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Mining the skies 
Nitrogen from the air has become a key to a plentiful supply of stainless steel 

BEAUTIFUL, enduring stainless steel owes its rust-free 
life to the alloying metal called chromium. Other alloy­
ing metals ... manganese and nickel ... are vital for 
added strength and endurance. 

Ever-increasing deIllands for nickel have threat­
ened the supply of stainless steel. But the people of 
Union Carbide have provided an answer. Nitrogen 
from the air-combined with chromium or manganese 
through metallurgy and added to the molten steel­
helps nickel go twice as far ... making it possible, with 
the same amount of nickel, to greatly expand the chro­
mium-nickel stainless steel output. 

This is only one in a long line of contributions from 
Union Carbide's metallurgists during a half century of 
alloy making. Fifty years ago there were only a few 

types of steel. Today, through the use of such alloys 
as chromium and manganese, there are tailor-made 
steels to meet every need. 

The people of Union Carbide are constantly at 
work on new and improved alloys to make better metal 
products for all of us. 

FREE: Learn how Union Carbide products and research 
help satisjy basic human needs. Write jor "Products and 
Processes" booklet B. 

UNION CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET 00 NEW YORK 17. N. Y. 

In Canada: UNION CARBIDE CANADA LIMITED, Toronto 

ueC's Trade-marked Products include --------------­

ELECTROMET Alloys and Metals CRAG Agricultural Chemicals EVEREADY Flashlights and Batteries UNION CARBIDE Silicones 
PREST·O·LITE Acetylene SYNTHETIC ORGANIC CHEMICALS PRESTONE Anti·Freeze HAYNES STELLITE Alloys LINDE Oxygen 
Dyne! Textile Fibers BAKELITE, VINYLITE, and KRENE Plastics NATIONAL Carbons UNION Calcium Carbide PYROFAX Gas 
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You will want to see ... 

"Hemo the Mag n ificent" 
The fascinating story of blood and circulation 

Dr. Frank Baxter and Richard Carlson in a scene from "Hemo the Magnificent" 

Second in the new TV Science Series that presented HOur Mr. Sun" 

Following its presentation last fall, "Our Mr. Sun" 

was acclaimed by people associated with the sciences 

as an imaginative and informative TV science drama. 

On March 20 you will see the second program in 

this educational and entertaining series- "Hemo the 

Magnificen t. " 

Combining actual photo-micrography with ingen­

ious animation, "Hemo the Magnificent" dramatizes 

the vital roles of blood and circulation in the life 

process. Scientific accuracy is assured by a distin­

guished Scientific Advisory Board and four eminent 

medical scientists who acted as special advisors. The 

program was produced and directed by Frank Capra, 

winner of three Academy Awards. 

Everyone associated with the sciences will find 

"Hemo the Magnificent" of unusual interest. Don't 

miss it-and remind your colleagues to see it on 
Wednesday, March 20. 

Tune in this special science telecast on the CBS-TV network, 9-10 P. M., 
E.S. T., Wednesday, March 20. Check local listings for time and station. 

brought to you in full color 

and black and white by the BELL TELEPHONE SYSTEM 
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IBM is testing quietness 

of office equipznent ... 

'W'ith Brush instruznentation 

Purchasers prefer quiet office equipment. That's 

why International Business Machines Corp., in 

this soundproof room of its testing laboratory, 

gets the facts on noise. 

For example, while a Card Reader Punch is 

operated, a Brush-Bruel & Kja er Sp ectrum 

Recorder makes a complete audio-frequency 

spectrum analysis. All sounds from 14 to 36,000 
cycles per second are automatically analyzed in 

one-third octave steps ... and the data is instan­

taneously recorded. A complete noise analysis 

takes but 22 seconds. 

No ise reduction can improve the sales 

appeal of your products. Brush can help 

you get the facts. 

BRUSH ELECTRONICS 
BRUSH 

3405 Perkins Avenue. Cleveland 14, Ohio 

IUCTIOIICS 
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WELSBACH() ! 
�� 

.. new horizons as an oxidant 

Ozone provides one of the most versatile oxidants available 
today. It has the added advantage of introducing nothing 
but oxygen to the reaction. 

Low in cost, efficient and always available, ozone produced 
by a Welsbach Ozonator might just be the answer to your 
oxidation problem. 

Glance at a few of the applications listed below in which 
ozone has proved to be a better oxidant. One of them might 
parallel your problem ... with ozone the solution: 

• Removal of corrosive chlorides in nitric acid recovery 

following atomic fuel extraction. 

• Oxidant for rocket fuels. 

• Chemical synthesis reactions demanding specificity and 

purity in the oxidant. 

• Removal of cyanide or phenol from wastes. 

• Oxidation of oleic to azelaic and pelargonic acids 

(replaces chromic acid.) 

• Improving oxidation characteristics of mineral oils. 

• Elimination of many industrial and sewage odors. 
• Purification and elimination of undesirable taste, 

color, and odor in municipal water supplies. 

... and a host of new applications still being re­
searched. 

If your process calls for an oxidant, it is almost 
certain that Welsbach ozone will do the job better 
and at less cost. Wh:t not contact Welsbach. 

THE 
//1 

Write for this booklet on 
Welsboch Ozone Generatiol\ 
for Industrial Application. 

WELSBACH CORPORATION 

---z-.(;;/zONE PROCESSES DIVISION 

DEPT. 600, 16th & WALNUT STS. 

PHILADELPHIA 2, PENNSYLVANIA 

THE COVER 

The photograph on the cover shows 
the glow of free nitrogen atoms 
which have been frozen out of an 
electric discharge. The nitrogen is 
deposited in a thin layer on the in­
side of a glass tube which is bathed 
in liquid helium (page 90). The 
photograph was made in the labora­
tories of the Free Radicals Section 
of the National Bureau of Standards. 

THE ILLUSTRATIONS 

Cover photograph 
by Paul Weller 
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Fibres in this pile belong 
to the "shorts" group 
which is finding increas­
ing use in industry. 

Asbestos Fibre, the "magic min­
eral" of the ancients, contributes 
to modern living in many ways. A 
powder form has been used to 
stimulate new channels of blood 
flow in some heart operations. In 
road surfacing, tough, strong J-M 
asbestos fibres give added resist­
ance to the pounding of heavy 
traffic. 

These fibres also improve asphalt 
compounds, auto underbody coat­
ings, moulded plastics, gypsum 
joint sealers, welding rod coatings, 
caulking compounds, paints, ad­
hesives and other products. 

Johns-Manville Asbestos Fibre 
can add strength and bulk . . . 
lengthen service life ... improve 

Surgeon and engineer rely on 

the unique properties of 

.I-M Asbestos Fibre 

appearance .. ; broaden coverage 
... control viscosity ... decrease 
settling . . . increase absorption. 
The "magic mineral" increases 
resistance to fire, heat, abrasion, 
cracking and crazing. In plastics, 
it speeds moulding and reduces its 
cost, minimizes distortion and 
shrinkage. 

This fire-resistant mineral fibre 
is as smooth as silk . . . finer than 
human hair ... strong and flexible 
. . . tough enough to withstand 
aggressive mixing. 

Johns-Manville offers more than 
thirty grades and a wider range of 
textures than available elsewhere. 
Many are extremely low in cost. 
For brochures and engineering 

help write Asbestos Fibre Divi­
sion, Canadian Johns-Manville, 
Box 1500, Asbestos, P.Q., Can. 

.51 OMg 00 

Unit Cell of Chrysotlle Asbestos. A hy­
drated magnesium siticate, J-M Asbestos 
has a pH of about 10. Its reactance often 
improves its bonding action. 

Ii!! 
P&'ODUCTS Johns-Manville ASBESTOS FIBRE 
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· ANOTHER AMF ATOMIC REACTOR 
� . 

, 
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10 megawatt heavy-water research reactor 
under construction at Tokai-Mura, Japan 

The AMF reactor being built for the Japanese Atomic Energy Research Institute is 
another example of the -important role AMF is playing in the development of the 
peaceful uses of atomic energy throughout the world. 

From initial facility planning to final start-up, AMF is assisting research organizations 
everywhere to build reactor centers that will support both extensive experimental 
programs and personnel training. 

The recognized leader in the design and construction of research reactors, AMF is 
able to draw upon its extensive experience to provide "Custom Designs", such as 
the JAERI reactor at Tokai-Mura, at a minimum of cost and delivery time. Many 
tested design features have been incorporated in the AMF heavy-water system­
engineering improvements that have further advanced the safety, versatility, and 
efficiency of this reactor type. The AMF "Unitized" design approach results in mini­
mum initial costs, greater safety, and simplified maintenance. 

Design Features-AMF Heavy·Water Reactor 

Power-The AMF heavy-water reactor employs heavy water as coolant, moderator. 
and reflector. The usual graphite reflector has been eliminated, and a special thermal 
shield consisting of alternate layers of steel and light water has been incorporated, 
permitting higher power levels than would otherwise be pos�ible. The higher neutron 
flux densities are often required for radiation damage studies, isotope manufacture. 
many in-pile experiments, and solid-state physics work. The AMF heavy-water reactor 
offers standard power levels of I, 2, 5, and 10 megawatts, with still higher power 
levels possible. Flux densities range from approximately 1.4 x 1013 at I mw. to 1.2 x 

1014 at 10 mw. with 20% enriched uranium. With fully enriched fuel operating at 
10 mw., flux densities of 2 x 1014 can be achieved. 

Control-Control rods are of the vertical rather than the semaphore type. They-are 
thus not only easily removed for servicing, but provide an even control effect that is 
directly proportional to control rod movement. Both the mechanical and electronic 
portions of the system are of the same AMF design that has proved safe and reliable 
in research reactors now in actual operation both here and abroad. 

Safety-All elements of the design have been pointed toward providing the greatest 
safety possible. Among the numerous safety features included are a dump valve for 
automatic or manual lowering of the heavy water, which eliminates the vertical 
reflector. In the event of pump failure, a natural convection path is automatically 
opened to provide emergency cooling. 

A rotary top plug and semi-automatic refueling cask have also been incorporated to 

provide for safe, easy refueling, eliminating the need for an individual opening and 
seal for each fuel element. 

See booth. 117-21, 3rd ATOMIC EXPOSmON, 
March 11-15, Conv.ntlon Hall, Phllad.lphlo 

Facilities-A total of 30 individual experimental facilities are included in the AMF 
heavy-water reactor. 11 beam tubes, 2 horizontal through. tubes, 2 isotope trains. 
4 pneumatic tubes, 10 vertical thimbles, and a thermal column permit an exceedingly 
wide range of experimental activities. Motor-driven vertical shutters provide con­
venient access to the horizontal beam tubes. And with AMF's unitized design, these 
reactor facilities can easily be modified to meet specific research requirements. 

ATOMICS 

For a complete reactor facility, from first plans to final start-up, or merely for reactor 
components, contact AMF. You'll find AMF Atomics has both the experience and the 
fully proven technical ab'ility to assist you in all phases of atomic energy involving 
research or power reactors and facilities_ 

AMF ATOMICS Inc. 
AMF Building • 261 Madison Ave • •  New York 16. N. Y. 
Subsidiary af AMERICAN MACHINE & FOUNDRY COMPANY 

• Power and Research Reac'ors 

• Radiation Process Equipmen, 

• Reac'or Con'ro' Sys'ems 

• Radio·active Ma'eria' HandUng Equipmen, 
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Get Better Control 

of Distillation Product 

• Liquid or vapor temperatures 
are always held constant by the 
Niagara "Balanced Wet Bulb" 
control method of evaporatively 
cooling or condensing, which 
automatically varies the cooling 
effect proportionately to the 
load. The distillation product is 
therefore uniform throughout all 
changes in climatic conditions 
the year around; it is the same in 
the heat of summer as in the 
freezing cold of winter. Continu­
ous maximum production is thus 
insured. 

Non-condensibles are effec­
tively separated at the condensate 
outlet, with notable sub-cooling 
after separation for greater vac­
uum pump efficiency. 

NIAGARA AERO H EAT 
EXCHANGERS give sustained 
full capacity in cooling and con­
densing with no dependence on 
cooling water ... eliminating 
problems of water supply, avail­
ability, temperature, or quality. 

Write for full information; 
ask for Bulletill 120. Address Dept. S.A. 

NIAGARA BLOWER COMPANY 
405 Lexington Ave., New York 17, N. Y. 

D,strict fnglneers 

In PrrnClpal C,tles of U 5 and Conado 

LETTERS 
Sirs: 

Congratulations on the very beautiful 
cover photograph of your January issue. 
I did not need to open the magazine to 
know that the picture was of Peru, and 
was not very surprised to find that the 
scene was the Callej6n de Huaylas, 
where I spent a very happy summer 
mountaineering in 1955. This is wonder­
fully beautiful and fascinating country, 
and I am surprised that so few North 
Americans know it. Despite the poverty, 
one feels there is hope; Peru has the 
resources to feed her people and give 
them a decent standard of living, and 
also, I believe, has the enterprise to do 
something about it. 

One of John and Mary Collier's pho­
tographs disturbs me a little. It shows 
two handfuls of potatoes, the little ones 
"before," the much larger ones "after" 
selection of seed and improved culture . 
The best potatoes I have ever tasted 
were those the Indians used to bring to 
our base camp over in the Jancapampa 
valley, the other side of the monntains, 
in exchange for medicines and empty tin 

cans (which were highly prized). While 
these potatoes were not as tiny as those 
in your photograph, they certainly were 
not large. The high Andes is the home 
of the potato, and all kinds of strains 
grow together in the same steep fields. 
I hope our Indian friends will not fall 
for the cult of bigness where potatoes 
are concerned. 

HAROLD F. WALTON 

Department of Chemistry 
University of Colorado 
Boulder, Col. 

Sirs: 
I am writing to thank you for the pre­

sentation of flexagons in your December 
issne. I was first exposed to flexagons at 
Purdue University during the snmmer of 
1955 at the General Electric Fellowship 
summer program of six weeks. 

It might interest the author that I suc­
cessfully made flexagons of 3, 4, 5, 6, 9, 
12, 18, 24 and even 48 faces. It took 
some doing, but I felt a great deal of 
satisfaction in doing it. I am a high­
school mathematics teacher, and spent 
one day having my students make hexa­
hexaflexagons in class, and it intrigued 
the majority of them. It is a good topic 
to be given in high school or college 
mathematics clubs. 

PRYOR T. SMITH, JR. 

Winterset, Iowa 

Sirs: 
Apparently many initiates into the art 

of flexigation succeed, like Mr. Smith, in 
constructing flexagons up to six faces, 
but are unable to find the elnsive seven­
faced heptahexaflexagon. It can be fold­
ed from any one of three "crooked" 
strips, one of which is pictured below. 

One strip folds into a heptahexa in 
two different ways, making four dis-

The hexahexafrustragon (top) and a strip that may be folded into a heptahexaj/exagon 
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Progress with lJOlJ£�OQn� 

Over 1,000 years of salt water would whittle 
only 1/1000 of an inch off titanium 

Marine fittings fabricated from Mallory-Sharon 

unalloyed titanium are immune to salt water cor­

rosion, also offer substantial weight savings. 

Salt water and marine atmospheres are traditional enemies 

of most metals. But not titanium. Its resistance to such cor­

rosive attack is unchallenged. Tests show a corrosion rate so 

infinitesimal that it would actually take over a thousand 

years of salt water exposure to reduce the thickness of a 

titanium sheet by one-thousandth of an inch. 

Titanium carries this exceptional resistance into industrial 

uses, where the economics of corrosion are also important. 

It is uniquely superior in resisting corrosion by such common 

industrial chemicals as nitric acid, solutions of chlorine, 

chlorinated compounds. Thus it more than pays its way in 

process vessels, piping, filters, heat exchangers, and many 

other places in processing industries. 

Where can you use titanium to reduce the waste of corro­

sion? As a leading producer, Mallory-Sharon can help you 

evaluate titanium, help you "design ahead" with this excep­

tional metal. Write Dept. C-2 for complete information. 

MALLORY SHARON 

MALLORY-SHARON TITANIUM CORPORATION · NILES,OHIO 

and t ; tan; u m a If 0 y she e t, s t r ; p, p / ate, rod, bar, b ; II e t s 
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6yO.S0<7LOW 

WALNUT SHELLS CLEAN JET ENGINES. That's 
right. They actually use dust to clean the thou· 
sands of small turbine blades in aircraft jet 
engines. But this dust is specially made by 
grinding up walnut shells. While the engine 
is revolving, the dust fed into the engine intake 
"sandblasts" the turbine blades without any 
damage to the finely finished surfaces. 

WATCHDOG AGAINST WEAR inside all kinds 
of engines. Air·Maze cleanable all ·metal, 
micronic.type liquid filters are used widely for 
filtering dirt from both lube oil and liquid fuels. 

SAVES $4385.79 A YEAR on railroad locomo· 
tive diesels. Air·Maze oil bath filters eliminate 
all objectionable dirt from air intakes, to cut 
engine wear and cost of maintenance. 

FOR ANY DEVICE THAT USES AIR OR LIQUIDS. 
For engines, compressors, air conditioners, 
ventilators ... or any device using air or 
liquids-there is an Air·Maze filter engineered 
to match each need. Filter·trained representa· 
tives in all principal cities will be glad to help 
you solve your dirt-removal problems. Write 
Air-Maze Corporation, Cleveland 28, Ohio_ 

AI.sMAZI 
The Filter Engineers 

AIR FILTERS. SPARK ARRESTORS. LIQUID FILTERS 
SILENCERS. OIL SEPARATORS. GREASE FILTERS 
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tinct species in all (not counting mirror­
image forms; all flexagons obey the law 
of parity!). The octahexa has 12 species; 
the enneahexa, 27. In searching for these 
forms, a useful rule to bear in mind is 
that the sum of the "leaves" (thicknesses 
of paper) in any two adjacent sections 
of a flexagon always equals the number 
of faces that can be achieved. 

Both Scientific American and William 
Kelley of New Haven, Mo., independ­
ently decided to send hexahexas as 
Christmas cards. I would have supposed 
these to be the first printed flexagons, 
but was surprised to learn that printed 
trihexas were used in October, 1955, to 
advertise the service award banquet of 
the Rust Engineering Company in Pitts­
burgh. 

A Chicago correspondent, who desires 
to remain nameless, created a hexahexa­
frustragon. He divided each face of a 
hexahexa as shown [upper left on page 
8], pasting parts of three different pic­
tures on the spaces marked A, B and C. 

As shown, only parts of picture A 
form a complete picture, but, by flexing, 
the same face can be found in two other 
forms, one bringing together the parts 
of picture B; the other, parts of picture 
C. Since each of the six faces accommo­
dates three pictures, there are spaces for 
18 pictures in all. Unfortunately, three 
01 the 18 will never come together on a 
hexahexa formed from a straight chain 
of triangles. It was on these three areas 
that the Chicago correspondent pasted 
full-figure portraits of rather handsome 
young ladies. 

MARTIN GARDNER 

New York, N.Y. 

Sirs: 
I was quite taken with the article en­

titled "Flexagons" in your December is­
sue. It took us only six or seven hours to 
paste the hexahexaflexagon together in 
the proper configuration. Since then it 
has been a source of continuing wonder. 

But we have a problem. This morning 
one of our fellows was Sitting flexing the 
hexahexaflexagon idly when the tip of 
his necktie became caught in one of the 
folds. With each successive flex, more of 
his tie vanished into the flexagon. With 
the sixth flexing he disappeared entirely. 

We have been flexing the thing mad­
ly, and can find no trace of him, but we 
have located a sixteenth configuration of 
the hexahexaflexagon. 

Here is our question: Does his widow 
draw workmen's compensation for the 
duration of his absence, or can we have 

him declared legally dead immediately? 
We await your advice. 

NEIL UPTEGROVE 

Allen B. Du Mont Laboratories, Inc. 
Clifton, N.J. 

Sirs: 
I have a thought about an article in 

your January issue which may be of 
interest to you. Regarding Woodburn 
Heron's article "The Pathology of Bore­
dom," I wonder if the position in which 
the subjects were kept might not, in 
some instances, have influenced their 
thinking, particularly in regard to the 
hallucinations reported. I have found, 
personally, that sleeping on my back re­
sults in the most unbearable nightmares, 
and doctors whom I have talked to about 
this say that it is not unusual. If there is 
anything, in any percentage of normal 
subjects, which causes hallucinations 
when on the back, sleeping or daydream­
ing, the position in which the subjects of 
these experiments were placed would 
certainly bring it out, and the experi­
ments would show the result of the posi­
tion as well as of boredom. 

WATSON PARKER 

Hill City, S.D. 

Sirs: 
As a practicing psychoanalyst I was 

particularly interested in your article 
"The Pathology of Boredom." 

The so-called hallucinatory phenom­
ena described therein have been the sub-

Scientific American, :March, 1957; Vol. 196, No. 
3. Published monthly by Scientific American, Inc., 
415 Madison Avenue, New York 17, N. Y.; Gerard 
Piel, president; Dennis Flanagan, vice president; 
Donald H. Miller, Jr., vice president and treasurer. 

Editorial correspondence should be addressed to 
The Editors, SCIENTIFIC A MERICAN, 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 Manager, 
SCIENTIFIC A MERICAN, 415 l\ladison Avenue, New 
York 17, N. Y. 

Subscription correspondence should he ad· 
dressed to Circulation :Manager, SCIENTIFIC A MERI­
CAN, 415 Madison Avenue. New York 17, N. Y. 

Change of address: Please notify us four weeks 
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give both old and new addresses, including postal 
zone numbers, if any_ 
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Latin America: I year, $6; 2 years, gIl; 3 years. 
SIS. All other countries: I year, S8; 2 years, $]4; 
3 years, S18. 

© 1957 SCIENTIFIC AMERICAN, INC



A Man Nobody Wants 
This man's motto is "Don't rock the boat!" Now that 

he has reached his present high post in the Company, 

his life is dedicated to proving that once you get a 

good thing, you don't have to change. In fact, if things 

get too new, you can always search the past for some­

thing really safe to use. 

He, naturally, has no interest in the new things 

coming out of Rogers. 

Rogers is not looking for him, either. Rogers serves 

engineers - those men who sail the seven seas in search 

of an eighth. And they, in turn, find Rogers an interest­

ing port of call - a cove of research and development 

brains eager to meet the challenge of their ideas with 

new materials. 

Our business is to create - if we don't already have 

them - the materials that engineers are seeking to con­

vert today's dreams into actual products. Please write 

for samples of recent developments. 

ROGER 
CORPORATION 
ROGERS, CONNECTICUT 

DUROIDS-for Gaskets, Filters, Electronic Devices, Thermal Insulation, etc. ELECTRICAL INSULATION-for Motors, Transformers, Generators, etc. 

SHOE MATERIALS-for Counters, Midsoles, Liners, etc. PLASTICS-Special Purpose Molding Compounds and Laminates RUBBER-for Floats, Grommets, Gaskets, Bearing Seals, etc 

FABRICATING-Including Converting, Combining, Coating, Embossing, and Molding DEVELOPMENT-Research and Engineering of Unique Materials, Parts and Products 
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LINDE 0�[;)[P�O[;l[3 • • • 

SHAPED TO YOUR NEEDS 

Single-crystal sapphire is produced by LINDE in many shapes 
for a wide variety of applications. Common shapes include win­
dows,balls, rods, and tubes. Special shapes are supplied to order. 

LINDE sapphire is transparent, non-porous, and has excellent 
ultra-violet and infra-red transmission characteristics. Infra-red 
transmission is 92'10 at 3 microns, 50'10 at 6 microns (1 mm 
thickness). Typical uses are as windows, spacers, and supports 
in electronic tubes; for light pipes; and for ultra-violet and 
infra-red devic�s. High- and low-temperature seals can be made 
to mctals as well as to glass and ceramics. 

Inquiries regarding mechanical, optical, thermal, and elec­
trical properties of LINDE sapphire are invited. Write Crystal 
Products, Dept. R-3. 

LINDE AIR PRODUCTS COMPANY 

A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street I!I3::! New York 17, N. Y. 

In Canada: Linde Air Products Company 
Division of Union Carbide Canada Limited, Toronto 

The term "Linde" i� II regislerf'd Irade-mark of Union Carbide and Carbon Corporation. 

ject of observation by psychiatrists in 
their daily office practice, and psycho­
dynamic explanations have been offered 
by many men; the best is still Freud's 
work The Interpretation of Dreams, es­
pecially chapter seven, "The Psychology 
of the Dream-Processes." 

Visualization of ideas known as the 
"Silberer effect" is a regular psychic 
phenomenon and is an expression of re­
gression to more primitive modes of psy­
chic functioning. It occurs during 
dreams, during transitory toxic states 
such as poisoning or intoxication or se­
vere illness, during extreme physical fa­
tigue and any state of emotional conflict 
which restricts the functioning of the 
ego; in other words, during the regres­
sion of the ego. 

Standard psychoanalytic technique 
repeats many of the experimental factors 
set up as described in your article, with 
emphasis on the absence of all external 
stimuli and absolute regularity of those 
stimuli which cannot be eliminated. The 
consequence is that many patients report 
phenomena described in your article. 
The simplest psychodynamic explana­
tion should be understood stepwise: 

1. The individual's attention and in­
terest is withdrawn from the external 
world and focused on the internal world 
(of internal ideas and wishes). 

2. These internal ideas which seek ex­
pression sometimes cannot be expressed 
directly-because motor expression is de­
nied to the individual, or because the 
acts themselves are repugnant to the in­
dividual, or perhaps because the ideas 
are repugnant to the individual. 

3. In other words, a conflict is present 
between ideas and wishes which one 
tries to express, and counterforces which 
try to repress these ideas. The result is a 
compromise and a regression, where the 
ideas are expressed in a disguised man­
ner, in the form of visual and auditory 
hallucinations, as in a dream. 

4. To some degree, the mind always 
functions this way; that is, the idea of 
the thing or the representation of the 
thing is substituted for the very abstract 
idea of the word. 

I enjoyed reading about the system­
atic approach to this problem, but I feel 
some theoretical framework should have 
been offered. 

ROBERT H. KOFF, M.D. 

Chicago, Ill. 

Sirs: 
Mr. Parker's suggestion that the ef­

fects of isolation are confounded with 
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HIGHer reliability 
LOWer maintenance 

LECTROSYN 
indicating, measuring, recording 

SYSTEM 

ElectroSyn is a highly flexible, extremely rugged 
electro-magnetic system for a wide range of applica­
tions in the chemical processing, atomic power, 
natural gas and petroleum transmission fields. It is 
designed to measure, indicate, record (including 
analog to digital conversions) , or control pressure, 
differential pressure, flow, liquid level, temperature. 
Basic system comprised of signal transmitter, servo 
amplifier (magnetic) , and Null Balance Indicator­
no electron tubes or slide wires. 

Leading pipeline companies are currently using 
ElectroSyn Systems for remote indication and data 
handling of pressures and flows. They point out that 
ElectroSyn is especially practical for pipeline com­
pressor station applications because the system can 
withstand a static overload of 300% of rated pressure 
for a 1% zero shift, with a bursting safety factor of 
ten times rated pressure for ranges up to 1500 psi. 

Complete technical information upon request. 

NORWOOD CONTROLS 
UNIT OF DETROIT CONTROLS CORPORATION 

933 Washington Street· Norwood, Mass. 

I
NORWOOD 
CONTROLS 
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".TtiE SUN 
WER A ROB'07f 

ERMAN 
POWERING UNMANNED WEATHER STATIONS 

with sunlight is just one of many practical uses 
for Hoffman Solar Energy Converter Panels­

newest and most exciting product of 
Hoffman electronics research. 

Blanketing the Converter Panel surface are rows 
of Hoffman-made Solar Cells, which convert 

sunlight into electricity to charge batteries and 
operate equipment. On sun-tracking models, 

the panel automatically "follows" the sun across 
the sky, assures maximum conversion 

efficiency throughout the daylight hours. 

Hoffman Solar Cells may be used singly, in 
multiple units or in converter panels to power 
unmanned radio relay stations, pipeline trans­

mitters, railroad signaling apparatus, navigation 
aids, and all types of transistorized radio, TV, 

telephone, telegraph and telemeter equipment. 

Hoffman engineers will be glad to recommend 
practical, economical ways to apply solar energy 

to your individual requirements. 

For data on tracking and non·tracking Converter Panels, write: 
Applications Engineering Division, Hoffman Electronics Corporation, 

3817 South Grand Avenue, los Angeles 7, California. 

Rectangular Solar Cells produce 5·times 
greater efficiency than early cells. Round 
cells are about the size of silver dollar. 

Converter Panels are designed to meet 
specific power needs, produce 80 watts 
of power per square yard of surface. 

a SEMICONDUCTOR 
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A DIVISION OF HOFFMAN ELECTRONICS CORP. 

930 Pilner Avenue, Evanston, Tllinois • Applications Engineering 
Division, 3817 South Grand Avenue, Los Angeles 7, California 

the effects of lying on the back cannot be 
ruled out entirely. However, there is 
some evidence not brought out in the 
article which makes it seem unlikely: 
( 1) the phenomena occurred even when 
the subjects were sitting up for meals; 
(2) the subjects were able to lie on their 
sides; (3) similar effects have been re­
ported in recent experiments by Dr. John 
Lilly, in which the subjects were Roated 
in a liquid medium. 

From my very limited reading of the 
psychoanalytic literature I had not real­
ized that patients experienced vivid hal­
lucinatory activity during their sessions. 
I was therefore very interested by Dr. 
Koff's observations, but I feel unqualified 
to comment on them. 

As far as the question of interpreta­
tion is concerned, we made some crude 
attempt to work out what could be go­
ing on in the brain; and it has occurred 
to us, as it did to Dr. Koff, that the same 
kind of mechanisms that are involved in 
dreams, hypnagogic hallucinations, etc., 
may be at work. 

However, so little is known at the mo­
ment that all interpretations, psycho­
analytic or otherwise, must of necessity 
be highly speculative. While such specu­
lations are essential for guiding research, 
they should be recognized for what they 
are. The only conclusion we can draw 
with any degree of certainty is that per­
ceptual isolation has disruptive effects 
on some aspects of organized behavior. 

WOODBURN HERON 

McGill University 
Montreal, Quebec, Canada 

Sirs: 
Your article "The Pathology of Bore­

dom" struck a responsive chord. Perhaps 
you might be interested in an involun­
tary experiment in the subject that I 
underwent. 

A year ago last July I was hospitalized 
for eye surgery to correct a detached 
retina. Before and after surgery I was 
completely immobilized, forbidden to 
raise my head even for feeding, and with 
my vision in both eyes blocked out with 
heavy bandages. Moreover, I am deaf in 
one ear, and therefore was not able to 
hear with any accuracy. I did not have to 
wear gloves, though, so I could mitigate 
the boredom by feeling how my whiskers 
were coming along. 

At first I passed the time by solving a 
rather simple problem in mathematics 
that I had heard just before going into 
the hospital. I solved it over and over. 
By about the second day (I was in the 
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Consider all the angles of this Surface 

This is Archimedes' truncated tetrahedron, opened 

out to show just a few of the many angles of Surface 

Combustion Corporation which you should consider. 

Here's a towering annealing furnace which processes 

steel strip at the speed of a thousand feet a minute. 

There are automotive gears with extremely tight metal­

lurgical specifications, made faster and cheaper in an 

automatic carburizing line. Wing pod heaters provide 

1,200,000 btu/hr of anti-icing protection for the Ant-

arctic Expedition's Douglas C-124's. And in that petri 

dish is proof (by the Toledo University Research Found­

dation) that Kathabar air conditioning equipment kills 

97 % of airborne bacteria. 

From any angle, this represents a tremendous range 

of skills and services, many of which can contribute to 

the success of your project. 

Write for further information. Surface Combustion 

Corporation, 2391 Dorr St., Toledo 1, Ohio. 

Surface® Heat Treat, Steel Mill, Glass Divisions . Kathabar® Air Conditioning Division . Janitrol® Aircraft-Automotive •• 
Division • Janitrol ® Heating & Air Conditioning Division • Webster Engineering Company: Boiler Burner Division 
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Rub-rap-tap-scrape-this smooth­

surfaced shuffleboard disk is made 

to take the daily "grind" with a 

sturdy never-mind. Plenco-developed 

phenolic molding compounds build a 

protective, extra hardness into the 

surface areas of your product or part. 

More than skin-deep, this special 

density extends in depth, toughening 

the molding throughout. For hard­

ness ... for ease of fabrication ... for 

economy of manufacture ... count on 

Plenco. 

When 

you 

need 

nco 

PLASTICS ENGINEERING COMPANY 
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Sheboygan, Wisconsin 
Serving the plastics industry in the manufacture of high grade phenolic molding compounds industrial resins and coating resins. 

• 

blackness for exactly three weeks) I be­
gan to see visions. 

They were of remarkable clarity-ex­
tremely sharply defined and in vivid and 
beautiful colors. I had no control over 
them. Two examples: A giraffe standing 
in a stream, up to his shoulders in water, 
with a number of frightened monkeys 
clinging to his neck. A horizontal win­
dow in the wall above my bed, through 
which I could see people passing back 
and forth in the hall outside. 

Looking back, I have no feeling of 
having been blind. I could describe in 
some detail the smooth, white covering 
on my bed as it was immediately after I 
returned to it from my operation, and I 
can almost see now the rather pretty, 
washed-out-blonde nurse who tended 
me that day, and the sunshine falling 
across the bed. As a matter of fact, the 
bed had a pastel-colored cover, the room 
was darkened, and the nurse was very 
likely a brunette. 

I also had a nonvisual hallucination. 
As I lay on my back, I could feel on my 
chest the pressure of a tray laden with 
brimming coffee cups. It was hot coffee, 
the cups were fragile, and there would 
be disaster if I moved a muscle. This 
hallucination persisted for some weeks

' 

after I came home in my pinhole goggles; 
sitting in a chair, I would hesitate to stir 
until I had slowly lowered my head and 
peered at my lap through the goggles. 

The hallucinations were rather more 
interesting than frightening or boring. I 
knew they were fakes, and speculated on 
where they came from, and why. I spec­
ulated also on what the nurses and order­
lies looked like, and formed very clear 
(and entirely wrong) mental pictures of 
them. I remember watching, via hallu­
cination, the arrival of my roommate. 
He was a small Italian, accompanied 
by three even smaller Italian doctors 
who chattered incessantly while they 
wrapped him in corn husks as some sort 
of therapy. This is probably not a genu­
ine hallucination; rather, it is the product 
of my defective hearing-but the picture, 
false as it was, was clear and bright. 

I don't think the visions came from 
drugs. I had sedation at night, and slept 
dreamlessly. During the days, I occa­
sionally had codeine, or a similar pain­
killer, but the visions came no clearer or 
oftener because of the painkiller. A part 
from the codeine and the barbiturate 
sedatives, my medication consisted of 
antihistamine and an occasional mild 
antacid for indigestion. 

ERIC ST. CLAIR 

Richmond, Calif. 
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"Steel maker 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 Llldllllll 
Steel Corporation, Oliver Bldg., Pittsburgh 22, Pa. 

,STEElMAKERS to the Electrical Industry 

Allegheny Lud lum 
Warehouse stocks 01 AL Stainless Steels carried 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-S7 
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B<%W Nuclear Facilities Plant in Lynchburg, Virginia, showing new expansion program under construction. 

Behind B&W Atomic Energy 
INDEPENDENT NUCLEAR RESEARCH • 90 YEARS OF STEAM POWER 

Many of the components in nuclear steam generating 
systems are remarkably like those in use in modern 
conventionally-fueled power plants. And in the de­
sign and fabrication of reactors and fuel elements, 
many of the solutions to problems-in metallurgy, 
metal working techniques, heat transfer and fluid flow, 
and welding-are being found through extensions of 
past B&W experience and research. 

In this very real sense B&W offers you the benefits 
9f 90 years of experience in design, fabrication, testing 

and erection ... the skills and techniques acquired and 
developed through the creation of thousands of con­
ventional-fuel, high pressure boilers. You get the 
advantages of direct atomic energy experience accumu­
lated since the days of the Manhattan Project through 
active participation in many AEC-sponsored projects • •• 

the practical results of B&W's own continuing pro­
gram of independent nuclear research and development. 

These, together with specialized facilities, form the 
unique background B&W brings to single com

.
po-
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A continuing program of independent nuclear 
research is carried on at B&W's Research Cen­
ter at Alliance, Ohio. 

Experience. • • • 

EXPERIENCE • SPECIALIZED FACILITIES 

nents, or the design, fabrication, testing and erection 
of complete nuclear steam generating systems, from 
fuel elements to turbine throttle. 

The Babcock & Wilcox Company, Atomic Energy 
Division, 161 East 42nd Street, New York 17, N. Y_ 

BABCOCK &W'lreox 

B &W- designed electrical- resistance welding 
process clads base plate with alloy sheet. 

Experience, skills and tools developed over 90 
years are applied to design, fabrication and. 
erection of nuclear steam generators. 
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The books ... 

How the scientific world 

shares in fruits of the telephone art 

In their work to improve telephony the scientists and 
engineers of Bell Telephone Laboratories make important 
findings in many sciences. They thoroughly report these 
findings in professional journals and magazines. But some­
times, as knowledge accumulates in a vital field, a "treat­
ment in depth" is prepared in book form. 

Bell Laboratories authors have written 36 books to date 
and others are in preparation. Many have become classics 
in the Laboratories' primary field of communications. i\lany 
have become standard works of wide application because 
they provide a fundamental guide for technologies in other 
fields. For example, the design of automatic switching 
systems is of primary importance in computers; statistical 
quality control provides the indispensable basis for eco­
nomical manufacture. Through their books these scien­
tists and engineers and the Laboratories attempt to repay 

20 

benefits they receive from the published works of others. 

The pictures on the opposite page show some Bell 
Laboratories authors of technical books. A complete list­
ing of titles may be obtained by sending in this coupon. 

r---------------------------------------
I 
I Publication Department, Dept. 39 
I 

I 
I 
I 
I 

BELL TELEPHONE LABORATORIES 
463 West Street, New York 14, N. Y. 

Gentlemen: 

Please send me a listing of titles, authors and publishers 

of books written by Bell Telephone Laboratories authors. 

Name . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .  � . . . .  

Street. ...................................................... . 

: City . . . . . . • . . • . • . • • • • . • . • • . • • • • • • • • . . . • • . .  State . . . . . • . . • . . . . . . •  

L ______________________________________ _ 

BELL TELEPHONE LABORATORIES 

World center of communicatIons research and development 
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· . .  the authors 

Most of the books written by Labora­
tories authors are published by D. Van 
Nostrand Company. Other publishers 
include John Wiley & Sons and 
McGraw-Hill. Subjects include 
speech and hearing, mathematics, 
transmission and switching circuits, 
networks and wave filters, quality 
control, transducers, servomecha­
nisms, quartzcrystals, capaci tors, visible 
speech, earth conduction, radar, elec­
tron beams, microwaves, waveguides, 
antennas, traveling-wave tubes, 
semiconductors, ferromagnetism. 

Harold S. Black, B.S. 
in E.E., Worcester 
Polytechnic Ins!., 

author of "Modulation 
Theory." 

Richard M. BOlorth, 

Ph.D., California Ins!. 

of Tech., author of 
"Ferromagnetism." 

Hendrik W. Bode, 

Ph.D., Columbia 
University, author of 

"Network Analysis and 

Feedback Amplifier 
Design." 

John R. Pierce, Ph.D., 

California Ins!. of Tech., 

author of "Traveling· 

Wave Tubes." 

W. Thornton Read, 

M.S., Brown University, 

author of "Dislocations 
in Crystals." 

Walter A. Shewhart, 

Ph.D., University of 

California, author of 

"Economic Control of 

Quality of Manufactured 

Produc!." 

50 AND 100 

YEARS AGO 

MARCH, 1907: "The death of Mr. 
Orson Desaix Munn brings to a close a 
period of 62 years in the history of this 
journal. In 1846 young Munn was in­
duced by his former schoolmate, Alfred 
Ely Beach, to join him in the purchase 
of SCIENTIFIC AMERICAK from its found­
er, the restless inventor and editor Rufus 
Porter. A partnership was formed, and 
the firm of Munn & Co. established. An 
office was taken in the old Sun building 
at the corner of Fulton and Nassau 
Streets in New York City, and the knowl­
edge and advice secured by such close 
association with the great daily proved 
invaluable to the young editors and pub­
lishers. The first issue under the new 
firm appeared on July 23, 1846. In a pe­
riod when SCIENTIFIC AMERICAN was 
the only journal in the United States 
devoted purely to science and mechan­
ics, it was inevitable that its editors 
should be brought into touch with the 
inventors of the day, and one of the 
most frequent callers was Elias Howe of 
sewing machine fame. This intercourse 
naturally led to the establishment of the 
patent department. The announcement 
of this policy, coming at a time when 
the profession of the patent lawyer was 
practically unknown, met with imme­
diate response, and marked the auspi­
cious beginning of a practice which 
speedily necessitated the opening of a 
Washington office, and ultimately grew 
to be the largest of the kind in existence. 
The offices of the journal soon became 
the center for the gathering of the most 
noted inventors of the day, and here the 
editors were in constant intercourse with 
such men as Capt. John Ericsson, Com­
modore Edwin A. Stevens, Capt. James 
B. Eads, and Samuel F. B. Morse. The 
next important step in the history of the 
firm was the publication of the SCientific 
American Supplement, whose mison 
d' etre was found in the wish to describe 
and illustrate the mass of interesting ex­
hibits at the Centennial Exposition of 
1876. The success of the venture led to 
the decision to continue the publication 
as a weekly review of the scientific litera­
ture of the day, in which might be in-

cluded articles too long or strictly tech­
nical for the more popular tastes of the 
readers of the parent paper. This was 
followed by the publication of La Amer­
ica Cientifica, designed to place the va­
rious Spanish-speaking peoples of South 
America in touch with the progress of 
science and the arts in the sister northern 
republic. In 1885 the firm decided that, 
in view of the large number of requests 
for information on the subject of house 
building and furnishing and kindred 
subjects, the time was ripe for launching 
a monthly journal covering this field, and 
the first issue of the Building Edition of 
SCIENTIFIC AMERICAN made its appear­
ance. The success of this venture justified 
the enlargement of the scope of the pub­
lication, and in 1905 it was remodeled 
and published in a new form under its 
present name of American Homes and 
Gardens." 

"That the American square-rigged 
sailing vessel is being gradually forced 
from the ocean highways, where it was 
long an important factor in the world's 
carrying trade, has been apparent for 
some time to those well versed in mari­
time affairs. Yet few have realized that 
the outlook for vessels of this type is as 
serious as has been set forth by the Com­
missioner of Navigation in his last annual 
report, lately from the press. The Com­
missioner states that the existence of our 
square-rigged fleet cannot under present 
conditions extend beyond the period of 
20 years. A second consecutive year has 
passed without the building of even one 
square-rigged vessel in the United 
States, something never heard of before. 
As the Commissioner tersely expresses it, 
'the construction of square-rigged ves­
sels has probably not entirely ceased in 
the United States, but the future output 
will not equal the loss through wreck. 
abandonment, and cutting down into 
barges.' The history of the square-rigger 
is inseparably interwoven with that of 
our country, and those who are conver­
sant with the career of this type of ves­
sel will view the retirement with feel­
ings of genuine regret." 

"Within the past few months we have 
illustrated on the front page of this jour­
nal two office buildings, both in course 
of erection, which are conSiderably to 
exceed half a thousand feet in height. 
Both of these structures are built as ad­
ditions to existing office buildings, and 
the predisposing motive in carrying them 
up to such unprecedented heights is the 
desire to obtain a maximum amount of 
office space on a given amount of ground 
area. There can be no question that the 
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Few buyers are as particular about 
aluminum castings as tire m akers. 
Their tire molds must be extremely 
accurate, dense, and concentric. Intri­
cate tread designs must be reproduced 
fai thf ull y . 

Morris Bean & Co. recently cast a 
pair of the world's largest tire molds 
. .. 9 foot diameter held to ±.060" . . . 

weight, 2000 Ibs. Tire molds, wave­
guide and fluid flow castings are pro­
duced in quantity, using the Antioch 
Process *. If you r  desig n inclu des 
aluminum castings with high perform­
ance requirements, send us a part print 
for recommendations. 

Morris Bean & Company 
Yellow Springs 5, Ohio 

*Send for technical booklet about the 
Antioch Process for aluminum casting. 

one-ton precision ca,sting 

skyward race having begun with such 
daring aspiration, other builders will be 
seized with the vertical 'speed madness.' 
And so we may look to see a repetition 
of the tower-building craze of medieval 
times, which led the wealthy men of 
Siena and Bologna to build those curious 
and not unsightly shafts which form one 
of the historical and architectural attrac­
tions of those cities." 

"A recent and novel use of the tele­
phone has been the reporting of the 
Michigan-Ohio State football game. 
Two bare wires were stretched across 
the field, and a small trolley arranged 
to run on them. To this trolley was at­
tached a portable telephone set, which 
was used by the reporter, who followed 
the progress of the ball along the field. 
This circuit was connected with the Ann 
Arbor, Mich., exchange, and through it 
to the University of Michigan. In this 
way the progress of the game was fol­
lowed at Ann Arbor almost as closely 
as it was on the field where it was 
played." 

"Through the death of Prof. Berthelot, 
the world has lost a man eminent not 
only as a philosopher and a scientist, but 
also a figure prominent in the national 
politics of France and in the affairs of 
the world in general. Aside from Berthe­
lot's chemical researches, his labors in 
behalf of the beleaguered French in 
Paris during the 'Terrible Year' of the 
Franco-Prussian war, and his political 
activity, brought him to the notice of 
the world. As the head of the Scientific 
Committee of Defense of Paris in 1871, 
he undertook the investigations which 
practically led to the invention of smoke­
less explosives. In his researches and dis­
coveries in the synthesis of fats, glycer­
ines, carbohydrates and alcohol, in coal­
tar dyes, in thermo-chemistry and in 
explosives, he added enormously to the 
scientific knowledge of mankind." 

MARCH, 1857: "In view of the tre­
mendous obstacles facing construction 
of a bridge between Manhattan and the 
city of Brooklyn, Joseph de Sendzimir 
has proposed an entirely radical and 
most ingenious solution. He suggests 
that an iron tube be sunk in the East 
River. As in this project neither pier 
buildings nor excavations would be nec­
essary, all or rather nearly all outlay 
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ready for reality 

A liquid ... poured in place . . •  foams and sets. The miracle material, STAFOAM, 
results . .. . A material with any set of characteristics pre·determined by YOU. It 
can be formulated tb produce a material as hard as steel. It can be formulated to 
produce a material of sponge·like flexibility. Or it can be formulated to any density 
between these extremes. STAFOAM can have pre·determined strength, texture, rigid· 
ity, porosity, thermal characteristics, inSUlation characteristics (heat, cold, electrical, 
shock and sound), and color. 
STAFOAM is a polyurethane foam, formed by mixing isocyanates and resinous poly. 
mers in liquid form. In some formulas, STAFOAM is thermo'setting; in others, it is 
thermo·plastic. Consider what just one of STAFOAM'S valuable characteristics • . •  
foamed in place ... can mean in savings to your manufacturing process ... in engi­
neering, in tooling, in assembly and of course in labor. STAFOAM is a material that 
could well revolutionize your manufacturing methods ... or even your product. 
The applications of STAFOAM are limited only by.your imagination. 
STAFOAM is in your future. 

o Send me Brochure 
on Rigid Stafoam. 

o Send me Brochure 
on Flexible Stafoam. 

... In the infinity of the future that 
begins in the next instant, people like yourselves 

... scientists, engineers and intelligent 
businessmen ... will be dreaming of things 

for a better world. And these dreams ... 
the formulas and the blueprints ... will be 

rushed into realities because other men 
who believe in the future are now 

working to provide you with the 
methods and materials that will give 

wings to your imagination. 

Your dreams will influence not only your own 
lives but the lives of millions of people. 

You will make food tastier and freshel·. You 
will make sleep and relaxation more 

comfortable. You will control temperature 
to an even greater degree ... to suit every human 

and technical need. You will make travel 
faster and safel·. You will make communications 

more diversified, more dependable and more 
complete. You will manufacture the complicated 

devices of the atomic age by increasingly 
simplified procedures. In short, you will make 

life more enjoyable in many ways . 

. . . And there is a NEW MIRACLE MATERIAL 
which will help provide an early fulfillment 

of these "dreams:' The scientists who are 
now developing the wide range of properties 

inherent in this material cannot envision all 
of its applications. But you ... the scientist, 

the engineer or the businessman with 
imagination ... can work with the Research 

and Development staff of American Latex 
Products Corporation toward applications 

only you can dream of ... 

�he:future is now ... this 

NEW MIRAC:D-E. MATERIAL IS HERE! 

PRODUCTS 

IC.A..N 

.A..T EX 
....... 

CORPORATION 

3341 West EI Segundo Blvd., Hawthorne, Calif. 

Please complete space below, and send us this page. 

Name ............................................. . .  

Title or Code No ................................. . .  

Company .......................................... . 

Address ........................................... . 

. . .. . . . ;, . . . . . . . ... . . ... . . . . . . . . . . . . . . . . . . . .... . . . . . . .. . 
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his mind 

may upset 

yours 

Too many product development programs start with a manufacturer's pet 
brain child. And, too often, they die shortly afterward. Somebody neglected 
to find out what buyers thought of the idea or proposed product. 

At j)WqIUM �n.9ndu.Wut, we firmly believe that the best starting point 
for sound product development is the buyer's or user's mind. We probe it 
in many ways: through field calls on present and potential customers, on 
distributors, on the public - if it's a consumer product. 

We develop unbiased specifications as to what the proposed product 
should be and do - and how it should do it. We find out about what the 
user is willing to pay, based on the functions to be performed. Then, if de­
sired, we carry through design and engineering to meet these specifications. 

Write for our brochure on DFI Technical Surveys. Or we'll gladly have 
our representative call, without obligation. 

PLANNED 

4241 FUL.TON PARKWAY .•• CLEVELAND 9. OH'O 
TeChnical Surveys • Research and Development • Design Engineering .. Industrial Design 

PrOduction Engineering _ Transition Manufacturing • Engineering Audits 

would be comprised in the construction 
of the Iron tubes, which, to use the lan­
guage of the inventor, may be built at 
any convenient pOint on boats, and, 
when nearly the whole length is com· 
pleted, may be made to float by closmg 
the extremities watertight and then 
floated to the place appointed for the 
thoroughfare; and, ultimately, that por­
tion of the tube sunk which is destined 
to rem am under water, by mtroducing 
the proper ballast into the in tenor and 
on the platforms outside, would make a 
submarine tubular thoroughfare." 

"Professor Thompson has recently put 
forward the hypothesis that meteors 
falling into the sun gIve rise to the heat 
which he emits. All the theories that 
have yet been proposed to account for 
the heat of the sun, he remarks, as well 
as every conceivable theory, must be one 
or another, or a combmatIon, of the fol­
lowing three' 1st, that the sun is a heat 
ing body, losing heat; 2d, that the heat 
emitted from the sun is due to chemical 
action among materials originally be­
longing to his mass, or that the sun is a 
great fire, 3d, that meteors falling into 
the sun give rise to the heat which he 
emits. It is demonstrable that unless the 
sun be of matter inconceivably more 
conductive of heat, and less volatile, 
than any terrestrial meteoric matter we 
know, he would become dark in two or 
three minutes, or days, or years, at his 
present rate of emission if he had no 
source of energy to draw from but primi­
tive heat." 

"The peace of the great European na­
tions does not appear to be followed by 
an increase of prosperity in the industrial 
interests, but rather the reverse Much 
of the work on arms and equipment was, 
of course, immediately suspended on the 
confirmation of the peace, and we have 
already alluded to the fact that the war 
vessels under construction are tempo­
rarily abandoned, and the small vessels 
afloat are being hauled up to diminish 
the expense of sustaining them. Many 
men are necessarily thrown out of em­
ploy, and a meeting of between five and 
ten thousand of the laboring classes of 
London was lately held to consider their 
distressed condition_ It was stated that 
25,000 persons engaged in the building 
trade alone in that city are out of work, 
and that the total number of unem­
ployed persons in that great metropolis 
would probably reach a quarter of a 
million." 

"The ship Supply has landed another 
lot of camels in Texas." 
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E-P-R SPECTROSCOPY AT WORK 
I Electron Paramagnetic Resonance) 

Beginning ... an informative application series from Varian on an important 

new laboratory tool for the physicist, chemist and biologist 

The Varian E-P-R Spectrometer accel­
erates the accumulation of knowledge on 
molecular structure, kinetics of chemical 
reactions and the solid state. It indicates 
the interaction of unpaired electrons with 
their chemical environments by inducing 
and recording E-P-R signals from sub­
stances possessing a resultant electronic 
magnetic moment. 

E-P-R tests are non-destructive. A typi­
cal sample size is 0.15 cc in a quartz tube. 
Concentration of the material under study 
can generally be very low provided it is 
adequately separated from those other sub­
stances that would mask the desired E-P-R 
Signals. 

This continuing series of examples will 
show clearly how E-P-R study is applied 
to both organic and inorganic substances. 
Unpaired electrons from various sources 
will be identified and from them determi­
nations will be made. 

Number 0 o. a series HVPERFINE STRUCTURE IN FREE RADICALS 

INTERPRETATION: One of the first characteristic hyperfine struc· 

tures to be observed by paramagnetic resonance was the sim­

ple one shown below. This arises from the nitrosodisulphonate 

(peroxylamine disulphanate) ion (ON(SOJh)= and is due to 

the I' S coupling of the nitrogen nuclear spin with the spin of 

the unpaired electron on the ion. Since the nitrogen is the only 

" -+ 

t \ 
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non-zero spin nucleus in the ion, the spectrum consists of three 

lines of equal intensities produced by the three (21+ 1) equally 

probable magnetic orientations af the nitragen (I = 1) nuclei. 

From the magnitude af the splitting one may also ascertain the 

fractional s-state character of the odd electron around the 

nitrogen atom. 

_------/3".."" __ -----;;0-.. 

" ••••••••• I ••••••••• I I •••••••••••••••••••••••••••• 

For full technical details on E-P-R and 
N-M-R Spectroscopy and Spectrometers, write to the 

Varian Associotes Instrument Division. 

: ; ; i t  j t l :. ; f 
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PALO ALTO 7, CALIFORNIA 
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NUCLE.A. 

TOD.A.-Y 

N0W in operation at Lemont, Illinois, this is the 

first commercial-type power plant in the United 

States to generate usable quantities of electric power 

from nuclear fuels. 

The unique feature of this boiling water reactor 

is that live steam is actually generated in the ura­

nium core by nuclear heat and piped directly to 

the turbine without need for intermediate heat ex­

changers as required by other types of reactors. In 

effect, it operates very much like the coal-fired boiler 

in a conventional power plant. 

This unit is rated at 20,000 kilowatts of heat 

and 5,000 kilowatts of electricity. It was designed 

for experimental use; to evaluate potentials of the 

Direction of over-all design 
and construction phases as 
well as design and manufac­
ture of reactor core and control 
rod devices was by Argonne 
National Laboratory. 

Power Equipment Supplied by Allis-Chalmers 
• Steam turbine generator and exciter 

• Surface condenser and air ejectors 

• Complete control center for remote operation 
of reactor and power equipment 

• Reactor water recovery and air drying system 

• Reactor steam bypass control system 

• Hermetically sealed pumps for reactor 
purification system 

• Reactor feedwater pumps 

boiling water reactor for large-scale commercial ap­

plications. Power generated is used by the Labora­

tory to meet a portion of its own electric power 

requirements. 

Allis-Chalmers is proud of its association with 

this significant project. It's another example of 

"Engineering in Action" to provide power for better 

living from any source, whether it be water, steam, 

oil, or the atom itself. 

• Circulating water pumps 

• Auxiliary cooling wafer pumps 
• Motor control centers 
• Main and reserve power transformers 
• Indoor and outdoor switchgear 
• Automatic voltage regulator 

• Circulating water treatment system 

• Ac-dc distribution center © 1957 SCIENTIFIC AMERICAN, INC
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NEW 
CALI DYNE 

177 SHAKER SYSTEMS 

28 

The Model 177 is one of a new 
series of "wide-band" shakers designed 

for higher frequency operation and lower 
input requirements. It is the Basic Unit for five 

completely integrated CALIDYNE Vibration Test 
Systems. Oscillatory linear forces up to 5000 lbs. are generated 

and precisely controlled over wide ranges for vibration research and test 
of products up to 411 lbs. maximum load. Any of these five Vibration Test 

Systems using this New Model CALIDYNE 177 Shaker will enable you to: 

1. Discover effects of "brute force" shaking on your assemblies and de­
termine their ability to withstand vibrations far beyond those of 
normal operation. 

2. Provide factual vibration data essential in determining mode shape, 
frequency and damping characteristics. 

3. Determine results of fatigue testing at extremely high stresses and 
deflections. 

CALIDYNE VIBRATION TEST SYSTEMS USING NEW MODEL 177 SHAKER 

System Type of Force Power Frequency Maximum Load 

Number Vibration Output Supply Range 10 g. 20 g. 

1 177/80 Sinusoidal 3500 Ibs. Electronic 5-2500 cps. 261 Ibs. 861bs. 

2 177/180 Sinusoidal 5000 Ibs. Rotary 5-2000 cps. 411 Ibs. 161 Ibs. 

3 177/186 Sinusoidal 50001bs. Electronic 5-2500 cps. 411 Ibs. 161 Ibs. 

Random or 
4 177/190 Sinusoidalt 5000 Ibs. Electronic 5-2500 cps. 411 Ibs. 161 Ibs. 

5 177/190 Randomt 5000 Ibs. Electronic 5-2500 cps. 411 Ibs. 161 Ibs. 

tThis system will perform with Random, Sinuso£dal, Tape or Mixed Inputs. 
A separate Bulletin 17700 details the specifications, performance data, basic 
components and accessories of the new Model 177 CALIDYNE Shaker and 
its five Shaker Systems. For engineering counsel in applying Controlled 
Vibration to your research and testing, call us here at CALIDYNE; -
WInchester (Boston) 6-3810. 

See us at I.R.E. Booth 3222-24 

I CALI DVc�p� 
120 CROSS STREET, WINCHESTER, MASSACHUSETTS 

1.<"";(0/1", .. ,_"'t, 1101:. 
Woltham, Mon. !Twinb,oo� 3_1-400) 
Syr<lcu'�. I'f. Y. (Sy.oc.ne 3·7870) 

G. c.."". f.' & Auoc;a'-I 
Ridgewood, N. J. (Gilbe,t -4-1",,00) 
Syonel,l.I.,N. Y.(WolnuI1-5095! 
Philadelphia, Po. (Wglnul 2-32701 

At. P. Odell COII'IPC'f'Y 
Weilloke, Ohio ITrinity '·8000) 
Ooylon, OhiolO,egon 04"-'411 

SAlfS REPRESENTATIVES 

Pilhb",gh. Po. (Fremonl 1-1231) 
Delroil, Michigon !eroodway 3-.5399) 

F ••. Jodon, lIN;. 
Wo,hington, D,C.!Oliyer 2-"'(06) 

$pec;ali •• J fq"ipmell' Corp. 
Coc:ao Seoch,flo.!Coc:ao Beodl 332S) 

H"fI� MorllcwtJ 0fIfI c •. 
Chicago, tH.(AlJlballadar 2-1.5.5.5) 
Indionapoli., Ind. !Glendole 3803) 
Minneopoli., Minn.lCol/a� 79'(9) 

G.rolda. Mill., Co. 
Hollywood, Coli/. (Hollywood 2-119.5) 
Son Diego, Colif. (Acodemy 2-1121) 
Selmonl, Calif. !Lytell-036.5) 

JoMA. a,. ... Co. 
00110', Te�a' (Riyer,ide 1·3266) 
Houdon, le�o, Uocbon 6-29.59) 
1,,1$0, Oklohamo !Ri..-enide 2-"6.571 
lUClon,Arilona (Eo,! 6-1266) 
Denver, Colorado {Acomo 2-9276) 

Alb"querq"e, New Me�ico 
(Albuquerq" • .5-8606) 

Seottle,Wolh.(londer 3320) 
CANADA 

M.a,,,,.m.,,,f,,gi_.ri,,,,t,J. 
Arnprior,Onl.IPhone"OO) 
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EXPORT 
.od. 1",.,_,iOlOOI Corp. 
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THE AUTHORS 
DAVID S. JENKINS ("Fresh Water 

from Salt") directs the Office of Saline 
Water of the U. S. Department of the 
Interior. Before World War II he served 
as a hydraulic engineer with the U. S. 
Geological Survey and the Soil Conser­
vation Service. He investigated the prob­
lem of airport drainage for the Civil 
Aeronautics Administration from 1942 
to 1946, then began a study of salt-water 
conversion for the Bureau of Reclama­
tion. This study led him to conclude that 
much research would be necessary be­
fore the building of proposed Federal 
"demonstration" plants could be justi­
fied. The Government's present program 
of research and pilot plants, now being 
developed by both public and private 
agencies, is based largely on Jenkins' 
studies. Besides his work at the Depart­
ment of the Interior, Jenkins has been a 
member of the working party on saline 
water conversion of the Organization for 
European Economic Cooperation. A na­
tive of Colorado, he graduated from 
George Washington University in 1935. 

