
SCIENTIFIC 

ERIC 

400 FATHOMS UNDER THE SEA FIFTY �ENTS 

./FAA�AA.IAr· / 1951 
© 1951 SCIENTIFIC AMERICAN, INC



this used to be 32 pieces of metal 
If you like to read ads that promise a profit - don't 
miss this one! 

This Apex· washing machine tub assembly once was 32 
pieces of hard-to-form, costly-to-assemble metal. Now it's 

_made of tough, molded Fiberglast-reinforced plastic
in two pieces, assembled in one operation. What's more, 
its washing efficiency has been upped, its weight de
creased. It is corrosion-resistant, and won't rust no matter 
how often it's subjected to water and washing solutions. 

Production savings here are obvious! 
This is but one example of the way a dramatic young 

material is helping build better products and profitable 
businesses. Fiberglas reinforcements are creating new 
horizons for industrial design, new concepts of superior 

performance. For example: boats, both civilian and mili
tary, that never need caulking or painting ... luggage and 
military instrument cases that shrug off wear ... electrical 
laminates that help make motors, generators and trans
formers last longer, deliver better service. 

Why have alert manufacturers turned to Fiberglas rein
forcements? Simply because Fiberglas prod ucts are made 
from glass in fiber form and offer unique combinations of 
properties found in no other material. 

Check your production problems against the Fiberglas 
properties listed below. Then let's get together. Phone 
your Fiberglas branch office, or write Owens-Corning 
Fiberglas Corporation, 1608 Nicholas Bldg., Toledo I, O. 

* Manufactured by Apex" Electrical Mfg. Co. 

OWENS-CORNING 

FIBERGLAS 
••• IS IN YOUR LIFE • • •  FOR GOOD! 

FIBERGLAS MATERIALS, alone or combined with other materials, give you almost 
any combination of these properties: Heat, Cold, Sound CONTROL • • •  Maisture, 

Corrosion, A ge RESISTANCE • • •  NONCOMBUSTIBILITY • • •  LIGHT WEIGHT • • •  

DIMENSIONAL STABILITY • • •  RESILIENCE • • •  High Impact and Tensile STRENGTH • • •  

Easy APPLICATION. tFiberglas i s  the trade-m a rk (Reg. U. S. Pat. Off.) of Owens

Corning Fiberglas Corporation for a variety of products made of or with fibers of glass • 

© 1951 SCIENTIFIC AMERICAN, INC



RCA-NBC research scientists 
and engineers are blazing new paths 
in the use of ultra-high frequencies - to 
increase the nation's enjoyment of television. 

/A,/;,ldg frrd CCldom -btlill VHF dv/ron 

-points the way to more TV -lOr more /eople 
Although television now reaches 45 
million people in more than 12 millioll 
homes, thousands of communities are 
still too far from existing stations to be 
reached by any programs. Moreover, 
under present conditions, many cities 
with limited program service want, but 
can't have, additional TV stations. 

In preparation for the establishment of 
a country-wide television service, RCA has 
pioneered for many years in ultra-high
frequency (UHF) research. 

Today-an experimental station built 
by RCA at Bridgeport, Conn., is supply
ing the practical experience and engineer-

ing facts needed to design the best UHF 
equipment-including h'ansmitters, receiv
ers, and converters. NBC programs on the 
air during the full broadcast day are used 
by RCA-and other manufacturers, too
for large-scale field tests. 

From results of this pioneering, RCA engi
neers have determined that practical UHF 
equipment can be built to serve the public, 
and that present RCA Victor television sets 
can be readily adapted to give equally fine 
performance on both UHF and VHF. 

* * * 

See the latest in radio, television, and elec-
tronics at RCA Exhibition Hall, 36 W. 49th St., 
N. Y. Admission is free. Radio Corp. of Amer- Built by RCA at Bridgeport, Conn.,-first UHF 
ica, RCA Building, Radio City, N. Y. 20, N. Y. transmitter to operate on a regular schedule. 

RADIO 'eORPORA7'ION oF AMERleA 

World Leader in Raclto - FIrsT in Television 
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BY BELL AIRCRAFT 
• Supersonic Aircraft (X-I) 

CD 
Aircraft to Vary 

Wing Sweep back 
in Flight (X-5) 

�, _ ' c . , " Jet-Propelled Fighter in 
':!fIjjjJIII' U. S. (F -5 9 ) 

� Commercially Licensed 

..... Helicopter 

BELL AIRCRAFT 
CORPORATIOII 

2 

to accept the challenge of de
velopment work in ... 

LONG RANGE 
PROGRAMS 

on 

GUIDED MISSILES 

AIR-BORNE 
ELECTRONIC EOUIP'T 

ROCKET ENGINES 

HELICOPTERS 

CONVERTIPLANES 

Scientific or engineering degree 
and extensive technical experi· 
ence required. 

INOUIRE NOW! 
Manager, Engineering Personnel 

BE�� 
P.O. BOX I BUFFALO 5, N. Y. 

Sirs: 
I have read with much interest the 

article "Moving the Obelisk" which ap
peared in the June issue of your maga
zine. 

This is a story known to every well
read Italian. What prompts me to write 
this letter is the fact that the raising of 
the obelisk in St. Peter's Square on Sep
tember 10, 1586, gave origin to a famous 
1egend. One source gives the following 
account: 

"It is said that Pope Sixtus V forbade 
the bystanders to speak, under pain of 
death, during the critical operation of 
raising the obelisk, which was witnessed 
by a very large crowd. At one particular 
moment, a sailor by the name of Bresca, 
a native of Bordighera on the Italian 
Riviera, seeing that the tension of the 
ropes had not been correctly calculated 
and that they were giving way under the 
tremendous weight, transgressed the 
order by shouting 'acqua aile funi' (wet 
the ropes) , thus averting the catastrophe 
by his practical advice. The Pope re
warded him by granting his family the 
privilege of supplying palm branches for 
the papal ceremony at Eastertime. It is 
claimed that this is the true origin of the 
industry, still flourishing in Bordighera, 
of exporting Easter palms." 

FIERO BONELLI 

NewYork,N. Y. 

Sirs: 
It seems that old statistics neither die 

nor fade away. I was amused to note in 
the brief item "Synthesis of a Steroid" in 
the June issue another repetition of the 
statement that bile from 40 head of cat
tle is needed to produce enough corti
sone to treat a rheumatoid arthritis 
patient for one day. 

This figure refers to the procedure by 
which the first samples of cortisone were 
prepared by L. H. Sarett and J. van de 
Kamp of Merck & Co. Cortisone is now 
made by a vastly improved process, with 
fewer steps (30 or so instead of 37) 
and better yields at many intermediate 
points, Had such improvements not 
been effected, the price would never 
have come down to the present level. 

Merck has made public no figures on 

LEITERS 
cortisone production or yields, Others in 
the pharmaceutical industry believe, 
however, that Merck has boosted the 
over-all yield to' about five per cent. 
Bile from one head of cattle contains an 
average of seven grams of cholic and 
desoxycholic acids (both can be, and are, 
used as cortisone starting materials). 
Assuming a five per cent yield, this is 
sufficient to make 350 milligrams of 
cortisone. The usual daily dose in inten
sive treatment of rheumatoid arthritis is 
300 mg, and the usual daily maintenance 
dose, 100 mg. In other words, it takes 
slightly less than the amount of bile that 
can be obtained from one animal to pro
duce enough cortisone for a day of in
tensive treatment, and a third of that 
amount to maintain a rheumatoid arthrit
ic for one day. 

While this is only an estimate by 
Merck's competitors, it is certainly much 
nearer right than the 40-cows-per-dose 
figure, and more truly measures the 
Merck organization's achievement in get
ting cortisone into production. 

LEONARD ENGEL 

Larchmont, N. Y. 

Sirs: 
I enjoyed reading the article 

"Meteors" in the June issue of Scientific 
American, It occurs to me, though, that 
the statement in the article about the 
continuous recordings made at the Na
tional Bureau of Standards and the day
time meteor showers in May, June, and 

Scientific American, August, 1951, Vol. 185, 
No. 2. Published monthly by Scientific American. 
Inc., 24 West 40th Street, New York 18, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice ' 
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and treasurer. Entered at the New York. N. Y., 
Post Office as second.class matter June 28, 1879, 
under act of March 3, 1879. Additional entry at 
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The Editors, SCIENTIFIC AMERICAN, 24 West 40th 
Street, New York 18, N. Y . . Manuscripts are sub. 
mitted at the author's risk and will not be returned 
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to Charles E. Kane. _"-dvertising �Ianager, SCIEN
TIFIC AMI:RlCAN, 24 West 40th Street, New York 18, 
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Subscription correspondence should be ad
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BUSINESS IN MOTION 

There is a well-known maker of thermometers, 
barometers, hygrometers and clocks which has been 
a Revere customer since 1885. You might suppose 
that when two companies have been doing busi
ness that long, some 66 years, they would be so 
close that there would be little that either could 
contribute to the other. Yet both of us recently 
learned something, which shows how wise it is to 
avoid taking things for granted. 

During the course of a call on the customer, a 
Revere salesman was told that some difficulties 
were being experienced with the stamping and draw
ing of brass into cases and bezels. 
The Revere Technical Advisory 
Service was requested to inves
tigate, and made a thorough 
study of the metal being used, 
and of factory methods and 
tools. The inquiry was, of course, 
conducted with the full con
sent and cooperation of the cus
tomer, who was just as eager as 
we were to know why, after 
so many years, the metal he 
was buying did not seem to give the usual results. 

The Technical Advisory Report went into con
siderable detail. In broad terms, it found that such 
troubles as puckers, orange peel, and flare were 
due to a combination of factors, including composi
tion of the brass, its temper, the design of the dies, 
and the lubricant used on them. New standards 
were set up for metal specification, covering alloy, 
temper, gauge. Although Revere does not design 
dies for fabricators, we made some suggestions for 
the consideration of the customer's designers. 

After studying the report, the company decided 
to put these Revere recommendations to the proof 

of actual trial. It was after the correctness of our 
suggestions had been demonstrated that Revere 
received a letter of thanks, ending with these sen
tences : "We are extremely grateful for this in
formation, and it represents a splendid job and 
one of great value to us. If all our suppliers of 
other materials had extended to us the type of 
service we have had from Revere through the 
years, we would have had far fewer manufactur
ing problems." 

For several years Revere has been saying in this 
space that suppliers generally are glad to collaborate 

with their customers as does 
Revere. Revere considers trou
ble is a fine introduction, and 
its solution the beginning of an 
enduring business relationship. 
So do other companies in other 
industries, though some may 
take a little prodding. After all, 
it is a supplier's business to 
know his materials, as well as 
to make and ship them. Any 
company worth doing business 

. with spends a lot of time and money learning as 
much as possible about its goods. When you buy, 
you pay for not merely so many pounds or feet or 
gallons or pieces or parts, but also for know-how, 
intelligence, information. You might as well obtain 
all you pay for, even if you have to dig a bit to 
get it. Indeed, it has been our observation that 
sometimes the information and collaboration that 
are not itemized on the bill are worth as much, if not 
more, than the materials themselves. So we again 
recommend that you take your suppliers into your 
full confidence, and let them work with you on 
problems concerning your use of their goods. 

REVERE COPPER AND BRASS INCORPORATED 

Executive 'Offices: 
230 Park Avenue, New Yor 

SEE "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 

. 3 
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A new achievement in automatic data analysis .•• 

the T elepl ....... ft 

plots graphs 
10 times faster 

than by hand 
operates from IBM or keyboard 

digital input 

Vital data: 
Plotting speed -40 points per minute, 

approximately 10 times faster 
than manual plotting 

Plotting area-26 x 55 inches or less 
Plotting accuracy- ±.25 mm (paper 

stretch does not affect accuracy) 
Scale factors - five factors, with 

independent selection for 
each axis 

Plots X-V data on linear or 
logarithmic paper 

A new problem has developed in modern science 

and engineering-the problem of manual plotting. 

Time required to set up Teleplotter 
for operation - negligible 

The slowness, fatigue, human errors of 

manual plotting frequently cause serious time � Applications: �] 
� Experimental uses i'!J lags, increase expenses and overhead. ::!� Plots wind tunnel data; static and Ft" 

's! structural test data; fractionating � The Teleplotter solves that problem. Plotting ;a tower design data, etc. �� 40 points per minute, it is faster, cheaper, 'i-� Plots results of manual calculations :� 
more accurate than manual plotting. � and results of automatic electronic �.:� 

'$.:� calculating machines to detect ;;:;:;, 
;�;',\::f:<:; ;�')/::�;LS�:;i�t;:qt�f:L;�'Z�;"�i�� ;�:���i:�l

o

:��S i§ 
t{� . �,E Plots theoretical curves and results � 

4 

�� Howlt
. 
operates: �: of theoretical calculations. � 

,"; Data IS Introduced Into the ';i)' General uses ;� �� Teleplotter by IBM equipment or J: Plots insurance tables; stock market, �� ,� by the Teleplotter keyboard. �.} statistical and financial records; "�. � <"i production control data; results :t ,7ft The Teleplotter Reading-Head, housing �f of engineering studies and analyses; �; ':1 photo-electric "eyes," travels over the �: management control data. g-:� '�� graph paper, counts grid lines and 3' Plots results of continuous l>": 
; � spaces, prints a symbol when its counts � process operations for supervision .�£; :� coincide with the IBM or keyboard data, � and control purposes, .• ·.�; 
��r;!�:;t���o;;0�\'rf;.£::;r.:;;:�1:�. :�t�&5��":'(��E'§t�f���_ 

Write for brochure, "Automatic Data Analysis," 

giving full details on the Teleplotter and 

other Telecomputing Instruments. Coupon on 

the right is for your convenience. 

Mr, John H. Weaver, Engineering, Dept. - E-2 
Dear Sir. Please send me "Automatic Data 
Analysis." 

Name 

Company 

Street address 

City and State 

TELECOMPUTING 
CORPORATION, BURBANK, CALIFORNIA 

"Turn hours into minutes with Automatic Data Analysis" 

July might give the impression that these 
showers were discovered here, It should 
be noted that thev were discovered and 
their radiants deiineated by A. C. B. 
Lovell's group at the University of Man
chester. 

VICTOR C_ PINEO 

Central Radio Propagation Laboratory 
National Bureau of Standards 
Washington, D. C. 

Sirs: 
We read the recent article on zir

conium by Stephen M. Shelton in the 
June 1951 issue of Scientific American 
with a great deal of interest. Due to the 
fact that most of your readers might 
have obtained a few erroneous impres
sions from the article as presented, we 
feel it desirable to complement Dr. 
Shelton's remarks with a few well-known 
facts. 

Ductile zirconium was first manu
factured for commercial sale in this coun
try by the Foote Mineral Company in 
1939. While it is true that in the early 
stages of the development of ductile 
zirconium the sales price was higher 
than $125 a pound, we currently market 
the standard zirconium crystal bar at 
$50 per pound. 

There seems to be some misconception 
in regard to the material produced by 
the iodide process as compared with the 
sponge produced by the Kroll process. 
Actually the raw materials used for th� 
production of the iodide crystal bar can 
be much less pure than those required by 
the Kroll process, and we believe that 
it is equally true that the resultant metal 
from the iodide process is of greater 
purity than that currently being pro
duced by the Kroll process_ The net re
sult is that there is not currently, and 
probably will not be in the future, such a 
tremendous spread in cost between the 
products produced by the two processes. 

The fact remains, that for uses where 
great purity and ductility are required, 
the iodide metal is still being employed. 
The production facilities for the manu
facture of high purity zirconium by the 
iodide process are still the largest in the 
world. It may be of interest to note that 
the work done at the University of 
Pennsylvania by Dr. Bates on the use of 
zirconium for surgical purposes required 
a purity and ductility that could be 
satisfied by zirconium produced from the 
iodide process only. That metal used in 
the research work reported by Dr. Shel
ton in his article was furnished by the 
Foote Mineral Company. Furthermore, 
the investigation was stimulated by the 
Foote Mineral Company: 

Foote Mineral Company 
Philadelphia, Pa. 

L. C. BLISS 
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PROBLEM: 

PROBLEM: To put a human being 
under a microscope 

AN SWE R: Many living cells, cancer tissues, bacteria, 
are too transparent to be seen clearly under a 
microscope. Now the phase micro�cope reveals 
things eyes could not see before. AO scientists 
spent years helping to develop the basic phase 
theory into a workable microscope for research use. 

American Optical 
\@J 

ANSWER: Eskimos probably never heard of ultraviolet, but they did 
carve out bone eyescreens to stop snow blindness. Research now indi
cates that ultraviolet light from skies, snow or water reflections, even 
when too weak to damage eyes permanently, will temporarily im
pair seeing efficiency. American Optical has developed UV-absorb
ing glass for industrial goggles, sun glasses, ski goggles, sport glasses. 

AN 5 W E R: Glass not made with sand is as startling as steel 
. not made from iron ore. This new AO glass absorbs ultra

violet, resists weathering, expands little under heat. Its 
qualities recommend it for many uses, including instrument 
lenses and hydrofluoric-acid-resisting glass for industry. 
Write us about your development problems. Address 
American Optical Co., 11 Vision Park, Southbridge, Mass. 

© 1951 SCIENTIFIC AMERICAN, INC



AUGUST 1901. "All the leadincr ft workers on the subject of radiu� 
rays have in turn subjected their 

own persons to some painful experiments 
for the advancement of their fascinating 
branch of science. Giesel placed a radi
um preparation in a celluloid case on his 
arm for two hours. The skin showed only 
a slight reddening at first, but two or 
three weeks afterward inflammation set 
.in and the skin came off. Becquerel 
placed a very active radium preparation 
in his waistcoat pocket for six hours. The 
resulting sore-which took 10 days to 
develop-required 39 days to heal. An
other sore took 34 days to develop. No 
action was produced when the tube was 
encased in lead. Madame Curie under
went experiments of a similar nature. 
The preparation was in her case en
closed in a thin metallic box, and applied 
for only half an hour; but the resulting 
burn took a fortnight to heal." 

"Prof. Koch of Berlin, who discovered 
the bacilli of phthisis, stated at the 
Tuberculosis Congress at London that 
he had demonstrated that meat and milk 
from tuberculosis-infected cattle may be 
consumed with absolute impunity. His 
views are warmly combatted by other 
medical men." 

