finally disappears. 

This shows that the radicals generated at A have passed down the tube and combined with 

the lead at B to form a volatile compound which is then carried away by the moving gas. 
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Secrets "\vill out . . . 

Like the secret of how to build a ship in a bottle. 
Or how to manufacture bottles themselves more 
efficien tly. 

Scientists of UNION CARBIDE in cooperation with 
the glass industry are finding new answers to 
bottle-making secrets-in silicones. As lubricants 
for molds and other machine parts that form and 
handle red-hot molten glass, UNION CARBIDE 
Silicones make possible the production of glass­
ware that's sparkling clean, with fewer rejects. 
Their use can also reduce smoke and soot. 

UNION CARBIDE Silicones are upgrading prod­
ucts and improving processes in many other fields. 
They make electric motors withstand the heat of 

overloads and rapid reversals. As rubbers, they 
stay highly flexible at very low temperatures, and 
resist high heat as well. As water repellents, they 
make waxes and polishes more effective, and 
much easier to apply. They even provide an "in­
visible raincoat" to protect brick and masonry 
buildings from damage by the elements. 

These and other uses can be yours, along with 
the combined experience of UNION CARBIDE and 
its various Divisions that can be drawn upon to 
help you apply them correctly. Why not call in 
a UCC Silicone expert today! Now, more than 
ever, it will pay you to "Look to UNION CARBIDE 
for Silicones." 

Silicones Division, Dept. R-6 
U�1I0!'l CARBIDE AND CARBON CORPORATION 
30 East 42nd Street. New York 17. N. Y. 

Please send me data on Silicones for: 

_________ SILICONES DIVISION ---------
o Class H Electrical Insulation 0 Above-Grade Masonry Water Repellent 

UNION CARBIDE 
AND CARBON CORPORATION 
30 EAST ·12ND ST R EE T  I!B! NEW YORK 1 7, N. Y .  

I n  Canada: Linde Air Products Company, Division o f  Union Carbide Canada Limited 
The term "Union Carbide" is a trade-mark of Union Carbide and Carbon Corporation 

• 0 Release Agents o Rubber Gum Stock 3nfl CompOllnds 

Name' ____________ Title _______ _ 
Company _____ ______________ _ 
Address ___________________ _ 
Cily ____________ -"ZOlLe __ State ___ _ 
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in jllst' 

seconds 

.. . you can read any surface 

temperature in your plant .. . 

accurately and easily . • •  with 

the Alnor Portable Pyrocon. 

Compact in size, complete in 

precision design and workman­

ship, this rugged instrument 

assures the highest standards of 

speed, accuracy and depend­

ability. You can take temperature 

readings on materials in process, 

the finished product or the heated 

equipment itself-in as few as 

3 seconds! 

Alnor Portable Pyrocons come 

in scale ranges to 2000° F., with 

thermocouples for every applica. 

tion. You'll find full details on the 

Pyrocon exactly suited to your 

operations in Bulletin 4257. Send 

for your copy now. Write: Illinois 

Testing laboratories, Inc., Room 

548, 420 North LaSalle Street, 

Chicago 10, Illinois. 
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NONCARBON RADICAL is formed when hydrazoic acid, HN3 (left), is decomposed by 

heat. The reaction yields an imine radical, NH (center), and a molecule of the very stable 

N2 (right). The large spheres in the drawings are nitrogen atoms; small sphere is hydrogen. 

frozen out of the stream onto the sud­
denly chilled walls. 

We are now using the following appa­
ratns to study noncarbon radicals. A low­
pressure volume of, say, hydra zoic acid 
is swept rapidly through a quartz tube 
heated to a high temperature. Under 
these conditions hydra zoic acid should 
decompose into the very stable nitrogen 
molecule, N2, and the imine radical, 
NH. The stream of N2 and NH encoun­
ters a pyrex glass finger which is filled 
with liquid nitrogen at a temperature of 
195 degrees below zero C. When NH 
strikes the surface of the cold finger, it 
condenses as a beautiful blue solid. At 
liquid-nitrogen temperatures the solid is 
chemically stable in the free state. It also 
possesses the extraordinary property of 
being attracted by a magnet. This "par-

MANOMETER 

THERMOS BOTTlE 

amagnetism" is due to the fact that a 
free radical has an unpaired electron. 

When the blue solid is warmed, as 
soon as its temperature rises to 125 de­
grees below zero it suddenly turns white 
and gives off heat. The white substance 
turns out to be ammonium azide, NH.!N:{, 
formed by the combination of four NH 
radicals. 

When the compound hydrazine, 
N2H4, is decomposed in the same appa­
ratus, a yellow substance freezes out on 
the cold finger. This solid also is stable 
indefinitely at minus 195 degrees, but 
when warmed to minus 178 degrees, it 
suddenly becomes white and gives off 
free nitrogen. The substance may well 
be the hydrazine radical, NH2NH. We 
have no conclusive evidence that either 
the blue or the yellow solid produced in 

-1--1-- II QUI D 
NITROGEN 

FROZEN FREE RADICALS can be obtained in the apparatus shown above. To prepare 

solid imine the flask in the thermos bottle is filled with a solution of sodium azide in suI· 

furic acid. This generates hydra zoic acid. The hydrazoic acid is conducted through the 

heating coils of an electric furnace where it is heated to a temperature of 800 to 1,000 

degrees centigrade. There the compound decomposes into imine and nitrogen. On this 

cold surface the imine radicals crystallize out as a blue solid. The material, which has the 

p.·operty of being attracted by magnets, is stable if it is kept cooler than -125 degrees C. 
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"Standard" relay solves special problem 

A -leading manufacturer of heat 
pumps, modern devices to heat 
and cool the home, had this prob­
lem. Improperly applied relays 
in the automatic control unit 
were failing in service. 

But P&B solved the problem. 
Circuits were re-designed for 
grea ter sim plici ty. An a pplica tion­
engineered P&B relay replaced 
the relay previously used. And 
the trouble was over. 

The problem-solving relay­
one of more than 20,000 P&B 
design variations - proved com­
pletely reliable, capable of day­
in, day-out operation for at least 
20 years. 

Whether your problem re­
quires engineering a new electro­
mechanical device, or merely the 
intelligent application of a 
"standard" relay, you can be cer­
tain the solution lies with P&B. 

Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 

P&B series AB relay, specifically designed 
for those appliance applications where 
long, dependable life is a requirement. 
Has stationary, pure-silver contacts, 
inte grated with a s turdy , one-piece 
molded base, 'plug-in terminals for 
rapid installation. 
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still gOing ..• 

SERIES 
KI5300 

D.C. 
A.W.HAYDON 

COMP A N Y  
AN TYPE 

MOUNTING STOP CLOCKS 

GENERAL 
CATALOG 
SENT ON 
REQUEST 

withstand rugged conditions. voltage and temperature variations with unfailing 
performance. Used where time intervals must be accurately 

'
measured and 

eleetrical reset is desired. 
. 

SPECIFICATIONS: Voltage Range-Motor and Clutch Coil: 20·30 Volts D.C. • Temperature Range-From -55QC. to 85°C . •  Maximum Current Require­
ment-475 Milliamps at -55·C. and 30 Volts D.C . •  Accuracy- ± 0.10% of 
reading ± 20ms @ 20·C. ± 0.20% of reading ± 20ms from -55�C. to 85·C. 
2

0
:eV�r

t
:i�C-:-�

o
�e�o���

u
��ximum • Dielectric 1e5t-140 Volts RMS·60 CPS or 

Meet military specifications. Hermetically sealed enclosure and connector. 
AN connector or glass metal" header optional. Choice of flange mountings 
Electrical reset permits local or remote control. 

• 
PREFERRED, WHERE PERFORMANCE IS PARAMOUNT 

� 
� 

lAo Wo-[}JJAYDON � 
243 NORTH ELM STREET, WATERBURY20,CONNECTICUT 

DeSIgn and Manufacture of Electro-Mechanical Timing Devices 

PHYSICISTS, MATHEMATICIANS 

Honeywell's Aeronautical Division is 
conducting advanced research projects 
in the areas of inertial guidance, stabi­
lized pial forms, inlet geometry control, 
air data computers and operational 
digital computers. 

gives all the meat of ASA St a n d a r d  

B46.1-1955 o n  surface roughness, wavi­

ness and lay, plus helpful supplementary 

material. Arranged for easy reading and 

convenient reference. Includes these sec­

tions: 

• Several unusual positions are open 
in our Aeronautical Research Depart· 
ment for physicists and mathematicians 
with a Master's Degree or higher. Ex­
perience or interest is desirable in digital 
and analog computing, inertial guidance 
-both from a physical equipment and 
mathematical analysis standpoint­
supersonic aerophysics and numerical 
analysis. 

• Basic definitions - with profile 

records of typical surfaces. 

• How to designate the charac­

teristics of roughness, waviness 

and lay, on drawings. 

• How to measure those char­

acteristics. 

• Arithmetical and r.m.s. aver­

age roughness height. 

• How the Profilometer® meas­

ures average roughness height. 

• Instrument characteristics for 

roughness measurement. 

It's timely - authoritative - comprehen­

sive. Eight pages, illustrated - and yours 

for the asking. Write for BULLETIN 

LTl8. 

128 

• These are permanent positions in 
both basic and applied research in a 
group reporting directly to division 
management. You will take professional 
responsibility for your project and its 
translation into the desired goals. 

CONSIDER THESE ADVANTAGES 
• Minneapolis, the city of lakes and 
parks, offers you metropolitan living in 
a suburban atmosphere. No commuling. 

• Your travel and family moving ex­
penses paid. 

• Salaries, insurance-pension pro­
grams, plant and technical facilities are 
all first-rate. 

If you are interested in a career with a 
company whose sound growth is based 
on research, call collect or send your 
resume to Hugo Schuck, Dept. SA-6·99, 
Director of Research, Aeronautical 
Division, 2602 Ridgway Road, Minne­
apolis 13. 

Honeywell 
�t�� 

these experiments is actually a free radi­
cal rather than a composite molecule, 
but the nature of the experiment sug­
gests that they are radicals. 

Now the blue and the yellow are 
like the colors observed on Jupiter. It 
seems almost certain that sunlight shin­
ing on Jupiter continuously generates 
free radicals in its outer atmosphere. On 
the basis of laboratory experience we can 
say that absorption of sunlight by the 
planet's methane and ammonia should 
liberate radicals such as CH�, CH2, NH:!, 
NH, NH2NH and so on. Swept down 
rapidly to the colder depths of the plan­
et's atmosphere by its great winds, the 
free radicals would be preserved there, 
for as we have seen, some of them at 
least are stable at low temperatures. This 
storing of sunlight in the form of high 
energy radicals deep in Jupiter's atmos­
phere would be analogous to the storage 
of sunlight in the form of coal in the 
Earth (through the photosynthesis of 
ancient plants) . 

It is difficult to avoid the conclusion 
that the generation of free radicals 

by absorption of light and their stabili­
zation under conditions of intense cold 
occur in Jupiter's atmosphere. Since the 
process has been occurring throughout 
the ages, the accumulation of colored 
materials may be sufficiently great to 
account, at least in part, for the colors 
observed. 

A program of research is now under 
way to test our hypothesis. To decom­
pose compounds into radicals we have 
substituted intense ultraviolet light for 
the electric furnace we were using, and 
we are studying the absorption spectra 
of the substances deposited on the cold 
finger, with a view to comparing the 
spectrum of light reflected from them 
with that of the sunlight reflected from 
Jupiter itself. This should give unequiv­
ocal evidence as to whether or not free 
radicals are. present on Jupiter. 

If free radicals are indeed stored in 
considerable amounts in the lower parts 
of Jupiter's atmosphere, we can amuse 
ourselves by speculating that a space 
ship traveling to that planet would find 
an abundant supply of rocket fuel par 
excellence to refuel for the return jour­
ney to Earth. This might give Jupiter 
priority over M aI'S as the first target of 
man's interplanetary travel, except for 
the unfortunate facts that at a speed of 
1,000 miles per hour a space ship from 
the Earth would take about 40 years to 
reach Jupiter, and the big planet's mass 
is such that a 180-pound man would 
weigh almost a quarter of a ton there. 
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Boeing engineers meet two pressing iet-age problems 

Mariy different kinds of Boeing engi­
neers have worked together to develop 
the prototype sound suppressor (top) and 
thrust reverser (bottom), shown installed 
on the Boeing 707. On production 707 
jet airliners, however, the two will be 
combined into a single unit capable of 
performing the duties of both the sup­
pressor and reverser . Test results have 
been so satisfactory that Boeing has con­
tracted to deliver 707s to airlines, begin­
ning in late 1958, equipped with sound 
su ppressor-thrust reversers. 

This is an example of the many impor­
tant contributions Boeing engineers­
mechanical, civil, electrical and aeronau­
tical, as well as specialists in physics, 
mathematics, acoustics and other fields­
are making toward the progress of jet­
age aviation. 

Their work is challenging and creative, 
a t the very frontiers of engineering 
knowledge, on the B-52 jet bomber, the 
KC-13 5 tanker-transport, the 707, the 

BaM ARC IM-99 weapons system, and 
on aircraft of the future. Boeing is an 
"engineers' company," with more than 
6,000 technical graduates employed. 

Boeing now employs more than twice 
as many engineers as at the peak of 
World War II. But, because of steady ex­
pansion, more topnotch technical men 
are needed. They will work with superb 
facilities, including the multi-million-dol­
lar new Boeing Flight Test Center, the 
latest electronic data reduction equip­
ment, and a new wind tunnel, which 
will be in operation shortly, capable of 
velocities up to Mach 4. 

Boeing engineers work in closely knit 
project teams. There are regular merit 
reviews, individual recognition and 
ample scope for creative expression. En­
gineering aides and draftsmen handle 
routine jobs, freeing engineers for the 
numerous stimulating assignments. 

Life is pleasant for Boeing engineers 
and their families in the progressive, com-

fortable-size communities of Wichita and 
Seattle. How would you like to do inter­
esting and vital work with one of the 
world's leaders in aviation? Inquire now 
about an opening on one of Boeing's re­
search, design or production teams. 

• JOHN C. SANDERS, Staff Engineer - Personnel 
Boeing Airplane Co., Dept. B-52, Seattle 14, Wash. 

R. J. B. HOFFMAN, Administrative Engineer 
Boeing Airplane Co., Dept. B·52, Wichita, Kansas 

• If you want further information on the advan� • tages of a career with Boeing, please send cou� • pon to either of the above addresses. 

• Name ____________________________ _ 
• College(s) ___________ Degree(s)_ Year(s)_ 
• Address __________________________ __ 
• City _____________ Zone _ State ______ _ 
• Telephone number ____________________ __ 

BOEING 
Aviation leadership since 1916 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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As part of its never-ending war on weight the Air Force 
handed Perkin-Elmer this problem : find a way to trim the 
fat off bulky aerial telephoto lenses - without impairing their 
optical performance. 

Drawing on the experience of  a staff that has designed and 
built some of the world's most complex optical and electro­
mechanical equipment, P-E came up with a definitive report 
on lightweight lens techniqnes. Using these new techniques, 
P-E took a large lens system weighing 190 pounds, remanu­
factured it down to a cool 70 pounds - with no loss in optical 
performance ! 

Even more dramatic weight reductions are in the offing. 
P-E has recently developed a method for mass-producing 
aspheric lenses. This new method will make possible lens 
systems with greatly simplified optical elements. Here again, 
the answer was found by a P-E staff whose experience went 
far beyond mere specialization. 

Other projects that testify to Perkin-Eimer's ability to take 
a systems problem and "see it whole" : 

• ROTI Mark I (Recording Optical Tracking Instrument ) 
for tracking the flight of guided missiles. 

• Airborne infrared detection systems for military use. 

• The Y-4 bombing periscope for the B-47. 

• Prototype optical and radar bombing and navigation system 
now designated MA-2 for use on the B-52. 

• Most of the large aerial photographic lenses in use today 
by the Air Force. 

• Reactor periscopes for the Nautilus and Seawol£ submarines. 

In planning your next project, invite Perkin-Elmer to sit in. 
Our staff and unique facilities can bring your project to fulfill­
ment sooner than you may now realize. 

Perkin-Elmer 
In  pl a n n i n g  your career a l s o  - con s i d e r  

Perk i n - E l m er. We h ave open i n g s  for p h y s i ­
c i sts, electro n i c  e n g i n eers a n d  m a n y  others. 
We can offer top opportu n i t i e s  for ad­
vancement  i n  a rapidly g rowi n g  orga n i za ­

t ion,  located w h e r e  comfortable s u b u rban 
l i v i n g  i s  a rea l i ty. OPTICS • MECHANICS • ELECTRONICS 

1 3 0 

CORPORATION 
NORWALK, CONNECTICUT 
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Pneumatic Buildings 
Supported only by thin azr, these balloon-like fabric structures 

now house radar installations. Eventually they may also be used 

to roof over exhibition halls, hangars and other large buildings 

One day in June, 1948, visitors at 
the airport in Buffalo, N. Y., 
watched curiously as an immense 

balloon was slowly inHated on the 
ground beside the field. No doubt many 
of them expected the balloon, huge as it 
was, to take off. But when it was fully 
inHated, the big bag turned out to be a 
building. What the spectators saw was 
the erection of the world's first com­
pletely pneumatic structure. It had no 
girders, poles, struts, ribs or any other 
support but the air pressure inside the 
dome. 

By now hundreds of these bulbous 

by Murray Kamrass 

structures have popped up in many lo­
cations in the U. S. and Canada. They 
have not been seen by many people, 
because they are mainly in remote, out­
of-the-way places where they serve as 
portable "radomes" for housing radar 
stations. But their practicality and vir­
tues have been so successfully tested 
that we can expect pneumatic buildings 
to become common in civilian life in a 
variety of capacities, from sports arenas 
to granaries. 

The idea of a pneumatic structure is 
not exactly new, but it was never investi­
gated on a thoroughgoing scale until 

after World War II. It came into being 
as a result of the U. S. Air Force's need 
for a means of sheltering radar antennas 
in the far-Hung radar warning system 
it was building around the North Ameri­
can continent. The shelter had to be 
large enough to cover a huge antenna 
yet light enough to be Hown to remote 
stations, transparent to radio signals yet 
sturdy enough to withstand hurricane 
winds and weather extremes from the 
arctic to the tropics. To transmit and 
receive radio signals without loss of 
strength or distortion, the antenna ideal­
ly should be sheltered behind walls of 

PNEUMATIC BUILDINGS are now in use as enclosures for the 

antennas of the radar installations which are now being set up 

across Canada. The fabric bubbles successfully withstand all the 

rigors of the Arctic climate and are transparent to radio waves. 