JEAN PIAGET ("The Child and 
Modern Physics") commutes between 
the universities of Paris and Geneva; he 
is professor of psychology in both insti­
tutions. Piaget started out in the natural 
sciences; his doctoral thesis at the Uni­
versity of Neuchatel concerned the alti­
tude distribution of mollusks in the can­
ton of Valais. Later he studied psycholo­
gy at Zurich and Paris and began his 
famous experiments on the mental 
growth of small children, which he has 
described in a series of 22 books, many 
of them translated into Czech, English, 
Polish, Spanish, Turkish and Swedish. 
Aside from psychology, Piaget's main 
concern is the philosophy of science. 
Both subjects converge in his research 
on how children form concepts of space, 
time, velocity, force and chance. This 
work is summed up in his three-volume 
Introduction to Genetic Psychology, 
which will soon appear in English. Pia­
get is codirector of the Institute of Edu­
cational Sciences at the University of 
Geneva, where with the help of the 
Rockefeller Foundation he has founded 
the International Center of Genetic 
Epistemology-a meeting-ground for 
psychologists and philosophers. 

JAN H. OORT ("The Crab Nebula") 
is professor of astronomy and director of 
the observatory at the University of Lei-
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Today, magnetic tape is an accepted tool for 

data acquisition, processing, and storage. 

It has proved its worth in laboratories, 

industrial plants, even missile test centers. 

But a decade ago magnetic tape data 

recording did not exist. And without the 

inspired cooperation of a government agency 

and a private enterprise, it might not exist yet. 

Kennard and V. C. McIntosh of 
WRIGHT AIR DEVELOPMENT CENTER 
Install Magnetic Tape Recorder in F-lDl Aircraft. 

MAGNETIC TAPE data recording 

born april 7, 1950 

Dynamics Section, Engineering 
Support Branch at Wright Air De­
velopment Center's Equipment Lab­
oratory is primarily responsible for 
evaluating aircraft equipment under 
conditions of actual use ... particu­
larly vibration, shock, and accelera­
tion. Under Section Chief D. C. 
Kennard, it records these phenom­
ena as they actually exist in aircraft 
and missiles under all conceivable 
service conditions_ 

Prior to 1952, 12-channel record­
ing oscillographs were used. But 
weight and size limited their use, as 
did the need for an operator to set 
attenuators for optimum sensitivity 
on each channel. Furthermore, the 
Dynamics Section is particularly in­
terested in the frequency content of 
vibration, and the relative amplitude 
of each component frequency. But 
getting this information from oscil­
lograph traces proved something of 
a problem. Visual examination was 
neither accurate nor complete. The 
Section resigned itself to using the 
24-point method of Fourier Analysis 
in conjunction with punched card 
equipment, but was far from satis­
fied. 

Searching for an entirely new ap­
proach, the Dynamics Section set­
tled on magnetic tape recording, 
despite the fact that no suitable 
equipment was in existence. On 
November 2, 1949, in Exhibit 
MCREXE84-2, The Air Force 
called for the development of air­
borne magnetic tape data recording, 
reproduction and analysis equip­
ment. 

Among the responses to the ex­
hibit was a proposal from the Davies 
Laboratories, Inc. Though the com-

pany had no previous experience 
with tape or recording, the ideas 
which Gomer L. Davies set forth in 
that proposal were interesting 
enough to gain his company the con­
tract. Let on April 7, 1950, it called 
for three 14-channel airborne record­
ers, a 14-channel ground playback 
unit, and a dual channel automatic 
wave analyzer. 

The combined efforts of Davies 
and his staff, and the Dynamics Sec­
tion overcome obstacles that for 
years had chained magnetic tape to 
the broadcasting studio. The first 
system delivered to the Dynamics 
Section included such refinements as 
servo speed control for correcting 
low-frequency tape speed variations 
and a unique, completely electronic 
compensation system for eliminat­
ing the effects of wow and flutter. 

By 1952 magnetic tape data re­
cording was a reality, with the de­
livery and acceptance of the first 
complete system for airborne use in 
November. 

Substantially all the requirements 
set forth in the 1949 exhibit had been 
met. And several had been exceeded. 
The completely self-contained re­
corders were even smaller than spe­
cified. The three recorders so 
speeded up data acquisition that The 
Air Force immediately placed an 
order with Davies for four additional 
channels of analysis equipment. 

With the introduction of magnetic 
tape data recording in November, 
1952 as a full grown art, the tech­
nique was quickly adopted in labo­
ratories, manufacturing plants, and 
government installations across the 
country ... an amazing growth. But 
the record set by Davies equipment 

at Wright Air Development Center 
is impressive enough in itself. Davies 
recorders have been used there in 
testing every conceivable kind of air­
craft, including: 
F-86A F-86D B-36 B-45 B-47 
B-50 B-52 B-57 B-66 C-47 
C-54 C-123 C-124 C-130 
H-19 KC-97 Q-2A RB-50 

They have been used for ground 
testing at least ten different power 
plants. They have been taken to 
other military installations so that 
data recorded there could be ana­
lyzed on Davies equipment at the 
Dynamics Section. Most important, 
data made available by Davies 
equipment assisted in causing revi­
sions in basic Air Force Specifica­
tions. It has been possible to prove, 
for example, the importance of high 
frequency vibration as a vital design 
consideration, and thereby eliminate 
an arbitrary upper limit of 55 cps on 
vibration testing_ 

Surely, magnetic tape data record­
ing has been proved a development 
of vital importance. But it has even 
greater significance as an outstand­
ing example of the benefits of a coun­
try in which government and in­
dustry can work hand-in-hand ... 
cooperating on every level for the 
eventual betterment of all mankind. 

:DaVies 
LABORATORIES, DIVISION 

10m HANNA STREET • BELTSVILLE. MARYLAND 
WEBSTER 5·2700 

Honeywell 

29 

© 1957 SCIENTIFIC AMERICAN, INC



"Lithium Metal? Just another alkali!" is the way people 
used to describe this lightweight in the first group of the 
Periodic Table. But recently this dynamic element has begun 
to rebel. Hardly a typical alkali, its very difference may be 
considered its greatest strength. In just the past few years, 
lithium metal has emerged-

As a Catalyst-Lithium Metal now provides excellent con­
trol in polymerization and chemical reductions at extremely 
low cost. 

As a Heat Transfer Medium-Lithium Metal is poten­
tially the most effective and efficient medium for any high 
temperature exchange system. Its heat capaci ty is three 
times that of sodium, its nearest competitor. 

As a Metallic Scavenger-Lithium Metal reacts with a 
great number of gases to form stable compounds, absorbing 
large volumes of gas. Hence its use as a deoxidizer, desul­
furizer, and degassifier-while also increasing conductivity of 
castings through better homogeneity. 

As a Hi· Temperature Fuel-Lithium Metal and its deriva· 
tives show great promise in the production of new rocket fuels. 

As a Thermonuclear Material-Lithium Metal provides 
two isotopes with almost opposite characteristics. The high 
nuclear cross-section of lithium-six suggests use as a thermo­
nuclear fuel. The low cross-section of lithium-seven presents 
interesting possibilities along allied lines. 

The same properties which have taken Lithium Metal out of 
the doldrums and launched it into an exciting future may 
very well apply to your work. In fact, we venture to say that 
within the next five years you will be using lithium metal­
in research, in production, or in your product directly-or 
have to know the reason why you are not. Foote Mineral 
Company, as a producer of 99.8%-pure lithium metal, stands 
ready to help you get there faster-maybe first. Our Tech· 
nical Data Bulletin "LITHIUM METAL" is a good start. 
Your copy is awaiting your request-at 454 Eighteen West 
Chelten Building, Philadelphia 44, Pa. 

RESEARCH LABORATORIES: Berwyn. Pa. 
PLA.NTS: Cold River, N. H.; Exton, Po.; KinS5 Mountain, N. C.; Knoxville, Tenn.; Sunbrisht. YD. 
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den in the Netherlands. Notes on his 
career were published in the issue of 
September, 1956, to which he contrib­
uted the article entitled "The Evolution 
of Galaxies." 

SIR SOLLY ZUCKERMAN ( "Hor­
mones") is Sands Cox Professor of Anato­
my at the University of Birmingham. He 
was born in Cape Town, South Africa, 
and studied at the University of Cape 
Town and at University College in Lon­
don. In 1928 he became research anato­
mist at the London Zoological Society. 
In Africa and at the Zoological Society 
Zuckerman studied baboon colonies, and 
in 1932 he published The Social Life of 
Monkeys and Apes, which is still the 
standard work in its field. Zuckerman 
found that the harem rank of female ba­
boons depended on their sexual cycles; 
this led him il1to the study of endocrinol­
ogy. He was a Rockefeller Fellow at Yale 
University in 1933-1934 and subse­
quently a univerSity lecturer at the Uni­
versity of Oxford. During World War II 
he studied the biological effects of the 
London blitz. As a top scientific adviser 
to Air Marshal Lord Tedder and 
SHAEF, he defined the tactical and stra­
tegic purposes of aerial bombardment. 
He was awarded the Order of the Bath 
and the U. S. Medal of Freedom with 
Silver Palm. 

CHARLES M. HERZFELD and AR· 
NOLD M. BASS ( "Frozen Free Radi­
cals") collaborate on research at the 
National Bureau of Standards, where 
Herzfeld is acting assistant chief of the 
heat and power division. Herzfeld was 
born in Austria in 1925, came to the 
U. S. during the war, and in 1945 gradu­
ated cum laude from Catholic Univer­
sity. He then studied physical chemistry 
at the University of Chicago, where he 
obtained his Ph.D. with a thesis on the 
magnetic properties of uranium com­
pounds. Bass is assistant chief of the 
free-radicals research section of the Bu­
reau of Standards. A graduate of the 
College of the City of New York, Bass 
received his Ph.D. from Duke University 
in 1949 after World War II service as 
radar officer aboard a seaplane tender. 
His main interest has been spectroscopy, 
particularly in studying the energy states 
of free radicals in flames for the purpose 
of temperature measurement. 

FREDERICK G. KILGOUR ( "Ga­
len") is librarian of the Yale Medical 
Library and a lecturer in the history of 
science at Yale University. He graduated 
from Harvard College in 1935 and 
stayed on at the Harvard College Libra-
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BLACK GOLD 

Coal, oxygen, and water are pro­

ducing gasoline at the rate of 55 
million Imperial gallons a year at 

SASOL. The world's first large syn­

thetic oil-from-coal plant, located on 

5000 acres near Johannesburg, has a 

coal reserve of 75 billion tons - more 

than enough to last a hundred years. 

Every day, the new $lI2,000,000 

plant uses 8 million gallons of water 

and 1800 tons of oxygen. Gasifica­

tion of coal with steam and oxygen 

is followed by conversion to a com­

plete line of quality petroleum prod-

ucts. Key to the plant's 

pr o c e s s  c o n t r o l  a n d  

product testing is  a Consolidated 

Ana l yt i c al M a s s  S p ect r o m e t e r  

which operates "around the clock." 

Recognized throughout the world 

as the leader in practical electronics 

for industry, Consolidated offers 

proven techniques for product im­

provement. How CEC's instruments 

and systems amortize themselves in 

a remarkably short time is shown in 

Brochure 46, "Your Next Move for 

Profit & Progress." Send for it today. 

SOUTH AFRICA 

Tile 5011111 Africall Coal, Oil & Gas Corpora­

tion (SA SOL) depends all a CEC 21-103 Mass 
Spectrometer for cOlltilll/al quality cOlltrol of 

prodllcts alld processes. 

Consolidated Electrodynamics 

Your most 

profitable 

move to 

product 
development 

• 300 North Sierra Madre Villa, Pasadena, California 

NATIONWIDE COMPANY-OWNED SALES & SERVICE OFFICES 
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,. s BlUUltfltttL engineering 
is in this picture 

Which P &B relay would you specify 
to keep conversation going over a 

MOBILE 2-WAY RADIO? 

TS Series 

When one of America's leading manufacturers of 
electrical and electronic equipment began the 
design of a lightweight 2-way car radio, they were 
faced with several specific requirements in selec­
tion of relays_ They had to be compact, light in 
weight and engineered to withstand the shock 
and vibration of off-the-road service. P&B engi­
neering solved the problem with a modification 
of the TS series multiple switching relay. 

In this application the TS relay has a dual per­
sonality. It connects the power supply unit to 
both the transmitter and the receiver. Power 
supply is controlled through the relay to either 
unit by the operator. 

This is just another example of how P&B engi­
neering is daily adapting standard types of relays 
or designing completely new types to meet spe­
cific requirements of new products. P&B's unique 
25 years of engineering experience in relay ap­
plications is a source of quick, correct answers to 
your relay problems. Write today for new com­
pact catalog. 

P& B STANDARD RELAYS ARE AVAI L ABLE AT YOUR LOCAL 
ELECTRONIC, E LECTRICAL AND REfRIGERATION DISTRIBUTORS 

ENGINEERING DATA 
SERIES: 1S. Miniature off· set springs tele­

phone type. 

CONTACTS: 5/64· dia. palladium (rated 
3 amps.) VI· dia. pure silver (rated 5 amps.). 

CONTACT ARRANGEMENTS. UP. to 
20 springs. maximum 10 in each stack, using 
any form combinations within max. limits. 

VOLTAGE RANGE. DC: up to 220 v. 
AC: up to 230 V. (4 poles). 

COIL RESISTANCE. 30.000 ohms. Sh.ded 
coil available for 60 cycle operation. up to 
230 V. using 4.7 VA nominal. 

POWER REQUIREDt 100 mw. per mov· 
able arm. 

TEMPERATURE RANGE. Stack insul.· 
tion of XXX phenolic spacers: _550 C. to 
+850 C. Glass malamine spacers: -55° C. to 
+125' C. 

TERMINALS: Pierced solder lug holes for 
2 No.I6 hook-up wires. Also available: Push­
on taper tab connectors. 

ENCLOSURES: Dust cover or hermeti· 
cally sealed enclosures: Round: With octal 
plug (Max. of 8 springs) Rectangular: With 
octal plug; 4 to 14 pierced solder lugs; header 
to fit 14-pin miniature relay socket; Multiple 
solder header 18 springs Max. 

DIMENSIONS. (4 Form C) 1-19/32' l. , 
1-1/16· W. x 01.· H. (open) (4 Form C) 1%· 
Lx 1-13/32- W. x 2-3/16- H. (Hermetical­
ly sealed) (6 Form C) 1-29/32' l., H/W 
w. x 2-9/16- H. (Hermetically sealed). 

The standard TS structure with a life of 100 
million operations will soon be available. 

f. g. B���iIte. PRINCETON, INDIANA 

Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacluring Divisions also in Franklin, Ky. and Laconia, N. H. 

See our catalog in Sweet's Product Design File. ____ _ ..& ______ d 
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ry until the Second World War, when 
he joined the Office of Strategic Services 
and later saw active duty as a lieutenant 
in the Navy. After another two years in 
the U. S. Department of State as an in­
telligence officer, Kilgour came to Yale 
in 1948. Among other activities, he 
serves as managing editor of the Yale 
Journal of Biology and Medicine. He 
was the author of a biographical sketch 
of William Harvey, the discoverer of the 
circulation of the blood, in the June, 
1952, issue of SCIENTIFIC AMEHICAN. 

LESLIE C. DUNN and STEPHEN P. 
DUNN ("The Jewish Community of 
Rome") are a father-and-son team com­
bining the disciplines of genetics and 
anthropology. Abetted by Louise P. 
( Mrs. Leslie C.) Dunn, they spent a 
year in Rome's ancient ghetto district 
gathering material for the study re­
ported here. Leslie C. Dunn, the senior 
partner in this operation, is professor of 
zoology and director of the Institute for 
the Study of Human Variation at Colum­
bia UniverSity. He was born in Buffalo 
in 1893, graduated from Dartmouth 
College, taught at Harvard University 
and worked at the Connecticut Agricul­
tural Experiment Station before becom­
ing a full professor at Columbia in 1928. 
He is widely known for his book H eredi­
ty, Race and Society, written in collabo­
ration with Theodosius Dobzhansky, and 
has contributed previously to SCIENTIFIC 
AMEHICAN ("Genetic Monsters," June, 
1950). The younger Dunn is also at Co­
lumbia University, where he is a doctoral 
candidate in anthropology. He has re­
cently completed a dissertation on the 
historical influences that have shaped 
the Jewish community of Rome. 

GEOFFREY DEAN ("Pursuit of a 
Disease") is senior physician at the Pro­
vincial Hospital in Port Elizabeth, South 
Africa, where he practices as a specialist 
in neurology. An Englishman, Dean en­
listed in the Royal Air Force upon com­
pleting his internship in 1942. After 
World War II he became medical regis­
trar and tutor at the Liverpool Royal 
Infirmary and entered the Royal College 
of PhysiCians and Surgeons in London. 
In 1947 he emigrated to South Africa, 
where his abilities as a medical detective 
were first applied in discovering the sim­
ilarity of multiple sclerosis to the sway­
back disease in sheep, which is attrib­
utable to a defect in metabolism of 
copper. Dean has visited the U. S. to 
confer with physicians interested in por­
phyria. His general research interest is 
the interaction of inheritance and en­
vironment in causing disease. 
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Type 6365 

PHOTOELECTRONICS* 

* The conversion of light input to highly 

magnified electrical output in a dependable, 

precise relationship. 

Depend on Du Mont Multiplier Phototubes for 

precise quantitative and qualitative 

measurements. Available in a wide selection 

of sizes and electrical characteristics for 

every photoelectronic need. 

DuMoNf 
Industrial Tube Sales, AllEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. L. 
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Ho"W" to cool a pilot in the Therll1al 

34 

The Douglas X-3, 
used in heat 

dispersion studies. 

'\ 

With aircraft that top 1000 mph now in military service, the problem. 

of heat dispersion gets growing attention from Douglas engineers. 

Once called the heat barrier, science now uses a more accurate 

term, thermal thicket. The faster you fly through the earth's atmos­

pheric blanket, the further into the thicket you get . . . 

At Mach 2, twice the speed of sound, a plane's skin temperature can reach 275°F. 

At Mach 3 it leaps to 650°F, and at Mach 5 hardened steel wilts like lettuce • . . 

Douglas is attacking this heat problem on many fronts. Air condi-

tioners powerful enough to cool a theater were tested in the famous 

X-3 research plane seen at left. In current Douglas missiles, amazing 

advancements are being made in the design of heat-resisting mate­

rials and structures. This knowledge will speed the solution of the 

thermal thicket problem for piloted aircraft. 
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Thicket 

The Douglas Aero-rotor, an 

instrument that blasts out high 

velocity gas at temperatures 

upward of 3000 degrees Fahren­

heit, helps in r e s e a r c h  f o r  

materials to withstand high tem­

peratures and jet velocity erosion. 

Other work now on the boards at 

Douglas ranges from designs for 

the practical applicati o n  of 

atomic power to the complete 

design and building of inter­

continental missiles - and even 

includes the engineering for a 

space platform first considered as 

early as 1946. 

Depend on 

DOUG·,,---� 
in Aviation 

3S 
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YAVNO 

... on economy in national defense 

"The widespread belief that there is an inherent conRict 

of interest between those who put national security first 

on the one hand and the taxpayer and his cost-conscious 

representatives on the other is simply erroneous _ except 

when the level of the national security budget is at issue. 

Once the budget level has been fixed. the choice of 

weapons which maximizes our military capability is logi-

cally equivalent to the choice which minimizes the cost 

of attaining that capability. Moreover. the weapon 

characteristics so chosen are typically similar at different 

budget levels. In these circumstances economy and mili­

tary effectiveness are not opposing objectives to be com­

promised; they are different but equivalent aspects of the 

same national objective." 

-Charles Hitch. Head of the Economics Division 

THE RAND CORPORATION SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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Fresh Water from Salt 

The thirst of ci()ilization now presses hard upon the naturally 

a()ailable supply of fresh water. It is easy enough to desalt 

sea water, but it must be done cheaply, abundantly and soon 

I
n the face of our increasing control 

over nature, it is ironic that we have 
steadily been losing ground with re­

gard to one of mankind's most vital 
needs-water. Over much of the civilized 
world, water shortage is a grave and 
growing problem. 

To be sure, water has always been a 
major concern of man. The children of 
Israel recovered their faith in God only 
when Moses smote the rock and pro­
duced water. Egypt rose and fell with 
the flow of the Nile and even today is 
placing its hopes for the future on plans 
to develop the resources of that great 
river. Few things have more powerfully 
influenced the course of the human 
race than the perennial search for fresh 
water. 

But in today's world the need for wa­
ter has become acute in many areas. In 
some arid counh'ies the per capita con­
sumption of water, thanks to improved 
sanitation, has suddenly risen from two 
or three quarts per day to 20 or 30 or 
more. Underdeveloped countries seeking 
to raise their standard of living by in­
dustrialization and irrigation find them­
selves with huge new needs for water 
supplies. Even our own water-favored 
country is beginning to be concerned, 
with many communities already facing 
shortages. The problem is widespread, 
not confined to localities such as the 
drought-stricken Southwest. Since 1900 
the U. S. has increased its consumption 
of water almost sevenfold. By 1975 our 
water requirement will have nearly dou­
bled again. We shall then be using about 
27 per cent of the total supply of natural 

by David S. Jenkins 

fresh water in our rivers, lakes, springs 
and wells. Many areas will have reached 
the limit of their local resources. The re­
maining 73 per cent of the total supply, 
largely stream water, will probably be 
prohibitively expensive to collect, store 
and distribute to the places where it is 
needed. 

There are two major steps we can 
take. The first, and most important for 
the years immediately ahead, is to re­
duce our lavish waste of water. Among 
other things, we can reduce the pollu­
tion of our streams, recover used water 
by purification, capture floodwaters and 
manage the industrial use of water more 
carefully. Some industries have already 
shown what can be accomplished along 
this line. For instance, the Kaiser steel 
mill at Fontana, Calif., has reduced the 
consumption of water in manufacturing 
steel from the average of 65,000 gallons 
per ton to only 1,400 gallons per ton, by 
recirculating the water it uses. 

But in the last analysis we must also 
increase the water supply itself. There 
is one way this can be achieved on a very 

. large scale: by converting salt water. 
There is plenty of water in the oceans, 
and man's ingenuity is certainly equal to 
the task of converting sea water and 
other saline waters into fresh water at a 
reasonable cost. 

Five years ago the U. S. Congress, 
recognizing the gravity of the situation, 
passed a Saline Water Conversion Act 
which authodzed a program of research 
and development. Under the administra­
tion of the Department of the Interior a 
coordinated campaign of investigation is 

now under way in the U. S., with coop­
eration from abroad. Government agen­
cies, private industries and other institu­
tions are engaged in more. than a score 
of laboratory investigations, a few of 
which have progressed to pilot-plant 
tests. The salt-water conversion methods 
under investigation include a number of 
well-known processes and several com­
pletely new ideas. 

F
resh water is commonly defined as 
water containing less than 1,000 parts 

per million of dissolved salts. But how 
fresh the water needs to be depends on 
the use to be made of it. Drinking water, 
according to the U. S. Public Health 
Service standards, should have no more 
than 1,000 and preferably less than 500 
parts per million. In general salinity of 
water for agricultural irrigation should 
be no more than 1,200 parts per million, 
the allowable concentration depending 
on the specific salts it contains. For some 
industrial purposes, such as cooling and 
flushing, unrefined sea water will do; on 
the other hand, in high-pressure boilers 
it may be necessary to have almost pure 
water containing not more than two or 
three parts per million of salt. Thus the 
economic feasibility of sea-water con­
version depends on the use to which the 
water is to be put: for some purposes 
the cost may be reasonable, for others 
not. For the guidance of the research 
program a survey of the various indus­
tries' water requirements is urgently 
needed. 

The salinity of the waters available for 
conversion varies greatly. The oceans are 
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THEORETICAL ENERGY needed to separate water molecules 

from salt ions can be calculated from experiment shown here. At 

the same pressure and temperature, more water molecules will go 

into the vapor phase from fresh water (left) than from salt water 

(center). By compressing the vapor from the salt water to the same 

density or vapor pressure as that of the fresh water vapor, it can be 

just made to condense to fresh water (right). The energy needed is 

equal to the energy that binds the water molecules to salt ions. 

fairly uniform, averaging about 35,000 
parts per million of dissolved salt. But in 
the Persian Gulf it is nearly 40,000 parts 
per million; in Chesapeake Bay about 
15,000; in the Baltic Sea only 7,000. Any 
water less salty than the oceans but with 
more than 1,000 parts per million is 
called brackish. 

Common salt, sodium chloride, ac­
counts for most of the saltiness of sea 
water. However, sea water contains 
small amounts of many other salts-

r 
I 

,'. 
::> 

: 1 
STEAM BOILER 

j 

some 44 dissolved elements in all [see 
table on page 42J. 

What is required to desalt water? The 
basic facts are simple enough. A salt 
dissolved in water is separated into ions 
-e.g., in the case of sodium chloride: the 
positively charged sodium ion and the 
negatively charged chlorine ion. The 
ions are bound to water molecules by 
their electric charges. The problem, 
then, is to pull the water molecules and 
the ions apart. 

We can make a calculation of how 
much energy this takes. Consider two 
sealed Basks, one partly filled with pure 
water, the other with sea water. At room 
temperature, say, a certain amount of 
the water in each Bask evaporates into 
the unfilled part of the vessel, and this 
establishes a certain equilibrium vapor 
pressure. The vapor pressure in the con­
tainer of sea water is lower than in the 
Bask of pure water, because its water 
molecules, being bound to salt ions, do 

W 

MULTI·STAGE STILL uses the latent heat released by condensa· 

tion of water vapor at each stage to evaporate the brine flowing in 

from the next stage. The first stage (left) provides a condenser for 

the steam from a turbogenerator. The steam (colored dots) is con· 

densed to water by the cooler salt water (gray) flowing in through 

the evaporator tubes. The salt water, heated by the condensation 

of the steam, separates into water vapor (colored dots) and drop· 

lets of brine (black dots) in the steam chest above the evaporator. 
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WORK 

FRESH WATER 

ACTUAL ENERGY needed to evaporate fresh water from salt 

water is necessarily much greater than the theoretical (opposite 

page) which assumes a barely perceptible rate of evaporation and 

100 per cent efficiency in conversion of energy. Simple distillation 

(left) may require 1,000 times as much energy. Compression dis· 

tillation (right) is more efficient. Compression of the vapor raises 

its temperature; the superheated vapor is piped through the boiler 

where it condenses, yielding its latent heat to evaporate more brine. 

not evaporate as easily. Now the extra 
energy needed to separate water mole­
cules from the ions can easily be meas­
ured: it is just equal to the energy we 
have to supply to compress the vapor 
from the sea-water bottle so that its 
pressure is the same as that of the vapor 
in the bottle of pure water [see diagrams 
on opposite page J. For sea water of aver­
age saltiness this energy amounts to 2.8 
kilowatt hours per 1,000 gallons. 

But this is merely the minimum 

amount needed to tip the scale of vapor­
pressure equilibrium so that evaporation 
can proceed-at a barely perceptible 
rate. To raise the rate of evaporation to 
a useful level requires a great deal more 
energy. Furthermore, there are funda­
mental limitations on the efficiency of 
conversion of energy to useful work in 
any process or machine; consequently a 
considerable part of the energy we feed 
into the machine is unavoidably wasted. 
In practice, to separate water from salt 

by evaporation in a simple still takes 
1,000 times the amount of energy given 
above as the theoretical thermodynamic 
requirement-that is, about 2,800 kilo­
watt hours of energy (in the form of 
heat) per 1,000 gallons of water. But 
there are, of course, much more efficient 
processes than simple, single-stage dis­
tillation. It is estimated that some of the 
processes now under study may reduce 
the energy requirement to about four or 
five times the thermodynamic minimum, 

SEA 
WATER 

FRESH WATER 

BRINE 

Here the brine droplets are stopped hy the conical baflle plate and 

fan to the bottom of the steam chest, draining out at left. The water 

vapor rushes out at the top and to the right into the second stage. 

There it gives up its heat to evaporate the salt water flowing in from 

the third stage and condenses to fresh water. Because the tempera· 

ture of the salt water at each stage is lower, the boiling point must be 

brought lower; this is accomplished by reducing the pressure at each 

stage, as indicated by increased size of steam chests from left to right. 
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EXPERIMENTAL SOLAR STILLS designed by Maria Telkes are 

shown on rooftop at New York University. In unit at left water 

vapor rising from shallow pool of sea water condenses on under· 

side of inclined glass or plastic roof. Units at right are "sloping 

stills," in which sea water is flowed through a black wick tilted at 

right angles to sun's rays with considerable increase in output. 

or about 10 to 15 kilowatt hours per 
1,000 gallons. 

Let us see what devices we can em­
ploy to enhance the efficiency of distilla­
tion. The simple still evaporates water to 
steam at atmospheric pressure. But now 
if we compress the steam to a few 
pounds per square inch above atmos­
pheric pressure, the temperature of the 
steam will rise slightly, and we can use 
this added heat to evaporate more wa­
ter. In other wo'rds, we have increased 
the yield of distilled water without feed­
ing more heat to the system, merely 
spending a little energy to drive a me­
chanical compressor. This method, 
called "compression distillation," re­
duces the total energy requirement from 
2,800 kilowatt hours to about 200 kilo­
watt hours per 1,000 gallons of water. 
The idea is more than 100 years old: it 
was first patented by a Frenchman, 
Pierre Pelletan, in 1840. The U. S. armed 
services used it extensively during World 
War II for supplying water to troops in 
areas lacking ready fresh water. 
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In the past three years interest in com­
pression distillation has been heightened 
by an exciting new system. It was de­
vised by Kenneth C. D. Hickman, a col­
laborator in the governmental research 
program. In essence what Hickman has 
added is a simple device for increasing 
phenomenally the rate of heat transfer 
to the water: namely, spreading it out 
in a thin film. The salient feature of his 
device is a rotating drum, shaped some­
thing like a child's musical top [see dia­
gram on page 44]. Salt water at a tem­
perature of 125 degrees Fahrenheit is 
sprayed on the inside surface of the 
drum. The centrifugal force of the 
drum's rotation spreads the water over 
this surface as a very thin, turbulent 
film. Some of the water evaporates (the 
un evaporated brine is constantly drawn 
off through a scoop) . The water vapor 
leaves the drum via a pipe where a blow­
er compresses it slightly, raising its tem­
perature. The warmed vapor then circu­
lates to the outside surface of the drum; 
there it condenses and gives up its latent 

heat; the drum shell transmits this heat 
to the film of water on its inside surface, 
speeding evaporation. The condensed 
vapor is collected as distilled water. 

This system is recommended not only 
by its simplicity and low power require­
ment but also by another great advan­
tage: the low operating temperatures 
(125 to 150 degrees F.) . In distillation 
processes using much higher tempera­
tures, the sea-water salts are deposited 
on metal surfaces as scale. Scale forma­
tion, which impedes the transfer of heat 
to the water, is the greatest single enemy 
of efforts to bring down the cost of dis­
stillation. In Hickman's apparatus little 
scale forms, because of the low operating 
temperatures. The main limitation of the 
rotary compression still is that such a 
still obviously must be limited in size. 

T
here are other highly promising at-
tacks on the problem of improving 

the efficiency of distillation. One of the 
most hopeful is the multi-stage still. In 
this system the latent heat released by 
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the condensation of the evaporated water 
at e�ch stage is used for the next stage, 
providing a chain effect. For example, in 
the Erst stage sea water is evaporated to 
steam at atmospheric pressure or higher; 
the steam passes to coils in a second 
evaporator, condenses there and is col­
lected as distilled water; in condensing 
it releases its latent heat to evaporate sea 
water in that container, and so on 
through a number of stages [see dia­
gmm on pages 38 and 39]. Vacuum 
pumps keep each successive evaporator 
under lower pressure, so that its water 
boils at a lower temperature. Such a sys­
tem could operate on the exhaust 
(waste) steam from an electricity-gen­
erating plant. The main problem is to 
prevent the formation of scale, and the 
method is promising enough to justify 
the considerable research being con­
ducted on that aspect. If scale can be 
eliminated, a 20-stage still may be feasi­
ble, and it might produce fresh water at 
between 30 and 40 cents per 1,000 gal­
lons. 

There is a comparatively new distilla­
tion method which uses a sudden reduc­
tion of pressure instead of heat to evapo­
rate water. At a given temperature, the 
amount of water vapor that air can hold 
depends on the air pressure. If salt water 
is fed into a closed chamber in which 
the pressure is lower than outside, part 
of the water will "flash" to steam. This 
method is being used extensively in 
multi-stage systems. In French West 
Africa engineers are attempting to de­
velop a flash evaporator which will op­
erate on the temperature differences be­
tween upper and lower levels of the 
ocean, using the colder water to chill and 
condense the vapor from the flash cham­
ber. The U. S. Department of the Inte­
rior and the University of California 
have been working on similar systems. 

Various other distillation processes 
have been studied, including distillation 
at "supercritical" temperatures and pres­
sures. It is not possible to discuss here 
all the distillation ideas that are under 
study. But even this brief description of 
the work in progress must make clear 
that the prospects for distilling salt water 
to fresh at a reduced cost are bright. 

T 
he sun, which showers us with a vast 
abundance of energy free of charge, 

is responsible for our natural supply 
of fresh water by its evaporation of 
the seas. Is there any way to harness 
solar energy to provide us with more? 
Some ingenious solar stills have been 
proposed. 

The simplest form of solar still is a pan 

FRESH WATER 

t BRINE 

. '  . 

SOLAR STILL of type under development by Department of the Interior is diagrammed. 

Water vapor evaporating from salt water condenses on underside of glass or plastic plates 

and drains into gutter on either side of unit (lOp diagram). Incoming sea water (middle 
diagram) flows into first unit and returns through second. Outlet pipes fo,' fresh water and 

brine are immersed in incoming sea water in order to preheat it by heat·exchange effect. 

Drawing at bottom shows the plan of a large installation which might cover many acres. 
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containing a shallow layer of salt water 
(say about an inch) and covered with a 
sloping glass plate. The glass is trans­
parent to the sun's radiation but holds in 
the heat reradiated within the pan. Wa­
ter evaporated from the bottom con­
denses on the glass, trickles down its 
sloping surface and is collected in a 
trough. This type of still, using only 
about half of the incoming solar energy, 
can produce little more than a pint of 
fresh water per day per square foot of 
area, even in the hot, clear climate of 
Arizona. 

Some economy can be achieved by re­
ducing the cost of the equipment. Sev­
eral manufacturers have recently pro-

EXPRESSED AS SALTS 

SODIUM CHLORIDE (NoCI) 

MAGNESIUM CHLORIDE (MgCb) 
MAGNESIUM SULFATE (MgS04) 

CALCIUM SULFATE (COS04) 
POTASSIUM SULFATE (KoS04) 

CALCIUM CARBONATE (COC03) 

MAGNESIUM BROMIDE (MgBr2) 

TOTAL 

. EXPRESSED AS IONS 

CATIONS 

SODIUM (Na+) 

MAGNESIUM (Mg++) 

CALCIUM (Ca++) 

POTASSIUM (K+) 

TOTAL 

ANIONS 

CHLORIDE (Cn 

SULFATE (SOn 

BICARBONATE (HC03-) 

CARBONATE (C03--) 

BROMIDE (Br-) 

TOTAL 

duced transparent plastic films which 
can replace glass at much less expense. 
One of them is a fluorocarbon called 
Teflon, reported to resist all forms of 
weathering. E. 1. du Pont de Nemours 
and Company has designed an arrange­
ment in which the Teflon canopy is sup­
ported by inflating it to slightly higher 
than atmospheric pressure, eliminating 
the need for a supporting frame. 

Several radically new designs for solar 
stills are now under serious study. In 
Denver George O. G. Lof, a consulting 
engineer, is investigating for the Depart­
ment of the Interior a still in which the 
ground acts as a storage bank for the 
sun's heat. A basin containing a foot of 

PARTS PER MILLION PARTS 
SEA WATER (APPROXIMATE) 

27,213 

3,807 

1,658 

1,260 

863 

123 

76 

35,000 

10,722 

1,297 

417 

382 

12,818 

19,337 

2,705 

97 

7 

66 

22,212 

SALTS IN SEA WATER are of many varieties, the principal being shown here. Sea water 

contains 44 principal elements, including gold in the amount of .000006 parts per million. 
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water is placed directly on the grollnd, 
so that solar he·at absorbed by the water 
is trapsmitted to the ground. This heat 
reservoir then continues to evaporate 
water when the sun is not shining. If the 
loss of heat by radiation at night is not 
too great, it has been estimated that this 
type of still may produce up to a fifth of 
a gallon of fresh water per day per 
square foot at something like 50 cents 
per thousand gallons. 

Maria Telkes of New York University 
has designed an interesting la-stage 
still. It operates without machinery or 
any energy requirement except solar 
heat (or comparatively low-temperature 
heat from some other source) . The ap­
paratus is a sandwich-like arrangement 
of alternate absorbing and condensing 
layers. A black wick in sheet form, 
soaked with salt water, absorbs the sun's 
heat. The evaporated water condenses in 
the next layer, gives up heat to warm the 
next wick, and so on. This arrangement 
produces five or six times as much water 
as a single-stage solar still per square 
foot of area exposed to the sun. 

Solar stills of various types are being 
developed in the U. S., North Africa, 
Australia, Spain, Italy and elsewhere. 

N 
ow let us turn from distillation to 

other methods of separating salt 
from water. In recent years the ion-ex­
change method has been used by indus­
try for special purposes, such as refining 
brackish water. But it appears that ion­
exchange systems will not become suffi­
ciently economical for large-scale de­
salting of sea water. 

In the ion-exchange process for treat­
ing water, the salt water is washed 
through resins or other material where 
its salt ions are replaced by unobjection­
able ions. Ion exchange has been em-' 
ployed for softening water, for purifying 
water for special industrial purposes and 
for desalting brackish well water in the 
Sahara Desert and elsewhere. 

Now the ion-exchange principle has 
been applied to form selective mem­
branes which can separate ions from 
water. Ion-exchanges within the mem­
brane make it impermeable either to 
positive or to negative ions. In the case 
of a membrane impermeable to positive 
ions but not to negative ones, an electric 
current will drive the negative ions 
through the membrane while it repels 
the positive ones. If a current is applied 
in a tank of salt water divided into com­
partments by a series of membranes, al­
ternately permeable to positive and to 
negative ions, the salt ions collect in al­
ternate compartments and the water in 
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ION·EXCHANGE SEPARATION of fresh water from salt employs 

membranes which are alternately permeable to the sodium or 

chlorine ion and impermeable to the other. By applying an electric 

current across the system (top diagram), the sodium ions are 

attracted toward one end of the system and the chlorine ions toward 

the other. The ions are thus concentrated in alternate cells, leaving 

desalted water in the cells between (bottom diagram). The brine 

can then be drawn off via one pipe and desalted water via another. 
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FRESH 
WATER 

BRINE OUT 

ROTATING·DRUM STILL incorporates principle of compression 

distillation (see diagram on page 39). Salt water is jetted against 

the hot inner surface of the drum and spread out in thin film by 
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COMPRESSED STEAM 

:;:. ' 

SALT WATER 

centrifugal force. Water vapor (colored dots) is sucked out and 

compressed by blower at right and then condenses on outer surface 

of drum. Waste brine is scooped into drain at left inside drum. 
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the intervening ones is desalted [see dia­
gmm on page 43]. 

This process, called electrodialysis, is 
being developed by research groups in 
the U. S., the Netherlands, England and 
the Union of South Africa. Because of 
the electric power requirement, it does 
not look economically promising for con­
vetting sea water, but it offers good pros­
pects for desalting brackish waters. 

George W. Murphy, now at the Uni­
versity of Oklahoma, has proposed using 
the electrical charge of ions from a 
strong brine, instead of an electric cur­
rent, as the driving power to push ions 
through the membrane. Research on this 
possibility is being done at the Southern 
Research Institute in Birmingham. 

Another promising membrane method 
is based on the phenomenon of osmosis. 
As every student of chemistry knows, if 
a salty solution is divided from a less 
salty one by an osmotic membrane, 
which is impermeable to salt but not to 
water, water passes through the mem­
brane into the more salty solution, tend­
ing to equalize the salinity on both sides 
of the membrane. But this process can 
be reversed by applying to the more con­
centrated solution a mechanical pressure 
greater than the osmotic pressure acting 
on the water (which amounts to 350 
pounds per square inch between fresh 
water and sea water) . That is to say, the 
"reverse osmosis" forces water through 
the membrane out of the salty solution, 
while the membrane holds back the salt 
ions. Charles E. Reid of the University 
of Florida has demonstrated that with 
membranes made of cellulose acetate, 
90 to 95 per cent of the salt can be re­
moved from sea water in one pass. 

Two other processes which offer 
promise are being developed. One is 
separation of salts from water by freez­
ing. The Carrier Corporation, under con­
tract with the Department of the Inte­
rior, is conducting research on a very 
attractive combination of freezing and 
evaporation, and similar developments 
have been reported by Israel and Yugo­
slavia. The other promising process is 
separation of water by dissolving it in or­
ganic solvents which do not dissolve salts. 

W
e are already converting salt water 
to fresh for some purposes. In 

Rve to 15 years we should be able to 
convert it at reasonable cost for a much 
larger number of uses, with industrial 
uses Rrst. Undoubtedly man will Rnd not 
one but many solutions of the problem, 
and will begin manufacturing water by 
a number of devices and on a scale 
ranging from small household stills to 
large municipal and industrial plants. 

MULTI-ROTOR STILL made up of eight rotating drums of type shown on opposite page, 

each eight feet in diameter, is under development at Badger Manufacturing Company in 

Cambridge, Mass. Rotary drum achieves high rate of heat transfer and thus high efficiency_ 
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The Child and Modern Physics 

A Swiss psychologist experiments with babies, including his 

own, and comes to the conclusion that their VleW of reality 

has much In C01nmon with that of the sophisticated physicist 

S

CIENTIFIC AMERICAN has asked me 
to discuss some experiments de­
scribed in my book The Construc­

tion of Reality in the Child, and I do so 
with pleasure. These observations, car­
ried out on very young children during 
the first 18 or 24 months of life, clarify 
in the most striking manner how we 
form certain fundamental concepts of 
the physical world, such as the existence 

by Jean Piaget 

of objects, space and causality. Surpris­
ingly, they also lead us directly into 
some basic philosophical and psycho­
logical questions of present-day thinking 
in physics. 

Contemporary physicists have aban­
doned some old intuitions about the na­
ture of the physical world. They have, 
for instance, renounced the concept of 
the permanence of objects in the sub-

- -:: - -- .:.------=..-: �- -..--: � �� -
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microscopic realm: a particle does not 
exist unless it can be localized; if it can­
not be located at a particular position, it 
loses its title as an object and must be 
described in other terms. Now by an ex­
tremely curious coincidence it is found 
that a very young baby acts with regard 
to objects rather like a physicist. The 
baby believes in an object as long as he 
can localize it, and ceases to believe in 

CHILD OF ABOUT SIX MONTHS will usually reach for an inter­

esting object placed in front of it (left). In one experiment Pia get 

put a cloth over the object as the child reached for it; the child 

withdrew his hand as though the object had been removed (right). 
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it when he can no longer do so. The 
great difference between the baby and 
the physicist, of course, is that the baby's 
faculty of localization is less powerful. 

Let us, for example, take the case of 
a baby of five or six months-that is to 
say, at an age when he has begun to 
coordinate vision with prehension' and 
so can pick up an object he sees. We 
place before him an object which he will 
find of interest, such as a watch. He 
starts to pick it up. As his arm begins to 
reach for it, we cover the watch with a 
piece of cloth. A baby at this stage of 
development will withdraw his hand as 
though the object had become inacces­
sible. It is not that the child is deterred 
by the cloth as an obstacle, for if we 
place the cloth over his face he will 
remove it readily enough. Nor is it lack 
of interest in the object. I performed the 
same experiment with a milk bottle on 
my son at the age of seven months, when 
he was being bottle-fed. At his feeding 
time I offered the child his bottle filled 
with milk, but as he stretched out his 
hands I moved the bottle behind my up­
raised arm. If the bottle remained partly 
in sight, the baby would reach around 
my arm to seize it. But when my arm 
hid the bottle, the child would begin to 
cry as though it had vanished com­
pletely! 

One might, then, form the hypothesis 
that for a child at this level of develop­
ment objects are not yet endowed with 
substantial permanence. However. the 
preceding observations are open to many 
other possible interpretations. We must 
pursue the matter further and analyze 
behavior at the stage when a child be­
gins to look for concealed objects. Sooner 
or later he will discover that when an 
object has disappeared under a piece of 
cloth he may still find and identify it by 
taking hold of the bump under the cloth, 
and so on. What occurs when a child 
begins to search systematically for con­
cealed objects? Does he immediately 
grasp the concept that an object has 
been moved to a particular place by a 
sequence of displacements? If not, what 
sort of concept of the existence of ob­
jects does he have? 

T 
he experiments by which I explored 
this point were first suggested to me 

by a chance observation of a baby who 
was chaSing a ball around a room. \Vhen 
the ball rolled under an armchair, he re­
trieved it without difficulty. But after it 
had rolled under a sofa where he could 
not see it, he soon stopped looking there 
and ran back to look for it under the 
armchair! We must conclude that he had 

----------

// 
--/ 
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IN ANOTHER EXPERIMENT a child watched a toy placed beneath a cloth. The child then 

looked for the toy. When the toy was placed beneath a second doth, he looked under the first. 
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not yet constructed the concept of a per­
manent object; the ball existed only as 
a sort of semi-object, midway between 
perceptual image and substance. There 
was a beginning of localization, neces­
sary to give an object permanence, but 
the localization was linked to the place 
of the child's previously successful ac­
tion, not yet to the object itself. 

As my own children developed, I 
watched for the time when they began 
to look for concealed objects, and at the 
appropriate stage I made certain sys­
tematic experiments with each. The 
child would be seated between two 
pieces of cloth, two cushions or other 
covering objects. I would give him a toy, 

-

-

-

then take it back and place it under 
cover A. The child would follow it with 
his eyes and recover the toy. Then I 
would take it back, and, very slowly, 
place it under B. In no case did the child 
look immediately under B. On the con­
trary, all three of my children began by 
searching under A. One of them per­
sisted in looking under A rather than B 
for the first three weeks of testing. Then 
he began to search under B first when 
1 placed the toy there, but not finding 
the toy immediately, because it was far 
under, he would go back to A. Not until 
much later did he confine his search to 
B, ignoring the empty A. Another of my 
children followed the same evolution but 

took a shorter time; the third telescoped 
it into a few hours. My friend the late 
Kurt Lewin once told me that he ob­
tained the same results in similar experi­
ments with several subjects. 

It would seem, from these results, that 
the child's formation of the concept of 
an object as a permanent thing is linked 
to his construction of space. In the proc­
ess the child's mind passes from sub­
jective localization, which is a function 
of previously successful actions, to ob­
jective localization, which is a function 
of the displacements of the object itself. 
The latter must be coordinated accord­
ing to the structure of what geometers 
call a "group of displacements." In other 

CHILD LOOKED TOWARD THE LEFT while the experimenter 

walked behind a screen. When the experimenter emerged from the 

right side of the screen, the child was astonished. When the experi· 

menter walked out of sight to the right, the child looked back to left. 
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words, the idea of the permanence of the 
object is constructed at the same time as 
the "group of displacements," and the 
permanent object is none other than the 
"invariant" of the group. 

D
uring the first year of life, before he 

has begun to look for concealed ob­
jects, the child seems to be incapable of 
organizing displacements into a group 
structure. He is therefore unable to com­
prehend reversible or circuitous motions. 
The absence of the concept of reversibil­
ity of movement is illustrated by two ex­
periments I performed. In one I walked 
past a large window while the child 
watched me from his crib on the balcony 
outside. I had covered the middle sec­
tion of the window with a large screen. 
As I came into view of the child at the 
left, I would exchange signs and smiles 
with the baby and continue walking 
until I disappeared behind the screen in 
the middle. Through an arrangement of 
mirrors I could see that the child was 
still looking for me at the left side of the 
window. When I emerged from behind 
the screen on the right side, the baby 
was quite astonished. He followed me 
with his eyes until I passed out of sight 
beyond the right end of the window. 
Then he looked for me at the left! 

In the other experiment I rotated the 
child's bottle before his eyes to see if 
he could restore it to its original posi­
tion by yeversing the rotation. First I 
held it upright and offered it to him; as 
he was about to take it, I began turning 
it over slowly. So long as the red rubber 
nipple was visible to him the baby would 
quickly right the bottle when he seized 
it. But if the bottle was turned over com­
pletely, he did not attempt to turn it 
upright but would begin to suck the 
glass bottom of the bottle. 

These simple experiments (and many 
others) show that a very young baby 
has little or no organized conception of 
space or movements. When he does be­
gin to form a concept of space, it is at 
first centered on his own body and on 
the location of successful actions. At this 
stage there is no such thing as a perma­
nent object. The child begins to attribute 
permanence to objects only after he de­
velops a sensory-motor realization of 
space in which objects are displaced 
with regard to one another according to 
certain laws, so that objects assume a 
definite location. His construction of the 
object and of space are oqe and the same 
construction. It involves, among other 
things, a process of decentralization from 
his original spatial egocentricity. As his 
spatial concept grows, his own body be-

CHILD PULLED AT STRING attached to a semitransparent canopy, on top of which was a 
collection of rattles. When the child heard the sOllnd of the rattles, he Plllled the string 

again and again. Later the experimenter removed the rattles and interested the child in a 
series of pleasant whistles. When the whistles stopped, the child pulled the string again. 

comes only one object among others. 
With equally simple experiments one 

can study the child's development of 
the concept of cause and effect. For 
example, I made the following experi­
ment as soon as my children began to 
pick up objects they saw-which on the 
average starts at about the age of four 
and a half months. I would cover the 
baby's crib with a semitransparent cano­
py and lay several celluloid rattles on top 
of this covering. A cord was suspended 
from the cover, so that when it was 
pulled the cover and rattles would shake. 
Sooner or later the baby would happen 
by chance to grasp the cord and of 
course make the rattles bounce. At first 
the baby would be frightened by these 
unforeseen noises, but he would soon 
become enchanted and pull the cord 
harder and harder, watching the dance 
of the toys above him. 

Did the child actually note a relation 
between the action of pulling the cord 
and the dance of the toys? I removed 
the rattles from the crib cover and 
brought a new toy. The baby stretched 
out his hands for it, but instead of giv­
ing it to him I put it on the crib cover. 
He reached for the cord, at the same 

time watching the toy. Clearly the in­
fant did establish a causal relationship 
between the action of pulling the cord 
and the behavior of toys on the cover. 

But what was the nature of this rela­
tion? Does an infant of this age perceive 
a physical connection between the cord 
and the covering of the crib and com­
prehend a physical cause and effect? Or 
does he merely make a more general and 
subjective connection, at once egocen­
tric and phenomenalistic, between the 
"action of pulling the cord" and the in­
teresting sensory results in the form of 
the sight and sound of the bouncing 
toys? 

In order to decide this matter, we con­
struct the following experiment. Leav­
ing the transparent cover on the crib, I 
stand behind the crib where the baby 
cannot see me and gently swing abov� 

him a toy suspended from the end of a 
long stick. The baby watches it, smiles, 
coos and so on. Then I stop swinging the 
toy. The baby's response now answers 
our question with utter clarity. He im­
mediately seizes the cord hanging from 
the canopy and pulls it! When his yanks 
fail to make the toy resume its swinging, 
he pulls harder, watching the motionless 
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CHILD OF ABOUT ONE YEAR will pull a blanket toward him to pick up an object lying 

on the blanket. If the object is lying on the floor, the child will not pull at the blanket. 
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toy all the while. It does not occur to him 
to follow down the stick with his eyes to 
see what might have caused its previous 
motion. 

The baby may even respond in the 
same manner to a distant sound. Hiding 
myself behind a screen in a corner of the 
room, I whistle a certain number of 
times at regular intervals until the baby 
has acquired a sufficiently lively interest 
to stretch his head and look in the direc­
tion of my corner. Then I stop whistling. 
The baby's eyes explore the corner for a 
moment; then he pulls the cord hanging 
in his crib, looking back to the corner 
from which the whistles came! 

I 
n short, the action of pulling the cord 

has been generalized to represent a 
means of prolonging interesting experi­
ences, without any thought being paid 
to distances or points of contact. This 
scheme of action even becomes a means 
of exploration. If the baby, handed 
an unfamiliar object, fails to get a 
sufficiently interesting result by shak­
ing or banging it, he pulls the cord 
with the other hand, all the while re­
garding attentively the object he is 
holding. 

A child's first sense of causal relation, 
then, is simply a diffuse connection be­
tween an action on the one hand and a 
result on the other, without comprehen­
sion of spatial relations or intermediary 
objects. This is perfectly consistent with 
what we have learned of the infant's 
initial inability to organize space and his 
consequent lack of the concept of per­
manent objects. Toward the end of the 
first year, as he begins to organize space 
and comprehend the existence of objects, 
he acquires an objective and spatial idea 
of causality. An experiment illustrates 
this point. We seat the child before a 
blanket with an object placed on it at 
the other end, beyond the child's imme­
diate reach. He tries at first to seize the 
object directly. Failing to reach it, he 
may immediately comprehend that pull­
ing on the blanket will bring the object 
closer; if not, he may discover this ac­
cidentally by random jerking of the 
blanket. In the latter case we can make 
a test which shows how much he com­
prehends of the significance of his dis­
covery. We put the object not on top of 
the blanket but on the floor just off the 
end or the side. If the child still has only 
a generalized concept of causality, he 
will pull the blanket, watching the object 
as if he expects it to move toward him. 
But if the child has reached the stage 
where his sense of causality has become 
spatialized and objectivized, he will pull 
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the blanket only if the object is lying 
on top of it. 

I could go on to describe analogous 
experiments which demonstrate how a 
child acquires his primary concepts of 
chronological order, of the relations be­
tween movements and time, and so on. 
But I think it will be most interesting to 
conclude with some studies which bear 
on certain basic questions in physics­
namely, the concepts of velocity and 
relativity. 

Does a child's first conception of ve­
locity include comprehension of it as a 
function of distance and time, or is his 
notion more primitive and intuitive? Al­
bert Einstein himself posed this question 
to me in 1928 when I was demonstrating 
some experiments on causality to him 
one day. I have since performed a very 
simple experiment which shows that a 
child does not think of velocity in terms 
of the distance-time relation. We place 
before the child two tunnels, one of 
which is obviously much longer than the 
other, and then we push a doll through 
each tunnel with a metal rod in such a 
way that the dolls arrive at the other 
end of both tunnels simultaneously. We 
ask the child: 

"Is one tunnel longer than the other?" 
"Yes, that one." 
"Did both dolls go through the tun­

nels at the same speed, or did one go 
faster than the other?" 

"The same speed." 
"Why?" 
"Because they arrived at the same 

time." 
. Now we take the tunnels away and 

push the dolls along the Hoor in full 
sight, over the respectively different dis­
tances, both arriving at their destina­
tions simultaneously as before. This time 
the child recognizes that one doll trav­
eled faster than the other. 

"Why?" 
"Because this doll passed the other." 
Incidentally, if anyone wishes to re-

peat these experiments, I must remark 
that I have not described them in full 
here; the details are given in my book 
The Concepts of Movement and Veloc­
ity in the Child. I mention this because 
a psychologist took issue with a previous 
article of mine in SCIENTIFIC AMERICAN 
("How Children Form Mathematical 
Concepts"; November, 1953) on a basis 
of misunderstanding and lack of full 
knowledge of my experiments. 

What the experiments I have just out­
lined, and others, demonstrate is that a 
child's first notion of velocity is based 
on the intuitive realization that, of two 
bodies in motion in the same direction, 

the one that passes the other is empow­
ered with greater velocity. If this intui­
tion is much simpler for the child to 
acquire than the distance-time relation, 
this is in part because the notion of order 
is easier to grasp than the concept of 
intervals or measurement. Passing is 
nothing but a change of order of two 
objects. The child will judge similarly on 
the basis of the order of arrival at a given 
point: if a rapidly moving body stops 
before overtaking a slower moving one, 
the child will often pronounce the one 
in the lead to have the greater velocity. 

T
hese findings, derived from research-
es to which the founder of the theory 

of relativity inspired us, return by an 
unforeseen route to theoretical physics. 
What follows is a striking demonstra­
tion of how psychology and phYSics can 
collaborate. 

Physicists, considering velocity and 
time, have always been trapped in a kind 
of vicious circle: velocity is defined in 
terms of time, yet time cannot be meas­
ured without having recourse to the no­
tion of velocity. It would be far more 
satisfying to be able to start from a no­
tion of velocity that is independent of 
time. A French physicist, J. Abele, start­
ing from our child psychology, has con­
ceived the idea of escaping from the 
vicious circle by defining velocity ac­
cording to the notion of passing. This 
idea permits him to explain why the 
velocity of light must be considered in­
variant-a necessity which was some­
what mysterious in the initial exposition 
of the theory of relativity. In Abele's 
scheme velocity, conceived as a simple 
passing, is not measured directly: suc­
cessively higher velocities are calculated 
in an additive way by a series of super­
imposed passings. We construct the ad­
ditive function by introducing an alge­
braic commutative group and a logarith­
mic expression. From this additive func­
tion we can derive the law of the "com­
position of velocities" of relativity theory. 
Moreover, by introducing the concept 
of relative motion of bodies in consider­
ing two constant velocities in the same 
direction, we arrive at an expression for 
invariant acceleration with regard to 
Lorentz transformations, and above all 
at a unique expression for bodies in mo­
tion which substantiates the constancy 
of the velocity of light. 

It is certainly of no small interest that 
the psychological study of how young 
children spontaneously form the con­
cepts of objects, space, time and velocity 
can lead to new insight into such pro­
found matters as the theory of relativity. 

CHILD SEEING DOLLS pushed through 

two tuunels said they moved at same speed 

because they emerged at the same time. 
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THE CRAB NEBULA 

It shines ,vith a strange sort of light that gIves evidence 

of a \vholly unexpected natural phenomenon. This glo,ving 

body of gas is apparently a gigantic electron synchrotron 

O
n the fourth of July in the year 

1054 there was an explosion in 
the heavens which must have 

been one of the most spectacular in the 
history of man on this planet. A star in 
our galaxy which for billions of years 
had been invisible from the earth sud­
denly became one of the brightest in the 
sky-so bright that it could be seen in 
full daylight. Strangely, although the 
event must have been witnessed by prac­
tically everybody in Europe, not a single 
mention of it has been found in any 
European chronicle. But in China and 
Japan, where heavenly phenomena were 
watched intently as astrological signs 
and were recorded in the imperial an­
nals, the "guest star," as the Chinese 
called it, was described in some detail. 

The Chinese chroniclers located the 
exploding star at a position in the sky 
"several inches southeast of T'ien-kuan" 
(Zeta Tauri in the constellation of the 
Bull). After the initial burst, which for 
three weeks was brilliant enough to be 
visible by day, the "guest star" gradually 
faded, and two years later it had disap­
peared from view to the naked eye. 

But in the 18th century, when tele­
scopes had come into general use, astron­
omers picked up a nebula at the location 
of the vanished star. There can be little 
doubt that this object, now called the 

CRAB NEBULA was photographed through 

two different color filters with the 200·inch 

telescope on Palomar Mountain. The filter 

for the upper picture passed the individual 

wavelengths that make up the line spectra 

of incandescent hydrogen and nitrogen. The 

filter for the lower picture screened out 

these wavelengths. The light that came 

through proved to give a continuous spec­

trum rather than a series of bright lines. 

by Jan H. Oort 

Crab Nebula, is the debris of the 1054 
explosion. The Chinese descriptions also 
establish that the explosion must have 
been a supernova of "Class I." Super­
novae of this order have been observed 
by modern astronomers only in galaxies 
outside our own-too far away to give 
us much information. The Crab Nebula 
therefore provides a unique opportunity 
to see what becomes of a star after a 
great explOSion. What is more, it has 
presented, upon inspection with modern 
instruments, a strange and totally un­
expected physical phenomenon which is 
now exciting keen interest as a possible 
key to some major current mysteries of 
the universe. 