"There will be general sympathy with 
M. Santos-Dumont, the persistent and 
plucky aeronaut, in the disaster which 
overtook him just at the very time when 
he seemed to have the Deutsch prize 
within his grasp. He started frDm St. 
Cloud and sailed directly for the Eiffel 
Tower, covering the distance of 9 kilo
meters, or over 5 miles, in the remarkable 
time of 9 minutes and 20 seconds. Re
ports of the trip are somewhat contra
dictory; but it would seem that, shortly 
before reaching the tower, the balloon 
commenced to deflate and the pointed 
bow began to give way under the end-on 
resistance of the air. Luckily for the 
aeronaut, the machine descended upon 
the roof of one of the taller buildings of 
Paris and hung there, M. Santos-Dumont 
being rescued without any injury to him
self. Without throwing the least dis
credit upon the ingenuity, skill and per
severance of M. Santos-Dumont, the re
cent accident really confirms our opinion 
that the successful airship must dispense 
with the gas-inflated balloon. Although 

6 

50 AND 100 YEARS AGO 
the effort of inventors is at present almost 
entirely directed to the balloon airship, 
the true solution o� the problem would 
seem to lie in the direction of the aero
plane, a type of airship whose principles 
are the same as those which underlie the 
flight of birds. What are the experimen
talists in this most scientific and promis
ing field doing in these days?" 

"An expedition to Kolymsk, Russia, is 
being made by Russian scientists in order 
to bring to St. Petersburg the mammoth 
which has recently been discovered. It 
is unique of its kind, its hair, skin and 
flesh being entirely preserved and there 
being rel�ains of undigested food in its 
stomach. 

"Two of the Nobel prizes have been 
awarded after mature deliberation. Dr. 
Niels Finsen of Copenhagen received 
one for his discovery of the light treat
ment for lupus, and the other one was 
given to Professor Pavlov, the Russian 
physiologist, for his researches in me
tabolism. In each case the honor was 
well deserved." 

AUGUST 1851. "The British Associaft tion for the Advancement of Sci-
ence met on July 3 in the Corn 

Exchange, Ipswich. Sir David Brewster, 
the president, made an address on re
signing the chair to his elected successor, 
Professor Airy, the Astronomer Royal. 
He noted in a tone of complaint the 
neglect shown by the Government to 
scientific pursuits. He consoled the meet
ing, however, with the reflection that 
governments do not last forever, that 
rays of light will penetrate through dark
ness, and that even the hide of the 
rhinoceros is vulnerable at pOints." 

"M. Daguerre, who is recognized as 
the discoverer of sun painting, and after 
whom the daguerreotype art is named, 
died on July 12 at a village near Paris, 
where he was spending the summer sea
son. He was 65 years old." 

"A great reaping match was held on 
July 24 in Essexshire, and thither were 
invited all the reaping machines exposed 
at the Great Fair. A number were tried 
but proved abortive in their attempts to 
work well. It was then the stout but un
prepossessing machine of Mr. McCor
mick made its appeai·ance. Those who 

estimated the worth of the machines by 
a polished piece of brass here, and a 
burnished piece of steel there, shook 
their heads as the driver mounted his 
seat; but with a snap of his whip he 
started his team, applied his hand to the 
lever of his clutch, and away he went, 
sweeping a wide swath and raking it up 
on the platform at one operation, with 
such a velocity as to elicit repeated 
cheers from the onlookers. The success 
of this experiment will lead to the intro
duction of the American power reaper 
into Britain." 

"A patent has been granted to I. M. 
Singer, of New York, N. Y., for an im
provement in the sewing machine." 

"A new extraordinary calculating ma
chine, says the London Times, is now 
placed in the Russian Court. It is the 
invention of a man named Staffel, a na
tive of 'Varsaw, and works addition, 
subtraction, multiplication and division 
with a rapidity and precision that are 
quite astonishing. It also performs the 
operation of extracting the square root 
and the most com1)licated sums in frac
tions." 

"At a meeting of the Section on 
Chemistry of the British Association, Dr. 
Lyon Playfair read a communication 
from a Mr. Mercer, 'on a new method of 
contracting the Fibres of Calico.' Mr. 
Mercer, who commenced his experi
ments in 1844, has ascertained that a 
cold solution of caustic soda-simple a 
thing as it is-has a peculiar effect on 
cotton fiber, causing it to contract and 
remain so permanently after the soda 
has been washed out. The practical ap
plications of the discovery may be in
ferred. The first obvious one would be 
that of converting coarser into finer 
fabrics. Another application would be 
the improvement of colors, to which the 
condensation imparts depth and bril
liancy. Mr. Mercer's paper was deemed 
of sufficient importance to be made the 
subject of a discussion among such men 
as Faraday, Dumas and others; and it is 
proposed that microscopic examinations 
should be made for the purpose of as
certaining the mode and nature of the 
change effected in cotton fiber by this 
new process, which, as the report de
clares, 'bids fair to exercise an immediate 
and extensive alteration in the patterns 
and produce of cotton fabrics.' " 
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More naturally than ever, your voice comes to 

the ear that listens through the latest telephone 

receiver developed at Bell Telephone Labora

tories_ The reason: a new kind of diaphragm, 

a stiff but light plastic. Driven from its edge 

by a magnetic-metal ring, the diaphragm moves 

like a piston, producing sound over all of its 

area. Effective as are earlier diaphragms of 

magnetic-alloy sheet, the new one is better, 

gives more of the higher tones which add that 

personal touch to your voice. 

To work the new receiver, telephone lines 

need deliver only one-third as much power. So 

finer wires can do the job. This is another new 

and important example of the way scientists 

at Bell Telephone Laboratories work to keep 

down the cost of telephone service, while the 

quality goes up. 

BELL TELEPHONE LABORATORIES 
WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TODAY'S GREATEST VALUES 

7 

© 1951 SCIENTIFIC AMERICAN, INC



8 

focused ultrasonics 
FOR EXPLORING YOUR COMPANY'S FUTURE PRODUCTS 

• Pioneers in ultrasonics, our company is now busy on 

specialized assignments, both for the Armed Forces and 

for important American business concerns. Ultrasonics is 

a new science with a great future, foreshadowed in many 

industrial processes. 

Exploration in the ultrasonics field has shown that 

directed and controlled soupd waves at high frequency 

may lead to the fast emulsification of heretofore incom

patible elements, the inspection of goods, and improve

ment of pharmaceuticals. Here at Brush is a reservoir of 

know ledge of piezoelectricity. Here at Brush is the 

Hypersonic* equipment for carrying out experiments. We 

can supply laboratory and pilot plant equipment . . •  

consisting of electronic generator and transducer for direct 

focusing of ultrason,ic energy. 

Your inquiry, directed to HYPERSONIC DIVISION, will 

receive our careful attention. 
':Trade·Mark 

----- Manufacturers of -----

ACOUSTICAL EQUIPMENT MAGNETIC RECORDING DEVICES 
RESEARCH AND INDUSTRIAL INSTRUMENTS 

PIEZOELECTRIC CRYSTALS ULTRASONIC EQUIPMENT 

"OUR BUSINESS IS THE FUTURE" 

THE B R U S H D EVE LOP MEN TeO. 
3405 PERKINS AVENUE · CLEVELAND 14, OHIO 

THE COVER 

The painting on the cover shows a 
few of the smaller creatures that dwell 
in the depths of the oceans. :'>!arine 
biologists and others suspect that 
these organisms often form a layer 
so thick that sounding devices record 
it as a "false bottom" hovering be
tween the surface and the true bottom 
(see page 24). The three fish entering 
the painting from the upper right 
are myctophids; along their sides 
glisten luminescent spots. The three 
red crustaceans in the center are 
Gnatlwphallsia calcaratll. The sll1all 
white creatures swimming near them 
are copepods. At the lower left is the 
luminescent fish ArglJl'OpelecIIs af
[inlls. Similar creatures form a cloud 
in the background. All of those shown 
in the painting were brought up from 
deep waters off southern California . 
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How d ry 
do you wa�t it? 

for extreme dryness 

you need Alcoa Activated* 

Alumina 

If your business calls for the dehydration of liquids, 
vapors or gases, you'll want to be familiar with ALCOA 
Activated Alumina. It is one of the most effective and 
efficient desiccants you can buy. Dew points as low as 
minus 1000 F.-and even lower-can be obtained. 

ALCOA Activated Alumina is a commercially pure, 
highly inert adsorbent. It has high resistance to crush
ing, shock and abrasion . . .  will not swell, soften or 
disintegrate even when immersed in water ... is non· 
toxic ... non-corrosive ... practically iron-free. 

It is properties such as these that give ALCOA 
Activated Alumina its wide acceptance in the chemical, 
food, pharmaceutical and petroleum industries, in air 
conditioning and for the maintenance of oils. 

FREE-A large color prim of this illustration on heavy stock. 
without advertising matter, suitable for framing. Write us. 

Whatever your dehydration problem, you can obtain 
the desired dryness and maintain it continuously with 
ALCOA Activated Alumina. It will pay you to investi
gate. Write to: ALUMINUM COMPANY OF AMERICA, 
CHElI1ICALS DIVISION, 629H Gulf Building, Pittsburgh 
19, Pennsylvania. 

* Reg. T. M., Aluminum Co. of America 

ALUMINAS and FLUORIDES 
ACT IVATED A.lUMINAS • CA LCINED AlUMINAS • HYDRATED 

ALUMINAS • TABULAR AlUMINAS • LOW SODA AlUM1NAS 

ALUMINUM FLUORIDE ' SOOIUM flUORIDE ' SODIUM 

ACID flUORIDE ' fLUOBORIC ACID ' CRYOUTE • GALLIUM 

(] 
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Only ARL Production Control 

Quantometer* gives you direct 

reading, pen-and-ink records of 

quantitative spectrochemical analyses with extra copies, as desired. 

Would quick, accurate chemical analyses of metals or other inorganic materials, available in a matter of 
minutes in the form of multiple-copy graphic records, help solve your testing and production problems? 

If so, the Production Control Quantometer, pioneered and perfected by our engineering staff, deserves 
your most serious consideration. Unique in its field, this instrument is in daily use 
throughout the country, helping to speed production of critical materials, improving 
laboratory controls, and assisting scientific research. 

Representing the most advanced type of spectrometer yet developed, and manu· 
factured by the world's largest manufacturer of this kind of equipment, it is extremely 
efficient, versatile and applicable to a wide variety of needs. As many as 25 chemical 
elements as selected by the user can be measured on the Production Control Quantom
eter-up to 20 simultaneously. Individual units are not limited to a single type of analysis, 
but can be designed to meet the requirements of many major plant problems. Results are 
comparable to chemical analyses in accuracy. 

The complete ARL line also includes 1.5 and 2-meter 
Spectrographs, SOtlrce Units and related accessories. 

Write for this 
informational 

brochure 

-Trademark 

Applie� /��1�f!!'fA ll!�OrfLfo.rJ,�� 
4336 SAN FERNANDO ROAD . GLENDALE 4, CALIFORNIA 
NEW YORK . PITTS8URGH • DETROIT . CHICAGO . lOS ANGELES 
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What's New at CRUCIBlE 
lIbout Tl'entwelrJ Bevel'llge Tubing 

UTTllB£OO. 

Beverage tubing packaged for shipment 

For many years nickel alloys and block tin have been used to 
make tubing for the soda fountain and beverage industries 
- applications such as syrup tanks and flavor dispensing lines, 
carbonated water lines, cooling coils, soda fountain refrigera. 
tion coils, beer lines, picnic coolers and tap rods, all requiring 
corrosion resistant tubing. Due to improvements and changes 
in processing, nickel alloys have not had satisfactory resistance 
to withstand the corrosiveness of carbonated water and bever· 
ages. This left block tin as the only satisfactory metal from 
which beverage tubing could be made. Trent Tube, a Crucible 
subsidiary, was called upon to produce a satisfactory stainless 
steel tube to meet the demands. 

Stainless steel itself is entirely satisfactory from a corrosion 
standpoint, however, there was much more to the production 
of a beverage tube than just the metal to withstand corrosion. 
Second to corrosion, the tubes must be ductile enough to be 
formed by hand on the job. In order to meet this ductility 
requirement, Trent made slight changes in the chrome·nickel 
balance in the analysis and a special annealing practice was 
developed to obtain maximum ductility for this type of tube. 
After considerable experimentation on the part of Trent's 
technical staff, a beverage tube was produced with a Rockwell 
hardness very near to that of the nickel alloys that had been 
u sed in the past. 

After the proper analysis and annealing technique had been 
developed, further experimental work had to be done to insure 
a bright, clean, sanitary tube on both the inside and outside 
surfaces. As beverage tubing is usually furnished in 50·ft. 

CRUCIBLE 

Spaulding Works, Harrison, N. J. Midland Works, Midland, Pa. 

lengths, it was difficult to insure a hright oxide·free 
surface on the inside center of these long lengths. Spe. 
cial bright annealing technique had to be developed to 
insure absolute absence of oxygen on the inside of the 
tube during the bright annealing operation. 

After a completely bright inside surface was assured, 
a special passivating technique had to be developed to 
insure the removal of all free iron on both the outside 
and inside surfaces of the tube. Free iron on the surface 
of a tube will result in rusting when placed in service. 
Rusting of the surface of stainless almost invariably 
results in setting up a concentration cell, causing a 
pitting attack which continues until the wall of a tuhe 
is penetrated, causing a leak. The special passivating 
technique developed by Trent insures complete reo 
moval of all free iron, and subsequent cleaning opera· 
tions assure the complete removal of all acids used in 
these operations. The inside of the tube still remains 
completely bright. 

A unique method of packaging 50·ft. lengths of bever. 
age tubing has found great favor in the beverage indus· 
try. The tubing is coiled in compact 30" diameter coils 
without appreciably affecting the hardness through 
cold·working. Four of these coils are placed in cartons, 
making it very convenient for distributors who sell in 
small quantities. Five of the small cartons are shipped 
in a larger carton, making a total of 1,000 ft. per pack. 

View of Trent machine showing strip as it is formed into tubing 

age. These 1,000 ft. packages are convenient for ware· 
house storage and make it extremely easy to keep 
inventory records. The small cartons also make it con· 
venient for the ultimate user to store or transport the 
beverage tubing on the job. 

Stainless steel has the characteristic of hardening by 
cold working which is at a minimum in Trentweld 
beverage tubing; however, improper handling in mak· 
ing the flares for fittings and in the bending operation 
may cause trouble. For a detailed hrochure on methods 
of flaring and hending write: TRENT TUBE COMPANY, 
subsidiary of CRUCIBLE STEEL COMPANY OF AMERICA, 
General Sales and Operating Offices, East Troy, Wis. 

first name in special purpose steels 

Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa. 

National Drawn Works, East Liverpool, Ohio Sanderson-Halcomb Works, Syracuse, N. Y. Trent Tube Company, East Troy. Wisconsin 
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A REVOLUTION 

IN ELECTRONICS 
The transistor, a superior new means of controlling the flow of 

electrons, has now been developed In a practical form; it 

vaCUUlll tube liberates electronics from the limitations of the 

E
LECTRONICS was born 45 years 
ago when Lee De Forest invented 
the first three-electrode vacuum 

tube-the "audion." The two world wars 
gave electronics the impetus that made it 
the huge industry it is today. World War 
I, during which radio telephony was 
developed from a laboratory curiosity 
into a reasonably practical means of 
communication, gave birth to commer
cial radio: the first broadcasting station, 
KDKA, was licensed in 1920. World War 
II, which opened a new horizon in elec
tronics through the development of 
radar and its attendant technology, pro
duced television. There had been experi
ments with television before the war, 
but it was the wartime advances achieved 
on behalf of radar that made commercial 
TV immediately realizable. The story of 
television's postwar rise is dramatically 
told in production figures: the number 
of television receiving sets made in the 
U. S. rocketed from 6,500 in 1946 to 
7,500,000 in 1950. Besides television, 
World War II produced another major 
electronic advance: high-speed digital 
computing machines, which also seem 
destined to have a profound social im
pact, though this is still largely in the 
future. 

Paradoxically the vacuum tube, which 
made all this possible, has now become 
a bottleneck impeding further progress 
in electronics. The electronics art has 
reached a stage where a fundamental 
new development is needed to rescue it 
from the limitations of the vacuum tube. 
Just such a development has recently 

by Louis N. Ridenour 

arrived on the scene. It is the transistor, 
which can perform most of the functions 
of the vacuum tube and escapes most of 
its limitations. The transistor promises 
to revolutionize electronics; indeed, the 
revolution is already beginning. 

T
o understand the causes and nature 
of this revolution, we must first look 

into what is wrong with the vacuum 
tube. To begin with, the vacuum tube is 
inherently rather short-lived and unre
liable. This difficulty has been exacer
bated by the endemic price competition 
in the commercial electronics industry. 
Competing on a price basis for the 
mass market for radio and television sets, 
manufacturers have achieved prodigies 
of economy in design and of efficiency in 
production. But this has exacted its in
evitable toll in quality. Most commer
cially available vacuum tubes are not as 
reliable as they could be if more care, 
meaning more money, were put into 
their design and manufacture. This 
shortcoming is inconvenient enough in a 

6-tube or 8-tube radio set; it is consider
ably more inconvenient in a television 
receiver using .25 to 35 tubes, which 
quadruples the chances of set failure 
for a given rate of tube failure. As 
electronic equipment becomes more 
complex, the reliability of individual 
components becomes more and more im
pOltant. 

The telephone system affords an ex
cellent illustration. A transcontinental 
phone call requires the proper operation 
of 12,300 vacuum tubes, 112,000 re-

sis tors, 97,000 capacitors and large num
bers of other components. Hence in the 
telephone system the reliability of elec
tronic equipment is far more important 
than its initial cost; a cheap device that 
requires much maintenance will be much 
more expensive in the end than a more 
carefully built apparatus that can work 
for years with no attention. Because of its 
extreme concern with reliability, the 
telephone system has gone to great pains 
to make the components of its electronic 
equipment as dependable and long-lived 
as the state of the art will permit. For 
the Bell Telephone System the Western 
Electric Company manufactures equip
ment to exacting specifications worked 
out by the Bell Telephone Laboratories. 
The vacuum tubes it produces are the 
most durable in the world. In a sub
marine cable recently laid on the bottom 
of the sea between Key West and Havana 
are six repeater amplifiers, each contain
ing three vacuum tubes. They are of 
course inaccessible for replacement. But 
if any of those 18 tubes sealed into the 
cable should fail in the next 20 years, the 
designers of the cable will be surprised. 

Yet there are limits to the reliability 
that can be built into vacuum tubes even 
with great care, ingenuity and cost. The 
telephone system has never been able to 
use electronic equipment for two im
portant functions-central-office switch
ing and signal amplification on local 
lines-partly because no vacuum tube is 
sufficiently dependable. 