131 

© 1956 SCIENTIFIC AMERICAN, INC



CD=OMDT�® 
COMPLETE LINE 

A-C POWER-TYPE 

TAP 
SWITCHES 
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5 SIZES-l0 TO 100 AMP A.C. 

If you need dependable, selective 
switching for high amperage ap. 
plications, specify Ohmite Tap 
Switches. They have all- ceramic 
construction with a positive "slow­
break" mechanism, specially de­
signed for A-C use. Ohmite Tap 
Switches are extremely compact, 
yet have as many as twelve per­
fectly insulated, non-shorting taps. 
Tandem assembled s witches are 
also available. Special designs can 
be worked out. to meet your indi­
vidual requirements. 

OHMITE MFG. CO. 
3609 Howard St. 

Skokie, "'. 
(Suburb of Chicago) 

Write on Company Letterhead 
for Catalog No. 40. 

HOSE IS STIFFENED by the pressure of water against its inside surface. This pressure, 

indicated by the small vertical arrows, produces tension in the hose material, as shown by 

the broken horizontal arrows. When the hose is pressed downward against a wedge, it will 

not buckle until the compressive force (solid horizontal arrows) exceeds the tension . 

some thin, nonmetallic material without 
interfering supports. These specifications 
led the Cornell Aeronautical Laboratory, 
Inc., at Buffalo .to propose an unconven­
tional but practically inevitable solu­
tion-a dome supported simply by air, 
pumped to slightly higher pressure than 
the outside atmosphere. 

Although the proposal met with con­
siderable skepticism, the development 
center at the Griffiss Air Force Base in 
Rome, N. Y., sponsored a short study by 
the Cornell Aeronautical Laboratory of 
the idea's feasibility . The results were 
impressive enough to launch a full-scale 
development at the Laboratory by a 
team of engineers under the direction of 
Walter W. Bird. 

As finally worked out, the airdome, an 
ft inflated sphere truncated at the bot­
tom and tied to a foundation, seems sim­
plicity itself. But complex theoretical 
and practical problems had to be solved 
before the idea was reduced to a work­
able form. 

The essential principle is familiar 
enough. An empty water hose is limp, 
like a rope, but when it is filled with 
water under pressure, its walls become 
rigid and resist bending; anyone who 
has ever handled a fire hose knows how 
stiff it can be. The stiffness is explained 
by the fact that the hose walls have 
been put into tension by the internal 
pressure. This is the simple scheme of 
the airdome: its flexible fabric envelope 
is put under tension and made rigid by 
internal air pressure. How much pressure 
is necessary? It turned out that one tenth 
of a pound per square inch above the 
atmospheric pressure (which averages 
about 15 pounds per square inch) was 
sufficient under ordinary wind condi­
tions. This difference amounts to about 

. 2 inch of mercury-well within the 
range of daily variations of the barome­
ter. During violent storms the airdome 
can be kept rigid simply by raising the 
pressure slightly. In a wind-tunnel test 
run by the author, a model radome with­
stood a 200-mile-per-hour wind without 
perceptible effect on its shape with the 
internal pressure qnly .65 of a pound per 
square inch higher than the ambient. 

Such pressures can easily be main­
tained by blowers or other equipment, 
e.g., pressure tanks or gas generators. 
The radomes generally have a control 
system which keeps the pressure at the 
necessary level and switches on extra 
blowers in an emergency, such as high 
winds or tears in the envelope. They 
have on occasion been kept inflated in 
spite of many punctures. In case of fail­
ure of the power supply for the blowers, 
it is desirable to have an auxiliary stand­
by power system. But one of the great 
virtues of these structures is that a col­
lapse of the building is not dangerous. 
The supporting air pressure is so little 
more than that outside that the air es­
capes slowly, and the structure settles 
gently. The lightness of the "roof" would 
be a big safety factor in a theater or 
sports arena of this design; in case of 
an earthquake or fire there would be 
nothing to crash on the spectators' heads. 
A light frame of cables could catch the 
collapsing envelope and prevent it from 
falling to the floor. 

The radomes usually have simple air 
locks at the doors to prevent too much 
loss of air when people enter or leave. 
Revolving doors could be used for the 
same purpose. A person in the airdome 
does not notice the difference in pres­
sure, except for momentary pressure on 
the ears when he goes out, like the effect 
in a descending airplane. To keep an air-
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Your business is in the Age of Electronics 

Electronic test instrum�nts-modern, low 

cost way to precision measurements . . •  

speed ratio 

machinery 

WORLD LEADER IN ELECTRONIC 
MEASURING EQUIPMENT 

temperature 

rps-rpm 

Hewlett-Packard manufactures over 250 basic electronic 
test instruments for industry, science and the military. Their 
application, in the main, is an engineer's job. Hewlett­
Packard engineers are in or near all major manufacturing 
centers. They can quickly evaluate, tell you if -hp­
instruments can help. We will welcome a letter outlining 
your problem, telling whom the -hp- engineer should see. 
Illustrated is an -hp- 523B Electronic Counter, one 
of many -hp- counters capable of measurements such 
as those listed above (with suitable transducers). 

HEWLETT-PACKARD COMPANY 
275 PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U. S.A. 

CABLE "HEWPACK" • DAvenport 5-4451 
Field engineers throughout the U. S. and Free World :3802 
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rockets 

give helicopters 

extra lift 

Tiny rotor-tip rocket engines in­
crease the payload of the Sikorsky 
HRS-2 helicopter up to 100 per cent. 
Having started their vertical take­
offs at same instant, equally heavily 
loaded Marine helicopters demon­
strate relative hovering capabilities. 
Standard HRS-2 (background) 
hovers only as high as ground effect 
will permit. ROR (rocket-on-rotor) 
helicopter climbed straight u p  
throug,h ground effect and was still 
climbing when this photo was taken. 
Developed by Reaction Motors, Inc., 
for the Navy, ROR provides auxili­
ary power for take-off or emergency 
situations. 

Reaction Motors, developer and producer of 
rocket engines and powerplant systems for guided 
missiles, aircraft, and ordnance-type rockets, 
is an important participant in the OMAR 
program. With Marquardt Aircraft, the West's 
largest jet engine research and development center, 
and Olin Mathieson Chemical, RMI contributes 
to a continuous joint technical effort to 
advance the science and technology of supersonic 
powerplants and fuels. 

The OMAR program illustrates the integration 
of effort by a well-coordinated industrial team ... 
the weapons systems concept in action. This 
combination of technical and production skills, 
products, services, and corporate strength has 
the capacity to provide an effective assist to those 
responsible for the common defense. 

Mmo,,", .,"'.,� 
OLIN MATHIESON CHEMICAL DM#J!l """ON MO'O", .If!!!"""" 
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r 
Engineers in 

training. 
Experienced 

englneers . .. 
... there's no limit to the oppor­
tunities open to you as members of 
the OMAR team in the fields of: 

Rocket and Ramjet Engines 
Propellants and Fuels 
Testing and Evaluation 

Positions are open for the 
following: 

mechanical engineers 
combustion engineers 
aeronautical engineers 
stress ana Iysts 
turbine engineers 
thermodynamicists 
servo engineers 
electrical engineers 
nuclear engineers 
ordnance engineers 
instrumentation engineers 
test engineers 
development engineers 
process design engineers 
production engineers 
physicists 
mathematicians 
organo-metallic specialists 
inorganic chemists 
organic chemists 
polymer chemists 
electrochemists 
physical chemists 
analytical chemists 

On the OMAR team, you're affiliated 
with pioneers in the field of supersonic 
propulsion: Reaction Motors, Inc., 
first in the American rocket industry; 
Marquardt Aircraft Company, the 
West's largest jet research and devel­
opment center and first in ramjets; 
Olin Mathieson Chemical Corpora­
tion, a leading producer of chemicals, 
metals, explosives, and high-energy fuels. 

You're on a team that unites for the 
first time both chemical and mechani­
cal experience in research, develop­
ment, and production of supersonic 
rockets, ramjets, and liquid and solid 
propellants. 

For further information write 
OMAR Employment Officer at the 
company nearest you. 

Olin Mathieson Chemical Corporation 
464 Park Avenue, New York 22, N. Y. 

Reactiorl Motors, Inc. 
Denville 3, New Jersey 

Marquardt Aircraft Company 
16556 Saticoy Street 
Van Nuys, California 3907 

tight seal around the bottom of the en­
velope, many radomes are clamped to 
the circular foundation with a ring. The 
foundation is sometimes on the ground, 
sometimes on a building or tower 25 or 
30 feet high, 

One of the most interesting and im-
portant aspects of the research was 

the analysis of stresses on the various 
parts of the envelope. Wind blowing 
against an envelope from one side of 
course imposes nonuniform forces over 
the surface; the forces vary in strength 
and direction from point to point. Yet 
the envelope must be kept reasonably 
rigid at all points. If it buckles or billows 
in any area, it may foul up the big an­
tenna revolving inside. If the stress is 
concentrated too strongly at any point, 
the envelope may tear. If the radome 
stands on a small base, a strong wind 
may overturn it, The cure for all these 
possible calamities is to maintain just 
enough air pressure to keep all parts of 
the envelope under sufficient tension to 
resist buckling, 

The wind pressures and stress distri­
butions over the whole envelope were 
measured in detail in wind-tunnel tests. 
It was first assumed that the envelope 
would not bend or give in such a way as 
to relieve high local stresses and dis­
tribute the load to other areas. The cal­
culations as to the pressure needed and 
the loads on the fabric were made on this 
conservative basis. Actually it was found 
that the cloth envelopes studied were in 
fact capable of distorting to transfer 
stresses from the most stressed areas. 
This useful property allows considerable 
leeway in design, 

Much research has been spent on 
finding the best materials for construc­
tion of the envelope. The design called 
for a fabric which was strong and 
weather-resistant, would not stiffen in 
extreme cold, would not absorb mois­
ture, would not stretch too much yet 
would give when necessary, could be 
stored for long periods without dete­
riorating, and, above all, would not sig­
nificantly absorb radio energy, so that 
radar Signals could pass through the en­
velope freely, The principal fabrics in­
vestigated so far have been Fiberglas, 
nylon, Fortisan (a rayon) and Dacron, 
Field experience has shown that for 
radomes the best of these are nylon and 
Dacron, To improve resistance to tear­
ing, the fabrics are used in a two-ply 
weave with the threads biased at a 45-
degree angle; when this is punctured, it 
does not rip beyond the original break. 

For resistance to weathering the 
fabric is coated with neoprene contain-
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POSSIBLE COMMERCIAL USES for air­

supported buildings are suggested in these 

drawings. The topmost pair of drawings 

represents a large coliseum with an air·sup­

ported roof. It is seen in plan view (above) 
and elevation (below). The next pair rep­

resents a portable enclosure that might 

serve for summer fairs or carnivals. The 

two lower pairs of drawings show structures 

tbat could be used for bulk storage in open 

fields. Attacheil to the upper, hemispherical 

enclosure is a pump to load it from the top. 
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An industrial periscope is very 
often the answer to hard-to-get� 
at, underwater, hazardous loca­
tion or Hot-Spot remote control 
observation. Ideal for use where 
heat, pressure or Hot Cell radia­
tion are problems ... the peri­
scope offers unsurpassed clanty 
and definition, true color, and a 

long, maintenance-free service 
life. Attachments are available 
for photo recording all viewed 
material. 

With our wide experience in 
this field, we probably have 
a design to fit your viewing 
problem. Send for Bulletin 301 

I>lant: 347 King Street, Northampton, Mass. 

New York Office: 30 Church St., New York 7 
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ing a little carbon black. A vinyl-base 
white paint over this coating proved 
effective in improving resistance to 
weather and in reflecting the sun's heat, 
but in severe climates the radome had 
to be repainted as often as every year. 
Further development produced a paint 
known as Radolon (chlorosulfonated 
polyethylene) which has given the best 
service of any so far. Research is being 

continued to find still better fabrics and 
coatings which will be less costly to 
make. 

The radome is constructed of panels 
of the fabric, tapered to the top where 
they are fastened to a circular crown 
piece. The panels are cemented rather 
than sewn together, as this makes a tight 
seal and just as strong a joint. Usually a 
tape is cemented over the joint. The 

t 

DISTRIBUTION OF STRESSES on a radome is shown by the colored arrows in the upper 

diagram. The broken arrows around the dome represent the general direction of wind 

flow around it. In the lower diagram a wind force (horizontal colored arrow) produces a 

compression on the far side of the dome (broken colored arrows). The compression is 

counterbalanced by the tension (vertical colored arrows) due to the internal pressure. 
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rn 
STEEL 

\ Jones & ,Laughlin 
STEEL CORPORATION 

UNION OIL COMPANY 

These company names are symbols of in dust 'al greatness, efficiency in management. 

Today in their offices automation for gures is at work. These and hundreds of other 

businesses, large and small, have adopted Mo ro-Matic desk calculators. 

The new Monro-Matic Duplex Calculat gives split-second answers to several 

problems simultaneously, actually adds as 't multiplies or divides, while controlling itself. 

Thus figure-work time, costs and operat r effort are measurably reduced. To see how this 

applies to your business get in touc with Monroe Calculating Machine Company, Inc. 

General offices: Orange, New J sey. Offices throughout the world. 

See the MAN from MONROE 
'or CALCULATING • ADDING • ACCOUNTING • DATA PROCESSING MACHINES 
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ENGINEERS AWk 
THERE'S A-BRIGHT�FuTURE 

. �//I \\\'< 
FOR YOU AT CONTINENTAL 

Continental Aviation & Engineering Corp. is constantly increas­

ing its staff of competent specialized personnel to meet the 

growing demands in the development of specialized power 

packages. The small and medium gas turbine engine program 

at CAE is progressing rapidly and offers engineers and tech­

nicians a challenging career coupled with many extra iob 

benefits. If you hold a degree in the AERODYNAMICS, MET AL­

LURGY, MECHANICAL or DESIGN ENGINEERING fields, con­

tad CAE and ;nvest;gate the � 
opportunities that can be yours. � 

ADDRESS: "Engineering Personnel" � ® 
CONTINENTAL AVIATION & ENGINEERING CORPORATION 

12700 KERCHEVAL AVENUE, DETROIT 15, MICHIGAN 

SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 

Founders Work or Work Founders 
At Alto, we have found there is no substitute (or Work. We all 

Work, including the Brass. Such W ork as developing measuring 
and signal systems (LF through VHF) rf transmitters and receivers, 

components, miniaturized instruments, pure research and theoretical 
studies in communications and related fields. We have done much 

of this Work for leading firms; are doing much now, want more. 
A cleverly couched brochure tells all-please write for it. 

ALTO SCIENTIFIC COMPANY, INC. 
"85 855 Commercial Street. Palo Alto, California . DAvenport 4-4733 
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cement now used is a self-curing, air­
drying product which has proved highly 
effective. When windows or other open­
ings are cut in the fabric, they are re­
inforced with plastic or metal frames; 
the fabric is wrapped around the frame 
and bonded to it. 

One of the problems in these uninsu­
lated pneumatic buildings is condensa­
tion of moisture on the inside of the 
envelope in cold weather. Consequently 
the air has to be dehumidified, particu­
larly in a radome, where moisture on 
the envelope interferes with the radar 
signal. This is done by means of continu­
ous ventilation or various types of driers. 
Ice on the outside of the envelope also 
has to be dealt with. On a small radome 
the ice can be cracked off merely by 
relaxing or stretching the envelope. In 
large radomes heat from banks of infra­
red lamps is beamed on the envelope 
when icing conditions threaten, and 
these have proved adequate to prevent 
accumulation of ice in severe weather. 

Obviously the possible uses for pneu-
matic buildings are almost un­

limited. Circus tents, fair buildings, 
exposition halls, portable hangars, farm 
produce storage depots, sports sta­
diums-this is only a small part of the list 
of possibilities. As a temporary structure, 
a pneumatic building can be transported 
easily and erected with a minimum of 
labor. A small transparent envelope 
could be put over a swimming pool, 
making it available for year-round use 
in any climate. The envelope need not 
necessarily take a spherical form: it can 
be made cylindrical, conical or in vari­
ous other shapes. An airplane with in­
flated wings and fuselage has already 
been designed and flown; its advantage, 
of course, is that the aircraft is collapsi­
ble when not in use. Moreover, the de­
velopment work on coated fabrics has 
suggested applications other than for 
pneumatic buildings. Coated with a re­
flecting material, the fabric could serve 
as the reflecting "dish" of a large radio 
telescope or as a reflector of sunlight for 
a solar heating plant. 

It is plain that one of the principal 
advantages of the pneumatic building is 
its low cost. This is particularly true 
when a structure with a large clear floor 
area is needed. A large auditorium with 
an air-supported roof would cost about 
half as much as one with the conven­
tional trussed-roof construction. Some 
engineers have even had fun speculating 
that the pneumatic envelope may one 
day make possible the enclosed, climate­
controlled city of which imaginative 
writers have long dreamed. 
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Harold W. lord, shown with some 
experimental magnetic amplifier 
"doughnuts," joined General Electric 
Company in 1926, shortly after his 
graduation from California Institute 
of Technology. At the Research Labo­
ratory he has worked in many fields 
of electronics, ranging from new 
ballasts for fluorescent lamps to pulse 
transformers for radar. 

More reliable automatic controls 

General Electric's Harold W. Lord helps improve 
magnetic amplifiers for industrial control devices 

Automatic controls-for down-to-earth uses in metal­
working machinery or for dramatic applications in 
autopilots for long-range bombers-are making new 
demands on magnetic amplifiers. At the General Elec­
tric Research Laboratory, where scientists have been 
studying magnetic amplifiers since 1912, new knowl­
edge of the specific requirements of magnetic alloys 
and of their performance in magnetic amplifiers is 
making important contributions to this technology. 
New magnetic amplifiers are being designed with 
both higher amplification and greater stability at high 
temperatures. Significant progress in basic under­
standing of the behavior of magnetic materials in mag­
netic amplifiers has been made by Harold W. Lord. 
As a result of his work and of that of his associates, 
it should soon be possible to increase the reliability 

of servo mechanisms, voltage stabilizers, electronic 
computers, and other industrial control apparatus. 