E xactly what sets off the explosion of a 
star is not known. As George 

Gamow has pointed out [see "Super­
novae," by George Gamow; SCIENTIFIC 
AMERICAN, December, 1949], the star 
must develop some kind of internal in­
stability which results in the sudden re­
lease of an enormous amount of energy, 
throwing masses of material into space at 
velocities so high that the debris soon 
escapes from the star's gravitational pull 
and goes on expanding indefinitely. The 
Crab Nebula is expanding at about 1,100 
kilometers (680 miles) per second. It 
now occupies a space about six light­
years in diameter. The mass of the ma­
terial thrown out by the explosion of the 
star is estimated to be between one tenth 
and one hundredth of the mass of our 
sun. At the center of the Nebula we can 
see two small stars, one of which is 
thought to be the surviving core of the 
original star. 

The phenomenon that I shall discuss 
in this article is illustrated by two con­
trasting pictures of the Crab Nebula, 
made with different color Rlters [see 
photographs on opposite page J. The first 

was taken through a RIter which absorbs 
much of the light from the Nebula and 
lets through mainly certain wavelengths 
emitted by hydrogen and nitrogen 
atoms. In this picture, based on the se­
lected strong emissions of light, the 
Nebula seems to consist of a multitude 
of Rlaments; actually the Rlaments form 
a kind of shell, made up mainly of hy­
drogen and helium atoms, surrounding 
the central part of the Nebula. 

The second picture bears hardly any 
resemblance to the first. It was made 
with filters which absorb all of the 
stronger lines (wavelengths) of light or­
dinarily emitted by radiating atoms. 
What comes through is a continuous 
spectrum of light spread evenly over a 
wide band of wavelengths. There is 
something very puzzling about this 
"continuous" radiation, as it is called. 
Rarefied gases in space, when in the 
glowing state, always emit light with 
particular intensity at certain discrete 
wavelengths ("emission lines"). The cu­
rious thing is that the light of the struc­
tures we see in this picture shows no 
special emission lines. Yet there can be 
no doubt that it comes from extremely 
rarefied gaseous material. 

In 1953 a Soviet astronomer, I. S. 
Shklovsky, suggested that this unusual 
continuous radiation came not from 
atoms but from free electrons moving at 
high speed in a magnetic field. His hy­
pothesis was based on a discovery by 
the U. S. physicists F. R. Elder, A. M. 
Guzewitsch, Robert V. Langmuir and 
H. C. Pollock. They had observed that 
electrons accelerated to very high ve­
lOCity in a synchrotron, where their mo­
tion is bent into a circular path by a mag­
netic field, radiated an intense light. 
This "synchrotron light," according to 
the classical laws of electro magnetics, is 
due to the acceleration, or bending, of 
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CHINESE STAR CHART was made about 1200 A.D. At right cen· 

ter is a constellation of six stars in a straight line. Above its 

left end are the Chinese words T'ien.kuan, and above them is a dot 
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signifying a star. T'ien·kuan is the modern Zeta Tauri, which is 

immediately adjacent to the Crab Nebula. The Chinese identified 

the "guest star," or supernova, of 1054 as being close to T'ien·kuan. 
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the electrons from a uniform straight 
path. Unlike common light, which is 
generated by the vibration of electrons 
in their small orbits within an atom, the 
radiation of the electrons accelerated in 
the synchrotron has a continuous spec­
trum

'
instead of discrete emission lines. 

Shklovsky proposed that the continuous 
light observed in the Crab Nebula might 
be generated by the action of a magnetic 
field in the Nebula upon very high speed 
electrons. 

He suggested also that the same syn­
chrotron action could account for the 
strong radio emissions from the Crab 
Nebula. The discovery of radio broad­
casts from space, and the pinpointing of 
such emissions in the Crab Nebula and 
other radio "stars," has been one of the 
great surprises in astronomy in this cen­
tury. There has been much speculation 
about how these radio emissions are gen­
erated [see "Radio Galaxies," by Martin 
Ryle; SCIENTIFIC AMERICAN, September, 
1956J. According to Shklovsky's hy­
pothesis, electrons of extremely high 
velocities in a magnetic field radiate 
continuous light, and those of slightly 
lower energies radiate at radio wave­
lengths. Shklovsky's idea therefore 
would answer two questions which have 
puzzled astronomers: the mystery of the 
strange light from the Crab Nebula and 
the origin of the radio broadcasts from 
the Crab and other radio "stars." 

I t is an attractive theory but at first 
thought a dubious one, because it 

seems implausible that a synchrotron 
mechanism like the very special one cre­
ated in a laboratory operates in nature. 
However, there is a way to test whether 
the light from the Crab Nebula is truly 
of the synchrotron type. The light from 
electrons accelerated in a synchrotron is 
polarized: that is to say, the light waves 
vibrate only in the direction perpendicu­
lar to the magnetic field. Is the continu­
ous light of the Crab Nebula polarized? 
This is easily determined by photograph­
ing it through polaroid screens. 

The Soviet astronomer V. A. Dom­
brovsky was the first to establish that the 
light is in fact polarized. His pictures 
showed a considerable polarization of 
the light from the Nebula as a whole. 
Later Theodore Walraven of the Nether­
lands explored the Nebula in more de­
tail and found that the polarization va­
ried greatly in different regions. Pictures 
made by Walter Baade with the 200-
inch telescope on Palomar Mountain 
portray the polarization in still more de­
tail [see photographs on the next two 
pages J. They indicate that all the light 

INDIAN ROCK CARVING may very well represent the supernova which gave rise to 

the Crab Nebula, according to a study made by William C. Miller of the Mount Wilson 
and Palomar Observatories. Tbe carving was found in Navaho Canyon in northern Arizona. 
Chinese records indicate that the nova flared np on the morning of July 4, 1054. Be­

fore dawn on July 5, 1054, the crescent moon stood two degrees north of the position 
of the Crab Nebula. Thus the carving seems to represent the supernova below the moon. 
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in the "continuous light" picture of the 
Crab Nebula is polarized, and they show 
further that over the whole of the bright­
er part of the Nebula the polarization is 
predominantly in one direction, indicat­
ing that the magnetic field in this region 
likewise must be mainly in one direction. 
From the detailed pictures we can ob-

tain a rough picture of the structure of 
the magnetic field in the Crab Nebula 
[see photograph at top of page 58]. 

We have every reason, then, to be­
lieve that the continuous light of the 
Nebula is actually synchrotron light; it 
would be extremely difficult, if not im­
possible, to explain 

'
the observed polari-

zation on any other basis. Having 
reached this conclusion, we can also 
plausibly assume that the radio emission 
of the Nebula is generated by the same 
mechanism. The radio emission should 
be more intense than the continuous 
light emission, because radio-emitting 
electrons (having lower energies) are 

POLARIZED LIGHT from the Crab Nebula is seen in these four 

photographs made with the 200·inch telescope. The white arrow in 
the lower right corner of each picture shows the direction of elec· 
tric vibration of the light waves admitted by a polaroid filter on 

56 

© 1957 SCIENTIFIC AMERICAN, INC



likely to be more abundant than the 
extremely high-energy luminous elec­
trons. Observations show that the radio 
emission is in fact much stronger. 

From the light emission we can, by 
theoretical arguments, form an estimate 
of the strength of the magnetic field and 
of the energy of the luminous electrons. 

Their energy must be extremely high­
considerably higher than the highest at­
tainable in our most powerful laboratory 
accelerators. But there is one place, di­
rectly accessible to us on the earth, 
where we can find particles with ener­
gies comparable to those of the luminous 
electrons in the Crab Nebula. This place 

is in the cosmic rays that rain high-speed 
particles on us from space. 

The discovery that the Crab Nebula 
is a veritable nest of high-energy par­
ticles suggests a new explanation of the 
cosmic rays, whose origin has long been 
a mystery. Most of the cosmic-ray par­
ticles may come from supernovae or 

each exposure. The "synchrotron" magnetic field must he perpen· 

dicular to this direction of polarization. The linear structures ap· 
pearing in each photograph are also perpendicular to this direc­

tion. They are thus seen to trace out the nebular magnetic field_ 
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POLARIZATION PATTERN over the Nebula is traced out by 

lines drawn on this photograph. Each segment gives the direction 

BRIGHTNESS CHANGES in the Nebnla can be seen in these pho· 

tographs of a region in its northwest portion. Both plates were 
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of polarization in its region, and the length indicates the fraction 

of light polarized. Broken lines represent uncertain measnrements. 

made with the lOO·inch telescope on Monnt Wilson, the one on the 

left in November, 1924, and the one on the right in October, 1938. 
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other unstable stars. It is estimated that 
explosions of the Crab Nebula type alone 
could account for about 10 per cent of 
the cosmic rays bombarding the earth. 

Even if we suppose that cosmic-ray 
particles come from supernovae, it does 
not follow that we understand how they 
acquired their tremendous energies. It is 
highly improbable that the energy of the 
luminous particles we now observe in 
the Crab Nebula stems from the force 
of the explosion in 1054. The particles 
originally ejected must have slowed 
down long ago. More likely the supply 
·of luminous particles is continually be­
ing replenished by new accelerations. 

Our own sun produces cosmic-ray 
particles, though on an incomparably 
smaller scale than the Crab Nebula. 
These particles are associated with the 
eruptions of the sun's atmosphere called 
solar flares. Apparently charged particles 
are accelerated to high speeds in some 
manner by the strong and rapidly vary­
ing magnetic fields which invariably ac­
company a solar flare. It is interesting 
that emission of radio waves by the sun 
also increases greatly during a solar 
eruption. 

We can conceive that the central part 
of the Crab Nebula is still emitting high­
.speed particles. This brings us to the 
question concerning what has become of 
the exploded star. What exactly is left 
of the original star? 

I have mentioned that at the center 
of the Nebula we can see two small ob­
jects which look like a double star. The 
.southerly member of the pair is believed 
to be the remnant of the old star. But if 
this fragment is still a star, it must be 
totally different from any star we have 
ever observed. From its vicinity, about 
,every three months, a tiny ripple of light . 
emerges and moves outward through the 
Nebula, becoming lost to sight a few 
months later in a strongly luminous re­
gion. The ripples move with about one 
tenth of the velocity of light. They are 
IJolarized in a way that identifies them 
as synchrotron light, and this means that 
they must contain high-energy electrons. 
It seems likely that the ripples originate 
in the atmosphere of the remnant of the 
old star. It is tempting to suppose that 
the remnant erupts every three months 
and emits a new stream of particles 
which replenishes the supply of lumi­
nous electrons giving the Crab Nebula 
its strange aura of synchrotron light. 

What of the Crab Nebula's radio emis­
sions? Astronomers are fully as in­

terested in these as in its synchrotron 
light. If the acceleration of electrons is 
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SYNCHROTRON RADIATION arises from free electrons moving in curved paths. When 
electrons (black dots) belong to individnal atoms in a gas (top), tbe light they radiate 
(colored arrow) vibrates in all directions perpendicular to the path of the ray (black 

arrows). Electrons traveling a circular path (center) radiate light in their direction of 
motion, and tbe vibrations are restricted to the plane of the orbit. Diagram at bollom is a 

schematic view of an actual synchrotron, showing a section of the magnets which hold the 

electrons on a circular path. Vertical colored arrows give the direction of the magnetic 
field, long colored alTOWS direction of radiated light, black arrows direction of polarization. 
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responsible for the Nebula's radio broad­
casts, other radio "stars" in the sky may 
be generating their broadcasts by the 
same process; in fact, this is the only 
plausible explanation of strong radio 
emissions that has yet been offered. Un­
fortunately it has not been possible to 
confirm the hypothesis directly, because 
the other intense radio sources in the 

sky, with one exception, show no syn­
chrotron light of the sort emitted by the 
Crab Nebula-possibly because their 
electrons are not accelerated to the ve­
locity necessary for light emission. 

The one exception, however, is re­
markably interesting. A giant galaxy in 
the constellation Virgo that emits strong 
radio signals has a wisp of continuous 

light near its center. Baade has estab­
lished that this light is polarized-that is, 
it is synchrotron light. The "wisp" in the 
Virgo galaxy is about 100 times bigger 
than the Crab Nebula. If it stemmed 
from the explosion of a star, it must have 
been a truly gigantic explosion-the dis­
integration of a superstar at least 100,-
000 times more massive than our sun! 

SYNCHROTRON LIGHT is detectable in tbis giant galaxy in the 

constellation Virgo, photographed with the ZOO· inch telescope. The 
wisp of light near the center has a continuous spectrum and is po· 

larized. This source is some 100 times larger than the Crab Nebula. 
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___ Kodak reports to laboratories on: 
a pH indicator from Alleppey ... shortening the wait in the radiologist's 
waiting room ... copy negatives on a film with a peculiar H & D curve 

A bright, cheerful yellow 

About 15 0 miles up the west coast 
from Cape Comorin, the tip of 
India, there stands the town of 
Alleppey. Each year farmers around 
Alleppey set out rhizomes (under­
ground root-like stems) of a plant 
known to botanists as Curcuma 
longa. At harvest time they dig up 

the new crop of rhizomes. These 
are then dried and milled to a 
yellow flour called turmeric, which 
is used to color the curries of India. 

Some of the rhizomes get shipped 
to a factory in Rochester, N: Y., 
which turns out mustard to put on 
hot dogs and hamburgers. Ameri­
cans like their mustard to be a 
bright, cheerful yellow rather than 
its greyish-brown self. Turmeric im­
parts the preferred color and adds a 
little flavor as well. 

From the mustard people we buy 
modest amounts of turmeric and 
percolate hot acetone through it. 
In this simple manner we obtain 
sharp melting crystals of Curcumin 
(Eastman 1179), which is nothing 
more than 1,7-bis(4-hydroxy-3-
methoxyphenol)-I,6-heptadiene-3,5-
dione. 

From an acidified solution con­
taining boric acid and Curcumin 
one can obtain a red, alcohol-solu­
ble reaction product, formed in 
proportion to the amount of boric 
acid present. There is a Ph.D. 
thesis in the archives of one of the 
midwestern universities which sug­
gests that this red substance repre­
sents a loose combination of the 
borate radical with one of the two 
hydroxyls in Curcumin. At any rate, 
this reaction is the basis of a method 
for measuring boron in soils and 

plant tissue. We shall be pleased to 
send you an abstract of the'method. 

The big thing about Curcumin is 
that it changes from yellow to red 
over the pH range 7.5 to S.5 and 
from red to orange over the pH 
range of 10.2 to I I .S. This gives it a 
place on the list of 52 Eastman pH 
Indicators. 

Now, should you care to reveal 
to us that you are interested in pH 
indicators, do you know what we 
are going to do? We are going to 
send you ABSOLUTELY FREE a 
brand-new edition of our celebrated 
chart (suitable for framing) that 
shows the pH range and color 
changes of ALL the Eastman pH 
Indicators. That's what we are go­
ing to do. 

What's more, we'll not on�y send you 
the abstract and/or the wall chart, we'll 
also, if you like, send you a copy % llr 
new Eastman Organic Chemicals List 
No. 40, which catalogs some 3500 highly 
purified organics. Make your requests to 
Distillatioll Products industries, East­
mall Organic Chemicals Departmellt, 
Rochester 3, N. Y. (Division 0/ Eastman 
Kodak Company). 

Good for the doctor, too 

Because of a new product of ours, 
we are pleased to think there will be 
some reduction in the vast number 
of people-hours tensely spent in 
medical waiting rooms fidgeti ng and 
staring at magazines. The vehicle of 
benefaction bears the name Kodak 
X-Omat Processor. 

It's good for the doctor as well as 
the patient-the patient referred for 
radiological examination. Into one 
end of this machine the x-ray tech­
nician inserts a sheet of film she has 
just taken from the exposure cas­
sette; six minutes later it rolls out 
the other end (10 feet away), proc­
essed under ideal chemical condi­
tions, dry, and ready for the radi­
ologist's interpretation. Hitherto, 
radiographic processing has taken 
at least 45 minutes. Usually longer. 
Meanwhile, the patient is losing 
time out of his life and occupying 
high-rent space. 

It takes some 15 years of intel­
lectual fortitude, study, observa­
tion, and pecuniary strain to turn a 
college freshman into the kind of 
doctor of medicine who knows how 

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 

best to use a sheet of x-ray film. 
There are only about 4,000 such 
radiologists in the United States. 
Whatever lets them serve more 
people in a working day and re­
quires no change in the painfully 
learned correlations of characteris­
tic shadows to the ills of the flesh 
would seem to serve the interests of 
the human race. 

In/ormation about the Kodak X-Omat 
Processor is given out by Eastmall 
Kodak Company, Medical Divisioll, 
Rochester 4, N. Y. It processes all 
standard sizes 0/ sheet film in allY order, 
from 5" x r lip. Twenty 5H x r sheets 
per minute is typical 0/ the capacity. 
Doesn't have to be x-ray film, we sup-
pose. --

Are YOUR highlights washed out? 

KODAK GRAVURE COPY fiLM 

2. 

o..e!opment. S min. 0-11 (1:1)ot6aF 

Just as some fortunate people are 

able to turn the pages of a Brahms 

score and hear the lovely music in 

the mind, so also a few (perhaps not 

quite so fortunate) can look at this 

curve and say, "Yup, a good long 

straight-line portion and then, as 

you go to your higher densities, 

your contrast starts going higher 

and higher. That's funny. An H & D 

curve is supposed to have a shoul­

der. Where contrast falls off when 

you get past the straight-line part. 

This shoulder is inside out. Kodak 

Gravure Copy Film, eh? Ought to be 

good for making copy negatives 

from pictures where the highlights 

are washed out. You could get some 

of the old lost zip back. Why did 

they have to wait till now to come 

out with it?" 

Because we didll't know how to make 
it properly till now, that's why. 1/ you're 
so anxious, why don't you call up a 
Kodak dealer right IlOW and order some? 
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See TAM* 
lor High 
Purity 

TITANIUM 
CARBIDE 

... in 
commercial 
quantities 

TITANIUM CARBIDE is '.n extremely hard 
substance with good oxidation resistance at 
high temperatures. This combination of prop­
erties makes its use advantageous in several 
applications. Among these are 1. as a compo­
nent in sintered steel cutting tools, 2. for 
jet engine parrs and 3. as a high tempera­
ture refractory material. 

PROPERTIES 

Structure •• Cubic Hardness •••••• 9 Moh Scale 
Mp ••••••• 5680°F Mesh 5ize •• 95% to 98%-325 

(also finer particle sizes 10 microns max. 
and S microns max.) 

ANALYSIS of current commercial pro­
duction of TAM' Titanium Carbide shows 
this high purity: 

Combined Carbon •• 19.0% Min. Ti •• 79.0 % Min. 
Free Carbon •••••••• O.3% Max. Fe •• O.l% Max. 

IF YOU ARE INTERESTED in the pos­
sibilities of Titanium Carbide or would like 
price, delivery or technical information ... 
write our New York City office. 

AS A DEVELOPER of metals, alloys, chern· 
icals and compounds of both Titanium and 
Zirconium ... TAM is experienced and equipped 
to serve your needs for these products. 

*TAM is a registered trademark. 

TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 

Execlltive arid Sales Offices: 
111 Broadway, New York City 

GmeralOffices, Works and Research-Labo'<ltories: 
Niagara Falls, New York' 
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Collapse of Symmetry 

P
hysicists have just experienced a 
rude but exhilarating shock of the 
kind that historically has marked 

turning points in science. A basic "law" 
has failed them. Nature, which they had 
supposed to be absolutely symmetrical 
as between right and left, has turned 
out to have an intrinsic "handedness," 
or twist. 

The principle of right-left symmetry 
has been an article of faith since the 
beginnings of quantum mechanics. It 
says, for example, that if an experiment 
in atomic physics-any conceivable ex­
periment-were watched directly by 
one observer and in a mirror by an­
other, there could be no way of decid­
ing which was seeing the mirror image. 
In the language of quantum mechanics, 
it is said that nature conserves "parity." 
Parity, which has one of two values, 
odd or even, is a characteristic of the 
equations that describe a physical sys­
tem. Every body or group of bodies has 
a certain parity, just as it has a certain 
energy, charge and momentum. Parity, 
like energy, was believed to be st{'ictly 
conserved. Any isolated system with, 
say, even parity would keep this parity 
forever, regardless of any changes in 
its components. And it can be shown 
mathematically that a world which con­
serves parity is one that is symmetrical 
to interchange of right and left. 

Last month three different groups of 
experimenters announced that they had 
caught nature in the act of exhibiting a 
preference as to direction, hence violat­
ing the conservation of parity. The 
virtually simultaneous discoveries were 
no accident. All three groups had been 

SCIENCE AND 
inspired to the search by the suspicions 
of a pair of theoreticians, Tsung Dao 
Lee of Columbia University and Chen 
Ning Yang of the Institute for Advanced 
Study in Princeton. 

Like all physicists in their field, Lee 
and Yang had been brooding about the 
strange behavior of certain recently dis­
covered particles. Two of the particles 
presented a particularly baffling prob­
lem. These are the so-called tau and 
theta mesons, members of a group 
known as K particles. Tau and theta 
mesons are formed in certain atomic 
collisions and decay after about a hun­
dred-millionth of a second. The tau de­
cays into three pi mesons (pions) and 
the theta into two. But until they decay 
the tau and theta particles are absolute­
ly indistinguishable. Their mass, charge 
and lifetime have proved to be identi­
cal within the limits of error of the most 
accurate measurements that can be 
made. Are they really different? Other 
particles are known to have more than 
one mode of decay. Physicists were 
strongly tempted to think of tau and 
theta as the same particle with two dif­
ferent ways of decaying. But the parity 
principle forbade this. The conserva­
tion of parity would be violated if one 
particle could decay either into two or 
three pions, because those two systems 
have opposite parity. It seemed, then, 
that tau and theta must be different. Yet 
the idea of two different particles with 
exactly the same measurable properties 
remained extremely unpalatable. 

A number of physicists pointed out 
that the puzzle could easily be solved if 
parity were not conserved, but most of 
them dismissed the idea as almost un­
thinkable. Lee and Yang did not. They 
reflected that the tau and theta decays 
are members of a newly recognized class 
of physical events which are termed 
"weak interactions." (A hundred-mil­
lionth of a second is a long time on the 
atomic scale. The force that breaks down 
the tau and theta mesons must be very 
weak if it takes so long to produce its 
effect.) They proposed that tests be 
made on these weak interactions accessi­
ble to laboratory experiment, to deter­
mine whether parity was conserved. 

The first experiment was done by 
Chien-Shiung Wu of Columbia Uni­
versity together with a group of workers 
at the National Bureau of Standards. 
The weak interaction they selected for 
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THE CITIZEN 
study was the beta decay (emission of 
an electron and a neutrino) of the radio­
active substance cobalt 60. Since the 
cobalt nucleus has a charge and a spin, 
it acts as a magnet. Dr. vVu and her 
colleagues subjected a sample of co­
balt to a strong magnetic field to line 
up the spins in one direction. (Thermal 
jostling of the atoms was minimized by 
cooling the sample almost to absolute 
zero.) Then they observed the emis­
sion of beta particles. As expected, most 
of the beta particles came out in a di­
rection along the axis of the nuclei's 
spin. To conserve parity, an equal num­
ber of particles should have been emit­
ted in each of the opposite directions 
along this line. But many more emerged 
in one direction than in the other! It 
was as if there were a preferred "for­
ward" direction-in this case the direc­
tion of travel of a left-hand screw. In 
short, symmetry was destroyed. 

A second experiment with mu mesons 
gave similar results. Leon M. Lederman 
and -Richard L. Garwin of Columbia 
University found that mu mesons with 
their spins aligned also emit electrons in 
a preferred direction. Further corrobora­
tion was provided by V. L. Telegdi and 
J. I. Friedman of the University of Chi­
cago, who studied the decay of pi and 
mu mesons in photographic emulsions. 

Thus the world we live in has an es­
sentIal twist, like the thread of a screw. 
(The twist is reversed for "anti" parti­

cles. If there are galaxies made up of 
antimatter, their inherent screwiness is 
opposite to ours.) The entire field of 
weak interactions will now be intensive­
ly studied by experimental physicists, 
who will try to discover just what laws 
govern such reactions. 

To theoreticians the new development 
means a greater freedom for specula­
tion. With their theories no longer 
obliged to conserve pality, they will 
have "more room for the exercise of 
mathematical imagination," as one of 
them puts it. Out of the new freedom 
may come a more satisfactory view of 
the ultimate nature of things. 

Slow Time 

A long-standing dispute about the be-
havior of time in the theory of 

relativity appears to have been settled. 
The question is: Would space travelers 
moving at close to the speed of light 
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Buffalo Engineering Laboratory and manufacturing 
facilities for the Division occupy some 170,000 square 
feet of floor space in this industrial center. The Labora­
tory specializes in the development of advanced 
communications techniques and equipments. 

••• to automated Inass production 
The Sylvania ESD family is 
equipped to carry out your elec­
tronics development programs 
• . • large or small. 

Backed by the corporation as a 
whol�, Sylvania's Electronic Systems 
Division has a long record of suc­
cessful problem solving in both 
military and industrial electronics. 
It has made many important con­
tributions in the fields of avionics, 
guided missiles, countermeasures, 
communications, radar, computers 
and control systems. 

Staffed with top-ranking scientists 
and engineers, backed by extensive 
research facilities and modern auto-

mated mass production capabilities 
-the 

'
Sylvania Electronic Systems 

Division is a major contributor to 
our national arsenal for defense . 

'
In tensive specialization in the 
Weapons Systems concept has re­
sulted in utmost organizational 
efficiency, as well as the highest 
order of technical and management 
competence. 

Whether your project requires 
management or technical experience 
for complex integrated systems, sub­
systems, equipments .or special com­
ponents,  from initial  concept 
through mass production, Sylvania 
engineers will be glad to discuss 
methods of solving your specific 
problems. 

�SYLVANIA 
SYLVANIA ELECTRIC PRODUCTS INC. 

Electronic Systems Division 
100 First Avenue, Waltham, Mass. 

LIGHTING • RADIO • TELEVISION • ELECTRONICS • ATOMIC ENERGY 
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Wide Area Infrared Detection System 

Unerringly Seeks Out Target r-;;;:;;:::--. .......... �. 
A passive infrared detection 
system can spot its target through 

the most elaborate camouflage 
without revealing its own position 
or source. It performs effectively day 
or night. It is unaffected by 

'
electronic countermeasures. 

High-speed, passive infrared detection 

systems are part of the more than 20 
passive infrared weapons systems produced 
by Servo Corporation of America 
for the military. 

These practical, operational infrared 
systems demonstrate Servo Corporation of 
America's ability to solve 
inherently difficult design ang 
manufacturing problems. 

To learn more about the application � 
of infrared detection to military weapOnS 
systems, please request, "IR-9902-56A" 
on your company letterhead. 

age more slowly than people on the 
earth? It has been debated in the pages 
of Nature for several months (the argu­
ments were summarized in this depart­
ment of SCIENTIFIC AMERICAN in De­
cember, 1956). According to Frank S. 
Crawford, Jr., of the University of Cali­
fornia, the answer is definitely "yes," at 
least if the travelers are mu mesons. 

A number of physicists have suggest­
ed that the issue could be tested by 
measuring the half-lives of fast-moving 
radioactive particles. If they decayed 
more slowly while in fast motion than 
when standing still, this would be proof 
that matter ages more slowly in rapid 
motion. Crawford reported in a letter to 
NatuTe that the experiment has been 
performed by cosmic-ray physicists in 
studies of mu mesons. These particles 
are formed in the upper atmosphere 
and trnvel at high speed toward the 
earth. They are unstable and decay into 
electrons. Comparisons of the intensity 
of mu mesons on mountaintops and at 
sea level show that their half-life in 
flight is about 30 millionths of a second, 
against only two millionths of a second 
at rest. The difference seems to be evi­
dence for a relativistic fountain of youth. 

Pyrophoricity 

One day last summer New York news­
papers announced an explosion in 

a small atomic energy plant with these 
headlines: "Blasts Rip Secret A-Lab in 
Queens"; "Atoms on the Loose in Queens 
Explosions." The explosions had noth­
ing to do with nuclear fission. A small 
lump of powdered thorium had sud­
denly and unaccountably blown up, in 
turn detonating larger quantities of the 
metal nearby. 

Atomic energy workers have been 
troubled for some time by the tendency 
of certain metals to explode or burn 
spontaneously, like a pile of oil-soaked 
rags. The behavior is called pyrophoric­
ity, and its causes are not well under­
stood. Many of the metals used in nu­
clear technology, notably uranium, plu­
tonium, thorium and zirconium, are 
pyrophoric. The Atomic Energy Com­
mission is sponsoring extensive research 
into the phenomenon. Some of the prob­
lems were discussed recently in Nucleon­
ics by Richard B. Smith of the AEC's 
Safety and Fire Protection Branch. 

Fundamentally metals explode for 
the same reason that oil-soaked rags do: 
slow oxidation produces heat which is 
stored in the material, finally building 
up to ignition temperatures. Loosely 
compacted powders, which have large 
amounts of surface to be oxidized, and 
whose internal air spaces trap heat, are 
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Vacuum furnace gives superior resul'ts 
• In commercial heat-treating • • • 

The Drever Co., of Philadelphia, recently be­
came one of the few commercial heat-treaters 
to offer the unusual qualities made possible by 
vacuum heat-treating. Using a Stokes high 
vacuum retort and pumping system with a 
furnace setting made by a Drever division, this 
company has been obtaining metallurgical 
properties in standard and special alloys that 
are not possible by conventional controlled 
atmosphere techniques. 

Magnetic grades of steel, for example, can be 
given a grain-growth and de-gassing treatment, 
and come out perfectly bright and oxide-free. 
Copper can be bright annealed to extreme duc­
tility, without danger of hydrogen embrittle-

Vacuum Furnace Division 
F. J. STOKES CORPORATION 

5541 Tabor Road, Philadelphia 20, Pa. 

ment. Drever has been using the furnace with 
notable success for oxygen-free sintering of re­
active metals such as titanium compacts, which 
come from the furnace in readily workable con­
dition. Furthermore, the vacuum furnace elimi­
nates the operating costs and hazards of hydro­
gen atmospheres. 

Stokes has specialized in the design and pro­
duction of vacuum furnaces for many leading 
organizations, both for basic research and for 
full-scale production work. If you are planning 
to explore the unlimited potential of vacuum 
metallurgy, take advantage of the extensive 
experience and broad line of equipment that 
we have to offer ... ready to serve you. 
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W-I-D-E-S-T 
Test Range! Easiest to Use! 

o 
Unlike ordinary colorimeters which are 
limited to the wavelengths of a few selected 
filters, the Bausch & Lomb Spectronic 20 
gives you accurate readings at any wave­
length in the 340mw950mp. range. And it's 
easy as tuning your radio! 

• Easiest Ever! Dial instantly sets Certified­
Precision grating to desired wavelength; 
no color filters to fuss with. 

• Dependable Accuracy! Narrow band 
pass (only 20mp.!) assures highest spec­
tral purity. 

• Fastest Readingsl Instant-acting meter 
gives exact percent transmission, or op­
tical density. 

--III • 

I BAUSCH & LOMB OPTICAL CO. I 
Low Price, Double Value! 

Colorimeter plus spectro­
photometer, 375mp.-950mp. 
(extended range to 340mp. 
at slight extra cost), for less 
than the price of most col­
orimeters alone! 

II 181lS ST. PAUL ST., ROCHESTER 2, N. Y. I 
• 0 Send me B&L Spectronic 20 Catalog 0·266 I 

Send me ................ aluminum analysis methods; II 10 I payment enclosed, $ .............................. ($5 each; 

set of 6, $20) 

I 0 I would like an obligation·free demonstration of 

I .... MAIL COUPON TODAY � FOR VALUABLE DATA! 
III the B&L Spectronic 20 Colorimeter at my con· 

• venience. 

• 
Name .................... ............................................................. .. 

I 
Title ........... , ......................................................................... . 

I 
Company ............................................................................ . 

I 
Address ............................................................................. .. 

I 
I 

BAUSCH & LOMB \",V"\ 
I AmeriCiI's only complete opt�1 SOUfte . . , from 111$$ 10 finished product. 

City .................... , ......................... Zone ........ State ......... .. 

1. ___ liliiiililiiii ____ .1 
bb 

most likely to explode or burn. How­
ever, on occasion even solid pieces of 
metal have been known to do so. Pre­
sumably the process begins with a Bak­
ing or crumbling of the surface. Water 
hastens oxidation, and wet metals there­
fore are more likely to burn spontane­
ously than dry ones. Imprisoned hydro­
gen is thought to play an important role. 

Several incidents like the one in New 
York City have been reported: 

Zirconium scrap stored in open bins 
took fire after a heavy rainstorm, and 
159,000 pounds of the metal burned up. 

Two men died and two others were 
seriously injured when they opened a 
one-gallon can of zirconium powder. 
The metal exploded as soon as the cov­
er came off. 

Three Bat plates of compressed ura­
nium powder were observed to be swell­
ing, and were removed from the build­
ing they were in. The next morning 
one of the plates exploded and "took 
off like a rocket," hitting a tree 30 feet 
away. A lump of solid uranium the size 
of a yeast cake burst spontaneously into 
Bame while resting on a piece of dry ice. 

Cracked Earth 

A tremendous break in the earth's 
crust two miles deep, 20 miles wide 

and 45,000 miles long has been discov­
ered by geologists of Columbia Univer­
sity. The great trench winds around the 
globe from a point in central Asia north­
ward across the Arctic, down through 
the mid-Atlantic, around the Cape of 
Good Hope, across the Indian Ocean, 
across the Pacific, up the North Ameri­
can coast and ends at Alaska. A branch 
extends into the Arabian Sea and joins 
the famous Rift Valleys on the African 
continent. 

According to Maurice Ewing, direc­
tor of Columbia's Lamont Geological 
Observatory, current earthquake activity 
along the trench shows that the cracking 
of the earth's crust is still going on. Bruce 
Heezen, another member of the labora­
tory, pOinted out that the path of the 
fissure is evidence against the theory of 
continental drift, for a good deal of the 
trench does not follow the lines of sepa­
ration between continents. 

Radiation Industry 

One industrial application of high-
energy radiation has completed the 

transition from laboratory to factory. Ir­
radiated polyethylene is being mass-pro­
duced. The General Electric Company, 
which manufactures the material in the 
form of thin sheets, has announced that 
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SILICONE NEWS 

Smart Marketers Sell HConvenience" 
• Silicone insulation makes possible 

ttPowermatic" toaster 
Automatic Frypan gets its extra con­
venience from Silastic* seals that 
protect the electrical connections. 
Silastic, Dow Corning's silicone rub­
ber, keeps them dry even when the 
Frypan is almost totally immersed 
in water. No. 47 

Perk-up electric percolator with • 
S'l' l '  I lcone amInate 

New ttjet fast" window cleaner • 
made with Silicones 

CONVEN IEN C E,CONVENIENCE 
AND STILL MORE CONVENIENCE -
that's what today's buyers demand. 
And they're getting what they want -
thanks to Dow Corning Silicones. 
Here are a few examples of how 
silicones aid manufacturers in pro­
viding features that spell more con­
venience - and more sales. 

LOOK, NO HANDS-Now McGraw 
Electric has produced a "Powermatic" 
Toastmaster that takes a slice of 
bread from your

' 
hand, lowers it 

lovingly, toasts it just right, then wafts 
it gently back up, all under its own 
power. Nothing to push or pull. 
Secret? A tiny motor insulated with 
Dow Corning Silicones. 

The motor, which is toasted at 400°F 
right along with the bread, would not 
be possible without silicone insula­
lation. And Dow Corning silicone 
insulation can take years and years 
of toasting without damage. That's 
been proved in thousands of hard­
working industrial motors and trans­
formers. Add it all up and you have 
a more convenient, super-skilled 
appliance that does everything but 
butter the toast for you! No. 45 

DUNKING ALLOWED - An acci­
dental dip in dishwater won't wreck 
the electrical connections in the new 
Mirro-Matic Percolator, made by 
Aluminum Goods Manufacturing 
Company. Reason? The plug-in 

insulators are now fabricated from 
silicone-glass laminate. Why? The 
silicone laminate has only one hun­
dredth the moisture absorption of the 
phenolic insulators formerly used ... 
a big difference when you're dealing 
with electricity! Silicone-glass also has 
greater physical strength, more heat 
resistance . . . it's more reliable all 
around. Yet, the silicone laminate 
doesn't cost a penny more . . . plain 
low-cost stampings are used instead 
of molded parts. More savings are 
realized through less breakage during 
assembly. No. 46 

FRY PANS, TOO - find strong 
sales appeal in easy washability and 
controlled electric heat. The Sunbeam 

GOT WINDOW "PAINS"? Window­
cleaning has always been one of the 
most miserable household chores. But 
now to the rescue: new "Jet Spray 
Bon Ami", an aerosol bomb that does 
all the dirty work. You just spray it 
on, wipe it off and the glass sparkles 
like new again. It's that simple. 

At the press of a button, the Bon 
Ami bomb sprays foam containing 
Dow Corning Silicones. Remaining on 
the window pane after the foam is 
wiped away, the silicones form an 
invisible water repellent film that 
keeps the glass sparkling longer and 
makes it easier to clean next time. 

T h e  foa m, b y  
the way, prevents 
splatter and "run­
off" . . . a special 
convenience t o  
housewives. Jet 
Spray is fine for 
o t h e r  s u r f a c e s, 
too: tile, enamel, 
chrome, painted 
wood to name a 
few. No. 48 
*T.M. REG. U.s. PAT. OFF� 

FOR MORE INFORMATION on silicones used in these applications. circle reference n os. in coupon.  

first in 

DOW CORNING 

CORPORATION 

MIDLAND. MICHIGAN 

-------- -------------, Dow CORNING CORPORATION. Midland, Michigan 
Dept. 9815 � I 

45 46 47 48 I 
Name -------------------------_ 1 

Title 
Company 
Address 

_�i.:y _____________ �t�e ____ J 
ATLANTA BOSTON CHICAGO CLEVELAND DALLAS OETROIT LOS ANGELES NEW YORK WASHINGTON. D.C. 

CANADAI DOW CORNING $II.ICONES t..TO . TORONTO GREAT BRITAINI MIOL.AND SllICO'E:S '-TO .• l.O'OO'1 FRANCE! ST 006AIN. PARIS 
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panacea 
for ENGINEERS, INVENTORS ,  

RADIO AMATEURS , MODEL BUILDERS 

for controlling toys, model boats, planes , cars, 

garage doors, electric fences, 

robot lawn mowers, iron-core politicians 

In addition to a variety of rather spe­

cialized sensitive relays developed for 

particular applications, Sigma also makes 

several "basic" types, among them the 

five DC sensitive SPOT types shown here. 

The unenclosed styles (illustrated) allow 

contact observation, and readjustment or 

cleaning in case of accident. They are 

B,OOO ohms, wt.- 2!-( oz. 
Price for one $6.00. Operates 
on 1.6 mo., releases on 0.75 mo., 

withstands 11 rna. continuously 
withovt overheating. Silver contacts 

rated at 2.0 amp. Withstands 10 9 vibration while operating. 
Radio Control Modelers' long·time 

choice beca use it is fairly 
sensitive, highly reliable, easy 

to mount ond adiust. Lately 
overshadowed by the "26", 41F-2,OOO SK. 

2,000 ohms, wi. - 2.1.1 oz. Price 
for one $4.50. Operates on 4.0 mo., 

no specified release, withstands 22 mo. continuously without 
overheating. Tungsten contacts 

rated at ).0 amp. 
Keying relay giving deon, 

bounce-free pulses on norm oily 
open contoct circuit ot speeds up to 100 pulses per second. Coil should 

get at leost 6 mo. signals from at 
least 150 volt supply. (Plate 

circuit, not cathode follower.) 26F-S,OOO CDS. '-.... 
8,000 ohms, wt. - 2 oz. Price � for one $8.50. Operates on 0.7 mo., 

releases on 0.4 mo., withstands 11 mo. continuously without 
overheating. Drop-out is held within 0.1 to 0.2 mo. of pull·on and within 

above limits. Palladium contacts 
rated at 0.5 amp. Withstands 
5 g vibration while operating. 

Designed especially for use in 
Jow power radio control circuits. 

also available in a variety of sensitivities, 

coil  resistances, mounting style s and 

enclosures (open frame, dust cover or 

hermetically sealed; permanent or plug-in 

connections) . One-at-a-time purchases 

can best be made from Sigma jobbers. 
* * * 

Complete catalog is available on request. 

/5F.S,OOO SS. 
8,000 ohms, wt. -.4 Y.i' oz. 
Price for one $9.75. Operates 
on 0.35 mo., releases on 0.15 mo., 
withstands 15 mo. continuously 
without overheating. Palladium 
contacts rated at 0.25 amp. Too 
sensitive for applications where 
vibration will be encountered while 
operating. Other adjustments 
give secure contacts under 5, 10 
or 15 g vibration. 
Good for condenser time delay 
circuits and for holding during 
pulse trains. 

6,000 ohms, wt. - 1 oz. Price for 
one $1.70. Operates on 2.9 rna., 
no specified release, withstands 13 mo. continuously without 
overheating. Silver contacts roted 
at 1.0 amp. Withstands 10 9 
vibration while operating. 
Within its rotlngs, a good 
combination of high qvality 
and low cost. 

SIGMA 
SIGMA INSTRUMENTS, INC., 

40 Pearl Street, So. Braintree, Boston 85, Massachusetts 
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it is increasing its annual production to 
1.6 million pounds. In two years it ex­
pects to go up to three million. 

Irradiated polyethylene differs from 
the ordinary plastic in that its long mo­
lecular chains are cross-linked by the 
action of bombarding electrons. The 
linkage gives it much greater resistance 
to heat. So far the material has been 
used chiefly as an electrical insulator. 
There may soon be other commercial 
applications. W. R. Grace & Company 
says that it is experimenting with irra­
diation of molded polyethylene products, 
with a process developed by the Sequoia 
Process Corporation of California. 

Margin of Safety 

T he National Committee on Radiation 
Protection, which has hitherto con­

cerned itself only with occupational ra­
diation hazards, has just proposed stand­
ards for exposure of the general popula­
tion. It recommends that the exposure to 
man-made radiation from all sources be 
limited to a cumulative total, up to the 
age of 30, of 10 million roentgens for 
every million persons in the population, 
or an average of 10 roentgens for each 
person. This limit was suggested by the 
genetics committee of the National 
Academy of Sciences. 

The National Committee reduced the 
maximum permissible average exposure 
for industrial workers from 15 to five 
roentgens per year. 

Vaccine for Pseudo-Flu 

'f he Army now has a potent vaccine 
to fight the influenza-like virus in­

fections that hospitalize thousands of 
military recruits each year. A field test 
conducted at the Walter Reed Army In­
stitute of Research reduced hospitaliza­
tion for these diseases by 98 per cent. 

These microbes, called adenoviruses, 
came to attention in 1937 when doctors 
suspected that certain ills resembling in­
fluenza were not due to the influenza 
virus. The first of the viruses was finally 
tracked down in 1954. Since then, 11 
types have been found in human ade­
noids, tonsils, conjunctiva and respira­
tory tracts. But while research workers 
could isolate the viruses, they had great 
difficulty in preparing a vaccine. Labo­
ratory animals failed to respond to the 
viruses. The investigators grew the virus 
in human tissue cultures, adapted it to a 
synthetic culture containing kidney 
epithelium from monkeys and made the 
vaccine by killing the virus in the in­
fected kidney broth with formalin and 
incorporating it in a mineral oil. When 
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The eInphasis 
• 

IS shifting 

It used to be that you would design 
an airframe for payload-and pro­
vide minimum required instrumen­
tation. 

The emphasis is shifting. 

In this new age of electronic mis­
sile guidance and identification, the 
chicken is now the egg and the cart 
pulls the horse. Instrumentation 
comes first-after which a mobile 

container is designed that will carry 
it with greatest efficiency. 

This shift finds the sturdy shoul­
ders of Stewart-Warner Electronics 
braced for the greater load. Stewart­
Warner has pioneered in electronics 
for thirty years. Today, S-W Elec­
tronics is pioneering in the strato­
spheric (see note) electronics of 
tomorrow. 

� �DiViSiO�f St!rt_w�e�!p� 
1300 N. Kostner Ave., Chicago 51, III. 

Note: We have room for a few 
more GOOD engineers up here. 
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Pretty , when the 'stone' is the 
Army's Redstone Missile, which is 
the responsibility of the Army Bal­
listic Missile. Agency at Redstone 
Arsenal in Alabama. While range 
figures are classified, you can be 
sure the Redstone can corry its war­

head a long way. 
Servomecha.nisms, Inc. designed 
a n d develop ed the R edstone's 
Thrust Controller system, which op­
erates to main ta in constant pres­
sure in the Rocket Thrust Chamber. 
As ' on indicatio.n of its accuracy 
a nd reliability, the system con­
trolled pressures to within I % of 
the CHAMBER PRESSURE in hun­
dreds of hot firings. 
This is an excellent example of how 
Servomechanisms, Inc. has utilized 
the experience, acquired through 
years of developing accurate and 
reliable sub-systems for high per­
formance jet aircraft, to make a 

substantial contri bution to the 
guid�� missile fiel d. Many other 
developments in this field are n ow 

in progress. 

SUBSYSTEMS GROUP 
Plonts 

• Westchester. California 
• Hawthorne; California 
• Westbury. l. I .• New York 
• Gorden City, l. I. .. New York 

GENE RAL OFFICES� 12500 Aviation 8Ivd., Hawthorne, Calif. 

it was tried at Fort Dix, where an adeno­
virus epidemic was in full swing, only 
one of 311 vaccinated recruits came 
down with the infection, against 61 
among 313 controls who received a 
placebo. The vaccine is completely safe. 

Health Survey 

T he u. S. Public Health Service has 
begun an ambitious study of disease 

and accident rates in the nation. The 
survey is the first of its kind since 1936. 
It will include new facts (e.g., over­
weight, smoking, smog exposure) and 
will be conducted from year to year at 
the rate of 3,500 interviews per month. 
Clinical examinations and medical rec­
ords will be used to supplement the 
household interviews, and Census Bu­
reau experts will help to develop the 
sampling methods. The results of the 
survey will be published every six 
months. They will be used extensively in 
administrative and medical planning and 
will probably suggest a number of new 
hypotheses for medical research. 

Penicillin's Action 

T wo biochemists have proposed an 
explanation of how penicillin kills 

bacteria-long a mystery. James T. Park 
of the University of Pennsylvania and 
Jack L. Strominger of the Washington 
University School of Medicine in St. 
Louis believe the drug prevents the bac­
teria from building their cell membranes. 

Park and Strominger analyzed the 
make-up of the cell wall in Staphylococ­
cus aureus and then found that when 
they treated the bacteria with penicillin, 
the nucleotides that apparently serve as 
building blocks for the cell wall accu­
mulate within the cell. This suggests 
that penicillin somehow interferes with 
the putting together of the nucleotides, 
as a result of which the bacterium is un­
able to build its wall material and even­
tually ruptures the wall as it grows. 

House-Hunt 

When a beehive gets overcrowded, 
the bees solve the problem by 

swarming. Half the inhabitants-50,000 
to 80,000 strong-By away with the old 
queen to a new abode, after a new queen 
has been raised for those that stay be­
hind. This uprooting is a stringent test 
of the insects' social organization. M. 
Lindauer of the University of Munich 
has discovered how their remarkable 
system of dance communication enables 
them to meet the challenge. 

As a colony prepares to swarm, re-
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THE DAVSTROM REACTOR TRAINING CENTER 

AND 
( 

D. A.R.T. 
"--/ 

A NEW PROGRAM FOR REACTOR 
CONSTRUCTION AND TRAINING 
Designed to facilitate civilian research into the utilization of nuclear power, the D. A. R. T. (Oaystrom 
Argonaut for Research and Training) Program has two significant phases: 

COMPLETE D. A. R. T. REACTOR FACILITIES 
At the Daystrom Reactor Training Center, West Caldwell, New Jersey - our nation's newest point of 
practical nuclear training - the company will manufacture, in quantity, low·cost D. A. R. T. Reactors 
capable of producing 10 kilowatts of power. 
To implement the obtaining of these Reactors by colleges, universities, and industry, a comprehensive 
Daystrom D. A. R. T. Program will deal with every aspect of purchase, including: 

(1) TECHNICAL CONSULTATION - to determine and design most suitable facilities. 

(2) SITE INVESTIGATIONS - to evaluate and select best available location. 

(3) PREPARATION OF REPORTS - to fulfill all existing A. E. C. permit requirements. 

(4) TRAINING - of several months duration to prepare personnel for the A. E. C. license 
examinations. 

(5) MANUFACTURE AND ·INSTALLATION - of the D. A. R. T. Reactor. 
(6) PREPARATION - of normal and emergency operating procedures. 
(7) SUPERVISION - of initial loading, start up and criticality. 

D. A. R. T. REACTOR TRAINING 
A specialized training course will be offered, at the Daystrom Reactor Training Center, to fully 
acquaint university faculty members and selected industrial personnel with the operation and 
application of research reactors. This course includes actual operation of the D. A. R. T. Reactor 
and lectures on basic reactor technology and theory. 
Its curriculum is designed to qualify the individual for licensing by the A. E. C. as a reactor operator 

capable of instructing others in the' operation and use of the 
D. A. R. T. Reactor. 

CUTAWAY OF D. A. R. T. (DAYSTROM ARGONAUT FOR RESEARCH AND TRAINING) REACTOR 

OM NUCLEAR 

I 
Division of Daystrom, Inc. 
WES1' CALDWELL. N. J. 

Additional information about all phases 

of Daystrom's new oOr. Program 

can be obtained by w�to 

Mr. A. Stanton, Director, Domestic Sales 

or Mr. K. Kirchholtes. Director, 

Foreign Sales. 

SEE DAYSTROM DAR.T., SWIMMING POOL AND MEDICAL REACTORS AT BOOTH 404 ATOMIC EXPOSITION AND NUCLEAR CONGRESS 
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For tem peratures to 46000 F. Possesses 
one of the highest melting pOints of all 
com mercial refractories. 

Great chemical inertness. Won't erode 
when melting steel or high temperature 
alloys . . •  or react when firing titanates or 
sintering metals . • •  or embrittle platinum. 

Excellent heat in sulator . The ideal 
material for high-temperature furnace lin­
ings and burner blocks. 

Leco zirconia ware . • •  crucibles for 
melting special alloys, tubes for 
high-temperature combustion or gas 
synthesis, heat-treating and sinter­
ing furnaces, and kiln furniture. We 
will engineer other applications to 
your requirements. 

Leco also specializes in Zircon Porcelains 

Write Today JOT Complete LiteratuTe! 
LABORATORY EQUIPMENT CORP. 

4003 Hilltop Road, St. Joseph, Michigan 
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Measure DC from 10,...v to 1000v or 
10 ,...,...a to 100 rna ... 25 ranges ... use 
as 80 db DC amplifier with only lO,...v 
drift ... zero·center mirrored scale. 
Versatility, accuracy, and stability un­
obtainable with conventional VTVM's 
are provided by Kintel's unique de­
sign. The Model 203 is the ideal general 
purpose laboratory meter, production 
test set, or null meter. Price $550.00 

ports Lindauer in ,,'atlll'e, some of the 
older forager bees leave off their hunt 
for food and go out looking for building 
sites. The\' inspect hollow trees, holes in 
the ground, boxes set out purposel�' bv 
an experimenter and other likely places. 
On their return to the hive the scouts go 
into their dance on the honeycombs, 
signaling the distance and direction to 
the real estate they have found. To an­
nounce a first-class site the bees dance 
with great vivacity for as long as an 
hour. A less satisfactorv location elicits 
only a few short and p�rfunctory steps. 
The scouts then go out on a second ex­
pedition to look over the most highly 
praised sites. Each returns and cam­
paigns for the one he likes best. Eventu­
ally a unanimous agreement is reached 
and the swarm takes off for its chosen 
new home. 

In only one case did Lindauer find a 

swarm that was unable to make up i�s 
mind. The choice had narrowed to two 
sites and the partisans kept up their 
competitive dance for 14 days with nei­
ther side giving in. Then they stopped 
and the group proceeded to commit 
mass suicide. It built a new hive in the 
nearest available bush, and froze to 
death the following winter. 

A remarkable number of details are 
taken into account in judging a site. The 
chief factor appears to be shelter from 
the wind. Another is size; the bees 
choose a hole just big enough to accom­
modate their numbers. Distance from 
the old hive also is important. The bees 
prefer the more remote locations, pre­
sumably to avoid an overlap with the 
foraging area of the old hive. 

Steroid Cycle 

T he first complete determination of 
the synthesis of steroids, both in 

plants and animals, has been reported by 
William G. Dauben and co-workers at 
the University of California. They sug­
gest that it may now be possible to find 
a chemical which will block the forma­
tion of the steroid cholesterol, a su b­
stance believed to be associated with 
hardening of the arteries. 

Dauben's group found that the syn­
thesis of steroids in man begins with 
acetate, a common by-product in the 
burning of fatty acids. Acetate is con­
verted in a series of steps into an iso­
prene, which is then converted succes­
sively to squalene, to a triterpene and 
finaliy to a steroid. The chemists traced 
the biosynthetic pathway by feeding ra­
dioactive acetate to slices of fresh liver 
and following the progress of the acetate 
with Geiger counters. 
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I T6-T now p rovides-
continuous E LECTRON IC MILE POSTS IN THE S KY 

YO R TA C - the new, automatic 
navigation system for all civil aircraft. 
From Federal Telecommunication Laboratories, a 
division of International Telephone and Telegraph 
Corporation, came TACAN (tactical air navigation) 
-to give our military aircraft the p in-point naviga­
tional accuracy and reliability, both in distance and 
direction from' a known point, demanded for mili­
tary operations at jet speeds. 

Because the present nationwide navigation system 
for civil aircraft, called VOR, already provides the 

VORTAC airborne equipment is  now available. For 
detailed information write to Federal Telephone and 
Radio Company, a division of I T&T, Clifton, N. J. 

directional information, the government's Air Coor­
dinating Committee decided to add the distance 
measuring feature of TACAN-creating a new inte­
grated system called VORTAC. Soon all aircraft ­
private and commercial a s  well a s  military - will 
receive complete navigational information from 
either TACAN or VORTAC. 

In the skies, over the seas, and in 
industry . . .  the pioneering leadership 
in tele communication rese arch by 
I T&T speeds the p ace of electronic 
progress. 

I N T E RNAT I O N AL T E L E P H O N E  A N D  T E L E GRAPH CORPO RAT I O N, 67 Broad Street, New York 4, N_ Y. 
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. . .  on the 

Life Chemical Newsfront 

LIVELIER D U RABLE COLORS add appeal to new 
accessories for the home such as the sturdy but 
lightweight laundry basket shown here. Intro­
duction of Cyanamid's CYAN Blue Toner XR 
55-3760 has broadened the range of colors and 
brought to the makers of plastic and rubber 
products  better color efficiency.  This n ew 
Cyanamid pigment combines the well-known 
permanence and durability of Copper Phthalo­
cyanine Blues with unique redness of shade and 
outstanding ease of dispersion. (Pigme nts Division) 
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N EW POLYESTER SEWER P I P E  J O I NTS speed 
ins tallation and virtually end trouble with 
cracked joints caused by settling earth, corrosive 
sewage and root penetration. A cast collar of 
reinforced LAMINAC® Polyester Resin, highly re­
sistant to temperature extremes and sulfur-active 
bacteria, is used to restrain a live rubber gasket. 
The spigot, with gasket, can be forced easily into 
the pipe bell by hand, forming a tight seal which 
permits immediate testing and back filling. Man­
ufactured by Gladding, McBean and Co., Los 

Angeles, the new "Speed Seal" pipe is 
based on research by National Clay 

Pipe Manufacturers, Inc. 
(Plastics and Resins Divis ion) 

WAS H I N G  D I RT O UT, NOT I N ,  is the secret of 
new effective rug and upholstery detergents. The 
trick is to wet under and float off dirt and oils 
without saturating the fibers and soaking the 
dirt in "to stay." Limited wetting action at room 
temperature makes AERosoL® 22 Surface Active 
Agent ideal for use in dry and wet types of rug 
and upholstery cleaners. Its efficiency as a deter­
gent is aided by high tolerance to hard water 
and excellent foaming properties. Low percent­
ages can be absorbed onto sawdust or other fillers 
- or incorporated into filler pastes or liquid for­
mulations. ( I nd ustrial Chemicals Division, Dept. A) 
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A WIDER RANGE OF COLORS FOR DACRONt polyester fiber 
and more uniform shades on acetate are now possible thanks 
to a new Cyanamid dye-bath additive. CYANATEX® Dyeing 
Assistant EM, acting as a carrier, increases the diffusion rate 
of dispersed dyes under practical dyeing conditions. The re­
sults are improved color value, reduced dyeing time and lower 
temperature requirements. Relatively non-toxic, CYANATE X 
Dyeing Assistant EM is an emulsion which dilutes directly 
into prepared dye baths and requires no bath adjustments, 
solvents or other additives. (Organic Chemicals Division) 

tTrademark of E. I .  du Pont de Nemours & Co. ( [nc. ) 

PLATI N U M  IS BOOSTING OCTANES in a refining process utilizing 
Cyanamid's AEROFORM® PHF Platinum Catalysts in the reforming of 
petroleum naphthas to high-octane fractions. Originally developed to 
produce war-scarce aromatic chemicals, catalytic reforming is now 
proving a boon to refiners in meeting the challenge of high-compression 
engines. Working with refiners and utilizing its own basic research 
facilities, Cyanamid is continuously developing the physical and cata­
lytic characteristics of AEROFORM and other catalysts to keep pace 
with the dynamic technology of the petroleum industry. 

.. 
( I n d ustrial Chemicals Division, Dept. A) 

IMPROVED ADHESION of refrigerator enamel to steel is one 
application of surface treatment to promote better bonding of 
paint, lacquers, plastics and other surface coatings. Cyan­
amid's new AccoBoND® Bonding Agents are water-soluble 
resins used to treat metal, leather, wood, concrete and other 
materials where they act to improve the adhesion of coatings 
by altering the characteristics of the surface. A typical scratch 
test used to evaluate adhesion is shown in the inset. AccoBoND 
agents are applied as very dilute solutions, followed by oven 
or air drying. (New Prod uct Develop ment Departme nt, Dept. A) 

A M E R I C A N  C YA N A M I D  C O M PA N Y  
3 0  R O C K E F E LL E R  PLAZA, N EW YO R K  20.  N .  V. 

Helping America Make Better Use of its Resources 

For further information on these and other chemicals, call, write or wire American Cyanamid Company 
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HORMONES 

These potent biological substances are called the chemical 

messengers of the body. They may also be viewed as members 

of a larger system which integrates the phenomena of life 

W
hen a cockerel is castrated, it 
fails to develop into a rooster. 
Normal development of the sec­

ondary sexual characters that mark a 
male fowl depends upon a chemical sub­
stance which is secreted by the testes 
and transported by the bloodstream to 
all parts of the body, including the germ 
buds of the feathers and the region of 
the comb and wattles. The maleness and 
femaleness of most animals is deter­
mined in this chemical way. 

The idea that something of this kind 
happens in the body came early in man's 
speculation about his physiological 
workings. Aristotle made observations 
about the effects of castration, and so did 
many after him. John Hunter, the dis­
tinguished 18th-century English anat­
omist, went a step further and experi­
mented on transplanting the testes. 
When they were regrafted to another 
part of the abdominal cavity, the animal 
developed normally. This implied that 
the mechanism of their effects must be 
chemical rather than nervous, for the 
original nerve connections of the testes 
to the body were cut by the operation. 
But it was not until 1849 that A. A. 
Berthold, a young German zoologist, 
made a detailed study of the effects of 
removal and replacement of testicular 
tissue and so discovered the principle of 
what is now called endocrine action. His 
short paper on the subject provides the 
essential foundation of the modern study 
of hormones. 