Reliability in electronic equipment is 
especially important to the military 
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JUNCTION TRANSISTOR (left) is compared with a 
vacuum tuhe (right). In the vacuum tuhe electrons flow 
from a cathode at left across a grid in center to an 
anode at right. In one type of junction transistor 

"holes" flow in a semiconducting material from an elec· 
trically positive emitter region at the left through an 
electrically negative control region in the center to 
an electrically positive collector region at the right. 

services. The cost of ReId maintenance of 
their electronic gear at present is about 
10 times the initial cost of the equip
ment. The Army, Navy and Air Force 
are using increasingly complicated elec
tronic devices (e.g., radar bombsights) 
in increasing numbers and putting in
creasing reliance on them; the Navy, for 
example, has a bomber aircraft that is 
not built for an optical bombsight at all
even has no transparent window for one. 
In the Air Force's B-36 the electronic 
equipment accounts for about 10 per 
cent of the total cost {)f that very expen
sive airplane, and in the newest all
weather Rghters electronic devices make 
up 20 per cent of the cost of the plane. 
Hence to the military, as well as to civil
ians, the reliability of electronic equip
ment is a matter of urgent concern. 

A 
FURTHER problem in electronic 
equipment is that of size. As the 

equipment grows in complexity, it grows 
more and more bulky. This has led to an 
attempted solution rather inelegantly 
called "miniaturization." Vacuum tubes 
have been designed in miniature and 
sub-miniature models with essentially 
the same electrical capabilities as the old 
standard sizes. Resistors, capacitors, 
transformers and other circuit elements 
have been greatly reduced in total vol
ume by radical redesign. "Printed cir
cuits" and other compact schemes for 
prefabricated wiring have been devised. 
And the utmost attention has been paid 
to "designing the air out of" the equip
ment as a whole: every nook and cranny 
in the chassis is Rlled with wiring and 
components. 

One example of this design trend is 
shown in the photograph on page 17, 
which compares a radio range receiver 
before and after miniaturization. The 
volume of the set of standard design is 
about 300 cubic inches; that of the 
miniature set is 55 cubic inches-a six
fold reduction. And this was done in the 
case of a set which had been rather com
pactly designed, in terms of conventional 
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materials and construction, to begin with. 
There is no doubt of the usefulness of 

such miniaturization for equipment that 
must be stowed in a small space. But 
miniaturization intensiRes one of the out
standing deRciencies of the vacuum 
tube: namely, its heavy power require
ment and the large amount of heat dis
sipated in the tube. The vacuum tube, a 

grandchild of the incandescent lamp, 
uses heat produced by electric power 
to boil electrons off the cathode. Gener
ally speaking miniaturization does not 
reduce the power requirement: the 
miniature version of the range receiver 
pictured in the photograph takes just 
about as much power as the larger 
model-some 30 watts. In the larger 
model, with a volume of 300 cubic 
inches, power is liberated at the rate of 
a tenth of a watt per cubic inch; the com
ponents are reasonably well separated 
from one another, so that ventilation is 
easy, and the temperature rise of the 
equipment in operation is modest. On 
the other hand, in the small model, with 
components packed as tightly as possi
ble, power is dissipated at the rate of 
more than half a watt per cubic inch, 
which is the average rate of power ex
penditure in the ordinary home electric 
oven. As a result some spots inside the 
set reach temperatures as high as 400 
degrees Fahrenheit. 

This high operating temperature, 
which is typical of most miniaturized 
electronic equipment, raises a host of 
new problems. Connections must be 
made with special high-melting-point 
solder. Temperatures must be kept be
low the softening point of the glass in 
the tube envelope. And the high tem
perature greatly reduces the operating 
life of most of the tube's components. 

In short, with the increasing complexi
ty of electronic equipment the relatively 
low reliability of the vacuum tube and 
its prodigal use of electric power have 
become major difficulties. 

Thus nearly half a century after De 
Forest's invention of the tube that gave 

birth to electronics we are brought to 
the conclusion that there is nothing 
wrong with electronics that the elimina
tion of vacuum tubes would not Rx! 

U
NTIL 1948 there seemed no way 
out of this difficulty. But in that year 

John Bardeen, W. H. Brattain and Wil
liam Shockley of the Bell Telephone 
Laboratories announced the invention of 
the transistor ( SCIENTIFIC A"lElUCAN, 
September, 1948) . At the time the de
vice looked promising but had important 
practical shortcomings. Transistors could 
not be produced reliably and with pre
dictable electrical characteristics. They 
were "noisy," would not operate at fre
quencies higher than a few megacycles 
per second and had other deRciencies. 
But three years of hard work at the Bell 
Laboratories have removed most of the 
early doubts and objections. Transistors 
can now be made so that their perform
ance is within 20 per cent of speciRca
tions, which is as close production con
trol as has been achieved in half a 
century of experience in making vacuum 
tubes. It is likely that further develop
ment will lead to methods for producing 
transistors that conform to speciRcations 
within 10 or even 5 per cent. 

The transistor is a device made of a 
crystalline semiconducting material, usu
ally germanium. In this material the 
number of atomic electrons in the crystal 
does not quite match the number 
needed to produce a normal crystal lat
tice. If there are a few excess electrons, 
these can travel through the crystal as 
readily as free electrons traverse the 
empty space inside a vacuum tube. If 
there is a deRciency of electrons, the 
"holes" representing vacant electron sites 
also can travel freely through the crystal. 
At barriers between electron-rich and 
electron-deRcient regions of the genna
nium, the How of electrons or holes can 
be controlled by an applied Signal in 
much the way that the plate current of 
a vacuum tube is controlled by the vol
tage applied to the grid. Like the 
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vacuum tube, the transistor can control 
a larger power than is applied to it
that is, it can amplify, 

The important practical difference be
tween the transistor and the vacuum 
tube is that no power whatever is needed 
to set loose the free electrons or holes 
in the transistor. There is no need to 
"boil" electrons out of the solid mate
rial; instead, the electrons are controlled 
as they move inside the solid, 

It appears that the durability of tran
sistors, and therefore the reliability of 
circuits using them, will be excellent. 
The earliest transistors made had aver
age lifetimes in the vicinity of 70,000 
hours, already several times greater than 
the lifetime of a vacuum tube, and pres
ent units are much longer-lived. In 
principle a properly made transistor 
should last forever if it is not abused. 

Moreover, transistors are highly re
sistant to mechanical shock and vibra
tion. They survive very severe shock tests 
without damage. Everyone knows that 
tapping on the tubes of a radio set pro
duces an unpleasant ringing. This is 
due to changes in the electrical prop
erties of the vacuum tubes, produced by 
the mechanical vibration of their ele
ments. Transistors can withstand high 
accelerations without being subject Lo 
such "microphonic" effects. And in the 
newer transistors the internal electrical 
"noise" has been reduced to a level that 
compares quite favorably with that of 
vacuum tubes. 

A large part of the improvement in 
the performance of the device is due 
to the development of a new design 
called the "junction transistor." The ear
ly units consisted of a germanium crystal 
touched by two closely spaced fine wires 
-"cat's whiskers." In the junction transis
tor this point-contact arrangement has 
been replaced by a large area contact. 
A thin layer of electrically positive (elec
tron-deficient) germanium is sand
wiched between two electrically nega
tive (electron-rich) ends. The transistor 
action now takes place over the whole 
area of contact (junction) between the 
two types of germanium. It therefore 
operates more effiCiently and consumes 
far less power. 

O
BVIOUSLY the transistor's most im
pOltant advantage is the modesty of 

its power requirements. In the first place, 
it is ready for instant operation without 
the lengthy warm-up needed by a 
vacuum tube, so that power does not 
have to be applied constantly, as it must 
in vacuum-tube circuits, to equipment 
that must be ready to operate instantly 
on demand. Secondly, the total operating 
power used in a transistor device may be 
incredibly small-about one-millionth of 
the power required by a similar vacuum
tube circuit. Ralph Bown, director of 
research at the Bell Telephone Labora
tories, has dramatized this ·property of 

AMPLIFIER using two junction transistors has a power gain of some 90 
decibels. It is embedded in a piece of plastic about two inches high. The 
transistors, embedded in their own beads of plastic, are at the top and 
center. Also in the circuit are two tiny transformers and two condensers. 

15 
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TRANSFORMERS made by Sylvania Electric Products Inc. have the same 
performance. The one at the right was miniaturized by improvements in 
core steel and winding technique. It has a volume of one cubic inch. 

VACUUM TUBE AND TRANSISTOR of similar perfonnance are com
pared. At the left is a 6AK5 tube manufactured by the \Vestern Electric Com
pany. At the right is a junction transistor. It is 3/16 of an inch in diameter. 
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the transistor by a vivid analogy. He 
points out that to amplify the average 
signal in most electronic equipment, 
which is in the neighborhood of a micro
watt (one-millionth of a watt), a vac
uum-tube system requires the expendi
ture of a watt of power; this is like send
ing a 12-car freight train, complete with 
locomotive, to get a pound of butter. 
The tiniest hearing-aid tubes, in which 
electrical performance has been consid
erably degraded in favor of low power
drain, use about 20 milliwatts. In terms 
of Bown's simile, this is like sending a 
10-ton truck for one pound of butter. 
The transistor, on the other hand, needs 
only a microwatt to handle a microwatt. 

This million-fold decrease in power 
requirement is so great that it is hard 
to appreciate. In a hearing aid a transis
tor can produce a sound amplification of 
45 or 50 decibels at one stage, in con
trast to the 25 decibels that can be 
achieved with low-power-drain vacuum 
tubes. Yet a transistor hearing aid 
could run on one set of batteries for 
about three years, whereas a vacuum
tube hearing aid uses up a set of 
batteries in a few days. A single tran
sistor amplifier stage could be powered 
with the energy a Rea would expend if 
it jumped once every eight seconds. We 
are dealing here not with Rea power but 
rather with lazy-Rea power! 

In electronic equipment using transis
tors the problem of high temperature, so 
serious in the case of vacuum tubes, van
ishes altogether. The power required is 
so small that heating is infinitesimal. 
The miniaturization of electronic equip
ment now makes solid sense. The tran
sistor is far more compact than any 
vacuum tube. A typical transistor occu
pies only about a two-thousandth of a 
cubic inch, whereas the smallest sub
miniature vacuum tube is about one 
eighth of a cubic inch in volume. 

E
VEN at the present very early stage 
of transistor development it seems 

certain that transistors will replace 
vacuum tubes in almost every applica
tion. What results can we expect from 
this major revolution in the techniques 
and capabilities of electronics? Since the 
revolution is just beginning, we can only 
speculate. 

'vVe can begin by noting the great gain 
that electronic machines represent over 
machines of the strictly mechanical 
type-the distinction, let us say, between 
an electronic device such as a television 
receiver and a mechanical contrivance 
such as a cash register. The most mean
ingful difference between electronic ma
chines and mechanical machines is in the 
level of complexity they can attain. A cen
tury ago the ingenious English mathe
matician Charles Babbage designed an 
analytical engine which in principle was 
much the same as the large-scale digital 
computing machines of today. But Bab-
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RADIO RANGE RECEIVERS of like performance are 
compared. The miniature receiver at the right occupies 
some 300 cubic inches. The subminiature unit at the left, 

which was recently designed by Gustave Shapiro and his 
associates at the National Bureau of Standards, occupies 
about 55 cubic inches. It contains 12 vacuum tubes. 

bage found it impossible to build his pro
posed machine; it was too complicated 
to be within the capabilities of an all
mechanical design. The realization of de
vices of this complexity, including high
speed digital computers and long -distance 
telephone circuits, became possible only 
when electronics was developed. 

Generally speaking, vacuum-tube 
electronics permits the building of ma
chines about a hundred times more com
plicated-and therefore at least a hun
dred times more competent-than the 
most complex mechanical machine it is 
practical to make. Electronic machines. 
enjoy another advantage over mechan
ism: they can work much faster. The 
typical unit operation in an electronic 
machine is accomplished in a time of the 
order of a millionth of a second; the 
typical unit operation of a mechanical 
machine takes about a thousand times 
longer. 

But when we get to such a complex 
electronic machine as the modern digi
tal computer, the shortcomings of the 
vacuum tube itself become troublesome. 
The power the vacuum tube requires and 
its relatively short lifetime pose substan
tial obstacles to any further increase in 
complexity. Now the transistor promises 
to remove these obstacles. Its lifetime 
is surely long and may be indefinite. 
Its power requirement is a million 
times smaller than that of the vacuum 
tube. Its electrical performance is at 

least as good, and in many ways better. 
All these favorable properties of the 

transistor suggest that its use as a sub
stitute for the vacuum tube in electronic 
machines may permit such machines to 
grow to levels of complexity now un
attainable. Just as vacuum-tube elec
tronics permitted a hundred-fold increase 
in complexity over that permitted by 
mechanism, at a conservative estimate 
transistor electronics may allow a hun
dred-fold increase in complexity over 
vacuum-tube machines. 

F
ROM the general philosophical stand
point, it is of interest to compare the 

most complicated machine we can make 
with the machines we observe in nature, 
such as the human central nervous sys
tem. Warren McCulloch of the Univer
sity of Illinois Medical S.chool has done 
this in very entertaining terms. He finds 
that the Eniac computer, containing 
about 10,000 basic on-or-off elements, 
is a million times less complex than the 
brain, which has 10,000 million neurons. 
The Eniac, indeed, has about the com
plexity of the nervous system of the flat
worm. It has one advantage: its unit 
operations are accomplished about a 
thousand times faster than are the unit 
operations of the brain. Thus if we made 
a sort of figure of merit for comparing 
the competence of man-made and 
natural machines, taking into account 
both complexity and speed, we should 

find the Eniac-for those operations fitted 
to its very low complexity-only about 
a thousand times less competent than 
the human brain. 

McCulloch remarks that if we made a 
vacuum-tube computer as complex as 
the brain, it would require a skyscraper 
to house it, the power of Niagara to op
erate it and the full flow of water over 
the falls to keep it cool. This is altogether 
a criticism of vacuum tubes. If, as seems 
reasonable to suppose, the use of transis
tors will permit a further hundred-fold 
increase in the complexity of our ma
chines, we shall be able to build, in no 
greater space and with smaller power 
requirements than are needed now for 
vacuum-tube computers, a device only 
10,000 times less complicated than the 
brain. Since it will work a thousand times 
faster, such a transistor device may be, 
for those jobs to which its low com
plexity suits it, as much as one-tenth as 
competent as the human brain. 

This is an exciting prospect, but it has 
not yet been achieved. Curiously, its 
achievement seems to rest on the elimi
nation from electronics of the vacuum 
tubes which gave electronics birth. 

-

Louis N. Ridenour, professor of 
physiCS and Dean of the Gradu
ate College at the University of 
Illinois, is presently on leave as 
Chief Scientist of the Air Force. 
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The Lost Cities of Peru 
How aerial photography and the jeep combined to give 

an overall view of the many cultures that flourished 

on the north Peruvian coast before the Inca conquest 

T

'VO technological conveniences de
veloped in recent years have 
become highly useful tools in ar

chaeology. They are the jeep and aerial 
photography. The jeep, a "mechanical 
burro" that can go almost anywhere, 
gives the archaeologist a relatively rapid 
means of reaching and reconnoitering 
archaeological sites in out-of-the-way 
places. Aerial photography adds a new 
dimension to exploration. Not only does 
it bring to light ruins in unexplored areas 
that might never have been discovered 
otherwise, but it allows the archaeologist 
a bird's-eye view in addition to the 
worm's-eve view with which he has had 

. to be co�tent in the past. Exploring the 
labyrinthine structures of an ancient 
civilization on the ground, he is apt to 
become entangled in the details and be 
unable to see the picture as a whole. 
Aerial photographs now make it possible 
to see the shape and scope of entire 
cities and civilizations of the prehistoric 
past. 

I shall describe here how we used 
these two new aids to investigate the 
early civilizations of northern Peru, 

by Richard P. Schaedel 

where Spanish explorers found the home 
of the fabulous Incas when they first 
came to South America in the 16th 
century. 

Let us first sketch in what was known 
about ancient coastal Peru before we be
gan our study. For at least 3,000 years 
before Europeans discovered them, 
American Indians who had settled in 
Peru had been building civilizations of 
higher and higher complexity. The 
North Coast of Peru is a 400-mile strip 
of coast, bounded on the west by the 
Pacific Ocean and on the east by the 
bleak, steep foothills of the Andes. It is a 
narrow ribbon of desert crossed at inter
vals by small rivers that flow from the 
hills into the Pacific. The peoples of 
ancient Peru lived in these river-valley 
oases, and the small valleys are crowded 
with the remains of their civilizations. 

The earliest permanent settlements in 
the area were small fishing villages; they 
were in existence by 1500 B.C. or earlier. 
By about 800 B.C. a new people had 
come into the region, presumably from 
the highlands, and introduced an agri
cultural economy, based on the staples 

FROM THE GROUND Galindo, a Chimu ruin near the Moche River, is 
hard to find. Until it was located on aerial photographs (see opposite 
page) it was unknown to archaeologists or to some people who lh'ed nearby. 
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maize and yuca. This phase of the re
gion's civilization is called Chavin. Vve 
do not know how long it lasted, but it 
had practically disappeared by the year 
A.D. 1, and during the next 1,000 years 
or so a number of different local cultures 
developed in the individual valleys. 
Toward the end of this period one of 
these cultures, called Mochica because 
it is believed to have originated in the 
valley of the Moche River, expanded and 
conquered much of the region. But about 
A.D. 1000 it in turn was overthrown by 
an aggressive culture from the south 
known as Tiahuanacoid. That occupa
tion was short-lived. The next 200 to 300 
years of Peru's history, known as the 
"mi.ddle period," is obscure. By about 
1300, however, the picture again be
comes clear: under a dynasty called the 
Chimu the people of the �10che Valley 
once more conquered the coastal lands. 
The Chimu empire attained splendid 
heights, but by 1470 it was subdued by 
a new invasion from the south, this time 
by the redoubtable Incas. The Inca 
occupation of the region lasted until the 
arrival of Pizarro in 1532. 

In short, the chief phases in the chro
nology of Peru's North Coast were the 
early fishing settlements, the Chavin 
period of the first truly agricultural com
munities, the development of local cul-

• tures, the emergence of the �Iochica as 
the dominant culture, a time of invasion 
and conflict lasting several hundred 
years, unification of the entire region by 
the Chimu empire and finally conquest 
by the Incas. 

I
N 1948 I was called to organize an 

Institute of Anthropology at the 
University of Trujillo, the provincial 
capital city in the center of this region. 
The Peruvian authorities gave me carte 
blanche to do as I pleased, provided that 
my work shed more light on Peru's past. 
I came to the conclusion that we should 
take stock of the total picture before 
burying our noses too deeply in anyone 
excavation. Most of what was known 
about the sequence of Peru's civiliza
tions had been constructed from strati
graphic studies of pottery types. We 
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FROM THE AIR Galindo is the ruin of a teeming city. 
At the top of the page is the large aerial photograph on 
which the ruin was discovered; at the bottom is an en-

largement made from the same negative. The low ramp 
in the photograph on the opposite page is in the large 
rectangular structure at upper right in t he enlargement. 
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BATAN GRANDE was occupied during Chimu times hut was built earlier. 
The photograph at the hottom is an enlargement of the one at the top. The 
sma]} pits at the lower right of the enlargement were dug by grave robbers. 
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undertook to make a large-scale survey 
of the ancient settlements, temples, 
towns and cities with the aim of deter
mining to what phase each belonged and 
placing them all in the chronological 
framework. Fortunately the blueprints 
from which this· broad-scale history 
might be read were already in existence. 
Peru had an Aerial Photographic Service 
which had photographed or was in the 
process of photographing all but one of 
the valleys in the North Coast region. 