• 

As General Electric sees it, providing individual scien­
tists with freedom and incentive to solve the problems 
of research is part of solving the larger problem of 
how we can all live better, with better materials and 
better products with which to work, better jobs, and 
extra human satisfactions in terms of what people 
expect and want in life. 

!+ogress Is Oflr Most Impol'lqnf PrOt/fief 

GENERAL e ELECTRIC 
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The world's largest integrated 
aircraft plant, at Marietta,

' 

Georgia, - where we build 
Lockheed C-130 Turbo-Prop 
Cargo planes and B-47 Jet 
Bombers-welcomes this new 
Lockheed program in Georgia. 

Here are projects to chal­
lenge the very limits of imag­
ination, vision, ability and 
capabilities of man! 

This new atomic develop­
ment and its effect on the 
adjacent manufacturing plant 
and new Engineering facility 
at Marietta, creates far reach­
ing additional opportunities 
for Engineers and Scientists in 
a wide range of categories in 
both places. 

Here is a program that is 
literally long range in 

'
both 

scope and product. 
Qualified Engineers and 

Scientists interested in becom­
ing associated with this pro­
gressive and rapidly expanding 
organization are invited to in­
quire for further information 
or personal interview. 

Write to 
ENGINEERING PROFESSIONAL 

PLACEMENT 

LOCKHEED 
AIRCRAFT CORPORATION-DEPT. SA·6 

761 Peachtree St., N.E., Atlanta, Georgia 
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by James R. Newman 

ATOM HARVEST, by Leonard Bertin. 
Martin Seeker and Warburg Ltd. (20 
shillings ) . 

When a historian withholds im­
portant facts likely to influence 
the judgment of his readers, he 

commits a fraud, as an English states­
man once remarked. When a govern­
ment withholds important facts likely to 
influence the judgment of its people, it 
commits a graver fraud. Unfortunately 
these are offenses unknown to the law, 
though their effects are incalculable. 

A prime example of official juggling­
and of its consequences-is brought out 
in this book by Leonard Bertin, science 
correspondent of the London Daily Tele­
graph. The subject of his account is 
Britain's atomic energy industry. He de­
scribes its growth from small wartime 
beginnings to the great plants at Har­
well, Capenhurst, Windscale and Calder 
Hall; the scientific and technological 
labors that made possible the expansion; 
the military and peaceful benefits that 
Britain hopes to derive from atomic 
energy. All this makes a readable and 
informative report. But the chief interest 
of the book for this reviewer lies in two 
chapters which present a timely recapit­
ulation of a critical episode of recent 
history : the breakdown of the Anglo­
American partnership in atomic energy. 

Most of the facts, to be sure, are not 
new. They can be extracted from the 
Smyth report, the official British and 
Canadian atomic energy statements of 
August, 1945, Robert Sherwood's Roose­
velt and Hopkins, Winston Churchill's 
war memoirs and various papers and 
documents made public in the last few 
years. But the material is put together 
here for the first time. While Bertin's is 
a partisan account, exaggerating the 
British contribution in atomic energy as 
others have exaggerated the U. S. contri­
bution, it explains pretty well the na­
ture, the causes and the results of the 
breach. It is a story worth pondering, 

BOOKS 
A British account of the hidden breakdown 

of the Anglo-American nuclear partnership 

more as a guide to the future than as 
another revelation, so fashionable in our 
period, of who killed Cock Robin. 

To understand the culminating politi­
cal fiasco it is necessary briefly to review 
the scientific background. 

In January, 1939, Otto Hahn and 
Fritz Strassmann of Berlin announced 
their discovery that an isotope of barium 
was produced by the neutron bombard­
ment of uranium. A couple of weeks 
earlier Hahn had imparted this informa­
tion to Otto Frisch, who was spending 
Christmas with his aunt, Lise Meitner, 
in Stockholm. Frisch passed on the news 
to Niels Bohr at the Institute of Theo­
retical Physics in Copenhagen, but not 
before making a profound and fateful 
conjecture. "It looked [Frisch told Ber­
tin] as if the absorption of the neutron 
had disturbed the delicate balance be­
tween the forces of attraction and the 
forces of repulsion inside the nucleus. It 
was as if the nucleus had first become 
elongated and then developed a waist 
before dividing into two more or less 
equal parts in just the same way that a 
living cell divides." From a U. S. biolo­
gist Frisch learned that the process by 
which bacteria and other organisms re­
produce themselves is called "fission." 
He gave the same name to the newly 
discovered nuclear phenomenon. 

Bohr brought the news with him to 
the U. S. and told his fonner student 
John A. Wheeler and others at Princeton 
University about it. The word spread to 
Enrico Fermi and his associates at Co­
lumbia University. Immediately several 
groups began a search for the massive 
pulses of ionization to be expected from 
the flying fragments of uranium. Within 
a few days the fission theory was exper­
imentally confirmed by four laborato­
ries in the U. S., by Frisch in Copen­
hag�n and by Frederic Joliot ( later 
Joliot-Curie) in Paris. The race was on. 
Physicists in the U. S. and in Europe 
drove themselves furiously to broaden 
their knowledge of the subject; sensa­
tional stories began to appear in the 
press. When L. A. Turner of Princeton 
wrote an article on fission in the January, 
1940, issue of Reviews of Modem Phys-

ics, he cited nearly 100 papers on the 
subject published during the preceding 
1 2  months. 

The crucial question was whether a 
chain reaction was possible. This turned, 
as Henry D. Smyth pointed out in his 
account, on the result of a competition 
among four processes: escape of neu­
trons before capture, non-fission cap­
ture by uranium, non-fission capture by 
impurities, fission capture. One of the 
first groups off the mark consisted of 
H. von Halban, Lew Kowarski and Joliot 
in France. They made experiments to as­
certain the rate of production of neu­
trons, comparing the absorptive capacity 
of a uranium compound dissolved in wa­
ter with that of a solution of a non­
uranium salt. Their conclusions were 
basically correct though overoptimistic­
for every neutron that split a uranium 
atom, they calculated, between three 
and four additional neutrons would be 
produced. 

It was generally known by 1940 that 
to harness atomic energy two different 
processes would have to be achieved, 
depending on whether one wanted pow­
er or a bang. To get atomic power re­
quired a chain reaction induced by slow 
neutrons; to get a bomb required one 
induced by fast neutrons in separated 
uranium 235 or in plutonium. It was also 
known that fission neutrons had high 
speeds, that the neutrons had to be 
slowed to produce power and to convert 
U-238 into plutonium, and that various 
substances-including graphite, heavy 
water and beryllium-could be used as 
moderators to slow down fast neutrons. 
On the basis of this knowledge the 
French scientists in 1940 made designs 
of heavy-water reactors and graphite re­
actors to be used as sources of power. 
Lest anyone suppose that pure scien­
tists are above sordid concerns, Bertin 
relates-not without relish-that the 
French team "hurriedly made the first 
application for patents of chain-reacting 
piles, not very different in general prin­
ciple from those now operating in many 
parts of the world." 

I need not devote time to the parallel 
U. S. developments during the period, 

1 4 1 

© 1956 SCIENTIFIC AMERICAN, INC



Now! Thoroughly indexed 
in permanent book form-

REACTOR 
SHIELDING 

DESIGN MANUAL 
Edited by 
Theodore Rockwell III, 

Naval Reactors Branch, A.E.C. 

This new manual is the most compre­

hensive source of shield design methods 

available today. 

Here are techniques (all helpfully in­

dexed) applicable to many projects, 

that have actually been used for, and 

tested on, real power reactor shields. 

----Chapter Headings----

Introduction and Outline of 

Basic Shielding Theory 

Setting Allowable Radiation Levels 

Shielding the Reactor Core 

Shielding the Reactor Cooling System 

Plant Layouts and Other Factors 

Affecting Total Shield Design 

Shield Engineering 

Radioactivity of Shutdown System 

Effect of Irregularities in Shield 

Effect of Geometry of Radiation 

Source 

Basic Data 

Index 

480 pages, iIIus., indexed $6.00 

1 42 

because they have been often and fully 
described; but the British side of the 
story, much less widely known, merits 
some attention. 

The importance of the Hahn-Sh·ass­
mann announcement was of course not 
overlooked in Britain. Within a short 
time after the news from Germany, Sir 
George Thomson, son of the famous J. J .  
and himself a Nobel prize winner in 
physics, went to the Air Ministry and 
asked for a ton of uranium oxide. He 
explained that he needed it to conduct 
experiments on the possibilities of atomic 
power and atomic bombs at the Imperial 
College of Science and Technology in 
London, where he was teaching. The Air 
Ministry supplied the material and he 
began to work, but the first results were 
disappointing. He concluded that unless 
large supplies of heavy water were made 
available, a chain reaction in uranium 
oxide could not be realized. To the end 
of the war, fortunately ( as Sir George 
pOinted out to Bertin), the "most distin­
guished physicists in Germany thought 
the same." 

But the most distinguished physicists 
ill Germany were by no means the most 
distinguished physicists of Germany. 
Albert Einstein, Hans Bethe and Leo 
Szilard were in the U. S . ;  Lise Meitner 
was in Sweden; Otto Frisch was in 
Copenhagen; F. E. Simon and R. E. 
Peierls were in Britain. These and other 
refugees-including Fermi from Italy­
were to cost the "master races" dear. 
Like the Egyptians, the Germans soon 
had cause to ask: "Why have we done 
this, that we have let Israel go from serv­
ing us?" In March, 1940, word came to 
Thomson from Peierls and Frisch ( who 
had moved to Britain from Denmark) 
that a bomb made of uranium 235 was 
probably feasible. A committee was 
promptly set up under Thomson to go 
into the matter. The cover name se­
lected for the group was "Maud"-by 
which choice hangs an amusing tale. 

When the Germans overran Denmark, 
Bohr sent Frisch a telegram, the last 
part of which said: "Tell Cockcroft and 
Maud Ray Kent." Knowing no "Maud 
Ray Kent," Frisch and Cockcroft con­
cluded the words were an anagram for 
"radium taken," intended to warn that 
the Germans h8d confiscated the Danish 
stocks of that valuable and significant 
commodity. At any rate, it was the tele­
gram that suggested the name for the 
committee. Years later Thomson men­
tioned the fact to Bohr, who was 
astounded. It turned out that he knew a 
lady named Maud Ray who lived in 
Kent; he had wanted word sent to her 
that he was safe and well. Nor was this 

the whole of the comedy. For among 
civil servants who regarded themselves 
in the know, the name Maud was inter­
preted as a block of initials representing 
"Military Application of Uranium Det­
onation." These ingenious conjectures 
remind one of some of the hypotheses of 
cosmology. 

Among the problems tackled by the 
Maud committee were the separation of 
U-235, the physics of neutron capture 
and fission, the critical mass of U -235 
needed to provide an explosion, and va­
rious related chemical matters. Peierls, 
Simon, James Chadwick, Norman Feath­
er and Egon Bretscher led these studies, 
which made promising headway. 

Meanwhile a daring plan was con­
ceived by that extraordinarily gallant 
and intrepid agent, the late Earl of Suf­
folk. As scientific attache in Paris he had 
compiled a list of 150 French scientists 
and technicians who were to be smug­
gled to Britain if France fell. When the 
Germans tore through the Maginot Line, 
the plan was put into execution, with 
Suffolk in charge. Halban, Kowarski 
and Joliot were on the list-but Joliot 
preferred to stay in France. In the con­
fusion after the capture of Paris only 40 
of the men Suffolk had selected reached 
Bordeaux. There they were taken aboard 
a small British collier, the Broompark, 
for the hazardous voyage across the 
Channel. Besides Halban, Kowarski and 
other scientists, the cargo included sev­
eral million dollars' worth of industrial 
diamonds and 36 gallons of heavy water, 
comprising most of the then existing 
stock in the world. Suffolk, who num­
bered carpentry among his array of tal­
ents, built a raft, and the heavy water 
and diamonds were lashed on top . A 
"solemn agreement" was made that if 
the ship was mined or bombed, the sur­
vivors were to cut loose the raft and try 
to make port; but in the event of a tor­
pedoing, in which case the Germans 
would have seen the raft, it was to re­
main tied to the Broompark when it 
sank. The Broompark arrived safely in 
Falmouth, although a neighboring ship 
exploded on a mine. The Earl of Suffolk, 
afterwards killed in attempting to dis­
arm a German bomb, had brought off 
another brilliant coup. 

Halban and Kowarski set up shop 
in the Cavendish Laboratory at Cam­
bridge and resumed their researches on 
reactors. According to Bertin they made 
notable progress, and by late 1940 had 
proved conclusively the feasibility of a 

chain-reacting, homogeneous, heavy­
water reactor. If this claim is to be 
credited, they anticipated by more than 
18 months experimental demonstrations 
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in the U. S. that a heterogeneous, graph­
ite-moderated pile would sustain a chain 
reaction. The author says that when the 
Frenchmen's findings were "reported to 
the United States . . .  they were imme­
diately pooh-poohed." They are not 
mentioned in the Smyth report. Bertin 
seems to feel that nothing less than Brit­
ish and French honor were impugned by 
our attitude, and he emphasizes the fact 
that when the U. S. finally did catch 
up with Halban and Kowarski, it was 
the achievement of "foreign-born scien­
tists working in America." This is petty 
stuff, but it bred resentments which even 
now, 15 years later, are apparently not 
forgotten. 

The British work moved steadily for­
ward, and there were frequent inter­
changes of information on their progress 
and ours. In the summer of 1941 Maud 
made a high-level report on the possi­
bility of a U-235 bomb and a pile to 
produce power and plutonium. Simon 
prepared a cost estimate for a full-scale 
gaseous diffusion plant; the figures 
frightened him and he decided he had 
better forward his lowest estimate lest 
the Cabinet itself suffer a chain reaction. 
After hearing the opinions of his advis­
ers, Churchill drafted one of his classic 
minutes for his Chiefs of Staff : 

"Although personally I am quite con­
tent with the existing explosive I feel we 
must not stand in the way of improve­
ment and I therefore think that action 
should be taken in the sense proposed 
by Lord Cherwell and that the Cabinet 
Minister responsible should be Sir John 
Anderson. I shall be glad to know what 
the Chiefs of Staff think." 

The Chiefs recommended a "maxi­
mum priority." A decision was taken to 
build a pilot plant for uranium in Britain 
and, if possible, a full-scale plant in 
Canada. The Department of Scientific 
and Industrial Research set up a new 
unit called the "Directorate of Tube 
Alloys." This cover name corresponded 
to our "Development of Substitute Ma­
terials Project" in the "Manhattan Dis­
trict" of the Corps of Engineers. Ander­
son hit upon "Tube Alloys" beca).lse a 
diffusion plant would require miles of 
tubing made of a special alloy to resist 
corrosion. 

It was one thing to create the adminis­
trative machinery, quite another to erect 
the plant. Britain was heavily committed 
in manpower and resources, and the 
threat of invasion was ever present. 
Churchill therefore welcomed President 
Roosevelt's proposal to "coordinate or 
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followed shortly by a visit to Britain by 
Harold Urey and George Pegram. The 
day before Pearl Harbor the U, S, Office 
of Scientific Research and Development 
announced to "S-l," its uranium section, 
that it vigorous program would be under­
taken to make a bomb, Vannevar Bush 
urged the British to move the bulk of 
their research and development to Cana­
dian laboratories; as a result Halban 
led a team to Montreal. On August 13, 
1942, the Manhattan District was born. 
The British assumed that the coopera­
tion already achieved would be extend­
ed. By autumn, however, it was clear 
that the channels of Anglo-American 
communication were becoming con­
stricted. British scientists soon discov­
ered they they could learn very little 
about our progress, Fermi's group in 
Chicago kept open a line to the Montreal 
group, but in general if the British were 
able to pick up anything at all it was 
only out of the corner of some amiable 
fellow's mouth and not through official 
channels. In this respect, it should be 
pointed out, the British were not worse 
off than most U. S, scientists on the 
project : no one was told any more than 
high authority thought he needed for his 
particular job, This practice led to cer­
tain costly blunders but was regarded as 
essential to security. 

In due course the breakdown of com­
munication came to the attention of the 
Prime Minister. It was a painful surprise. 
He had discussed the matter with Presi­
dent Roosevelt at Hyde Park in June, 
1942, and had come away with the un­
derstanding, as he afterwards cabled 
Harry Hopkins, "that everything was on 
the basis of fully sharing the results as 
equal partners." At Casablanca in Janu­
ary, 1943, Churchill expressed his con­
cern and Hopkins promised to look into 
the question on his return to Washing­
ton. This he failed to do, and Churchill 
cabled : "I should be grateful for some 
news about this, as at present the Amer­
ican War Department is asking us to 
keep them informed uf our experiments 
while refusing altogether any informa­
tion about theirs." Hopkins asked that 
Anderson "send me a full memo by 
pouch of what he considers is the basis 
of the present misunderstanding, since I 
gather the impression that our people 
feel no agreement has been breached." 
In a long responding cable Churchill 
said : "Urgent decisions about our pro­
gramme both here and in Canada depend 
on the extent to which full collaboration 
between us is restored, and I must ask 
you to let me have a firm decision on 
U. S. policy in this matter very soon." 

Hopkins conferred with the President, 

Secretary of War Stimson, Bush and 
James B. Conant. A memo by Bush 
( quoted in Sherwood's biography) stat­
ed that information would be furnished 
only to individuals "who need it and 
can use it now in furtherance of the war 
effort." To step beyond this policy, he 
said, "would be to furnish information 
on secret military matters to individuals 
who wish it either because of general 
interest or because of its application to 
nonwar or postwar matters." This would 
"decrease security without advancing 
the war effort." On the surface this 
seemed a sound position, but the British 
objection, as reported by Sherwood, was 
equally sound, Our policy, they said, 
gave us the excuse to withhold from 
them all the fruits of joint research, in­
cluding the possible industrial uses of 
atomic energy after the war, In the 
event, this is exactly what happened. 
After the war Congress, grossly misled 
by the Executive Department as to the 
nature of the British contribution and 
the Anglo-American agreements, passed 
legislation which forbade the transfer of 
atomic energy data to any foreign 
country, 

In the early summer of 1 943 Stimson 
and Churchill discussed the atomic en­
ergy impasse, Stimson took the position 
that the British pressure to obtain in­
formation was economically motivated, 
and that "the Americans could not see 
the fun of spending billions of dollars 
to find out things for someone else to 
use in a competitive postwar world." 
At least this put the cards on the table. 
The British were deeply concerned, but 
further discussion was postponed until 
the heads of state met at Quebec a 
month later. There an agreement pro­
vided for the setting up of a Combined 
Policy Committee "to keep all sections 
of the project under constant review" 
and for a "complete interchange of in­
formation and ideas on all sections of 
the proje�t between members of the 
Policy Committee and their immediate 
technical advisers." The policy of com­
partmentalization was to be maintained, 
in that exchanges at the working level 
were to take place only "between those 
in the hvo countries engaged in the same 
sections of the field." Bertin makes the 
point that this gave U. S. authorities 
the excuse to withhold information on 
production techniques, since the British 
were not engaged in this "section of the 
field." The facts seem at least partly to 
bear out this contention, for no British 
scientist or engineer, according to Ber­
tin, "was ever allowed to enter the plant 
at Oak Ridge, and our men were not 
even told whether the ideas that they 
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institutions and the full facilities of Republic Aviation will be at their disposal. 