Soon afterward the observation by 
Claude Bernard, the famous French 

HORMONE·SECRETING ORGANS of man 

are outlined in color in the figures on the op­

posite page. Except for the gonads, the or­

gans are the same in the male and female. 

by Sir Solly Zuckerman 

physiologist, that the liver "secretes" 
sugar into the blood led to the general 
understanding that there are special en­
docrine glands which pour their secre­
tions directly into the bloodstream. The 
whole concept was given a specific 
meaning when, in 1904, the English 
physiologists Ernest Starling and William 
Bayliss conceived the endocrine system 
as a complex of chemical messengers 
which coordinate the functions of differ­
ent tissues of the body. Starling observed 
that these "hormones," as he named 
them, "have to be carried from the organ 
wbere they are produced to the organ 
which they affect, by means of the blood­
stream, and the continually recurring 
physiological needs of the organism 
must determine their repeated produc­
tion and circulation through the body." 

Modern endocrinology, in spite of all 
the attention it has received, remains es­
sentially an empirical science, for we 
have only a vague understanding of the 
fundamental mechanisms of endocrine 
action. We observe the physiological ef­
fects of hormones, but we know little 
about how they act upon cells. We have 
nothing like a full list of the hormones 
themselves, or of the organs that produce 
them. The usual method of identifying 
a hormone is to remove the organ sus­
pected of secreting a chemical messen­
ger, analyze the effects of its removal and 
then try to extract the active agent. But 
obviously these methods are inapplicable 
to an organ such as the lungs, whose re­
moval would mean immediate death. 
We have no present means of determin­
ing with certainty whether or not such 
organs secrete hormones, although they 
may well do so. 

Of the established endocrine organs, 
the most important is the pituitary gland, 
attached to the base of the brain. It has 
two lobes. The posterior lobe secretes 

hormones which stimulate the contrac­
tions of the uterus during childbirth and 
also the release of milk from the mam­
mary gland. Posterior lobe secretions also 
control the amount of fluid filtered by the 
kidneys. Hormones of the pituitary's an­
terior lobe control the functioning of 
most of the other endocrine organs of 
the body. They include the thyrotrophic 
hormone (TSH) , which acts upon the 
thyroid gland; the adrenocorticotrophic 
hormone (ACTH) , which stimulates the 
cortex (outer part) of the adrenal 
glands, and the gonadotrophic hormones 
(FSH and LH) , which control the secre­
tion of sex hormones by the ovaries and 
the testes, respectively. In addition, the 
anterior lobe produces a growth hor­
mone, somatotrophin (STH) , which acts 
on the whole body. 

Other endocrine organs are the pan­
creas, which secretes insulin; the para­
thyroids, four beads of tissue embedded 
in the back of the thyroid; the adrenal 
medulla, the core of the adrenal glands; 
certain cells lining the first part of the 
gut; the pineal gland, attached to the 
brain, and the thymus gland, behind the 
breastplate. 

Effects on Growth 

We know that hormones are con­
cerned in almost every living process, 
including every phase of the growth of 
the body. If an immature animal is de­
prived of the anterior lobe of its pituitary 
gland, it ceases to grow or mature. To 
grow it must be supplied with the 
growth hormone (STH) , and for sexual 
maturation it requires the gonad-stimu­
lating hormones (FSH and LH) . The 
growth of the body as a whole is also 
influenced by the male sex hormones 
produced by the testes. This is shown by 
the fact that about the time of puberty 
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MESONEPHROS 

BLADDER 

SEMINAL VESICLE 
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the male begins to grow bigger than the 
female. Indeed, it is through hormones 
that the animal's sex itself is determined. 
In the early stages the embryo is sexual­
ly neutral, possessing tissues out of 
which either female or male reproduc­
tive organs can be formed. If the embryo 
is a genetic male, its embryonic gonad 
produces hormone which promotes the 
development of masculine organs and 
suppresses the feminine. 

The development of the body is also 
profoundly affected by the hormones of 
the thyroid gland (thyroxine and tri­
iodothyronine) . Removal of this gland 
from a young animal will inhibit growth, 
delay bone formation and prevent proper 
development of the reproductive system. 
These disturbances of growth combine 
to produce cretinism. The physical basis 
of the retardation of mental develop­
ment in cretins has recently been clari­
fied by experiments on rats. In an animal 
deprived of thyroid hormone there is a 
reduction in development of the net­
work of dendrites, the tendril-like proc­
esses which act as contacts between 
nerve cells, and also in growth of the 
nerve axon, down which impulses are 
fired from one nerve cell to the next. As 
a result the animal's reflex responses are 
considerably slower than normal. The 
nerve cells of such an animal can be 
stimulated to resume normal growth by 
giving it thyroxine, if the hormone is 
supplied before it is too late. The treat­
ment restores some, but not all, of its 
adaptive behavior. 

The parathyroid glands also influence 
growth, by their control over calcium 
and phosphorus metabolism, and of 
course so too does the adrenal cortex; 
when it ceases to pour its secretions in 
normal fashion into the bloodstream, not 
only growth but life itself must stop. 

Effects on Metabolism 

Hormones regulate metabolism in the 
body in intricate and far-reaching ways. 
Consider the metabolism of sugar. For 
good health the supply or level of sugar 

GONADAL SYSTEM of vertebrates is sex· 

ually neutral in the early embryo (sche· 

matic drawing at top) • The mesonephros, an 

excretory organ, retains its function even 

after birth. If tbe embryo develops into a 

female (center), the outer tubes (color) reo 

gress while the uterine tube, uterus and 

vagina form from the inner ones. In the male 

(bottom), the inner tubes practically dis· 

appear while tbe outer ones (color) form 

the seminal vesicles and ducts from testes. 
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MALE HORMONE TESTOSTERONE was injected into the 18-day­

old chick at left by Hans Selye of the University of MontreaL 

The injection resulted in male characteristics_ The normal chick 

at right, which is the same age, lacks precocious comb and waules_ 

in the blood must be held fairly constant. 
Four factors enter here: (1) the rate of 
use of sugar for energy by the tissues; 
(2) the rate of absorption of sugar by 
the blood from the intestines and of re­
absorption from the fluid filtered by the 
kidneys; (3) the release of sugar from 
the carbohydrate-storing tissues (e.g., 
the liver and muscle) , and (4) the for­
mation of sugar from fats and proteins. 
In alI these processes hormones play a 
part. Insulin, produced in the pancreas, 
speeds up the rate at which the tissues 
use sugar. If the body is deprived of this 
hormone, by removal or poor function­
ing of the pancreas (as in the disease 
diabetes mellitus) , the level of sugar in 
the blood rises considerably. This can 
lead to death, unless insulin is given to 
depress the blood-sugar level. On the 
other hand, if the anterior lobe of the 
pituitary gland, as well as the pancreas, 
is removed from an animal, it may sur­
vive for months, in spite of the lack of 
insulin. Evidently the anterior pituitary 
normally has something to do with sup­
plying sugar to the blood, and its re­
moval therefore reduces the sugar level. 

The pituitary apparently acts indi­
rectly to promote both the formation of 
sugar and its release into the blood­
stream. For example, the pituitary hor­
mone ACTH stimulates the adrenal cor­
tex to secrete hormones which in turn 
stimulate the tissues to synthesize glyco­
gen (animal starch) from proteins. 
Again, the anterior pituitary causes the 

thyroid to release a hormone which 
speeds up the oxidation of sugar by the 
tissues and also affects the rate at which 
sugar is absorbed into the bloodstream 
through the gut. 

The metabolism of proteins likewise is 
considerably influenced by hormonal re­
actions. So too is the retention or shift of 
water between and within cells, which is 
determined mainly by the movement of 
sodium and potassium ions across cell 
membranes. One of the hormones in­
volved in water metabolism is aldoster­
one, produced by the adrenal cortex: it 
promotes the retention of sodium and 
chloride in the tissues and stimulates the 
excretion of potassium. Other hormones 
that affect the body's retention of water 
are the hormone serotonin (found in 
brain tissue and in certain cells of the 
gut) and an antidiuretic hormone of the 
posterior pituitary. The sex hormones 
also influence water metabolism to some 
extent. 

Controls 

These examples illustrate that hor­
mones play a vital part in the orderly 
development and functioning of the 
body, in general metabolic processes and 
in specific bodily adaptations such as the 
cyclic changes in the female reproduc­
tive organs. How are all these mecha­
nisms organized into an orderly pattern 
of operation? 

The pattern of control seems to be 

made up of sets of reciprocal interactions 
between the endocrine organs. For ex­
ample, the anterior pituitary and the ad­
renal cortex are parts of a feedback sys­
tem. The pituitary hormone ACTH stim­
ulates the adrenal cortex to secrete its 
steroid hormones. If one adrenal gland 
is removed, the ACTH stimulation 
causes the cortex of the remaining ad­
renal to increase in size. If, on the other 
hand, the anterior pituitary lobe is re­
moved, the resultant lack of ACTH leads 
to a considerable atrophy of the cortex 
of both adrenal glands. If ACTH is then 
injected, the adrenals return to their 
usual size. It appears that under normal 
conditions the concentration of adrenal 
cortex hormones in the bloodstream con­
trols the secretion of stimulating ACTH 
by the pituitary: when this concentration 
is high, less ACTH is released; when it is 
low, the release of ACTH increases. The 
same sort of "push-and-pull" mechanism 
is believed to operate in other cases of 
hormones stimulating a specific target 
organ. The secretion of sex hormones by 
the ovaries and testes is subject to a 
similar feedback control, and the various 
sex hormones in turn interact with each 
other. Thus the effects of estrogen, one 
of the two hormones produced by the 
ovaries, may be neutralized by an extra 
output of progesterone, the other ovar­
ian hormone. 

There is considerable ignorance about 
how all these sets of interactions are or­
ganized into a pattern. Orie possibility 
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is that a chain reaction involving several 
endocrine organs may be called forth 
by a general metabolic condition or need 
of the body. For example, during exer­
cise the muscles require more sugar. This 
single need may call a number of hor­
monal processes into play. Insulin stim­
ulates the transformation of glycogen in 
the liver and muscle into glucose. The 
release and conversion of this glycogen 
is also promoted by adrenalin from the 
adrenal medulla, which is activated by 
nerve impulses during exercise or stress. 
In addition, the secretion of adrenalin 
apparently stimulates the anterior pitui­
tary to secrete ACTH, which in turn 
causes the adrenal cortex to release hor­
mones that promote the synthesis of 
glycogen from protein. Adrenalin may 
also stimulate the anterior pituitary to 
produce ACTH indirectly by way of its 
effects on the hypothalamus, to which 
the posterior part of the pituitary is con­
nected. Finally, it has been suggested 
that a low level of sugar in the blood it­
self directly stimulates the secretion of 
ACTH. These various possibilities indi­
cate the complex interplay of events that 
must be involved even in a single meta­
bolic process. 

The problems become still more com­
plex in responses in which the nervous 
system plays a part. An example is the 

HYPOTHALAMUS 

PITUITARY 

seasonal reproductive behavior of ani­
mals whose breeding is conditioned by 
the length of the day, or exposure to 
light. A female ferret, which is sexually 
dormant during the autumn and winter, 
can be brought into heat at that time by 
keeping it in artificial light for a few 
hours after sunset each day. But it will 
not respond if it is blind or if its pituitary 
gland or its ovaries are removed. The 
chain of reactions clearly follows the se­
quence: stimulation of the retina by 
light, transmission of impulses along the 
optic nerves to the brain, stimulation of 
the anterior pituitary to secrete the go­
nadotrophic hormone, which stimulates 
the ovaries to secrete estrogen which in 
turn produces sexual heat, marked by 
swelling of the genital organs. The main 
gap in our knowledge here is: How do 
the nervous impulses reaching the brain 
via the optic nerves trigger the secretion 
of gonadotrophic hormone by the ante­
rior pituitary? 

The hypothalamus, at the base of the 
brain, is connected to the pituitary by a 
stalk of nerve fibers. These are known to 
pass to the posterior lobe, but whether 
any reach the anterior lobe of the pitui­
tary, which produces the gonadotrophic 
hormone, is still unsettled, in spite of 
considerable study. If they do, one might 
suppose that nerve impulses directly ac-

PITUITARY 

SECTION OF THE HUMAN BRAIN indicates the close relationship between the pituitary 

and the hypothalamus. The two structures are connected by a stalk of nerve fibers. It is 

not clear, however, whether the hy�othalamus stimulates the secretions of the pituitary. 
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tivate the anterior pituitary to release 
the hormone; if not, we might assume 
that the hypothalamus sends a chemical 
messenger to the anterior pituitary by 
way of the bloodstream. But unfortu­
nately the whole problem is made com­
pletely mysterious by the experimental 
finding that the anterior pituitary can 
secrete the gonadotrophic hormone even 
when its nerve and blood-vessel connec­
tions to the hypothalamus are complete­
ly severed! 

Hormones from Nerve Cells 

There is considerable evidence, how­
ever, that the hypothalamus itself does 
produce hormones-hormones previously 
supposed to be secreted by the posterior 
pituitary. The hormones in question in­
clude oxytocin, which triggers labor con­
tractions of the uterus and the release of 
milk by the mammary glands, and vaso­
pressin, which raises blood pressure and 
reduces the excretion of urine. 

Some years ago the anatomist Ernst 
A. Scharrer (now at the Albert Einstein 
College of Medicine) drew attention to 
the fact that certain nerve cells in the 
hypothalamus contained what looked 
like secretory granules. He therefore ar­
gued that the hypothalamus, in addition 
to being a primitive motor center of the 
brain, was also in effect a secretory or­
gan. Similar granules were later found 
also within the nerve fibers of the pitu­
itary stalk. When the stalk was tied or 
cut, secretory material collected in the 
fibers immediately above the knot, and 
the part of the posterior pituitary below 
the ligature rapidly became depleted 
of such material. Other experiments 
showed that extracts of the hypothala­
mus have the properties of the hormones 
that had been thought to be produced 
by the posterior pituitary. It is now be­
lieved that the hypothalamus is the 
source of the hormones and the posterior 
lobe of the pituitary is essentially a store­
house for them, although very likely it 
also modifies them chemically. 

Action in the Cell 

The concept of nerve cells secreting 
hormones immediately raises some pro­
vocative questions. For example, can the 
same cell generate a nerve impulse and 
secrete a hormone? However, the whole 
subject of the way hormonal mechanisms 
operate at the cell level is clouded by 
ignorance. It is tempting to suppose that 
hormones act in the cell by regulating 
enzyme reactions, which are involved in 
all metabolic transformations (e.g., the 
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SECONDARY CHARACTERISTICS of male and female animals 

are brought out by hormones acting in concert with hereditary 

factors. Estrogen produces the plumage of the female pheasant (top 

right). Testosterone causes the development of comb and spurs in 
the white leghorn rooster (right center), the antlers of the white­

tailed deer (left center) and probably the mane of the lion (bottom). 
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ANDROGENS and related compounds have the molecular struc­

tures depicted in these diagrams, in which carbon rings are abbre-
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viated. The arrows in the diagrams emphasize significant differences 

in structure. Male characteristics are induced by compounds 1 
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DESOXYCORTICOSTERONE HYDROCORTISONE PREDNISOLONE 

ADRENOCORTICAL STEROIDS and related compounds are im­

portant in the treatment of certain diseases. Compounds 1 and 4 

OH 2 

HO HO 

are associated with retention of sodium and water, while 2 is asso­

ciated with excretion of sodium and water and with carbohydrate· 
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ESTRADIOL DIETHYLSTilBESTROl DIMETHYlSTllBESTROl 

ESTROGENS and related compounds do not all have the configura­
tion of four joined rings characteristic of the steroid hormones. 
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Estradiol (1) is the natural female hormoue. Synthetic compounds 

2 and 3 are closely related but only 2 has estrogenic properties. 
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AMPHENONE-B 

and 2, but 1 is considerably more potent. Progesterone (3) is produced by the ovary. Com­
pounds 4 and 5 have properties similar to 3, even though the structure of 5 is unrelated. 
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I 

co 

ALDOSTERONE 

forming properties. Both 2 and 3 may be 

made synthetically; 3 is the more potent. 

4 
OH 

GENISTEIN 

Genistein is extracted from subterranean 

clover, a spreading species of clover genus. 

conversion of liver glycogen to glucose) . 
If so, they must act in a great variety of 
ways, because the hormones are chem­
ically very diverse: those secreted by the 
adrenal cortex and the gonads are ster­
oids; insulin is a protein; the gonadotro­
phins are glycoproteins; the posterior 
pituitary hormones are polypeptides; 
thyroxine is an amino acid combined 
with iodine; adrenalin is an amine de­
rivative. A further indication of the hor­
mones' chemical versatility is the fact 
that a single hormone may act upon vari­
ous enzymes: estrogen is apparently able 
to influence at least six enzyme reactions. 

Yet all the enzyme systems with which 
we are acquainted appear to be able to 
function without the intervention of any 
hormone, and it has not yet been possible 
to trace the physiological action of hor­
mones to their chemical action. Accord­
ing to some authorities, it is even possi­
ble that hormones exercise their effects 
not by modulating the action of particu­
lar enzymes but by influencing energy 
transfers. For example, it has been sug­
gested that estrogens increase the avail­
ability of energy to the cell by altering 
the physical state of a part of the cell 
where glucose is formed. By so doing 
they provide energy for the synthetiC 
processes which underlie cellular divi­
sion. In addition, estrogens possibly reg­
ulate the permeability of tissues to 
water, partly by altering the ground sub­
stance in which the cells of the body are 
embedded. 

Hormones which apparently differ 

only slightly in molecular structure 
sometimes have vastly different effects. 
In some cases, on the other hand, com­
pounds of very different structure pro­
duce the same effect [see formulas in 
bottom 1"OW at the left J. There is no ob­
vious explanation for such facts, but in 
the case of the natural estrogen estradiol 
and the synthetic estrogen stilbestrol, the 
similarity of their biologicill effects may 
be due to a correspondence of inter­
atomic distance between the two hy­
droxylic groups of the molecule. 

Among the difficulties which prevent 
any real understanding of the relation 
of chemical structure to hormonal action 
is the fact that the experimentalist can 
rarely be certain that an isolated hor­
mone is chemically identical with its 
form in the body. There is always a dan­
ger that the extracted, "chemically pure" 
hormone has lost some of the activities 
which it normally exercises in the body. 
It frequently turns out, too, that several 
pure substances are isolated from ex­
tracts of an endocrine organ and it is 
difficult to decide which of them is the 
natural hormone. For example, several 
clearly defined estrogens have been iso­
lated from the ovaries. Are they all nor­
mal secretions, or are some laboratory 
artifacts? And in view of the chemical 
transformations that natural estrogens 
undergo in the body, can we be certain 
which of its natural forms is the one that 
acts on estrogen-sensitive tissues? Again, 
of some 30 different steroids isolated 
from the adrenal cortex, only a few are 
biologically active. Which of them is the 
important hormone? We still do not 
know how many active steroids the 
adrenal cortex produces under normal 
conditions, and what their respective ef­
fects are on the metabolism of carbohy­
drates, proteins and minerals. Studies 
with radioactive tracers may soon an­
swer some of these questions, however. 
Such studies have already helped great­
ly in elucidating stages in the chemical 
breakdown of hormones before their ex­
cretion from the body. 

One of the remarkable features of the 
endocrine glands is the capacity of the 
same cell to produce a number of differ­
ent hormones. We have just seen that the 
cells of the adrenal cortex make several 
different biologically active steroids. 
From just a few types of cells in the an­
terior pituitary come diverse secretions 
which stimulate the thyroid, the gonads, . 
the adrenal cortex, the mammary glands 
and other organs, not to speak of body 
growth in general. In the testes the same 
cells can produce male and female hor­
mones. In fact a stallion gives forth more 
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estrogen than a mare does, except dur­
ing a brief period of the mare's gestation! 

�,,10st hormones are produced only by 
a specific organ and effect a specific re­
action. In some cases the target is a re­
action that takes place throughout the 
body: for instance, the adrenal hormone 
ald�sterone affects the water balance of 
all tissues. In others the target is a spe­
cific organ: the pituitary gonadotrophin 
acts basically on the testes or ovaries. 
Yet. to add to the complexity of the hor­
monal system, there are deviations even 
from this fundamental concept of speci­
ficity. The adrenal cortex can produce 
sex hormones; the gonads, conversely, 
can secrete substances with the proper­
ties of adrenocortical hormones. Some 
specialized reactions may be triggered 
by several types of stimulation: for ex­
ample, menstrual bleeding, normally 
brought on by cessation of stimulation by 
ovarian hormone, can also be induced 
experimentally by certain adrenocortical 
steroids. 

Hormones and Disease 

In view of the complex, interlocking 
character of the endocrine system, it is 
not surprising that a derangement of the 
functioning of an endocrine gland pro­
duces far-reaching effects. A marked de­
ficiency of secretion by the adrenal cor­
tex results in Addison's disease, which 
manifests a variety of symptoms-ex­
treme weakness, wasting, gastro-intes­
tinal disturbances, a pronounced darken­
ing of the skin-and was almost invaria­
bly fatal until the recent development of 
hormonal treatment. On the other hand, 
overactivity of the adrenal cortex may 
lead to various disorders: among other 
things, it may cause women to develop 
masculine characteristics, because it pro­
duces steroids with the properties of the 
male sex hormone. When the anterior 
pituitary gland functions poorly, growth 
of the body is impaired and puberty is 
delayed; development of the reproduc­
tive organs ma�; even fail altogether. 
Conversely, over activity of the pituitary 
leads to gigantism or, in an adult, to 
overgrowth of the head, hands and feet­
the condition known as acromegaly. In 
the case of the thyroid gland, under-

NERVE CELL of the hypothalamus secretes 

the dark·staining material which fills the 

cell body (top) and most of its long, thin 

axon. The material exudes from the end of 

the axon. This preparation was made from 

a dog's hypothalamus by Walther Hild of the 

University of Texas School of Medicine in 

Galveston. It is magnified 1,100 diameters. 

functioning in childhood produces cre­
tinism, and in adulthood it leads to a 
strange thickening of the skin, loss of 
hair, great lethargy and mental slow­
ness. Overactivity of the thyroid (ealled 
Graves' disease) results in the familiar 
symptoms of a high rate of metabolism, 
great excitability and protruding eyes. 
And of course everyone knows that a 
deficiency of secretion of insulin by the 
pancreas is responsible for diabetes. 

The results of derangement of the en­
docrine system are so pervasive that it is 
natural to suspect it of complicity in 
various systemic diseases. The estrogenic 
hormones are chemically related to some 
of the hydrocarbons that induce cancer 
when applied to the skin of rats and 
mice. These hormones stimulate the 
growth of cells in the reproductive or­
gans of women, including the breast. 
Could they initiate malignant growth in 
those organs? So far all that has been 
proved is that estrogenic stimulation 
does play a part in the triggering of can­
cer in strains of mice genetically suscep­
tible to the disease. Paradoxically, es­
trogen can be used as a treatment for 
certain forms of cancer-for example, 
cancer of the prostate. 

Hans Selye of Montreal has grouped 
together arthritis, hypertension and kid­
ney disease as a set of disorders resulting 
from derangement of the pituitary-ad­
renal system. The basic idea is that when 
the body is subjected to some general 
stress (such as extreme cold or shock) , 
the adrenal cortex immediately releases 
and becomes temporarily depleted of its 
steroid hormones. If the stress continues, 
the anterior pituitary secretes so much 
ACTH as to overstimulate the adrenal 
cortex. This leads to pathological results, 
including rheumatoid arthritis. Popular 
interest in the idea was excited when it 
was found that ACTH and cortisone had 
an almost miraculous effect in relieving 
the symptoms of rheumatoid arthritis. 
However, the relief lasts only so long as 
the hormones are being administered, 
and if administered too long, they fre­
quently have dangerous side effects. 

The "adaptation syndrome" has been 
hailed as a "unified concept of disease." 
This seems too sweeping and overambi­
tious a view. Nevertheless it is difficult to 
exaggerate the importance of the study 
of endOCrinology. The past 10 years have 
seen the development of the concept of 
secretions by nerve cells, the synthesis of 
the hormones of the pituitary posterior 
lobe, the discovery of such potent ad­
renal hormones as aldosterone and hy­
drocortisone and the complete working 
out of the structure of the insulin mole­
cule. They have also brought to light the 
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The world's first 
bronze building 
rises on Park Avenue 
Architectural Bronze will add warmth I 

and color to the Seagram Building-and 
will mellow gracefully through the years 

SECTION OF a 26-foot 
long extruded architec­
tural bronze I-shaped 
mullion. Such shapes 
will extend full height 
of building at about 
41;- f o o t  hor i z o n t al 
spacings. 

Massive walls are giVing way to lightweight 
"curtains" of glass and metals. In the new 38-
story Seagram Building now rising on Park Ave­
nue in New York City, warm, enduring bronze is 
used for the first time in this way. 

Large extrusions of architectural bronze will 
stand out from the walls, creating long, sharp 
shadows which will give the building clean ver­
tical accents. With these and smaller extrusions 
and rolled sheet bronze spandrels, a special 
arrangement of parts was designed for assem­
bling a setting for the Hoor-to-ceiling windows. 

How Anaconda Helped. Heretofore, architectural 
bronze extrusions were limited commercially to 
those whose cross-section would fit in a 6-inch 
circle. The new I-shaped mullions are much 
larger. Working with the architects and the archi­
tectural metals fabricator, Anaconda's American 
Brass Company studied the extrusion problem, 
found the answer. Now, as principal supplier, 
American Brass-with specially designed dies and 
its big, modern extrusion equipment-is produc­
ing large quantities of the I-shaped mullion and 
the many other extrusions required. 

This manufacturing "first" is typical of the way 
in which Anaconda and its manufacturing com­
panies-Anaconda Wire & Cable Company and 
The American Brass Company-are helping in­
dustry adapt nonferrous metals to new fabricat­
ing and manufacturing problems. For help with 
your specific metal problems, see the Man fmm 
Anaconda. The Anaconda Company, 25 Broad­
way, New York 4, N. Y. 56253 HEV. 

Illustration at right shows scale model. Architects: Mies van 
der Rohe and Philip Johnson. Associate Architects: Kahn & 
Jacobs. General Contractor: George A. Fuller Company, 
Architectural Metals Fabricator: General Bronze Corp. 

® 

ANACONDA 
THE AMERICAN BRASS COMPANY 

ANACONDA WIRE & CABLE COMPANY 
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defense and industrial products 

"DEFENSE DOLLARS DELIVER TWICE," 
says Lt. Gen. James M. Gavin, 

Chief, Army Research and Development 
"For each military application of new 

scientific discoveries there are many 

parallel developments for peaceful use to 

improve the health, comfort and well­

being of present and future generations." 

Will today's 

defense dollars 

buy you 
"mail-by-missile" 

tomorrow? 

A relentless scientific quest is underway 

today in the secrecy of America's 

laboratories and proving grounds. 

The object: to enable missiles to safely 

"reenter" the earth's atmosphere 

before searing supersonic heats reduce 

them to dust. The problem is doubly 

important-while missiles serve 

America's defense today, their real 

future might well be to serve man 

peacefully-as super-fast mail carriers, 

for instance, that span continents and 

circle the globe in minutes. 

The impetus of military research 

programs has generated important 

progress in this quest. Recent A vco 

research achievements-in thermo­

dynamics, metallurgy, advanced 

electronics and inertial guidance, in all 

the sciences that figure prominently in 

"re-entry" -create hope for a prompt, 

decisive solution. 

Through such experiments as these, 

America stands to gain over and over 

again from its investment in defense. 

For as science forges defense strength, 

it lays the groundwork for a nation 

prosperous in peace. 

Engineers Wanted: For top-flight men, 

Crosley offers unusual opportunities to 

explore new scientific frontiers that lead 

to outstanding and rewarding careers. 

Write to Vice President of Engineering, 

A vco Manufacturing Corporation, 

Crosley Division, 1329 Arlington St., 

Cincinnati 25, Ohio. 

FOR A COPY OF THIS WEIMER PURSELL ILLUSTRATION, 

SUITABLE FOR FRAMING, WRITE TO PUBLIC RELATION!) DEPT •• 
Aveo MANUFACTURING CORPORATION. CROSLEY DIVISION, 

1329 ARLINGTON ST., CINCINNATI 25, OHIO 

Avco's defense and industrial products combine the 

sci en tific and engineering skills, and production 

facilities of three great divisions of Aveo: Crosley; 

Lycoming; Research and Advanced Development 

-to produce power plants, electronics, airframe 

structures, missiles, and precision parts. 

rODAY'S MILITARY SERVICES, WITH THEIR TREMENDOUS 

TECHNOLOGICAL ADVANCES MADE POSSIBLE THROUGH SCIENCE. 

OFFER A VITAL, REWARDING CAREER. 
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possible roles of hormones in immuno­
logical reactions, in the genesis of cancer 
and in the control of fertility-a subject 
which may have enormous importance 
for the future welfare of the world. Other 
vast fields of endocrine action have been 
found in invertebrate animals and in 
plants. Hormones are no longer regarded 
merely as chemical messengers in the 
bloodstream. They play a part in almost 
every, if not every, living process. 

B 
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EFFECT OF PITUITARY HORMONE on 

growth may be demonstrated in the rat. The 

pituitary was removed from one of two lit· 

termates 36 days after birth, at which time 

both rats had the same weight. After several 

months the normal animal (left) had 

tripled its weight and had matured while 

the other (right) had gained little weight 

and was maturing much more slowly. At left 

are the thyroids (AI), adrenals (A2), and 

ovaries (A3) of the normal rat, and at right 

are glands (BI, B2, B3) of operated rat. 

ENGINEERS: Electronic & Mechanical 

PHYSICISTS 

Finer climate & living ... 

yours at MELPAR 

Melpar is advantageously located in a residential suburb 
in Fairfax County, Virginia, 10 miles from Washington, D. C. 
Attractive new homes and apartments are within a few 
minutes traffic-free drive of our Laboratories. Modern shop­
ping centers make trips to the city unnecessary except for 
enjoyment of its many cultural and recreational offerings. 

Regardless of whether you choose suburban, country or 
city living, you'll enjoy our proximity to mountains, beaches, 
and other recreational and scenic attractions. Our climate 
is pleasant with its short winters, beautiful spring and fall 
seasons, and its average summer temperature of only 77°, 
Outdoor living is enjoyed 2 15 days of the year. 

The Laboratory's "climate" is ideal, too. Our project group 
basis of organization enables you to participate in complete 

'engineering problems and gain diversified experience. The 
range and complexity of our projects assure you of assign­
ments which will stimulate your creative and analytical 
talents . 

Qualified applicants may visit the area as our guests to 
inspect Melpar. 

We Are Engaged in The Following Fields: 
Flight Simulators. Radar and Countermeasures. Network Theory. Systems 
Evaluation. Microwave Techniques. Analog & Digital Computers. Magnetic 
Tape Handling. UHF, VHF, or SHF Receivers. Packaging Electronic Equip. 
ment. Pulse Circuitry. Microwave Filters. Servomechanisms. Subminiaturiza· 
tion. Electro·Mechanical Design. Small Mechanisms. Quality Control & Test 
Engineering. Field Engineering Antenno Design. 

For detailed information on Melpar and living in the Washington, D.C. area 

® MEL'PAR:m;ncorporated 
A Subsidiary of Westinghouse Air Brake Company 
3009 Arlington Boulevard, Falls Church, Virginia 
10 Miles from Washington, D. C. 

Positions also available at our laboratories located in Watertown and Boston, Massachusetts. 
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HOW DESIGN ENGINEERS 

GENERAL 
TH ROUGH ITS NEW 

Laboratory with factory-size equipment - that's the new $5,000,000 G-E metals and ceramics labora­
tory in Schenectady. From here will come many of the products manufactured by the Metallurgical 
Products Department of General Electric Company, 11199 E. 8 Mile Road, Detroit 32, Michigan. 
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BENEFIT FROM THE RESOURCES OF 

ELECTRIC 
Pt1ETALLURGICAL PRODUCTS DEPARTMENT: 

Solutions to your most pressing problems­

plus developments ahead of industry trends -

are now being worked out in our laboratories 

Because designers needed a metal 
harder and more wear-resistant 
than steel, General Electric brought 
out Carboloy ® cemented carbides. 
Because designers needed a more 
powerful magnetic material, General 
Electric developed improved types 
of Alnico permanent magnets. Be­
cause designers needed better high­
temperature metals, General Electric 
created new vacuum-melted alloys. 

These, and many other vital prod­
ucts for design engineers, are the 
result of General Electric's tremen­
dous resources of technological 
know-how and skilled manpower in 
the field of metallurgy. They are 
created in G-E laboratories ... and 
produced for industry by the new 
Metallurgical Products Department. 

This Department is the successor 
to the Carboloy Department, which 
was originally organized to manu­
facture carbides. It now produces 
such widely divergent metallurgical 
products as hevimet, thermistors, 
and Thyrite® varistors ... in addi­
tion to chrome and tungsten car­
bides, and permanent magnets. 

The very range of its products in­
dicates how the resources of General 
Electric are being put to work 
solving the design engineer's most 
pressing problems through modern 
metallurgy. 

Perhaps more important, G-E re­
sources like the new Research Lab­
oratory in Schenectady, and the 
manufacturing facilities of the Metal­
lurgical Products Department, are 
now combining their talents to pro­
duce ahead of the trends and needs 
of industry. 

In the Metalworking Industry, for 
example, this combination of G-E 
resources has already made one such 
contribution: Carboloy Cemented 
Oxide - a new kind of cutting tool 
material with so great a potential for 
super high-speed machining, that 
new machine tools must be designed 
to take advantage of all it offers. 

Developments like these are es­
sential to industrial progress . . . 
and they are typical of the parade 
of products design engineers can 
expect from the G-E Metallurgical 
Products Department. 

Progress Is Ovr Mosf Imporft1nf 'Prot/vel 

GENERAL e ELECTRIC 
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DEWAR FLASK in which radirals are frozen is the vertical glass 

structure at the right. The box in the left foreground is a high· 
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frequency generator. Behind it are tanks of gaseous nitrogen and 

helium. The cylinder lying in front of the flask is a spark coil. 
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FROZEN FREE RADICALS 

Molecular fragments, which normally have a fleeting existence 

during chemical reactions, can now be preserved by rapid cooling. 

The study of their properties is an exciting ne\v field of research 

by Charles M. Herzfeld and Arnold M. Bass 

A
most everywhere we look in the 

universe we can see the dance of 
free radicals. They are present in 

an ordinary flame, in an electric arc, in 
the atmosphere, in the stars, even in the 
cold interstellar dust. Free radicals are 
fragments of matter which for the most 
part have only a fleeting existence. If we 
understood their behavior fully, we 
would have a master key to understand­
ing what makes the chemistry of the uni­
verse go. One of the most exciting physi­
cochemical developments of recent years 
is the discovery of ways to halt the dance 
of the free radicals-to freeze them in 
their tracks so that we can examine them 
at our leisure. What the investigators 
have seen already is so startling and so 
stirring to the imagination that it is no 
exaggeration to say it has opened a new 
field of science. 

What is a free radical? We can illus­
trate what it is and what role it plays by 
considering an atom of chlorine. The 
atom may be freed by sunlight breaking 
up a molecule of chlorine gas (CI2). In 
the presence of hydrogen, the chlorine 
atom attacks a hydrogen molecule (H2)' 
forming the comparatively stable prod­
uct HCI and releasing a hydrogen atom. 
Now it is the hydrogen atom's turn to 
act as a free radical: it attacks a chlorine 
molecule, again producing HCI and free­
ing a chlorine atom to continue the chain 
reaction. This in simple outline is the 
role of free radicals-which may be 
either single atoms or larger fragments 
of molecules. The highly reactive frag­
ments start and maintain a chain reac­
tion among comparatively inactive sub­
stances. A relatively small number of 
free radicals (as few as one per thou­
sand molecules) can keep a chain reac­
tion running. Because each step takes 
only a small fraction of a second, they 
turn out products at a great rate. 

Free radicals almost invariably con­
tain an odd number of electrons, which in 
part accounts for their activity. (Hydro­
gen has one electron; chlorine has 17; 
the hydroxyl radical-OH-has nine; the 
methyl radical-CH3-has nine, and so 
on.) 

Not all free radicals are short-lived. 
There are species which have lifetimes of 

many days under suitable conditions­
e.g., when they cannot react with air. 
The known long-lived types are mainly 
hydrocarbons, usually consisting of 
30 or more atoms, which can be kept by 
dissolving them in benzene or similar in­
ert solvents [see illustration on page 94]. 
Such radicals were first isolated half a 
century ago by Moses Gomberg of the 

LIQUID HELIUM for the experiments at the National Bureau of Standards was made by 

this helium cryostat. The vacuum storage tank at right holds 20 gallons of liquid helium. 
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N, 

HELIUM FILLING TUBE 

llQU ID ---+ll+iri-H***-+f8+-+-'-­
HELIUM 

LIQUID 
NITROGEN --{---H---H-I 

WAVEGUIDE 
RES.ONATOR 

DISCHARGE 

NITROGEN 
FILLING 
TUBE 

11"---- GLASS TO 
METAL SEAL 

TO PRESSURE GAGE ---+ 

FREEZING APPARATUS of the Bureau of Standards is a modified version of one devel· 

oped at the Johns Hopkins University Applied Physics Laboratory. Nitrogen (N2) is admit· 

ted at lower left and is dissociated by the high.frequency field of the waveguide resonator. 

Radicals collect on a copper wedge inside the quartz windows. The wedge is connected to a 

helium reservoir by a copper rod. Liquid nitrogen in outer container insulates the helium. 
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University of Michigan [see "Free Radi­
cals," by Paul D. Bartlett; SCIENTIFIC 
AMERICAN, December, 1953}. 

But it is the short-lived radicals, whose 
lifetimes are usually measured in thou­
sandths of a second, that are most abun­
dant and most interesting. They are gen­
erally simple in structure and consist of 
only a few atoms: the hydroxyl and 
methyl radicals are typical. Free radicals 
are generated wherever molecules are 
broken up by some energetic process: a 
chemical reaction, heat, an electrical dis­
charge, the attack of ultraviolet light and 
cosmic rays on molecules in our upper 
atmosphere. The dust of interstellar 
space is probably made up of free radi­
cals frozen in the radical state by the 
extreme interstellar cold. 

One of the first scientists to study 
frozen free radicals was the Norwe­

gian physicist L. Vegard. He believed 
that certain unexplained wavelengths of 
the light of the aurora borealis were 
emitted by particles of solid nitrogen un­
der bombardment by cosmic rays in our 
upper atmosphere. To investigate the 
matter he froze some nitrogen at the 
temperatures of liquid hydrogen and 
liquid helium, and then bombarded it 
with very fast electrons and with alpha 
particles. He did not get the wavelengths 
he was looking for, but he did produce 
interesting emissions of light, and he 
continued his experiments with frozen 
oxygen, hydrogen and many other ma­
terials, including mixtures of various gas­
es. This work, done between 1925 and 
1935, unfortunately did not receive suffi­
cient attention. It is now clear that Ve­
gard's experiments revealed some of the 
properties of free radicals. 

In 1948 F. O. Rice and his students 
at the Catholic University of America 
hit upon a technique for trapping free 
radicals and began a series of remarkable 
investigations. Rice generated the radi­
cals by passing gases through a hot tube 
(among other ways) and then trapped 
the products on a cold wall [see "The 
Chemistry of Jupiter," by Francis Owen 
Rice; SCIENTIFIC AMERICAN, June, 
1956}. He obtained and studied some 
very unusual free radicals, including sul­
fur (S2) and nitrogen hydride (NH). 

A number of other laboratories are 
now investigating frozen free radi­

cals by various techniques. This article 
is principally a report on some recent 
work at the National Bureau of Stand­
ards, initiated by Herbert P. Broida and 
John R. Pellam in 1954. 

They produced free radicals by flow­
ing gases through a high-frequency elec-
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Add 45 Pounds of COPPER 

... and it becomes an AUTOMOBILE! 

Your car weighs over a ton and a half. (A truck 

weighs more.) 

Of the total weight, only some 45 pounds are 

Copper. Yet how would your car run without 
Copper? If it did run, how long would it last? 

Your radiator is of Copper ... for high thermal 

conductivity and freedom from leaks. 

Your oil lines and strainers are usually Cop­

per ... to avoid rusting and clogging. 

Your lights, your ignition, your starter ... all 

require Copper's high electrical conductivity. 

Critical parts exposed to air, to lubricants, to 

coolants, need Copper's resistance to corrosion. 

Carburetor and generator, horn and heater 
and air conditioner, gaskets and bushings and 
bearings, clock and lock ... are on the list of 100 
or more parts where Copper is indispensable. 

Even your car keys are usually brass or nickel 
silver ... two of Copper's rugged, durable alloys. 
(And you know why! Ever bend or snap off a key 
in a locked car?) 

To the progress of the automobile business, 
Copper is essential. It is essential to the progress 
of many another business, also. Perhaps to yours? 

Whether you manufacture automobiles or only 
drive one, you'll be glad to know the outlook is 
bright for a steady supply of Copper! 

COPPER & BRASS 
RESEARCH ASSOCIATION 

420 Lexington Avenue, New York 17 

COPPER OR ITS ALLOYS PROVIDE THESE ADVANTAGES: Best conductor of electricity commercially available · Does not rust ... high corrosion resistance · Best 

heat transfer agent of all commercial metals • Easy to machine, form, draw, stamp, polish, plate, etc . •  Welds readily • • •  excellent for soldering and brazing 
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Oscillograph of tool with steel shank. showing deflection and 
vibration while machining steel. The tip is of KennametaJ 
Grade K6. brazed on the steel shank. 

On the same test. a solid Kennametal tool deflected less than 
l,; as much due to its high YME. its high density dampened 
vibration. Kennametal Grade KG used to make tool. 

Kennametal's* 
90 million YME 
holds to the Ii ne 
Wherever a man seeks a tool to meet 
today's responsibilities, he needs a 
metal that is more rigid and less 
flexible than steel . . . a metal with 
an extremely high Young's Modulus 
of Elasticity. Otherwise, his tool will 
be deflected, and the accuracy of the 
work will suffer. 

Oscillographs above show how 
Kennametal (YME 90 million psi) 
deflected less than 1/3 as much as 
steel (YME 30 million) under equal 
pressure. The smoothness of the oscil­
lograph also shows the effect of Ken­
nametal's high density in dampening 
vibration, thus improving tool life. 

Hence, a solid Kennametal quill or 
boring bar will turn out pieces with 
greater accuracy without any change 
of load, or permit higher loadings 
without loss of accuracy. 

The high YME, extreme hardness, 
high strength, density, and resistance 
to corrosion and abrasion that have 
made Kennametal an outstanding 
success on many difficult applications 
may make it the means of getting 
YOUR idea off the drawing board ... 
and into production. For detailed 
information on Kennametal, ask for 
Bulletin B-1U, Dept. SA, KENNA­
METAL INC., Latrobe, Pa. 
*Kennametal is the trademark of a series of hard carbide alloys of tungsten. tungsten-titanium and tantalum. !5512 
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LONG·LIVED RADICAL is typically a hydrocarbon with perhaps 30 or more atoms. This 

diagram shows triphenylmethyl, first made by the pioneer investigator Moses Gomberg. 

H 

O - H 

SHORT·LIVED RADICALS contain only a few atoms. At left is the methyl radical; at right, 

the hydroxyl radical. Their lifetimes are normally only a few thousandths of a second. 

tric discharge, powered by a 2,450-
megacycle medical diathermy unit. This 
convenient svstem not only produced 
considerable numbers of free radicals 
but also raised them to highly excited 
states. The products were then rapidly 
pumped to a surface cooled by liquid 
helium to about four degrees above ab­
solute zero, where they immediately 
froze into a solid. 

Broida and Pellam first tried a few 
rapid experiments to test their tech­
nique. In one exciting day they obtained 
a series of spectacular breakdown prod­
ucts from discharges through water va­
por, oxygen, nitrogen and hydrogen. 
Broida and his collaborators proceeded 
to study the properties of these strange 
new materials. The experiments of that 
first day provided grist for years of fas­
Cinating investigations. 

The most dramatic of the first experi­
ments was the one on nitrogen. When 

the material produced by the discharge 
breakdown of nitrogen gas began to 
freeze on the cold surface, it began al­
most immediately to emit a bright green 
glow, so intense that it was visible in a 
well-lighted room. As more material was 
deposited on the surface, it gave forth 
brilliant blue flashes. After the flow was 
stopped, a blue-green afterglow per­
sisted in the cold solid for several min­
utes. If the solid was then warmed sud­
denly (to above 25 degrees absolute), it 
emitted a flash of blue light, which 
looked like a flame "burning" through 
the solid. Upon later recooling to the 
temperature of liquid helium, a blue­
green afterglow appeared again, but 
now much weaker. 

T his totally unexpected display natu­
rally demanded immediate analYSis 

with the spectroscope, to identify the 
substances responsible for it. The spec-
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FOR. YOUR. 

� ball-point inks 
� odor control 
� biological grade chemicals 

Ball-point inks 
If you drew a continuous, un­
broken line with a ball-point pen 
until its ink supply was exhausted 
the line would be two to thre� 
miles long. Enough to write 50,000 
to 70,000 words, compared with 
the 2,500 to 4,000 words you get 
from the same amount of fountain 
pen ink. 

Because you would be exhausted 
long before your ink supply, a me­
chanical scriber-which produces 
those mysterious zig-zaO" lines 
above-is used to test hundreds of 
ball-point ink formulations. 

The amazing number of words 
coming from a ball-point pen has 
enabled ball-points to roll past 
both fountain pens and mechanical 
pencils to become the most com· 
monly used writing instruments 
today. 

This would not be so if the ball­
point pen remained unchanged, 
still staining, skipping, smearing, 
drying up. A better mechanical 
tool was needed to start with. 

Once accomplished, the ink be­
came the most important element, 
and synthetic organic chemists 
turned to the key element-the 
colorant-which is half of the en­
tire ink formulation. 

Early ball-point inks were made 
with the same dyes used for years 

in fluid inks. But ball-points have 
different ink requirements: good 
flow properties, lubricity, solubil­
Ity, storage stability and-most 
ir:1portant - an exceptionally 
high concentration of dye. Tinc­
torial value must be twenty times 
that of a fluid ink. 

. 
From research has come a special 

11l1e of NATIONAL dyes, tailor-made 
for ball-point inks. Research on 
both pen and ink has enabled the 
ball-point to supplant in IS years 
the pointed pen, in use for 13 cen­
turies. 

Odor control 
Odor control presents an inO"en-. .  b 
10US tWist on the old question of 
whether there is any sound when 
a tree falls in a deserted forest. 

We have always had odor-caus­
ing sites. But today, with industry 
expanding and our suburban com­
munities moving further into the 
country, these odors become a seri­
ous problem. Some sources of this 
problem are sewage plants, land­
fill garbage, drainage ditches, 
storm sewers and market area 
streets. 

SOLVAY OZENE (emulsifiable or­
th.odichlorobenzene) is becoming 
Widely used in industrial odor 
control situations, for dripping in-

NATIONAL, SOLVAY, OZENE and BAKER & ADAMSON 
are Allied Chemical trademarks. 

Barrett 
General Chemical 
National Aniline 
Nitrogen 
Semet.sotlay 
Sol/ayProcess 

_..;::: ___ I�nt_e.matilnal 

to sewage or spraying on garbage 
and other odor sources. 

OZENE works on odors these 
ways: its own odor serves as a 
masking agent; it slows down the 
production of bacteria which cause 
sulfide odors; it prevents the 
growth of fungi which speed the 
decomposition of waste materials. 

A dark-colored liquid, OZENE 
mixes readily with water and can 
be substantially diluted for eco­
nomical use. 

Biological grade chemicals 
Preparing balanced salt solutions 
for the growth of cultures is typi­
cal of the stringent needs of bio­
chemists for extremely high-purity 
chemicals, products which have 
been purified even beyond the uni­
versally recognized American 
Chemical Society quality stand­
ards for analytical reagents. 

Three such "reagent plus" com­
pounds have been added to BAKER 
& ADAMSON'S line of 1,000 labora­
tory reagents. These initial chem­
icals-sodium bicarbonate, sodium 
chloride and potassium chloride­
show very minute trace impurities, 
materially lower than in similar 
chemicals produced to A. C. S. 
specifications. 

They are the first in a proposed 
line of biological grade chemicals 
made especially for such import­
ant scientific applications. 
.--------------------' 

Information Service 
ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
Please send me further information: 

D Inks for ball-point pens 

D Emulsifiable orthodichlorobenzene 

D Biological grade chemicals 

Name ___________ __ 

Com pan y. __________ __ 

Address' ___________ _ 

Posilion ___________ _ 

Remarks, __________ _ 
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New stability for 

satellite tracker 
Power resistors win out over 

"precision" resistors for low drift 
plus high overload capacity 

A few millivolts power-supply drift can 
mean a large range or angle error in tracking 
the U. S. Navy's satellite missile- built for 
the International Geophysical Year. 

It's for this reason that voltage regu­

lated power supplies for the tracking 

equipment must be as stable and as drift­

free as the state of the art permits, over a 

very wide range of operating conditions. 

That, in brief, is the problem that faced 
engineers at Power Designs Inc., Richmond 
Hill, N. Y., builders of regulated power sup­
plies for the satellite tracking equipment. 

To make the problem really tough, how­

ever, maximum reliability required that 

failure of any component not damage any 

other component. Certain vacuum tube 

failures, for example, subjected ordinary 

precision resistors to an 8 to 10 times 

overload. The resistors charred, opened 

up. Some even blew up, literally! 

Engineers at Power Designs got together 
with Ward Leonard engineers and came up 
with the answer: A special Ward Leonard 
Vitrohm resistor that had all the drift-free 
stability required plus the overload capacity 
that makes V itrohm resistors a favorite 
among designers. More economical, too. 

This, of course, is added testimony to 
the facts we've known all along about 

Ward Leonard Vitrohm resistors. And, it 

shows the cooperation you can expect 

when you bring your special problems to 
Ward Leonard's application department. 

We predict, too, that you'll be hearing 
more about these special high-stability Ward 
Leonard Vitrohm resistors. Particularly if 
you're concerned with analog or digital 
computers, acquisition or tracking equip­
ment, instrumentation or other application 
requiring the utmost in stability plus high 
overload insurance. For more data now write: 
Ward Leonard Electric Co., 80 7.2 
South Street, Mount Vernon, 
N. Y. (In Canada: "Vard Leon­
ard of Canada Ltd., Toronto.) 

LIVE BETTER ... £/ectrically 
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a Hg f3 Hg 

SPECTRUM OF GREEN GLOW from solidified nitrogen radicals (above) has two espe­

cially bright bands, marked "alpha" and "beta." These are magnified (below) to show five 

lines in the alpha band and three in the beta. These lines are emitted by excited nitrogen 

atoms. Lines marked "Hg" are from mercury spectrum, superimposed to help in measuring 

wavelengths. Remaining lines in upper spectrum, whose wavelengths in Angstrom units 

appear at the top, are emitted by nitrogen molecules formed by recombination in the solid. 

tra showed five closely spaced lines of 
intense emission in the blue-green re­
gion, three broad bands in the yellow 
region and many weaker bands distrib­
uted over the whole visible spectrum (a 
pattern just like the one Vegard had 
found in his nitrogen experiments nearly 
30 years earlier). There was little doubt 
that most of the green light came from 
isolated, excited nitrogen atoms, and the 
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presence of such atoms has recently been 
confirmed by studies of the magnetic 
properties of the material by C. K. Jen 
and S. N. Foner at the Applied Physics 
Laboratory of the Johns Hopkins Uni­
versity. Other features in the spectra 
were identified as originating from NO, 
NH and excited nitrogen molecules. 

Further information has been ob­
tained by heat measurements. For this 

,/"" >= 

./ V 0< ::::> U 0< 

� 1 
u.J 
:::E 

0 u-

L , 
i 

0 
V) 

V I 
I 
I 

-L 

0< UJ f-u.J 
:::E 
::! 
� 

I /1 

i /� 
----- -/---- '/ ... 

u.J 0< ::::> V) 
5 V) u.J 0< a... 

0< 
r-

i 
;/ 

0 a... « > 

_ ... 

o 50 100 150 200 250 300 
TIME (MINUTES! 

WARMING OF SOLID NITROGEN from a gas discharge is shown by the solid gray curve. 

The rapid increase in temperature in the first hour is probably due to heat released by re­

combining atoms. The broken gray curve and solid black curve show warming behavior 

for solid molecular nitrogen and an empty chamber, respectively. Broken black curve 

shows how the pressure of gas in the chamber increases as the solid warms and vaporizes. 

© 1957 SCIENTIFIC AMERICAN, INC



LUBRICATED ONLY BY RADIOACTIVE flOT WATER 

GRAPHITAI1 B EARINGS SUCCESSFULLY 

WITHSTAND 50,000 MILE TEST IN ATOMIC 

POWERED SUBMARINE U.S.S. NAUTILUS 

Working closely with the Atomic 
Energy Commission, the Westinghouse 
Electric Corporation designed and 
built the power plant for the NAUTILUS, 
first atomic-powered submarine. The 
soundness of every engineering principle, every 
individual part-including the GRAPHITAR 
pump bearings-has now been proved by the more 
than 50,000 miles the submarine has steamed, 
approximately half was su'bmerged. These Westinghouse. 
designed pumps are hermetically sealed within the 
integrated pump and drive motor. All leakage past the 
pump seal is contained within the flooded motor while the 
purely electrical elements are contained in 
"cans" to exclude the water. 

The GRAPHIT AR pump bearings in the power reactor 
of the Nautilus have withstood high speeds, extreme 
temperatures, and great pressures, and have come through 
this test-period with a perfect performance record 
... their only lubricant, radioactive hot water! 

This same GRAPHIT AR that has proved its ability 
to help harness the power of the atom is available for 
use in performing equally tough jobs in your product, 
too ... why not get full information today. 

226 

THE UNITED STATES GRAPHITE COMPANY 
GRAPHITAR® CARBON·GRAPHITE • GR A MIX® SINHRED METAL PARTS • MEXICAN® GRAPHITE PRODUCTS . USG® BRUSHES 
n I V I S ION 0 F THE W I C K ESC 0 R P 0 R A T  ION, SAG I N A W 6, M IG H I G A N 
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ROCKET POWER PROGRESS REPORT 

Tailoring Molecules/or Rockets 
by Dr. David Z. Lippmann 

A member of the Chemistry Department Staff at Reaction 
Motors, Inc., Dr. Lippmann specializes in combustion 
processes and theoretical analysis. He received his B. S. and 
M. A. in Chemistry at the University of Texas and his Ph. D. 
in Physical Chemistry at the University of California at 
Berkeley. He has been with RMI for three years. 

The practical future of rocket power depends upon a great many 
factors-not the least of which is the solution of the problems facing the 
rocket propellant chemist. The ultimate rocket chemicals-whether nuclear, 
solid, liquid (mono- or bi-propellant), hybrid or the new "exotic" chemicals 
-must lie within the limited parameters of certain rigid requirements. This 
discussion deals with some of those basic considerations which influence 
the chemist's search for improved high energy rocket propellants. 

The conventional rocket motor is a heat engine which converts the 
chemical energy of propellants into heat and the heat into kinetic energy. 
Propellants react in the combustion chamber of the rocket motor, releasing 
heat and forming gaseous products, which expand through a nozzle; the 
expansion converts part of their heat energy into kinetic energy. The 
gases, now moving at high velocity, are exhausted to the rear, and by the 
reaction principle they impart a forward force, measured in pounds of 
thrust, to the motor. 

The thrust exerted by a rocket motor is proportional to the exhaust 
velocity of the reaction products. To produce a high exhaust velocity, the 
reaction of the propellants must yield a large quantity of heat per unit 
mass and this heat must be converted into kinetic energy efficiently. 

The heat produced is the difference between the heat of formation of 
the propellants and the heat of formation of the reaction products; so the 
propellants should have large positive heats of formation and give products 
with large negative heats of formation. Because of the requirement for 
large heat of reaction per unit mass (not per mole), only the lightest 
elements are used in propellants. The most desirable elements are hydrogen, 
lithium, beryllium, boron, carbon, nitrogen, oxygen, fluorine, magnesium, 
aluminum and silicon; elements heavier than chlorine are rarely used. 
The heats of formation of propellants are maximized by incorporating high 
energy groups such as -C = C -, ::N-N:::: and -00- into the pro­
pellant molecules. 

The efficiency of conversion of heat into kinetic energy is inversely 
proportional to the mean molecular weight of the reaction products. 
Therefore propellants are designed to give light products, such as H2, 
H20 and CO.' 

These three requirements, i.e., that the propellants have large positive 
heats of formation, that the products of reaction have large negative heats 
of formation, and that the products have low molecular weights, cannot 
all be optimized simultaneously. A good propellant must have an optimum 
balance among them. In addition, a propellant should have other desirable 
properties, such as stability and high density. 

The chemistry laboratories at RMI, in support of the applied research, 
development and production of advanced rocket power systems, are staffed 
with a team of specialists, highly qualified in many phases of chemistry 
and chemical engineering. This team is constantly working toward the 
achievement of this optimum balance of properties in their search for 
advanced rocket propellants. The well-rounded program of research, 
analysis and evaluation which contributes to this goal includes such typical 
activities as mathematical analysis, theoretical chemistry, propellant for­
mulation, combustion chemistry, organic and inorganic synthesis, physical 
properties and analysis, with special sections devoted to solid and liquid 
propellant research. 

If you desire one or more re prints of Dr. 
Lippmann's article, or would like to receive ad­
ditional information about RMI, write to our 
I nformation Services Coordinator. Reaction 
Motors, Inc., 20 Ford Road, Denville,NewJersey. 
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TRAPPED ATOM (single dot) is shown 

among several nitrogen molecules (double 
dots) . The light emitted by the frozen solid 

indicates that each atom is located much 

nearer to one molecule than to the others. 

purpose the products are trapped in a 
small, low-temperature calorimeter. As 
the temperature of the solid is allowed 
to rise, the frozen radicals gradually gain 
in mobility, until they are able to diffuse 
through the solid with sufficient freedom 
to find partners with which to combine. 
In so doing they emit considerable heat. 
From the heat liberated, the number of 
free radicals originally trapped can be 
estimated. In the case of nitrogen the 
proportion of free nitrogen atoms in the 
condensed solid amounts to at least one 
fifth of 1 per cent. 

All the experimental evidence indi­
cates that at four degrees absolute free 
radicals survive for many hours in their 
isolated state. The reasons for this are 
not yet precisely clear. The most likely 
reason is that in the solid material con­
densed on the cold surface, the free radi­
cals are separated from one another by 
unreactive molecules and atoms in a 
rigid framework. When the temperature 
is raised, the framework "gives" slightly, 
allowing the radicals to wander far 
enough to combine with each other. 
Thus two nitrogen atoms may meet and 
form the stable nitrogen molecule. In 
this process they give off just as much 
energy as is required to tear a part the 
two atoms of a nitrogen molecule. About 
half of the energy released on combina­
tion is radiated as light by the newly 
formed molecule, and the rest is in the 
form of heat. The color of the light emit­
ted is a measure of the energy required 
to break up a given molecule. 

The bright blue-green glow which is 
so spectacular a feature of the freezing 
of nitrogen atoms gives us considerable 
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What kept her 

from falling apart? 

The Statue of Liberty was once in danger. 

Not from a foreign foe. Not from a crackpot's 
bomb. This peril was less exciting ... but no less 
destructive. 

It was corrosion - corrosion that had been at work 
ever since Liberty first raised her torch above the 
salty waters of New York harbor. 

Relentless and merciless in its attack, the acrid, 
smoggy sea air had loosened and weakened the 

rivets holding the statue's huge sheet metal plates 
together. Miss Liberty was dangerously close to 

faIling apart at the seams! 

Something had to be done, that was clear. But 
what? Re-riveting wasn't practical. Too many hard­

to-get spots in the statue. 

This problem was put to an expert - a fastenings 
manufacturer. His solution: Self-tapping screws of 
Mone!':: nickel-copper alloy. Monel alloy to keep 

corrosion at arm's length. And self-tapping screws to 
pull the plates up snug and tight - from outside 
the statue! 

So 65,000 self-tapping Monel alloy screws were 
used to "run up the seams" of Miss Liberty's robes. 

The job was done in 1938 ... easily ... neatly. And 
from the looks of these corrosion-resisting fastenings 
today, Miss Liberty's worries are over for a long 
time. 

Do you have a metal problem? One that involves 
corrosion ... stresses ... fatigue . . .  high or low 
temperatures . . .  or some other unusual factor? 
Suppose we get together and talk it over. Monel alloy 
- or one of our other Inco Nickel Alloys - may be 

just the metal you need. 'Registered trademark 

THE INTERNATIONAL NICKEL COMPANY, INC. 