The first phase of the survey-a read
ing of these photographs to locate all 
possible ruins in 11 coastal valleys of the 
North Coast-was carried out in Lima, 
where the photographs were kept, by 
Paul Kosok, chairman of the history de
partment of Long IsJand University, and 
his son Michael. They were in Peru to 
study prehistoric irrigation in the very 
region in which we were interested. For 
several months the Kosoks, father and 
son, labored day and night over the 
photographs until their patience and 
eyesight were well-nigh exhausted. They 
examined thousands of prints and 
wherever they found what looked like 
walls, buildings or other signs of an 
ancient community they located the site 
with the aid of a map and ordered en
largements of the photographs. The 
work took great patience and skill, but 
it was richly rewarded; when they had 
finished, they brought me . enlarged 
photographs of a rcmendous number of 
large ruins, most of which had not been 
known to archaeologists before. 

W
ITH the photographs in hand, I set 
out with a field crew in the jeep, 

which the University had provided, to 
find the sites and examine the ruins at 
closer range. Our expedition blazed a 
trail of many miles of jeep tracks 
through dense forests, across rock-strewn 
river beds, along old canal bottoms and 
over barren wastes of desert. The aerial 
photographs helped us to avoid most of 
the natural obstacles, but we had trouble 
with man-made ones. One of these 
hazards was bulls (raised for bullfight
ing) that were pastured near some of 
the ruins. Another was the numerous 
craterlike holes dug by "huaqueros," 
Peru's time-honored grave robbers, who 
have left few ancient ruins uninvesti
gated. We found also, to our surprise, 
that farmers had turned some of the old 
ruins to their own use. In some places 
they utilized ancient pyramids as obser
vation towers for watching the progress 
of crops in the surrounding fields. Occa
sionally we discovered that a pyramid 
which had stood f9r 1,000 years without 
major alterations had been provided in 
the 20th century with a circular ramp 
for the ascent of horse or automobile. 

It was surprising how seldom the 
aerial photographs betrayed us into 
visiting something that was not a ruin. 
To be sure, some of the ruins were not 
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CAJAMARQUILLA, a huge ruin near Lima on the cen· 
tral coast of Peru, was inhabited as late as the Inca 
conquest. It sheltered some tens of thousands of people. 

Although the many walled structures of the city appear 
to he separated by streets, they are not; the people 
probably moved about by walking on top of the walls. 

as impressive on the ground as they were 
from the air. We were somewhat disap
pointed, for example, when we reached 
one ruin in the Lambayeque Valley 
which the photograph had indicated to 
be of enormous extent. Its main pyramid 
proved to be gutted, little was left of its 
ancient walls and some of the old lines 
that showed in the photograph were vir
tually invisible on the ground. 

On the other hand, in many places we 
were very pleasantly surprised to find 
the structures much more magnificent 
on the ground than they had seemed in 
the photographs. One of these was a 
ruin, previously unknown, in the Nepena 
Valley. This site, called Punkuri Alto, 
showed only as a vague outline in the 
aerial photograph. It stood on a hilltop, 
and the ruins of its adobe buildings 
blended with the bare rock on which it 

was reared. But when we reached it in 
our jeep, we found an impressive, palace
like building with terraced platforms and 
a series of corridors leading to upper 
rooms. We were delighted to discover 
the remains of a geometric frieze lining 
one of the corridors. 

Among our problems was the fact that 
it was sometimes not easy to distinguish 
ruins from farms in the aerial photo
graphs. The farmers of modern Peru 
have unintentionally camouflaged some 
of the old ruins by using well-built 
ancient walls to mark off sections of their 
fields. Their newer fences and boundary 
walls often merge with the walls of the 
old compounds. 

W
E WERE struck by the fact that 
often one might ride to within a 

few hundred feet of truly huge ruins and 

still be unaware of them. This is partly 
due to the fact that many of the ancient 
hillside towns were built on the leveled 
terraces of the hill, either of adobe or of 
stone and rubble from the same hill, and 
few of them had walls high enough to 
cast large shadows until late afternoon. 
Thus they were often hard to pick out 
from the natural llillside, and were also 
difficult to photograph. Only in late 
afternoon do Peruvian coastal ruins be
come photogenic. 

Perhaps the most striking case of a 
large hidden city is the one named 
Galindo. The main highway to the north 
highlands in Peru today passes close by 
these ruins, and the site is within 20 
miles of Trujillo. Yet no archaeologist 
had ever before laid eyes on this ancient 
town, which runs for about five miles be
side the highway. It is effectively blocked 
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PHOTOGRAPH OF EL PURGATORIO, a massive 
ruin on the Leche River, shows some structures in sharp 

outline and others as shapeless masses. The elevated 
structure at the upper left is some 1,200 feet long. 

from view by a high fence that bor
ders the highway, and it is also screened 
off by vegetation, so that the ruin is visi
ble only from one rise in the road, and 
then only if the observer knows it is 
there. 

After I had shown slides of Galindo 
before a class of students in the Univer
sity of Trujillo, one of the girls came up 
after class to inquire where this town 
really was. It turned out she had lived 
within 10 minutes' walk of the ruin all 
her life and had never heard of it! 

B
y the time we had finished our re

connaissance, we were able to an
swer some of the questions we had set 
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out to study. We defined the geograph
ical extent of the Mochica culture and 
of the later Tiahuanacoid conquest, 
located the main provincial capitals of 
the Chimu empire and mapped the locac 
tions of the Inca garrisons on the North 
Coast. We were also able to determine 
that three main cultures had fought for 
control of the region during the confused 
"middle period," and to identify these 
cultures. 

In addition, our reconnaissance 
yielded some information on a more in
teresting and important matter-the ori
gin of the first cities in America. The 
:\fochicas and their contemporaries did 
not build cities, although they did con-

struct some of the largest pyramids in 
South America. Their typical capital con
sisted of sev(lral large adobe pyramids 
grouped around a central plaza. Only a 
limited group of priests, chiefs and ar
tisans lived in these ceremonial centers; 
the rest of the population dwelt in the 
countryside. True cities did not arrive 
until several hundred years later, when 
the Chimus erected their magnificent 
metropolis called Chan Chan. The 
Chimus were the first civilization in the 
vVestern Hemisphere to cross the thresh
old of urbanization. 

The towns of the "middle period," 
between the fall of the Mochicas and the 
rise of the Chimus, represent the be-
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DRA WING OF EL PURGATORIO is a partial recon
struction based on ground surveys and the aerial pho-

tograph on the opposite page. The elevated structures 
of EI Purgatorio were built with an eye to defense. 

ginnings of city life. And here in coastal 
Peru we had an unusual opportunity 
to study how cities began, for the sites 
of the towns and of the metropolises 
that came later stand side by side, where
as in the Old World the former are 
buried beneath the latter. Thus from the 
data revealed by the aerial photographs 
we could work out the origin and devel
opment of city life in more detail in 
Peru than anywhere else in the world. 

On the basis of these photographs and 
first-hand reconnaissance at the sites we 
have been able to draw ground plans 
of some of the town sites. One of these is 
illustrated in the photogr.aph and draw
ing above. This town, called El Purga-

torio, is built around a large natural hill 
in the center of the well-watered plain of 
the Leche Valley. The main buildings, 
dating from the "middle period," are 
clustered at the north end. These large 
pyramids with numerous room divisions 
are transitional building types between 
the solid pyramids of the earlier Mochica 
period and the later truly urban com
pounds, in which all the building space 
was given to rooms. It is likely that they 
were palaces housing several families of 
the ruling class, along with servants and 
craftsmen. At the southern and south
western sides of the ruin are remains of 
what appear to be old pyramid com
plexes. 

Until the last decade the quantity, 
size and complexity of ancient Peru
vian towns and cities could only be 
guessed at. Aerial photography has made 
it possible for us to comprehend them 
for the first time in their large-scale sig
nificance. Let us hope that the sandy 
mantle that has covered them for cen
turies will be lifted soon to reveal the in
ternal functioning of these thriving 
metropolises of prehistoric Peru. 

-
Richard P. Sclwedel was direc
tor of the Illstitute of Anthropol
ogy at the University of Truiillo 
in Pew from 1948 to 1950. 
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THE DEEP-SEA 

LAYER OF LIFE 
Hundreds of fathonls down In the oceans IS a drifting 

mass that once was called the "false bottonl " but now 
. 

believed to consist of identity unknown IS organlsnls, 

T
HE most useful modern instrument 
in a pilot house is the echo sounder, 
which measures the depth of the 

water automatically and continuously as 
the ship plows ahead at full speed. The 
machine sends sound waves into the wa
ter, receives the rebounding echoes, 
translates the intervening time into 
fathoms and with a stylus draws on a 
moving strip of paper a graphic picture 
of the sea bottom, called a bathygram. 
The echo sounder in effect "sees" the 
bottom. It sees, also, any other things in 
the water that can deflect the sound and 
send back echoes, which means anything 
whose density is in contrast to that of the 
surrounding or adjacent medium. This, 
for example, is what made it possible for 
the salvage ship Orphir in 1935 to per
form what was then the spectacular feat 
of locating the Ltlsitania at the bottom 
of the North Sea. There the echo sounder 
spotted a sunken object; it showed that 
the object was hollow and was 780 feet 
long and about 84 feet high-which were 
the dimensions of the Lusitania. 

Fishermen have been using echo 
sounders to locate schools of fish since 
early in the 1930s. They can spot them 
down to depths of 90 fathoms or more 
and save themselves untold time over the 
older method of blind scouting. Under 
favorable conditions some experts can 
even tell from the record what kind of 
fish is below. In places where rivers 
empty into the sea, as at the mouth of 
the Mississippi, the echo sounder picks 
up the boundary between fresh water 
and salt. It will record a layer of colloi
dal silt overlying the true bottom, as 
well as the bottom itself. The sound 
penetrates the bottom, and the echo 
sounder will show substrata for a con
siderable distance beneath the bottom. 
Small wonder that interpreting a bathy-
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by Lionel A. Walford 

gram is tricky, and often subject to con
troversy. 

The subject of our story is a "phantom 
bottom" which long mystified those 
who explored the sea depths with echo 
sounders. They often found odd, unex
plainable echoes coming from mid
depths. On some occasions these echoes 
were distinct enough to inspire reports 
of shoals in places that later investiga
tion proved to be very deep. Recording 
machines often marked down a record 
that looked as though echoes were being 
sent back by a layer of something sus
pended at depths from 150 to 450 
fathoms down, running more or less 
parallel with the surface for very great 
distances. This layer sometimes seemed 
as much as 300 feet thick. Bathygrams 
showed a record like this lasting all day 
long. And then at other times they 
showed no such layer at all. 

For a long time this effect was con
sidered a vagary of the instrument
something like static on a radio. Hydrog
raphers called the layer a "false bot
tom," or, more dramatically, "the sea's 
phantom bottom." The phenomenon was 
more or less dismissed in scientific quar
ters-until vl/orld vVar II. 

D
URING the war the Navy, seeking 
improvement in the acuity of sound

ing instruments to help in its battle 
against submarines, arranged with the 
Scripps Institution of Oceanography at 
La Jolla, Calif., to investigate various 
problems in underwater acoustics. Not 
long after beginning their studies, sci
entists working on this project became 
preoccupied with the mysterious layer. 
They considered its properties: 

It is deep; 150 to 450 fathoms, which 
means 900 to 2,700 feet, is a long way 
down. It behaves as though something 

concentrated there scatters the sound, 
causing it to reverberate and return 
many echoes that merge indistinguish
ably. Those studying it therefore came 
to call it "the deep scattering layer." 

The most fascinating property of this 
layer was that nearly always it appeared 
only in the daytime, fleetingly if at all 
at night. Assuming that the effect was 
not a peculiarity of the instrument but 
something in the water, what could it 
be? One suggestion was that the layer 
might be composed of inanimate patti
des of solid matter drifting in suspen
sion, but if this were so, why did it fail 
to return an echo at night as well as in 
the daytime? 

A more likely suggestion seemed to be 
that the layer was made up of a mass of 
living things that somehow migrated at 
night to upper levels so shallow that the 
recording of their echo on the bathy
gram blended with that of the outgoing 
sound. Three physicists at Scripps Insti
tution, Carl Eyring, Ralph Christensen 
and Russell Raitt, put this question up to 
their colleague Martin Johnson, a biolo
gist who specializes in studying the na
ture and habits of plankton, the mass of 
drifting plant and animal life that dwells 
in the sea ("Food from the Sea," by 
Gordon A. Riley; SCIENTIFIC AMERICAN, 
October, 1949). 

Johnson knew that animals of the 
plankton migrate toward the surface in 
the evening and descend again to lower 
depths in the early morning. Hence it 
was very possible that plankton might 
account for' the mysterious layer. He 
suggested a day-and-night watch of the 
plankton's vertical migrations by echo 
sounder. On June 26, 1945, Johnson and 
the three physicists took the research 
vessel E. W. Scripps out about 20 miles 
off Point Loma, over a submarine canyon 
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SIX·FOOT NET was also used to NET WITH OPENING SIX FEET SQUARE is hung over the side of the 
catch plankton. It is rigged for open· E. W. Scripps. This oceanographic vessel of the Scripps Institution was 
ing and closing while in the water. cruising in deep waters off San Diego, Calif., when these pictures were made. 
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THE DEEP SCATTERING LAYER is shown by the 
faint trace running across the middle of this echo
sounder recording. The stronger trace below it is the 
bottom of the sea. The depth of the scattering layer is in-

dicated in fathoms by the numbers on the recording. The 
trace of the bottom, however, has been adjusted so that it 
is In'ought closer to that of the scattering layer. Actually 
the bottom is at the depth shown plus 400 fathoms. 

which in some places is close to 4,000 
feet deep. 

After they had got into deep water, 
the echo sounder registered a scattering 
layer about 900 feet down. It remained 
there all day until evening; then it moved 
upward at the rate of about six feet a 
minute until it merged with the surface 
trace. All night no trace of the layer ap
peared, but very early the following 
morning it separated itself from the sur
face trace on the bathygram and de
scended to about the level it had occu
pied the day before. 

D
URING the two days that the inves

tigator observed the bathygrams, 
they combed with nets the level where 
the instrument showed the layer to be 
located and the regions above and just 
under it. The nets were the kind of gear 
generally used for collecting plankton, 
that is, funnels of fine silk tapering down 
to a closed bag. They were rigged so they 
could be opened at the desired depth, 
and then closed and hauled to the sur
face without picking up material in oth
er zones. 

Johnson and his colleagues caught 
plankton at all levels down as far as they 
fished, but not in uniform quantities. 
The animals tended to concentrate in 
zones. Those shorter than two milli
meters were found in two zones: one 
within the first hundred yards of the sur
face, the other in or just under the deep 
scattering layer. The larger animals, 
mostly about an inch long, were most 
abundant at about the level of the layer. 
Johnson concluded cautiously that 
"there appears to be some direct corre-
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lation of the plankton animals with the 
scattering layer." 

The animals themselves were familiar 
kinds that had long been known to 
marine biologists. Most of them were the 
small buglike crustaceans called cope
pods. There were some comb jellies, sea
worms and a few euphausiid shrimps, 
which are the chief food of the whale
bone whales. The largest animals were 
arrow worms, which look like thin rods 
of colorless, transparent glass. 

Were tllese small-fry the objects that 
scattered the echo' sounder's Signals? It 
seemed doubtful that they had the right 
acoustic properties, for most of them 
were too small to scatter sound waves of 
18 kilocycles effectively. More likely 
there were some larger predatory forms 
down there, too fast to be caught by the 
nets-large prawns, say, or deep-sea 
squids. Any of those might be abundant 
enough to account for the scattering 
layer. 

S
INCE that expedition oceanogra

phers have studied echo-sounding 
records all over the world. They have 
found the D.S.L. (as they have come to 
call the deep scattering layer, in keeping 
with this alphabetical age) to be much 
more uniformly distributed than anyone 
had ever believed to be true of plankton. 
It is widespread throughout the Pacific, 
Atlantic and Indian Oceans, as well as 
in the Mediterranean and Red Seas. 
Conflicting reports have come from the 
Antarctic. Robert Dietz of the U. S. 
Navy Electronics Laboratory, who 
sounded the Antarctic in the U .S.S. 
Henderson, found no D.S.L. during the 

polar midsummer, a time of continuous 
daylight, but detected one as the day
night cycle returned toward the end of 
January. On the other hand, :'>'1. P. 
Tchernia of the French Hydrographic 
Service on one cruise found the D.S.L. 
just as common in the Antarctic as else
where. This disagreement may be ex
plained by the fact that he used sound 
of a shorter wavelength than that of 
Dietz (24.8 kilocycles as compared with 
18 kilocycles) and therefore was able to 
measure organisms too small to be de
tected by the wavelength Dietz had 
used. 

A. C. Burd and A. J. Lee of the 
Fisheries Laboratory at Lowestoft, Eng
land, have detected layers behaving like 
the D.S.L. in the comparatively shallow 
waters (e.g., 240 feet) of the English 
Channel, the southern North Sea and 
the Barents Sea near Bear Island. They 
believe, therefore, that the scattering 
Jayer

" 
shoul

,
� be called "sonic" rather 

than deep. 
By now accumulated observations 

have shown that the scattering layer has 
the following properties: It is probably 
universal throughout all seas. It is not a 
single thing. There is one principal layer 
which persists at a characteristic depth 
all day and executes a day-night vertical 
migration. Other layers may form for 
relatively brief periods. Some of these 
may behave like the principal layer, 
others quite differently. Some layers 
migrate toward the bottom at night in
stead of toward the surface; some show 
no pronounced daily movement. The 
prinCipal scattering layer itself varies in 
daytime depth at various places in the 
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THE SCATTERING LAYER RISES toward the surface 
at the eud of the day. The slight dip at the left end of the 
scattering-layer trace on the opposite page is the end of 
its descent at the day's beginning. The trace with which 

the scattering-layer trace merges at the right is made by 
the outgoing signal of the recording device. The pencil 
notations on both pictures were made on shipboard to 
record events in the .exploration of the scattering layer. 

world. In very transparent tropical 
waters, as around Bermuda, it is 1,500 to 
2,100 feet down; in less transparent 
coastal waters, as along the coast of 
California, it is at 900 to 1,500 feet. 
Finally, the layers apparently vary great
ly in density. 