Republic invites the application of "creatively-unhampered" scientists and engineers 
specializing in: 

GENERAL PHYSICS . FLUID MECHANICS. AERODYNAMICS 

STRUCTURES . THERMODYNAMICS. SERVO-MECHANISMS 

FLUTTER AND VIBRATION. INSTRUMENTS • MATHEMATICS 

NUCLEAR PHYSICS. ELECTRONICS 

Dr. Theodore Theodorsen, Ph.D., Physics, Johns Hopkins U; formerly consultant 
Air Research, U.S. Research and Development Command; Vice President and 
Dean of Engineering, Tech. Inst. of Aeronautics, Rio de Janeiro; Consultant, 
Sikorsky Div. of United Aircraft; Chief of Physical Research of NACA at Langley 
Field 1929-1946; originator of exact theory of pressure distribution on airplane 
wings; theory of wing-flutter; theory of dual propellers; structure of turbulence; 
author of numerous technical papers; Fellow and founding member, lAS. 

Please forward comprehensive resume to: 
DR. THEODORE THEODORSEN 
Director Scientific Research Staff 

IIE,..,IILIC AlII'IAITIDN 
FARMINGDALE, LONG ISLAND, NEW YORK 
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A word from 
Dr. William E. Shoupp, Technical Director 

Westinghouse 
Commercial 

Atomic Power 

"Our scientists and engineers are the pace setters in the brand­

new field of nuclear science and engineering-for-power. 

"Westinghouse has specific commercial projects under way. 

These represent firm orders-not just jobs under negotiation. 

The results will be visible in the shortest possible time, as the 

projects are built and go into their operative stage. And you 

don't have to be experienced in nuclear power to join us in 

this exciting new profession." 

An Experienced, Young, Fast-Growing Team 

CAPA-Commercial Atomic Power Activity-is the most dy­

namic new division at Westinghouse. We're "fluid," not fixed. 

Supervisory jobs open up fast! 

Our growth curve is bound to be steep-as electric power 

demand and atomic power production pyramid sharply. We're 

entirely commercial-not dependent on government contracts. 

Opportunities for advanced study at company expense. Get in 

on the "industry of tomorrow" today-at Westinghouse CAPA. 

Immediate Openings for professionally established men and 
those just starting their careers: Physicists· Physical Chem­
ists • Chemical Engineers· Mechanical Engineers • Electrical 

Engineers· Designers. Metallurgists. 

Send your 
" / 

resume 

Please mail resume of your professional and 
business background to: C. S. Southard, West­

inghouse Commercial Atomic Power, Box 355, 

Dept. 102, Pittsburgh 30, Pennsylvania. 

WATCH WESTINGHOUSE! 
FIRST IN ATOMIC POWER 

had developed [on gaseous diffusion] 
had worked satisfactorily." It is not 
altogether clear why, under the terms of 
the Quebec agreement, the British mem­
bers of the Combined Policy Committee 
were denied access to these data-if, in­
deed, that was the case. 

The most important provision of the 
Quebec agreement related to the post­
war uses of atomic energy. It stated that 
"in view of the heavy burden of pro­
duction falling upon the U. S. as the 
result of a wise division of war effort, 
the British Government recognize that 
any postwar advantages of an industrial 
or commercial character shall be dealt 
with as between the U. S. and Great 
Britain on terms to be specified by 
the President of the United States to the 
Prime Minister of Great Britain. The 
Prime Minister expressly disclaims any 
interest in these industrial and commer­
cial aspects beyond what may be con­
sidered by the President of the United 
States to be fair and just and in har­
mony with the economic welfare of the 
world." 

Whether or not this was a wise pro­
vision; whether or not it demonstrated­
as Bertin contends-Churchill's mag­
nanimity, or Roosevelt's shrewdness; 
whether or not Congress would have 
approved it as a workable agreement 
after the war, one fact is certain : Never 
was a solemn treaty between heads of 
state more completely disregarded than 
this one. The agreement was made in 
secret and for many years was kept se­
cret. Churchill made it public in April, 
1954 ; Congressional leaders had been 
apprised of it somewhat earlier but not 
in time to inform their debates and de­
cisions on the atomic energy legislation 
adopted in 1946. 

As a participant in some of these 
events I am able to corroborate Bertin's 
statement that the McMahon Act was 
drafted, debated and passed by a Con­
gress "completely unaware of the terms 
of the agreement with the British and 
Canadians." While serving as counsel 
to the Senate Committee on Atomic 
Energy, I learned by chance, as did 
Senator McMahon, that there had been 
an agreement at Quebec. Repeated at­
tempts to discover its contents were un­
successful. The Senator and I called 
upon President Truman early in 1946 
to see whether he could enlighten us. 
We came away empty-handed. Neither 
the '''Ihite House nor the State Depart­
ment thought it advisable to share this 
knowledge. Senator McMahon, accord­
ing to Bertin, "to his great embarrass­
ment, was only shown the text of the 
Quebec agreement after he had accept-
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ed the chairmanship of the Joint Con­
gressional Committee on Atomic En­
ergy"-i.e., in September, 1946. 

It is unnecessary to read sinister mo­
tives into the decision of the Executive 
Branch not to make Congress privy to 
the facts. Disclosure would have loosed 
a storm on the Administration, and it 
is unlikely that Congress would have re­
garded itself as bound by President 
Roosevelt's more or less private and 
altogether vague commitment. Yet be­
yond question Congress had the right to 
know about it. Its provisions might not 
have been welcome to members of Con­
gress, but at least they would have been 
able to act with knowledge, and the 
public would have been able to judge 
their action. Disclosure would also have 
countered the myth, still widely be­
lieved, that atomic energy was an ex­
clusively American achievement and 
possession. Gordon Dean, in his book 
Report on the Atom, described the com­
mon misconception as follows: "Atomic 
energy was discovered and Rrst devel­
oped in the U. S. in secret during World 
War II. Although we are still ahead in 
the ReId, the Russians, with the help of 
traitors, successfully stole enough of our 
key secrets during the war to develop a 
program of their own and are now hot 
on our heels. Our Allies, the British, be­
cause some of their scientists came over 
to help us with our wartime program, 
also know something of these matters, 
but are actually running a very poor 
third." No thoughtful person can fail to 
wonder to what extent the myth has 
made more difficult the attainment of in­
ternational control of atomic energy. 

One asks why the British kept quiet 
about the Quebec agreement in the face 
of legislation "which made no distinc­
tion between countries like Britain and 
Canada and our late enemies or those 
with whom at the time we were engaged 
in a cold war." The answer is fairly ob­
vious. The British desperately needed 
our help and cooperation in the years 
after the war. They were in no position 
to risk strengthening isolationist senti­
ment by ventilating a secret treaty. The 
British therefore kept mum and built up 
their own establishment. And they did 
pretty well. Except in magnitude, their 
atomic energy industry is at least the 
equal of ours-as to weapons, atomic 
power and the uses of isotopes. 

Atom Harvest is a valuable book. It 
contains errors of detail, improper em­
phases and doubtful inferences, but the 
key historical account is essentially de­
pendable and always honest. There is no 
reason to criticize its occasional flashes 
of anger. This is how the British feel 

Just as interesting and challenging as the geo­
graphical frontiers of 150 years ago are the scien­
tific frontiers of today. Some of the most fas­
cinating must be penetrated in order to develop 
a practical nuclear engine for aircraft. 

Pratt & Whitney Aircraft, world's foremost de­
signer and builder of aircraft engines, began its 
work on a reactor-powered aircraft engine some 
time ago. The unexplored areas are vast, how­
ever, with many relatively unknown. To map them, 
still more adventurous young engineers and sci­
entists are needed. 

If you are a graduate 

AERONAUTICAL ENGINEER 

MECHANICAL ENGINEER 

METALLURGIST 

CHEMICAL ENGINEER 

ENGINEERING PHYSICIST 

you may find in our explorat.ion work an un­
equalled opportunity to be among the pioneers of 
the coming Atomic Air Age. 

Please send your complete resume to 
MR. P. R. SMITH, OFFICE ", 

Employment Department 

PRATT & WHITNEY 
AIRCRAFT 

DIVISION OF UNITED AIRCRAFT CORPORATION 

EAST HARTFORD 8, CONNECTICUT 
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The first complete report 

on an exciting new science-

radio astronomy 
• Radio astronomy is based on 
the discovery that distant nebulae 
and galaxies are powerful "broad­
casting stations" emitting intense 
radio waves. Today's astronomers 
are using mammoth radio "tele­
scopes" to explore the sources of 
these radio signals. 

This book is the story of the 
pioneering research that led to the 
new astronomy; of the men who 
made it possible; and of the fasci­
nating new universe they have 
c a ught glimpses of. Illu$trated. 
$4.75 at bookstores 

New 
Scribner books 

on SCIence 
THE LAWS 
OF NATURE 

by R. E. Peierls, F. R. S. 
One of Britain's top atomic scien­
tists traces the development of 
modern physical theory: 

Motion and Force - Electrons at 
High Speed - Light - The Atomic 
Nucleus - Atoms in Crowds -
Relativity -

' 
Quanta, Waves and 

Particles - Behavior of Atoms -
Electricity and Magnetism-Atoms 
and Electrons - Mesons and Other 
New Particles. Illustrated, $4.50 

LIFE, THE GREAT 
ADVENTURE 

by Jean Rostand and Paul Bodin 
An eminent French biologist ad­
dresses the non-specialist here in 
giving his views on some of the most 
i mportant questions in modern 
biology. "When I started to read 
this book my interest was caught 
almost at once. Perhaps it was the 
novelty of the dialogue form, per­
haps the acuteness of Paul Bodin's 
questions, perhaps the clarity of Jean 
Rostand's answers. The total effect 
was to make the reading a refresh­
ing experience." - MARSTON BATES 

$3.50 
A t all books tor .. 

CHARLES SCRIBNER'S SONS 
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and we may as well know it. Bertin is to 
be congratulated as a journalist who has 
done his job in the best traditions of 
journalism. 

Short Reviews 

THE SECRET OF THE HITTITES, by 
C. W. Ceram. Alfred A. Knopf 

( $5.00). Some 4,000 years ago a war­
like Indo-European people called the 
Hittites invaded the mountainous penin­
sula which today comprises most of 
Turkey. The Hittites established a num­
ber of city states. Their civilization ap­
parently flourished for several centuries, 
extending its influence to Egypt and its 
boundaries almost to Damascus. Then 
around 1200 B.C. the Hittite Empire 
collapsed and was forgotten to history. 
In 1834 a French traveler came upon the 
remarkable ruins of one of its cities. His 
discoveries drew other diggers, and then 
slowly, from the remains of great monu­
ments and cuneiform and hieroglyphic 
inscriptions, was extracted the story of 
an empire which at its height was com­
parable to the Babylon of Hammurabi 
and the Egypt of Tutankhamen. So 
far as can now be determined, the Hit­
tites were not distinguished for their art 
or culture or technology; they were not 
astronomers or great craftsmen or out­
standing traders. They were, however, 
pre-eminent warriors and apparently 
were politically more advanced than 
other ancient nations. The Hittites had 
a federal state under a constitutional 
monarchy, a flexible social order in 
which even the slaves had rights, and a 
code of law based on "reparation" rather 
than retaliation. The story of their civili­
zation, of its rediscovery by archaeolo­
gists, of the painstaking century-long 
task of deciphering Hittite hieroglyphs, 
is recounted in this book by C. W. Ce­
ram. Unfortunately his account does not 
come up to the standard of his earlier 
book Gods, Graves and Scholal's. He 
overdramatizes a chronicle whose bare 
facts are sufficiently dramatic: every 
event is described as "incredible," "un­
believable" and so on. He muddles up 
the Hittite chronology, which is at best 
a difficult muddle; he is not conspicu­
ously clear in explaining the fascinating 
business of deciphering ancient scripts. 
But the most wearisome feature of his 
account is the impression he gives of 
telling you, and referring you back to 
what he has told you, without ever actu­
ally telling you. 

BENJAMIN HENRY LATROBE, by Talbot 
Hamlin. Oxford University Press 

($15.00). Latrobe, an Englishman who 

ENGINEERS 
SCIENTISTS 
Make More Money 
-Improve Your Position 

DECISION/INC is retained by 
leadin g  manufaccucers and resear c h 
firms in all sections of the country 
Our cliellts pay liS 10 find 'You! N� 
obligation. to you-no cost whatsoever. 
Completely confidential. 

All you have to do is send U$ your 
name, type of work, company and home 
address. We will. forward brief forms 
to your home. We will then present to 
you va rious openings in diversified 
companies from which you can choose 
the one you like best. 

If you would like to know what you're 
rellll, worth, write, phone or wire us 
now! 

DECISION/INC 
Management and Recruitment Consultants 

Oliver P. Bardes,. President 
1436 FIRST N ATIO N A L  BA N K  B L D G .  

CINCIN N ATI 2 ,  OHIO 

UNU�UItL 
Opportunities 

for: 
MICROWAVE 

TUBE DESIGN 
SUPERVISOR 

with 5 or more years' 
experience designing 

such tubes as 

Magnetrons, Klystrons, 
and Traveling 

Wave Tubes. 

Must have had 
two years' 

supervisory experience. 

Expanded development 
program, progressive 

company provides 
opening for above. 

Our employes know 
of this. 

Send letter or resume to:-

Scienllfic American, Box 1510, Grand Cenlral Sla., N. y, 

© 1956 SCIENTIFIC AMERICAN, INC



came to the U. S. in 1796, was the first 
professional architect in this country. He 
designed cathedrals, private homes, 
banks and public buildings. His Bank of 
Pennsylvania originated the "Greek Re­
vival" style in the U. S. He was appoint-

, ed, through Thomas Jefferson, Surveyor 
of Public Buildings and was in complete 
charge for some years of the construc­
tion of the U. S. Capitol. He contributed 
to the development of canals and, with 
Robert Fulton and Nicholas J. Roose­
velt, to the introduction of steamboats 
on the Ohio and the Mississippi. He 
built the famous Philadelphia water­
works in which steam engines were used 
to supply the city with water from the 
Schuylkill River. Latrobe was a rarely 
gifted and personally attractive man, but 
misfortune dogged him. Tragedy struck 
at home with the death of his first wife 
and his beloved son Henry. He was 
scandalously underpaid for his services, 
was frequently a victim of private feuds 
and legislative stinginess and caprice, 
and was innocently involved in ruinous 
financial schemes which left him hold­
ing the bag. Neither small nor large hu­
miliations were spared him. When he 
submitted his plans for the Baltimore 
cathedral, the builder made the mistake 
of reading part of them upside down, 
which, for a few months at least, made 
Latrobe look like a madman. At the age 
of 53, having time and again miracu­
lously eluded the bailiff's clutches, he 
finally became a bankrupt. Three years 
later, just as it seemed he was getting 
back on his feet, he died suddenly in 
New Orleans of yellow fever. Hamlin, a 
noted historian of architecture, has writ­
ten a massive and stately life of this sym­
pathetic man. It is a richly detailed book 
based largely on Latrobe's extensive 
journals and letters and on other first­
hand sources, and it provides not only a 

full appraisal of its subject and his work, 
but many interesting sidelights upon the 
American scene during a time of "strug­
gle and transition." Profusely illustrated. 

THE HISTORY OF THE TELESCOPE, by 
Henry C. King. Sky Publishing Cor­

poration ($12.50). In view of the im­
mense conh'ibution of the telescope to 
man's knowledge of the universe and to 
philosophical speculations, it is surpris­
ing that Dr. King's book is the first com­
prehensive history entirely devoted to 
the origins and development of this 
marvelous instrument. The author, sen­
ior lecturer in the department of 
ophthalmic optics at the Northampton 
Polytechnic in London, spent many 
years collecting data for his masterly 
work. The story begins with the astro-

""hat d o e s  

oute r space 

m e a n  to yOU ? 

B ecause of an unmatched record of scientific ex­

perience in upper-air research as builders of the 

Viking Rocket series for the Navy, Martin was 

awarded the prime contract on the project known as 

E SV VANGUARD - the Earth Satellite Vehicle that 

will take its place in history as man's first explorator� 

step in the conquest of the final frontier, space itself. 

What does space mean to you as an engineer ? 

Today, no other aircraft company in the world can 

give you more penetrating answers to that question. 

And tomorrow . . .  

If you are interested in the greatest engineering 

adventure of our time, contact J. M. Hollyday, Dept. 

SA-06, The Martin Company, Baltimore 3, Maryland. 
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SURVEYS IN 
MECHANICS 

Edited by G. K. Batchelor 

and R. M. Davies 

A collection o f  ten surveys which 
show the present position o f  research 
in various branches of mechanics pub· 
lished in commemoration of the seven. 
tieth birthday o f  S1r Geoffrey I .  Taylor. 

They include : 
• The Mechanics of Quasi­

Static Plastic Deformation 
in Metals 

• Dislocations in Crystalline 
Solids 

Stress Waves in Solids 

• Rotating Fluids 

• The Mechanics of Drops and 
Bubbles 

• Wave Generation by Wind 

• Viscosity Effects in Sound 
Waves of Finite Amplitude 

• Turbulent Diffusion 

• Atmospheric Turbulence 

• The Mechanics of Sailing 
Ships and Yachts 

$9.50� through your techuical bookstore 
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EARTH 
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The unique story of a scholar, 
physicist, and master technician 
whose courageous scientific tri­
umphs include penetrating the 
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the depths of the sea - in ma­
chines of his own design. A true 
story of high adventure in the 
realm of science. Illustrated. 