67 Wall Street New York 5, N. Y. 

A INTERNATIONAL NICKEL <�> Nickel Alloys Perform Better, Longer 
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RESEARGH AND D EVELOPMENT PILOT L I NE PRODUCTION 

FINAL ASSEMBLY TESTING IN SCREEN ROOM 

COMMUNICATIONS 

at Ramo-Wooldridge 

Communications activities at The Ramo-Wooldridge Corporation 
include research, development, and manufacture of advanced 
types of radio communication systems, ground-reference naviga­
tion systems, and electronic countermeasure systems. Major 
programs are in progress in each of these fields. 

New and unusual techniques have been employed to provide 
systems having a high order of security in the transmission of 
information, broad flexibility in combating unfavorable signal 
propagation conditions, and substantially greater information 
capacity per operating channel. 

Some of the techniques used have made possible an increased 
range for given levels of transmitter power and reliability of 
communications. Others have provided specific advantages in 
very long distance communications or in operational situations 
requiring unique signaling capabilities. Developments in navi­
gation systems have resulted in new equipment that is suitable 
for the guidance of aircraft at long 'ranges from their bases. 

In the work currently under way, some systems are in the labora­
tory development stage, some in the flight test stage, some 
are in production. Several types of systems developed and man­
ufactured by Ramo-Wooldridge are in extensive operational use. 

Openings exist for 
engineers and scientists 

in these fields of 
communications activities: 

Systems study and analysis 
Aitborne transmitters 
Transistorized video and pulse circuitry 
Airborne receivers 
Reconnaisance systems 
Digital communications systems 

The Ramo-Wooldridge Corporation 
5730 ARBOR VITAE STREET • lOS ANGELES 45, CALIFORNIA 

information about the way the atoms are 
trapped. The five intense emission lines 
and the measured lifetime of the after­
glow are interpreted to mean that each 
nitrogen atom is trapped near a nitrogen 
molecule in a particular geometrical re­
lation to it [see diagmm on page 98]. 
This interpretation is based on calcula­
tions of the disturbance of the motion 
of the electrons in the atom by the elec­
trons in the molecule. The calculations, 
and magnetic experiments by Jen and 
Foner, indicate that the disturbed nitro­
gen atom is not bound to the nearby 
molecule, or at most only very weakly 
linked to it. There is a possibility that 
"super-nitrogen" molecules, consisting 
of three nitrogen atoms tightly bound 
together (N 3)' may be formed by the 
free radicals, but so far we have no evi­
dence of this. In any event, such a mole­
cule could not emit the five blue-green 
spectral lines. 

While the nitrogen phenomena are 
the most colorful, the experiments 

with oxygen produced results which in 
some ways are no less interesting. When 
molecules of oxygen gas are broken up 
by an electrical discharge, the material 
trapped on the cold wall is very complex 
and variable. Because it emits no light, 
it has been investigated through its ab­
sorption of light. Under some conditions 
it forms a clear, glassy deposit which ab­
sorbs light in a rather complex way­
some 25 separate bands or lines of ab­
sorption distributed over the whole 

FROZEN HYDROGEN (stippled area) col­

lects on metal cooled by liquid helium_ It 

is surrounded by glowing gas (hatching). 
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TITANIUM 
proves best for micro-miniature 
tubes ... it may for your product, too 

r----------------l 
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These are the essential components of the initial 

micro-miniature tube General Electric developed 

for UHF-VHF television receivers. The metal parts 

are titanium. 

I Tubes of micro-miniature construction will mean 

I more compact assemblies far everything from TV I I receivers to guided missile controls. I 
L ________________ � 

Nearly all metal parts in this tiny G-E micro-miniature receiving 

tube are titanium. For among titanium's unique properties is its 

ability to absorb performance-limiting gases which may be found 

in vacuum tubes. It makes possible more stable emission, substan­

tially longer tube life. 

But titanium's advantages are not limited to the electronics in­

dustry. The aircraft designer, for example, likes its light weight and 

high strength. And its exceptional resistance to most forms of corro­

sion adds years to the life of products operating in corrosive atmos­

pheres. 

Titanium may be the answer to many of your applications. The 

best way to find out is to talk it over with a REM-CRU engineer. 

And, remember, although titanium costs more than ordinary metals, 

its longer life and improved product performance often makes it 

the most inexpensive material you can use. At REM-CRU, the sizes, 

grades and shapes you need are promptly available. Better look 

into the advantages of titanium now. 

REM-CRU 
TITANIUM 

Write Dept. S-3 for the Rem-eru Review-a free 
periodical presenting the latest data on titanium. 

MIDLAND, PENNSYLVANIA 
Sales Offices: 3338 South Malt Avenue, los Angeles .22, California • 4501 W. Cortland Street, Chicago 39, Illinois 405 lexington Avenue, New York 17, N. V; 
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© 1957 SCIENTIFIC AMERICAN, INC



engineers 

and 

physicis.s 

who want 
to 

grow 

102 

In 
these fields 

Farnsworth is for you. 
Continued expans ion into new 
and professionally challenging 

fields of activity calls for the 

a ddition of men who have a 

significant capacity for growth. 

As a smaller operating company 

within the framework of its giant 

IT&T parent, Farnsworth is in a 

unique position to offer its per­

sonnel the rewords of individual 

recognition, professional develop­

ment and growth. 

Your resume will receive 
prompt, confidential affention. 

FARNSWORTH 

ELECTRONICS 

COMPANY 

FORT WAYNE, INDIANA 

OF INTERNATIONAL 
TELEPHONE AND TELEGRAPH 

CORPORATION 

visual spectrum and extending into the 
ultraviolet and the infrared. When 
warmed to about 20 degrees absolute, 
the deposit changes to a violet-colored 
solid. This has been identified as a mix­
ture of oxygen and ozone, with a fairly 
high concentration of ozone. Further 
warming of the violet substance pro­
duces additional ozone in large quanti­
ties. By this method about 30 per cent 
by weight of the oxygen that originally 
flowed through the discharge has been 
converted into ozone. Conventional 
ozone-producing equipment seldom 
yields more than 6 per cent of ozone 
from oxygen. Since ozone is an impor­
tant chemical with many uses, the 
frozen-radical method may have com­
mercial possibilities as a production 
process. 

Besides nitrogen and oxygen, the Bu­
reau of Standards laboratory has studied 
free radicals produced from hydrogen, 
water vapor and ammonia gas. The 
products trapped after the breakdown 
of hydrogen molecules emit no visible 
light, but the gas surrounding the de­
posit emits a blue-green glow, quite dif­
ferent from that of the nitrogen radicals. 
The deposit has been proved to contain 
free hydrogen atoms, most directly by 
experiments by Jen and Foner. The 
breakdown of water yields unusual sub­
stances which absorb light in a peculiar 
way, but they have not yet been identi­
fied. The trapped products from ammo­
nia gas emit a blue glow which disap­
pears as soon as the discharge is stopped. 

T he experiments described in this ar-
ticle have barely scratched the sur­

face of a vast field. By such studies we 
can expect to obtain a clearer picture of 
the roles free radicals play in electric 
arcs, flames, interstellar dust, comets, 
stars and galaxies. The method further 
provides a powerful new tool with which 
to probe the structure of solids. The 
spectra of the light emitted by the free 
radicals trapped in a solid can give in­
formation about the arrangement of the 
atoms and molecules in the solid, about 
the forces acting on them, about the 
movements of atoms and about reactions 
between atoms and molecules. 

The efficiency of the method de­
scribed for producing ozone suggests the 
possibility of a new industry of very low 
temperature chemistry. It may eventu­
ally become possible to make new chem­
ical compounds having quite unusual 
characteristics, and to find more efficient 
methods of producing familiar sub­
stances, such as ozone and hydrogen 
peroxide (H202), through the control of 
free radicals. 
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Case for 
comfort con trol 

Control box 

of Tenite Acetate plastic 

molded and decorated 

by Madan Plastics, Inc., 

Cranford, N. ]., 

for Fieldcrest Mills, Inc., 

New York 13, N. Y. 

A twist of the knob on the handsome plastic case, 

and the lady has dialed the precise amount of heat­

and comfort-that will be maintained through the 

night by her new automatic blanket made by Field­

crest. She probably hasn't given a second thought 

to the little control box she adjusted so easily. 

The manufacturer, however, thought about it quite 

carefully when he chose Tenite Acetate as the ma­

terial for the case. Why this plastic? First, because it 

offers a fine, handsome finish and a wide selection 

of brilliant colors that are part of the plastic and 

can't chip off. And second, because its toughness 

means durability for the end-product. 

Yet, with all these advantages, Tenite Acetate 

is actually more economical than many other mold­

ing materials. Manufacturers of everything from 

toys to clocks, from shoe heels to lamp shades, have 

found they can make quality products at lower cost 

when they use Tenite Acetate. 

If you need a material that is beautiful, service­

able, and economical, look into the properties and 

advantages of Tenite Acetate-as well as of 

Eastman's two other plastics, Tenite Butyrate and 

Tenite Polyethylene. For more information, write to 

EASTMAN CHEMICAL PRODUCTS, INC . . subsidiary of 

Eastman Kodak Company, KINGSPORT, TENNESSEE. 
1932-EASTMAN'S 25TH YEAR IN PLASTICS-1957 

ACETATE. BUTYRATE· POLYETHYLENE 

plastics by Eastman 
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Westinghouse & Univac® 
Among the "Big Things Happen­

ing" at Westinghouse, none holds 

more significance for management 

than the shift to UNIVAC Data­

Processing. For the Remington 

Rand UNIVAC introduces a bright 

new era in which management de­

cisions can be made with a degree of precision never 

before attainable. 

The electronic speed and unrivalled accuracy of 

UNIVAC provide the executives of Westinghouse and other 

leading companies with current, reliable facts for enlight­

ened action. UNIVAC brings them new insight into their 

companies' operations. And it also achieves unprece­

dented savings through automatic processing of routine 

reports and accounting problems. 

Find out more about the Remington Rand UNIVAC and 

how typical users are putting it to work in virtually every 

phase of commercial data-processing. To executives re­

questing it on their business letterhead, we will send an 

informative 24-page, full-color book, EL135. Write to 

Room 1314. 315 Fourth Avenue, New York 10, N. Y. 
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GALEN 
This renowned physician of the ancient world established experimental 

physiology. Although the customs of his time forbade the dissection 

of the human body, he learned much about it by operating on animals 

Glen of Pergamon towered above 
all other anatomists and physiolo­
gists of the ancient world. He es­

tablished experimental physiology al­
most single-handed. Indeed, he ranks as 
one of the greatest experimental scien­
tists in all history, certainly the foremost 
in ancient science. His life is also better 
known than that of any other ancient 
scientist, because his voluminous writ­
ings contain more autobiography than 
any other ancient Greek's. 

by Frederick G. Kilgour 

in Pergamon for the next four years. His 
father died during this period and left 
Galen a bequest which made him prac­
tically independent financially for the 
rest of his life. The young man pursued 
the study of medicine and anatomy for 
seven more years in Smyrna, Corinth 
and Alexandria. 

When, at the age of 28, Galen re­
turned to Pergamon, the high priest of 
the medical temple, who was also the 

head of athletic games, appointed him 
physician for the gladiators-the equiva­
lent of a present-day boxing commission 
doctor. In the brutal games of that time 
the athletes regularly incurred serious 
wounds. Galen evidently found the 
work interesting, for he served several 
years. 

When war put an end to the games, 
he went to Rome to do research and 
practice medicine in the capital of the 

Galen was born in 130 
A.D. in or near Perga­
mon, about 50 miles due 
north of Smyrna in mod­
ern Turkey. His mother 
"was so irascible that she 
would sometimes bite her 
serving maids, and she 
was constantly shouting 
at my father and quarrel­
ing with him, worse than 
Xantippe with Socrates." 
In contrast his father 
Nicon stood out in his 
memory as "a most good­
tempered, just, efficient 
and benevolent man." 
Nicon, a farmer, was no 
ordinary tiller of the soil 
but a cultured Greek, 
learned in geometry, 
arithmetic, architecture 
and astronomy. He con­
ducted his son's educa­
tion until the boy was 
nearly 15 and then sent 
him to study with various 
philosophers in Perga­
mon. When Galen was 
17, Nicon had a dream 
indicating that his son 
should study medicine. 
Accordingly Galen stud­
ied anatomy with Satyrus 

SKULL is depicted from underneath in a 1535 translation of Galen's De 
Ossiblts. Galen obtained bones from "broken up" tombs and monuments. 

Empire. Galen was to 
spend the next 30 years 
of his life there, but in 
167 he interrupted his 
stay and fled back to Per­
gamon because a great 
plague broke out in 
Rome. This apparent dis­
play of cowardice has 
been a matter of great 
controversy among his 
biographers. Today it 
would be most unethical 
for a physician to beat 
such a retreat. Apparent­
ly that was not the case 
in Galen's time, however, 
for he himself related the 
reason for his departure 
without embarrassment. 
In any case, he did not 
escape exposure to the 
plague. Not long after he 
left Rome for Pergamon 
the Emperor Marcus Au­
relius summoned him 
back to the encampment 
of the Roman army at 
Aquileia, and Galen had 
no sooner arrived than 
the plague erupted among 
the soldiers. This ti�e 
Galen saw the plague 
through, staying behind 
with the army after the 
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Emperor left Aquileia and returned to 
Rome. 

During his three decades in Rome 
Galen poured out an almost ceaseless 
stream of books and essays. A collection 
of his writings published in the early 
19th century by C. G. Ki.ihn ran to more 
than two and a half million words, and 
the collection was by no means com­
plete. Galen lost some of his manuscripts 
in a fire which gutted Rome's Temple of 
Peace in 192, and in recent years schol­
ars have discovered Arabic versions of 
previously missing publications, includ­
ing part of his book On Anatomical Pro­
cedures and the entire text of On M edi­
cal Experience. There are undoubtedly 
still more to be uncovered. 

Galen divided his writings into two 
major groups: "those directed against 
swindlers" and the educational works on 
medical science. His polemics against 
"swindlers," which inveighed against 
human folly, have given Galen the repu­
tation of being as bad-tempered as his 
mother. Actually he seems to have been 
a comparatively mild man-it was the 
time that was violent. He appears to 
have had few close friends, and he never 
married. 

When Galen began his studies of 
anatomy and physiology, medicine 

was almost entirely innocent of a scien­
tific basis. Hippocrates' initiation of ra­
:ional medicine had been a tom de force 
founded only on shrewd observation, 
and the lesser men who followed him in 
the 500 years before Galen were split 
into squabbling sects, like the homeo­
paths, hydropaths, naturopaths, osteo­
paths, Thomsonians, Grahamites, etc., 
of the 19th century. Galen set out to 
develop systematic descriptions of the 
human body. He was handicapped by 
the fact that it was forbidden to dissect 
the dead. The only part of human anato­
my that he could investigate in toto was 
the skeleton, which he often did "where 
tombs or monuments have been broken 
up." For the rest he relied on dissections 
of animals, including monkeys, and on 
examinations of tissues exposed in pa­
tients with disease or wounds. While he 
was studying with Satyrus at Pergamon, 

GALEN'S ACTIVITIES are poetically out· 

lined in the illustration on the opposite 

page. The illustration is the title page of the 

index volume of a collection of Galen's 

works published in Venice in 1541 and 1542, 

more than a thousand years after his death. 

In the bottom panel Galen performs a physi. 

ological experiment on a large live pig. 

. . 

Scientists ... Engineers 

for a future with a 

steep growth curve 

.Iook to Westinghouse 
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Atomic Power 
CAPA-Commercial Atomic Power Activity-is the 

nucleus of the most dynamic new division at Westing­
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to be steep-as electric power demand and atomic power 

production pyramid sharply. 

We're "fiuid"-not fixed. New supervisory jobs open 

up fast! We're entirely commercial-not dependent on 

government contracts. Opportunities for advanced study 

at company expense. Get in on the "industry of to­

morrow" 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 Please mail resume of your professional and 

business background to: C. S. Southard, West­
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HUMAN SKELETON is somewhat fancifully portrayed from front 

and back in these woodcuts from the same translation of De Oss;-
bus (On Bones) mentioned in the caption on page 105. The transla' 

tion was made by Ferdinand Balamio, physician to Pope Leo X. 

there was an epidemic of "carbuncle" 
(probably anthrax) which desh-oyed 
areas of skin and flesh in many of the 
victims. Galen wrote later: "Those of 
us who had seen Satyrus dissecting any 
of the denuded parts, easily recognized 
them and made a complete diagnosis, 
telling the patients to make some move­
ment which we knew to be carried out 
by such and such a muscle, and some­
times diverting or drawing aside the 
muscles to observe an adjacent large 
artery, nerve or vein. We saw that all 
the other physicians were like blind men 
witho�� any knowledge of the parts ex­
posed. 

Galen did not add a great deal to 
previous knowledge about the human 
bones, but he contributed hugely to 
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knowledge of the muscles. He discov­
ered many not previously recognized, 
and in all described about 300 muscles, 
some of which still bear the names he 
gave them. These were all muscles of the 
skeletal system: Galen put the involun­
tary muscles (of the heart, stomach and 
so on) in a separate category as "muscle­
like" tissues. He was also confused about 
the attachment of the muscles, and mis­
takenly described the tendons as made 
up of nerves and ligaments. 

Galen was the first to demonstrate 
that muscle has but one action-con­
traction. He proved by experiments that 
the movement of a muscle during its 
relaxation was produced by the contrac­
tion of an opposing muscle. He went on 
to establish that each muscle has only 

one direction of contraction. From the 
fact that the tongue can move in six 
different directions, anatomists had sup­
posed that a muscle had various motions, 
but Galen dissected the tongue and 
found that it had at least as many mus­
cles as directions of movement. His ex­
periments in cutting muscles gave sur­
geons for the first time a sufficient 
understanding of muscular functions to 
realize what functions would be lost 
when muscles were cut through in sur­
gery or were severed by a wound. 

Attempting to discover what "force" 
caused muscles to contract, Galen came 
to the conclusion that the force orig­
inated in the brain and was communi­
cated to the various muscles by the 
nerves. He arrived at this idea as a re-
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Fibers seen 

- e't 
"Tree-S1z 

Vie,d 

,- tu secrets 
Qua 1 '1 

Like many other industry leaders, a major fiberboard 
manufacturer uses the RCA Electron Microscope to 
reveal the essential nature of raw material as a means 
of controlling quality. The size, shape, and structure 
of fibers in fiberboard when studied in the unusual 
"tree-like" micrograph above provide an invaluable 
record of product characteristics. 

Only the electron microscope can supply information 
regarding sizes and shapes in a range of measurements 
of less than "light-wavelength" dimensions. With the 
ability to produce useful photographic enlargements 
up to 300,OOOX, the RCA Electron Microscope is 

For further information on the use of the 
RCA Electron Microscope, write to Dept. 
P-ll1, Building 15-1, Camden, N.J. In 
Canada: RCA VICTOR Co mpany 
Limited, Montreal. 

Microscopists Keep Quality in 

Focus with Fiber Studies Made 

on RCA Electron Microscope 

advancing man's knowledge in many fields including 
aut(j)motive, metals, food, rubber, plastics, radio, 
electrical, chemicals, petroleum, drugs and textiles. 
In medicine, it has given scientists their first view of 
a virus and is used as a valuable research tool in 
polio, cancer and other studies. 

The RCA Electron Microscope is outstanding for its 
compactness, safety features and reliability, com­
bined with operating convenience. Installation super­
vision is supplied and contract service by the RCA 
Service Company is available if desired. 
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, 
Photo courtesy of Aviation Age. 

New control for jets 
... and industry! 

Precise control of every operating pressure 
is a must for the jet engines that power our 
modern military aircraft. 

To make matters tough for the design en­
gineer, this control must often be automatic 
or semi-automatic, function reliably under 
many diverse conditions. And, last but not 
least, the pressure sensing element must often 
be as linear as it's possible to make it. 

Engineers at the Hamilton Standard Divi­
sion of United Aircraft selected Bristol's cap­
sular pressure sensing elements for the fuel 
control systems soon to go into planes like 
the Navy F8U Crusader, above. 

For Bristol has built up a backlog of 67 
years experience in manufacturing pressure­
sensing elements for use in our own Bristol 
instruments under the most diverse operat­
ing conditions. 

We've found out how to build them to 
take punishment-for example, they'll take 
200,000 flexings at 30 cpm with no more 
than 1 % change in characteristics. And we 
believe the linearity of Bristol elements can't 
be equalled anywhere in standard units. 

Because of expansion of our facilities, 
Bristol pressure sensing elements are now 
available to industry. They come in a wide 
variety of stock characteristics between the 
extremes listed below. Ask us for Bulletin 
AV 2001. The Bristol Company, 133 Bristol 
Road, Waterbury 20, Connecticut. 6.68 

RANGE OF CHARACTERISTICS 
(Stock Capsules) 

Characteristic 
Outer diameter (in.) 
Effective area (square in.) 
Travel (in./psi) 
Pressure span (psi) 

• Expansion 
• Compression 

Deviation from linearity (max 0/0) 
�T!�t::b\� �f�:��r���u�e

o/
r�ax 0/0 

to maintain linearity) 
Temperature range 

(normal) 
Temperature for 2% travel change 
Spring rate (p/in., ±IOO/O) 

Range 
Min. Max. 

1 5/16 2 11/32 
0.40 1.67 
0.0004 0.015 

2 100 
2 100 
1/4 1 
1/4 1/4 
20 20 

-65F to -65F to 
300F 300F 

550F 550F 
24 1875 

BRISTOL 
Automatic Controls· Recorders· Telemeters 

Socket Screws· Choppers and High-Speed Relays 
Aircraft Pressure-Operated Devices 
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suIt of a wonderful series of experiments 
on the nervous system, particularly the 
spinal cord. Operating on experimental 
animals, he systematically cut the cord 
at one vertebra after the other down the 
backbone. He found that when he sev­
ered the cord between the first and sec­
ond vertebrae in the neck, the animal 
instantly stopped breathing and died. 
Further down, the animal survived and 
retained certain functions. When he cut 
the cord between the sixth and seventh 
vertebrae, for instance, the chest mus­
cles were paralyzed but the animal was 
able to breathe by means of its dia­
phragm. When he cut below the eighth 
vertebra, the arms escaped paralysis. He 
also observed that when the cord was 
cut only half way through, only one side 
of the body was paralyzed. In this way 

Galen mapped the control areas of the 
cord. In addition he investigated various 
peripheral nerves and established that in 
general the interruption of a nerve 
caused loss of motion and sensation be­
low the block but not in the part of the 
body between it and the brain. 

G alen's most celebrated work on the 
� nervous system had to do with the 

nerves that control the movements of 
the vocal cords. These laryngeal nerves, 
two in number, are called "recurrent," 
because they start in the upper chest 
from the vagus nerve (coming from the 
brain) , loop down under arteries not far 
from the heart and rise again through 
the chest and neck to the larynx. Galen 
discovered them accidentally one day 
while he was cutting nerves in the chest 
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GALEN'S EXPERIMENTS ON MUSCLE were described in his book On the Movement oj 
Muscles. This is the title page of a French translation of the book, published in 154]. 
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LEAVE IT TO THE DEVELOPMENT ENGINEER TO A PPRECIATE TRUE QUALITYl 

Reliable 
Solenoid 

Relays 
• • .  a type 

for every need 

Here's a line of compact relays that were designed for 
tough service . . .  for industrial applications that require 
unfailing dependability. The simple solenoid construc­
tion ... with only one moving part •• • guarantees millions 
of trouble free switching operations. The double break, 
silver alloy contacts need no cleaning or filing-they are 
always in perfect operating condition. Because of their 
reliability and consistency of operation, these Allen­
Bradley relays are very popular for use in automation 
controls. 

Bulletin 700 a-c and Bulletin 200 doc relays can be 
furnished in up to eight-pole units, in many special de­
signs, and as "open type" or in NEMA Type 1, 4, or 7 
enclosures. Write for descriptive bulletin. 

Allen-Bradley Co. 
134 W. Greenfield Ave., Milwaukee 4, Wis. 

In Canada-AlIen-Bradley Canada Ltd., Galt, Onto 

--.------------ � ------

Type BM·200 mechan .. 
ically held relay 

Type BA-200 3-wire 
thermostat relay 

Bulletin 700, Type C-200, 
midge.! a-c relay with two nor­
mally open contacts. Maxi· 
m um roting-l0 amperes, 
noninductive load 

NEMA Type 1 general 
purpose enclosure 

Allen-Bradley also produces 
quality fixed and variable composition 

resistors, ceramic capacitors, and ferrite parts 

ALLfii-BRdLEY M� CO� L 
::<;;;", QlIJlUlV� 

III 

© 1957 SCIENTIFIC AMERICAN, INC



1 12 

of a pig to observe disturbances of res­
piration. In the midst of the operation 
the pig suddenly stopped its squealing. 
(Galen later gave a public demonstra­
tion of this dramatic phenomenon.) He 
realized at once that he must have cut 
the nerves controlling the larynx, and 
he was able to trace the nerves via the 
vagus to the brain. One important re­
sult of this discovery was to settle an 
old controversy about the seat of intel­
ligence. Hippocrates and others had 
placed it in the brain, but Aristotle had 
insisted it must lie in the heart, among 
other reasons because the voice seemed 
to originate from somewhere in the 
chest. Galen's discovery solved the prob­
lem by showing that the voice was actu­
ated by nerves from the brain. 

Galen proceeded to apply his new 
knowledge of the nervous system in 
seemingly hare-brained treatments 
which astounded his contemporaries. 
Pausanias, the Sophist, had lost sensa­
tion in three fingers of one hand. His 
physicians, after vainly trying to treat 
the hand for a month, called in Galen. 
Galen at once asked whether Pausanias 
had had a recent injury in the upper part 
of his body. Yes, he had tumbled out of 
his "car" on a stone and hurt the upper 
part of his back. Galen put applications 
on the area of the back injury, instead of 
on the hand, and Pausanias soon recov­
ered feeling in his fingers. 

The cure provoked a physiological 
argument between Galen and the other 
attending physiCians. They maintained 
that if injury to a nerve from the spine 
were really the source of the trouble, the 
patient should have lost not only sensa­
tion but also the ability to move the 
fingers. But Galen replied, correctly, that 
the sensory and motor nerves had sep­
arate attachments to the cord. This was 
fully established in the 19th century by 
Sir Charles Bell and Fran90is Magendie; 
the Bell-Magendie law says that the an­
terior roots of spinal nerves are motor, 
and the posterior, sensory. 

C alen developed a concept of the over-
.7 all physiology of the body which 

sounds peculiar today and is often de­
rided but which actually provided the 
seed from which modern ideas grew. He 
said that after food has been ingested 
into the alimentary tract, it passes 
through veins to the liver. That organ, he 
went on, changes the food into blood, 
imbued with "natural spirit." Most of 
the blood then goes to the right ventricle 
of the heart, entering it via the great 
vein, the vena cava. Galen knew that 
blood flows from the right ventricle to 
the lungs, through the pulmonary arter-
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XRD-5 
DIFFRACTION UNIT 

a proved General Electric X-Ray product 
to make your products better 

How Chrysler used 
x-ray diffraction 
in p-erfecting new 
T orsion-Aire Ride 

ONE of industry's most thorough engineering develop-
ment projects is found in the dramatic new Torsion­

Aire suspension system, a key feature of THE FORWARD 
LOOK for '57. But Chrysler faced a problem - how to best 
produce and heat-treat torsion rods. 

Chrysler's Research Section studied the problem with their G-E X-Ray Diffraction Unit. Here's how it was done. X-ray 
measurements of residual stress were made to accumulate 
basic information. Such study clearly established the residual 
stress distribution capable of maximum fatigue life expectancy_ 

XRD-5D/F -latest 
model G eneral Elec ­
tric X-Ray Diffraction 
Unit. This instrument 
in your own labora­
tory will provide an­
swers to tough prob­
lems in metallurgy or 
chemistry. 

Frame and front-end suspension for the 1957 Plymouth. G-E 
X-Ray Diffraction Unit played an important part in metal­
lurgical testing of torsion bar materials. 

For Chrysler's many customers this means dependable 
performance of a suspension system that's designed to de­
liver "sports-car" maneuverability and "limousine" boule­
vard ride. 

General Electric's x-ray diffraction equipment offers you 
fast, accurate qualitative and quantitative analysis of both 
solids and liquids. A full range of accessories lets you make 
the most of advantages offered by both the diffractometer 
and x-ray emission spectrometer ... yet, design is such that 
you can start with minimum equipment, add features as your 
needs grow. 

For complete details, consult your G-E x-ray representa­
tive. Or, write X-Ray Department, General Electric Com­
pany, Milwaukee 1, Wisconsin, for Pub. TT-34. 

"R-ogress /s Oflr Most Imporlt1nf 'PrOt/fit:.! 

GENERAL _ ELECTRIC 
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ies. But lacking knowledge of the func­
tion of the lungs and of the heart-lung 
circulatory system, he had to explain 
how blood got into the main arterial 
system of the body. To make this event 
possible, he postulated that some of the 
blood in the right ventricle passed into 
the left ventricle through tiny pores in 
the wall between them. In the left ven­
tricle the blood received "vital spirit" 
(coming from the lungs) and acquired 
a crimson color. The vitalized blood 
then was transmitted by the blood ves­
sels to nourish all parts of the body. 
Blood reaching the brain took on "ani­
mal spirit," and the resulting concoction 
(which Galen never succeeded in de­
tecting) went through the nerves. 

If these ideas seem laughable, they 
become less so when we realize how 
radical a change in point of view they 
represented. Galen suggested a coherent 
idea of the functions and flow of the 
blood. He demonstrated by experiment 
that the arteries contain blood-not air, 
as some of his predecessors had believed 
-and he also established that the arteries 
and veins were connected in some way; 
he proved this by showing that when an 
animal's arteries were cut, the veins as 
well as the arteries became emptied of 
blood. Furthermore, with a few changes 
Galen's general concept of the body's 
physiology comes reasonably close to 
modern ideas. If we substitute oxygen 
for "vital spirit," and nerve electrical 
potential for "animal spirit," the system 
begins to approach a 20th-century de­
scription. Galen provided the foundation 
from which experimentalists during the 
last four centuries have developed pres­
ent-day theories. 

Galen returned to Pergamon in his 
sixties and devoted himself to writ­

ing, compiling two autobiographical 
books which he called On the Series of 
My Books and On My Books. He died in 
Pergamon about 200 A.D., at the age 
of 70 or so. Not for well over a thousand 
years did anyone approaching his stature 
in medicine arise in Europe. When, in 
1543, Andreas Vesalius published the 
first of the great modern works on human 
anatomy, his work was based for the 
most part on Galen, though he corrected 
many of Galen's errors and added new 
observations. William Harvey's famous 
treatise on the circulation of the blood in 
1628 also took its departme from Galen; 
indeed, he discussed Galen's experi­
ments as if he were a contemporary. 
Fomteen hundred years after Galen the 
early modern investigators began to ad­
vance from the point where Galen had 
left off. 
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The Business End of a 
Bright Idea for Gasolines 

This is the heart of the UOP Rexforming process, a new 

development in petroleum refining that produces automotive gasolines 

with the industry's highest octane ratings with remarkable 

efficiency and economy. The idea for Rexforming 

was born in Universal's research laboratories. UOP develops and 

designs the equipment required to make this process 

commercially practical. UOP field engineers follow every phase 

of construction and are right on hand to see that the 

actual plant functions smoothly from the very start. This is the 

full measure of Universal's service. From bright 

idea to smooth operation, it's a service that is 

available to all refiners everywhere. 

uniVERSAL OIL PRODUETS [OmPAnV 
30 Algonquin Road, Des Plaines, JIIinois, U. S. A. 

Forty Years Of Leadership In Petroleum Refining Technology .. ® 

115 

© 1957 SCIENTIFIC AMERICAN, INC



New Chance Vought guided missile 

hikes range and strength of U. S. Missile Power 
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u. S. missile science takes a big step forward with the 

powerful Vought Regulus II, new Navy supersonic missile. 
Jet thunder and fire split the sky as Vought's new supersonic 

missile Regulus 11 bores through the glowing dawn. 

This is the newest addition to U. S. Missile Power . . .  a 
high-performance "bird" that has outpaced its own timetable 

and is now flying test and tactical training missions ahead of 

schedule. 

Regulus 11 combines flexibility and steady reliability with 

advanced speed, range and striking power to meet the tactical 

needs of today's nuclear-age Navy. It is a talented missile. It 

can be carried between continents by long-range submarines 
and launched against far-inland targets, or stowed aboard a 
carrier and launched by catapult like any jet bomber. It can 

operate from cruisers or small surface ships. 

Details of the new missile are classified. But with weapons 

like Vought's Regulus II now in the air, Americans can be 

sure that U. S. Missile Power is the world's best. For both 

today and tomorrow, this ready power stands as a strong force 

for peace and as a mighty deterrent to aggression throughout 

the world's explosive trouble spots. 

Scientists and Engineers: For outstallding op­
portunities ill the field of high performance air­
craft and guided missiles, write J. W. Larson, 
Assistant Chief Ellgineer, Chance Vought Air­
craft Incorporated, P.O. Box 5907, Dallas, Texas 

OF MlLITAIt:s--

(40 ) 1917 TO 195'1 * 

INCORPORATED · DALLAS. TEXAS 
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Boys of the ancient Roman ghetto play football beside the Teatro Marcello (left), finished in the first century A. D. 
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The Jewish Community of Rome 

How do social forces mold the evolution of man? The answer 

zs sought by a geneticist and a sociologist, father and son, 

zn a community which has kept its identity for 2,000 years 

I
n a  world in which geographical dis­

tance is rapidly shrinking and peo­
ples may migrate across oceans 

overnight, it may seem that the varieties 
of mankind are likely to merge in the 
future into one race. Technology and 
population pressures are breaking down 
the natural barriers which in the past 
have separated peoples and made for 
cultural and biological differentiation. 
But there is another side to the story. 
Human groups may be segregated by so­
cial as well as by natural factors. History 
suggests that even within the increas­
ingly close-knit world society, groups of 
people may be sequestered and evolve 
along more or less separate paths. 

For students of human evolution this 
is an exceedingly interesting problem. 
How potent an isolating force is social 
custom and tradition? Does it keep a 
population biologically as well as cultur­
ally distinct from its neighbors? These 
subtle questions have always been diffi­
cult to investigate in any clear-cut way, 
but fortunately there are tools today 
which make it possible. One of them is 
the identification of blood types, a con­
venient instrument for determining ge­
netic differences between peoples . 

We decided to undertake such a 
study, and looked about for a suitable 
group to examine-an isolated people 
forming an enclave within a larger so­
ciety. We found such a group in what 
may seem an unlikely place-in the 
midst of a large city. It is the ancient 
Jewish ghetto of Rome. 

The ghetto community of Rome is 
probably the oldest still in existence on 
the European continent. Strictly speak­
ing it is no longer a ghetto so far as for­
mal restrictions on its residents are con­
cerned, but it is actually still a distinct 
community. For more than 2,000 years 
its members have been more or less 
segregated from the rest of the city of 

by Leslie C. and Stephen P. Dunn 

Rome. We set out to investigate two 
questions: First, to what extent is this 
group today culturally different from 
other Romans? Secondly, has the long 
isolation of the Roman Jews made them 
in any way biologically distinct from 
their fellow citizens? 

Jews apparently first came to Rome 
around 160 B.C., after the Roman Sen­
ate concluded a treaty of peace and 
friendship with the Maccabean king of 
the Jews in Palestine. When the Roman 
Empire later wiped out the Jewish na­
tional state, in 70 A.D., great numbers 

The Via della Reginella has not changed since the days 0/ the ancient ghetto 
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A ragpicker passes the tortoise fountain at the entrance 0/ the Via della Reginella. Ragpicking is a main occupation 0/ the ghetto 

The synagogue 0/ the ghetto is at left; the church where the lews 0/ the ghetto were once forced to worship is at right 
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of Jews were brought to Rome as slaves. 
They were soon freed and became Ro­
man citizens. They were allowed to 
practice their religion unhindered; in­
deed, throughout the centuries, under 
the Christian Emperors and later under 
the Popes who ruled Rome, they were 
the only non-Christian religious group 
permitted to exist at all. At the height of 
the Roman Empire the Jewish popula­
tion of Rome grew to about 50,000. But 
from the beginning the Jews were 
placed in a special category. After 
Christianity was adopted as the state re­
ligion, their position deteriorated. They 
were segregated by all possible means 
from contact with Christians, barred 
from public office and the liberal pro­
fessions-in which some of them had 
previously achieved high positions-and 
in general relegated to the status of 
second-class citizens. 

During the long barbaric period after 
the collapse of the Roman Empire the 
Jews went into a decline along with the 
rest of the Roman population. About 
1160 a Spanish traveler, Benjamin of 
Tudela, found only 200 male Jews of 
canonical age in Rome. But it seems that 
the anarchy and absence of a settled 
policy had worked to the advantage of 
the surviving Jews, for Benjamin report­
ed that they were living in peace and 
prosperity, with no special taxes to pay, 
which surprised him greatly. 

When the Popes assumed political 
control of Rome, the Jews' position again 
deteriorated. They were excluded from 
many callings, were required to wear a 
distinctive sign, and strenuous efforts 
were made to convert them to Catholi­
cism. The Jewish population of Rome 
remained at a few thousand, but it was 
suddenly increased in 1492 when Fer­
dinand and Isabella expelled the Jews 
from Spain and southern Italy. About 
half a century later this large population 
was consigned to a walled ghetto. Gio­
vanni Pietro Caraffa, upon becoming 
Pope, immediately promulgated a se­
verely restrictive Bull on the Jews. He 
confined them to a small district-the un­
healthiest in the city-and forbade them 
to own real property, to engage in any 
profession or trade except dealing in old 
clothes and scrap metal, and to have 
anything to do with Christians. Most of 
this legislation remained in effect for 300 
years-until 1870. The Papacy relaxed 
some of the economic restrictions from 
time to time, for it soon discovered that 
if it bore down too hard on the Jews, the 
city's prosperity suffered. The Jews had 
a virtual monopoly of banking opera­
tions, because Christians were largely 
excluded from this line of endeavor by 

the Church's ban on usury, then con­
strued as meaning any financial transac­
tion involving credit. 

The Jewish community in Rome was 
taxed for a lump sum, Jewish officers be­
ing charged with the apportionment and 
collection of the tax. Over the course of 
centuries this taxation reduced the com­
munity to chronic indebtedness and des­
titution, the effects of which can be seen 
to this day. 

About a century after the establish­
ment of the ghetto, a Papal order de­
clared a rent freeze to prevent profiteer­
ing by the Christian landlords who 
owned the ghetto dwellings. This pro­
vision went under the name ius gazzaga, 
from a word in Talmudic Hebrew mean­
ing a perpetual leasehold. It had the ef­
fect of partly abrogating the ban on 
Jewish ownership of real property, since 
leases held under gazzaga came to con­
stitute, in most respects, actual property. 
Rents could not be raised except by ex­
press order of the Curia, the Papacy's 
agency in charge of temporal affairs. The 
effect, however, was to anchor the Jews 
in medieval houses. With rents frozen, 
the landlords made no effort to improve 
the buildings in the ghetto and allowed 
them to fall into poor repair. Even today 
most of them have no heating, sanita­
tion or running water. In 1849 a flood of 
the Tiber rendered the ghetto area un­
inhabitable, and the Jews had to be 
quartered elsewhere until repairs could 
be carried out. 

Liberation for the Jews of Rome final­
ly came in 1870 when the army of 
King Victor Emmanuel seized the city 
and made it the capital of a new nation. 
The new regime repealed all the old 
laws, including the seclusion of Jews in 
a ghetto. Thereafter Jews who had a lit­
tle free capital or a little more initiative 
than the rest began to move out of the 
ghetto area and set up business and resi­
dences elsewhere in the City. Many of 
them came to have only the most tenu­
ous connections with the original com­
munity. In recent years some ghetto peo­
ple have been moving out to working­
class districts on the peripheries of the 
city, forming "colonies" of the ghetto. 
Today the Jewish community of Rome, 
with some 12,000 listed members, is not 
a homogeneous group and is widely dis­
persed in the city. The ghetto district has 
the aspect of a relic-its small population 
religiously conservative and extremely 
poor. 

We concentrated our attention on the 
people still in the ghetto area and a 

closely related group across the river in a 
district called Trastevere. The old ghet-
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The ghetto hospital on the Isola Tiberina (top) has changed lillie since it was depicted by Piranesi in 1775 (bottom) 
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to community now occupies no more 
than a few square blocks on one bank of 
the Tiber. Many of its buildings, still 
lived in, are 400 or 500 years old, and it 
has remains going back to classical 
Rome. Trastevere, on the other side of 
the river, is a large, heterogeneous area; 
there the Jews live in small clumps in the 
midst of a predominantly Christian pop­
ulation. But they give evidence of being 
a recent overflow from the ghetto area. 
Altogether the ghetto and Trastevere 
Jews (whom we called "the small com­
munity") number some 4,000 persons. 

How cohesive and culturally distinct 
is this group? We were able to ob­
tain several objective measures of their 
isolation and homogeneity. To begin 
with, their community life is centered in 
a common core of institutions-temple, 
clinic, hospital, orphanage, school and 
welfare agency. Although these services 
are financed and for the most part ad­
ministered by outsiders, the members of 
the small community regard them as 
their own. Many of their children are 
brought up in the same Jewish school 
from kindergarten on. 

In the second place, the marriage 
records show that the members of the 
"small community" seldom marry out­
side their own group, contrary to what 
one finds in many other Jewish commu­
nities. The present generation, their par­
ents and their parents' parents, with re­
markably few exceptions, were born in 
Rome-which means that they were na­
tives of the city's Jewish community. 
The Jews of the small community are, in 
fact, more Roman than the Romans. 

The ghetto people are further distin­
guished by their poverty and their occu­
pations. Most of them follow one of two 
callings-ragpicker or pushcart peddler. 
A few own small shops. Well-to-do Jews 
living elsewhere in Rome commonly re­
mark that the ghetto Jew "doesn't like to 
work," but his extreme poverty is rather 
a sign of his independence. He would 
rather make a poor living, or none at 
all, on his own than have security by 
working for someone else. Few ghetto 
Jews seek manual or industrial jobs, 
skilled or unskilled (but it must be re­
membered that Rome has few factories) . 

Not the least of the characteristics that 
mark the ghetto Jews is their self-identi­
fication with their community. They 
show no hesitation or embarrassment in 
speaking of themselves as belonging to 
the "ghetto," while other Jews in Rome 
protest against the word. When asked 
where he lives, a ghetto-dweller may re­
ply "right in the middle," leaving the rest 
of the phrase to be understood. On the 
other hand, non-ghetto Jews attempt to 

deny its existence or to describe the 
area as merely a place where Jews with­
out money live. One whom we inter­
viewed insisted that "as soon as you rise 
a little bit [above the ghetto], there's no 
longer any difference [between Jews 
and Christians]; a man may have five 
friends all Jewish, or five friends all 
Catholic; this has no importance." Such 
assertions were often made with con­
siderable heat and a defensive air, as if 
the continued existence of the small 
community were a blot on the good 
name of Italian Jewry. 

All the criteria that we examined 
proved clearly that the remnant of the 
ancient Jewish community of Rome is in 
fact a distinct cultural subgroup within 
the city-set apart by separate descent, 
institutions, economic status, occupa­
tional preferences, a strong in-group 
feeling and "backward" ways. This 
brings us to our second question: Are 
the ghetto Jews also distinguishable bio­
logically from other Romans? 

Inbreeding within this small popula-
tion, continued over many centuries, 

would be expected to preserve or pro­
duce a distinct genetic pattern, and per­
haps even peculiar genes which are not 
found at all in the surrounding popula­
tion. By the usual methods of physical 
anthropology any such differences would 
be extremely difficult to detect. But 
the remarkable blood studies of recent 
years, whereby biologists have discov­
ered dozens of blood types and identified 
them with particular genes, have provid­
ed anthropologists and geneticists with a 
sharp tool for dissecting human heredity 
[see "Rh and the Races of Man," by 
William C. Boyd; SCIENTIFIC AMERI­
CAN, November, 1951]. By this method 
significant differences in blood-gene fre­
quencies have been found among the 
populations of the world. Most Ameri­
can Indians, for example, have group 0 
blood; there are only a few with group A 
and almost none with group B. European 
populations have less 0, more A and in­
creasing frequencies of B as one goes 
from west to east toward Asia. Asia has 
the highest frequency of group B in the 
world. In Africa populations south of the 
Sahara are distinguished by very high 
frequency of an Rh gene which is rare 
on other continents. In some parts of the 
world blood differences have even been 
found between neighboring populations 
(e.g., segments of the Brahman caste) 
which are forbidden to intermarry by 
religious or other prohibitions. 

We proceeded to type the blood of a 
large sample of the Roman ghetto popu­
lation. From each of some 650 persons 
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(mostly grouped by families) we col­
lected a small sample of blood-about 
five cubic centimeters. The samples were 
then classified by tests with various types 
of antiserum at a serological laboratory 
in Milan under the supervision of Rug­
gero Ceppellini and his competent staff. 

Each person's blood was described in 
terms of eight different classification sys­
tems (i.e., Rh, the A, B, 0 groups and 
six other special typings) . 

By and large the Roman ghetto Jews 
showed the blood-gene pattern charac­
teristic of the peoples of the Mediter-

ranean region, which of course includes 
the Italians and the ancestral Jewish 
population in the Palestine area. But, as 
we had hoped, there emerged two pecu­
liarities which marked the Roman Jews 
off sharply from other Italians. Nearly 27 
per cent of them were of blood group B, 

The family of Esecchia di Porto (right center) was one of those studied by the Dunns 
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NEW PROVEN COURSE AND DISTANCE COMPUTING SYSTEM 
SOLVES YOUR NAVIGATION PROBLEM -FICo's ASN-l 

The flight-tested ASN-7 answers every navigational question the pilot can 

ask. Self-contained, automatic, this dead reckoning system is revolutionizing 

aerial navigation. In operation, the pilot sets in the latitude and longitude of 

his take-off point and of his destination, and the system guides him in­
regardless of how his course changes, regardless of distance, and without 

air-ground or ground-air communication. Alternate destinations can be 

inserted and stored. 

This FICo system can be installed in any air craft-from jet fighters to tankers, 

bombers, transports and airliners. And it is in production now! It is smaller 
in size and lighter in weight than any comparable navigation system now 

in existence, and offers extreme accuracy. The ASN-7 features automatic 
variation and can be supplied with polar capabilities, automatic fix correc­

tion, and automatic drift and ground speed. For additional information, 

write to Airborne Equipment Department, Ford Instrument Co., on your 

letterhead. 
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whereas among Catholic Italians not 
more than 11 or 12 per cent have B 
blood. And the Jewish group was dis­
tinctly marked with an Rh gene which is 
rare among Italians, or for that matter 
among Europeans generally. This gene 
(known as r' or Cde) was present in 
about 5 per cent of the ghetto members­
a frequency five to 10 times higher than 
in non-Jewish Italians. The peculiarity of 
this gene is emphasized by the fact that 
blood-typing laboratories had long been 

puzzled by an unusual serological reac­
tion that it sometimes produces; they 
had found it difficult to decide whether 
the blood was Rh-positive or Rh-nega­
tive. It now appears that the peculiar 
reaction is due to the interaction of the 
rare gene with two common Rh genes. 

The ghetto population of Rome, then, 
does show definite biological differences 
from the rest of the Roman population. 
The blood tests confirm that this group 
has been genetically isolated in the midst 

Emma di Nepi enters synagogue on the arm of her father to marry Nicolo di Castro 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 
One-man Laboratory Reactor 
designed for industry, hospitals 
and schools-available 
for $55,000* 
A new atomic tool that will speed and 
broaden nuclear research and training 
has been designed and developed by 
ATOMICS INTERNATIONAL. Here is a 
low cost instrument that even a mod­
erately-budgeted hospital, industrial or 
educational laboratory can use to teach 
and conduct research in nuclear science. 

costly contamination controls and waste 
handling systems. 

The LR can perform medical research 
functions such as genetic mutation 
studies, tracer research on plants and 
animals, radiation chemistry, and test­
ing by the danger coefficient method. 
Equipped with facilities to conduct sev­
eral experiments simultaneously, the 
reactor is ideally suited as a teaching 
tool in nuclear engineering, nuclear 
physics, radiochemistry and radiobiol­
ogy. The basic behavior of neutron 
chain reactions, response to control ele-

gen gases formed during reactor oper· 
ation. These fission product gases­
valuable in experimental programs­
can be withdrawn from the core through 
special gas lines. 

The LR operator handles all controls 
and detection equipment from a con­
trol console adjacent to the reactor. 
Two cadmium control rods move ver­
tically through the core - driven by 
electric motors manually controlled by 
the operator. The lead - weighted rods 
are attached to an electromagnet which 
releases automatically to let the rods 
fall by gravity into the core and shut 
down the reactor in event of a scram. 

Instrumentation provides safety, 
low-cost and flexibility. At startup, 
three boron-lined neutron counters are 
fully inserted in detection tubes in the 
water tank. As power level increases, 
the operator withdraws the counters. 
Rate circuits-adjusted in response 
time constants-provide two % -second 
circuit channels for safety and observa­
tion and one 2-second channel for 
accurate power recording. 

20' 

St./fIYElllAHCE MIRROR ,�. 
MAIN EXPOSURE FACl.ITY .A WATER TANK
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New Laboratory Reactor provides a neutron flux of 108, a gamma ray flux of 106• 

The Laboratory Reactor (LR) is a 
5-watt, solution-type nuclear reactor. 
It can be operated and maintained by 
one person. It is 8-feet high, 8-feet in 
diameter. Power requirements are 110-
volts at 60 cycles. It is completely fab­
ricated at the factory and shipped as a 
unit-manufactured and installed in 
about 6 months. It has a wide range of 
applications. 

As a la boratory instrument for 
research programs, the LR permits 
qualitative analysis by the neutron acti­
vation method -including measurement 
of coatings on metals, moisture testing, 
and liquid level monitoring. It will pro­
duce more than 100 different radioiso­
topes, about 40 of which have half-lives 
short enough to eliminate the need for 

·F. O. 8. LOS ANGELES 

ments, and the effect of delayed neu­
trons are a few of the 40-odd experi­
ments that can be performed on the 
Laboratory Reactor. 

The core of the reactor is a stainless 
steel sphere with an overhead convec­
tion recombiner. The fuel is uranyl sul­
phate enriched in uranium 235. The 
core is enclosed in a 6-inch lead reflec­
tor-shield. The complete 3500-pound 
unit- 32" high, 24" wide-is centered 
in an 8-foot tank filled with water which 
serves as a biological shield. 

The gas recombining system is con­
tained in the core tank. A cylindrical 
screen above the core solution holds 
platinized alumina catalyst pellets 
which recombine hydrogen and oxy-

--

/ 
/ 

/ 
..-/ 

The LR con be installed in 
a 20x20-foot floor area. 

ATOMICS INTERNATIONAL, a division 
of North American Aviation, Inc. , is a 
major reactor builder-experienced in 
the design, construction and operation 
of nuclear reactors for research and the 
production of power. If you are inter­
ested in the LR-or any phase of reac­
tor development-AToMICS INTERNA­
TIONAL is staffed and equipped to serve 
you. Please write, Director of Technical 
Sales, Dept. SA-71, ATOMICS INTER­
NATIONAL, P.O. Box 309, Canoga Park, 
California. Cable address: ATOMICS. 

ATOMICS INTERNATIONAL 
A D I V I S ION 0 F NOR T H AM E RIC A N A V I A T ION. INC. 
PIONEERS IN THE CREATIVE U.SE OF THE ATOM 

127 

© 1957 SCIENTIFIC AMERICAN, INC



A housewife pours water into a sewer outside her house, which has no running water 

of the metropolis in which it has been liv­
ing for centuries. The question naturally 
arises: How does it compare with other 
Jewish populations? Will other isolated 
Jewish communities show the same 
blood-gene peculiarities? Do the Jewish 
groups dispersed over the world have a 
common blood-gene pattern? These in­
teresting questions may be answered by 
studies now being made by serologists in 
Israel, who are examining the blood of 
the Jewish groups that have come to 
Israel from various parts of the world. 
No clear conclusions have yet been 
reached, but the analyses have already 
indicated some trends. It appears that 
Jews generally have a higher frequency 
of group B blood than their non-Jewish 
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neighbors. On the other hand, there are 
also some clear-cut blood differences be­
tween Jews in different parts of the 
world. The Roman ghetto community 
has a considerably higher B frequency 
than most other Jewish groups examined. 

Our study of the Jewish community of 
Rome obviously has an intrinsic 111-

terest simply as a historical examination 
of a particular community, but it may 
also have some general significance con­
cerning human evolution. We think we 
have established that the Jews of the 
Roman ghetto did maintain their cultural 
and biological identity as a distinct sub­
community within a larger one, and that 
social forces can shape man's biology. 
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AiResearch 
Cabin Air 

Compressors 
Latest designs will soon appear on the most modern 

turbo-jet (unit shown) and turbo-prop air transports 

Ca b i n  a i r  c o m p r e s s o r s  b y  
AiResearch are turbo·driven, shaft· 
driven or hydraulically·driven. 
They provide cabin airflows up to 
60 pounds per minute at 40,000 
feet, with pressure ratios up to 4.3. 
Their dependability and durability 
have been service·proved by the 

most extensive experience in this 
field - 4000 of these units are now 
in operation. 

These compressors are integrated 
into complete air conditioning sys· 
terns. The utmost compatibility is 
assured, since AiResearch manu· 
factures every component and has 

experience in every problem of 
interrelationship between compo· 
nents. We have assumed complete 
system responsibility in this field 
for many of America's finest pres· 
ent and projected airliners. 

W hether your problem involves 
components or complete systems, 
we invite your inquiries. 

Outstanding opportunities for 
qualified engineers. Write for infor· 
mation . 
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FOR: AUTOMATION. ATOMIC DEVELOPMENT 

SERVO-MECHANISMS • ELECTRONICS 
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Engineered Rubber Products 

U. S. Molded Oil Pump 
Bearings eliminate 62 

conventional pumping unit 
parts, and absorb high-fre­
quency vibrations and heavy 
well shocks. 

Mass-produced 
to exacti ng specifications 

U. S. MOLDED TRAIN DIAPHRAGM ( left) for new "Tal go" and other 
lightweight trains provides neater, stronger, more flexible covering for 
joints and couplings. That's why it was selected for these revolutionary 
trains. To keep up with the modern "look" and performance of this new 
railroading design, this "U,S." bellows-type diaphragm flattens out or 
compresses as the train takes curves at speeds never before attained. To-do 
this and still retain its shape and strength, the diaphragm was carefully 
engineered of cloth-inserted, fire-resistant neoprene rubber, produced to 
the exact specifications of the customer, 

This is only one of hundreds of applications where U. S. Engineered 
Rubber Products do jobs no other material can do, especially in mass 
production. There are factory trained engineers ready to help you solve 
any molded rubber problem. Contact us at Rockefeller Center, 
New York 20, N. Y. In Canada, Dominion Rubber Co., Ltd. 

U. S. Molded line Hose 
tens ���e�ire�l ��r?n

V
g
e��i�t�: 

nancc and installation. Very 
flexihle. sturdy, resists up to 
30,000 volts. 

U. S. Molded Diaphragms for 
.motor valves reg ulating the 
How of liquid through piping 
systems. Precise, uniform 
molding makes them stand­
ard equipment of leading 
motor valve manufacturers. 

Mechanical Goods Division 

Unitecl States Rubber 
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PURSUIT OF A DISEASE 

Porphyria, a rare hereditary condition ,vhich may become fatal 

when patients receive drugs, was found to be unusually common 

In South Africa. It has been traced to an early Dutch settler 

... 1 found 
A thing to do, and all her hair 
In one long yellow string I wound 
Three times her little throat around 
And strangled her. 

-Robert Browning 
Porphyria's Lover 

Most doctors know in their hearts 
that they have been inadvertent­
ly responsible for the death of 

some of their patients. This is the story 
of a curious disease called porphyria, 
from which many persons have died be­
cause, to relieve their pain, physicians 
have unwittingly given them common 
drugs which can make the disease fatal. 

In 1947 I left England for South 
Africa and started practice as a consult­
ant physician in Port Elizabeth in the 
Cape Province. I was soon struck by the 
marked differences between that coun­
try and Britain in the incidence of cer­
tain diseases. For instance, multiple 
sclerosis, one of the commonest nerve 
diseases in England, was practically non­
existent among South Africans. On the 
other hand, I shortly encountered sever­
al cases of an unfamiliar and at first com­
pletely mysterious ailment. The patients 
exhibited certain definite symptoms, 
ending in paralysis. I can best relate the 
symptoms by describing two cases. 

An intelligent, middle-aged business­
woman had complained for many years 
of pain in her abdomen and had seen 
many doctors. Repeated examinations 
and X-ray investigations had failed to 
reveal any cause for her pains. Physi­
cians had prescribed sedative drugs on 
a number of occasions; she found that 
the drugs only made her feel worse. She 
was often very emotional and was con­
sidered rather unstable and neurotic. 
Twice surgeons had made exploratory 
operations on her abdomen. After the 
first operation, which was followed by 

by Geoffrey Dean 

heavy doses of sedatives, she had severe 
abdominal pains and appeared mentally 
disoriented. It was five months before 
she was strong enough to leave the hos­
pital. I examined her in 1950 after her 
second operation, for which she had 
been given a barbiturate anesthetic. She 
was very emotional and complained bit­
terly of pain in her abdomen and limbs. 
Her muscles were weak, her skin ex­
tremely sensitive. She rapidly became 
totally paralyzed, and in spite of all our 
efforts she died. 

The second patient I examined was a 
young nurse, aged 19. She had been in a 
very nervous state, had taken barbitu­
rates and had then become hysterical 
and complained of acute abdominal 
pain. A surgeon, suspecting she had an 
intestinal obstruction, had operated on 
her under a barbiturate anesthetic but 
found no pathology. A few hours after 
the operation she had an epileptic fit, 
and within two days she, too, became 
paralyzed and died. 

In both of these cases there was an 

CUTANEOUS FORM OF PORPHYRIA causes blisters and easy abrasions of the exposed 

skin, especially on tbe backs of the hands. The healed wounds result in depigmented scars. 
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UNDER 1B YEARS Of AGE 

outstanding clue which enabled me to 
identify the disease of which they died. 
Urine specimens of the first patient be­
came dark after standing in sunlight for 
some hours. The nurse's urine was "port 
wine" in color. Thinking about the symp­
toms, I had already begun to suspect 
porphyria, and analysis of the urine with 
a spectroscope confirmed the suspicion. 
On exposure to ultraviolet light the urine 
emitted a brilliant red fluorescence-the 
distinctive mark of the pigment porphy­
rin. Porphyrin (from the Greek POl'­
phyl'Os, "purple") is an essential pig­
ment forming part of the hemoglobin 
molecule and of certain other respiratory 
agents, including chlorophyll. Its pres­
ence in excessive amount in the urine 
means that the body fails to metabolize 
porphyrin properly. The hereditary 
form of the disease is called porphyria. 

Until the past few years porphyria was 
regarded as a very rare disorder-a 

medical curiosity. A few cases of "acute 
porphyria," with symptoms like those I 
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have mentioned, had been identified in 
women. Two other forms of the disease 
had been described. One of them, chiefly 
affecting men, was marked by the fact 
that the exposed skin, especially on the 
back of the hands, blistered and abraded 
easily. The other, appearing in babies, 
was recognized by the skin sensitivity 
and by a pink tinge in the teeth and 
bones, due to deposits of porphyrin. This 
disorder had also been found in cattle 
and was known as "pink tooth disease." 

It quickly became evident that in 
South Africa porphyria was far from a 
rare disease. In the next two years I dis­
covered 11 more acute cases. Most acute 
attacks of porphyria had been misdiag­
nosed in the past, partly because the ex­
istence of the disease was almost un­
known among physicians and partly be­
cause the acutely stricken patient usually 
died before a full clinical investigation 
could be made. 