Virtually everyone who has studied 
the phenomenon believes it to be caused 
by planktonic animals. But what kind of 
animals, and how many of them? These 
questions are still in the realm of specu
lation, owing to the difficulties of study
ing plankton. Almost all we can learn 
directly about plankton depends on what 
we manage to catch in tow nets. When 
a biologist hauls a net through a layer 
of water, he would like to think he is 
getting a representative sample of all 
the creatures within the range of his net, 
but unfortunately a great many things 
work against his coming close to that 
ideal. 

What happens in the depth when a 
plankton net drops at the end of a wire 
and is drawn through the water at a 
rate of two or three feet per second? 
What effect does this lumbering, insen
tient object have on the cosmos down 
there? Does it stir up a cloud of light in 
its path as it pushes ahead myriads of 
the small luminous creatures that in
habit the sea? And as these concentrate 
in the net, transforming it into a terrify
ing cone of luminosity, do larger crea
tures dart out of its way to escape? Then 
for what distances around the net is the 
order of things disturbed? Is there any 
order of things down there or are the 
components of the plankton only ran
domly distributed? We can only assume 

that as the net is hauled through the 
various swarms of animals, it takes from 
among them those so unwary, so inagile 
or simply so unfortunate as to get into 
it. When it is at last emptied into a pan 
on deck, how can anyone reconstruct 
from that chaotic jumble of organisms 
the pattern of life below? How can any
one know what species and what quanti
ties escaped? 

B
IOLOGISTS are working to solve 
these problems. Owing to the tre

mendous resistance of the water against 
wire and nets, ordinary plankton nets 
and small fish-trawls move too slowly to 
take the fast swimmers. Against this 
difficulty, several marine laboratories 
have developed new types of trawls that 
can be towed faster. But even at best 
it is still impossible to tell just how repre
sentative the catches are. 

Meanwhile the literature on the theo
retical composition of the scattering lay
er is growing rapidly. Physicists are try
ing to identify the scattering animals on 
the basis of the fact that they must be 
comparable in size to the wavelength 
they affect. The method of measurement 
is to vary the wavelength of the sound 
signal and observe the resulting varia
tion in scattering. J. B. Hersey of the 
Woods Hole Oceanographic Institution 
has developed a method of recording 
scattering in several frequency bands 
simultaneously. So fa� his evidence sug
gests that there is much variation in the 
composition of the layers. He believes 
that the kinds of animals commonly 
taken in plankton nets (euphausiid 
shrimps, fish, and so on) can account 

for the echoes that have been recorded, 
and that there is probably no heavy con
centration of animals longer than about 
12 inches in the scattering layer, at least 
in the Western Atlantic areas where he 
has been working. 

Biologists for their part are consider
ing the question from the viewpoint of 
what kinds of animals have character
istics that best correspond to the be
havior of the principal scattering layer. 
These are some of the requirements: 
they must be concentrated by day at 
depths of 900 to 2,700 feet; they must 
be large enough and strong enough to 
swim as fast as six to eight feet a minute; 
they must be ocean-wide in distribu
tion; they must have some physical struc
ture that reflects sound, such as a swim 
bladder, gas bubblc, oil globule or hard 
skeleton. 

Hilary Moore of Miami University 
finds that euphausiid shrimps, which are 
the dominant crustacean at the depths of 
the principal layer, best meet the re
quirements. Brian Boden, fishing in the 
scattering layer with plankton nets off 
the California coast, caught these ani
mals more consistently than anything 
else. He believes that these creatures, 
"or organisms intimately associated with 
them," may well be the cause of the 
sounding echoes. 

What kind of organisms might those 
others be? Fish, perhaps. Boden, like 
everyone else who has worked in the 
Pacific, noticed the ubiquitous sauries. 
These little fish, which grow to be 12 to 
14 inches long and look like very slender 
mackerel, appear at the surface at night 
almost anywhere in the Pacific that one 
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HETEROPOD, a mollusk with an almost vestigial shell and a foot that has 
been modified into fins, was brought up from the deep waters of the San 
Diego Trough. The lines of the grid in the background are half an inch apart. 

SHRIMP was also brought up from the waters of the San Diego Trough. 
These crustaceans and others like them are characteristic of hauls made at 
hetween 1,200 and 1,800 feet. The lines of the grid are half an inch apart. 
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puts a light over the side of the ship. 
They seem to be among the most abun
dant and widely distributed fishes in 
the sea and might be important con
tributors to the echoes coming from the 
scattering layer. 

Then there are the hundreds of species 
of grotesque-shaped, luminescent deep
sea fishes, many of which inhabit the 
deep water by day and rise toward the 
surface at night. Gordon Tucker, work
ing on the E. W. Scripps off California, 
estimated from his catches that there 
were as many as 20,000 to 40,000 of 
them concentrated in the part of the 
layer within the cone of sound sent down 
by his echo sounder. 

John Lyman of the U. S. Hydrographic 
Office argues very cogently that the 
sound scatterers may also be squids. In 
other words, they can be, and probably 
are, many of the creatures composing 
the plankton. 

Y
ET all the evidence that has been 
amassed satisfies no one. Oceanog

raphers continue to discuss the deep 
scattering layer as an unsolved mystery. 
And so I believe it will remain until some 
way is found to look at it in its abiding 
place. It is 17 years since William Beebe 
published his book Half Mile Down, 
describing the descent that he and Otis 
Barton made in the deep water off Ber
muda. They went down 3,028 feet in a 
spherical steel diving chamber which 
they called a bathysphere. Through its 
fused quartz windows, three inches 
thick, they peered at such wonders as 
have never been caught in nets or on 
lines, and so have not been seen by any
one else. Unfortunately the scattering 
layer was not known then, and Beebe 
has given us no useful quantitative obser
vations that bear on the question. He 
did, however, write: "Every descent and 
ascent of the bathysphere showed a 
fauna rich beyond what the summary 
of all our 1,500 nets would lead us to 
expect. Bermuda is in the Sargasso Sea, 
which is accounted an arid place for 
oceanic life, but my observations predi
cate, at least, an unsuspected abundance 
of unknown forms." 

Conclusive proof of the reality of this 
unsuspected abundance is what many 
people hope f.or, since it might become 
a new source of protein food. That hope, 
vain though it may prove to be, should, 
even if the search for knowledge alone 
were not enough, justify finding some
how, somewhere, enough money to make 
the bathysphere available again to biolo
gists. If the financial and technical means 
were found to try it, it is even possible 
that the deep scattering layer might be 
made visible by television . 

• 

Lionel A. Walford is Chief of the 
Branch of Fishery Biology in the 
U. S. Fish and Wildlife Service. 
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The electrons landed here ... 
• • • and the diffraction pattern they left on this plate measures the split

ting of the laminae
' 

in a 1000-Angstrom-unit-thick sheet of bent mica 
through which they passed. 

For industry, electron diffraction patterns are revealing and identifying 
oxides on non-ferrous metals, the faint beginnings of corrosion on steel, 
scale in distillation equipment, crystal formations in chemical processes
thin films of all kinds. 

A host of fine instruments that are serving science and industry today 
are built around the simplicity, the economy, the easy reproduction, and 

the incontrovertibility of photographic recording. We make the special
ized sensitive materials they require-for electron diffraction and elec
tron micrography, for spectrochemistry, for x-ray diffraction, for mass 

spectrography, for work in the infrared and the deep ultraviolet, for auto
radiography with radioisotopes, for capturing tracks of cosmic ray 

primaries in the upper atmosphere and mesons in the great nuclear accel
erators, for analyzing the stuff that distant galaxies are made of. 

JUST OFF TH E PRESS: A new edition of the booklet, "Kodak Sensitized Mate

rials for the Scientific and Industrial Laboratory," is now available. It gives the information 

you need to select the specialized photographic materials best suited for your particular 

requirements. For your copy, write to Eastman Kodak Company, Industrial Photographic 

Division, Rochester 4, N. Y. 

RECORDING FACTS 
••• the scientific function of photography 
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· .. solved with Durez 
PRODUCT: Popcorn 

warmer base 

CUSTOMER: Buddy Boy 
Popcorn Co., 
Elgin, Illinois 

MOLDER: Richardson Co. 
�Ielrose Park, Illinois 

MATERIAL: Dure. heat· 
resistant black phenolic 

• "Served hot" are the words on the popcorn 
warmer that pull in the dimes. Bur heat pre· 
sents the sorr of design and material problems 
that manufacturers can depend on molders to 
help them overcome. 

In 'this case the molder found, first, that the 
ideal material for the warmer base was a heat· 
resistant Durez phenolic plastic. It is strong, 
self-insulating, and has a lustrous, sanitary 
finish that will not chip or peel. 

Then the molder went a step further to as
sure dimensional stability in the large side 
areas, which ate subject to daily heating and 
cooling. He suggested reinforcement with a 
simple system of ribbing, and provided it in 
the mold design. The ribs furnish the rigidity 
needed and in production they hold shrinkage 
within the narrow limits of good engineering. 

The custOm molder ofDurez wants to help 

you get the most for yout plastics dollar. For 

specialized counsel in using the mechanical, 

electrical, and chemical properties of these 

versatile materials to your best advantage, 

call on him - and on the experience of our 

Durez field technicians. 
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Olly !llOllthly "Dllrez Plastics News" will 
keep YOll ill/armed all indllstry's llSeS 0/ 
Dllrez. Please write, all )'01" office lettey
head, to Dllyez Plastics & Chemicals,lllc., 
808 Walck Rd .. N. Tonawanda, N. Y. 

Arthritis Germ? 

IN spite of the spectacular headway 
made against rheumatoid arthritis by 

treatment with cortisone and ACTH, the 
cause of this disease remains a deep 
mystery. There have been various 
theories: that it is due to a fault of 
metabolism, to an unknown microbe, and 
so on. What looks like one of the most 
exciting leads yet has just been reported 
by Thomas McPherson Brown, a pioneer 
in the study of rheumatic diseases . 
Brown has discovered important evi
dence to support the germ theory, and 
he thinks he may have identified the 
guilty organism. It is a tiny bacterium, 
almost as small as a virus, of the group 
known as pleuropneumonia organisms. 
Brown and his associates at the George 
Washington University School of Medi
cine have not only figured out the com
plicated mechanism by which this 
microbe, called the L-organism, may 
produce the swellings, pain and crip
pling of arthritis, but they have also 
found that some of the antibiotic drugs 
are effective in treating the disease. 

The L-organisms have long been 
known to be responsible for a highly 
contagious lung plague of cattle. The 
first indication that they might be the 
cause of human rheumatic diseases came 
when these organisms, which are too 
small to be seen in the tissues where they 
do their damage, were isolated from the 
saliva, throats and genito-urinary tracts 
of rheumatic patients. 

When it turned out that L-organisms 
could be killed in the test tube by gold 
salts, long used with some effect as a 
treatment for arthritis, the researchers 
became even more interested. 

Brown and his group believe that 
L-organisms act upon the body tissues as 
antigens, causing the body to produce 
antibodies, and it is the reaction between 
the organisms and the antibodies that 

SUIENUE AND 
produces the pain, swelling, fever, stiff
ness and crippling of rheumatic disease. 
After laboratory tests showed that the 
antibiotics terramycin, aureomycin and 
Chloromycetin could kill L-organisms in 
the test tube, the George Washington 
group tried these drugs in treatment of 
arthritic patients. Terramycin particu
larly proved potent in controlling the 
disease. It was effective, however, only 
when given in very smali doses; large 
doses produced a flare-up of the rheu
matic symptoms. Brown suggests that 
this may be due to the fact that the large 
doses kill the organisms too rapidly and 
cause them to flood into the spaces be
tween cells, where they produce an 
extensive reaction with antibodies. 

Apparently the reason that cortisone 
relieves arthritis is that it blocks the 
meeting of the L-organisms and anti
bodies and thus prevents the reaction 
that produces symptoms. This may ex
plain why cortisone has only a temporary 
effect. Albumin, a component of normal 
blood serum, has a similar blocking effect 
and also relieves arthritis, the investi
gators found. 

The new approach opened by Brown's 
discoveries offers for the first time the 
possibility of a cure, rather than mere 
relief, for the rheumatic diseases. 

Alcohol and Death 

A LCOHOL makes some people gay 
ft and some sad, some violent and 
some stupid, some helpless and some 
dangerous. But whatever its effects on 
your personality, it nearly always brings 
you a little closer to violent death. This 
conclusion was convincingly docu
mented in a report published recently in 
The Journal of the American Medical 
Association. 

David M. Spain, Victoria A. Bradess 
and Andrew A. Eggston, of the Medical 
Examiner's office of Westchester County, 
made a study of the connection between 
drinking and violent deaths in that 
county. Westchester County, contrary to 
a common impression, is not merely a 
suburb inhabited by commuters to New 
York City; it has industries, cities and 
towns of its own, and its 600,000 popu
lation represents various economic and 
ethnic groups. In this county the Medical 
Examiner's office has made it a practice. 
to perform an autopsy on every person 
who dies a violent death and to analyze 
the liver or brain for alcohol content, 
i.e., evidence as to whether the person 
had been drinking before his death. 

The three investigators took all the 
cases of violent death that had occurred 
in the county in 1949 from causes other 
than industrial accidents or the like. 
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THE CI1'IZEN Tall Tala 
DOW CORNING SILICONE NEWS 

NEW FRONTIER EDITION 
F 1FT H o F A SERIES 

There were 246 such deaths that year. Of 
these victims 78 had been killed in auto
mobile accidents; 82 had died of nonin
dustrial accidents (burns, falls, drown
ings, and so on); 78 were suicides and 
8 had been killed in brawls. The autop
sies showed that 87 per cent (7 ou t of 8) 
of the homicide victims, 46 per cent of 
those who died in auto accidents, 24 per 
cent of those in other accidents and 19 
per cent of the suicides had been drink
ing before they were killed. Altogether 
alcohol was responsible or a contributing 
factor in 27 per cent of the total of 246 
violent deaths. 

Most of the victims were not drunk in 
the commonly recognized sense: they 
had only a moderate alcohol content in 
their organs and may not have appeared 
intoxicated on casual examination. The 
physicians explained: "These are the 
persons most prone to get into trouble 
because their reflex actions, coordination 
and sense of judgment are impaired and 
yet they can get around and do not real
ize the extent of impairment." People 
who are really drunk, the doctors added, 
are less likely to get into serious trouble 
because they are "too far gone " to move 
about. Most of the drinkers killed in auto 
accidents "were not chronic alcoholics 
but people who had been drinking at a 
cocktail party, a tavern, a wedding or 
a holiday celebration. " 

Still Expanding 

THE 200-inch Hale telescope on Palo
mar Mountain has given a tentative 

answer to one of the main questions it 
was built to explore: Does the universe 
continue to expand with increasing 
speed out beyond the seeing limits of 
earlier telescopes? The answer seems to 
be yes. With the new telescope astrono
mers at the Palomar Observatory have 
now looked 50 per cent farther into the 
depths of space than man had ever seen 
before, and they find that star systems 
out there appear to be moving away 
from us at the accelerated rate predicted 
by the expanding-universe theory. At a 
distance of 360 million light-years, the 
limit of the 200-inch's penetration so far, 
the nebulae apparently are receding 
from the earth with a velocity of 38,000 
miles per second-one-fifth the speed of 
light. 

These results, obtained in the first sig
nificant test of the expanding-universe 
hypothesis with the new telescope, were 
announced by Milton L. Humason of the 
Mount Wilson and Palomar Observa
tories. The estimates of speeds are based 
on the amount of red shift in the spectra 
of the nebulae. The red shift, which rep
resents the apparent lengthening of 

Anne d o n l y w i t h  a 
Bible and protected from � 
the elements by a kettle worn 
upside down, Johnny Apple
s e e d  w a n d e r e d  u n h a r m e d 
among the dispossessed Indi
ans, planting appleseeds in 
the wilderness. 

lie made it his mission to 
bring apple sauce and apple 
butter, apple pie and apple 
cider; to bring health and 
happiness, as he knew them, 
to pioneer families from the 
Monongahela to tlte River 
Platt;e. Afrail, hontespun saint 
among American giants, 
Johnny Appleseed may 
malive them all. 

tD Fabulaus Fact 
Much more comfortable than the 
kettle Johnny Appleseed wore as 
an umbrella, is our Silicone water 
repellent for synthetic fabrics. We 
call it DeCetex 104. Our customers 
give the treated fabric a name of 
their own. 

The important point is that 
now, for the first time since people 
started to wear clothes, you can 
buy suits that will not be wet by 
the rain even after repeated dry 
cleaning or laundering. You can 
look presentable even though you 
do get caught in a sudden shower. 
Children are no longer a menace 
at meal time because most foods 
and drinks can be wiped away with
out leaving a spot. 

That's another fabulous fact '-_ ..... ::-.;: 
made possible by a Dow Corning 
Silicone product. Thanks to these 
most durable of all water repellent 
materials, you too may soon be 
wearing your umbrella. 

cones thot make the "impossible" practicol. Address Dept . . W·S 

DOW COR N I N G.I II' COR P 0 R AT ION 
MIDLAND, MICHIGAN 

ATLANTA. CHICAGO • CLEVELAND • DALLAS. LOS ANGELES . NEW YORK. WASHINGTON, D. C. 
TORONTO: Fiberglas Canada Ltd. LONDON: Midland Silicones Ltd. PARIS: St. Gobain, Chauny et Cirey. 

IF YOU WEAR GLASSES try Sight Savers and see how well sil.icones clean, 
polish and protect eyeglasses. SIGHT SAYERS are the new, popular Dow 
Corning Silicone treated tissues that KEEP YOUR GLASSES CLEANER. 

10c a' all drug and ,o"acco covM.". 
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Model 185 Hygrodlal 
Precision Humidity and 

Temperature Indicator 
Hoir·operoted and calibrated to 
professional standards of accuracy 
by tile maker of the world's finest 
weather instruments. Handsome, 
modern cose-4" high, SY1" wide, 
10/,11 deep. 

Hand Aspirated Psychrometer 
Accurate reo dings obtainable with
out special skill. Psychrometric 
readings can be taken at any 
point desired however inaccessible. 

Model 160 
Portable Humidity and 
Temperatur. Recorder 

3" x 5" charts, 10 or 30 hour 
records. Modern design •.. handy for 
small space and difficult loea'ions • • •  built to meet unusual conditions. 

Model 594 Model 573 
Model S/I 

Pocket Sling Psychrometer 
A small, low cost instrument. 
Thermometers graduated in 1° 
increments from +350 F to 
+1100 F. Furnished complete with 
case and psychometric slide rule. 