$4.00 at all bookstores 

By AUGUSTE PICCARD 
OXFORD UNIVERSITY PRESS, Inc. � 
1 1 4 Fifth Avenue, New York 1 1  YII1 
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nomical observations of antiquity and 
describes various early instruments such 
as the Egyptian merkhet, the staff of 
Archimedes, sundials, gnomons and 
clepsydras, armillary spheres, quadrants 
and astrolabes. The first telescope ap­
peared around 1600, but there is still 
much debate as to the exact date and 
place of invention. Many historians favor 
the claim of Hans Lippershey, an ob­
scure Dutch spectacle maker who in 
1608 satisfied the States-General of the 
Netherlands that he could make a tele­
scope. However, the great Dutch scien­
tist Christiaan Huygens called Lipper­
shev an "illiterate mechanick" who had 
got his idea from others, and there is an 
assortment of evidence that undermines 
his claim to priority. Leonard Digges of 
Oxford suggested in 1571 an instrument 
which might be called a reflecting tele­
scope; Giambattista della Porta of 
Naples in 1589 proposed to combine a 
concave and convex glass so that "you 
will see both distant and near objects 
larger than they would otherwise appear 
and very distinct"; Jacobus Metius and 
Zacharias Jensen of Holland asserted, 
not without vestiges of proof, that they 
had made telescopes in the 1590s. In­
deed, on the ground that "many other 
persons had a knowledge of the inven­
tion," the States-General refused finally 
to grant a patent to Lippershey. Among 
other landmarks of this history are the 
telescopes built by Galileo and the capi­
tal use he made of them in astronomical 
observations, Isaac Newton's invention 
of the reflecting telescope, advances in 
the making of optical glass by Pierre 
Guinand and Joseph Fraunhofer, the 
huge reflectors of Sir William Herschel, 
Justus von Liebig's discovery of a meth­
od for applying a thin film of silver to a 
glass surface, the perfecting of the appli­
cation of this method to mirrormaking 
by Leon Foucault-culminating in the 
great reflecting telescopes of modern 
days. King describes clearly hundreds of 
telescopes of all sizes and types, and he 
supports the text with a wealth of dia­
grams and fine plates. An absorbing con­
tribution to the history of science. 

CARL FRIEDRICH GAUSS, by G. Wal-
do Dunnington. Exposition Press 

( $6.00 ) .  Gauss made his first mathe­
matical discovery when he was about 
1 0 :  a delightfully simple method for 
adding a string of numbers where there 
is a constant difference between any 
number and its successor. During his 
long life ( he died at 77 in 1855 ) he so 
enriched his subject that one may accept 
Eric Temple Bell's appraisal: He lives 
everywhere in mathematics. His contri-
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butions include the method of least 
squares, the inscription of the regular 
polygon of 17 sides in a circle, elliptic 
functions, the fundamental theorem for 
quadratic residues and the fundamental 
algebraic theorem that every equation in 
one unknown has a root. He made 
major advances in higher arithmetic, 
functions of a complex variable, theories 
of surfaces, conformal mapping, topolo­
gy and differential geometry. Nor were 
his epochal researches confined to pure 
mathematics; they included work in the 
mathematical theory of electromagnet­
ism, capillarity, the attraction of ellip­
soids, optics, the theory of attractions, 
geodesy, the motion of the planets, the 
orbits of comets, crystallography. To­
gether with Wilhelm Weber he invented 
in 1833 an electric telegraph whose 
wires, draped over the rooftops and 
church steeples of Giittingen, ran to 
8,000 feet. ( The first words sent over 
it were "Michelmann kommt"-Michel­
mann being a servant who ran errands 
for Gauss and Weber. ) Gauss had 
health as well as genius. He had many 
friends and delighted in social life. He 
was twice married and had children. 
He carried on practical duties for years 
as a surveyor, administrator and lec­
turer. It is hard to understand why a 
full-scale biography of this prodigious 
and interesting man has not been written 
before this. Dunnington's painstaking 
500-page study is the first serious at­
tempt. It is not an appealing book; in 
fact it is deadly. The author, a member 
of the faculty of Northwestern State 
College of Louisiana, gathered material 
for his study for 25 years. He diligently 
dug out the minutest details about Gauss 
here and abroad; he ran down genealo­
gies, read extensively, interviewed 
scores of men and women descended 
from Gauss and his friends, lived in 
Gauss's rooms at the Giittingen library. 
Having swallowed this great congeries 
of facts, Dunnington now regurgitates 
them undigested. In relentless sequence 
the record emerges. There is not a trace 
of life or humor in it; the author makes 
no effort to explain Gauss's mathemati­
cal discoveries but merely states them. 
For nonmathematicians all remains as 
impenetrable as before. If a pile of facts 
is better than no monument at all, this 
pedestrian exertion can be said to serve 
Gauss's memory. And it is perhaps true 
that future biographers will derive ad­
vantage from Dunnington's industry. 

M
ATHEMATICS IN RETROSPECT : THE 

BEQUEST OF THE GREEKS, by To­
bias Dantzig. Charles Scribner's Sons 
( $3.95 ) .  Dantzig's latest book is the first 
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LITCH FI ELD PARK 
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NEW ELECTRON IC  LABORATORY 
NOW BEING STAFFED 

This  modern laboratory is being organ­
ized as the Western Division of the well­
established Aerophysics Departments of 
the Goodyear Aircraft Corporation of 
Akron, Ohio_ 
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the most advanced techniqnes of 
mathematical physics and high 
speed computing machinery in the 
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neutron and gamma ray physics 
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actors and shields of nnclear air· 
craft. A Ph.D. in theoretical physics 
or applied mathematics or equiva. 
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Publication o f  research results in the ap� 
propriate classified or open literature 
is encouraged. 

O P E N I N GS AT C I N C I N N AT I ,  O H I O  

A N D  I DA H O  FA L L S .  I D A H O  

Address replies. stating salary requirements. 
to location you prefer. 
W. J. Ke l ly, P.  O. Box 132 ,  C i nc i n nati .  O h i o L. A. M unther. P . O .  Box 535. I daho Fal ls, I daho 
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of three volumes on the history of mathe­
matics. The approach is selective rather 
than systematic. In this study he dis­
cusses certain "problems, principles and 
procedures which modern mathematics 
has inherited from Greek antiquity." He 
addresses himself, for example, to an 
attempt to identify the founders of 
Greek mathematics. He credits Thales 
with the introduction of the method of 
deductive reasoning, which transformed 
geometry from an empirical into a logi­
cal discipline. Dantzig's conjecture is 
based on the flimsiest kind of evidence. 
The argument runs more or less along 
this line : Since no one else is known to 
have made the discovery, and since 
Thales was highly regarded by Greek 
historians, it must have been he. Among 
other topics considered are the five reg­
ular solids and their mystical influence 
on the cosmological theories of Kepler; 
the attempts to solve the classical prob­
lems of the squaring of the circle, the 
duplication of the cube and the trisec­
tion of an angle; the extraordinary impli­
cations of the Pythagorean theorem, 
Pythagorean triples and number theory; 
the still unsolved problem of the cres­
cents of Hippocrates; the vast field 
opened by the algorithm of Euclid; 
Hero's formula for the area of a triangle 
in terms of its perimeter; the quadratrix 
of Hippias and the chords of Hip­
parchus. Dantzig loves his subject, has 
thought about it deeply and is very pro­
ficient at explaining its intricacies when 
he is not carried away by the desire to be 
paradoxical and oracular. His book is in 
part for general readers, in part for those 
with more than average mathematical 
knowledge; there is much in it which 
anyone can enjoy. 

THE UNITY OF KNOWLEDGE, edited by 
Lewis Leary. Doubleday & Com­

pany, Inc. ( $5 .00 ) .  These are the lec­
tures delivered at a Columbia University 
Bicentennial Conference in 1954 by a 
diverse group including Niels Bohr, 
Etienne Gilson, Julian Huxley, Sir Rich­
ard Livingstone, Archibald MacLeish, 
John von Neumann, Robert Penn War­
ren, Hermann Weyl. Despite its formi­
dable auspices, the book is in large part 
diffuse and disorganized. Few of the 
participants seemed to know exactly 
what they were called upon to con­
tribute to the vaporous theme of the 
conference. This is the sort of under­
taking that deserves no encouragement. 

THE RENAISSANCE PHILOSOPHY Ot­
MAN, edited by Ernst Cassirer, Paul 

Oskar Kristeller and John Herman Ran­
dall, Jr. University of Chicago Press 

" The overcoat I received is so  
beautiful . . •  I ran through the vil­
lage to show my friends. I will let 
them wear it sometimes." 

-Tae Sang 
This touching expression of grati­

tude is typical of the letters "SCF" 
children send to their sponsors. To 
Tae Sang, a warm coat was beyond 
his fondest hope. Like thousands of 
c h i l d r e n l i v i n g  i n  poverty-stricken 
Korea, he faced the long winter shield­
ed against the cold only by his piti· 
fully ragged pants, a shirt and a worn 
sweater. 

Now, through the generosity of Tae 
Sang's American sponsor, SCF is pro­
viding not only warm clothing, but 
food, bedding, and other necessities. 

You, Too, Can H e l p  
Y o u  c a n  help a deserving youngster 

l i k e  T a e S a n g-in K o r e a ,  Greece ,  
Finland, France or West Germany­
through the Child Sponsorship Plan 
of Save the Children Federation. 
The cost is $120 a year, only $10 a 
month. Full information about the child 
you sponsor and a photograph will be 
sent to you. 

Many sponsors derive great satisfac· 
tion from corresponding with "their" 
child and his family. ( Of course, SCF 
provides free translation services. ) 
In this way their generous material 
aid becomes part of a larger gift of 
understanding and friendship. 

Y OUI' conldbution in any anlount 
will help. 'Send what you can today ! 

SCF NATIONAL SPONSORS (a partbl list) 
Faith Baldwin, Mrs. Dwight D .  Eisenhower, 

Herbert Ho over, Rabbi Ed&,ar 1\01. l\l agnin, 
Dr. Ralph �r. Sockman, Thomas J. Watson. 1 - - - - - - Fo��l9n - - - - - ­

I S AV E  T H E  children F E D E R AT I O N  
I CARNEG I E  ENDOWMENT I NTERNAT I ONAL CENTER 

I 
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I
I I w o u l d  l i k e  to sponsor a c h i l d  in . . . . . . . . . . . . . .  . 

( G reece,  Kore a ,  F in l a n d ,  West G e r m a n y ,  Fra n c e ,  
I o r  w h e r e  the need i s  g reatest) . I w i l l  pay $ 1 20 

I for  o n e  y e a r ,  $30 p e r  q u a rter ,  or $ 1 0  a m o nth. 

I Encl osed is  payment for the full year 0, 
I 1 st q u a rter D.  fi rst m o nth D. 

I Pl ease send m e  my c h i l d ' s  name,  sto ry a n d  picture.  

I c a n not sponsor a ch i l d ,  but I want to he l p by 
I . . $ 

I 
g , v , n g  . .  . 

I 
N A M E  .. . . . . . . . . .  . 
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($1 .75 ) ; THEY WROTE ON CLAY, by Ed­
ward Chiera. University of Chicago 
Press ($1.00) . These volumes are the 
flrst two publications in an attractive 
new series of paperback reprints called 
Phoenix Books. Renaissance Philosophy 
includes writings of Petrarch, Lorenzo 
Valla, Marsilio Ficino, Pico della Miran­
dola, Pietro Pomponazzi and Juan Luis 
Vives. The late Professor Chiera's read­
ing of the Babylonian clay tablets, 
though written 18 years ago, is still 
superior to more recent and more 
pretentious popularizations. His account 
is simply and well told, is fully illus­
trated and is a flrst-rate introduction 
to an infectiously exciting branch of 
science. 

.NCTIC RESEARCH, edited by Diana 
Rowley. The Arctic Institute of 

North America ($3.50). A review by 
some 30 experts. The scope of the stud­
ies reflects the intense interest and atten­
tion the arctic regions have attracted in 
recent years-more, one may suppose, 
for political, economic and military rea­
sons than because of a simple quest for 
knowledge. Among the subjects dis­
cussed are meteorology, geology, gla­
Ciology, geophysics, oceanography, bot­
any, archaeology and present-day life in 
the arctic. This is an uncommonly in­
formative volume, well designed and 
illustrated. 

Notes 

THE FIELDS OF GROUP PSYCHOTHER­
APY, edited by S. R. Slavson. Inter­
national Universities Press, Inc. ($6.00). 
Articles by various specialists on devel­
opments of group therapy in the last 
decade. 

ADVANCES IN ELECTRONICS AND ELEC­
TRON PHYSICS, edited by L. Marton. 
Academic Press, Inc. ($11.50). Among 
the topics included in this, the seventh 
volume of a series, are the physics of 
semiconductor materials, characteristic 
energy losses of electrons in solids, ra­
dio astronomy, analogue computers, 
electrical discharge in gases. 

PROCEEDINGS OF THE INTERNATIONAL 
CONFERENCE ON THE PEACEFUL USES OF 
ATOMIC ENERGY. Columbia University 
Press ($6.50). Volume 14 of the Geneva 
proceedings, dealing with radioisotopes. 

THERMODYNAMICS AND STATISTICAL 
MECHANICS, by Arnold Sommerfeld. 
Academic Press, Inc. ($7.00). The flfth 
volume of Sommerfeld's noted lectures 
on theoretical physics. The author was 

E N G I N E E R S  
4RAlA announces 

INERTIAL NAVIGATION 
deveio/lmentj'Jr(),?ram.for an advanced Air .Ebrce miSSIle 
Inertial Navigation offers the most advanced concept in guidance, 
requiring no terrestrial source of energy o r  information. no earth­
bound direction once the ultimate destination is selected. It offers 
the most promising solution of the guidance problem for the long­
range missile. 

While the p rinciples are simple, the realization involves advanced 
creative engineering. ARMA's many successes in the creation of 
p recision instruments and systems for navigation and · fire control, 
especially p recision gyroscopic reference systems for all appli ca­
tions. fit it uniquely for a major role in this advanced area. 

The height of imaginative resourcefulness and engineering skill 
are required to create the degree of precision - hitherto unattained 
- i n  the components essential to the guidance of advanced missile 
systems - the gyros, accelerometers, and computer elements. Minia­
turization must be coupled with extraordinary ability to provide 
utmost accuracy under conditions of · extreme velocities, tempera­
tures, and accelerations. 

There's significant scientific progress to be achieved at this leader­
ship company and individual renown to be won, by engineers 
associated with ARMA's Inertial Navigation Program. Many sup­
plementary benefits make a career here doubly attractive. ARMA 
engineers are currently working a 48 hour week at premium rates 
to meet a critical demand in the Defense Dept's missile program. 
Moving allowances arranged. 

S a l a ry - up to $ 1 5.000 
(Commensurate 'with experience) 

Send -resume in confidence to: 
Ma nager of Technical Personnel, Dept. 674 

4RAlA 
Division of American Bosch Arma Corporation 

Rooseve lt Field. G a rden City. Long I s l a nd. N .  Y. 

S Y N TA C  

Immediate openings 
for Supervisory and 
Staff positions as 
1vell as for 
Senior Engineers, 
Engineers, and 
Associate Engineers, 
experienced in: 

Systel1ls Evaluation 
Gyroscopics 
Digital Computers 
Accelerometers 
Telemetry 
Guidance Systems 
Reliabi l ity 
Stabi l izing Devices 
Servomechanisms 
Automatic Controls 
Thermodynamics 
Environmental 

Research 
Weight Control 
Transformers 
Production 

Test Equipment 

SYNTAC, of Synthetic Tactics, is a dynamic, two­
sided map maneuver with controlled intelligence flow. 
It is one of several tools of analysis used by the Com­
bat Operations Research Group to develop new 
combat organizations and tactics for the Army. 

Physicists and applied mathematicians can make 
substantial contributions to long range CORG opera­
tions research efforts. Staff appointments are available 
for individuals with various levels of training and 

. experience. 

Write for brochure: 
Dr. F. C. Brooks, Director, CORG 
Fort Monroe, Va. 

T E C H N I CA L  O P E RATI O N S .  I n c. 
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W H A T W I L L  Y O U  B E  D O I N G  I N  1 9 6 6 ?  

Cessna's continuous planned expansion provides greater 
potential for security in your future as an experienced 
engineer. Commercial aviation's "New Concept" . . .  Business 
Flying, offers new horizons for the engineer at Cessna. 
A balance of military and commercial projects provide 
diversification of assignments and unlimited opportuni­
ties for advancement and recognition. Join Cessna and 
grow with Cessna. 

typical a ssignments 

J E T A I R C R A F T ) 
H E L I C O P T E R ) 

• Perform Propu lsion Analyses 

• Design Thrust Deflector 

• Plan Fl ight Test Programs 

• Conduct Acce lerated Fatigue Analyses 
• Design Rotor Head Mechanisms 

C O M M E R C I A L  ) • Deve lop Cabin Heater System 

• Design and Develop Air' Condit ioning 

and Pressurization System 

• Conduct CAA Certification Program 

For comprehensive information, write: � 
Cessna Professional Placement Supervisor Dept. SA 

T H E  L E A D I N G  P R O D U C E R S  O F  B U S I N E S S  A I R C R A F T  

5800 East Pawnee • Wich ita. Ka nsas 
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engaged in the writing of his treatise 
when he died of an accident. This vol­
ume was completed by F. Bopp and J. 
Meixner and translated by J. Kestin of 
Brown University. 

GEOMETRY OF FoUR DIMENSIONS, by 
Henry Parker Manning. Dover Publica­
tions, Inc. ($3.95 ) .  This is a reissue of 
a clearly written introduction to the 
Euclidean geometry of hyperplanes, 
hyperspaces, hypersolids and other 
mathematical furniture of the fourth di­
mension. An excellent book for stretch­
ing the imagination, requiring no previ­
ous knowledge of higher mathematics. 

THE DEAD SEA SCROLLS, by Millar 
Burrows. The Viking Press ($6.50 ) . 
This account by the chairman of the De­
partment of Near Eastern Languages 
and Literature at Yale University is 
clear, direct and authoritative. It in­
cludes new translations of the principal 
scrolls and a bibliography; it is the best 
book on the subject for the general 
reader. 