Once the disease is suspected, how­
ever, the diagnosis is comparatively 
easy. In acute cases the urine's tell-tale 

content of porphyrin and of a precursor, 
porphobilinogen, can readily be de­
tected. As I became interested in por­
phyria, I looked about for a simple 
means of detecting the disease before it 
became acute. Fortunately H. D. Barnes, 
a biochemist and spectroscopist at the 
South African Institute for Medical Re­
search in Johannesburg, was able to re­
fine the spectroscopic technique to dis­
cover even a slight excess of porphyrin 
in the urine. Later I found that the sim­
plest test for use in the consulting room 
was to dissolve a small fragment of the 
subject's feces and examine the solution 
under ultraviolet light, which brings 
forth the red fluorescence of porphyrin. 

As I examined more patients, the fact 
emerged that porphyria ran in fami­
lies. Often it developed that relatives of 
the patients also had had acute attacks; 
men in the family had a tendency to sen­
sitive skin on the back of the hands. By 
1953 I had traced 13 family groups and 
found that 2 16 members of these fami­
lies had porphyria. I concluded that the 
disease was a hereditary disorder, trans­
mitted by a dominant gene, and that the 
acute and cutaneous forms were merely 
different manifestations of the same dis­
ease. (The third form, the congenital 
type that shows up in babies, probably 
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in each generation is totaled at the right. For compactness, num­

bers inside large symbols are used to represent more than one per­

son. The pattern indicates that about half the children of parents 

with the gene inherit the disorder. The acute form of porphyria was 

found in 13 of 36 porphyric women and in one of 24 affected men. 

Two persons had excess porphyrins without the other symptoms. 

is inherited as a Mendelian recessive and 
is not related to the first twO.) 

All of these families with porphyria 
were of Afrikaner stock. Of South Afri­
ca's white population of just under three 
million, about two million are Afrikaners, 
descended mainly from Dutch and 
French Huguenot settlers who were 
brought to the Cape in the latter part of 
the 17th century by the Dutch East In­
dia Company to feed and supply ships 
en route between Europe and the East 
Indies. The early settlers in South Africa 
were a healthy, hard-working, happy 
people, fortified with the Bible, guns and 
a stable government. An Afrikaner wom­
an would marry young, often at the age 
of about 14, and would usually have a 
large family (even today families with 
10 to 16 children are not uncommon). 
About one million of the present white 
population carry the names of 40 very 
prolific and genetically successful orig­
inal settlers. Some of these family names 
are more than 30,000 strong. The only 
parallel to the South African settlers' 
procreation that comes to mind is the in­
crease of the 12 sons of Jacob, of the Old 
Testament, during their 400 years' so­
journ in Egypt. 

This history is important for the un­
raveling of the question as to why por-

phyria is unusually common in South 
Africa, as we shall see. To obtain a gene­
alogical picture of the disease, I set out 
to trace back the relatives of the young 
nurse who had died of acute porphyria. 
She came of a family of farmers in a 
nearby district. Her father had the typi­
cal sensitive skin, and he had inherited 
it from his father and grandfather. This 
great grandfather of the nurse was still 
remembered by a very old man in the 
district, and I undertook to find all his 
descendants. He had had 10 children; it 
was established that he had a total of 
478 descendants, of whom 434 were still 
alive. My problem was to find out the­
whereabouts of these 434 persons and 
obtain specimens of their urine for spec­
troscopic examination. 

T he task took two years and a great 
deal of persistence. Many of the de­

scendants had left South Africa; some 
were living as far afield as Germany, 
France, England and the U. S. One 
woman had married a Fuller Brush 
salesman from Wales and had not been 
heard from since they had left in 1920 
to live in France. I wrote to the Lord 
Mayor of Cardiff, the salesman's home 
town, and was most pleasantly surprised 
to receive my quarry's address in France 

two weeks later from the chief constable 
of Cardiff, who had traced the man 
through a brother in Cardiff. The 
woman, it developed, had died in Paris 
in 1929 of an illness which had been 
diagnosed as black-water fever but bore 
the typical signs of acute porphyria. 

The trail of illness, with the same 
characteristic story, was indeed remark­
able. After two years' search I traced a 
woman descendant to Cape Town. I 
wrote her the usual letter, including a 
warning against taking barbiturate seda­
tives. Three days later her daughter re­
plied, saying that her mother was at that 
very moment in the hospital desperately 
ill with acute porphyria. She had long 
suffered the typical symptoms of severe 
abdominal pain, nervousness and a sen­
sitive skin; a week before my letter ar­
rived her doctor had prescribed drugs, 
whereupon she had become severely ill 
and hysterical and had been taken to 
the hospital. My warning had come just 
too late. Four days after the first letter 
from the daughter, I received a second: 
the woman had become paralyzed and 
died. The urine specimens showed that 
the disease was indeed acute porphyria 
and that the daughter also had inherited 
the disorder. 

We traced another descendant to New 
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York City, where she had migrated to 
seek the best medical opinion about her 
health. She had long complained of 
what were considered neurotic symp­
toms. Three weeks after writing to her, 
I read in a South African paper that she 
had committed suicide. This upset me 
greatly, because I feared that my letter 
about porphyria, although carefully 
worded, might have been a precipitating 
factor. It was a relief to learn a few days 
later that her suicide was entirely un-

15 
�: "�'.'." . 

. �':�:����'�:�ii 
20 

related to the letter. That this patient 
was a porphyric was indicated not only 
by her symptoms but also by the fact 
that three of her sisters and a brother 
had the disorder. 

There were, on the other hand, many 
cases in which my letters arrived in time 
to help-but the warning was not always 
heeded. After establishing that a mother 
and her married daughter were por­
phyrics, I warned them of the danger 
of certain drugs and asked them to show 

25 

the letter to any doctor they consulted 
in the future. Despite these precautions, 
one of them allowed her doctor to give 
her a barbiturate anesthetic without 
showing him the letter, and the other 
took drugs in the hope of producing a 
miscarriage. Both had attacks of acute 
porphyria. Fortunately they then showed 
the warning letter to the attending doc­
tor in time to save their lives. 

Most of the descendants cooperated 
with my requests for assistance in the 
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SPREAD OF PORPHYRIA in South Africa is indicated by the 

colored alTOWS on this map. In 1686 the first porphyric came to 
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Cape Town, and since then his descendants have carried the gene to 

other parts of the Cape Province, Orange Free State and Transvaal. 
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Frozen on the outside, 

warm and ready to 

go on the inside! 

The "Mars" * makes the difference 

EXTREME COLD in Arctic operations has little effect on 

the compact, reliable Mars auxiliary power unit used 

on the Boeing KC-97 tanker. Often running continuously 

day in and day out, the dependable Mars-powered gen­

erator set keeps the cabin comfortable at below-zero 

temperatures. It supplies electric power also for engine 

preheating and starting systems as well as for other aux­

iliary equipment. 

Solar's 50 hp Mars gas turbine is the heart of the 

airborne power unit. The Mars engine weighs less than 

WRITE FOR BOOKLET 
New brochure describes 
Solar gas turbines-how 
they work, advantages 
they offer. Ask for a copy. 

100 pounds, is smaller than a two-foot cube. It starts 

easily from 130F to -65F ambient temperatures, oper­

ates on a variety of fuels, is simple to maintain, and 

requires infrequent overhauls. In addition to the KC-97, 

Mars auxiliary power units are employed on the Doug­

las C-124C, the Lockheed C-121C and Convair C-13IB. 

Perhaps the Mars gas turbine can help solve your 

need for a light, compact, powerful engine. Write to 

Dept. C-137, Solar Aircraft Company, San Diego 12, 

California, for more data on the Mars gas turbine. 
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ELECTRICAL 
ENGINEERS 

If you have had engineering experience in any of the cat­

egories shown below, Northrop Aircraft has an attractive 

position for you, with m.any benefits. Important among 

them are high compensation, challenging assignments, 

steady advancement. recognition of initiative and ability. 

and continued interest in your progress. Many outstand­

ing engineering positions are offered. as follows: 

ELECTRICAL GROUP, which is responsible for the de­

sign of such things as power generation and distribution 

systems, rectifiers and power converters, and auxiliary 

systems as applied to manned aircraft, guided missiles 

and ground support equipment. 

COMMUNICATIONS AND NAVIGATION GROUP, which 

is responsible for the design of C/N systems in manned 

aircraft and installation of guidance systems in missiles. 

FIRE CONTROL RADAR GROUP, which is responsible 

for the installation and application of the most advanced 

type of fire control systems in fighter-interceptor aircraft. 

The work covers the installation of the equipment and 

associated wiring; continuing liaison with equipment 

manufacturers; preparation of system analysis and re­

ports; and follow·up of system performance in the field 

as aircraft become operational. 

INSTRUMENT GROUP, which is responsible for the de­

sign of instrument systems for manned aircraft and the 

installation of flight test instrumentation for guided 

missiles. 

There are also opportunities for draftsmen with either 

electrical or mechanical experience. 

At Northrop Aircraft you will be with a company that 

has pioneered for seventeen years in missile research 

and development. Here you can apply your skill and abil­

ity on top level projects such as Northrop's new super­

sonic trainer airplane. Snark SM·62 intercontinental mis­

sile, and constantly new projects. And you'll be located 

in Northrop's soon to be completed multi-million·dollar 

engineering and science building, today's finest in com­

fortable surroundings and newest scientific eqUipment. 

If you qualify for any of these representative positions, 

we invite you to contact the Manager of Engineering 

Industrial Relations. Northrop Aircraft, Inc., ORegon 

8-9111, Extension 1893. or write to: 1015 East Broadway, 

Department 4600 -A2, Hawthorne, California. 

NORTHROP 
NORTH ROP AI RCRAFT, I NC., HAWTHORN E, CALI FORN IA 
Producers of Scorpion F·89 Interceptors and Snark SM·62 Intercontinental Missiles 
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study, but a few ignored my letters or 
refused point blank to help, some ap­
parently thinking it might be a slur on 
the family to admit a familial disease. I 
searched out the hard core of resisters 
personally. One man I eventually ran to 
earth in a saloon. After some drinks to­
gether he agreed to supply a specimen: 
he proved to be a porphyric. An ex­
b'emely religious family told me that 
they could not cooperate because they 
did not believe in doctors and trusted 
completely to "divine healing." Only 
after joining them in long evening pray­
ers did I obtain what I required. A re­
calcitrant schoolteacher finally gave in 
after nine letters and two telephone 

SOLUTIONS OF FECES from a nor. 

mal person (upper left) and from a 
porphyric (upper right) are the same 

color in daylight. In ultraviolet light 

the normal solution is green (lower 
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calls, sending her specimen with a note: 
"To get rid of my oId man of the sea!" 

Eventually we succeeded in obtaining 
a specimen from every one of the 434 
living descendants of the nurse's great 
grandfather. We learned that 5 of his 10 
children were porphyrics, and in turn 
there were 16 in the third generation, 
32 in the fourth and 7 in the fifth-a total 
of 60 adults with the disease. Later we 
found by analysis of feces that 21 chil­
dren in the fifth and sixth generations 
had inherited the defect, though they 
showed no illness. Of the 60 adults, 36 
were women, and most of these women 
had suffered from attacks of abdominal 
pain. We established that eight women 

left) and the porphyric solution is red 

(lower right). Occasionally a great ex­

cess of chlorophyll in the specimen 

gives a falsely positive result and the 
diagnosis requires quantitative analysis. 

the challenge 

o.the 

unknovvn 

Watch the sky! 

Within months, Martin will open a new 

chapter in world history with the launching of 

the first of a series of earth satellites. 

If you are interested in the challenge of the 

unknown, remember this: 

No other engineering group in the world will 

learn more, sooner, about this final frontier of sci­

entific exploration. 

If you think you'd like to go along, contact 

J. J. Holley, Dept. SA-3, The Martin Company, 

Baltimore 3, Maryland. 

139 

© 1957 SCIENTIFIC AMERICAN, INC



* Gives Graphic Picture of Your Operations­
Spotlighted by Color * Facts at a glance-Saves Time, Saves Money, 
Prevents Errors * Simple to operate-Type or Write on Cards, 
Snap in Grooves * Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

* Made of Metal. Compact and Attractive. 
Over 100,000 in Use 

Complete price $4950 including cards 

I F R EEl 24-PAGE BOOKlET NO. C-200 
Without Obligation 

Write for Your Copy Today 
GRAPHIC SYSTEMS 

55 West 42nd Street. New York 36, N. Y. 

140 
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1/2.0 Automatic Zeiss Biotar l e n s  j 
Exakta is the world's most outstanding 
camera for scientific, industrial, and 
technical photography! With the Exakta 0 

you can photograph an infinitesimal 0 

Microbe under a microscope or an Eagle 
atop a mountain-with the one and same 
camera. You will have the perfect assur-
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and one man of the deceased descend­
ants had died with typical symptoms of 
acute porphyria. 

This study demonstrated that por­
phyria is inherited as a Mendelian dom­
inant characteristic, at least in South 
Africa, and that the acute, chronic cu­
taneous and symptomless phases are all 
merely versions of the same metabolic 
defect. Transmission of the defect is not 
sex-linked, but women are more likely 
to have acute attacks and men more like­
ly to show the skin effects. 

I t is altogether clear that the disease is 
very common in South Africa. During 

eight years of consultant practice I have 
diagnosed 46 acute and 76 nonacute 
cases of porphyria, and 541 other cases 
have been detected in their families. 
Screening tests of samples of the South 
African population have confirmed the 
high frequency of the disease: among 
700 nurses examined, eight cases were 
found, and among 600 inmates of a 
mental hospital there were six cases. 

Porphyria is much less common in 
other parts of the world, but research in 
recent years has shown that it is not as 
rare as was formerly believed. Jan Wal­
denstrom has identified several hundred 
cases in Sweden, and Cecil Watson of 
Minneapolis and Louis A. Brunsting of 
the Mayo Clinic have proved it is not 
uncommon in the U. S. 

My findings about the high incidence 
of undiagnosed porphyria in South Afri­
ca were at first doubted, understandably, 
by my colleagues. I recall warning a 
dermatologist who was just starting in 
practice about the disease: he informed 
me that he knew all about it and would 
not miss a case. A year later his own 
secretary, who had long complained of 
vague symptoms, was found to be a por­
phyric. Another colleague in town op­
erated on his secretary, and she devel­
oped an acute attack of porphyria after 
the operation. This doctor had the mis­
fortune to hire a new secretary who also 
turned out to have the disease. Still an­
other doctor, who had been paralyzed 
for five months by an attack of porphy­
ria, nevertheless took barbiturate sleep­
ing tablets and precipitated a second 
very severe attack. Porphyrics, even 
when they have full knowledge of their 
disorder, do not easily appreciate the 
grave danger of drugs and find it difficult 
to resist taking sedatives when they have 
acute pain. 

It is this property of the disease that 
makes it so perilous, not to say deadly, 
today, In the earlier days in South Africa 
men who worked in the sun may have 
been troubled with sores and blisters on 
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THE PLENTIFUL RARE EARTHS 

some facts about a clubby clan of elements that are rare in name only 

We got to thinking the other day 
that perhaps a lot of industry 
folks are passing up a dia­

mond-studded opportunity because 
they believe the rare earths are 
unavailable in  commercial tonnages. 
Nothing could be farther from the 
truth. Rare earths are not rare! Com­
mercial salts of the rare earths are avail­
able, right now, for prompt shipment 
in quantities from a gram to a carload. 

That the rare earths are so plentiful 
is due, in large part, to Lindsay. During 
the last 50 years, Lindsay has devel­
oped the extraction and separation of 
rare earths to a high degree. 

New equipment and processes are 
now in operation at Lindsay's West 
C h i c a g o  plant and a r e  producing 
greater quantities of  these versatile ma­
terials in higher purities than before. 

FROM 57 THROUGH 7l-Some 
chemists call rare earths Lanthanides, 
Lanthanons or the Lanthanum Series. 
Actually they are not earths, but tri­
valent metals, a rather amazing family 
of elements . . . atomic numbers 57 
through 71. They are grouped together 
because they are always found to­
gether, with thorium and yttrium, in 
ores such as monazite, and all have 
closely related properties. While rare 
earths are technically metals, Lindsay 
produces them in chemical salt forms­
individually or in combinations. 

ATOMIC NUMBER 
39 
57 
58 
59 
60 
62 

ELEMENT 
YHrium 

Lanthanum 
Cerium 

Praseodymium 
Neodymium 

Samarium 

PLEASE ADDRESS INQUIRIES TO 

a, report by LINDSAY 

ATOMIC NUMBER 
63 
64 
65 
66 
67 
68 
69 
70 
71 
90 

ELEMENT 
Europium 

Gadolinium 
Terbium 

Dysprosium 
Holmium 

Erbium 
Thulium 

Ytterbium 
Lutetium 

Thorium 

SOME USES FOR RARE EARTHS 
LANTHANUM-As lanthanum oxide in 
a high refractive optical glass, particu­
larly for aerial cameras and other in­
struments. 
CERIUM-Glass polishing. Scavenger in 
explosives production. Radiation pro­
tection glass for atomic reactors. Opac­
ifier for porcelain. Oxidizing catalysts 
in organic preparations. Ultraviolet 
light absorber. 
MIXED RARE EARTHS-Misch metal for 
lighter flints and alloy uses. Motion 
sickness medication. Cores of arc car­
bon electrodes. Aluminum and magne­
sium alloys. 
PRASEODYMIUM & NEODYMIUM-Di­
chroic colorants for ceramic glazes and 
glass. Used in better grade sun glasses. 
They do not lower light permeability 
and index of refraction when used as 
colorant or decolorizer. Ceramic capac­
itors. 

The rare earths are becoming in­
creasingly important in the production 
of steel and steel alloys. Small quanti­
ties added to the metal in the ladle re­
sult in a strong, fine-grained steel. Steel 
thus treated has great resistance to low 
temperature oxidation and corrosion. 
Stainless varieties have better hot and 
cold workability. Silicon and electrical 

grade steels have better electrical qual­
ities. 

Rare earths added to cast iron act as 
powerful deoxidizers and help remove 
sulfur from the molten metal. They are 
responsible for cast iron that is resistant 
to scaling at higher temperatures and 
to certain corrosive atmospheres. In 
malleable metals, they act as a carbide 
stabilizer. 

Magnesium-rare earth-zirconium al­
loys have excellent casting qualities 
and mechanical properties that make 
them ideal for important light-weight 
stressed components of aircraft engines. 

Other rare earth compounds are used 
extensively for waterproofing, mildew­
proofing, weighting and dyeing of fab­
rics and compounding printing inks 
and phosphors. 

LIKE AN ICEBERG-You might com­
pare uses for the rare earths to an ice­
berg. What you see is only a small part 
of what lies undiscovered untier the 
surface. In all probability, there is a 
real place for one or more of the rare 
earths in your operations. New uses ­
and profitable ones, too-are being dis­
covered constantly. These versatile ele­
ments offer so much promise in so many 
different ways they merit your investi­
gation. 

To industries interested in the rare 
earths, we offer detailed technological 
data compiled over the years by our re­
search staff. We will also furnish sam­
ples for experimentation. 

And please remember ... the rare 
earths are plentiful. Lindsay can sup­
ply you with quantities from a gram to 
a carload. 

DNDSAY CHEMICAL (9MPANY 
264 ANN STREET • WEST CH ICAGO, I Lt. 
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MAN OF THE HOUSE ... 
For almost nine years Won Hak has been a homeless 
wanderer. He and his mother lived through the long, 
terrifying flight from the communist armies of 
North Korea. He saw his three younger brothers die 
of cold and hunger. His father was killed in action. 

Won Hak is no longer just a small boy, but the 
"man of the house"-a miserable, one·room shack. 
His mother sews all day long and far into the night. 
But there is not enough money to buy the food and 
clothes they need. Won Hak helps his mother-does 
all he can. 

YOU CAN HELP • • •  

a child like Won Hak to have enough to eat 
and to wear. Through your Save the Children 
Federation sponsorship-just $10 a month­
$120 a year, you can provide funds tO'send 
food and clothing to a needy child in Finland, 
France, West Germany, Greece, Italy or Korea. 
You will receive a Certificate of Sponsorship 
along with the photograph and story of uyour" 
child. You can correspond with him so that 
your generous help will then become part of 
a larger gift of understanding and friendship. 

SCF 

NATIONAL SPONSORS: 

FOUNDED 1932 

(a partial list) 
Faith Baldwin 

SAVE THE CHILDREN FEDERATION 
Carnegie Endowment International Center 
United Nations Plaza. New York 17. N. Y. 

I would like to sponsor a needy child in 0 Western Germany, 0 Finland, 

Mrs. Dwight D. Eisenhower 

James A. Farley 

Herbert Hoover 

Rabbi Edgar F. Magnin 

Dr. Ralph W. Sockman 

Mrs. Spencer Tracy 

YJ ";WI�:i· 1fly;e;;; ·
o� Il�:!�: �n�)��:� f:- 2r�:�� }�� Cie81;S f�ffal�::;: 

D $30 for the first Quarter, or 0 $10 for the first month. Please send 
me "my" child's name, story and picture. 
I cannot sponsor a child. but I would like to help by enclosing my gift 
of $ ..... .. ...... .............. ............................. . 
NAME ...............•..... . ........................ . 

ADDRESS ........ 

CITY . . . . ....... STATE ... 
Contributions are deductible for income tax purposes. SA3-7 

-----------------------------------. 

PRACTICAL METALLURGIST 
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ALUMINUM 

A young, vigorous manufacturing 

Corporation, located in central 

Pennsylvania, requires a practical 

metallurgist with experience in 

aluminum, to operate an aluminum 

smeltering facility now under con­

struction, to advise extrusion and 

manufacturing departments on met­

allurgical problems. Salary and or­

ganization details unbiased by in­

ternal precedent. 

Contact P.O. Box 1904, 
Grand Central Station, 

New York 17, N. Y. 

their hands, particularly if they drank 
much brandy, but the sores were not 
serious and the old Dutch remedies were 
harmless. Porphyrics were much better 
off then than they are today. Nowadays, 
with barbiturates and other sedatives al­
most a household nostrum in most of the 
civilized world, porphyria has become a 
most serious affair. Many drugs besides 
the barbiturates can precipitate acute 
porphyria. And there is as yet no specific 
treatment either for the attacks or for 
the underlying metabolic defect, al­
though with earlier diagnosis and under­
standing of the nature of the disorder 
most patients can be saved: of the 46 
acute cases that have come to me, all but 
the first three and a later one recovered. 

A patient in an acute attack must have 
first-class medical and nursing attention 
and requires a high level of nutrition. 
Usually intravenous feeding is necessary. 
As for prevention of attacks, doctors 
should be cautious about prescribing 
drugs and should consider the possibility 
of porphyria in the case of an apparently 
neurotic patient complaining of abdom­
inal pain. If an operation on a porphyric 
is necessary, gas, oxygen and ether should 
be used in preference to other anesthet­
ics. One woman, who had had two ex­
ploratory operations for porphyric pains, 
suggested that she should have tattooed 
on her abdomen: "I have porphyria-do 
not open me!" This would appear rather 
a drastic measure, but all cases of por­
phyria should be given a letter of warn­
ing which should be shown to any doc­
tor they consult. 

Porphyrics do best if they understand 
the nature of their disorder, avoid drugs, 
eat well and take very little alcohol. 
They are apt to acquire a much happier 
frame of mind once they realize that 
their symptoms are not due to imagina­
tion or neurosis. 

D uring the past five years 1 have been 
working steadily on the family tree 

of porphyria in South Africa. It is an 
extremely difficult and time-consuming 
job, but I expect to be able to publish 
soon a master tree which will trace the 
disorder to a single source: one of the 
early Dutch settlers who came to South 
Africa in 1686. This man happened to 
have a large number of children and 
grandchildren who inherited his gene for 
porphyria. Rapid multiplication of his 
descendants did the rest. The gene is 
now fairly widely distributed in the 
Afrikaner population. Despite this the 
Afrikaners have been a genetically suc­
cessful people. Conceivably the gene for 
porphyria may even be associated with 
hereditary advantages; we do not know. 
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the delicate touch ... is repeated hundreds 
of times in many different ways to build a rugged Varian klystron cathode. 

In airborne use, the cathode must operate with complete reliability ... 
withstand constant shock and vibration without malfunction or failure. 

It takes a delicate touch in the use of intricate fabrication techniques to build 
small yet rugged cathodes. For example, the tiny cathode button - often 

not much larger than the head of a pin - is carefully electropolished, then 
spray-coated with a precisely controlled mixture of rare earth oxides. Why? 

To assure uniform emission of electrons ... vital factor in reliable performance. 
Optimum structural rigidity is achieved by skillful metallic bonding of each 

electrode to a ceramic disc ... connections are individually brazed with a 
copper-gold alloy. Pressure-ventilated assembly benches are used to 

keep air superc.lean ... prevent contamination from microscopic particles 
which might affect performance or cause failure. 

Painstaking techniques like these exemplify Varian's manufacture of 
more than 60 different klystrons for every application. 

THE 
MARK OF 

LEADERSHIP 
TO, CAL I FOR N I A 

Representatives in all principal cities 

FOR COM P L E T E  I N FORMA T I ON ... write for the Varian Klystron Cotolog ... address Applications Engineering Deportment .:C-7' 
KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCIL t'A TORS, LINEAR ACCElERATORS, MICROWAVE SYSTEM COMPONENTS, 
R. F. SPECTROMETERS, MAGNETS, MAGNE10METERS, STAlOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEA�CH AND DEVELOPMENT SERVICES 
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Your company's next 

big opportunity might be in one of 

these "ideas" from General Mills 

Bags, blocks, beans and invisible rays! Each 
"idea" shown here represents an area of activity 
within our Industrial Group. Take a look. Possi­
bly you'll find an application that you can use to 

MAKES PAPER STRONGER! Small quantities of Guartec 
FXAC (a vegetable colloid) give jute and sulphate papers 
superior tensile and tear strength, increase mullen values 
15 to 25 %. Added to pulp, it assists in paper formation, 
frees-up the stock, permits increased machine speed, reduces 
refinement time. Finished sheets have longer fibers-better 
porosity, increased stiffness. Send for more information. 

Special Commodities Division, Minneapolis 

LONG-CHAIN BUILDING BLOCKS FOR CREATIVE CHEMISTS 

Uniphats (methyl esters derived from coco fatty acids) 
are excellent chemical intermediates in the preparatIon of 
detergents, lubricants, emulsifiers, other products. N on­
corrosive, water white liquids, they are easy to handle; are 
preferred for transesterification, alcoholysis, amidation. 
Write for folder about other chemicals, too. 

Chemical Division, Kankakee, Illinois 

improve products, reduce costs, increase produc­
tion. Or, you might see a chance to create an en­
tirely new product stemming from one of these 
technological developments at General Mills. 

HE'S MEASURING THE INVISIBLE. This scientist studies ad­
vanced infrared techniques in the "dark tunnel" at Mechanical 
Division's infrared laboratory. Basic work in infrared, radar 
and inertial guidance techniques contributes to defense and 
weapons systems concepts that are literally pushing back the 
frontiers of technical knowledge. Brochure tells more. 

Mechanical Division, Minneapolis 
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SCIENCE PUTS THE "OLD BEAN" TO WORK. Grown for cen- make refined oils, intriguing lecithins and special high-protein 
turies in Asia, primarily for food, the versatile soybean re- oil meals. From these products come paints, printing inks, 
mained an "unsung hero" until modern research uncovered floor coverings, caulking compounds, foods, soaps, livestock 
exciting properties. It is now America's most important oil seed and poultry feeds, pet foods and a host of other products. 
crop, one of industry's most rewarding raw materials. Through Current research suggests still more uses in many fields. Send 
progressive research, we have used the versatile legume to for facts. Soybean Division, Minneapolis 

Wanl More I Get facts about these or other General Mills Industrial Group 

. products by writing Mr. C. H. Bell, President, General Mills, 

G I Informallon? 1204 General Mills Building, Minneapolis 1, Minn. enera· 

INDUSTRIAL GROUP MItIs 
Soybean Division • Special Commodities Division • Mechanical Division • Chemical Division 
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Dr. Wil l iam C. Dash, B. S.,  Lehigh 
University ( 1 946 ) , Ph.D.,  Cornell 
University ( 1 9 52 ) , has been a mem­
ber of the Semiconductor Studies 
Section at the General Electric Re­
search Laboratory for five years, in­
vestigating optical absorption and 
perfection of semiconductor crystals. 

L o o k i n g · i n t o  s i l i c o n  
Dr. W i l l iam C. Dash 01 General E l ect ric 
develops a n ew tech n i q u e  lor studying 

d i s l ocations i n  s i l icon crystals Infrared light passes through silicon a n d  reveals pattern 
of dislocations on the screen of the "snooperscope." 

Silvery wafers of silicon used in semiconductor re­
search - and in the manufacture of transistors ­
are as opaque as a brick wall to visible light, but 
highly transparent to infrared. Dr. William C. Dash 
of the General E lectric Research Laboratory has 
adapted the "snooperscope," an infrared-sensitive 
device developed during World War II, as a con­
venient means of looking into silicon crystals .  

Recently Dr. Dash and his associates devised a 
method of precipitating copper along the rows of out­
of-line atoms inside silicon crystals so that these flaws 
- called dislocations - can be seen by the snooper­
scope. Since physicists now explain many aspects of 
crystal behavior - how they grow and why they bend 

- in terms of dislocations, the Dash technique is an 
important new tool for learning more about the solid 
state. Dislocation patterns predicted by theory have 
actually been seen for the first time on the screen of 
Dr. Dash's snooperscope. 

At General Electric, such research is  motivated by 
a belief that providing scientists with the tools, the 
incentives, and the freedom to seek out new knowl­
edge is the first step toward progress for everyone. 

Progress Is OVf Mos! Imporftlnf Prot/vel 

G E N E R A L  fJ E L E C T R I C  
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by James R. Newman 

DETERMINISM AND INDETERMINISM IN 
M ODERN PHYSICS, by Ernst Cassirer. 
Yale University Press ( $5 ) . 

Nearly a century ago William King­
don Clifford observed to the 
British Association for the Ad­

vancement of Science: "In asking what 
we mean by [cause] we have entered 
upon an appalling task. The word repre­
sented by 'cause' has 64 meanings in 
Plato and 48 in Aristotle . These were 
men who liked to know as near as might 
be what they meant; but how many 
meanings it has had in the writings of 
the myriads of people who have not tried 
to know what they mean by it will, I 
hope, never be counted ." 

Scientists and philosophers today are 
still in no closer agreement among them­
selves as to the meaning of "cause ." 
What is causality? Is it a hypothesis? A 
principle? An indispensable crutch of 
thought? How is causality related to de­
terminism? Has modern physics, in un­
dermining the latter notion, subverted 
the former? The word cause, said Ber­
trand Russell, is so inextricably bound up 
with misleading associations "as to make 
its complete extrusion from the philo­
sophical vocabulary desirable." Even if 
this drastic measure were justified, one 
could not expect it to be adopted over­
night. Meanwhile thoughtful men con­
tinue to mull the question, for it is held 
to be crucial not only by philosophers 
and psychologists but by those who work 
at the extreme boundaries of physical 
science-the theorists concerned with the 
behavior of very small things and those 
concerned with the structure of the uni­
verse as a whole. 

The late Ernst Cassirer ( who fled 
from Hitler's Germany and died in the 
U. S. in 1945 ) reflected on the concept 
of cause for many years. He was a man 
of wide and varied philosophical inter­
ests, thoroughly trained in the philoso­
phy of the exact sciences. His Determin­
ism and Indeterminism was first pub-

BOOKS 
A classic examination of what 
lS meant by the word" cause" 

lished in Sweden in 1936.  It appears now 
in an excellent English translation by 
O. T. Benfey of Earlham College in In­
diana, with a preface by Henry Mar­
genau of Yale University. 

Physical science has moved rapidly in 
the last two decades, and one might sup­
pose Cassirer's essay to be out of date. 
But as Margenau points out, Cassirer 
fully understood the revolution in physi­
cal thinking that was taking place, and 
his appraisal of its implications was 
ahead of the day. Many physicists saw no 
reason to construe Werner Heisenberg's 
uncertainty principle as forcing any pro­
found revaluation of the meaning of 
reality. In some quarters the supposed 
downfall of determinism was taken as an 
occasion for jubilation : free will was re­
stored and the human spirit no longer 
had to be regarded as a trolley running 
in predestined grooves. Cassirer shared 
neither of these opinions. It was no use 
pretending, he felt, that everything in 
physics was as tidy as before, except in 
certain special regions where the broom 
would not quite fit into the corners. 
Nothing short of a reform of the concepts 
of "physical system" and "physical state" 
was called for. This would show the di­
rections that physics should take and the 
limits inherent in its methods, but at the 
same time it would also permit the reten­
tion of causal descriptions. To Cassirer's 
mind the new theories of physics prom­
ised not chaos but a renaissance. 

His book surveys the evolution of the 
notion of cause. He begins with a discus­
sion of Pierre Simon de Laplace's famous 
dictum that an "all-embracing spirit" 
which knew all about the universe at a 
given instant could by mathematical 
analysis discover everything that had 
happened in the past and everything 
that would happen in the future. For 
Laplace this was "an effective metaphor" 
serving to contrast the concepts of prob­
ability and certainty. But the underlying 
theme was gradually transformed into a 
broad principle of far-reaching signifi­
cance in the evolution of physical 
thought. 

It was not a new theme. It was in fact 
the "pregnant summary" of that world 

view from which sprang the great philo­
sophical systems of the 17th century­
the systems of classical rationalism. 

"That everything is brought forth 
through an established destiny," wrote 
Gottfried Wilhelm von Leibniz, "is just 
as certain as that three times three is 
nine. For destiny consists in this, that 
everything is interconnected as in a 
chain and will as infallibly happen, be­
fore it happens, as it infallibly happened 
when it happened ....  Mathematics . . . 
can elucidate such things very nicely, 
for everything in nature is, as it were, 
laid off in number, measure and weight 
or force. If, for example, one sphere 
meets another sphere in free space and 
if their sizes and their paths and direc­
tions before collision are known, we can 
then foretell and calculate how they will 
rebound and what course they will take 
after the impact . . . .  From this one sees 
then that everything proceeds mathe­
matically-that is, infallibly-in the 
whole wide world, so that if someone 
could have a sufficient insight into the 
inner parts of things, and in addition 
had remembrance and intelligence 
enough to consider all the circumstances 
and to take them into account, he would 
be a prophet and would see the future 
in the present as in a mirror." 

The clever fellow with the synoptic 
eye had not yet been born, nor was he 
likely to be. Still, he embodied an ideal 
for science as well as philosophy. One 
might say that if all men were virtuous, 
there would be eternal peace, and 
though one recognized that all men were 
not virtuous and would never be, still 
the cause of peace would be furthered 
by encouraging virtue. Similarly, though 
one recognized that a complete under­
standing of the universe is impossible, 
one could hope to learn the laws of phe­
nomena by extending and improving ob­
servations. 

Among the philosophers who attacked 
this treatment of causality were David 
Hume and Immanuel Kant. Hume took 
the pOSition that causality exists only in 
the mind, because our knowledge of the 
physical world is founded entirely upon 
sensations. We see a moving billiard ball 
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PHILOSOPHICAL 
LIBRARY BOOKS 
o ENCYCLOPEOIA OF ATOMIC ENERGY by F'a"k Gaynor. More than 2000 entries defining and explaluing 
concepts and terms in nuclear physics and atomic energy 
makes this \'olume a vital handbook for all those concerned 
with atomic scierf{'c. /U1IstratiQtls, cilarts, tables. $7.;:;0 
o NUCLEAR PHYSICS by Werner Hei-Benberg. Deals, 
among other things, with Bohr's theory, the periodic system 
and the extra· nuclear structure of aloms. The main subject 
of the book includes radio-activity. the binding energy of 
nuclei. nuclear structure, artificially induced nuclear trans­
mutations and with the methods of obserration and of pro­
ducing nuclear transmutations. 'I'he work concludes with 
some account of the practical applications of !lucienr physics. lVith 18 'lUI/tone izt11stroti011S muL 32 line Wustrations. 

$4.75 
o ELECTRONICS by A. W. Keen. The science or electrons 
in action. A serious attempt to present. in accurate terms, 
an up-to-date and comprehensh'e account or electronic de­
l'ices and their allPlieations. The author is an engineer who 
has lectured on electronics and telecommunications at 
Corentrr Technical College. Illustrated lOith 190 specially prepared illstrtlctiollal diagrams a�ld over 50 fJIlQtograplls. 

$1.5 0 
o ELECTRONIC COMPUTERS by T. E. Iva!!. A non­
mathematical introduction to the mechanism and applica­
tion or computers employing vah'es and transistors. Both 
digital and analogue coOlputers are covered. the bulk or the 
book being demted to describing their circuitry, while 
their rapidly developing applications in industry. commerce 
and science are also outlined. ]n the final chapter, the fu­
ture e\'olution or computers is discussed. 1,0 draui-i110S and 25 photoS. $10.00 
o ELECTRICITY AND MAGNETISM by J. Newton. A 
detailed study or the phenomena and theory or electricity 
and magnetism. The author deals with cmrent electricity, 
electrostatics. magnetic properties or materials. magnetom­
etry and thermo-electricity. concluding with a sUfl'ey sys­
tem or units. electronic circuits and elementary atomic 
physics. The author is Senior Lecturer in Physics at 
Northampton Polytechnic. London. J, plates, 361 figures. 

$10.00 
OAGEING IN INDUSTRYbyF. LeGrosClarkmHlAones C. Dunne. A survey or the ageing process among indiddual 
workers in the various occupations. $7.50 
o HISTORY OF MATHEMATICS by Joseph E. Ho/mllntl. 
In a wealth or detail Proressor Hormann explores the number 
systems and methods or ancient peoples, the role or the 
great translators or the Middle Ages. the problems and ten­
sions or the Scholastic l)erioG. Numerous works of Renais­
sance aWl Early Baroque mathematicians are discussed. 
emphasizing developments which helped to pave the wa}' ror 
modern concepts. $ 4.75 
o THE ART OF ARCHITECTURE by A. E. Richardson and Hector O. Cor/iato. A comprehensh'e treatise on the de­
sign or buildings, showing the evolution or architectural 
systems rrom the earliest times. and the continuity of basic 
principles in the art or building. 144 pages. illustrated witll 
153 specially prepared plans and. line draw-in{J8 and 513 pllOtOf/ropliS. $ 2 5.00 
o ERNEST RUTHERFORO: ATOM PIONEER by lo'm Rowland. Lord Rutherrord will be remembered most for his 
brilliant and revolutionary research into atomic physics. and 
as the result or hIs work, rapid progress was made towards 
the dm'elopment or the atomic bomb. the bulldlng or power 
stations, and the utilising or atomic energy for industrial 
purposes. Illustrated. $4.75 
o A KEY TO THE STARS by R. Van Der R. Woolley. A 
clear account or the actual appearance or the hea\'ens; ex­
plains such miracles as the constitution or the stars and the 
galaxy as a whole; traces the growth or astronomical science 
through the lh'es or the great astronomers; and describes. 
from first-hand experience, some famolls obseT\'atories or 
today, theIr ('quipment and work. Dr. Woolley is Director or 
the Commonwealth Obserratory, Australia. Illustrated. 

$4.15 
o THE CONQUEST OF THE ANTARCTIC by Norman Kemp. A beautir1rllly illustrated record of England's con­
tribution to the discovery of the Antarctic. $4.75 
o ORNITHOLOGISTS' GUIDE edited bv Roland Green. 
A Ilocket encyclopedIa or bird stud)' prepared by eminent 
American and British authorities. The book contains articles 
on field recognition. classification, collecting, plumage, 
habitat. migration, na\'igation, sea birds. etc, There is an 
extensive glossary. Illustrated. $10.00 
o EXTINCT LANGUAGES by Johannes Friedrich. The 
enchanting story or the art or deciphering forgotten lan­
guages and scripts. The author is a proressor at the Free 
Unirersity or Berlin and editor of the Hittite Dictionary. Richly ill1lstrated. 37.5 0 
o AMERICAN BUSINESS DICTIONARY by Ha'ald Lazarus. Here is the business vocabulary required to meet 
the daily rererence needs or business men, business and 
tlnanclal writers, teachers and students or business. econo­
mists, attorneys. vocational counselors and secretaries. The 
volume co\'ers all areas of business. The author is Assistant 
Professor or Management at Horstra College in Hempstead, 
L. L $10.00 
o OICTIONARY OF ANTHROPOLOGY by Cha,l .. Win.ick, Roellester University. A comllrehensh'e explication 
of basic terms and concepts or archaeology, cultural anthro­
pology, linguistics. and phYSical anthropology. $10.00 
o DICTIONARY OF POISONS by I. and E. Mellon. 
Cm'ers all organic and inorganic poisons, their composi­
tion. occurrence. effects. pre\·ention, antidotes. etc. 34.75 
o TABOO by Franz Steiller. Scholars hare been trying to 
explain taboo customs ever since Captain Cook disco\'ered 
them at first hand in Polsnesia nearly 200 years ago. 34.15 
DALBERT !'CHWEITZER: THE STORY OF HIS LIFE by Jean J>ierhal. The author, who has had access to much 
original material. proddes a memorable picture or 
Schweitzer's ramily lire and or his early environment· of 

���,!�a
r�l:ri�aff����?�\� \���k'e:� l�l�t:�gnre���e J��lS:I:�:l: 

tinued dedication which is his lire ser\'lce. IUtlstratell. 
13.00 

o A TREASURY OF PHILOSOPHY edited by Dagobert D. R1mes. Here is one or the most comprehensh'e collections 
of philosophical writings e\'er to be gathered between the 
two cm'ers of one book. Tn a text or o\'er 1,200 pages. under 
more than 375 sellarate entries, are to be found. not onl\' 
the great philosophers of the West. but the important. and 
less ramiliar, thinkers of the Orient. $10.00 

MAIL THIS COUPON TODAY r-----------------� 
I �lail to :rour ra\'orite bookseller or directly to I 
I rr��?tS�rhH�C;,!.�. L��s�A9��·N:�lb�:�k'k N. Y. I 
I Send books checked. To expedite shipment I enclose I 
I remittance $ ... .................................. I 
I NA�IE I 
I ADDHESS .......................................... ..................................... I 
L _________________ J 
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collide with another at rest ; the second 
ball is set into motion; we conclude that 
the motion of the second ball was caused 
by the first. In truth we know nothing of 
the actual forces at work; all we know is 
that there is a regularity in the behavior 
of our cognitive powers. The causal idea 
emerges from the fact that imagination 
and understanding "cannot escape the 
constraint of association and the force of 
habit." 

Kant also rejected the notion that 
cause is a simple relation between things, 
but unlike Hume he granted that there 
is an orderliness in nature as well as in 
the mind-a lawfulness of "outer" occur­
rences to which the orderliness of "inner" 
occurrences is related. 

In the 19th century the field theories 
of electricity and magnetism forced a 
radical revaluation of the old theory of 
matter. Statistics introduced into science 
a new method and a new instrument of 
description. Thermodynamics led to an 
important change in the world view 
of physical nature "in the formal as well 
as in the material sense ." It was no 
longer possible to rest on a simple "con­
tact" theory of causation. There were 
philosophers who had rejected this no­
tion long ago ; now phYSicists had to 
abandon it. Nature was not to be en­
tirely explained in terms of hard objects 
bumping into each other. The existence 
of hard objects was doubtful, and even 
if they existed, they appeared to bump 
into each other from a distance. The 
concept of continuity was in danger ; the 
jurisdiction of dynamic laws was cur­
tailed; the causal principle itself became 
the subject of irreverent debate. 

Ernst Mach put his finger on an im­
portant point, related to the views of 
Hume and Kant. However one may de­
fine the causal principle, he said, it is 
certainly not a natural law in the usual 
sense of the words. There is no cause 
and effect in nature as such, "for nature 
is present only once, and those same 
events to which we refer when we say 
that under the same circumstances the 
same consequences occur do not exist in 
nature but only in our schematic repro­
duction of it." Hermann von Helmholtz 
expressed himself along similar lines. 
The assumption of causality could be 
justified only as a means of obtaining a 
"conceptual grasp of nature ." Although 
we cannot be certain a priori that order­
liness pervades every corner of the uni­
verse, it is an indispensable regulative 
principle of thought, the only guide to 
inquiry. If no regularity were perceiv­
able, "our intellectual activity would 
necessarily come to rest." The investi­
gator must have faith in a kindlier Na-

ture ( God, said Einstein, is nQt mali­
cious). He must give heed, according to 
Helmholtz, to only one counsel: "Trust 
the inadequate and act on it; then it will 
become a fact." 

We may ask how statistical laws fit 
into this philosophical view. In classical 
physics a distinction was made between 
dynamical and statistical laws-between 
the "determined" and the "undeter­
mined." The behavior of a falling hody, 
described by the laws of motion, was 
determined; the behavior of a gas, de­
scribed by the laws of statistical me­
chanics, was undetermined. What did 
this distinction mean? For one thing, of 
course, it implied that some laws were 
"exact," while others were mere approxi­
mations. This did not mean that the in­
dividual molecules of a gas do not obey 
the laws of classical mechanics; it meant 
that in dealing with a horde of them it 
was feasible only to treat them statisti­
cally. But statistical laws were a make­
shift, inferior to exact laws. 

The classical distinction between de­
terminism and indeterminism posed a 
second and more important difficulty. If 
the behavior of a gas was "undeter­
mined," what became of causality? The 
formulas of Leibniz and Laplace made 
predictability the criterion of causality. 
Since statistical laws could prophesy 
only what was likely to happen, they 
were not only inferior to exact laws but 
threatened a failure of the causal princi­
ple if they were accepted as complemen­
tary descriptions of nature. 

Helmholtz's view gave an answer to 
these difficulties. His definition of caus­
ality was not tied to predictability. He 
did not belittle the importance of pre­
diction in science, in technical mastery 
of nature, in everyday life . Yet it seemed 
sheer anthropomorphism to insist that 
unpredictable events lay outside the 
causal relation. It might well be there 
were phenomena which would forever 
elude exact description, which could be 
encompassed only by statistical laws, 
but this could not be taken to mean that 
such phenomena stood above the orderli­
ness of the universe. Max Planck, writing 
on causality 50 years later, was even 
more explicit . He pointed out that "even 
in classical physiCS it is not possible in a 
single instance really to predict a physi­
cal event accurately." Thus if predict­
ability is adopted as the strict criterion 
for causality, we are confronted with the 
fiasco of being forever unable to verify 
causality in any concrete case. 

The only escape from this dilemma is 
to define casuality as a proposition con­
cerning cognitions, not things and 
events. In Cassirer's words: "We must 
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think of causality as a guide-line which 
leads us from cognition to cognition and 
thus only indirectly from event to event, 
a proposition which allows us to reduce 
individual statements to general and uni­
versal ones and to represent the former 
by the latter. Understood in this sense, 
every genuine causal proposition, every 
natural law, contains not so much a pre­
diction of future events as a promise of 
future cognitions." 

More than half of Cassirer's book is 
devoted to this interpretation of causal­
ity, with particular reference to quantum 
mechanics. The quantum theory ex­
ploded the notion of continuity; it cre­
ated a special body of laws for small 
things, inapplicable to large things; it 
dethroned determinacy and made ran­
domness king; it made philosophers take 
to their beds and physicists flee to shel­
ter. The quantum theory, as Planck aptly 
remarked, is a "dangerous foreign explo­
sive which has caused a gaping rift 
throughout the entire structure [of clas­
sical physics] ." But the worst was yet to 
come. To handle the quantum theory 
mathematically and deal with the dual 
nature of matter ( behaving both as 
waves and as particles), it was necessary 
to devise a quantum mechanics. Now 
quantum mechanics is a statistical disci­
pline. It presents no exact description of 
an individual particle and makes no ex­
act prediction of its behavior. However, 
it can make very accurate predictions as 
to large aggregates of particles, and can 
show certain correspondences between 
quantum and classical mechanics. For 
example, Heisenberg conceived a matrix 
which corresponds to the momentum or 
energy of electrons, and combined the 
matrices according to laws "in the same 
way the corresponding quantities in 
classical mechanics are combined by the 
equations of motion." Quantum mechan­
ics thus has been able to incorporate the 
laws which were the foundation of classi­
cal mechanics. 

And yet, as must be evident, the meth­
ods of quantum mechanics represent a 
profound change in outlook-a change 
which was crystallized in Heisenberg's 
principle of indeterminacy, enunciated 
in 1927. All statements in physics, he 
said, are relative to the means of obser­
vation used. This limitation can be dis­
regarded in experiments with things of 
ordinary size, but it is decisive in the 
realm of the very small, just as a grain 
of sand is insignificant in the gears of a 
cement mixer but becomes disastrous in 
the gears of a watch. Since we are de­
pendent on instruments, there is a limit 
"not only to our experimental technique 
but also to the formulation of physical 

concepts." Suppose we wish to deter­
mine the position of an electron. If we 
were to try to locate the position of the 
electron through some ultramicroscope, 
the precision with which we could locate 
it would depend upon the wavelength 
of the "light" used to define it. U nfortu­
nately, however, the shorter the wave­
length, the more massive the effect of 
the light upon the electron's motion. 
Therefore it is "basically impossible to 
measure simultaneously the position and 
velocity of an electron with any desired 
accuracy." If we increase the accuracy 
of one measurement, we decrease the 
accuracy of the other. 

What are the implications of the un­
certainty principle? Does it constitute a 
denial of causality? Heisenberg said 
yes. Since there are limits to the accuracy 
of measurement, there are limits to the 
predictability of the path of a particle. 
We cannot predict the future, he said, 
because it is impossible to obtain an 
exact knowledge of the present. 

Many phYSicists share Heisenberg's 
opinion. Some, including Albert Ein­
stein, have argued that quantum me­
chanics may one day be refined or sup­
plemented to encompass individual 
events. Cassirer took a different view. 
He felt that quantum mechanics repre­
sents the finest meshed net we can hope 
to throw about physical reality, but he 
vigorously rejected the idea that accept­
ance of the uncertainty principle entails 
the abandonment of causality. Taking 
Helmholtz's interpretation of causality as 
independent of predictability, he rea­
soned that uncertainty is not fatal to the 
causal principle. Indeed, quantum me­
chanics itself could not exist without 
making use of "pure and typical causal 
principles," namely, the laws of conser­
vation of energy and momentum. 

Planck once pointed out that whether 
a physical quantity is "observable in 
principle," or whether a given question 
is meaningful in physics, is not a matter 
to be decided a priori. It depends entire­
ly on the theory we adopt, for the theory 
shapes our instruments, our methods, 
our interpretations. We are not simply 
cameras or mirrors. Between the thing 
observed and the observer there is an 
uncertainty, an uncontrollable ripple, 
one might say, produced by the interac­
tion of the seer and the seen. The new 
physiCS disenchants us as to the firmness 
and fixedness of substance. "We no long­
er have absolute, completely determined 
entities, from which we can immediately 
read off the laws and to which we can 
attach them as their attributes." The con­
tent of our empirical knowledge consists 
of no more than the "totality of observa-
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tions which we group together in definite 
orders . . .  and which we can represent 
by theoretical laws." Quantum mechan­
ics does not deal with things whose laws 
we seek to discover; instead, from ob­
servation we constitute the things. 
Atomic physics deals "with the nature 
and structure not of atoms but of the 
events which we perceive when observ­
ing the atom." 

The causal principle can be united 
with diverse conceptual schemes, but 
each amalgamation must be effected 
with care: causality is not a shoe that 
fits every foot. Cassirer reminds us that 
causality has had many trials in the his­
tory of physics. It was thought to be en­
dangered, for example, when Newton 
introduced "action at a distance," in­
volving the "occult" force gravitation. 
But the causal principle endured; and 
the exertions to preserve it have deep­
ened our insight. 

We now understand that there are in 
physics, as in other spheres of thought, 
unaskable, which is to say, meaningless, 
questions. ( For example, what is the 
location of an electron during its jump 
from one orbit in the atom to another? ) 
Many intuitively obvious notions have 
turned out to be untenable. What all this 
means is that some situations "are not 
empirically definable for us." Nature is 
much queerer than we can suppose . It 
does not mean, however, that nature is 
capricious or that causality is dead. 
"What quantum mechanics does," said 
P. A. M. Dirac, "is to try to formulate 
the underlying laws in such a way that 
one can determine from them without 
ambiguity what will happen under any 
given experimental conditions. It would 
be useless and meaningless to go more 
deeply into the relations between waves 
and particles than is required for this 
purpose ." This is in fact all that the 
causal principle requires. So long as ob­
servable events can be described with 
precision in mathematical language, the 
postulate of the "comprehensibility of 
nature" which the causal principle con­
tains is fulfilled. 

Louis de Broglie and David Bohm 
have attempted what is called a "causal 
interpretation of the quantum theory." 
Richard P.  Feynman has proposed a 
theory of quantum electrodynamics in 
which time flows "backwards" ( see the 
review of The Direction of Time below ) . 
Other new approaches have been of­
fered. But it is my impression that most 
physicists and philosophers are today a 
little weary of the causality debate; at 
least they seem to feel that until an­
other breakthrough is made, further dis­
cussion is not apt to be very fruitful. 

Cassirer's interpretation now enjoys, as 
Margenau remarks, greater popularity 
than when it was first propounded. 
There are certainly weaknesses and un­
resolved points in his treatise, which 
critics will have no difficulty sticking 
their knives and needles into. But I have 
no hesitation in recommending this 
work of a sensitive, sure thinker. Cas­
sirer's study is spacious, subtle and in­
sightful. He has laid out in clear perspec­
tive one of the most complex and vexing 
questions of thought. 

Short Reviews 

THE DIRECTION OF TIME , by Hans 
Reichenbach. University of Califor­

nia Press ($5.50). This book is the last 
major work of a gifted and vigorous 
philosopher. The late Professor Reichen­
bach made many valuable contributions 
to the analysis of the theory of proba­
bility, relativity theory, quantum me­
chanics and the logical foundations of 
science. In this book he summarized his 
conclusions and brought his pOint of 
view to bear on the baffling problem of 
time-its qualitative, or topological, at­
tributes, such as order and direction. His 
major premise is that time order is re­
ducible to causal order. This idea was 
first conceived by Leibniz, but it was 
not until Einstein formulated the special 
theory of relativity that the causal theory 
of time could be "definitely established." 
The Lorentz transformations, which in 
effect express the special theory of rela­
tivity, permit the reversal of the time 
order of certain events, namely of those 
which cannot be connected by causal 
chains. Einstein was thus led to his criti­
cism of the absolute concept of simul­
taneity. He showed that the accepted 
time order between events can be pre­
served "only if the events in question 
can be connected by signals, that is, by 
causal chains." To insist, therefore, that 
time order has a meaning independent 
of causal order requires the rejection of 
both the Lorentz transformations and 
the special theory. This would mean the 
overturn of a large part of modern phys­
ics. Order is as easily established in the 
continuum of time as in the continuum 
of pOints on a line. We can fix the posi­
tion of an event relative to other events 
just as we can say that a pOint lies be­
tween two others. But direction is quite 
another matter. In the number continu­
um the relation "smaller than" has a 
direction. Does the same structural dif­
ference exist between the relations 
"earlier than" and "later than?" We be­
lieve this must be true, but the question 
is, can it be proved in physics? An irre-

© 1957 SCIENTIFIC AMERICAN, INC



Layman : 

to Enr. 
of the World 

Select TWO of These Fine 
Books as Our Gift to You 

We live in the age of science. It judge. As a result, the Science Book 
touches our lives every day. In many Club developed the technique of 

To introduce you to this new and exciting way 
of enrich ing your knowledge of the world of 
science, the Science Book Club now invites you 
to accept ANY TWO of the fi ne  books l isted here 
as our  FREE G IFT to you - along with any other 
one as your fi rst membership choice - at the 
special price of only $3.89. Simply fi l l  out the 
coupon below; you need send no money now. 
We' l l  be glad to b i l l  you after you have received 
the books. 

fields - atomic energy, medicine, en- screening literally scores of books 
gineering, automation, bio-chemistry each month in order to find that one 
and others - discoveries are changing book in a particular field which de-
our way of life. And there are more serves your attention. 
changes to come. Each month, the Club sends its 

Now - here is the modern way to free Science Report to members, giv-
keep abreast of this ever-changing ing a cogent analysis of the choice and 
field. It is deSigned espeCially for the the reasons for its selection. At that 
scientist and for the layman with an time, the member has the option of 
intelligent curiosity. It is the result of selecting or rejecting the book on a 
constant research by the respected convenient return form which is al-
Science Book Club, one of the oldest ways supplied. 
book clubs in the United States. When you buy your books this 

In its research, the Club discovered sensible and easy way, you receive 
two important facts : many people, many other benefits:  you get the spe-
devoted to particular specialties, are cia:! gift offer to introduce you to the 

IDEAS AND OP IN IONS eager to keep up their knowledge of Club ( see adjOining column ) ;  you get A TREASURY OF SCIENCE by A lbe,t Einstein 
new developments in other fields. At the carefully selected choices in the Edited by Hallow Shapley wilh "Great thoughts of a great 

the same time, while they are aware various fields; you save up to 40% on A\r�:P:r:�s�;y
d 

07'
t�,�gr��t ti�� i���e���e�ot��:�� (���! 

of the necessary reading in their own the regular price of the book and you scientific writing of all time urday Review). The full range 

diSCiplines, when it comes to others get extra dividends in the form of a ��� i�:�i
,
le�p!fo.��iJe��i:t��� frc��n�����'�alh��� i��j;rft?Ji� 

they are confronted by a torrent of Bonus Book free with the purchase of the entire universe. is represented here. 

reading matter, difficult t0
l'.

S
_

i
.
ft

_
a
.
n 
.. 
d __ o

.
f 

.. 
e
.
v
.
e
.
ry

_
f
.
o

.
u

,
r b�0:0=k=s�. ___ .... � __ ..::;==R:e�t:a:iI:p:r:ic:e=:$5:.:9:5�\oo __ R.e ... t.a_i1.p .. r.ic.e_.$.4._0.0� 

� 

APES, ANGELS & VICTORIANS 
by Wi l l iam Irvi ne 

"A beautiful and exciting 
book . . .  the best attempt 
to look at Darwin and Hux· 
ley in the social and intel· 
lectual context of the i r  
time." (Prof. Marston Bates) 

Retail Price $5.00 

MAN AND ENERGY 
by A. R. Ubbelohde, F.R.S. 

Fascinating survey of the 
astonishing growth of human 
power over energy - from 
prehistoric domestication of 
slaves to the modern control of the atomic bomb. 

Retail Price $5.00 

THE DEATH AND REBIRTH 
OF PSYCHOLOGY 
by 1 '0 P,ogofl 

The impact of the discover· 
ies of Freud, Adler, lung and 
Rank on modern man, and 
how they can lead to a new 
and greater freedom for man 
in this age of anxiety. 

Retail Price $4.00 

by Kirby, Withington, 
Darling & Ki lgour 

History of engineering from 
6000 B.C. to present -
stressing effect of physical 
and cultural environment on 
engineering advances and 
impact of engineering on our 
culture. 

Retail 'rice $8.50 

� � 
t 

l 
ANOMALIES AND CURIOSITIES 

OF MEDIC INE  by G. M .  

Gould, M D &  W. t .  Pyle, MD 
Nearly 1000 pages of strik· 
ing histories of abnormal· 
ities in ail branches of med· 
icine and surgery. long·time 
classic of great value to the 
researcher, historian and lay 
reader. Profusely illustrated. 

Retail Price $ 1 2.50 

HYPNOTISM: 
H I STORY, PRACTICE 6. THEORY 
by J .  Mi lne Bramwe l l ,  MD 

. The classic work on hyp­
nosis.  Covers early history 
of hypnosis, experiments on 
men and animals, hypnosis 
in surgery .. and medicine, 
dangers of hypnosis, etc. 

Retail Price $6.50 

MEN, ROCKETS & SPACE RA IS 
by lloyd Mallon 

Spotlights dramatic achieve· 
ments in exploration of outer 
space; recounts dangerous 
experiments done by men 
now risking their lives as the 
guinea pigs of space med· 
icine. 