Hygrothermograph Motor Aspirated Psychrometer 
The foremost relative humidity ro- Designed to determine wet and 
corder for laboratory, factory, and dry bulb temperature with labora-
office use. Scientifically designed tory accuracy-Motors supplied for 
for accuracy and dependability_ use on 115 V., 50 cycles ar 60 cycles. 

Model 550 
Sling Psychrometer 

Manufactured to u� S. 
Weather bureau specifl .. 
cat ions.  Thermometers 
graduated in 1° increments 
from -20· F to +120· F. 
or -35· C to +49· C 

MAGNECORD 

Modern enginecrs know that black gold is where 
you find it ... scientificaHy! That's why they use 
�\1agnecord tape recm-defs in their search for ncw 
oil supplies. Magnecord recordings of signa!s from 
!Sensitive electronic instruments help determll1e the 
depth and location of oil bearing rock strata., 
Whate,'cr your recording problem in science, in
dustry or communications, Magnecorders oIfer 
greater fidelity and precision 
Av ail ab l e  for sub
sonic, audio and su
personic fe,search, 
Slagnecol'd call. fill 
yout' most exacting 
rcquirclllcnts. 

HIGH FIOELITY TAPE RE C O RDE RS FOR INDUSTRY 
'kJIJII. /oIJ RIU4A (!� Dept. SA·S 
Magnecord. Inc" 360 N. Michigan Ave •• Chicago i. III. 
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FRIEZ INSTRUMENT 
DIVISION Of �, 

1422 Taylor Avenue �" 
Ballimore 4, Maryland AV'.rlOlf COa,.oaA.T,Ofl 

Export Sales: Bendix International Division, 
72 Fifth Avenue, New York 11, N. Y. 

.@.6t'1 
I\ZlICKERS educational 

amp I ifi e r 

Designed by Vickers Electric Division to help industrial 

personnel and students obtain 0 wider knowledge of the 

characteristics and applications of high-performance self· 

saturoting magnetic amplifiers. 

• Permits study of all three basic single phase self·sotufot. 
jng circuits. 

• Con actuolly be used in operating controls circuits. 

• Gives d·c or a-c output, uses d·c or a-c control power. 

INCLUDED WITH EACH UNIT-Magnetic Amp lifier laboro

Manuals and Magnetic Amplifier Design Handbooks. 

Write for information and price. 

VICKERS ELECTRIC DIVISION 
��e",(!"WIM. 

1831 LOCUST STREET • ST. lOUIS 3. MISSOURI 

wavelengths of light reaching the earth, 
has long been interpreted to be a "Dop
pler effect" that indicates the speed of 
recession of the distant nebulae. At the 
spectrographic limit of the old 100-inch 
Mount Wilson telescope-250 million 
Iight-years-the speed of the receding 
nebulae is 25,000 miles per second, 
according to the red shift. Pushing far
ther with the 200-inch, Humason found 
that the red shift increased in direct pro
portion to the distance as far as the most 
distant nebulae so far observed, i.e., at 
360 million light-years. The skies are 
being searched for more remote nebulae 
so that the observations can be carried 
out to the spectrographic limit of the 
200-inch, which is 500 million light
years. The instrument can actually pho
tograph nebulae at a distance of 1,000 
million light-years, but the spectro
graphic limit of a telescope is only half 
its photographic limit. 

Corkscrews and Pleated Sheets 

A N average protein molecule may con
.tl. sist of some 5,000 atoms. \Vhen this 
intricate structure is broken down, the 
wreckage is made up of amino acids
much smaller molecules of perhaps 20 
atoms. It is generally assumed that the 
amino acids of a protein are joined end 
to end in chains. One of the major prob
lems on which investigators of proteins 
have been working is to determine the 
shape of the chains and how they are 
assembled in the noble architecture of 
the protein molecule. 

Now Linus Pauling and Robert B. 
Corey of the California Institute of Tech
nology propose some sweeping solutions 
to the problem. For many years Pauling 
and Corey and their associates have 
studied such features of amino acids as 
how they are joined together, the dis
tances between their atoms and the an
gles of their chemical bonds. In the May 
issue of the PTOceedings of the National 
Academy of Sciences Pauling and Corey 
reported they had found evidence that 
amino acids are assembled into larger 
structures in four ways. 

Two of the structures are in the form 
of a corkscrew, or helix. The first of them 
has 3.7 amino acids in each turn of the 
helix; the second, 5.1. The other two 
structures are in the form of a "pleated 
sheet" and a complicated helix made up 
of three amino-acid chains twisted to
gether. These structures are not only 
consistent with the geometry of amino 
acids, say Pauling and Corey; they also 
explain many cryptic features of the pat
terns made by X-rays when they are dif
fracted by protein crystals. Thus the 
four structures might account for the 
architecture of a whole array of proteins. 

In the opinion of the Caltech workers 
the helix with 3.7 amino acids per turn 
represents the structure of one form of 
keratin, the protein of which hair is 
made. The pleated sheet appears to be 

© 1951 SCIENTIFIC AMERICAN, INC



Do you fit • In the 

Boeing's world-wide reputation for 
sound engineering achievement is 
founded on men. Boeing engineers 
and physicists are graduates of many 
universities and technical schools. 
They come from every state in the 
Union. Under inspiring leadership 
they have been welded into one of 
the most potent forces in any field 
of scientific advance. 

If you can measure up to Boeing 
standards, there is an attractive future 
for you in this renowned group. In 
addition to the prestige which 
attaches to being a member of the 

Boeing picture? 

Boeing engineering team, there are 
other definite advantages: 

1 The challenge of working on such vital 
programs as the B-47 and B-52 jet bombers. 
guided missiles and other revolutionary 
clevelopmen ts. 

2 Stability of career opportunity with an en
gineering division that is still growing stead
ily after 35 years. 

3 The invigorating atmosphere of the Pacific 
Northwest-hunting, fishing, sailing, skiing, 
temperate climate all year around. 

4 The availability of housing. Newcomers to 
Seattle are able to get accommodations-and 
that's unique in a great aircraft manufactur
ing center. 

5 Good salaries. And they grow with you. 

6 Moving and travel expense allowance. 

-

I 
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I 

Boeing's immediate needs call for expe
rienced and junior aeronautical, mechan· 
ical, electrical, electronics, civil, acousti· 
cal and weights engineers for design and 
research; for servo· mechanism designers 
and analysts; and for physicists and math
ematicians with advanced degrees. 

Write today to the address below or use 
the convenient coupon. 

---------------., 

JOHN C. SANDERS, Staff Engineer-Personnel 
DEPT. C-B 
Boeing Airplane Company, Seattle 14, Wash. 

Engineering opportunities at Boeing interest 
me. Please send me further information. 

Name ________________________ ___ 
Address ______________________ __ _ 
City ond 510Ie ______________ _ 
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I 
I 
I 
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I 
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I 

L _______________ � 

BDEINO 
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PRECISION TOOLS OF DEFENSE-AND DEFENSE PRODUCTION! 

Today, as a decade ago, -hp- instru
ments have a vital role in electronics 
for defense. Among the armed forces 
on land, air and sea, -hp- instru
ments help keep complex equip
ment functioning efficientl y. In 
the laboratory, project or proving 
ground, they help develop new 
sinews of defense. In the manufac
turing plant, they help maintain 

preClslOn standards of production. 
There are over 200 different 

equipments in the -hp- line. They 
are in use wherever men need quick, 
reliable data about electronic, nu
clear or electro-physical phenomena. 
And still more new instru ments, 
new engineering techniques, and 
new electronic developments are 
on the way. 

SPECIAL OFFER TO SCIENTIFIC AMERICAN READERS 
The -bp- JOURNAL will be senr you monthly without charge 
or obligation. Its purpose - to keep men of technical inrerests 
informed about new developmenrs in electronic instrumenration. 
Please request it on your letterhead. 

HEWLETT-PACKARD COMPANY 
2249 PAGE MILL ROAD PALO ALTO, CALIFORNIA, U.S.A. 

FIELD ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES 

Export: frazar & Hansen, ltd., Son Francisco · los Angeles. New York City 

Manufacturers of: Oscillators, Vacuum Tube Voltmeters and Accessories, Audio Signal 
Generators, Pulse Generators, Distortion and Wave Analyzers, Square Wave Generators, VHF, 
UHF, and SHF Signal Generators,Waveguide and Coaxial Microwave Test Equipmenr, Frequency 
Measuring and Monitorirtg Equipment, Power Supplies, Attenuators, W ide Band Amplifiers, 
Nuclear Counrers, Electronic Tachometers. 
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present in a protein of silk. The helix 
of three amino-acid chains may corre
spond to the structure of collagen, the 
principal protein of skin and bone. A 
protein found in feathers could consist 
of double layers of 3.7 helixes sand
wiched between pleated sheets. The 
muscle protein myosin may have differ
ent structures at different times: When 
it is relaxed, it possibly assumes the 
shape of a pleated sheet; when it con
tracts, it may become a double layer of 
3.7 helixes. 

All these proteins are fibrous. The 
fibers constitute one of the two great 
protein families; the proteins of the other 
family are globular. These proteins, sug
gest Pauling and Corey, may also be 
made of the four structures. They report 
evidence that the 3.7 helix is present in 
hemoglobin, the oxygen-bearing protein 
of blood. 

Turmoil Among the Bees 

DDT and the other powerful new in
secticides are not an unmixed bless

ing, as agriculturalists have often pointed 
out. One of their most susceptible vic
tims is the useful bee. Recently German 
biologists made a direct study of the 
effects of such poisons on bees and dis
covered some remarkable facts, not only 
about the devastation caused by the 
poisons but about the bees themselves. 

Beekeepers had noticed that bees 
contaminated by insecticides sometimes 
passed the poison on to other bees. 
Workers at the state agricultural college 
of Bavaria decided to study this further 
by controlled experiments. They marked 
sorne test bees with a white spot for 
identification and exposed them to 
flowers dusted with E-605, an insecticide 
that attacks the nervous system. Then 
they watched developments when the 
poisoned bees returned to their home 
hives. 

It turned out that as these bees spread 
their poison, the other bees soon recog
nized them to be a menace and attacked 
them. They drove the poisoners out of 
the hive and killed them, but during the 
fighting more and more of the defenders 
were poisoned and in turn were attacked. 
The hive disintegrated into disastrous 
civil warfare. The excited bees battled 
in and around the hive, blocked the en
trance to keep those outside from enter
ing and on one occasion even killed the 
queen bee. Eventually the area around 
the hive was covered with dead bees. 
Ten poisoned bees, the experimenters 
found, could poison up to 1,000 others 
in a hive and thus destroy the whole 
colony. 

Reporting the German investigators' 
findings in the journal Agl"icttltllral 
Chemicals, E. E. Leppik of Augustana 
College, South Dakota, remarked that 
this type of insecticide could be useful 
against such pests as wasps and ants, 
on which it has the same effect as on 
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To forward-looking engineers: 

A BETTER JOB 
A BETTER FUTURE 
A BETTER LIFE 

Outdoor 
life prevails 

in California-at beaches and 
mountains, at home, even 

symphonies in Holtywood Bowl 

You live better 
when you join Lockheed-

at home, at work, now and in the future. 

Conferences 
iron out problelns, 
help make work at 

Lockheed more pleasant 

On the job, you work with top men in 
engineering. Personal initiative is encouraged. 
Frequent conferences iron out engineering 
problems, help make work at Lockheed more 
pleasant. You are part of a team known 
for leadership in aviation. Pay and working 
conditions are splendid. 

Living conditions are e'"en better. You and your 
family live in a climate beyond 'compare, in an 
area where recreational opportunities are unrivaled. 
Beaches, mountains are an hour away. Outdoor living 
can be yours the year around. 

Lockheed's record of leadership shows why a 
better future awaits you here. Lockheed built the 
first all-metal transport; Lockheed's Hudson 
bomber was the first American plane to fight in 
World War II; Lockheed has built more jets 
than any other aircraft manufacturer. 

The 
Super 

Constellation-one reason why 
ther!?'s a/better future faT you 

In the commercial field, Lockheed's famed 
Constellation is known as the queen of the skies. 
It flies on 16 of the leading airlines throughout 
the world. And today, the backlog of orders 
is greater than ever before. 

at Lockheed 

To Engineers with families: 

These are only a few of the reasons why more than 
5,000 Lockheed men and women wear 10-year pins. 

Housing conditions are excellent in beautiful San Fernando Valley - the home of 

Lockheed. Huge tracts are under construction now. Thousands and thousands of h.omes 

have been built since the last war. Lockheed counselors help you to get settled. 

Educational facilities also are excellent. The school system offers your children as fine an 

education as can be obtained anywhere. Elementary and high schools are conveniently 

located. Junior colleges and major universities abound-21 are in the Los Angeles area. 

Social organizations at Lockheed enable you to make new friends quickly and easily. 

Engineering Openings: 

Aerodynamicists 

Aerodynamics Engineers 

Aircraft Design Engineers 

Aircraft Electrical and Radio 
Designers 

Airplane Specifications 
Engineers 

Design Engineers 
Lockheed will train you to 
be an aircraft engineer. Full 
pay while training. 

Drawing Checkers 

Electronics Engineers 

Engineering Technical Writers 

Flight Manuals Engineers 

Machine and Equipment 
Design Engineers 

Manufacturing Engineers 

Manufacturing Research 
Engineers 

Production Design 
Engineers 

Senior Electronics Systems 
Engineers. M.S. or Ph.D. in 
Electrical Engineering 
or Physics 

Stress Engineers and Analysts 

Tool Standards Engineers 

Weight Engineers 

Also ... 

Technical Editor 
to write and review 
technical reports 

Sales Engineer 
with airline experience 

S e nd t o d a y for free illu strat e d  
brochure describing life and work 
at look heed in Southern California. 
Use handy coupon below: 

Lockheed also offers you: 
�----------------------------

Generous Travel allowances'· Outstanding 

Retirement Plan · Vacations with pay · Low 

cost group life, health, accident Insurance • Sick Leave with pay • Credit Union, 

for savings and low-cost financing • Employees' Recreation Clubs • Regular 

perfonnance reviews, to give you every 

opportunity for promotion • On-the-job 

training or special courses of 

instruction when needed. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Me. M. V. Mattson, Employment Manager, Dept. lOG 

LOCKHEED Aircraft Corporation 
Burbank, California 

Please send me your brochure describing life and work at Lockheed. 

My Name 

My Street Address 

My City and State 
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ARMED FORCES SPECIFICATIONS 
There are 15 major mechanical func

tions of felt, and almost all are reflected 

in Armed Forces specifications. If you 

have Defense Order contracts or sub

contracts get ,in touch with American. 

This is especially important at this 

time, since in recent years certain type 

numbers for felt have been changed. 

Your order may show an old number. 

American knows which is which and 

will gladly make sure that you are 

supplied with the felts that will meet 

your specifications exactly. 

• 

marion 

methods 
MEASURE HAIRSPRING 

'l'OBQUB 

WITH SOUND WAVES 

American Felt 

���y 
GENERAL OFFICES: 58 Glenville Road, 
Glenville, Conn. ENGINEERING AND RE· 
SEARCH LABORATORIES: Glenville, Conn. 
-P LANTS: G l e n ville, C o n n.; Franklin, 
Mass.; Newburgh, N. Y.; Detroit, Mich.; 
We.terly, R. I.-SALES OFFICES: New 
York, Boston, Chicago, Detroit, Cleveland, 

Rochester, Philadelphia, St. louis, Atlanta, 
Dallas, San Francisco, Los Angeles, Port
land, Seattle, Montreal. 

Marion's hairspring inspection method per
mit. 1000/0 in.pection and conlrol af hairspring ��i1i- marion melhods charocterislics at high production rates. 

The h,larion h1ethod of hai�spriI?-g inspe�tion takes advantage of the relationship 
bet\�een. the tOTqU� of the haIrspring �nd Its natural resonant/requency. Initial cali- __ 
brat� on l� made wIth a standard �orsI�meter and frequency is adjusted to resonate . 
a haIrsprln� of known torque. Ha.Irsprmgs ?f cOl;-rect torque specifications resonate 
when held lfl tweezers placed agamst the vIbratIng surface. Amplitude adjustment 
permit.� HGo-No-Go" Inspection �o ±1 % of specified torque. With this method� 
lnSpectlOn rate� of 500 to 600 sprIngs per �0':1r may be achieved. This technique 
affords productIOn .torque c�:mtrol to close lImIts on a 100% basis, rather than the 
normal spot checktng provlded by standard torsiometers. 
NOT FOR �ALE - Ma�ion's Method of inspecting hairsprings by vibrating .. __ -_H 
t.hem. at audI.ble frequencIes may be a�aptable to your own inspection problems. 
The IllustratIOns sho'Y ho",-,: such a deVIce may be made. The one pictured uses a 
Hewlett-Packard audIO oscllIator coupled to a transducer which may be a modified 
P.�:L speaker assembly. 
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OTHER MARION METHODS - Current demands on indus
try by the mobilization program accentuate the importance of 
production met�lOds. Hairspring torque measurement by means 
of sound waves IS only one of a number of methods which Marion 
proposes to present in the hope that some of them can help you 
as much as they have helped us. Marion Electrical Instrument 
Co., 416 Canal Street, Manchester, N. H., U. S. A. 

.ANU'A(tUIUS . O' MAllON IUGGIDltlD 'ANn INnlUMINtS 

marion meters 

bees. But he warned that care must be 
taken not to use the insecticides where 
they will poison bees and other valuable 
plant pollinators. "The improper mass 
use of such toxicants, " he said, "can lead 
to unpredictable losses to agriculture 
and horticulture." 

The Taste of Mosquitoes 

"WHILE ... some individuals are 
more attractive to mosquitoes than 

others, little attempt has b'een made to 
... see whether any particular age group 
is more attractive than others," writes 
R. C. Muirhead-Thomson in the British 
Medical Journal. This thought stimu
lated Muirhead-Thomson to make such 
an investigation in Jamaica, where ma
laria is borne by the mosquito species 
Anopheles albimanus. 

He began by counting the mosquito 
attacks on the members of a Negro 
family named Bailey, consisting of 
father, mother and six children of vari
ous ages. The family members were 
watched for half-hour periods as they 
sat together outdoors at sundown. 
Whenever a mosquito settled on one of 
the Baileys and attempted to bite, it was 
picked off by a sucking tu be, U1�,

d . th� 
attempt was recorded as a bIte. 
Muirhead-Thomson found that during 
the period of observation the father was 
"bitten " 302 times and the mother 74 
times. The children were bitten much 
less often than the father and most of 
them less often than the mother. But 
the most remarkable finding was that the 
youngest child, a year-old baby, was 
bitten only twice during the entire 
period of observation. 

The investigator noted that the baby 
was extremely sensitive even to mosqui
toes settling on her skin. The insects, 
on the other hand, were also sensitive 
about attempting to bite the .baby; they 
would spend a long time probing around 
before they ventured to try to feed, 
whereas when they settled on the father 
or one of the older children they bit 
immediately. 