AN INTRODUCTION TO THE THEORY OF 
NUMBERS, by I. M. Vinogradov. Perga­
mon Press ($1 .75 ) .  An English transla­
tion of a standard introductory mono­
graph on the foundation of the theory of 
numbers by a famous Russian mathe­
matician. 

AN AUTUMN GLEANING, by Sir Henry 
H. Dale. Pergamon Press (21 shillings ) .  
Occasional lectures and addresses by a 
distinguished British physiologist and 
former president of the Royal Society. 
Included is Dale's memorable Pilgrim 
Trust address to the National Academy 
of Sciences on the freedom of science. 

METALLURGICAL THERMOCHEMISTRY, 
by O. Kubaschewski and E. Ll. Evans. 
John Wiley and Sons, Inc. ($ 10.00 ) .  
Completely revised edition of a refer­
ence work on the application of chemical 
thermodynamics to metallurgy. 

RECENT STUDIES IN AVIAN BIOLOGY, 
edited by Albert Wolfson. University of 
Illinois Press ($7.50 ) .  Thirteen special­
ists contribute articles on birds, ancient 
and modern. 

BIOCHEMISTRY OF THE DEVELOPING 
NERVOUS SYSTEM, edited by Heinrich 
Waelsch. Academic Press, Inc. ( $1 1.50 ) .  
This interesting volume comprises the 
proceedings of the First International 
Neurochemical Symposium held at Ox­
ford in 1954. 
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All signs lead to one conclusion 

Tenite Butyrate is a durable plastic - that's the 

obvious conclusion to be drawn from the per­

formance of these signs. 

For these are familiar emblems of American 

Automobile Association affiliated clubs. You'll 

find them used by AAA members from Maine to 

California. 

Attached to trunk lids, bumpers, or license 

plates, the durable plastic emblems are exposed 

to summer heat, winter cold, rain, snow, hu­

midity, road chemicals, abrasive dirt and me­

chanical shock. They serve for years-thanks to 

the toughness, corrosion resistance and outdoor 

durability of Tenite Butyrate. 

Tenite Butyrate is a plastic chosen for many 

tough jobs. It is used for outdoor signs . . .  for oil 

field pipe . . .  for color telephones. In short, 

whether for demanding duty or lasting beauty, 

Tenite Butyrate offers a hard-to-find combina­

tion of properties. 

What about the products you make? Could 

the bright colors, lig;lt weight or rugged strength 

of the versatile Tenite plastics add more sales 

appeal. better performance or longer life? We 

will be glad to help you or your molder evaluate 

Tenite Butyrate, Tenite Acetate or Tenite Poly­

ethylene for any use. For more information, 

write to EASTMAN CHEMICAL PRODUCTS, INC., 
subSidiary of Eastman Kodak Company, 

KINGSPORT, TENNESSEE. 

AC ETAT E · B U T Y RA T E · POLYETH Y L E N E  
plastics b y  Eastman 
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SATURN was photographed in color hy Robert Leighton, physicist 

at the California Institute of Technology. The photograph was made 

on March 14, 1954, with the 60·inch reflecting telescope on Mount 

MARS was also photographed in color with the 6O·inch telescope. 

The photograph at left was made on June 23, 1954. The south polar 

cap of the planet is at the top. The prominent dark markings are 

Wilson. It clearly shows gradations in the brightness of the plan. 

et's rings. The equatorial zone of the planet itself is conspicu. 

ously brighter than the rest of it. At the pole is a blue.green cap. 

Syrtis Major (lower left) and Sabaeus Sinus (right). The photo· 

graph at right was made on J Illy 17 of the same year. It shows 

"lakes" and "maria." The twilight edge of the planet is to the right. 
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THE AMATEUR SCIENTIST 

The clearest color photographs of 
Saturn and Mars ever to reach the 
attention of this department ap­

pear on the opposite page. Another, of 
Jupiter, adorns the cover of this issue. 
All are the work of Robert B. Leighton, 
a nuclear physicist at the California In­
stitute of Technology who insists that in 
the field of astronomy he is still an ama­
teur. These remarkable pictures are the 
initial products of an electromechanical 
guiding system which Leighton de­
signed and built. He made the photo­
graphs with a larger telescope than most 
amateurs ever see, much less use-the 
60-inch reflector at the Mount Wilson 
Observatory. 

Leighton is one of those fellows who 
is happiest when he has at least a half 
dozen balls in the air at once. During 
recent years, while becoming a young 
parent, he has built a modern ranch-style 
house with his own hands, carried a 
steady teaching schedule at Cal Tech, 
made basic contributions in the field of 
nuclear physics and squeezed out suffi­
cient free time for many hours on his 
hobby of amateur astronomy. Just now 
he is finishing the construction of a roof­
top observatory on his house, with a 16-
inch Cassegrainian telescope controlled 
by a precision electronic drive. 

Several years ago, while working with 
a cloud chamber atop Mount Wilson as 
part of a cosmic ray study, Leighton be­
came restless between observations and 
soon found himself up to his elbows in 
one of astronomy's most stubborn prob­
lems: how to circumvent poor "seeing" 
of stars due to the turbulence of the 
earth's atmosphere. The swirling air 
above the observatory causes the image 
of a star or planet to twinkle and shift 
around on the photographic plate so that 
it registers as a smudge instead of a 
sharply defined point or disk. Making 
the telescope larger and more powerful 
only aggravates the smudging. Tourists 
who visit the big observatories, hopeful 
of a glimpse of life on Mars, often ex-

Concerning the problem of making 
sharper photographs of the planets 

press chagrin when told that the surface 
of a planet or of the moon appears no 
clearer when viewed through the 200-
inch Hale telescope than through a little 
10- or l2-inch glass. "Why, then," they 
demand, "do you waste millions build­
ing these huge white elephants?" 

This department recently asked 
Leighton to answer that question, and, 
while he was at it, to explain how he 
had made his magnificently sharp pic­
tures of the planets. 

"It is a common belief," he writes, 
"that very large telescopes, such as the 
100-inch and 200-inch reflectors of the 
Mount Wilson and Palomar Observato­
ries should show fine detail of the moon 
and planets because the resolving power 
of a perfectly figured telescope lens, for 
objects situated at a great distance, is 
supposed to improve as the diameter of 
the objective lens is increased. 

"According to the so-called Rayleigh 
criterion, the resolving power of a tele­
scope is expressed numerically by di­
viding 4.5 by the diameter of the ob­
jective in inches. The quotient gives the 
smallest angular separation, in seconds 
of arc, at which two equally bright point 
sources of light can be distinguished. 

60 inch 
pa,.�bo'ic 

mIrror 

---------- 45° diagonal 
mirror 

Any pair separated by a smaller angle 
will merge because of the wave nature 
of light and be seen as a single point. 
Hence if the performance of the huge 
telescopes were limited only by their 
optical quality, they would indeed give 
breathtaking views of the planets. 

"Although the big instruments are vir­
tually perfect in their optical and me­
chanical construction, and have sur­
passed their expected performance in 
the applications for which they were de­
signed, there is very little likelihood that 
they will ever show planetary detail to 
the limit of their theoretical capabilities. 
In fact, there is good reason to believe 
that the best planetary and lunar photo­
graphs will be made with telescopes of 
but 30 to 40 inches aperture. 

"An observer at the eyepiece of a rela­
tively small telescope can see millions 
of tiny craterlets and other structures 
less than a thousand feet wide on the 
moon, but no lunar photograph has yet 
pictured detail less than about a mile in 
extent. Again, the ring system of Saturn 
has never been adequately photo­
graphed. Most photographs show only 
the two main rings and the largest divi­
sion, whereas the faint crape ring is very 

Leighton's guiding device is located in the optical system of the 60·inch telescope 
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OPTICAL BARGAINS 
, See the Stars. Moon. Planets Close Up! 

ASSEMBLE 100 POWER, 3" REFLECTING TELESCOPE 
• • .  with This Complete 87 Piece "Do·It·Yourself" Kit 

����*'kfs1h E£���lefi�e
d�i��1! 

Instructions. Kit includes: 3" 
fIt 0 A lnlzed and o\'er· . 

Irror, 60X X Bartow 
cr, Sturdy 
ype EQua­

tOrial Mount with locks on 
both axes. Ventilated 3" Mir' 
ror Mount. heavy wall. black 
Telescope Tube. All nuts and 
bolts supplied . Nothing extra 

�gr b&O" 
°

f�f.) 3;� �t!'a
e:1��!e�1 i[� 

resolve detail rl�ht up to the­
oretical limit. Your finished 
scope can also be used tcr­
restl'jally. Money back gual'antee. Shipping weight-lO Ibs. 

Stock No. 85.025·8 ........... ..... $29.50 f.o.b. Barrington. N. J. 
50·150·300·power MICROSCOPE 

Low Price Yet Suitable for Classroom Use! only $14.95 
3 Achromatic Objective Lenses on Revolving 
TUrl'ct! 

A terrific value because it's imported! The 
color-corrected, ccmented achromatic lenses 
in thc objectives give you superior results. 

sUr��1� i���� a�1�a� I��cr ����s
.
'nKev�fJi��i��s�� 

light. adjustable mirror. SQuare stage (23/4" 
x 25/8"') with slide clamps . Packed in sturdy. 
finished hardwood case. 

This is the greatest microscope bargain on 
the market! Try it for 10 days . • •  if you're 
not completely satisfied. we'll refund your 
money in full! 

Stock No. 70.008·5 ... ........................................ $14.95 Postpaid 

NEW! �1�?iP.rg�. book "Hunting WJ��e
�h:

t
:��c#:i(f

7
e

.
� 

ASTRONOMICAL TELESCOPE KIT :t��::'��i 
worth up to $500.00. Grind your own mirror. Contains: 
mirror blank. eye-piece lenses. diagonal, abrasives. etc. 

Stock .:t70.004-S .. .. ........ Size 61l'. .. ..... SII.40 Postpaid 

NEW! STATIC 
ELECTRICITY GENERATOR 
See a thrilling spark display as you 
set off a miniature bolt of lightning. 
Absolutely safe and harmless. Sturdi­
ly made-stands 14" hIgh. Turn the 
handle and two gil' plastic discs rotate 
in opposite directions. Metal collector 
brushes pick up the statie electricity. 
store it in the Leyden jar type COIl­
denser until discharged by the jump­
ing spark. Countless tricks and ex­
periments. Instruction booklet in­
cluded. 

Stock No. 70,070·S ........................................... SI0.95 Postpaid 

SELENIUM PHOTO CELL AND SUN BATTERY 
H.cQuires no external power source for � 
operation. Average sunlight striking : 

the selenium layer of this cell wiII 

f�n���e 
l�ad�u���.

t 
c��t 

2 
m!��s ����e�u� , 0 

battery all ideal component for experi­
mental as well as actual applications in 
the photo-electric field. O"erall size of cell .724" x .443" 
x .040". Active cell area .26 square inch. Directioll sheet 
included-also a lens that may be used to collect light and 
focus it onto the selenium surface. 

Stock No. 30,193·8 . .. .. ................................ S2.50 Postpaid 

LOOK! NEW BOOK! 74 Pages! 
'"'.I'he Uses of Selenium Photo Cells and Sun Batteries" 
('ontains technical information on seH-gcnerating de\'ices, 
induding many interesting applications such as light beam­iug, communicatjon switch circuits. metering devices. 

Stock No. 9230-S..... .. ... .... ........... 51.50 Postpaid 

AA TYPE SEARCHLIGHT -For Solar Furnaces ••• 

Govt. Cost about SI2.000. 
HescardlCl's in Solar Encrg:" found that it was coll\'enlent 
and ,"ery economical to utilize war surplus searchlights for 
solar energy furnaces. This furnace call melt steel within 
seconds. Specifications: 60" mirror made of 170 lbs. of 
copper that is rhodium platinum plated-weight 2500 lbs., 
height 87", width 66", length 100"-mounted On wheels for 
easy handling. 

Sto,k No. 85.033·5........ . ... 60" Searchlight . ............... $650.00 F.O.B. New York 

BE SURE TO GET FREE CATALOG "S" 
Fantastic variety-never before have so many lenses. 
prisms, optical instruments. and components been of. 
fered from one source. Positively the greatest assembly 
of bargains in all America. Imported! War Surplus! 
Hundreds of other hard.to.get optical items. Write 
for Free Catalog "S." 

Order by Stock No. Selld check or M.O. (Open acct. to rated 
firms.) Money buck glwruntee. 

EDMUND SCIENTIFIC CORP. 
BARRINGTON, NEW JERSEY 
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guiding pYisms and 
photamultipl ic.r.s 
in "this region 
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�nlarging lens 
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pri:;m cat-rects 
far a.tmosphe.ric 
dispe.rs i on 

Closeup drawillg 0/ the guidillg system alld camera 

clear visually in small telescopes, and at 
least two other divisions are recognized. 
The canals of Mars may be a third exam­
ple. Their failure to appear on any of 
the many thousands of photographs that 
have been made of this planet is the 
cause of a long-standing controversy re­
garding their existence. Many qualified 
observers have reported seeing them. 
Others, apparently equally qualified, see 
not a trace of them. Even a single con­
vincing photograph could settle the 
question of their existence. 

"These examples, particularly that of 
the lunar craters, clearly establish that a 
wide gap exists between well-substan­
tiated visual observation and the corre­
sponding photographic results. The fun­
damental cause of this discrepancy is to 
be found not in any lack of optical per­
fection of the telescope itself, but rather 
in the optical unsteadiness of the earth's 
atmosphere, which is brought about by 
thermal nonuniformities always present 
throughout it. This, coupled with the 
need for several seconds' exposure, leads 
to relatively poor photographic resolu­
tion, no matter how large or small a tele­
scope is used. 

"The degree of optical steadiness of 

the atmosphere is called the 'seeing. ' 
One effect of the turbulence is visible to 
the naked eye as the scintillation or 
'twinkling' of the stars. As the thermally 
inhomogeneous regions move past the 
observer's line of sight, they act upon 
the light rays passing through them, 
thereby producing a constantly chang­
ing deviation and phase shift. Neighbor­
ing rays interfere with one another and 
cause the observed color and brightness 
changes. In times of good seeing the at­
mosphere is relatively calm and thermal­
ly uniform .and there is little or no naked­
eye stellar scintillation. During bad see­
ing, on the contrary, the atmosphere is 
quite nonuniform thermally and a large 
degree of scintillation is visible. 

"The atmospheric turbulence that 
leads to poor seeing arises from many 
causes. It may be created by local warm 
objects (such as motors, vacuum tubes 
or observers near the telescope itself) , 
by a difference in temperature between 
the telescope tube and the surrounding 
air, or by nearby chimneys or factories 
which emit heat. More basically, the in­
homogeneities are caused by large-scale 
convection currents which accompany 
cloud formation and thunderstorms, or 
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by turbulence between atmospheric lay­
ers having different temperatures and 
wind velocities. 

"The character of the seeing can be 
viewed telescopically in considerable 
detail by observing an out-of-focus im­
age of a bright star. The pattern you see 
resembles the bands and spots of sun­
light on the bottom of a slightly agitated 
pool of water. They are in constant mo­
tion, Slow-moving patterns with sharp 
boundaries generally signify nearby heat 
sources, and these can often be tracked 
down by careful observation. Fast-mov­
ing patterns can usually be seen sweep­
ing across the objective in one or more 
directions; these are caused by winds 
somewhere in the atmosphere. 

"The effect of the seeing upon the 
quality of an image formed by a tele­
scope depends upon the 'cell size' of the 
seeing. This refers to the size of the re­
gion over which the air temperature is 
sufficiently uniform so that a parallel 
light beam passing through such a re­
gion to the telescope is negligibly dis­
torted. The part of the objective that 
receives such a beam forms a perfect 

\ 
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image. If the cell size is substantially 
smaller than the telescope aperture, the 
objective will encompass several such 
cells, with the result that a number of 
separate images are formed by the tele­
scope. These then combine to form a 
blurred image on which fine detail can­
not be resolved. If only a few such cells 
cover the aperture, the separate images 
may be individually visible. Each star 
or other object is split into a small clus­
ter. This is often the case with fine detail 
such as the craters of the moon or the 
Jovian satellites. 

"At the other extreme the seeing cell­
size may be much larger than the tele­
scope aperture, so that the entire ob­
jective acts as a unit and the resultant 
image is clear and sharp. But the image 
will move irregularly about some aver­
age position. These irregular excursions 
are often as large as one or two seconds 
of arc, which is several per cent of the 
angular diameter of Mars or Jupiter. 
Under given conditions of seeing it is 
clearly disadvantageous to use an aper­
ture larger than the seeing cell-size. This 
aperture will yield a brighter image, 
though it will show less detail. 

"What is the best size of telescope, 
then, for visual observation? It ought to 
be large enough to take advantage of the l 
best seeing (i.e., largest cell-size) that is 
reasonably likely to occur. The maxi­
mum size thus depends upon the geo­
graphical location, for at each location 
there is a certain distribution of seeing 
conditions throughout the year, and on 
each night there is a corresponding maxi­
mum useful aperture for visual observa­
tion. On most nights, even at a favorable 
location, this will be less than three or 
four inches. On many it may be as large 
as 10 or 12 inches. But apertures as 
large as 50 or 60 inches very seldom can 
be used with maximum effect. The 
greatest telescopes, such as the 100-inch 
and 200-inch reflectors, will encounter 
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seeing conditions fully matching their 
apertures only once in many years. In­
deed, no astronomer who has used the 
200-inch Hale telescope has yet re­
ported star images less than about three 
tenths of a second of arc in diameter. 
This size corresponds to the theoretical 
resolving power of a I5-inch telescope 1 
Obviously a visual observer gains no ad­
vantage.at the eyepiece of the huge tele­
scopes. 

"If we now consider the photographic 
situation, a new element enters the prob­
lem. This is the requirement that a suf­
ficient exposure time be provided to 
yield a satisfactory photographic image. 
Because of this the advantage of a 
smaller aperture disappears, since the 
fainter image corresponding to the 
smaller aperture requires a longer ex­
posure and will therefore move about 
more on the film, yielding a blurred 
image. Thus for photographic purposes 
it is almost immaterial whether a large 
or small aperture is used, so long as it is 
at least as large as the seeing conditions 
will permit for visual observation. 