Retail 'rice $5.95 

I ®:�::e::S:�:�:�:�:�:�:�:�:�:�:�:�:�::s::� 
1'1'; Science Baok Club, Deparlment 40 1 3  11)\ L. 1 1  East 36th Street, New York 1 6, N. Y. .J l'I't� Enroll m e  as a member and send the three books I have checked. Two are my gift 

.
lor �';)\ t., jOining and the third i s  my selection at the speci� 1 Club price of $3.89 plus a 

,
nominal .:.:1 

� •• :. charge for postage. I am to receive the Club's SCience Report free monthly. With each 
•• ,� (It additional four selections I accept. I w i l l  receive a free bonus book. I can accept as few .,)/ ,.;. as four .selections in the first year and I may cancel my membership at any t ime after :::. I(� that. (Note: Send no money. Simply check and mail  this coupon.) ill) �.,:. Check the thr •• books of your choice :.', l(j' 0 A Treasury of Science 0561 0 Ideas and Opinions 0847 ii)� �} 0 Apes, Angels & Victorians 0940 0 Hypnotism 1 128 .; •• � �I" !' 0 The Death and Rebirth of 0 Men, Rockets & Space Rats 102S " I')� II Psychology 1 1 2 1  '. 'I l::; 0 Anomal ies and Curiosities 

0 Man and Energy 1077 

:::).� \1(1 of Med icine 1096 0 Engineering I n  History 1052 I.� 'I 
{i�; NAME ............................................ ........... .. .................................. .................................... ���i} !:g:g:E�;�:�:�;:;::��:��;0;0:2:�:! 
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new scwnce books 
from 

SCRIBN ERS 

TH E DARW I N  READ E R  
Edited b y  Martson Bates 

and Phil ip 5 .  Humphrey 
For the first time, a brilliant 
o n e - v o l u m e  e d i t i o n  of t h e  
works of Charles Darwin. The 
selections contain the essen­
tial parts of The Auto biogm­
p h y ,  T h e  V o y a g e  of t h e  
Beagle, The Origin of Species, 
The Descent of Man, The Ex­
p1'ession of the Emo tions, and 
parts of lesser-known books. 
An excellent critical bibliog­
raphy for those interested in 
further reading. Illustrated 
with line drawings. $6.75 

ATO M S  AND TH E 
U N IV E RSE 

G.  O.  Jones, J .  Rotblat, 
G.  J. Whitrow 

1 54 

In straightforward, under­
standable language, three dis­
tinguished scientists present 
the results of the research of 
classical . physicists, nuclear 
physicists and astrophysicists 
into the structure of matter 
and of the universe. Modern 
theories, their practical appli­
cations and conclusions to be 
drawn for the future are thor­
oughly discussed. Illustrated 
with photographs and dia­
grams. $4.50 

A N I MAL N AVI GATI O N  
J .  D .  earthy 

Here is a fascinating study of 
the ways in which animals 
make use of sign posts un­
perceived by humans. It took 
man many centuries to devise 
instruments to help him find 
his way around the earth, 
while for thousands of years, 
unaided by gadgets, ants have 
returned to their nests, birds 
have migrated for hundreds 
of miles and eels have swum 
back to the continents from 
the · depths of the Atlantic.  
Illustrated with photos and 
line drawings. $3.95 

At a l l  bookstores 
C H A R LES SCRI B N E R'S SONS 

versible physical process , such as burn­
ing or the mixing of gases or liquids in a 
vessel, might be thought to represent a 
direction in time. But there is a catch, 
as was shown by James Clerk Maxwell 
and more fully by Ludwig Boltzmann. 
For the trend in one direction is only 
statistical; it does not apply to individual 
molecules. "The act of becoming is the 
transition from improbable to probable 
configurations of molecules ." Even so, 
says Reichenbach, this is the closest we 
can come to a unidirectional clock. Look­
ing at the universe as a whole, in space 
and time, is it possible categorically to 
assert that its entropy is steadily increas­
ing? Reichenbach says no. All one can be 
reasonably sure of is that certain isolated 
''branch systems" of the grand entropy 
curve of the universe evolve in the direc­
tion of "positive time." In our own small 
world, representing a section of time, 
everything appears to be running nicely 
downhill. No one grows younger; there 
are no closed causal chains ; we do not 
re-encounter the past; the entropy bank 
is steadily getting richer. But there may 
be such a thing as "supertime," pieced 
together of separate time threads point­
ing in opposite directions. This theory 
provides an answer to the famous para­
dox of reconciling the reversibility of 
microprocesses ( the behavior of individ­
ual molecules ) with the irreversibility of 
macroprocesses, such as the mixing of 
gases. Reichenbach asserts that quantum 
processes are as reversible as the proc­
esses of classical mechanics . He dis­
cusses the fascinating concept, devel­
oped by E. C. G. Sruckelberg and Rich­
ard P. Feynman, that a positron can be 
regarded as an electron moving back­
ward in time. "The negative unit charge 
of the electron, which travels in the op­
posite time direction, has the same phys­
ical effects as the charge of the positron 
traveling forward in time; and therefore 
the two interpretations cannot be distin­
guished observationally ." There is much 
to criticize and to question in Reichen­
bach's essay. He devotes too much space 
to the background of physics ; he some­
times mixes precise logical terms with 
the loose language of common sense in 
his proofs ; he overtouts the claims of sci­
entific philosophy. But this is an en­
grossing work, and readers will mourn 
the fact that its author did not live to 
write the final chapter, which was to 
have considered the connection between 
the subjective experience of time and 
its objective properties in nature. 

D OCUMENTS IN MYCENAEAN GREEK, 
by Michael Ventris and John Chad­

wick . Cambridge University Press 

r - - - - - - -�-� - - - - - - I  

Tabwag . . . a war-gaming experi­
ment by the Combat Operations 
Research Group, to evaluate 
performances of armored ve­
hicles, their speed, armor, weap­
ons and other capabilities, by 
map games utilizing computers 
and other scientific techniques. 
Short for "tank battle war 
game." Typical of work done by 
CORG scientists to assist in 
developing new tactics, weapons 
systems and organizations for 
the U. S. Army. 

� PHYSICISTS 
� MATHEMATICIANS 
� and other SCIENTISTS 
will find in CORG a small but 
growing research group, where 
freedom to think and unlimited 
creative o p p o r t u n ities  c o m e  
first. C ontact with many varied 
disciplines, excellent living con­
ditions, all usual benefits, make 
C O R G  "a good place to work."  

I for information, write to: 
ROBERT L. KOLLER 
6 Schouler Court 
Arlington 74, Massachusetts 

T E C H N I C A L  
O P E R AT I O N S  

I N C O R P O R A T E D 
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( $ 15 ) .  Between 1900 and 1905, while 
excavating the Palace of Minos on the 
island of Crete, Arthur Evans came 
upon some 4,000 clay tablets inscribed 
in three kinds of writing. The tablets 
could not be deciphered. Similar tablets 
were found in 1 939 and again in 1952 
at Pylos by Carl W. Blegen, and in 
houses outside the great fortress-palace 
at Mycenae by Alan J. B. Wace. Many 
men attempted to decipher the tablets, 
for they were believed to hold the key 
to a host of questions about the pre­
historic civilization of Greece in the 
Aegean Bronze Age and about the or­
iginal home from which the Greek peo­
ple had come. The difficult feat was 
finally accomplished by Michael Ven­
tris, a young English architect who made 
a study of the scripts his hobby. The re­
port of his work appears in this splendid 
volume, which the London Times has 
called a general classic comparable to 
Newton's PTincipia . In 1952 Ventris 
turned up a clue which led to the de­
cipherment of one of the three scripts, 
called Linear B. He showed it to be an 
early form of Greek, at least 500 years 
older than the earliest previously re­
corded. The Mycenaean art and culture 
were therefore proved to be Greek, and 
it became possible to trace the develop­
ment of Greek civilization from about 
the 1 6th century B .C .  The information 
on the clay tablets is conveyed in short, 
often cryptic sentences, frequently with­
out verbs.  The writings are not "litera­
ture" in the exalted sense-chronicles, 
epics, liturgies or laws . They are almost 
exclusively lists of commodities, inven­
tories, tallies, registers of personnel. 
Some are merchants' records, some are 
written in the "house of the oil mer­
chant," some in the palaces, some in the 
armory. Place names appear, and 

men's names, also lists of chariots, tri­
pods, furniture and garments.  There are 
additions, subtractions, calculations in­
volving proportion .  The Mycenaean 
computers made blunders, some of 
which they erased and others they left 
for us to discover with glee. The My­
cenaean cities Knossos and Pylos had a 
wan ax ( king ) . We read of a "war­
leader," a mayor, a messenger, a herald ;  
of  huntsmen and woodcutters ; of ma­
sons, carpenters and shipbuilders ; of 
bronzesmiths,  goldsmiths, cutlers and 
bowmakers . Cloth weaving was a wom­
an's occupation : there were carders, 
spinners, weavers and flax makers. Eu­
medes the unguent boiler, Brithawon the 
potter and Thisbaios the shepherd find 
their way into the lists, as do a physidan, 
bakers, soldiers and warship rowers. 
The specialization of labor went far be-

Signpost to the past ... 
i f  t h e  splendor o f  t h e  a ncient world stirs y o u r  imagination • • •  

if you are curious a bout the van ished civi l izations 
that sha ped our way of l ife . . .  you wi l l  be i nterested in 

ARCHAEOLOGY 
PUBl,ISHf;O BY THE ARCHAEOLOGICAL IXSTITUTE OF Ai\JF.IUCA 

a beautiful ly i l lustrated quarterly 
featuring d iscoveries 
from all parts of the world. 

SPECIAL I NT RO D U CTO RY OFFE R :  
a free copy o f  t h e  current n u m ber w i l l  b e  
sent e a c h  n e w  su bscri ber, a n d  y o u r  su bscr iption 
wi l l  beg i n  with the fol lowing issue. Take 
a dvantage of this  offer NOW and receive FIVE 
copies of the magazine for the a n n u a l  s u b­
sCr i ption price of $5 .00. (Offer expires Apri l  1 5.) 

A R C H A E O LOGY, De pt. A3 
608 U n ive rsity of Cinc innat i  L ibra ry 
Cinc inn ati 2 1 , O h io. 
P lease  send m e  five issues of A R C H A EO L O GY. 
I e n close check / m o n ey orde'r for $5.00. 

N a m e  ______________________________________ _ 

Add ress _________________________________ _ 

M a ke checks payab le  to A R C H A EO LOGY. 

H Y P E R S P E E D  R E A D I N G  
. . .  fo,' me meant increasing my readin� speed frorn 
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up and studying became easier as J enjoyed reading more . 
I went from normal reading speed to hyperspeed read ing 

in thirty hours of intensive read ing practise at a leading 
reading clinic, and immediately thought how wonderful it 
would be for people who don 't  have the time or opportunity 
to trike such improvement work to do it at home, fOI' several 
hoW's a day. 

Ever since then I have gathered materials which are 
pl'oven, widely used and time tested in clinics, schools 
and reading centers but are adaptable to use by adults 
working at home without supervision. You -will imme­
<l iately increllse your reading speed with them if your 
read ing habits lire correct but can be accelerated, with 
practise. 

If you have reading difficulties they wi l l  be brought 
out in the d iagnostic read ing test we include and wi l l  
analyze with recommendations at no extl'a cost to you. 

The kit includes a "eading rate accelerator with cards, 
two books of practise materials with technical exercises 
that test reading speed and compl'ehension, and II booklet 
on hyperspeed reading. 
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Kit R l  52.4.00 postpa i d  
Digital  Computer Course, C2.  
Our course is desig'ned to pro-
vide llll the instruction mate­
rilils. l ists of pal'ts, texts nnd 
d iagrams to set up nnd build 
a simple or complex d igital 
computer and experiment with 
pulses, storage, gates. flip 
flops. adding, subtracting, 
multiplying and applications 
of Boolean Algebra to circuit 
design. You g�t an introduc­
tion to pl'ogrllmming of ad­
vanced machines and hundredS 
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w����gur��� '--'A'-;;m;';;o"d;';1u "0'2"c"'0"u"'. roe""' ,--' plus a rour hundl'ed and fifty 
page text. \Ve show you how and where to buy your com­
ponents to build a computing unit at home. \Ve have a 
complete elementary and advanced question answering 
service at your disposa l .  

Price of course with all texts, manuals, wiring d iagrams 
and tutoria l . .  C2 postpaid . .  . . . . . . . .  528 .00 

Analog Computer Course, C3.  
Analo� computers are widely 
used III engineering and scien­
tific research to duplicate ac­
tual phySical conditions and to 
integrate and differentiate di­
rectly. Our Analog course de­
scribes how you can build a 
computer that will handle 
seven d ifferential equations at 
a cost of less than $250 for nil 
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y;;;r��;� they add, multiply. integrate, differentiate. You wi l l  be 
able to practise calculating scale fnctors, choice or time 
scales, mnchine equations and block d iagrams, as well as 
use phase inverting amplifiers, use of parallel inputs. and 
solving of simple differential e<Jlrations . This is the best 
comprehensive course introductIOn to analo� computel'S. 

Price of course with all texts, manuals. wil"lllg dingl'ams 
and tutorial . .  . . . . . . . . . . . . . .  postpaid . . . . . . . . . . $28.00 
- - - - - - -- -COUPON _ _ _ _ _ _ _  _ 
O L I V E R  G A R F I E L D  C o . ,  D ept,  S A · 3 7 P  
3 1  Broad way, N e w  H aven,  C o n necticut.  
Plellse send me the course cil'c1ed below. 

H I  C 2  C3 I have enclosed . .. . . . . . . . . . . . . .  in full payment. 
My name and address are attached. 
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• • •  PREPARE YOURSElF FOR THE 
UNLIMITED O P P O R T U N I T I E S  O F F E R E D  
B Y  T H E  NATION'S FASTEST GROWING 
INDUSTRY A TOMIC ENERG Y f  

�} 
• Comple t e ,  basic n u c l e ar e nergy training,  

quickly, eaSi ly the ISS home study way. 

• Top�notc h  l e aders in  the atomic e nergy 
rield _br i ng you this pract ical  program.  

• A high school education qualif ies you 
for this fast-growing field.  

• Pay-as-you- I c arn.  N o s alesman w i l l  c a l l .  

SEND TODAY FOR FREE INFORMATIOt-\ 
CLIP AND MAIL TO 

INST I T U T E  OF SCIENTIFIC STUDI E S  
2 4 8  Ar l i ngton Avenue, E l mhurst 1 ,  I l l i n o i s  

NAME ________________________ ___ 
ADDR ESS ______________________ _ 
C I T Y · ZONE . ST A T E  ________________ _ 
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To preserve you r  cop ies 

1 56 

of SCIENTIFIC 
AME RICAN 

<.( A choice of a handsome and durable library file-or 

binder-for your copies of SCIENTIFIC AMERICAN . 

<.( Both styles are bound in dark green library fabric 

stamped in gold leaf. 

Index for en tire year in December iss ue .  * 

FILE 

(shown at  right) 
Holds 1 2  issues. 

Single copies easily accessible. 

Price : $ 2 . 3 5  (U.S.A. only) . 

Address your order, enclos­
ing check or money order for 
each file, to : 

D epartment F 

B INDER 

(shown at  left) 
Holds 6 issues. 

Copies open fiat. 

Price : $ 2 . 5 0  (U.S.A. only) . 

Address your order, enclos­
ing check or money order for 
each binder, to : 

De pa rtment A 

*Supply of back copies of SCIENTIFIC AMERICAN is limited. To replace 
missing copies, mail request with your order for file or binder. 

SCIENT.lFIC AMERICAN, 4 1 5  Madison Avenue,  New York 1 7, N. Y. 

yond that in Homer's time, many hun­
dreds of yeal's later. Slavery existed, but 
some slaves were so privileged as to be 
req uired to contribute to the master's 
revenue. Wheat and barley were the 
principal cereals ; olive oil was common; 
the condiments included coriander, cele­
ry, fennel, mint, pennyroyal and sesame. 
Among the livestock recorded on the 
tablets are sheep, goat, pig, ass and deer. 
In the royal palace at Pylos the furniture 
included "one chair of spring type, in­
laid with men's figures in gold, and with 
a pair of gold finials, and with golden 
griffins and with griffins of kyanos," and 
"three drain able tubs for bath water. "  
No less elegant was the military equip­
ment : chariots inlaid with ivory, swords 
with gold studs on the hilt, chariot 
wheels bound with silver. A census re­
cords 37 women bath pourers at Pylos .  
also sundry nurses, headband makers, 
musicians, sweepers and their children. 
Ventris and Chadwick cover in this book 
300 selected tablets . They give a de­
tailed account of how the tablets were 
translated, together with a Mycenaean 
vocabulary. The story of their decipher­
ment of Linear B ( Linear A has not yet 
been fathomed ) is an exquisite example 
of imaginative, disciplined scholarship. 
It is tragic that Ventris was killed in an 
auto accident in September, 1956.  

T
HE ANATOMY OF NATURE, by Andre-

- as Feininger. Crown Publishers 
( $5 .95 ) .  This book offers 176 photo­
graphs in support of the theory that na­
ture's forms are functional "in the best 
sense of the word." Their beauty, Fein­
inger says, is the resultant of "definite 
purpose"; the forms are "derived from 
necessity ." None of this is very clear, but 
many of the pictures are superb and 
more than make up for the sentimental­
ism and the philosophical dissertations. 
They include portrayals of galaxies, 
great trees, tumbleweeds and funguses, 
magnificent skunk cabbages, the skeleton 
of the cholla cactus, layers of sedimen­
tary rock, mountains cut by erosion, fos­
sil ripple-marks, dried mud-flats, tre­
mendous sand dunes in Death Valley, 
water drops delicately held in a spider's 
web, ice feathers on a windowpane, 
marvelous electrical discharge patterns, 
magnified insect wings and nightmarish 
beetle heads, reed stalks resembling 
fluted Creek columns, the skeleton of an 
exquisite four-foot Caboon viper with 
1 60 pairs of hinged ribs,  the weathered 
jawbone of a cow, the skull of the cruci­
fix catfish, the teeth of a skate and of a 
marine snail, the helical structure of the 
nautilus, timbers ravaged by shipworms. 
An illustrated section at the end describ-
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For the first time! A unique new dictionary of 
physics and electronic terms to meet the demands 
of our electronic and atomic age. 

OVER 12,000 TERMS - OVER 500,000 
WORDS - OVER 1000 PAGES 

N ow you can find all the principal terms in one big 
book, covering pure and applied science, that will be 
most helpful in your work. 

Each of the more than twelve thousand definitions 
and articles have been chosen and written to supply 
quickly and exactly, clear and unambiguous definitions. 

They include laws, relationships, equations, basic prin­
ciples and concepts, as well as the most widely used 
instruments, apparatus and their components. All defini-

tions, wherever possible, which have been established 
or recommended by recognized groups are included. 
Many terms that have been defined from the subject 
areas bordering on physics will be especially helpful. 
And, for those without an extensive mathematical back­
ground, both explicit and discursive statements and en­
tries are given, as well as the definitions of the more 
common mathematical terms encountered. 

More than five years of planning and preparation by 
a distinguished group of scientists and educators were 
needed to produce this important volume. Thumb in­
dexed for convenience, and containing a helpful cross 
referencing plan, it is perhaps the most valuable addition 
to your professional library you can make. Order your 
copy for 1 0  days free examination. Actually see and use 
this great book to prove its immense value to yourself. 

Save! Send $20.00 with order and we pay postage 
r - - - - - - - - Mail This Coupon - - - - - - - - ..,  
I
I D. VAN NOSTRAND COMPANY, Inc. Dept. SA 3·57 I

I 
I 

1 20 Alexander St., Princeton, N. J. I 
I 

Gentlemen : Kindly send me your new International Dictionary of I Physics and Electronics. 

o I want it on easy terms. After 10 days I will either remit $5.00 (plus 
postage) and then pay $5.00 per month for three months, or I will 
return book post paid, and owe nothing. 

NAME ____________________________________ __ 
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devoted to Research 
GYRO ASSEMBLY A N D  TEST 

M e c h a n i c a l  a n d  Electrical  E n gineers ,  w i t h  a perso n a l  i n terest  i n  
pre c i s i o n  m e c h a n i s m s ,  where a h i g h  degree of accuracy i s  req u i re d ,  a n d  
a p r i d e  i n  t h e  preci s i o n  of t h e  product t h e y  h e l p  b u i l d ,  w e  o ffe r  t r u l y  
c h a l l e n g i n g  opportu n i t i e s .  

You w i l l  do develo p m e n t  work a n d  t e s t i n g  i n  o n e  of t h e  country 's  
m o s t  versat i le  laboratories,  work i n g  w i t h  t h e  top m e n  i n  t h e  field a n d  the  
fi n e s t  test ,  research a n d  develo p m e n t  e q u i p m e n t .  As a part  o f  o u r  M a j o r, 
Perm a n e n t ,  E x p a n s i o n  Pro g r a m ,  n e w  p l a n t  fa ci l i t i e s  are b e i n g  a d d e d  i n  
s u b u r b a n  M i l w a u k e e .  

AC provides  fi n a n c i a l  a s s i s t a n ce toward y o u r  M a s t e r ' s  D e g r e e .  
Graduate p r o g r a m  a l s o  a v a i l a b l e  e v e n i n g s  a t  U n i v . W i s co n s i n ,  M i lwaukee.  
G M ' s  aggressive  p o s i t i o n  i n  t h e  fi e l d  of m a n u facture a n d  GM's  p o l i cy of 
decentra l izat ion creates i n d i v i d u a l  opporruniry  and reco g n i t i o n  for each 
E n g i neer h i r e d .  

R E C E N T  E E, M E  G R A D U AT E  
I N Q U I R I E S  A L S O  I N V I T E D  

M i lwaukee o ffe r s  i d e a l  fam i l y  l i v i n g  i n  a progressive n e i g h bo r l y  co m ·  
m u n ity i n  Southern W is co n s i n .  

To a n 'allge penollal, confidentia l  illtervie w ill YOll r loca lity send filII facts � abollt YOlllself to 

� G;� ;�i:�;:����;��i' �;;:��:;':;�.: n 
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F L I N T  2 ,  M I C H .  M I L W A U K E E  2 ,  W I S .  

LEFAX 
TECHNICAL DATA BOOKS 
POC K ET S IZE · LOOS E L EAF  

Printed o n  loose leaf, six hole, $ 1 25 
6 % "  x 3 % "  bond paper, each each 

book contains about 140 pages of tech· 
nical data, presenting condensed, ac· 
curate and essential material for the 
engineer, technical worker, student and 
business man. 

A rc h itecture 
H ome H e a t i n g  
I l l u m i n a t i o n  
E l e ct ri c i a n ' s  D a t a  
B u i l d e r ' s  Data 
L u m b e r  Oata 
Air C o n d i t i o n i n g  
B l d g .  C o n struction 
Rei nforced 

C o n c rete 
P i p i n g  Data 
S u rveyi n g  
S u rveyi n g  T a b l e s  
H i g hway E n g .  
G e n e r a l  M a t h  
M a t h  T a b l e s  
Phys ics  
Tr ig-Log Ta b l e s  
G e n ' l  C h e m i st ry 
C h e m i c a l  Ta b l e s  
A n a l yt i c  

C h e m istry 

M e c h a n i c a l  D rawi n g  
M a c h i n e  D e s i g n  
M a c h i n i s t ' s  D a t a  
M e c h a n i cs 

of M ateria l s  
Power Tra n s  .. M a c h .  
Thermodyn a m i c  

Ta b l e s  & Cha rts 
Physica l & 

Thermodyn a m i c  Oata 
M e ta l s  
M e ta l l u rgy 
H y d ra u l i cs 
Ra d i o  
T e l e v i s i o n  & F M  
E l ectr ic ity ,  A C  
E l e ctr ic ity ,  DC 
AC M otors  

& G e n e rators 
Tra n sfo r m e r s ,  

R e l a y s  & M eters  
Convers ion  T a b l e s  
Ste e l  F o r m s  
W e l d i n g  Data 

Write for FREE catalog ( over 2000 l istings ) . ·  

See for yourself how helpful LEFAX can be to 

you. Send $ 1 .2 5  for each book, or $6 for any 

five books listed above, t o :  

Lefax Publishers, Dept. SA ·37, Phila. 7, Pa. 
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At the crossroads of opportunity for men with vision 
in Electronic Engineering and other related fields : 

G O O D Y E A R  
A I R C R A F T 

C O R P O R AT I O N  
ELECTRON I C  LABORATORY 

Arizona Division 
Litchfield Park, Arizona 

A Subsi d i a ry of the 
GOODYEAR TIRE & RUBBER CO.  

'Ve h a v e  openings in our m o d e r n  Laboratories a t  
all l e v e l s  of experience in the b r a n c h e s  of Engineer­
ing listed below. "'e u rge you to investigat e  the 
opportunities here for employment. 'Ve think you 
will like the friendly, informal atmosphere of our 
laboratory. The stimulation of worl,ing with top 
level engineers and scientists will make your wOl'l;: 
interesting and challenging. 

Complete Missi le and Electronic Systems, 
Microwaves, Servomechanisms, 

Radars and Stabi l ized Antennas,  
Transistor Appl ication ,  Electronic Packaging, 

El ectronic Ground Support Equipment 
Long range research and 

development proj ects.  

U n iversity o f  Arizona graduate studies a v a i l a b l e  

under the G o o d y e a r  Fellowship P r o g r a m ,  o r  c o m ­

pany fi n a n c e d  evening courses.  

L E I S U R E  L I V I N G  A T  ITS B E S T  

" I N  T H E  V A L L E Y  O F  T H E  S U N "  

M odern Inexpensive Housing 

S e n d  r e s u m e  to : A .  E. M a n n i n g  

Engineering and  Scientific Personnel 

G O O D Y E A R  A I R C R A F T 
L I TCH F I E L D  PARK 

PHOEN I X .  ARIZONA 

Si m i lar o p portu n i t ies  ava i l a b l e  i n  o u r  
A k r o n .  O h i o .  Labo ratory 

ing special techniques iii nature photog­
raphy is understandable but discourag­
ing : the only one who can take pictures 
like Feininger is Feininger. 

PHOCEEDINGS OF THE THIHD BEHKELEY 
SYMPOSIUM ON MATHEMATICAL STA­

TISTICS AND PHOBABILITY, edited by 
Jerzy Neyman. University of California 
Press ( Theory of Statistics, $6; Proba­
bility Theory, $6.50; AstTOnomy and 
Physics, $6.25 ;  Biology and PTOblems of 
Health, $5.75; EconometTics, Indust1'ial 
Research, and Psychometry, $5.75 ) . 

These five volumes comprise papers de­
livered at the third Berkeley symposium 
held in 1 954 and 1 955. They embrace a 
remarkable diversity of subject matter, 
including purely mathematical studies, 
the color and luminosity of the stars, the 
statistics of clusters of galaxies, problems 
of genetics and epidemiology, the strug­
gle for existence, value measurement, 
learning models, psychometric research, 
problems in contagion, the use of statis­
tics in medical diagnosis. Most of the 
studies were aided by military funds . 

INTEHNATIONAL DICTIONAHY OF PHYS-
ICS AND ELECTHONICS, edited by Wal· 

ter C .  Michels and others . D .  Van 
Nostrand Company, Inc. ( $20 ) .  This 
useful work is unique. It presents in a 
single volume of 1 ,000 pages definitions 
of a wide variety of terms used in pure 
and applied physics. Here are explained 
clearly and succinctly Goudsmit's and 
Uhlenbeck's assumption, Ampere's law, 
Rolle's theorem, relativity theory, resis­
tance boxes, Maxwell's equations, tran­
sistors, elliptic functions, cyclotrons, 
loop antennas, piezoelectric effects,  fus­
es, the Hartley unit of information, in­
frared photography, television, and 
thousands of other laws, relationships,  
equations and principles, as well as in· 
struments and apparatus .  Some of the 
definitions are short, some quite full, as 
circumstances require . There are many 
helpful line drawings and diagrams.  

PROGRESS I N  NUCLEAH ENEHGY, SEHIES 
I :  PHYSICS AND M ATHEMATICS, edited 

by R. A.  Charpie, J .  Horowitz, D .  J .  
Hughes and D .  J .  Littler. McGraw-Hill 
Book Company, Inc. ( $ 12 ) .  In this first 
volume of a new series, papers presented 
at the Geneva Conference on the Peace­
ful Uses of Atomic Energy are summa­
rized and "coordinated by critical reo 
views." Among the topics treated are 
cross sections and neutron yields, neu­
tron resonances in fissionable materials, 
homogeneous critical assemblies, the 
physics of fast reactors, highly enriched 
intermediate and thermal assemblies . 
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The whole is the sum of its parts -but the sum 
of a man is more than the sum of his education, 
his experience and his ability. 

An outstanding man . . .  the kind we need for our work 
in nuclear weapons development . . .  bulks a little 
larger than just these things. 

He's an engineer, a physicist or a mathematician . . .  
on the MS or PhD level . But he's also more. 

There's something to him which makes the sum of 
the man a little larger than the things which can be 
measured and counted. 

In the ten years we've been hiring men for research 
and development of nuclear weapons here at Sandia. 
we've learned to look for these factors : 

• • . a willingness to accept re.sp()9�M.3Wty ; ---
• • .  a capacity and desire for meeting advanced prob­

lems in his own field; and 

• . .  a realization that a man's future is bounded only 
by his own vision, ability and effort. 

We know when we find these that the sum of this 
man is more than the mere sum of his parts. 

If you're this kind of man, we'd like to know you 
better. And if, in  addition to having these qualities, 
you also appreciate the value of desirable natural and 
cultural surroundings and have a taste for the informal, 
pressure-free living of the West, you'll want to know 
more about us. 

Our illustrated brochure tells more about our labora­
tories • • •  one in Albuquerque and one near San Fran­
cisco . . .  and the i mportant work we do in research 
and development of nuclear weapons . 

Write to Staff Employment Section 569 and we'll gladly 
send it to you. 

SAN D I A �CORPORATION 
WZ!W ALB U Q U ERQUE. N EW M EXICO 
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Now: Four Gurley Binary Code Discs 
Gurley supplies standard binary code 

discs for photo-electric, magnetic or con­
tact pickups. Alternate clear, opaque sec­
tors. Narrow annular rings separating ad­
jacent zones are opaque. 13 and 16-zone 
patterns available-resolving either 8192 
or 65,536 bits of information. 

Four coatings: photoengraver's glue 
with colloidal (black) silver; etched metal 
for reflectivity; chemically deposited alloy 
for magnetic readouts; metal bonded to 
glass for direct contact readouts. Write for 
Bulletin 7000-S. 
W. & L. E. GURLEY Troy, N. Y. Since 1845 

Also availahle from Gurley: 14-zone linear 
patterns, resolving 1000 bits per linear inch. 

P"P"'I 

Language 
Teacher for 

30 Years 
Praises 

Lin guaphone 

"Of all the 
m et h od s I 
kn o w, the 
Lin guaphone 
Course best 
fulfi lis the 
requirements 
of real every­
day speeth," 
Dr. Venzleff 

SPANISH (Americ.n or Europe.n) 

FRENCH • GERMAN 
JAPANESE • RUSSIAN 

MODERN GREEK 
any of 34 languages 

available for 

FREE TRIAL AT HOME 
With LINe U Ai' HOXE-'l'he 
'''orld's Standard Conversational 
i'-lcthod-Yoll Start to SPEAK an­
other language 'l'OMORROW-or 
IT COSTS yOU NOTHING! 

Only Linguaphonc brings the world's 
best nath'c language teachers into 
your home. You LISTEN to life­
like, conrel"8utiollal recordings and LEAHN another language in the 
same easy, natural way you learned 
English as a child, long before you 
went to school. 

No Textbook Can Teach You to Speak 
AT I-IO::\IE you hear 8 to 12 outstanding native authori� 
ties. both men and women. speak about e,"eryday 
matters with a 1957 \'ocabulary. It's like li\'ing in 
another land-you listen-You understand-YOU 
SPEAK correctly, easily. naturally. You read and 
writ.c. You can learn in 20 minutes a day, 

World�Wide Educational Endorsement 
That's why Linguaphone is Ilsed round the world by 
scientists, educators. governments and business firms. 
O"er a m Hlion home-study students of all nges ha\'e 
learned another }ang-uage this ideal, com;er8ational ,my. 
Send today for Free buoklet. "Pm;sport 'ro A Xew 
',"orld". that describes the conversational method; also 
details on how you may obtain a CO:\JPLETE COllrse� 
unit in the language you choose on FREE TRIAL. 

I LINGUAPHONE INSTITUTE C17·0630 

T-3037 Radio City, New York 20, N. Y. I 
I Please send me: 0 FREE Rook 0 Information 011 I 
I J!'HEE '.frial. No obligation, of course. I 
I �ly language interest is.... ........ I 
I �:;r:s�::::::::::::::

u... I I Cily ................................................ Zon •...... SI.I •..................... I 
I World's Standard Conversational Method For Over Half a I L __ � ____ ��� _______ J 

160 

MATHEMATICAL GAMES 
Some old and new {)erSLOnS of ticktacktoe, 

plus the answers to last month's puzzles 

by Martin Gardner 

W
ho has not as a child played 
ticktacktoe, that most ancient 
and universal struggle of wits 

of which Wordsworth wrote: 

At evening, when with pencil, and 
smooth slate 

In square divisions parcelled out 
and all 

With crosses and with cyphers 
scribbled o'er, 

We schemed and puzzled, head 
opposed to head 

In strife too humble to be named in 
verse. 

Forms of ticktacktoe were popular in 
ancient China, Greece and Rome-Ovid 
mentioned it in his Art of Love. At first 
sight it is not easy to understand the en­
during appeal of a game which seems 
no more than child's play. While it is 
true that even in the simplest version of 
the game the number of possible moves 
is very large-15,120 (9 X 8 X 7 X 6 X 
5) different sequences for the first five 
moves alone-there are really only a few 
basic patterns, and any astute youngster 
can become an unbeatable player with 
only an hour or so of analYSis of the 
game. But ticktacktoe also has its more 
complex variations and strategic aspects. 

In the lingo of game theory, ticktack­
toe is a two-person contest which is 
"finite" (comes to a definite end) , has no 
element of chance and is played with 
"perfect information," all moves being 
known to both players. If played "ration-

.... , \ 
, ..... I 

,'.'\ 
\ I ..... 

X , 
.... \ 

, .... I 

ally" by both sides, the game must end 
in a draw. The only chance of winning is 
to catch an imperfect opponent in a 
"trap" where a row can be scored on the 
next move in two ways, only one of 
which can be blocked. 

Of the three possible opening plays­
a corner, the center or a side box-the 
strongest opening is the corner, because 

. the opponent can avoid being trapped at 
the next move only by one of the eight 
possible choices: the center. The center 
opening can be met by seizing one of the 
four corners. The side opening is in many 
ways the most interesting, because of its 
richness in traps on both sides [see dia­
grams below}. 

X 

A very ancient variant of the game 
gives each player three counters (one 
player may use pennies, the other 
dimes). The two players take turns plac­
ing a counter on the board until all six 
are down. If neither player has won by 
getting three in a row, each then is al­
lowed to move one counter at a turn to 
an adjacent empty square, but he can 
move only vertically or horizontally, not 
diagonally [see diagram on page 162}. 
The first player has a sure win by plac­
ing his first counter in the center box, so 
this opening is usually barred. After any 
other opening, the second player must 
immediately take the center to avoid 
defeat. This game also ends in a draw 
with perfect play, but it swarms with 
potential traps on both sides. 

There are variations of the game 
which permit diagonal moves (one of 
them attributed to early American In­
dians). A free-wheeling French version 
called "les pendus" (the hanged) allows 
any piece to be 'moved to any vacant 

.... , , 
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Three openings in ticktacktoe: corner (left), center (middle) and side (right) 
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* No·7 In A Series Devoted To 
: Practical Aspects of Automation 

I 
I' 
I 

HOW TO 

DO/IT 
with 

EAS E* 

The public relations boys would probably 
represent Berkeley's new analog com­
puter as the "fruit of a scientific break­
through." We're not quite that pompous. 

Berkeley's new EASE* lIDO series with 
Digital Output/Input Translator system 
(DO/IT) removes a m1\.ior obstacle in 

the path of analog computer growth. Lack 
of rapid programming has long been the 
curse of analog computer users. Not in­
frequently, a problem requiring one hour 
to solve called for 15 or 16 hours of prep­
aration. As you can easily infer, this 
situation limited the usefulness of the 
computer. Further, long set-up time led 
to errors compounded on errors. Ulti­
mately it resulted in a practical limitation 
on size of computers and complexity of 
problems amenable to solution. 

Here's how it works. Data defining the 
problem is punched out on a tape with a 
Flexowriter. Then, the tape runs through 
a reader which energizes an assortment 
of relays and servo mechanisms to set 
potentiometers, function generators, mul· 
tipliers, to vary parameters and otherwise 
order the computer about. Simultaneous 
with the entry of data, the Flexowriter 
prints this information out for an auto­
matic problem check. Solution times with 
this new computer are up to 15 or 16 
times faster than those achieved by ear­
lier analog computers. 

Aside from the DO lIT feature, the 
EASE" incorporates many other new and 
novel features such as AMP's new patch­
board, computing resistors and capaci· 
tors adjusted to accuracies of .005'70 and 

r a servo set potentiometer system which 
• I permits adjustment of over one hundred 

50 k Helipot precision potentiometers to 
an accuracy of better than 0.01'70 in less 
than 3 seconds. 

Now for the hard sell. 

Berkeley's new computer offers program 
Aexibility unattainable elsewhere. Prob­
lems can be started, interrupted, stored 
on tape, or run straight through with 
accuracy, speed and convenience. Here 
is a machine which couples the benefits 
of digital and analog computers. 

Two of our top physicists, C. D. Finnell 
and Joseph Hussey, have prepared a pa­
per describing this new computer. Nat­
urally, a copy is yours for the asking. 
Please address Dept. 03. 

� 
Berkeley BECKMAN INSTRUMENTS INC. 

RICHMOND 3, CALIF • • LANDSCAPE 6·7730 
·Trademark 122 
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cell. This game is believed drawn if 
played rationally, whatever the opening. 

The moving-counter game can be 
played with a matrix of 16 boxes (4 by 
4), each player using four counters and 
striving to get four in a row. A few years 
ago the magician John Scarne marketed 
an interesting version, called "teeko," on 
a 5 by 5 board. The players have four 
counters and can move one space in any 
direction. The game is to get the four 
in a row (straight or diagonal) or to as­
semble them in a square formation on 
four adjacent cells. 

There is a reverse version of simple 
ticktacktoe in which the first player to 
get three in a row loses. The second 
player has a decided advantage, but the 
first player can force a draw if he makes 
his initial move correctly. (I leave it to 
the reader to discover what the first 
move must be.) 

In recent years several three-dimen­
sional ticktacktoe games have been mar­
keted. On a 3 by 3 by 3 cube the first 
player has an easy win, but a more com­
plex version with a 4 by 4 by 4 cube 
is probably a draw if played rationally. 

Four-dimensional ticktacktoe can be 
played on an imaginary hypercube cut 
into single-layer blocks [see diagmm all 
page 165]. In the 4 by 4 by 4 by 4 ver­
sion the object is to get four marks in a 
straight line on the hypercube. This is 
achieved by lining up four marks in a 
cube formed by piling up in serial order 
four blocks which occupy the same row 
or column or main diagonal. In this game 
the first player is believed to have a 
sure win, but in the 5 by 5 by 5 by 5 
version the game probably must be a 
draw if played perfectly. 

The ancient Japanese game of go­
moku (five stones) is played on the in­
tersections of a go board, which is equiv­
alent to playing on a 19 by 19 square. 
Players take turns placing counters from 
an unlimited supply until one player 
wins by getting five in a line-vertical, 
horizontal or diagonal. No moves are al­
lowed. The game became popular in 
England in the 1880s under the name of 
"gobang." 

During the past decade a number of 
electrical machines for playing ticktack­
toe have been constructed. Actually the 
first robot of this sort was invented by 
Charles Babbage, the early 19th-century 
originator of calculating machines [see 
"The Strange Life of Charles Babbage," 
by Philip and Emily Morrison; SCIEN­
TIFIC AMERICAN, April, 1952'1. Babbage 
planned to exhibit this machine in Lon­
don to raise funds for more ambitious 
projects, but he never built it, because 
exhibits of other curious machines at the 

time turned out to be financial failures. 
A novel feature of Babbage's robot was 
the fact that, when faced with a choice 
between equally rational lines of play, 
the machine made its selection on a ran­
dom basis through a built-in mechanism, 
choosing one play if the number of 
games it had won up to that point was 
odd and the alternate play if the num­
ber was even. "An inquiring spectator," 
observed Babbage, "might watch a long 
time before he discovered the principle 
upon which it [the robot] acted." 

It is not difficult to design a ticktack­
toe machine (or program a digital com­
puter) to play a rational game, but the 
problem becomes more complicated if 
the machine is to be deSigned to win the 
maximum number of games against inex­
perienced players. The difficulty lies in 
guessing how a novice is most likely to 
play. Just how shrewd will he be? To 
see the sort of complications that arise, 
let's consider the simple game, identify­
ing the cells by number as on the board 
depicted below. Assume that the novice 
opens by taking cell number 8. The ma­
chine might do well to make an irrational 
response by seizing cell3! This would be 
fatal against an expert, because the op­
ponent of the machine has a sure win if 
he next takes cell 9, but an inexperienced 
player is not likely to hit upon this one 
winning reply. He will be strongly 
tempted, in fact, to take cell 4, because 
this leads to two promising traps against 
the robot. The machine, however, can 
now spring its own trap by taking cell 9, 
followed by 5 on the next move. In short, 
the machine may win more often with 
reckless strategies than with safe, ra­
tional lines of play, which are apt to 
lead to a draw. 

A truly master player, robot or hu­
man, would not only know the most 
probable responses of novices in general 
but would also be able to analyze each 
individual opponent's style of play to de-

2 3 

4 5 6 

7 8 9 

The game with moving counters 
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You can't shrink the pilot -

••• 50 Admiral shrinks the controls 

New transceiver control box reduced to one-fifth former size 
The cockpit of a modern fighter switches designed by Admiral so the 
plane is packed as tight as a filling pilot can manually select any of the 
in a hollow tooth. As more and transceiver's 1750 frequencies. This 
more electronic equipment is added single compact unit will be univer­
to the plane's complement, each new sally employed to replace any one 
device must fight for space on and of 15 currently used control box 
behind the instrument panel or con- combinations. It occupies as little 
sole. Now Admiral, maker of the as one-fifth the space and also re­
famed AN / ARC27 transceiver, has duces weight up to 80%. 
designed a control box that "moves 
over" to make room for other needed 
equipment. 

Heart of the new control is an in­
genious "mechanical memory" drum 
that selects any one of 20 preset 
frequencies with a single knob. 
Another knob controls three coaxial 

CORPORATION 
Government Laboratories Division, Chicago 47 

Here is another instance where 
Admiral initiated and perfected an 
important advance in the science of 
military electronics. Inquiries are 
invited regarding Admiral's capa­
bilities and production capacity for 
electronic or electro-mechanical 
equipment. 

RESEARCH· DEVELOPMENT' PRODUCTION 
IN THE FIELDS OF: 
COMMUNICATIONS UHF AND VHF· MILITARY TELEVISION· RADAR 

RADAR BEACONS AND IFF· RAOIAC • TELEMETERING 
DISTANCE MEASURING· MISSILE GUIDANCE 
CODERS AND DECODERS • CO�STANT DELAY LINES 

TEST EQUIPMENT· ELECTRONIC COUNTERMEASURES 

ENGINEERS: The wide scope of worle: in progress at Admiral creates challenging opportunities in the 
field of your choice. Write Director of Engineering and Research, Admiral Corporation, Chicago 47, Illinois. 
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• 
Research and development at Lockheed 

Missile Systems Division laboratories 

in Palo Alto is of a most advanced nature. 

Particular areas of interest include microwaves, 

telemetering, radar, guidance, reliability, 

data processing, electronic systems, 

servomechanisms. Inquiries are invited 

from those qualified by ability and experience 

for exploratory efforts of utmost importance. 

Here members of the Electronics Division 

discuss systems radar problems related to 

measurement of missile trajectories. Left to right: 

K. T. Larkin, radar and command guidance; 

Dr.S.B.Batdorf, head of the Electronics Division; 

Dr. R.I. Burke, telemetering; Dr.H. N. Leifer, 

solid state; S.lanken, product engineering. 

MISSlLE SYSTEMS DIVISION 

research and engineering stafJ 

LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO' SUNNYVALE' VAN NUYS 

CALIFORNIA 
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I·R·E 

NATIONAL 

CONVENTION 

AND 

RADIO SHOW 

Significant developments at Lockheed 
Missile Systems Division have created 
new openings for: 

Controls Systems Engineers - to analyze 
and synthesize complex automatic 
control systems. 

Inertial Guidance Engineers -to perform 
systems analysis and design of inertial 
guidance systems. 

Infrared Specialists - to perform 
preliminary systems design and 
parametric optimization of advanced 
infrared detection systems. 

Data Processing Systems Specialists - to 
perform advanced system development 
and design in new techniques of 
automatic data processing. 

Weapons Systems Specialists - to perform 
basic analysis and systems evaluation 
of advanced weapons systems. 

Electronic Prodnct Engineers - to 
translate laboratory electronic systems 
into prototype models meeting the 
rigid requirements of modern weapons 
systems. 

Radar Systems Engineers-to develop 
advanced radar systems associated with 
guided missiles. 

Theoretical Physicists - to analyze 
propagation of electromagnetic waves 
through the ionosphere and through· 
dielectric materials and study radiation 
problems pertaining to advanced 
antennas in the microwave and 
millimeter domain, including scattering 
problems related to the reflection of 
electromagnetic waves from simple 
and complex boundaries. 

Experimental Physicists - to investigate 
microwave circuit components including 
ferrites and various millimeter wave 
techniques such as MAZUR. 

Antenna Specialists - to design and 
develop airborne antennas and radomes 
for high speed missiles for 
telemetering, radar, and guidance 
systems application. 

. 

Video Specialists -to develop advanced 
systems for the transmission of visual 
data by electronic means. 

Circuit Design Specialists -to design 
telemetering and guidance systems 
utilizing advanced circuit components. 

Positions are open at the Palo Alto Research 
Center and Sunnyvale and Van Nuys 
Engineering Centers. M. H. Hodge, 
M. W. Peterson and senior members of 
the technical staff will be available 
for consultation at the converttion hotel. 
Phone PLaza 14860 or 14861. 

MISSILE SYS'J'EMS DIVISION 

termine what sort of mistakes he is likely 
to make, and in addition take account of 
the novice's improvement with increas­
ing experience. At this point the humble 
game of ticktacktoe plunges us into far 
from trivial questions of probability and 
psychology. 

Following are the answers to the nine 
mathematical brain teasers published 

here last month. 
1. Is there any other point on the 

globe, besides the North Pole, from 
which you could walk a mile south, a 
mile east and a mile north and find your­
self back at the starting point? Yes in­
deed; not just one point but an infinite 
number of them! You could start from 
any paint on a circle drawn around the 
South Pole at a distance slightly more 
than 1 + 1/27T miles (about 1.16 miles) 
from the Pole-the distance is "slightly 
more" to take into account the curvature 
of the earth. After walking a mile south, 
your next walk of one mile east will take 
you on a complete circle around the 
Pole, and the walk one mile north from 
there will then return you to the starting 
point. Thus your starting point could be 
any one of the infinite number of points 
on the circle with a radius of about 1. 16 
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miles from the South Pole. But this is 
not all. You could also start at paints 
closer to the Pole, so that the walk east 
would carry you just twice around the 
Pole, or three times, or more, toward a 
limit of an infinite number of circlings 
of the Pole. 

2. In the draw poker game with all 
cards showing, the first player wins 
every time if, and only if, he takes four 
lOs (his fifth card is immaterial) for his 
starting hand. This prevents his oppo­
nent from drawing any hand better than 
a nine-high straight Rush from the rest 
of the deck. The first player, drawing to 
his original hand, can then keep one of 
his lOs and make a royal flush. If his 
opponent tries to forestall this by draw­
ing four aces, say, the first player can 
draw a king-high, or at worst a 10-high, 
straight Rush, beating four aces or four 
jacks, etc. 

3. It is impossible to cover the muti­
lated chessboard (with two opposite cor­
ner squares cut off) with 31 dominoes, 
and the proof is easy. The two diagonally 
opposite corners are of the same color. 
Therefore their removal leaves a board 
with two more squares of one color than 
of the other. Each domino covers two 
squares of opposite color, since only op-
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Four-dimensional ticktacktoe. Colored lines show some winning plays 
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f<lake your own tiny genius computers 
G ENIACS AND TYNIACS 

Scientitic-Entertaining-Instructive-Safe 
Use our improved construction kits including all 

parts, and wipers making all switches work well­
the improved kits made by the origipator of all 

Tyniacs, most Geniacs, Simon, Squee, etc. 

Danger 

K 9: GENIAC AND TYNIAC ElECTRIC BRAIN KIT: 
Contains 64-page Geniac manua!. 48-I)age Tyniac manual 
(with introduction to Boolean Algebra for switching), 
templates, and OHr 400 parts (including 6 multiple 
switches) for making O\"er 45 arithmetical. logical. rcason­
ing, computing, puzzie-soldng and game-playing machines 
(see partial list below), Each Geniac and Tyniac displays 
intelligent beha,lor, runs on one flashlight battery, requires 
no soldering (all connections with nuts and bolts). 'l'his kit 
is the outcome of 7 years of our design and development of 
small robots. and demonstrates in instructh'e and casily­
put-togethel' models the fascinating variety and power of 
computing and reasoning circuits.,... . ............ $16.95 
(It'or shipment west of Mississippi. add 80¢; outside U.S., 
add $1.80.) Returnable in one week for full refund if not 
satisfactory. 

A few of the 46 G EN lACS and T YN lACS-Logic Ma� 
chines: ,Toe ).1cCarty's Logic. Syllogism Machine, Intelli­
gence 'fest. Game-Playing Machines: 'l'it-Tat-'l'oe, Nim. 
Black "Match, Sundorra 21. Computers: Adder, Subtracter, 
Multiplier. Divider. Cryptographic Machines: Secret Coder. 
Secret Decoder, Lock with 65.000 Combinations. Puzzle­
Solving Machines: Fox. Hen, Corn and Hired Man, Space 
Ship Airlock, Bruce Campbell's Will. Submarine Rescue 
Chamber, The Uranium Shipment and the Space Pirates, 
Etc. 
We offer over 40 PUBLICATIONS, KITS, Etc. on Computers, 
Symbol ic Logic, Cybernetics, Operations Research, MaJ:he­
mattcs. Small Robots. Explanation, Language, Plant Cul­
ture, Science, etc. Write for our new FREE catalogs. 
We are Berkeley Enterprises, Inc. (Affiliate of Edmund C. 
Berkeley and Associates), producers of scientific kits, 
makers and exhibitors of small robots (Simon, miniature 
autom�tic computer; .squee, �Iectr�nic robot squirrel; Re­
lay Ttt-TiI;t-Toe as pIctured In "Life". March 19, 1956. 
etc), publishers (the mo�th"y Computers and Automation, P2, $5.50 annual subscrIptIon), etc. 
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New "Mechanical Educator" to 
IMPROVE MEMORY 

Inability to recall names, places, facts quickly is a 
common, often costly, shortcoming that can now be 
easily overcome with the aid of a new device for 
self-instruction, memory and concentration train­
ing. This Yel'satile new educational tool can also be 
used eifecti\'cly in lang-uage learning, speech COI'­
rection and impl'o"ement, in mastering tables, for­
mulae-anything to be memorized-faster than e\"Cr. 

DORMIPHONE Memory Trainer 
• Speeds up learning processes 

• Aids Concentration 
USing a new recording 
pri nciple.  .Memor.Y 
Trainer records. in­
stantl .... plan back, and 
alltomatieall.r repeats 
speech. Illusic or any 
spoken or broadcast 
m a t e r i a l  throug·h a 
built-in speaker. "Ko 
reels of tape to wind 
and rewind. Complete-�. 
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laboratory. school. in- repeatedly. Just re-
dust rial safety train- cord. flip a switch-
ing usc. So simplc. listen-and learn! 
children b e n e f i t-so Write TODAY for FREE folder 
helpful and practical. with complete information. 

:�r;� �������\o������ Modernophone. Inc. 

peopie of all ages and 220-037 Radio City. 
professions. New York 20, N. Y. r-----------------, 
I MODERNOPHONE, INC. Circle 7-0830 I 
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posite colors are adjacent. After you have 
covered 60 squares with 30 dominoes, 
you are left with two uncovered squares 
of the same color. These two cannot be 
adjacent, therefore they cannot be cov­
ered by the last domino. 

4. The logician points to one of the 
roads and says to the native, "If I were 
to ask you if this road leads to the vil­
lage, would you say 'yes'?" The native is 
forced to give the right answer, even if 
he is a liar! If the road does lead to the 
village, the liar would say "no" to the 
direct question, but as the question is 
put, he lies and says he would respond 
"yes." Thus the logician can be certain 
that the road does lead to the village, 
whether the respondent is a truth-teller 
or a liar. On the other hand, if the road 
actually does not go to the village, the 
liar is forced in the same way to reply 
"no" to the inquirer's question. More 
complicated forms of the question to the 
native can be devised, but they all hinge 
on the same logical principle: namely, 
that a double negative is equivalent to an 
affirmative. 

5. You can learn the contents of all 
three boxes by drawing just one marble. 
The key to the solution is your knowl­
edge that the labels on all three of the 
boxes are incorrect. You must draw a 
marble from the box labeled ''black­
white." Assume that the marble drawn is 
black. You know then that the other mar­
ble in this box must be black also, other­
wise the label would be correct. Since 
you have now identified the box contain­
ing two black marbles, you can at once 
tell the contents of the box marked 
"white-white": you. know it cannot con­
tain two white marbles, because its label 
has to be wrong; it cannot contain two 
black marbles, for you have identified 
that box; therefore it must contain one 
black and one white marble. The third 
box, of course, must then be the one 
holding two white marbles. You can 
solve the puzzle by the same reasoning 
if the marble you draw from the "black­
white" box happens to be white instead 
of black. 

6. The answer to this puzzle is a sim­
ple matter of train schedules. While the 
Brooklyn and Bronx trains arrive equally 
often-at 10-minute intervals-it happens 
that their schedules are such that the 
Bronx train always comes to this plat­
form one minute after the Brooklyn train. 
Th us the Bronx train will be the first to 
arrive only if the young man happens to 
come to the subway platform during this 
one-minute interval. If he enters the sta­
tion at any other time-i.e., during a 
nine-minute interval-the Brooklyn train 
will come first. Since the young man's ar-

rival is random, the odds are nine to one 
for Brooklyn. 

7. There is no way to reduce the cuts 
to fewer than six. This is at once ap­
parent when you focus on the fact that a 
cube has six sides. The saw cuts straight 
-one side at a time. To cut the one-inch 
cube at the center (the one which has no 
exposed surfaces to start with) must 
take six passes of the saw. 

8. The commuter has walked for 55 
minutes before his wife picks him up. 
Since they arrive home 10 minutes ear­
lier than usual, this means that the wife 
has chopped 10 minutes from her usual 
travel time to and from the station, or 
five minutes from her travel time to the 
station. It follows that she met her hus­
band five minutes before his usual pick­
up time of five o'clock, or at 4:55. He 
started walking at four, therefore he 
walked for 55 minutes. The man's speed 
of walking, the wife's speed of driving 
and the distance between home and sta­
tion are not needed for solving the prob­
lem. If you tried to solve it by juggling 
figures for these variables, you probably 
found the problem aggravating .. 

g. The counterfeit stack can be identi­
fied by a single weighing of coins. You 
take one coin from the first stack, two 
from the second, three from the third 
and so on to the entire 10 coins of the 
tenth stack. You then weigh the whole 
sample collection on the pointer scale. 
The excess weight of this collection, in 
number of grams, corresponds to the 
number of the counterfeit stack. For 
example, if the group of coins weighs 
seven grams more than it should, then 
the counterfeit stack must be the seventh 
one, from which you took seven coins 
(each weighing one gram more than a 
genuine half-dollar) . 

A win on hypercube (see page 165) 
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Model of the ALCa Packaged Power 
Plant. Nuclear power plants of this size 
-in which one charge of uranium may 
be sufficient for a year or more-range in 
output from 1800 to 2500 kw, or more. 

� Honeywell console used 
, Packaged Power Reactor. 

Ln the Army" 

Honeywell controls will operate 

Army Packaged Power Reactor 

T
HERE'S a new solution to the problem of pro­
viding power for radar, office machines, power 

tools, and all the other accoutrements of a modern 
army in the field. It's the Army Packaged Power 
Reactor, all of whose parts-reactor core, shield­
ing, instrumentation, generator, enclosure-can 
be airlifted to a site. This packaged power plant 
can provide power in remote or occupied areas, 
where conventional fuels may be unobtainable or 
too costly, and where existing generating ca­
pacity may be inadequate. 

Built by ALCO Products, Inc., the Army Pack­
aged Power Reactor will be operated by a 
Honeywell control system. This control system 
is now being tested at Schenectady, N. Y. 

Honeywell's Industrial Division designed and 
assembled the complete control console. The unit 
includes the exclusive Brown Safety Amplifier 
with fast-acting relays to initiate irreversible 
scram, a combined Log-N and Period Amplifier, 
an improved AID Linear Amplifier, and other 

outstanding Honeywell products. Embodied in 
the system are the experience and know-how 
gained by Honeywell nuclear engineers in design­
ing control systems or components for reactors at 
Battelle Memorial Institute, North Carolina 
State University, and all major Atomic Energy 
Commission installations. 

This is experience that can be applied to advan­
tage in your own reactor project. Your nearby 
Honeywell sales engineer is ready to work with 
you on instrumentation techniques for any nu­
clear project. Call him today ... he's as near as 
your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. -in Canada, 
Toronto 17, Ontario. 

Honeywell 
6ROWN JNSTR U MENTS 
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"N1GHT CHESS" a painti.ng by Simpson.Middleman. a doubly gifted team of 
artists with a scientist's penetrating insight. They portray here "a chess­
like game played in a segment of space on a skewed board with. pieces of 
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High stakes are yours to win at Boeing 

Your future comes quickly at Boeing ... for the 

future is Boeing's business. There is no reverence 

here for "limits" -creative engineers are explor­

ing exciting pathways into the unknown. 

Here, the jet age has already begun in air travel. 

America's first jet liner, the giant Boeing 707, 
has been test flying for over 2 years. 

Because Boeing is already looking beyond this and 

other "tomorrows," still searching more distant 

horizons, we need you. 

We welcome all types of engineers and scientists 

and advanced mathematicians who enjoy the ex­

citement of being far ahead in the vaster vistas of 

supersonic flight, of electronic guidance, in virtu­

ally every field associated with flight. 

It is a stimulating experience. And in this sym­

pathetic climate, you'll find very quickly that 

"you belong . • .  at Boeing." 

Drop a note now to John C. Sanders, Engineering 

Personnel Administrator, Boeing Airplane Company, 

Department B·61, Seattle 24, Washington. 

1I11IFIAlIi: 
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THE AMATEUR SCIENTIST 

W
hen a housefly lands on the ceil­
ing, does it execute a wing-over, 
a slow roll or a half-loop? Do 

rattlesnakes bite? Can the fast deerfly 
break the sonic barrier? For answers to 
such questions a good man to consult is 
Walker Van Riper of Denver, Col., who 
has been tracking down odd facts con­
cerning animal behavior ever since he 
retired from the investment banking 
business 12 years ago. His high-speed 
camera has proved that rattlesnakes do 
not bite-they stab [see "How a Rattle­
snake Strikes," by Walker Van Riper; 
SCIENTIFIC AMERICAN, October, 1953]. 
It has also shown that the deerfly is easi­
ly outstripped by many other insects. 
Van Riper does not yet have a final 
answer on the housefly's landing per­
formance, but he is currently studying 
the matter. 

He does much of his work at the Den­
ver Museum of Natural History, where 

Wherein a g�fted naturalist and high-speed 

photographer e.Tperiments with hun1n1inghirds 

he is an honorary curator. "Van Riper," 
says A. M. Bailey, director of the Mu­
seum, "is the sort of fellow who is the 
perfect answer to the small museum 
director's prayer. You couldn't possibly 
pay him what his extraordinary skills are 
worth, yet he does the job for the joy of 
doing it, and does it better than anybody 
else could do it." Van Riper is inclined to 
take a more modest view of his accom­
plishments: "Anyone can help chip 
question marks from the rough edges of 
natural science if he puts his mind to it. 
Take hummingbirds, for example." 

Van Riper has written us the follow­
ing account of his hummingbird studies. 

"Probably no other bird is so amenable 
to intimate observation as the humming­
bird. Fairly accurate answers can be ob­
tained to such questions as: What does 
it eat and how much? How fast and in 
what manner does it fly? What is its size 
and weight? How are the young cared 
for? Besides its convenience as a subject, 
the hummingbird is the most beautiful, 
vivacious, bold and interesting of birds. 