Muirhead-Thomson repeated this oh·· 
servation on two other .families in Jamaica 
and four in Trinidad. In each family the 
adults were bitten most, the babies almost 
never. Muirhead-Thomson's tentative 
conclusion is that very young children 
probably are much better protected 
against malarial infection than older 
people. The Bailey baby and two other 
young children in the family, aged 2)� 
and 5Jf, showed no sign of malarial 
parasites in their blood during the eight
months' period of study. The investiga
tor suggests that the study should be 
extended to the biting habits of other 
species of mosquitoes in other parts of 
the world. From what he has observed, 
he concludes that the "commonly 
accepted idea that young children form 
the main reservoir of malarial infecticn 
may need considerable revision." 
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For Engineers ... 
Yot/R eA,ee;e OPPORWHIlY 

utA t.lretlAfE. .. al RCA-HOWl 
IF YOU ARE FACING a big 

question: "What is the best move I 
can make to further my career?"

we believe you will find the answer 

on this page. 

Today, as never before, RCA is 

engaged in far-reaching electronic 

developments that have created a 

need for career men of talent. This 

means you have the chance of a 

lifetime to make a permanent con

nection with RCA in a position 

offering you the opportunity of a 

successful career in the field of your 

choice. Here is what RCA offers. 

Wide Choice of Projects 
Unusual opportunities await quali
fied ELECTRONIC, ELECTRICAL and 

MECHANICAL ENGINEERS ... PHYSI

CISTS ... METALLURGISTS ... CHEMICAL 

and CERAMIC ENGINEERS - in re

search, development, design and 

application, also in technical sales. 

Positions open provide qualified 

engineers the opportunity to choose 

the area of activity they like best. 

POSITIONS OPEN 
IN THE FOLLOWING FIELDS: 

TELEVISION DEVELOPMENT
Receivers, Tr a n s m i t t e r s  and Studio 
Equipment 

ELECTRON TUBE DEVELOPMENT
Receiving, Transmitting, Cathode-Ray, 
Phototubes and Magnetrons 

TRANSFORMER and COIL DESIGN 

COMMUNICATIONS-
Micro.wave, Mobile, Aviation, Special ... 
ized Military Systems 

RADAR-
Circuitry, Antenna Design, Computer, 
Servo - Systems, Information Display 
Systems 

INDUSTRIAL ELECTRONICS-
Precision Instruments, Digital Circuitry, 
Magnetic Recording, Industrial Televi
sion, Color Measurements 

NAVIGATIONAL AIDS 

TECHNICAL SALES 

ELECTRONIC EQUIPMENT FIELD 
SERVICE 

If you qualify for any of the positions listed above, write us 
for a personal interview-include a complete resume 

of your education and experience. Write to: 

Mr. Robert E. McQuiston, Specialized Employment Division, 
Dept. 1'.158, Radio Corporation of America, 

30 Rockefeller Plaza, New York 20, N. Y. 

Good Living Conditions. You have a choice of 
residential locations offering suburban-con
venience or quiet, countryside living. Good 
shopping faci1ities, schools, churches, medical 
services and modern hospitals are close by. 
Excellent opportunities tor graduate study. 

Position Security. These are not temporary posi
tions. Activities are focused not only on the 
long-range national defense program, but also 
on a diversified line of products for commer
cial use. You and your family are protected by 
Company-paid hospital, surgical, accident, 
sickness, and 1ife insurance. A modern retire-
ment program helps provide for your future. 

ProfelJional StatuI. RCA engineers enjoy the 
highest professional recognition among their 
colleagues. You work in close collaboration 
with scientists and engineers who are distin
guished in the industry. You receive recogni
tion for your accomplishments. 

Laboratory Facilities. At RCA, unexcelled labo
ratory resources and advanced technical ap
paratus are available. You have unlimited 
opportunities for the complete expression of 
your talents in the fields of electronics. 

Rapid Advancement. Opportunities at RCA are 
exceptional, for you to move ahead in the 
career of your choice. You ean advance to 
high-level and supervisory positions which 
are filled from RCA's engineering staff. Sala· 
ries, determined on the experience and ability 
of individual applicants, are reviewed at reg
ular intervals for increases on a merit basis. 

(e RADIO CORPORATION 0' AMERICA 
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SINCLAIR RESEARCH LABORATORIES-nine buildings containing the 
most modern testing equipment known-have contributed many of 
today's most important developments in petroleum products, pro-

duction and refining. Under the Sinclair Pian, the available capacity 
of these great laboratories is being turned over to work on the 
promising ideas of independent inventors everywhere. 

An . Offer of Research Facilities 
to Inventive Americans Who Need Them 

The Sinclair Plan is opening up the Company's great laboratories 

to every American who has an idea for a better petroleum product 

INVENTIVE Americans are often at a loss 
today. Not because of any lack of ideas, 

but because of a need for expensive facilities 
to find out if and how their ideas work. 

This was no obstacle in our earlier days. 
The Wright Brothers designed their first air
plane with the help of a foot-square home
made "wind box"-and the plane flew. 

In contrast, the man with a new idea in 
airplane design today often needs a super
sonic wind tunnel costing millions. 

J n short, science and invention have be
come so complex that a man with an idea 
for a better product often needs the assistance 
of an army of specialists and millions worth 
of equipment to prove his idea has value. 

Within the petroleum field, the Sinclair 
Plan now offers to provide that assistance. 

Under this Plan, Sinclair is opening up 
its great research laboratories at Harvey, 
Illinois, to independent inventors who have 

sufficiently good ideas for better petroleum 
products or for new applications of petro
leum products. 

If you have an idea of this kind, you are 
invited to submit it to the Sinclair Research 
Laboratories, with the provision that each 
idea must first be protected, in your own 
interest, by a patent application, or a patent. 

The inventor's idea remains his own property 

If the directors of the laboratories select your 
idea for development, they will make, in 
most cases, a very simple arrangement with 
you: In return for the laboratories' invest
ment of time, facilities, money and personnel, 
Sinclair will receive the privilege of using the 
idea for its own companies, free from royal
ties. This in no way hinders the inventor 
[rom selling his idea to any of the hundreds 
of other oil companies for whatever he can 
get. Under the Plan, Sinclair has no control 

over the inventor's sale of his idea to others, 
and has no participation in any of the 
inventor's profits through such dealings. 
Moreover, it is a competitive characteristic 
of the oil business that the new products 
adopted by one company are almost invar
iably adopted by the whole industry. This 
means that the very fact of his agreement 
with Sinclair should open up to the inventor 
commercial opportunities which might 
otherwise be hard to find. 

How to proceed: Instructions on how 
to submit ideas under the Sinclair Plan are 
contained in an Inventor's Booklet available 
on request. Write to: W. M. Flowers, Execu
tive Vice-President, Sinclair Research Labo
ratories, Inc., 630 Fifth Avenue, New York 
20, N. Y. for your copy. 

IMPORTANT: Please do not send in any ideas 
until YOIl have sent {or and received the 
instructions. 

SINCLAIR - A Great 'Name in Oil 
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BRID CORN 
Vigorous new- crosses of the ancient cultivated plant 

have revolutionized the agriculture of the Corn Belt. 

An account of their development and its consequence$ 

H
YBRID CORN, a man-made prod
uct developed during the past 25 
years, may prove to be the most 

far-reaching contribution in applied 
biology of this century. With its accom
panying improvements in farming meth
ods, it has revolutionized the agriculture 
of the American Corn Belt. Because of 
it U. S. farmers are growing more corn 
on fewer acres than ever before in this 
country's history. The new abundance of 
food brought by hybrid corn played 
a significant role in World War II and 
in the rehabilitation of Europe after the 
war. Now this product, spreading to 
Italy, to Mexico and to other countries 
where corn is an important crop, prom
ises to become a factor of considerable 
consequence in solving the world food 
problem. 

What is hybrid corn and how has it 
made possible these substantial contribu
tions to the world's food resources? 

In a broad sense all corn is hybrid, 
for this plant is a cross-pollinated species 
in which hybridization between indi
vidual plants, between varieties and be
tween races occurs constantly. Such 
natural, more or less accidental hybridi
zation has played a major role in corn's 
evolution under domestication. But the 
hybrid corn with which we shall deal 
here is a planned exploitation of this 
natural tendency on a scale far beyond 
that possible in nature. 

The biological basis of hybrid corn is 
a genetic phenomenon known as "hybrid 
vigor." It means simply that crossed 
animals or plants have greater vigor or 
capacity for growth than those produced 
by inbreeding. This fact has been known 
since Biblical times. The ancient Near 
Eastern peoples who mated the horse 
and the ass to p!oduce a sterile hybrid, 
the mule, were creating and utilizing 
hybrid vigor. The mule is an excellent 
example of the practical advantages that 
often follow crossing. This animal, said 
to be "without pride of ancestry or hope 
of posterity," has greater endurance 
than either of its parents; it is usually 
longer-lived than the horse, less subject 
to diseases and injury and more efficient 

by Paul C. Mangelsdorf 

in the use of food. Hybrid corn resembles 
the mule (indeed, it used to be called 
"mule corn") in being more useful to 
man than either of its parents. 

Early Experiments 

The idea of crossing varieties of corn 
is as old as some of the early American 
Indian tribes, who regularly planted dif
ferent kinds of corn close together to pro
mote hybridization and increase yields. 
Cotton Mather, of witch-hunting fame, 
published in 1716 observations on the 
natural crossing of corn varieties, and 
J ames Logan, onetime Governor of 
Pennsylvania, in 1735 conducted experi
ments which demonstrated natural cross
ing between corn plants. 

But it was Charles Darwin who made 
the important studies of hybrid vigor in 
plants which open the story of modern 
hybrid corn. He investigated the effects 
of self-pollination and cross-pollination in 
plants, including corn as one of his sub
jects. His were the first controlled ex
periments in which crossed and self-bred 
individuals were compared under iden
tical environmental conditions. He was 
the first to see that it was the crossing 
between unrelated varieties of a plant, 
not the mere act of crossing itself, that 
produced hybrid vigor, for he found that 
when separate flowers on the same plant 
or different plants of the same strain 
were crossed, their progeny did not pos
sess such vigor. He concluded, quite cor
rectly, that the phenomeno.n occurred 
only when diverse heredities were 
united. These researches, together with 
his theory of evolution, inspired the 
studies on heredity which eventually led 
to the discovery of the principles under
lying the production of hybrid corn. 

Darwin's experiments were known, 
even before their publication, to the 
American botanist Asa Gray, with whom 
Darwin was in more or less constant 
communication. One of Gray's students, 
William Beal, became, like Gray, an ad
mirer and follower of Darwin. At Michi
gan State College Beal undertook the 
first controlled experiments aimed at the 

improvement of corn through the utili
zation of hybrid vigor. He selected some 
of the varieties of flint and dent corn 
then commonly grown and planted them 
together in a field isolated from other 
corn. He removed the tassels-the pollen
bearing male flower. clusters-from one 
variety before the pollen was shed. The 
female flowers of these emasculated 
plants then had to receive their pollen 
from the tassels of another variety. The 
seed borne on the detasseled plants, be
ing a crossed breed, produced only 
hybrid plants when planted the follow
ing season. 

The technique Beal invented for 
crossing corn-planting two kinds in the 
same field and removing the tassels of 
one-proved highly successful and is still 
essentially the method employed today 
in producing hybrid seed corn. But as 
a device for increasing corn yield his 
operation of crossing two un selected 
varieties, each of mixed inheritance, was 
ineffective: the gain in yield was seldom 
large enough to justify the time and care 
spent in crossing the plants. The missing 
requirement-the basic principle that 
made hybrid corn practicable-was dis
covered by 'George H. Shull of the 
Carnegie Institution. . 

His discovery was an unexpected by
product of theoretical studies on inheri
tance which he had begun in 1905. 
Shull's contribution grew from certain 
earlier studies made by two great scien
tists: Darwin's cousin Francis Galton 
and the Danish botanist Wilhelm Lud
wig Johannsen. Galton had recognized 
that the result of the combination of 
parental heredity could take two forms: 
an "alternative" inheritance, such as the 
coat color of basset hounds, which came 
from one parent or the other but was 
not a mixture of both, and a "blended" 
inheritance, such as in human stature. 
He observed that children of very tall 
parents are shorter than their parents, 
on the average, while children of very 
short parents tend to be taller. These 
observations led Galton to the formula
tion of his "law of regression," which 
holds that the progeny of parents above 
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FIRST YEAR 

DETASSElED DETASSELED 

INBRED PLANT INBRED PLANT INBRED PLANT INBRED PLANT 

A B 

DETASSELED 

SECOND YEAR 

C D 

POLLEN 

(B X A) X (C X 0) 
SEED 

FOR COMMERCIAL PLANTING 

SINGLE·CROSS PLANT (B X A) SINGLE·CROSS PLANT (C X 0) 

DOUBLE CROSS made the experimental hybridization of corn a pl·ac· 
tical reality. First two pairs of inbred corn plants are crossed (top); 
then the process is repeated with their hybrid descendants (bottom). The 
second cross greatly multiplies the number of seeds produced by the first. 
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or below the average in any given char
acteristic tend to regress toward the 
average. 

This regression is seldom complete, 
however, and Johannsen saw in that 
circumstance an opportunity for con
trolling heredity through the selection in 
successive genE'rations of extreme varia
tions. He tested the possibility by trying 
to breed unusually large and unusually 
small beans by selection. He found that, 
although selection apparently was effec
tive in the first generation, it had no 
measurable effect whatever in later gen
erations. Johannsen concluded that in 
self-fertili�ed plants such as the bean the 
progeny of a single plant represent a 

"pure line" in which all individuals are 
genetically identical and in which any 
residual variation is environmental in 
origin. He postulated that an unselected 
race such as the ordinary garden bean 
with which he started his experiments 
was a mixture of pure lines differing 
among themselves in many characteris
tics but each one genetically uniform. 
Johannsen's pure-line theory has been 
widely applied to the improvement of 
cereals and other self-fertilized plants. 
Many of the varieties of wheat, oats, 
barley, rice, s0rghum and flax grown 
today are the result of sorting out the 
pure lines in mixed agricultural races 
and identifying and multiplying the 
superior ones. 

Inbreeding 

Shull's contribution was to apply the 
pure-line theory to corn, with spectacu
lar, though unpremeditated, results. He 
started with the objective of analyzing 
the inheritance of quantitative or "blend
ing" characteristics, and he chose the 
number of rows of kernels in an ear of 
corn as an inherited quantitative char
acteristic suitable for study. Through 
self-pollination he developed a number 
of inbred lines of corn with various 
numbers of rows of kernels. These lines, 
as a consequence of inbreeding, declined 
in vigor and productiveness and at the 
same time each became quite uniform. 
Shull concluded correctly that he had 
isolated pure lines of corn similar to 
those in beans described by Johannsen. 
Then, as the first step in studying 
the inheritance of kernel-row number, 
he crossed these pure lines. The results 
were surprising and highly significant. 
The hybrids between two pure lines 
were quite uniform, like their inbred 
parents, but unlike their parents they 
were vigorous and productive. Some 
were definitely superior to the original 
open-pollinated variety from which they 
had been derived. Inbreeding had iso
lated, from a single heterogeneous spe
cies, the diverse germinal entities whose 
union Darwin had earlier postulated as 
the cause of hybrid vigor. 

Shull recognized at once that inbreed-
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EARS of corn illustrate the effects of the double cross. 
At the left are the ears borne by the plants of four 
inbred strains. If the strains are divided into pairs, 
and one plant in each pair is allowed to pollinate the 

other, the latter bears ears like those shown in center. 
If a plant grown from a seed in one of the two center 
groups pollinates a plant grown from a seed in the 
other, the latter bears ears such as those on the right. 

ing followed by crossing offered an en
tirely new method of improving the yield 
of corn. In two papers published in 1908 
and 1909 he reported his results and out
lined a method of corn breeding based 
upon his discoveries. He proposed the 
isolation of inbred strains as a first step 
and the crossing of two such inbred 
strains as a second. Only the first
generation cross was to be used for seed 
for crop production, because hybrid 
vigor is always at its maximum in the 
first generation. Shull's idea of growing 
otherwise useless inbred strains of corn 
solely for later crossing was revolution
ary as a method of corn breeding, but 
it eventually won acceptance and is now 
the basis that underlies almost the en
tire hybrid seed-corn enterprise. 

However, Shull's suggestion for the 
second step-the crossing of two weak 
inbred strains, known as a single cross
proved impractical as a method of seed 
production. Because the inbred strains 
are relatively unproductive, hybrid seed 
obtained in this way is too expensive 
except for certain special purposes. 

The Double Cross 

One further major development was 
needed to make hybrid corn practicable 
and the great boon to agriculture that 
it has become. This contribution came 
from the Connecticut Agricultural Ex
periment Station by the end of the sec
ond decade of this century. The story 

begins in 1906, when Edward M. East 
arrived there from the University of 
Illinois, where he had participated in 
corn-breeding experiments with some of 
Bears former students. At the Connecti
cut Station, East began a series of studies 
of the effects of corn inbreeding and 
crossbreeding which were to continue to 
this day and yield a great deal of in
formation about corn, including the 
effects of selection on its chemistry. It 
was East who called attention to the 
need for developing a more practical 
method for producing hybrid seed. It 
remained for Donald Jones, one of East's 
students, who assumed charge of the 
Connecticut experiments in 1915, to in
vent a method which solved the problem. 

Jones' solution was simply to use seed 
from a double cross instead of a single 
cross. The double cross, which com
bines four inbred strains, is a hybrid of 
two single crosses. For example, two 
inbred strains, A and B, are combined 
to produce the single cross A X B. Two 
additional inbred strains, C and D, are 
com bined to produce a second single 
cross CXD, All four strains are now 
brought together in the double cross 
(AXB) X (CXD). At first glance it 
may seem paradoxical to solve the prob
lem of hybrid seed production by mak
ing three crosses instead of one. But the 
double cross is actually an ingenious 
device for making a small amount of 
scarce single-crossed seed go a long way. 
Whereas single-crossed seed is pro-

duced from undersized ears borne on 
stunted inbred plants, double-crossed 
seed is produced on normal-sized ears 
borne on vigorous single-cross plants. 
A few bushels of single-crossed seed can 
be converted in one generation to sev
eral thousand bushels of double-crossed 
seed. The difference in cost of the two 
kinds of seed is reflected in the units in 
which they are sold: double-crossed 
seed is priced by the bushel, single
crossed seed by the thousand seeds. 
Double-cross hybrids are never as uni
form as single crosses, but they may be 
just as productive or more so. 