"It should now be clear why direct 
vision has proved superior to photogra­
phy for the observation of lunar and 
planetary detail. For visual observation 
of a sufficiently bright object, it is of no 
great importance that the image be 
steady, so long as it is sharply defined, 
because the eye is able to follow the ir­
regular excursions of the image that are 
brought about by the atmospheric insta­
bility. For photographic observation, on 
the contrary, it is quite necessary that 
the image be both sharply defined and 
steady for the duration of an exposure. 
Furthermore, a visual observer has a 
great advantage in being able to ignore 
the times when the image,is distorted 
and to remember the moments when it is 
excellent, while the photographic plate 
indiscriminately records all the accumu­
lated fluctuations. 

"Yet in spite of the marvelous ability 
of the eye to catch, and the brain to re­
tain, fleeting glimpses of extraordinarily 
fine detail, we cannot regard the situa­
tion as anything but unsatisfactory. The 
eye is not a quantitative measuring in­
strument, and the brain is not always 
objective in what it records. The accu­
racy, objectivity and permanence of the 
photographic record are as much to be 
desired here as in other fields of science. 

"A number of possibilities exist for re­
moving or relaxing the limitations that 
the turbulent atmosphere imposes on 
stellar photography. The most obvious 
of these is to try to exploit those very 
rare nights when a large telescope actu­
ally will perform better than a small 
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one. Unfortunately this requires more 
than a steady atmosphere; it also re­
quires that a suitable object be available 
in a favorable location to photograph. 
In the case of the moon, this immediately 
reduces the likelihood of such a coinci­
dence by at least a factor of four, and 
in the case of Mars, by a factor of at least 
40, not allowing for the fact that the 
most favorable oppositions of Mars oc­
cur when it is low in the sky for the 
majority of the large telescopes in the 
world. It would be the sheerest accident 
if any ordinary photograph of Mars 
taken with the 200-inch telescope within 
the next century were to show detail 
worthy of its tremendous resolving 
power! 

"In contrast with the performance of 
the 200-inch, the chances of good seeing 
improve so rapidly with diminishing 
aperture that a telescope of 40 or 50 
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inches might be used effectively for 
planetary photography, provided photo­
graphs were taken almost continuously 
during every reasonably steady night. 
But this would require reserving a large 
portion of the observing time for such 
use. Such a program probably could not 
be justified except possibly for a limited 
time, such as during a very favorable 
opposition of Mars. 

"Clearly the economic justification of 
the big telescope does not lie in its abil­
ity to resolve minute details of bright, 
relatively close objects. Rather, its im­
mense light-gathering power is largely 
exploited for photographing objects too 
faint or remote in space for smaller in­
struments. 

"We cannot hope to make the much­
desired photograph of Mars by the mere 
expedient of building ever more power­
ful telescopes. How, then, may we ap­
proach the job? 

"Although no ideal solution is known 
at present, several possibilities have been 
suggested and some have been tried 
with promising results. One is to re­
move directly the main cause of the 
problem: the atmosphere. This could be 
done by taking the telescope away from 
its traditional bedrock foundation and 
lifting it above most of the atmosphere 
in a rocket, a balloon or a high-altitude 
jet aircraft. Such a project has been se­
riously considered, but to my knowledge 
is not now in active progress. Many dif­
ficult problems would have to be solved, 
among them the weight and bulk of a 
large telescope and the need for a steady 
yet sensitive means of aiming it. 

"A different line of attack, which 
shows considerable promise, involves 
the use of electronic image intensifica­
tion r see "Electronic Photography of 
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Stars," by William A. Baum; SCIENTIFIC 
AMERICAN, March]. The aim here is to 
reduce the required exposure time so 
drastically that the image from a rela­
tively small telescope could be utilized. 
A system based on this principle has 
been tested at the Lowell Observatory at 
Flagstaff, Ariz. It yields enough intensi­
fication to permit a 3D-fold reduction in 
exposure time. The image thus has less 
time for wandering about on the film, 
and smearing is reduced accordingly. 
This is essentially a closed-circuit tele­
vision system utilizing an image-orthi­
con pickup tube connected through an 
amplifier to a picture tube. The picture 
tube is then photographed with a cam­
era whose shutter is suitably synchron­
ized with the picture. With this method 
the possibility also exists of detecting 
electronically the moments when the 
image is sharpest and building up a com­
plete exposure out of many selected 
shorter intervals. It is too early to evalu­
ate the capabilities of the new electronic 
methods, but doubtless much will be 
heard of them in the future. 

"During the past few years I have 
experimented with a third approach in 
which an electronic guiding system is 
used to cancel out most of the motion 
of the image on the film. I observed that 
during good seeing the image of a planet 
tends to move as a whole, rather than to 
change in size or shape. This motion is 
erratic, but the image remains within 
one or two seconds of arc of some aver­
age position. Most important, the image 
moves slowly enough so that the design 
of an electromechanical servo system 
capable of following it appeared prac­
ticable. 

"After the usual number of false starts, 
I assembled a guiding device and tested 
it on an artificial planet in the form of 
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an illuminated hole two millimeters in 
diameter in a metal sheet. This spot of 
light could be moved in a pattern that 
simulated the image movement of a 
planet under average seeing conditions. 
The assembly was then coupled to a 
modified 16-millimettir motion picture 
camera and mounted on the tube of the 
60-inch reRector on Mount Wilson [see 
drawing on page 1 57] . The planetary 
photographs accompanying this article 
were selected from the resulting expos­
ures. The pictures show at least as much 
detail as was visible to the eye at about 
750 power, with the exception that Sat­
urn's crape ring was underexposed pho­
tographically. 

"The device operates in this way. A 
small enlarging lens of about f/4.5 focal 
ratio is mounted on a doubly pivoted 
carriage [see drawing on page 1 58] . The 
carriage permits the lens about half a 
millimeter of transverse motion in any 
direction. The two components of this 
motion are governed by two small elec­
tromagnets whose pulls are balanced 
against springs [bottom of page 1 60] . 
The light from the telescope forms an 
image in the normal focal plane of the 
telescopE}, proceeds past this plane 
through the enlarging lens, reRects from 
a partly reRecting diagonal mirror, and 
comes to a new focus at the film plane of 
the motion picture camera. Part of the 
light proceeds through the partly reRect­
ing diagonal mirror and comes to a focus 
on a reticle, where it can be viewed by 
an eyepiece. Two small reRecting prisms 
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with sharp edges project slightly into 
this latter beam from two directions at 
the focal plane and throw a small 
amount of the light into each one of two 
photomultipliers [drawing at top of 
page 1 60] . The signals from these tubes 
are amplified in separate direct-current 
channels and are fed into the electro­
magnet coils that determine the position 
of the magnifying lens. The system seeks 
a stable condition wherein a certain 
amount of light is entering each photo 
tube [drawing on page 1 62] . If the tele­
scope image moves by a small amount, 
the amount of light entering the photo­
cells changes, and the system responds 
in such a way as to cancel out this mo­
tion. This negative feedback is, of 
course, not capable of completely can­
celing the erratic motion, but it reduces 
it by a factor of about 10. In this way 
seeing Ructuations, mechanical vibra­
tion and driving errors are essentially 
canceled out through a frequency range 
extending from zero vibrations per sec­
ond up to approximately two vibrations 
per second. 

"An additional feature that is a great 
convenience, but not a necessity, is that 
there are relay contacts on the lens car­
riage which act as limit switches to pre­
vent the electromagnets from having to 
work outside their designed range 
[bottom of page 1 64] . If this preset 
range is exceeded, the corresponding 
slow-motion drive of the telescope is 
automatically applied so as to bring the 
electromagnet back into the center of its 
operating range. Thus, once adjusted, 
the guider will track and center a planet 
image for the duration of an entire ob­
serving night. Indeed, except for focus­
ing the image on the reticle and rotating 
the telescope dome now and then, the 
entire operation is automatic, including 
the timing of each exposure and the ad­
vancing of the film. The timing system 
is shown at the top of page 1 64.  

"Through the use of this device one 
of the two serious disadvantages of a 
long exposure is essentially removed : 
the relative motion of the image as a 
whole with respect to the film is neu­
tralized. But it is still necessary to match 
the diameter of the telescope objective to 
the 'seeing' cell-size, so that the image 
will be sharply defined over the greater 
part of the exposure time. 

"I used 16-mm. Kodachrome film with 
exposure times that varied from two sec­
onds for Jupiter to 16 seconds for Saturn. 
Exposures were usually made at the rate 
of two frames per minute over a period' 
of a few hours, and the best of the re­
sulting images were later selected for 
enlargement." 
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Agency : Walter Wiley Advertising, Inc. 
A M PEX C O R P O RATI O N .  . .  . . . . . . . . . . . .  68,  69 

Agency : Boland Associates 
A N A C O N D A  C O M P A N Y ,  TH E . . . . . . . . . .  1 7  

Agency : Kenyon & Eckhardt, Inc .  
A N G I ER P R O D U CTS,  I N C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 

Agency : The Eddy-Rucker-Nickels Company 
A R M  A D I V I S I O N  OF A M E R I C A N  BOSCH 

ARMA C O R P O RAT I O N . . . . . . . . .  1 5 3  
Agency : Deutsch & Shea ,  Inc .  

A R M ST R O N G  C O R K  COMPANY I N D U STR I A L  
D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . .  1 4 ,  1 5 , 36 

Agency :  Batten, Barton, Durstine & Osborn, Inc. 
A U TO N ET I C S  D I V I S I O N ,  N O RTH A M E R I CA N  

A V I AT I O N ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .  1 65 
Agency : Batten, Barton, Durstine & Osborn, Inc .  

A V C O  D E FE N S E  A N D  I N D U ST R I A L  P R O D ­
U CTS-A D V A N C E D  D EV E LO P M ENT D I V I ·  
S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

Agency : Benton & Bowles, Inc . 
AVCO D E F E N S E  A N D  I N D USTR I A L  P R O D .  

U C T S ,  C R O S L EY D I V I S I O N . . .  1 8  
Agency : Benton & Bowles, Inc .  

AV I O N  D I V I S I O N-A C F I N D USTR I ES I N ·  
C O R P O RATED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 24 

Agency : Charles W. Curts Advertising 

BAUSCH & LO M B  OPT ICAL C O  . . . . . . . . . . . . . . . .  30 ,  58, 83 
Agency : Ed Wolff & Associates 

BELL T E L EP H O N E  LA BO RATO R I ES. . . . . . . . . . . . . . . . .  2 5  
Agency : N .  W.  Ayer  & Son ,  Incorporated 

B E N D I X  A V I AT I O N  C O R P O RAT I O N .. . . . . . . .  . 1 72 
Agency : MacManus, John & Adams, Inc .  

B EN D I X  A V I AT I O N  C O R P O RAT I O N  F R I EZ 
I N STR U M E N T  D i V i S i O N  . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  24 

Agency : MacManus, J ohn & Adams, Inc .  
B E RK E L E Y  D I V I S I O N ,  B EC K M A N  I N ST R U -

M ENTS I N C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
Agency :  E. A. Bonfield, Advertising 

BO E I N G  A I R P LA N E  C O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 29 
Agency : N. W. Ayer & Son, Incorporated 

B R I STOL C O M P A N Y ,  TH E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13  
Agency : James Thomas Chirurg Company 

B R I T I S H  I N D USTR I ES C O R P O RAT I O N .. .  1 1 4 
Agency : The Kaplan Agency 

B R U S H  E L ECTRO N I CS C O M P A N Y.. . . .  7 
Agency : The Griswold -Eshleman Co.  

CAM B R I D G E  U N I VE R S I TY P R ESS.  . . . 1 50 
Agency : Lewin, Williams & Saylor. Inc .  

CAN N O N - M U S K E G O N  C O R P O RAT I O N .. . .  19  
Agency : Klau-Van Pietersom-Dunlap. Inc .  

C A R B O L O Y  D EPARTM ENT OF G E N ERAL 
E L ECT R I C  C O M PA N y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 

Agency : Brooke. Smith ,  French & Dorrance, Inc .  
C E LA N ES E  C O R P O RAT I O N  OF A M E R I CA 

C H E M  I C A L  D i V i S i O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . .  65 
Agency :  Ellington & Company, Inc .  

C ES S N A  A I RCRA FT C O  . . . . . . . .  1 54 
Agency :  Lago and Whitehead, Inc .  

CO M M ERC I A L  S O LV E N TS C O R P .  75 
Agency : Fuller & Smith & Ross Inc_  

C O N S O L I DATED VAC U U M ,  A D I V I S I O N  OF 
C O N S O L I DATED ELECTRO DYN A M I CS 
C O R P O RATI O N .. 60 

Agency : Charles L. Rumrill & Co. ,  Inc .  
C O N T I N ENTAL AV I AT I O N  & E N G I N EE R I N G  

C O R P O RATI O N ,  S U B S I D I A R Y  O F  C O N ­
T I N ENTAL M OT O R S  C O R P O R AT I O N  . . . . . . . . .  1 38 

Agency : The Hopkins Agency 
C O O P E R  A L LOY C O R P O R AT I O N  ..... .. . . .... .. .. .. ... .. . . 76 

Agency : l\'1ahool Advertising. Inc. 
C O P P E R  A N D  BRASS RESEARCH ASSOC I A-

T I O N  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  1 07 
Agency : J. M. Hickerson Inc .  

C O R N I N G  G LASS W O R KS.  90 
Agency : Charles L. Rumrill & Co. ,  Inc.  

C U N O  EN G I N EE R I N G  C O R P O RAT I O N . . . 1 00 
Agency : James Thomas Chirurg Company 

D EC I S I O N  I N C  . . . . . . . . .  . 
Agency : Robert Acomb, Inc .  

D E S I G N ERS F O R  I N D USTRY INC . . . . .  
Agency : Fuller & Smith & Ross Inc .  

D O U G LAS A I RCRAFT C O M PA N Y ,  INC . . .  
Agency : J .  Walter Thompson Company 

DOW C H EM I C A L  C O M P A N Y ,  THE . . . .  
Agency : MacManus, John & Adams,  Inc .  

1 48 
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DOW C O R N I N G  C O R P O R AT I O N . . 57 
Agency : Church and Guisewite A(]vertising. Inc .  

D O W N EY M I SS I LE E N G I N EE R I N G  D I V I S I O N ,  
N O RT H  A M E R I CA N  AV I AT I O N ,  I N C . .  1 6 1  

Agency : Ballen, Barton, Durstine & Osborn. Inc .  
D U  P O N T ,  E .  I . ,  D E  N E M O U RS & C O . ,  I N C.  1 64 

Agency : Deutsch & Shea, Inc .  
D U  P O N T ,  E .  I . ,  D E  N E M O U RS & C O . ,  I N C . ,  

FA B R I CS D I V I S I O N . .  27 
Agency : Batten, Barton, Durstine & Osborn, Inc .  

D U  P O N T ,  E .  I . ,  DE  N E M O U RS & C O . ,  I N C . ,  
F I L M  D EPT. . .  1 04 

Agency : Batten, Barton, Durstine & Osborn, Inc .  
D U R EZ PLAST I C S  D I V I S I O N ,  H O O K E R  E L EC-

T R O C H E M I C A L  C O M P A N Y . . .  6 4  
Agency : Comstock & Company 

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 RY O F  EAST M A N  K O D A K  C O M -
P A N Y  1 55 

Agency : Fred Wittner Advertising 
EAST M A N  K O D A K  C O M PA N Y. .  5 3  

Agency : Charles L.  Rumrill & Co. ,  Inc.  
ED M U N D  SC I E N T I F I C  CORP . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .  1 5B 

Agency : Walter S. Chitt ick Company 
ENJAY C O M PA N Y ,  I N C . . .  8 

Agency : McCann-Erickson, Inc .  

FA I RC H I LD E N G I N E  & A I R P LA N E  C O R P O RA-
T I O N ,  G U I D E D  M I S S I LES  D I V I S I O N . .  1 2 1  

Agency : Gaynor Colman Prentis & Varley, Inc .  
FA R N S W O RTH E L ECTRO N I CS C O M P A N Y ,  A 

D I V I S I O N  O F  I NT E R N AT I O N A L  TELE­
P H O N E  AND TELEGRAPH C O R P O RA-

Ag:I,��: · ·Cha�lb��ij·;;:J�nk···Ad��;ii·si·�·g; · · · i·��:· ·95, 1 43 

FEllERS C O M PA N Y ,  TH E. . .  B6 
Agency : Sutherland · Abbott 

FERSON O P T I C A L  CO.,  I N C . . .  . . . . . . . . .  1 60 
Agency : Godwin A dvertising Agcncy 

FOOTE M I N E RAL C O M PANY. . .  . . . . . . . . . . . . . . . . . . . . . . . .  34 
Agency : Renner Advertisers 

F O R D  I N STRU M EN T  C O M PA N Y ,  D I V I S I O N  O F  
S P E R RY R A N D  C O R P O RAT I O N  70 

Agency : G. 1\'1. Basford Company 

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  A M E R I CA N  T R A N S P O RTAT I O N  

C O R P O RATI O N ,  K A N I G E N  D I V I S I O N  5 
Agency : Weiss and Geller, Inc .  

G E N ERAL D RY BATT E R I ES ,  I N C  77 
Agency : Meldrum & Fewsmith, Inc .  

G E N E R A L  D Y N A M I C S  C O R P O R AT l O N  . .  Back  Cover 
Agency : Gotham - Vladimir Advertising, Inc .  

G E N E R A L  E L ECT R I C  C O M PANy. . . .  1 39 
Agency : Batten, Barton, Durstine & Osborn, Inc .  

G E N ERAL E L ECT R I C  C O . ,  A I R C R A FT N U C L E-
AR P R O P U LS I O N  D E PARTM E N T. . .  . . 1 1 4 ,  1 52 

Agency : Deutsch & Shea, Inc .  
G E N E R A L  E L ECT R I C  C O M PA N Y ,  A P P A R A T U S  

SALES D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I O2 ,  1 03 
Agency : G. 11. Basford Company 

G I L S O N  S L I D E  R U L E  C O . . . . .  1 62 
G O�8�S%�A:� R6W��T

E gg��A1T���RE � 
R U B B E R  C O . .  1 52 

G U R L EY ,  W. & L. E . . . . . . . . .  . . . . . . . . . . . ...•.....•....••....  1 62 
Agency : Fred Wittner Advertising 

H A YD O N ,  A.  W., C O M P A N Y ,  T H E.. . .  12B 
Agency : Cory Snow, Inc_ 

H EW L ETT-PAC K A R D  C O M PA N y  . . . . . . . . .. .... . . . . . . . .. ....  1 33 
Agency : L. C. Cole Company.lnc. 