"These words may sound a bit ex­
travagant, but they are well backed by 

authoritv. John Gould, thc great British 
ornithologist of the 19th century, loved 
the hummers beyond all other birds. !-lis 
five-volume A Monograph of the Tl'ochi­
lidae, O/' Humming-Bh'ds testifies to this. 
Eugene Simon, head of the Entomologi­
cal Society of France, produced a highly 
valuable work on the classification of 
hummingbirds which took 30 years in 
the making. Simon had dedicated his 
life to the study of spiders, but during 
an expedition to Venezuela to collect 
spiders he was 'seduced' by the hum­
mingbirds and decided thereafter to di­
vide his labors between his first love and 
his second. Considering that there are 
some 600 species of the Trochilidae, 
more than in any other bird family, their 
taxonomy is no mean task. In fact there 
is a word for a specialist on humming­
birds-'trochilidist.' 

"Hummingbirds belong exclusively to 
the New World. Most of the species are 
tropical. Only 14 breed regularly in the 
U. S. On the eastern slope of the Rockies 
in Colorado we have three species-the 
broadtailed, the rufous and the calliope. 
The first is the hummer of this a:'ea, 

Broadtail hummingbirds surround the feeder used in a population experiment. A male is at the right; a female, at the left 
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ORO 
ANNOUNCES 

Challenging 
Openings in 

OPERATIONS 
RESEARCH 
Operations research is a 

fast growing and practical 

science attracting some of the 

best brains in the country. Its 

future is unlimited. If you 

want to join a group of pio­

neers in this exciting field, we 

invite you to investigate the 

openings on our staff. 

ON OUR PART WE OFFER: 

J. A record of experience in 

operations research, out-dis­

tanced by perhaps no other 

organization. 

2. A scrupulously maintained 

professional approach and 

atmosphere. 

3. The team approach to 

problem solving. On each 

team are representatives of 

varied disciplines-sometimes 

three, occasionally as many 

as a dozen. 

4. Fully equipped digital and 

analog computing facilities. 

5. ORO occupies several 

buildings in Chevy Chase, 

Maryland, one of America's 

most attractive su burbs. Pleas­

ant homes and apartments in 

all price ranges are available. 

Schools are excellent. Down­

town Washington, D. c., with 

its many cultural and recrea­

tional advantages is but a 

20-minute drive. 

6. Favorably competitive 

salaries and benefits, exten­

sive educational programs, 

unexcelled leave policy. 

FOR DETAILED INFORMATION, 
WRITE: 

Dr. L. F. Hanson 

OPERATIONS RESEARCH 
OFFICE [§J 

The Johns Hopkins 
University 

7100 Connecticut Avenue 
Chevy Chose, Maryland 

L 

Apparatus used in a weighing and feeding experiment 

nesting in the mountains, the foothills 
and in city gardens. It is very similar to 
the ruby-throated hummingbird, the 
only species seen in the eastern half of 
the country. 

"The rufous and calliope humming­
birds show up here only during their re­
turn migration to M exico from the north, 
where they breed in the summer. The 
rufous probably has the longest migra­
tory movement of any hummingbird : it 
nests as far north as southern Alaska. It 
also has another distinction : it was first 
described by none other than Captain 
Cook. On his third and last voyage he 
was given some rufous hummers by the 
natives of Vancouver Island. 

"Usually by mid-July a fair number of 
the migrants from the north arrive here. 
The mature males come first and stay 
only two weeks or so. They are followed 

by females and the young. The young 
males often stay into September, some­
times outstaying the resident broadtails. 
The calliope is the smallest of our hum­
mers, weighing about 2.5 agrams-the 
weight of a dime. You could send about 
a dozen of them by first-class mail for a 
three-cent stamp! 

"The amenability of hummingbirds to 
close-up observation and experiment is 
due primarily to the fact that they are 
extraordinarily fearless, probably be­
cause they have no natural enemies of 
importance. Coupled with their eager­
ness for food and readiness to accept 
artificial food, this makes them excellent 
laboratory residents. 

"The artificial food for hummers is a 
syrup comparable to the Bower nectar on 
which they usually feed. Hummingbird 
fanciers have a great variety of notions 
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II 
... fired by an atmosphere of enthusiasm and progress, is reflected in the all-new 
B-58-latest achievement of the team of engineers and scientists at CONVAIR­

FORT WORTH, America's first supersonic bomber, and another "first" from . 
Convair. But for the scientist and the engineer at CONVAIR-FORT WORTH, still 
newer and more stimulating projects await his imagination and ingenuity in the 
nearly half-a-hundred Air Force contracts now on hand. He -feels confident of success, 
for there is a wealth of talent to complement his efforts, and no lack of technical 
facilities to expedite his work. , 

And there is more, for his family enjoys a mild climate year 'round, countless recreational 
facilities, modern metropolitan educational and cultural benefits. The cost of living is low, and 
there's no state sales or income tax, which means his money goes further ... that's important, too! 

You're invited to investigate the opportunity awaiting you at CONVAIR-FORT WORTH. 
Your inquiry is confidential, of course. 

TODAY . . .  write, wire or telephone PErshing 8-7311 

MR. H. A. BODLEY 
Engineering Personnel Dept. 6 

CONVAIR-FORT WORTH, TEXAS 

CONVAIR 
c-v FORT ORTHGD � .. �:5i" 

� \!��: 

CONVAIR-A DIVISION OF GENERAL DYNAMICS CORPORATION 
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OCEAN SPRINGS, MISSISSIPPI 

GIANT "3" inch TELESCOPE 

•. ��:-.�.::::::.:: . .-.: .. b+C' 
40 POWER 
HIGH POWER SPOTTING SCOPE-American Made 
Big 3" diameter Achromatic Coated Objective will gh'e 
bright cr:rstal clear images. Micrometer Spiral Focusing 

Draw Tube. Lightweight aluminum construction throughout, 
black crackle finish, length open 22", closed 15 %", Upright 
image. Guaranteed to give superb performance. 

MOUNTED AIR SPACED OBJECTIVES 
We offer the finest hand-corrected air 

spaced American made astronomical objecUves. 
Mounted in Black Anodized Aluminum Cells. 

DIA. F.L. PRICE P RICE 
3V .. ' 48'" Coated 532,00 Not Coated 528,00 4V.'" 62'" Coated 569.00 Not Coated 560,00 
We can supply ALUMINUM TUBING for the above lenses. 

MOUNTED 1%" 0.0. EYEPIECES 
12.5 mm F.L. Symmetrical .............. $6.00 

16 mm }".L. Erfie (Wide Angle) .. 12.50 16 mm F .L. 'l'riplet ...................... 12.50 18 mm F.L. Symmetrical .............. 6.00 
22 mm F.L. Kellner . ....... .. 6.00 

32 mm F.L. Orthoscopic ................................................ 12.50 
35 mm F.L. S:ymmetrical . ... .. .. ................. 8.00 
55 mOl F.L. l�cllner ..... . .. . .... 6.00 COATING 75c extra 

"BIG" LENSES ��� :��e��g!1 f!ll�t���; 
the largest in the United 

States available fOT immediate delivery. Perfect magnesium 
fluoride coated and cemented achromatic telescope objectives. 
Aluminum tubing and cells available for lenses listed below. 
Send for complete list of other diameters and focal lengths. 
Dia. F.L. EACH Dia. F.L. EACH 
2,." 10" $12.50 30'':' 15" $21.00 
2,." 15" $ 9.75 3i1" 241>" $22.50 

§�;: ���" I:�:�� ��:: :��" U�:�g 
2%" 50" $12.50 5-h" 24%" $85.00 

ASTRONOMICAL T ELESCOPE MIRRORS 

Pyrex 
Pyrex 

Polished to 1/4 Wave and Aluminized 
Dia. F.L. 
3i1" 42" 
4%." 45" 
6" 60" 

Postpaid 
$ 9.75 
$13.50 
$25.00 

Free Catalogue "MILLIONS", of Lenses, etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 
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about the best kind of syrup. I recently 
made a preference test with a mature 
female broadtail . I set up a series of bot­
tles side by side with different mixtures: 
sugar solutions in water at various con­
centrations; sugar, orange juice and wa­
ter; honey and water; honey, orange 
juice and water. The bird showed a clear 
preference for the syrup made of one 
part sugar to one part water (i.e., equal 
proportions by weight). Incidentally, 
the feeding bottles were in my garden :  
t o  keep out bees and wasps the alumi­
num cap had only a tiny hole (an eighth 
of an inch) which was big enough for 
the hummingbird's bill; to keep out ants 
I smeared a band of sticky material 
around each bottle. 

"I next set up an experiment to de­
termine the amount of syrup consumed 
daily by my bird, together with its rela­
tionship to her weight. The hummer fed 
from a single bottle while resting on a 
wire perch hanging from a postal scale. 
By remote control I tripped a camera to 

photograph the scale reading and record 
the weight of the bird, It averaged 4.3 
grams (less than one sixth of an ounce) , 
and the bird consumed each day an 
average of 1.8 grams of sugar-42 per 
cent of her weight. 

"Intake of fuel at this rate is astonish­
ing, Oliver Pearson has shown that the 
hummingbird has the highest metabolic 
rate of any warm-blooded animal so far 
measured [see "The Metabolism of 
Hummingbirds," by Oliver p, Pearson; 
SCIENTIFIC AMERICAN, January, 1953]. 
In calories my bird ate 1.7 calories of 
sugar per gram of its body weight per 
day-more than 30 times the daily rate 
of food intake needed by a man doing 
moderately hard physical labor. And 
this bird by no means limited her feed­
ing to my bottle: she also ate insects and 
flower nectar each day! 

"For several years I have maintained a 
hummingbird feeding station in a bit of 
rough yellow-pine and scrub-oak coun-' 
try on a ranch 25 miles south of Denver, 

Male calliope hummingbird, showing the gorget streaked with white 
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ENGINEERING and SCIENCE at RCA 
STARTING SALARIES: non-managerial to $15,000 ... managerial open 

FIELDS OF ENGINEERING ACTIVITY 

MISSILE WEAPONS SYSTEMS- Planning and Design--Radar- Fire 
Control-Sen'omechanisms-Computers 

AVIATION ELECTRONICS - Radar - (ompulers - Servomechanisms 
-Shock and Vibrotion-Circuitry-Remote Control-Heat Tronsfer­
Sub·Miniaturization-Automatic Flight-Automotion-Tronsistorization­
Infrared-Airborne TV 

Z 
F 
S 
F 
S 
L 

Locations. C-Camden, N. J F-Cocoa Beach, Fla. H-Harrison, N. J. L-Lancaster, Pa. M-Moorestown, N. J. 
N-New York, N. Y. S-RCA Service Co. (Cherry Hill, N. J.; Alexandria, Va.; Tucson, Ariz.; Dayton, Ohio; San Francisco, 
Calif.) V -Somerville, N. J. W -Waltham, Mass. X-West Los Angeles, Calif. Y -Marion, Ind. Z-White Sands, N.M. 

L 
Y 

Modern benefit program. , . 
relocation expenses paid ... 
Please send resume of education and 
experience, with location preferred, to: 

Mr. John R. Weld, Employment Manager 

Dept. A-1C, Radio Corporation of America 

30 Rockefeller Plaza, New York 20, N.Y. 

RADIO CORPORATION of AMERICA 
Copyright 1957 Radio Corporation of America 

L 
Y 
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TEENAGER DESIGNS 
A NEW COMPUTER! 

Using his Geniac Electric Brain Construction 
Kit young John S., 16 years old, of Pittsburgh, 
Pennsylvania designed and built a machine that 
composes music, a circuit that is now included 
with every kit. 
An exception? Not at 011-
Ronald W. of Denver, Colorado used his Geniac 
to design machines giving geometric area for­
mulas, position of the planets in the solar sys­
tem, control system in an atomic reactor, com­
parative weights on Mars and Earth and seems 
to find new uses each week in addition to those 
in the experimental manual. 
Peter H. of River Edge, N.J. created an 
averaging machine. 
Thousands of other people have used Geniac, 
the Electrical Brain Construction Kit, to explore 
the fascinating new world of computing ma­
chinery. Schools, colleges, industrial training 
programs, engineering scientists and executives 
who have to keep abreast of new developments 
find in Geniac the answer to their search for 
information and material to advance their 
knowledge of computers. 

WHICH GROUP ARE YOU IN? 

o Engineer or Research Scientist, who wants to 
learn more about the application of com­
puters to his problems. 

o Executive. with an interest in computing 
machinery. 

o Teacher, in high school or college who needs 
laboratory or demonstration material on 
computers. 

o Student impatient for teachers to begin. 

o Scientific Amateur, who wants to learn about 
computers but doesn't know how to begin. 

o Parent of a scientific-minded Youngster, who 
is looking for a present that will provIde 
hours of entertainment and instructive value. 

Thousands of people Crom these groups have 
bought and enjo.l'ed Geniae. the Electrical Brain 
Construction Kit. 

Every Geniac Kit contains 7 books and manuals 
including a Beginner's Manual and Study Guide 
to help the teenager whose knowledge of elec­
trical circuitry may be limited. From these you 
can go step by step into more advanced circuit 
designs and finally through the theory needed 
to design your own machines. 

This is why we don't think the designs we re­
ceive are exceptional. We planned it that way. 

So if you have a boy-from 11 years up, who 
is an electrical bug, or if you yourself want to 
understand more of the theory behind circuit 
designs, order your complete kit now. 
Geniacs are fun too. Exciting puzzle-solving cir­
cuits-the Uranium Shipment and the Space­
Pilots, code-making machines, game-playing 
machines for Tic-Tac-Toe, Nim, intelligence­
testing devices will give you and your children 
hours of amusement. Over forty machines can 
be built from your Geniac Kit with more than 
400 pieces and parts, seven books and manuals. 

G ENIAC K IT with special discs, 7 manuals and 
texts. parts tray. tool kit and display rack . ... ... . $19.95 
(Add SOt west of MississiDIJi. $2.00 outside U.S.) 

Seven day rcturn guarantee. 

roiame 

Address .... 

City ................................. ..... Zone ....... State ... . 

Send check. cash or money order to: 

DEPT. SA·37 
O LIV E R  GA RFIELD COMPANY 

126 Lexington Avenue, New York 16, N. Y. 
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Repetitive·flash photograph shows a hummingbird flying backward from left to right 

where it is possible to assemble many 
more birds than can be attracted to a 
single city garden. I was able this past 
summer to take a census of the hum­
mingbird population on the ranch. Early 
in M ay I put out some feeders of a new 
type designed by Erwin Brown [see pho­
togmph on page 169]. It was made of a 
five-ounce jelly container with a red 
lock-top. A hole in the center of the lid 
admits the neck of a pop bottle, and four 
eighth-inch holes are spaced around the 
perimeter. These holes admit the hum­
mingbird bill, but not bees or wasps. The 
lid is fastened to the bottle with a couple 
of three-quarter-inch hose washers, one 
above and one below. The bottle is filled, 
the cup fastened to the lid, then the 
whole is inverted and hung. There is lit­
tle evaporation, and it may be assumed 
that the entire output of this feeder goes 
to hummingbirds alone. 

"On June 20 I had half a dozen of 
these feeders distributed in an area about 
a mile square. I estimated that the num­
ber of hummers, all broadtails, then 
feeding at my station was 66. A few 
nests had been found and, judging from 
these, most of the hens in the area were 
sitting on eggs at the time. By July 11, as 
these hatched, the population rose to 
118. 

"At this point the first migrating ru­
fous appeared. The coming of the first 
male rufous is always an exciting event, 
for he is spectacularly beautiful. The 
rufous is sometimes called the golden 

hummingbird. His back is the color of 
burnished copper, and he has a gorget 
(throat patch) which is described as 'of 
a surpassingly vivid fiery red or metallic 
scarlet changing to crimson, golden and 
even brassy green.' The metallic shine 
and changing hues of the gorget are due 
to refraction and reflection of the light 
by minute elements in the structure of 
the scale feathers. 

"The rufous is the most pugnacious 
and aggressive of our hummers. A bit 
smaller than the broadtail, but meaner, 
he takes little time to demonstrate who 
is boss. Within 24 hours after arrival tlle 
rufous males have taken over command 
of every feeding bottle. In flight they 
make a distinct buzz, like that of a 
bumblebee, in contrast to the whistle of 
the male broadtail. The young male 
broadtail at first flies with a hum, like his 
mother, but he acquires whistling wing 
slots when his second set of feathers 
develops. 

"With the coming of the migrants my 
hummingbird population jumped to 132. 
As more broadtail young jOined the feed­
ers,_ it increased gradually to a high of 
166 on July 24. The population tllen de­
clined steadily and was down to 70 by 
the end of the month. It stayed at that 
level for most of August, dropped to 39 
by September 4 and to zero by the lIth. 

"During July, when the population 
was at its peak, I occasionally supplied 
only a single feeder, generally a red 
bowl, in order to concentrate the birds 
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MISSILES ENGINEERS ... 

Let's exchange reSUD1.es 
: NAME: 

: Douglas Aircraft Company, Inc. 

: POSITION: 

: World's largest manufacturer of 
: aircraft and missile systems. 
: LOCATIONS: 
: Santa Monica, California 
: Naval Air Missiles Test Center 
• Point Mugu, California 
: Edwards Air Force Base, California 
: White Sands Proving Grounds · 

Las Cruces, New Mexico 
: Air Force Missiles Testing Center 
: Patrick Air Force Base 
· Cocoa, Florida 
: Holloman Air Development Center : Alamogordo, New Mexico 
: AGE: 

: 15 years in missiles; 37 in aircraft. 

: EDUCATION: 

: An engineering company managed 
: by engineers - such as Donald W. 
: Douglas, B.S., Aeronautical Engi­
: neering (M.LT.); F.W.Conant,B.S., 
: Civil Engineering (Cornell); and 
: A. E. Raymond, B.S., Mechanical 
: Engineering (Harvard), M.S., Aero­
: nautical Engineering (M.LT.), and 
: Ph.D. (Hon.) (PolytechnicInstitute 
: of Brooklyn) - and with key staff 
: positions held by graduate engineers, 
: physicists and mathematicians, 
: many with advanced degrees. 

: EXPERIENCE: 

: Pioneers in missile research devel­
: opment and production since 1941. 
: Major contractors for air-to-surface, 
: surface-to-surface, air-to-air and sur­: face-to-air missile systems. 

Designers of auxiliary equipment to 
transport and launch guided missiles. 

: Establishment of a completely 
: separate missiles division in 1956. 
· Now responsibile for nine separate 

missile projects - including such 
"veterans" as Nike I (1945 to pres­
ent) and Sparrow (1947 to present). 
Extensive flight test experience at 
proving grounds across the country 
where Douglas engineers areassigned. 

Missiles experience supplemented by 
37 years in airframe design, develop­
ment and manufacture. 

REFERENCES: 
The U.s. Army, Navy and Air Force. 

Thousands of manufacturers of com­
ponents for missile systems. 

· Some 1600 Douglas employees 

: now engaged in missile work. 

SPARROW I, the Navy's supersonic 
air-to-air guided missile, intercepts tar­

gets even under evasive action. 

SERVO AMPLIFIERS used with a 
four-way electrohydraulic valve being 
tested by Douglas electronic engineer. 

NAME: 

POSITION: 

ADDRESS: 

AGE: 

EDUCATION: 

EXPERIENCE: 

REFERENCES: 

FILL IN THE ABOVE INFORMATION 
TEAR OUT THIS PAGE AND SEND TO 
C. C. LaVENE 

DOUGLAS AIRCRAFT COMPANY 
BOX 620-N 

SANTA MONICA. CALIFORNIA 

/ft?)1 
G O FURTHER WITH DDUO{j,,'lJ, 

DJLY� 
FIRST IN AVIATION 

1 75 

© 1957 SCIENTIFIC AMERICAN, INC



PHYSICISTS and MATHEMATICIANS 

How do your 

Special Skills 

fit into the 

A ircraft Nuclear 

Propulsion picture 

at General Electr ic? 

1 76 

Many physicists and mathemati­
cians who recognize the eXCel)tional 
promise of a career in General Elec­
tric's fast growing Aircraft Nuclear 
Propulsion Department have asked 
if their skills can be used in this 
significant project. 

If you are qualified to work on 

THERMODYNAMIC AND AIR 
CYCLE ANALYSIS 

REACTOR ANALYSiS 
SHIELD PHYSICS 
NUCLEAR INSTRUMENTATION 
APPLIED MATHEMATICS 
DIGITAL AND 

ANALOG COMPUTER 
THEORETICAL PHYSICS 

you can move now into major 
assignments in the development of 
nuclear propulsion systems for 
aircraft. 

You do not need previous nuclear 
experience. Through General Elec­
tric's full-tuition refund plan for 
advanced university courses and 
in-plant training conducted by 
experts, you'll acquire the necessary 
nucleonics knowledge. 

The field itself assures you a 
rewarding future, but, more than 
that, the physicist or mathema­
tician who likes to work in a top­
level scientific atmosphere will 
appreciate General Electric's en­
couragement of creative thinking, 
its recognition of accomplishment. 

Comprehensive benefit program 
Periodic Dlel'it reviews 
Excellent starting salaries 
Relocation expenses paid 

Openings in Cincinnati, Ohio and 
Idaho Falls, Idaho. 
Send resume in confidence, 
stating salary requirements, 
to location you prefer: 

J. R. Rosselot 
P.O. Box 132 
CinCinnati, Ohio 

L. A. Munther 

P.O. Box 535 
Idaho Falls, Idaho 

GENERAL e ELECTRIC 

for observation and pictures. This often 
brought together a flock of 25 or 30 
hummers-fighting. chasing, diving and 
investigating around the bowl. When I 
sat in my car, some would By in the win­
dow and hover a foot from my nose to 
look me over. When I put up my photo­
graphic apparatus, the birds investigated 
the camera, lights, lens-everything 
shiny, and especially everything red. If 
I held the red bowl in my hands, half a 
dozen birds would alight on my hands 
or the rim of the bowl to feed at once. 

"It was an easy matter to get pictures 
of my subjects in all positions-Bying, 
feeding, sitting. Exact positioning is im­
portant, especially for color shots of the 
brilliant male gorgets, which Bash in full 
glory only when the bird is turned to­
ward the light and head-on to the cam­
era. The photography of hummingbirds 
is a highly interesting art. A few of my 
friends and I have formed the most ex­
clusive of all scientific societies-the So­
ciety of Trochilidographers (photogra­
phers of hummingbirds) . The art re­
quires the special high-speed electronic 

Bash invented by H. E. Edgerton of the 
Massachusetts Institute of Technology. 
An exposure of one 5,000th of a second 
will stop a hummingbird's wings fairly 
well; a 20,000th of a second stops them 
cold. We usually use three lights-two at 
the camera and one on the background, 
which would be black without it. Color, 
as well as black and white, is practical 
and successful with this setup. 

"The pictures on these pages showing 
hummingbirds in Bight were made at 
a 20,000th of a second. One of them 
is a rare photograph of a male calliope 
[see page 172]. This little rascal is rather 
uncommon in our parts, only a few 
coming through in migration. I had not 
had more than a bare glimpse of two or 
three and had never got a chance at a 
picture until R. J. Niedrach, curator of 
birds at the Denver Museum, discov­
ered one feeding on a patch of matri­
mony vine last summer. We tried everv 
trick in our repertoire to introduce the 
calliope to a feeding bottle, but he was 
single-mindedly intent on the matrimony 
vine and would not be enticed. So I 

Lowering (/ hummingbird nest. The nest is lit right inside the fork of the two limbs 
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NOT ONE 

OF RMI'S 

a-MAN 

PANEL 

STARTED 

HIS 

CAREER 

IN 

ROCKETRY! 

Panel members 
include men 

with degrees in: 

MECHANICAL. 
ENGINEERING 

EL.ECT. 
ENGINEERING 

CHEMICAL. 
ENGINEERING 

CIVIL. 
ENGINEERING 

AERONAUTICAL. 
ENGINEERING 

INDUSTRIAL. 
ENGINEERING 

PHYSICS 
AND CHEMISTRY 

Let 8 engineers who switched to Reaction Motors 
help you score your success potential in rocketry 

RMI TASK FORCE HAS PREPARED A TECHNICAL TEST 
YOU CAN TAKE AT HOME 

Many engineers and scientists today 
are turning interested eyes toward the 
expanding field of rocketry, aware 
that this young giant among American 
industries offers unsurpassed oppor­
tunities for the future. 

.. , n a t u r a l l y  t h e y  a r e  w o n d e r i n g  
whether their background fits them 
for this demanding field. 

Now Reaction Motors-in·cooperation 
with professional men who have made 
the transition from other fields suc­
cessfully - has devised a way for you 
to determine in advance your likeli­
hood for success in rocketry. They 
have prepared a purely technical test 

which you can not only take at home, 
but evaluate for yourself. A sealed en· 
velope containing the correct answers 
comes with the Question Sheets. 

Reaction Motors has TWO reasons 
lor offering you this unusual 
service: 
1 we need more highly skilled, very 

creative professional men with 
varied experience to meet the current 
great expansion in rocket development 
pro j ects here. 

2 we want to reduce to the absolute 
minimum the possibility of your 

making the wrong career decision. We 

believe that every man who enters a 
field should have reasonable assurance 
of achieving outstanding success and 
slaying with the field. 

HERE IS YOUR OPPORTUNITY to discover 
- q u ic kl y  a n d  eas i l y  - w hether 
rocketry is for you, with its literally 
unlimited objectives in the conquest 
of outer space. 

NOTE: There is one Question Sheet for 
Mechanical Engineers, another for 
Aerodynamicists, a third for Chem­
ical Engineers, etc. So please check 
your field on the list provided in the 
coupon below, to insure receiving the 
test that applies most directly to you. 

FILL OUT AND MAIL THIS COUPON FOR RMI'S SELF-EVALUATING 
TECHNICAL TEST OF ROCKET ENGINEERING POTENTIAL 

Take this test yourself 
in the privacy of yoilr home. 

--------------------------, 
REACTION MOTORS, INC. A I 
90 FORD ROAD . DENVILLE, N. J. 

ATT: 8 Man Task Force 

Please send me your Self·Evaluating TECHNICAL 
TEST for Success Potential in Rocketry 

My Name _________________ _ 
My Address _______________ _ 

REACTION MOTORS, INC. 
"Where to day's pioneers cross tomorrow's frontiers" 

I 
I 

Please check your field. I 
o Mechanical Engineering I o Elect. Engineering 
o Chemical Engineering I o Civil Engineering 
o Aeronautical Engineering I 
o Industrial Engineering I o Physics 
o Chemistry I 

'---__________ .L.- ______________________ -1 
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ENGINEERS 

ELECTRONICS DIV., 
Milwaukee 2. Wis. 

Flint 2. Mich. 

Enjoy Challenging Opportunities in the 
most versatile Laboratories in the country. 
Work with the top men in the field and 
with the finest test, research and develop­
ment facilities. We are in the process of a 
Major, Permanent, Expansion Program. 
New Plant facilities being added in sub­
urban Milwaukee area. 

To aid you in your professional advance­
ment AC will provide financial assistance 
toward your Master's degree. A Graduate 
Program is available evenings at the Uni­
versity of Wisconsin, Milwaukee. 

GM's Electronics Division aggressive posi­
tion in the field of manufacture and GM's 
long-standing policy of decentralization 
creates individual opportunity and recog­
nition for each Engineer hired. 

Recent EE,ME 
Graduate Inquiries 

Also Invited 
Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat­
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 

To arrange personal, confidential interview 
in your locality send full facts about your­
self today to 

Mr. Cecil E. Sundeen 
Supervisor of Technical Employment 
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A female broadtailed hummingbird feeds one of her young on the wing 

finally had to set up my camera and 
lights near a prominent plant and wait 
him out. I made myself as comfortable 
as possible with a camp chair and um­
brella (it was hot) and sat 25 or 30 feet 
away with a remote-control button on 
my hand. In a week's waiting I man­
aged to get three or four good shots. I 
had to take him on a dark background, 
because a background light spooked him 
just enough to keep him away from the 
target spot. 

"There is an old argument about 
whether a hummingbird can fly back­
ward. The Duke of Argyll, in a Victorian 
work of some merit, held that it was 
physically impossible for any bird to do 
this and that observations to the effect 
that the hummingbird did were purely 
illusory. The dispute is comparable to 
the modern one about whether a baseball 
curves. In both cases the high-speed 
flash has given a clear answer: a curve 
can be thrown; the hummingbird can fly 
backward. 

"One of our pictures shows the hum­
mingbird in the act [seepage 174]. Three 
flashes were set off in rapid succession. 
We used a black velvet background-an 
essential in multiple-exposure photogra­
phy. The camera shutter was open for a 
few seconds. The first flash shows its bill 
dipped in the feeding bottle and starting 
to withdraw backward; the next two 
catch it backing up. 

"A pair of successive flashes can de­
termine the speed of a flying bird, and 
three or more will give both speed and 
acceleration. C. H. Greenewalt, a mem­
ber of our society, has published some 

interesting results for nuthatches and 
chickadees flying to and away from a 
feeding table. These measurements are 
of some importance, for ornithological 
literature is loaded with inaccurate and 
contradictory figures. I recently looked 
up the speed of the duck hawk in three 
natural history books which happened 
to be lying on my reading table. One 
gave the speed as 80 miles per hoW', an­
other 180 and the third 270! My own 
incomplete experiments have so far 
failed to show the duck hawk diving at 
more than 57 miles per hour. 

"Various speeds have been reported 
for the flight of the hummingbird. My 
guess is that most of these are greatly 
exaggerated. In this field it is fairly safe 
to assume that the better the observa­
tion, the slower the speed. Ordinary ex­
perience shows that we are very likely 
to overestimate the velocity of small ob­
jects nearby. A bee seems to zip past 
your nose at bullet-like speed, but it 
actually does not exceed 10 miles per 
hour. 

"The dive-bombing flight of the male 
broadtail hummer probably shows him 
at his greatest speed. A well-known orni­
thologist once told me that he thought 
this was the highest velocity attained by 
any bird. A male broadtail in courtship 
display before a female flies past her, 
generally near the ground, soars straight 
up 40 to 50 feet, poises there for a mo­
ment, and then swoops down past her 
and soars again, tracing a deep U -shaped 
arc. He repeats this performance several 
times. His fast power dive produces a 
lond tinkling whistle, which rises in 
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MECHANICAL DESIGNERS 
Graduate engineers for challenging assignments in the de­
sign of turboprop, turbojet and advanced aircraft engines 
and their components. Experience desirable in compres­
sors, turbines, aerodynamic,>, hydraulics, gears, valves, 
bearings, piping, controls, .afterburners and related 
equipment, heat exchangers and combustion problems. 

DESIGNERS OF INDUSTRIAL EQUIPMENT 
Work involves the design of mechanical and electrical 
equipment for experimental testing of aircraft engines 
and their components. The following are typical of the 
projects handled by the department: DESIGN of gear 
box and drive motor installations • DESIGN of blower 
systems and air piping . LAYOUT of piping systems for 
water, steam, air, oil, fuel • DESIGN of special jet en­
gine Instrumentation • DESIGN of mechanical assem­
blies - gear boxes, drive shafts, couplings • DESIGN 
of engine test cells. 

EXPERIMENTAL ENGINEERS 
Mechanical and electrical engineers to work on experi­
mental assembly and test of gas turbine engines, includ­
ing the development of control systems, compressors, 
combustors, turbines, afterburners, bearings, seals and 
fuel controls. 

SALES DEPARTMENT ENGINEERS 
Mechanical or aeronautical engineering graduates for 
engine and airplane performance analysis, field engineer­
ing, engine mock-up, technical publication writing and 
spare parts sales data analysis; also as engine operation 
specialists and for work involving installation project re­
quirements. 

* * * 

Please send your complete resume to Mr. P. R. Smith, 
Office 71, Employment Department. 

PRATT & WHITNEY AIRCRAFT 
DIVISION OF UNITED AIRCRAFT CORPORATION. 366 MAIN ST., EAST HARTFORD, CONN. 

World's foremost designer and builder of aircraft engines 
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ENGINEERS 
ELECTRONIC 
MECHANICAL 
THERE'S A BRIGHT STAR 
IN THE ELECTRONICS"' 
GALAXY! 
Bendix Radio, leading producer of 
the world's finest electronic equip­
ment, is rapidly expanding both its 
commercial and military business. 
This continuing expansion has 
created many splendid opportunities 
for engineers of professional stature 
to do research and development on 
the most advanced electronic 
systems. 
Nowhere are the professional 
aspects of the engineer's career held 
in higher regard than they are at 
Bendix Radio! You will work under 
ideal creative conditions, with the 
most modern equipment and 
alongside leading engineers who are 
pioneers in their fields. 
You will receive an excellent salary, 
periodic merit reviews and com­
plete company benefits, including 
assistance in graduate education. 
Choose from assignments in these 
interesting, challenging fields: 

MISSILE GUIDANCE 

& TRACKING SYSTEMS 

RADAR WARNING SYSTEMS 

MILITARY ELECTRONICS 

RESEARCH & DEVELOPMENT 

AUTOMOTIVE ELECTRONIC 

RESEARCH 

AIRBORNE ELECTRONICS 

SYSTEMS 

MOBILE COMMUNICATIONS 

SYSTEMS 

Drop us a postal card, 
briefly stating your education 
and experience. We'll act last 
... and confidentially! 

ADDRESS: 
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pitch with increasing wingbeat until he 
reaches his greatest velocity at the bot­
tom of the dive. 

"I set up my camera with the elec­
tronical flash timed to go off twice, the 
interval being a hundredth of a second. 
This system works satisfactorily to time 
the diving speed of a barn swallow, but 
in many trials I was unable to get an 
accurate measure of the hummer's dive. 
You have to be a super wing-shot to hit 
a diving hummer on the nose. 

"I was, however, able to get a good 
measure of the hummer's speed in 
straightaway flight as one chased an­
other away from his feeding bottle. This 
maneuver looks faster thal� it really is; 
actually it does not exceed the hummer's 
speed in ordinary level flight. In 14 
measurements the chasing speed ranged 
from around 18 to 24 miles per hour. I 
think the reason it does not go higher 
may be that the bird is slowing up as it 
approaches the intruder, the objective 
being not to hit him but to make him fly 
away. 

"I attacked the problem of the diving 
speed in another way, without the cam­
era. I noticed that a female would often 
perch on a bush near a feeding cup, and 
this pause would stimulate a male to do 
his stuff. The male generally soared to 
the height of the highest tree at the 
place before diving. After measuring the 
height of the tree, I timed a considerable 
number of dives by different birds with a 
stop watch. Assuming that the velocity 
reached at the bottom of the dive is 

twice the average for the whole dive, I 
calculated the hummer's top speed to be 
61.2 miles per hour. 

"The hummingbird has been called 
the most aerial of all birds. It never 
walks or hops. To turn around on a 
perch, it takes wing for the turn. If it 
wishes to move half an inch to one side, 
it flies there. Sometimes a mother bird 
will even feed its nestlings on the wing, 
hovering above the baby instead of 
alighting on the nest. In order to photo­
graph this I had to lower a nest from a 
tree to a convenient position near the 
ground. I sawed off a limb containing a 
nest of fledglings 25 feet up on a yellow 
pine, and with ropes I lowered the limb 
by four stages on successive days. The 
little hen was a bit disturbed by all this, 
but not too much. I have tried this nest­
lowering stunt several times. It can be 
done with other birds, but I know of 
none that will sit as tight as the hummer 
sometimes does. After I got the limb 
down to a convenient level, I found that 
to train my camera on the nest I had to 
move a branch on the up-ler side of the 
nest out of the way. I 5 3 \;v ed it through 
and attached a hinge, SJ that it could be 
kept in the accustOI-:1sd position but 
could be swung out of:he way when I 
wanted to take pictu:.€S of the nest. It 
turned out that this told-back of the 
branch excited the hen just enough so 
that she fed her babies on the wing more 
often than not. All of which was just 
what I wanted. 

"The broadtail hen builds the nest, 

A male broadtail hummingbird attacks a stuffed rival 
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This pressurized w�,ter reactor vessel and its 
nuclear core were developed for the 
atomic pow�r statiin �t Shippingport, M • 
Pennsylvama, the natIon's :first commercIal 

i ' 
atomic power plan •. With the success of the 
USS Nautilus, Westinghouse scientists and 
engineers continue �o design reactor projects fo1' 
other types of subIlilarines as well as surf,ace ships. 

We welcome inquiries from physicists, 
mathematicians, a�d engineers interested in a 

challenging career \n this expanding industry. 
Please address youi resume to: " 
Mr. A. M. Johnstop, Dept. A-126, 
Westinghouse Bettis Plant, 
P.O. Box 1468, p;tburgh 30, P.....,.lvama. 

TIS PLANT 

tinghouse 
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Two female broadtails threaten each other in flight 

incubates the eggs and raises the babies 
with no assistance of any kind from the 
male. In fact, there is some evidence that 
she selects the nest site and starts build­
ing before she picks out a mate, and, 
after the briefest possible association 
with him, returns to the nest and re­
sumes her domestic duties .  The mating 
is so brief that in many years of hum­
mingbird watching I have never seen it, 
and it has been seen only a few times by 
others. These little birds are independent 
individuals : save for the mother's care of 
the young, they show little' tolerance for 
one another's company. 

"The male is never allowed to perch 
near the nest. Nor is any other bird, for 
that matter. The female's attack is a kind 
of dive-bombing : she zips down on an 
intruder from a couple of feet above, just 
brushing its back. No harm is done, but 
the repetition of the act-zip, zip, zip, 
back and forth-soon drives the objec­
tionable one away. I have seen female 
broadtails chase many kinds of birds in 
this way. 

"For aggressiveness, though, the 
males take the prize. ChaSing and fight­
ing are the order of the day around the 
feeding bottles .  Occasionally the sound 
of contact between two birds can be 
heard, and two or three times I have 
known of birds being knocked out. The 
male will peck at its mirror image, at a 
stuffed hummer and even at just the 
stuffed head and gorget of a male hum­
mer. Females also fight sometimes with 

1 82 

other females. But in both sexes the 
belligerency usually goes no further than 
threatening behavior.  Its purpose seems 
to be to chase away an intruder or rival, 
rather than direct combat. 

"Some years ago a party of us trochili­
dographers, camping in the Huachuca 
Mountains in southern Arizona, found a 
young male blue-throated hummingbird 
which we named 'Junior: One evening 
an approaching hawk caused a clatter in 
a chicken yard about 50 yards away. 
Tiny Junior, seeing the hawk from his 
lookout atop a nearby apple tree, went 
for the hawk and actually put it to flight! 

"The life span of the hummingbird is 
still unsettled. I have known of one 
which lived five and a half years in cap­
tivity and have an unconfirmed report 
of another that lived to 1 1 .  One of my 
friends had a hummer nest in his garden 
seven years in succession. 

"The act of mating, as I mentioned, 
has rarely been observed, and the few 
accounts of it differ greatly. It has been 
reported to take place both on the wing 
and on the ground. One report of the 
calliope says : 'As he passed the female, 
she fluttered and hung head downward 
on her perch. The male alighted above 
her, with vibrating wings, and coition 
took place in that position: 

"There are still many questions to be 
investigated. I hope the day will never 
come when I am satisfied that I know all 
the answers about the life history of this 
most fascinating of all birds:' 
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AMATEUR 

TELESCOPE 

MAKING 

Edited by Albert G. Ingalls 

This set of books is the authorita­

tive reference library of the en­

thralling hobby of amateur tele­

scope making. Through these 

books thousands have discovered 

a fascinating mechanical art com­

bined with a great science. 

Book One 

It begins at the beginning, teaches 

the basics of glass grinding and 

how to complete the first tele­

scope. (497 pages, 300 illustra­

tions.) Postpaid: $5.00 domes­

tic, $5.35 foreign. 

Book Two 

This book leads on into advanced 

methods of amateur optical work 

and describes new projects for the 

telescope maker. (650 pages, 361 
illustrations.) Postpaid: $6.00 
domestic, $6.35 foreign. 

Book Three 

Book Three opens up further fields 

of enterprise; e. g., binoculars, 

camera lenses, spec t r o g r a p h s ,  

Schmidt optics, eyepiece design, 

ray tracing (made easy). (644 

pages, 320 illustrations.) Post­

paid: $7.00 domestic, $7.35 
foreign. 

Send postcard 

for descriptive circular 

SCIENTIFIC 
AMERICAN 

415 Madison Avenue, New York 17, N. Y. 
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j I announces a 

Gl'ound·l'lool' Oppol'lunily 

1'01' Scienlific and Bngineel'ing Men 

in IBM's new 

Special Enginee .. ing P .. odacls Division 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

It's like joining a new company-the ground-floor oppor­

tunities you will find in this new IBM Division-plus 

all the advantages of the stability and security of IBM. 

REALLY NEW 

We want men with creative ingenuity to solve 
problems never encountered before . . . who will 
significantly influence the new Division by their 
enterprise. Projects are not routine . . . and 
small enough to permit individual contribu­
tions that will establish your stature as a pro­
fessional engineer. 

OUTSTANDING OPPORTUNITIES 

Career opportunities exist not only for electronic 
and mechanical engineers but also physical and 
chemical scientists and metallurgists with ex­
perience in any of the following areas: 

• analog or digital computers 

• telemetering 

• servo systems 

• process control 

• electronic packaging 

• design of intricate mechanisms 

• data conversion, transmission, processing
" 

or display systems 

• instrumentation 

• advanced component design 

• automation 

• solid state devices and applications 

Graduating E.E.'s, M.E.'s, physicists and mathe­
maticians will find responsible, stimulating as­
signments in this Division. 

DATA PROCESSING 
ELECTRIC TYPEWRITERS 

TIME EQUIPMENT 
MILITARY f>RODUCTS 

SPECIAL ENGINEERING PRODUCTS 
SUPPLIES 

IBM 

PURPOSE OF THE DIVISION 

The new Special Engineering Products Division 
has been created to enable IBM to apply systems 
knowledge, engineering and production skills to 
organizations seeking assistance on specific prob­
lems connected with the processing of industrial, 
commercial and scientific data. Its engineers 
will design, fabricate and install tailor-made sys­

tems for such applications as engine test stands 
... wind tunnels ... flight test ... industrial 

process control ... machine tool and material 
handling control . . . nuclear reactors . • • 

innumerable others. 

EMPHASIS ON VERSATILITY 

It should be emphasized that the new Division 
has the responsibility for developing and building 
equipment related to, but outside of, IBM 's 
regular line of products. The variety and diversi­
fication of projects call for ultimate creativeness 
to develop nonstandard computing and data­
handling components, machines and systems for 
tie-in with existing IBM equipment. 

FOR COMPLETE DETAILS, write today to R. A. 

Whitehorne, International Business Machines 

Corporation, Dept. 1103,590 Madison Avenue, 

New York 22, N. Y. 

Be sure to visit the IBM booth at the 

i.R.E. show, March 18 through 21. 

SPECIAL 
ENGINEERING 
PRODUCTS 
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() J HAVE THE ENGINEERING ABILITY ••• 

'TI� HAVE THE ENGINEERING FUTURE 

Great combination ... your ability and the opportunities only a 

pioneer and leader in commercial electronics can offer! Join this 

team of creative-minded engineers and your ability wins first the 

recognition and then the responsibility it deserves in a small-group 

engineering organization. 

The future looks practically limitless, speaking from our position 

today in the vanguard of precedent-shattering electronics develop­

ments. Current and appealing openings exist in: 

Data Handling and Computers 

Broadcast Equipment 
Scientific and Industrial Equipment 

Sound Products 

Communications 

Attractive salaries to start ... advancement on merit. Liberal 

company-paid benefits make your future even more secure. 

Senior or Junior EE's or ME's ... men who will accept no measure­

ments for their future except their own achievements ... you are 
invited to send a complete resume to Box 1859, Grand Central 
Station, New York, N. Y. 

Associate Membership 
in the 

AMERICAN MUSEUM OF NATURAL HISTORY 

Membership in the AMERICAN MusEuM-a national asset in which every 

American can take pride-brings you and your family the cultural and educa­

tional benefits of a world-famous center of learning devoted to man's better 

appreciation of the world in which he lives. 

Your Membership brings the Museum to you, wherever you are, and in­

cludes among other privileges a subscription to Natural History, the Mu­

seum's colorful magazine of wonders in science, exploration and nature. Your 

Membership also helps advance the Museum's continuing program of scien­

tific research, world-wide expeditions, publications, conservation education, 

Museum-school programs and other activities. 

Associate Membership dues are only $5 annually. If you and your family 

would enjoy participation in this distinguished program, you are invited to 

write today to Dr. William A. Burns, Membership Secretary. 

THE AMERICAN MUSEUM OF NATURAL HISTORY 

Central Park West at 79th Street, New York 24, N. Y. 

Alexander M. White, PRESIDENT Albert E. Parr, DIRECTOR 

SPIRING THEM. Joseph Walsh in An­
nals of Medical Hist01'Y, Series 2, Vol. 
6, No.1, pages 1-30, January, 1934; 
Series 2, Vol. 6, No.2, pages 143-149, 
March, 1934; Series 2, Vol. 7, No.5, 
pages 428-437, September, 1935; Se­
ries 2, Vol. 7, No. 6, pages 570-589, 
November, 1935; Series 2, Vol. 8, No. 
1, pages 65-90, January, 1936; Series 
2, Vol. 9, No.1, pages 34-61, January, 
1937; Series 3, Vol. 1, No. 6, pages 
525-537, November, 1939. 

ON ANATOMICAL PROCEDURES. Galen. 
Oxford University Press, 1956. 

ON MEDICAL EXPERIENCE. Galen. Ox­
ford University Press, 1947. 

ON THE NATURAL FACULTIES. Galen. 
G. P. Putnam's Sons, 1916. 

THE JEWISH COMMUNITY 
OF ROME 

THE DISTRIBUTION OF THE HUMAN 

BLOOD GROUPS. A. E. Mourant. Black­
well Scientific Publications, 1954. 

THE HISTORY OF THE JEWS OF ITALY. 

Cecil Roth. The Jewish Publication 
Society of America, 1946. 

PURSUIT OF A DISEASE 

THE INHERITANCE OF PORPHYRIA. Geof­
frey Dean and H. D. Barnes in British 
Medical Journal, No. 4,931, pages 89-
94; July 9, 1955. 

PORPHYRIA. Geoffrey Dean in British 
Medical Journal, No. 4,849, pages 
1,291-1,294; December 12, 1953. 

PORPHYRIA, A FAMILY DISEASE: ITs 

DIAGNOSIS AND TREATMENT. Geoffrey 
Dean in South African Medical Jour­
nal, Vol. 30, No. 16, pages 377-381; 
April 21, 1956. 

MATHEMATICAL GAMES 

GAMES OF ALINEMENT AND CONFIGURA­

TION. H. J. R. Murray in A History 
of Board Games Other Than Chess, 
Chap. 3; 1952. 

Go AND GO-MOKU: THE ORIENTAL 

BOARD GAMES AND THEIR AMERICAN 

VERSIONS. Edward Lasker. Alfred A. 
Knopf, 1934. 

HYPER-SPACIAL TIT-TAT-TOE OR TIT­

TAT-TOE IN FOUR DIMENSIONS. Wil­
liam Funkenbusch and Edwin Eagle 
in National Mathematics Magazine, 
Vol. 19, No. 3, pages 119-122; De­
cember, 1944. 

SCARNE ON TEEKO. John Scarne. Crown 
Publishers, Inc., 1955. 

TICK-TACK-ToE COMPUTER. E. M. 
McCormick in Electronics, Vol. 25, 
No. 8, pages 154-162; August, 
1952. 
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BUILDS JOB INTEREST 
at BELL 

Bell's activities are widely diversified - experimental and vertical 
rising aircraft, rockets and rocket engines, missiles and guidance systems, 
electronics, servomechanisms and nucleonics to name only a few. Such 
diversity means broad fields of interest for engineers and technical per­
sonnel-insurance against boredom and assignments too limited in scope 
to let you go as fast and as far as you are capable. 

Bell is progressing, growing and expanding. There are openings at all 
levels and in all fields as listed at the right. If you are looking for a move 
that offers every opportunity for a permanent career with professional 
growth and recognition and capahle, congenial asso­
ciates, contact Bell. 

For further information regarding employment 
opportunities in the Weapon Systems or Aircraft Divi­
sions of Bell Aircraft, write today: Manager, Technical 
Employment, Dept. P. BELL AIRCRAFT CORPORATION, 

P. O. Box One, Buffato 5, New York. 

• Aerodynamicists 

• Aeronautical Engineers 

• Automatic Control Designers 

• Chemical Engineers 
• Combustion Research Engineers 

• Communications Engineers 

• Design Checkers 

• Development Engineers 

• Digital Computer Development Engrs. 

• Dynamic Engineers 

• Electronic Engineers 

• Electronic Standards Engineers 

• Engineering Computers 

• . Environmental Specialists 

• Field Test Engineers 

• Flight Test Engineers 

• Flight Test Programmers 

• Fuel Injection Specialists 

• Gear Designers 
• Guidance Engineers 

• Gyro Specialists 

• Heat Transfer Engineers 

• Hydraulic Engineers 

• IBM Programmers 

• Instrumentation Specialists 

• Laboratory Test Engineers 
• Magnetic Amplifier Specialists 

• Mathematical Analysts 

• Mechanical Engineers 

• Microwave Engineers 
• Miniturization Engineers 

• Operations Analysts 

• Physicists 
• Power Plant Designers 

• Pressure Vessel Designers , 

• Project Engineers 
• Publication Engineers 

• Radar Systems Engineers 

• Rocket Test Engineers 
• Servo Systems Engineers 

• Servo Valve Engineers 

• Statisticians 

• Stress Engineers 

• Structures Engineers 

• Specification Writers 

• Technical Writers 

• Test Equipment Engineers 

• Transformer Design Specialists 
• Transistor Application Engineers 

• Thermodynamic Engineers 

• T elemetering Engineers 

• Turbine Pump Designers 

• Vibration & flutter Analysts 

• Weapons Systems Engineers 

• Wave Guide Development Engineers 
• Weights Engineers 
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UNUSUAL OPTICAL BARGAINS 
SPITZ 

MOONSCOPE 
A precision-made 32 power reflecting 
telescope-by the makers of Spitz Plan­
etarium. Clearly reveals the craters of 
the moon, shows Saturn, Jupiter, other 
wonders of the heav('ns. Based on same 
principles as world's giant telescopes. 
Stands 36" high on removable legs. Ad­
justable 3" polished and corrected mirror. 
Fork type AIL-Azimuth rotates on full 3600 
circle-swings to any location in the sky. 
Fascinating IS-page instruction book is in­
cluded. Instrument packed In sturdy carry-
ing case. 

Stock No. 70.068-S ........ $14.95 Pstpd. 

Take Telephoto 

Shots Thru 

7 X 50 
MONOCULAR 

This 1s fine Quality, American made instrument-war 
surplus! Actually lh of U.S. Govt. 7 x 50 Binocular. Used 
for general observation both day and night and to take 
fascinating telephoto shots with your camera. Brand new. 
$95 value. Due to Japanese competition we close these out 
at a bargain price. 
Stock No. 50.003-S .......................... $15.00 Pstpd. 

Check. Measure. 
Inspect with this 

6 POWER 
POCKET 

COMPARATOR 

... New Low Price .... $19.50 Pstpd. 

SATELLITE 
TELESCOPE 

Especially made for members of 
MOONWATCH. Gives you the great­
est possible field with the ability to 
obsel'\'e faint objects with only slight 
magnification. Wide (51 mm) diam­
eter, low reflection. coated objecth'e 
lens. A 6 element extremely wide 
field, coated ErHe eyepiece. which in 
combination with the objective, gives 
5.5 power with a big 12° Held and 

over 7 mm exit DUpil. This scope also makes a perfect wide 
field finder-a wonderful comet seeker; see complete aster­
isms. 
Stock No. 70.074-5.... . ........ $49.50 postpaid. 

W IDE A NGL E 
7 X 35 BI N OCULA RS 

The ideal glasses for watching 
the earth satellite. A truly fine 
quality Japanese import. The 
amazing field of view-489 ft. at 
1000 yds. Quick central focus. 
Light weight-only 28 ozs. Com­
pact size. All internal prism 
surfaces coated. Complete with 
leather case and carrying straps. An exceptional 
buy. 
Stock No. 1531-S ...................... .. $39.50 Postpaid 

(Add fOO/n Federal tax) 

50-150-300 POWER MICROSCOPE 
Low Price Yet Suitable for Classroom Use! 
3 Achromatic Objective Lenses on Re� 
Yolving Turret! Imported! 'I'he color-cor� 
rected. cemented achromatic lenses in.. the 
objectives give you far superior results to 
the single lenses found in the microscopes 
selling for $9.951 Results are worth the 
difference! Fine rack and pinion focusing. 
Stock No. 70.008-S .... $14.95 Pstpd. 

MOUNTED 500 POWER OBJECTIVE 
• • • Threaded for easy attachment on 
above microSCOPe. Achromatic lenses Cor 
fine ,·Iewing. 3 mm. focal length. 
Stock #30.197-S .......... $ 5.00 Pstpd_ 

Fine, American-Made li1Strument at Over 50% Saving 

STEREO MICROSCOPE 
For Industrial or Hobby Use 

Up to 3" Working Distance-Erect Image-Wide 3 Dimensional Field 
Now. ready after :years in deVelopment-this instrument answers the long standing need 
for a sturdy, efficient STEREO MICROSCOPE at low cost. Used in production-in re­
search-in the lab. shop, factory, or at home; for inspections. examinations. counting, 
checking, assembling, dissecttng-speeding up and improving Quality control. 2 sets of 
objecth'es on rotating turret. Standard pair of wide field 8X Kellner Eyepieces gh'c you 
21 power and 34 power. Additional eyepieces available for greater or lesser magnification. 
Helical rack and pinion foclI!ling. WE WILL SHIP ON lO-DAY FREE I)'RIAL . 
complete satisfaction or your money back. 

• 

Order Stock No. 85.039-5.. . ... $99.50 f.o.b. Barrington. N. J_ 

(Shipping wt. approx. II Ibs.) Send check or M.O. 

41!" ASTRONOMICAL 
14 'PALOMAR, Jr.' 

UP TO 270 POWER 

A REAL REFLECTOR TELESCOPE 
Complete with Equatorial Mount, Tripod 

TELESCOPE 
ONLY 

$7450 
COMPLETE 

�����etl���r��og: �'o
l�e\�:�a�:� ���du��e�� �n �n�!

m�i�rr��n:�a��n�:!�r�lo 
gh'e theoretical limit of resolution. Rack and pin focusing, removable 
mirror mount. reai equatorial mounting-only one adjustment follows 
stars! Aluminum tube-takes standard e:\'epieces. You get 40X Kellner, 
%" 1". L. eyepiece, .one Barlow lens to give l'OU up to 270 Power. Fill 
mirror corrected to better than t,4" wa\·elength. 

Stock #85.OO6-S ... ..... ....... ... . .. $74.50 f.o.b. Barrington. N. J. 

REFRACTOR TELESCOPE 
240 POWER 

Complete with Finder. Equatorial Mount, Tripod, Eyepiece Ex-
tension. Star Diagonal and 3 Eyepieces 

Our newest development. Built for rugged use. quality performance. "Mount 
made (,'om heavy iron castings with machined bearings for smooth operation. 
Tripod has extra heavy 60" hardwood legs. Telescope's sheer weight is 42 Ibs.­
stable, steady viewing. Big 4" objecti\'C is air-spaced achromat-elemcnts 
coated on all sides for low reftection. 3 eyepieces supplied give you 48X, l20X 
and 240X. Special Barlow lens, also supplied, gives 50 OX. Star Diagonal in­
cluded for comfortable viewing at high angles. Rack and pinion focusing. 
Finder is 8 power. The usual price for a 4" nefractor of comparable Quality is 
over $400. Our new model saves you almost 50%. 
Stock No. 85.038·8 5247.00 f.o.b. Barrington, N. J. (shipping wt. 55 Ibs.) 

See the Stars. Moon. Planets Close Up! 

3" "PALOMAR, JR." REFLECTING TELESCOPE 
60 & 120 Power-An Unusual Buy! 

You'll see the Rings of Saturn. the fascinating planet Mars. 
huge craters on the Moon, Star Clusters. Moons of Jupiter in 
detail. Galaxies! Non-breakable aluminum coveroo tube. Equa­
torial mount with lock on both axes. Aluminized and overcoated 
3" diameter high-speed f/1 0 ventilated mirror. Telescope comes 

r��i��� 6''f}
t
� 12

6
0
0�o�:r.iCX� �n�tl�a:n��:;�� ¥:r!��op��n;h�1;; 

f:�e:SS:.�nal sc�p::ISOv�r��g?eCdsTSl�rdlH ��;'d'��� . l�Jta:�:e 
tr��; 

"Discover the stars." 
Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year·old student. 

Stock No. 85.050-S.. . .......... $29_50 f.o.b. 
(Shipping wt. 10 Ibs., Barrington, N. J. 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 

Complete Kits Including Blank, Tool and Abrasives 

All over America amateurs are grinding their 
own mirrors and making expensive Telescopes 
cheaply. You can do the same using our Kits. 
These contain mirror blank. tool. abrasives. 
diagonal mirror and eyepiece lenses. You 
build instruments ranging in value from $245 
to thousands of dollars. 

New! 2 in J Combination! Pocket-Size 

50 POWER MICROSCOPE 
and 10 POWER TELESCOPE 

� 
Useful Telescope and Mi­
croscope combined in one 
amazing, precision instru­
ment. Imported! No larger 
than a fountain pen. Tele­
scope is 10 Power. Micro-

SCOpe magnifies 50 Times. Sharp 
focus at any range. Handy for sports. 
looking at small objects, just plain 
snooping. 

Order Stock #30.059-5 .... $4.50 ppd. 
Send Check or M.O. 

Stock No. 70.003·5 70.004-5 70.005-5 70,006-5 70.007-5 

Dia. Mirror 
4'/.' 6" 
8" 10" 

12" 

Thickness 
',4" 1" 

1'/," 1',4" 
2'/," 

Price 
$ 7.20 postpaid 

11.40 postpaid 
18.70 postpaid 
29.45 postpaid 
51.45 postpaid 

WRITE 
FOR FREE CATALOG·S 

Huge selection of lenses, prisms. war surph.ls 

optical instruments, parts and accessories. Tele­

scopes, microscopes, binoculars. Hand spectro­

scopes, reticles, mirrors, Ron­

chi rulings, dozens of other 

hard-to-get optical items. 

America's No. 1 source of 

supply for Photographers, 

Hobbyists. Telescope Mak-
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CREATING A NEW WORLD WITH ELECTRONICS 

How soon wliilli YOM be able to see ovelr the plhtoIlle? 
It may be sooner than you think. For the remarkable new 
Hughes TONOTRON-now used for high-fidelity transmis­
sion of maps and other navigational pictures to ships and 
aircraft-will make possible "face-to-face" telephone calls 
to and from your office or home. 

As one of the country's largest electronics research and 
manufacturing firms, Hughes Products backs its semicon­
ductors, cathode ray tubes, and industrial systems and con­
trols with a long record of technical accomplishments. 
These include the "thinking" FALCON air-to-air missile, and 
the self-directing Hughes Automatic Armament Control 
which is standard equipment on all Air Force interceptors. 

The TONOTRON is only one example of Hughes Products 
leadership in research and development of electron tubes 
and related advances in electronics, such as transistors and 
diodes. It is with products like these that science will bring 
about the dynamic electronics era-in which you will have 
on-the-wall television, electronic control of factory pro­
duction, and countless other marvels. 

HUGHES TONOTRON 

Undoubtedly there is a time- and money-saving appli­
cation of Hughes electronic products to your own business. 
A Hughes Products sales engineer will welcome the oppor­
tunity to work with your stalf. Please write: Hughes 
Produces, Los Angeles 45, California. 

r-------------------------------------� 

RELY ON HUGHES FOR SEMICONDUCTORS 
. • .  ELECTRON TUBES .. INDUSTRIAL 

SYSTEMS AND CONTROLS. 
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as Aero-nautics is to earth 

In the fields of both AERO-NAUTICS and ASTRO-NAUTICS 
Convair is showing outstanding leadership. CONVAIR· Astronautics 
is today building in San Diego, California, a complete facility 

for research, development and manufacturing of the 

Atlas Intercontinental BallistIc Missile, a top priority project 

of the U.S. Air Force. The Atlas is the first of many vital 

astronautical projects which will lead mankind toward a better 

understanding of the universe in which he lives. 

CONVAIR W /II. DIVISION OF GENERAL DYNAMICS CORPORATION T 
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