H O FF M A N  LABO RATO R I ES ,  I N C . ,  A S U B S I D I ­
A R Y  O F  H O F F M A N  E L ECT R O N I CS C O R-
P O RAT I O N  1 0 1  

Agency : D a n  B.  Miner Company I ncorporatecl 
H U G H ES R E S E A R C H  A N D  D E V E LO P M E N T  

LABO RATO R I ES ,  H U G H ES A I R C R A FT 
C O M P A N Y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 159 

Agency : Foote, Cone & Belding 

I L L I N O I S  TEST I N G  LABO RATO R I ES ,  I N C  . . . . . . .  126 
Agency : The Buchen Company 

I NT 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-
PORAT I O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92, 93 

Agency : Benton & Bowles, Inc .  
I NT E R N AT I O N A L  N I C K E L  C O M PA N Y ,  I N C . ,  

TH E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 5 
Agency : Marschalk and Pratt Division of McCann­

Erickson, Inc. 

J O N ES & LA M S O N  M AC H I N E  C O M PANy . . . ... . , 62 
Agency : Henry A .  Loudon·Advertising, Inc. 

KA I S E R  C H E M I CA L S  D I V I S I O N ,  KA I S E R  
A L U M I N U M  & C H E M I C A L  S A L E S ,  I N C . . . . .  5 9  

Agency : Young & Rubicam, Inc .  
K E A R FOTT C O M PA N Y ,  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 EN T  
C O R P O RATI O N  3 2  

Agency : E .  M .  Freystadt Associates, I n c .  
K O L L M O R G E N  O P T I C A L  C O R P O R AT I O N . .  1 36 

Agency : Sanger.Funnell, Incorporated 
K O L L S M A N  I N ST R U M E N T  C O R P O RAT I O N ,  

S U BS I D I ARY O F  STA N DA R D  C O I L  P R O D -
U C T S  C O . ,  I N C . . .  . . . . . . . . . . . . . . . . . . .  6 1  

Agency : Schaefer & Favre. A dvertising 

L E A R ,  I N C . .  . . . . . . . . . . . . . . . . . . . . . . . .  2 
Agency : Doyle·Dane·Bernbach, Inc .  

L I N DSAY C H E M I C A L  C O M PANY.  
Agency : C .  Franklin B rown, Inc .  

L l N G U A P H O N E  I N ST I T U T E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 44 
Agency : The Kaplan Agency 

L I T H I U M  C O R P O RAT I O N  OF A M E R I C A ,  I NC .  I I  
Agency : Keystone Advertising, Inc .  

LOC K H E E D  A I R C R A FT C O R P O RAT I O N ,  CA L I -
FO R N I A  D I V I S I O N . .  1 69 

Agency : Hal Stebbins, Inc .  
LOC K H E E D  A I R C R A FT C O R P O RAT I O N ,  

G EO R G I A  D i V i S i O N . . . .  140 
Agency : Donahue & Coe, Inc.  

L.O.F.  G LASS F I B E RS C O M PANY. . .  16  
Agency : Brooke,  Smith, French & Dorrance, Inc .  

LOS A L A M O S  SC I EN T I F I C  LA BO RATORY O F  
T H E  U N I V E R S I TY O F  CA L I FO R N I A. . .  1 6B 

Agency : Ward Hicks Advertising 

M A L LO RY-S H A R O N  T I TA N I U M  C O R P O RA-
T I O N  . . . . . . . . . . . . . . . . . . .. . . . .  55 

Agency : The Griswold -Eshleman Co .  
M A N U - M I N E  R E S E A R C H  & D E V E LO P M E N T  

C O M PA N Y  2 9  
Agency : R .  L.  Ingold Advertising Agency 

M A R Q U A R D T  A I R C R A FT C O M PANY. . .  . . 1 34, 135  
Agency : Doyle ,  Kitchen & McCormick,  Inc .  

M A RT I N  C O M PA N Y ,  T H E. . .  149 
Agency : VanSant, Dugdale & Company, Incorporated 

M. I .  T .  L I N C O L N  LA BO RATO RY. . .  1 5 1  
Agency : Chambers and Wiswell, Inc .  

M E L ET R O N  C O R P O R AT I O N  . .  123  
Agency : Welsh , Hollander & Coleman 

M EL P A R  I N C O R P O RA T E D ,  S U BS I D I A R Y  O F  
W EST I N G H O U S E  A I R  B R A K E  C O M P A N Y  . . .  1 70 

Agency : M. Belmont Ver Standig, Inc .  
M I C RO M ET R I CA L  M A N U FACTU R I N G  C O M -

P A N Y  . . . . . . . . . . . . . . . . . . . .  1 2 B  
Agency : Car l  Connable Advertising 

M I N N EA P O L I S - H O N EYW E L L  R EG U LATO R 
C O . ,  A E R O N A U T I CA L  D I V I S I O N . .  12B 

Agency : Foote, Cone & Belding 
M I N N EA P O L I S- H O N EYW E L L  R E G U LATO R 

C O . ,  I N D US T R I A L  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . ... 82 
Agency : The Aitkin ·Kynett Co .  

M O N RO E  C A L C U LAT I N G  M ACH I N E  C O M -
P A N Y ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 

Agency : Cllarles W. Hoyt Company, Inc .  
M O N SA N T O  C H E M I CA L  C O M P A N Y ,  P LAS-

T I C S  D I V I S I O N .  I I I 
Agency : Needham, Louis & Brorby, Inc .  

M O OG VALVE CO. ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . ............. 56  
Agency : Warman,  Robins & Gorham, Inc. 

M OT O R O LA ,  I N C. . .  97 
Agency : Kolb & Abraham Advertising 

N O RT H R O P  A I R C R A FT ,  I N C  . . . . . . . . . . . .. . . .............•...• , 26 
Agency : West ·l\larqnis, Inc.  

N O RT O N  C O M PA N Y ,  R E FRACTO R I ES D IV I -
S I O N  . . . . . . . . . . . . . . . 3 3  

Agency : J ames  Thomas Chirure: Company 
N U C L E A R  I N S T R U M E N T  AND C H E M I CA L  

C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 3 
Agency : Don Colvin & Company, Inc. 

O H M I T E  M FG .  CO.. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132 
Agency : The Fensholt Advert is ing Agency, Inc. 

O L I N  M ATH I E S O N  C H E M I C A L  C O R P O RA-
T I O N  . . . 1 34, 1 35 

Agency : Doyle, Kitchen & McCormick, Inc .  
O L I N M ATH I E S O N  C H E M I C A L  C O R P O RA­

T I O N ,  EXPLOS I V E S  D i V i S i O N  . . . . . . . . . ..... ..........•. 23 
Agency : D' Arcy A dvertising Company 

O X F O R D  U N I V E R S I TY P R E S S ,  I N C .  1 5 0  
Agency : Dellhard & Stewart, I n c .  

PA N EL L l T ,  I N C . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  
Agency : Sidney Clayton & Associates 

P E R K I N - E L M E R  C O R P O RAT I O N  . . . . . . . . .. . . . . . . . . . . . .. . .. . 1 30 
Agency : G. M. Basford Company 

P I C K E R  X-RAY C O R P O RAT I O N  6 

P I TTS B U RG H  L ECTRO D RY E R  C O M PA N Y  2B 
Agency : The Griswold·Eshleman CO. 

P O R T E R ,  H.  K. ,  C O M PA N Y ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B I  
Age�cy : 51 .  Georges & Keyes, Inc .  

POTT E R  & B R U M F I E L D ,  I N C . ,  S U BS I D I A RY 
OF A M E R I C A N  M A C H I N E  & FO U N D RY 
C O M PA N Y  1 27 

Agency : Fletcher D. Richards. Inc .  
P RATT & W H I T N EY A I R C R A FT ,  D I V I S I O N  OF 

U N I T E D  A I R C R A FT C O R P O RAT I O N . .  1 47 
Agency : G. F. Sweet & Co . ,  Inc .  

P R I N C ET O N  U N I V E R S I TY P R ESS. . . . . . .  1 44 
Agency : Sussman & Sugar Inc .  

RA D I O  C O R P O RAT I O N  O F  A M E R I C A ,  EM-
P L OY M E N T  D I V I S I O N . .  1 63 

Agency : Al Paul Lefton Company, Inc .  
R A N D O M  H O U S E. . .  1 4B 

Agency : Sussman & Sugar, Inc .  
R EACT I O N  M OT O R S ,  INC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 34,  1 35 

Agency : Doyle, Kitchen & �'IcCormick, Inc .  
R E M - C R U  T I TA N I U M ,  I N C . . . . . . . . . . . . . . . . . . . .  1 1 8 

Agency : G. M. Basford Company 
R E P U B L I C  AV I AT I O N  C O R P O RAT I O N . . 145 

Agency : Deutsch & Shea, Inc .  
ROHM & HAAS C O M P A N Y ,  THE ,  R ES I N O U S  

P R O D UCTS D I V I S I O N  . . . . . . . . . . . . . .  l n s ide  b a c k  cover 
Agency : Arndt ·Preston ·Chapin ·lamb & Keen.lnc .  

S A N D I A  C O R P O RAT I O N  . .  B2 
Agency : Ward Hicks Advertising 

SAVE T H E  C H I L D R E N  FED E RAT I O N  1 52 
Agency : Esmond Associates, Inc .  

SC R I B N E R ' S ,  CHARLES ,  SONS . . . . . . . . . . . . . . . . . . . . . . ....... . 1 4B 
Agency : Franklin Spier, I n c .  
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This simplified drawing of an experimental 
homogeneous type power reactor, now in 
the final assembly stage, shows one of five 
nuclear reactor projects currently under way 
at Los Alamos, where the world's first ho­
mogeneous reactor was designed and built 
and is still in operation. 

Indicative of the importance of these experi­
ments is the Laboratory's thirteen year record 
in active research, design and development 
in this major field of basic scientific interest. 

Many challenging projects in nucleonics, 
physics, chemistry, metallurgy, mathematics 
and engineering support these as well as 
other of the Laboratory's diverse activities. 

Top-level scientists and engineers interested 
in long-range career opportunities at one 
of the nation's foremost scientific labora­
tories can secure complete information by 
writing 

DEPARTMENT OF SCIENTIFIC PERSONNEL 
Division 912. 

;alamos 
OF THE �N9v��s���nR,,!��oratory 

LOS ALAMOS, NEW MEXICO 
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to career-conscious ENGINE E RS: 

CONTINUE YOUR EDUCATION ... 

.. . at little or no cost to you at V.S.C., V. C.L.A. and LOCKHEED 

.1 

Engineers interested in advancing their 

education and career will find Lockheed's new 

brochure, "Continue Your Education" 

of interest. It details day and evening 

programs open to engineers at the University 

of Southern California, University of 

California at Los Angeles and at Lockheed. 

Coupon below is for your convenience 

in requesting the brochure. 

The work of today's aircraft engineer is becoming ever more complex. 
His position and career require constantly increasing theoretical 

and practical knowledge. His intellectual and professional curiosity 
demand educational growth. 

This "need to know" is welcomed at Lockheed. It is a vital factor in 
Lockheed's engineering leadership. It is the basis of untold engineer­
ing achievements. 

To help engineers in their quest for knowledge, the California Divi­
sion of Lockheed has developed a comprehensive series of training 
and scholarship programs. They are adapted to Lockheed engineers 
in all fields, at all levels. 

Within this Master Plan for Learning, every engineer will find a 
program best adapted to his requirements. 

To engineers who lack aircraft experience. 

Aircraft experience is not necessary to join Lockheed. It's your engi­
neering training and experience that count. Lockheed trains you for 
aircraft engineering-at full pay . 

.-------------------------------�-------------------------- - --------------------_. 

California Division 

LOCKHEED 

Aircraft Corporation 

Burbank, California 

Mr. E. W. Des Lauriers, Dept. CE·12·6 

Lockheed Aircraft Corporation 

Burbank, California 

My name 

My home address 

My field of engineering 

My home phone 

My city and state 

Please send me a copy 

of your brochure. 

"Continue Your Education." 

I 
L-__________________ .-J ______________________ .:. _______ _ ___________ _____ -' 

169 

© 1956 SCIENTIFIC AMERICAN, INC



.ENGINEERS, 

Electronic & Mechanical 

PHYSICISTS: 

Top Grade Openings 

At Melpar Leader in 

Electronic Research & Development 

f70 

Due to our continuing expansion program, a number of top grade open­
ings exist in our new laboratories suburban to Washington, D. C. We urge 
you to consider the following: 

1. At Melpar the engineer is not tied to a pre-arranged schedule of ad­
vancement. Instead, promotion and advancement are based on individual 
reco,Qnition, where skill and ability are the paramount factors of de­
termination. 

2. Melpar has doubled in size every 18 months for the past 10 years. New 
openings occur constantly. This enables the engineer to advance to posi­
tions of increased responsibility as soon as he is ready. 

3. Our unique "project team" basis of organization gives the engineer an 
opportunity to participate in entire problems from conception to comple­
tion of prototype, and thus experience the "over-all" approach tGl engincer­
ing problems, necessary to eventual directorship responsibility. 

4. Ou.r new air-conditioned laboratories encompass over 285,000 square 
feet and offer complete facilities for creative research and design. In ad­
dition to our central Model Shop, supplementary facilities, personnel and 
test equipment are available for immediate use within each project group. 

5. The Northcrn Virginia Area, suburban to Washington, D. C., in which 
Melpar is located, offers excellent living conditions, enjoys the Nation's 
highest per capita income, fine homes and schools. Recreational, cultural 
and educational facilities abound. Fully-accredited graduate courses are 
offered at the Melpar laboratories and at 5 universities in the Area. 

Top Grade Openin9s Exist in These Fields: 
Network Theory. Systems Evaluation. Microwave Technique. UHF, VHF, or SHF Re­

ceivers • Analog Computers . Magnetic Tape Handling • Digital Computers . Radar 

and Countermeasures. Packaging Electronic Equipment . Pulse Circuitry . Microwave 

Filters. Flight Simulators. Servomechanisms. Subminiafurizafion • Electro-Mechanical 

Design. Small Mechanisms. Quality Control and Test Engineering 

Write for complete information. Qualified engineers and physicists will be 
invited to visit Melpar at Company expense. 

Write: Technical Personnel Representative 

MELPAR Incorporated 

A Subsidiary of Westinghouse Air Brake Company 

3091 Arlington Boulevard, Falls Church, Virginia 
Positions also available at our laboratories in: 

Cambridge, Mass., 99 First St., Watertown, Mass., II Galen St. 
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pany, Inc., 1932. 
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To fly close support 

Depend on DOUGLAS 

for Marine riflemen 
A masterpiece 0f combat teamwork is 

the co-ordination between Marine planes and 

ground forces. With a Marine pilot on the 

firing line directing the aircraft above, strikes 

can be pinpointed where they're needed. 

Scheduled to fly with the Marines on such 

missions is the Douglas A4D Skyhawk. De­

signed as an attack bomber, this smallest of 

all carrier-based aircraft is also well adapted 

fo� the lightning in-out tactics of close support. 

Its payload-including nuclear weapons­

carries a crippling punch. 

Douglas A4D Skyhawk 

The agile Skyhawk is only as effective as the pilots 
who fly it. Now, for the first time, college seniors 
or recent graduates may apply directly for Pilot 
Training through a new program known as Marine 
Aviation Officer Candidate Course. For informa­
tion, write: Commandant of the U. S. Marine 
Corps., Code (DI), Washington 25, D. C. 

First in Aviation 
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SYSTEMS CAPABILITY 
- where to look for it! 

For systems work, at the discussion stage particularly, 
you must look beyond narrow fields of capability. The 
norm should be a company's past and present per­
formance in all the technical fields and branches of 
industrial science systems work calls upon today. 

The more deeply rooted you are in all the things of 
which systems are comprised, the better able you are 
to produce completely dependable systems. 

Bendix has an engineering and research staff of over 

172 

9,000 with an exceptionally broad range of technical 
abilities. 

Over $80 million was expended on engineering and 
research functions in fiscal 1955. 

Twenty-four widely dispersed manufacturing divi­
sions located coast to coast employ 50,000. 

The Bendix Systems Planning Group at headquarters 
in Detroit coordinates major systems work and gives 
you a single, centrally located contact. 

Bendix' offers exceptional capabilities 
in every phase of systems work 

DISCUSSION • CONCEPTUAL DESIGN 

• ANALYSIS • RESEARCH & DEVELOPMENT 

• PROTOTYPE DESIGN & MANUFACTURE 

• ENVIRONMENTAL & OPERATIONAL TESTS 

• SYSTEMS PRODUCTION • SUPPORT 

& FIELD SERVICE 

AVIATION CORPORATION 
FISHER BLDG., DETROIT 2, MICHIGAN 
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Ions, Electrons, and Water 

It takes as little as 0.0000025 percent of heavy metals 
in the water from which phosphors are deposited on 
the interior face of a television picture tube to ruin its 
performance. Similarly, even traces of ionized solids in 
the water used to process the gossamer-like paper for 
electrical condensers can prove disastrous. 

By treating their raw water with AMBERLlTE® ion 
exchange resins, manufacturers are able to obtain the 
ultimate in ion-free water. This water-known famil­
iarly as deionized or Dr water-may be produced 
efficiently, economically, and consistently. 

Manufacturers of critical electronic components are 
not the only ones who benefit from AMBER LITE ion 
exchange resins. The world over, these resins are pro­
viding deionized, softened, dealkalized, or deacidified 
water not only for processing purposes but for both 
low and high pressure boiler systems as well. 

Why not learn what the AMBERLITE ion exchange 
resins can do for you? Begin now by writing for the 
booklet, "If You Use Water . .. ", 24 pages of basic infor­
mation on water conditioning with the AMBERLITE 

resins. There's no charge. 

ROHM & H AAS COMPA NY 
THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA 
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Power lor Peace ... Gandhi said: "To the millions who have to go without two meal.s a lIar 
the only acceptable form in which God dare appear is food." Creative lIses of atomic radiation 
in agriculture can help give more and better food to all peoples, everywhere. Atomic contributions 
to the agricultural development of undernollri�hed nations, with "no strings attached", 
will ofTer new prl)of to the world that we practice the brotherhood we preach. 

GENERAL DYNAMICS CORPORATION . 445 PARK AVENUE. NEW YORK 22. N .  Y. 
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