Jones made a second important con
tribution to the development of hybrid 
corn by presenting a genetic interpreta
tion of hybrid vigor. Shull and East had 
suggested that hybrid vigor was due to 
some physiological stimulation resulting 
from hybridity itself. Shull was quite 
certain that something more than gene 
action was involved. He thought that 
part of the stimulation might be derived 
from the interaction between the male 
nucleus and the egg cytoplasm. Jones 
proposed the theory that hybrid vigor 
is the product of bringing together in 
the hybrid the favorable genes of both 
parents. These are usually partly domi
nant. Thus if one inbred strain has the 
genes AA BB· cc dd (to use a greatly 
oversimplified example), and the other 
has the genes aa bb CC DD, the first
generation hybrid has the genetic con
stitution, Aa Bb Cc Dd. Since the genes 
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MANY STRAINS OF CORN are tested for their value 
in hyhridizatiou. This photograph shows a field of the 

De Kalh Agricultural Associatiou of De Kalil, Ill. On it 
are a numher of strains illustrating th e  evolution of corn. 

A, B, C and D are assumed not only to 
have favorable effects but to be partially 
dominant in their action, the hybrid 
contains the best genes of both parents 
and is correspondingly better than either 
parent. J ones' theory differs from a similar 
earlier theory in assuming that the genes 
involved are so numerous that several 
are borne on the same chromosome and 
thus tend to be inherited in groups. 
This explains why vigor is at its maxi
mum in the first generation after cross
ing, and why it is impossible through 
selection in later generations to incor
pOl·ate all of the favorable genes into a 
new variety as good or better than the 
first-generation hybrid. The ideal combi
nation AA DD CC EE, which combines 
all of the favorable genes, is impossible 
to attain because of chromosomal link
age. For example, the genes Band c 

may be borne at adjacent loci on the 
same chromosome and thus be in
separably joined in their inheritance. 
Although Jones' theory is not universally 
accepted, and it now seems probable 
that hybrid vigor involves still other 
genetic mechanisms, it nevertheless 
gave great stimulus to practical hybrid 
corn breeding. 

How It Is Produced 

Historically, then, hybrid corn was 
transformed from Shull's magnificent de
sign to the practical reality it now is 
when Jones' method of seed production 
made it feasible and his theory of hybrid 
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vigor made it plausible. This combina
tion proved irresistible to even the most 
conservative agronomists. Soon after 
1917 hybrid. corn-breeding programs 
were initiated in many states. By 1933 
hybrid corn was in commercial produc
tion on a substantial scale, and the U. S. 
Department of Agriculture had begun 
to gather statistics on it. By 1950 more 
than three fourths of the total corn 
acreage of the U. S., some 65 million 
acres, was in hybrid corn. 

This immense achievement stems from 
the work of many corn breeders, vari
ously associated with the U. S. Depart
ment of Agriculture, state experiment 
stations and private industry. Among the 
pioneers in the breeding of corn were 
Henry A. Wallace, Herbert K. Hayes 
and Frederick D. Richey. 

Hybrid corn is usually produced now 
by a process that involves three principal 
steps. To understand them we must con
sider briefly how corn produces progeny. 
The corn plant is unique among the 
major cereals in bearing its male and 
female flower clusters separately on the 
same plant. One cluster, the ear, bears 
only female flowers-several hundred or 
more enclosed in husks, each with its silk 
to receive the male pollen. The other, 
the tassel, bears only male flowers, usu
ally more than a thousand in number. 
Each male flower contains three anthers, 
or pollen sacs, and each anther contains 
about 2,500 pollen grains. A single corn 
plant sheds several million pollen grains 
during its flowering period. These are 

so small and light and so easily carried 
by the wind that they seldom fall upon 
the silks of the same plant. As a conse
quence, under natural conditions cross
pollination is the rule. In experimental 
or seed-production plots special arrange
ments are made to control pollination. 
Experimental pollinations are usually 
made under bags. The young ears bear
ing the female flowers are covered with 
glassine or parchment bags before the 
silks have appeared. At the same time or 
a few days later the tassels also are 
bagged, for the collection of pollen. A 
single pollination produces an ear bear
ing several hundred seeds. A single 
bagged tassel produces enough pollen 
to pollinate several hundred ears. 

The first step in the production of 
hybrid corn is the isolation of inbred 
strains. This is still accomplished, as 
in Shull's and East's experiments, by 
self-pollination. Hundreds of thousands 
of self-pollinations in corn are made each 
year, and tons of paper bags are con
sumed in the process. The manufacture 
of special corn-pollinating bags has be
come a recognized minor industry. 

Self-pollination is a form of inbreed
ing approximately three times as in
tensive in its effects as matings between 
brothers and sisters in animals. The 
same plant is literally both the father 
and the mother of the offspring. Some 
plants-wheat, rice, barley and oats, for 
example-are naturally self-pollinated 
and suffer no deleterious effects from the 
process. But corn, a naturally cross-
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LONG ROWS OF TASSELS stretch across a single
cross field of the Pioneer Hi-Bred Corn Company of Des 

Moines, Iowa. The tassels have heen removed frol11 two 
out of three rows; douhle-cross tassels are farther a part. 

pollinated plant, responds to inbreeding 
with conspicuous effects. First, in the 
early generations many inherited abnor
malities appear-defective seeds, dwarfs, 
albinos, stripes and a host of other 
chlorophyll deficiencies. These abnor
malities were once supposesd to be the 
degenerative products of the "unnatu
ral" process of inbreeding, but it is now 
known that inbreeding merely brings 
to light deleterious characters already 
present, which have previously remained 
hidden because they are recessive traits. 
Inbreeding actually helps the corn 
breeder, for it reveals hidden defects 
and allows the breeder to remove them 
permanently from his stocks. 

After five or six generations of in
breeding the inbred strains have become 
remarkably unifonn, much more uni
form than any variety of corn occurring 
naturally. All the plants of a single strain 
are genetically identical, or almost so; 
and their genetic uniformity is reflected 
in a remarkable uniformity in all per
ceptible characteristics, physical and 
physiological. But even the best of these 
uniform strains yield no more than half 
as much as the open-pollinated varieties 
from which they were derived, and 
many yield much less. Their only value 
is as potential parents of productive 
hybrids. 

Built-In Characteristics 

Inbreeding accompanied by selection 
has given the corn breeder a remarkable 

degree of control over corn's heredity. 
Much of the breeding work today is 
aimed not only at greater yields but also 
at improvements in other characteris
tics. Almost all the corn now grown in 
the Corn Belt has been bred to pos
sess stiff stalks that remain upright far 
into the fall-an important quality for 
mechanical harvesting. Some breeders, 
shaping the corn to the machines, are 
developing hybrids bearing two or 
three small ears instead of a single large 
one. Resistance to drought was recog
nized as an important characteristic 
during the hot dry summers of the 1930s 
and has been incorporated into many 
hybrids. Hybrid corn has also been 
bred for resistance to various diseases. 
Through selection corn varieties can 
even be developed to withstand the 
depredations of insects. Some inbred 
strains of corn are quite resistant to 
chinch-bug injury. Others are either un
attractive to root worms or survive their 
assaults. The Southern corn breeder uses 
corn with long tight husks, which pro
tect the ears against the inroads of ear 
worms and weevils. Corn breeders in 
Argentina claim to have isolated lines 
that contain a bitter substance render
ing the foliage unattractive to grass
hoppers. This same corn has been used 
in the U. S. in an attempt to develop 
new strains possibly resistant to the 
European corn borer. Strains resistant 
to corn-borer damage are frequently-also 
unpalatable to aphids. . 

After inbreeding, the second step in 

the production of hybrid corn is the 
testing of the inbred lines in various 
crossing combinations to determine their 
hybrid performance. Usually the lines 
are first screened by crossing all to a 
common parent-an open-pollinated va
riety. This comparison allows the corn 
breeder to eliminate many of the poorer 
strains. The more promising ones are 
then tested further in single or double 
crosses. Of each hundred lines isolated, 
usually not more than one or two prove 
satisfactory for use in hybrids. 

The final step in producing hybrid 
seed is to combine the selected strains 
into commercial hybrids. In sweet corn, 
especially for canning, where uniformity 
in the size and shape of the ears is a 
more important consideration than the 
cost of the seed, the product is usually 
a single cross. In field corn the cost of 
the seed is paramount, so all the seed 
produced for use is double-crossed. A 
given amount of land and labor will 
yield two to three times as much double
crossed seed as single-crossed. 

Because the second-generation prog
eny of a hybrid decline markedly in 
yield and uniformity disappears, only 
one crop of corn is grown from the 
crossed seed. Hence the farmer must 
buy new hybrid seed each season. The 
production of hybrid seed corn has be
come a huge and highly specialized 
enterprise comparable to the pharma
ceutical industry. Hundreds of different 
hybrids, adapted to a wide variety of 
soils and climates, are produced. Like 
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TASSELS ARE PULLED by mechanized lund labor 
near Vincennes, Ind. Here there are two rows of tassel 

plants and four rows of plants from which the tassels are 
removed by workers on a platform moved by tractor. 

vaccines and serums, thev cannot be 
identified by their appearari.ce. It is their 
inherent genetic qualities that distin
guish hybrids from 0ne another, and 
farmers have learned to buy hybrid seed 
on the basis of these qualities. 

The almost universal use of hybrid 
corn in the U. S., and the prospective 
wide adoption of it in other parts of the 
world, is not without its dangers. Chief 
among these is that farmers as a rule are 
no longer growing the open-pollinated 
varieties. These varieties, from which all 
inbred strains are ultimately derived, 
may therefore become extinct. Already 
more than 99 per cent of the corn acre
age in several of the Corn Belt states is 
in hybrid corn; in Iowa it is 100 per cent 
hybrid. The loss of the original source 
of breeding material would mean not 
only that improvement of the present 
strains would be restricted but that new 
types of hybrid corn could not be de
veloped to cope with new diseases or 
insect pests suddenly become rampant. 
Our corn would also lose the ability to 
adapt to climatic changes. Open-polli
nated varieties of corn, in which cross
pollination is the rule, are admirably 
contrived for maintaining genetic plas
ticity and would be capable of surviving 
rather drastic changes in the environ
ment. Hybrid corn, a small, highly 
selected sample of the original genetic 
diversity, has lost this capability. 

The U. S. Department of Agriculture, 
recognizing the danger, has taken steps 
to maintain thc open-pollinated varieties 
of the Corn Belt. It is also important, 
however, to preserve the indigenous 
corn varieties of other parts of the U. S. 
and of the countries of Latin America. 
Many of the U. S. varieties had their 
origin in Mexico, and Mexican corn in 
turn has ancient affinities with the corn 
of Central and South America. The in-
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digenous varieties of the countries to our 
south may one day become of critical 
importance as sources of new genes to 
improve, or perhaps even to save, the 
corn of the U. S. The National Research 
Council is therefore planning, in co
operation with the Department of Agri
culture, the State Department and other 
agencies, to collect and preserve the 
native corn varieties in the principal 
corn-growing countries of this hemi
sphere. 

Future Development 

What does the future hold for hybrid 
corn? To a large extent this will hinge 
on basic research in corn genetics. Un
fortunately new discoveries have not 
kept pace with practical utilization. Corn 
breeders, like applied scientists in other 
fields, have been spending the accu
mulated capital of theoretical research 
of the past without taking adequate 
steps to create new capital. Still un
solved, for example, is the problem of 
the genetic basis of hybrid vigor, which 
is clearly of mcre than academic interest 
to the practical corn breeder. 

Some advances can still be made by 
the application of present knowledge. 
Already a trend has begun toward de
veloping highly specialized types of corn 
for particular purposes. There are special 
white corn varieties (lacking the pig
ment carotene) which are used for the 
manufacture of hominy; a "waxy" corn 
containing large amounts of the carbo
hydrate amylopectin has been developed 
for industrial purposes, including the 
making of tapioca; for feeding meat
animals breeders have produced a corn 
with a high protein content. It is pos
sible that corn may be bred with a higher 
content of the pellagra-preventing vita
mins of the B complex, especially niacin, 

in which corn is now notoriously de
ficient. 

The methods of production no doubt 
also will be improved. Two techniques 
for creating uniform strains without 
prolonged inbreeding are under trial. 
One is now being tested by Sherret 
Chase at Iowa �tate College. This meth
od involves the use of "haploid" plants, 
which contain only half of the normal 
number of chromosomes. Such plants 
occur spontaneously. Haploid plants are 
weak, often sterile and of no value in 
themselves. But their chromosomes can 
be doubled by treatment with the alka
loid colchicine, or they may double 
spontaneously. When this happens, they 
produce offspring containing the normal 
number of chromosomes. Since all the 
chromosomes come from a single original 
parental germ cell, plants derived in this 
way are completely pure for all of their 
genes and are even more uniform than 
strains resulting from inbreeding. 

A second short-cut method for obtain
ing uniform strains has been suggested 
by Charles R. Burnham of the Univer
sity of Minnesota. By treating seed with 
X-rays Burnham is attempting to pro
duce an artificial stock of corn in which 
the chromosomes are broken and so 
"scrambled" that they will no longer 
form normal pairs with the chromo
somes in normal plants when hybridized 
with them. Such hybrids, when self
pollinated, should produce three kinds 
of plants, of which one should have 
only normal chromosomes and be pure 
for all of its genes. Plants of the latter 
kind would be the equivalent of inbred 
strains. 

The operation of detasseling as a 
prelude to crossing is also destined to be 
simplified. Detasseling has been called 
the "peskiest and most expensive" part 
of producing hybrid seed corn. Each 
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summer the seed industry must find and 
train thousands of temporary workers, 
many of them high-school students, to 
perform this essential task. One firm 
alone employs more than 20,000 laborers 
during the detasseling season, and it has 
been estimated that on the peak day of 
the season some 125,000 persons in the 
U. S. are engaged in removing tassels 
from corn plants. Many attempts have 
been made to simplify this operation or 
eliminate it entirely, but until recently 
none was notably successful. Now what 
promises to be a partial solution to the 
problem has been discovered. It involves 
a certain form of sterility in corn which 
prevents the tassels from shedding 
pollen but which is transmitted only 
through the seeds. jVrarcus Rhoades of 
the University of Illinois has shown that 
this kind of sterility is inherited not 
through the chromosomes but through 
the cytoplasm of the germ cells. Jones 
and I have found that it can easily be in
corporated into any inbred strain

' 
of corn 

by crossing, and that it is an excellent 
substitute for de tasseling. A sterile in
bred crossed to a fertile in bred produces 
a sterile single cross. A sterile single 
cross grown in a crossing field requires 
110 detasseling. The resulting double 
cross also is sterile; that is, it produces 
no pollen. But it can be pollinated by 
planting it with a certain proportion of 
a comparable fertile double cross. An
other method of obtaining a crop from 
it is to prevent the double cross from 
being sterile by incorporating in it an 
inbred strain carrying fertility-restoring 
genes. This scheme, which has proved 
completely successful in Jones' experi
mental cultures, is the last word in the 
biological manipulation of the corn 

., plant. It employs hereditary factors in 
the cytoplasm to make corn sterile when 
sterility is a distinct asset, and uses 
hereditary factors on the chromosomes to 
make it fertile when fertility is essential. 
Hybrid seed produced in this way is 
being grown on a commercial scale for 
the first time in 1951. 

Hybrid corn well illustrates the im
portance of the free interplay of theory 
and practice. The practical motive of 
improving corn has played its part, but 
the development of hybrid corn is due in 
even greater measure to fundamental re
search aimed only at increasing theo
retical knowledge in genetics. Progress 
of the kind represented by this develop
ment is most likely to occur in a free 
society where truth is sought for its 
own sake and where there is no undue 
emphasis 011 utilitarian aspects. In the 
case of hybrid corn breeders actually had 
to go back before they went forward: 
the first step, inbreeding, led not to 
immediate improvement but to a drastic 
reduction in yield. To avoid having to 
defend this paradoxical procedure of 
"advancing backwards," corn breeders 
sometimes took the precaution of plant-

, 

TASSEL IS REMOVED from "female" plant. Detasseling is one of the big
gest jobs in growing hybrid seed. One firm employs 20,000 detasselers a season. 

EAR IS BAGGED in an experimental plot. By bagging both the ear and 
the tassel on a sma]] scale, experimenters can completely control pollination. 
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FERTILE TASSEL possesses many 
anthers, the pollen-bearing organs. 

STERILE TASSEL has only aborted 
anthers, therefore sheds no pollen. 
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ing their experimental plcts of stunted 
inbred corn in out-of-the-way places 
where the public was not likely to see 
them. 

Impact on Food Supply 

Hybrid corn's greatest significance lies 
in the contributions which it and similar 
developments in applied genetics can 
make to the world food supply. What 
hybrid corn has already accomplished 
toward this end is illustrated by two 
dramatic examples. During three war 
years, 1942 to 1944, the American farm
er, though aIDicted with an acute labor 
shortage and t:nfavorable weather, pro
duced 90 per cent as much corn as he 
had during the previous four years of 
peace, themselves years of unprece
dented production. In other words, hy
brid corn enabled him to add a 20 per 
cent increase to the previous gains. 
Thanks to hybrid corn, the U. S. suffered 
no real food shortages at home, was able 
to ship vast quantities of food abroad to 
her Allies, and still had enough surplus 
grain to use large quantities in the manu
facture of alcohol, synthetic rubber, ex
plosives and other materials of war. 

At the end of the war the American 
food surplus served a more peaceful 
but no less important purpose. In the 
year ending June 30, 1947, the U. S. 
shipped to hungry and war-torn Europe 
18 million long-tons of food. Very little 
of this was corn, but the food actually 
sent represented, in terms of calories, the 
equivalent of 720 million bushels of corn. 
In the same year, through the use of 
hybrid corn, the corn crop of the U. S. 
had been increased by approximately 
800 million bushels. That is, the U. S. 
gain in this one crop was sufficient to 
meet Europe's food deficit during the 
first postwar years, with food to spare. 

Hybrid corn has proved to be a cata
lyst affecting the entire agricultural 
economy wherever it has touched it. 
Even the most skeptical farmers, once 
they have proved to their own satisfac
tion the superiority of hybrid corn, turn 
to the experiment stations for other in
novations growing out· of agricultural 
research. The higher cost of hybrid seed 
is an inducement to strive for maximum 
yields, and in the U. S. this has led to 
the adoption of improved agricultural 
practices, including the use of fertilizers, 
crop rotations and the growing of soil
improving crops of soybeans and other 
leguminous plants that gather soil-en
riching nitrogen from the atmosphere. 
The result of all thi� is that the increases 
in corn yields obtained by American 
farmers on their own farms have been 
much larger than in experiment stations. 
Whereas hybrid corn grown in controlled 
experiments usually yields about 20 to 30 
per cent more than the original open
pollinated corn from which it derives, the 
average farm yield of corn per acre in 

the U. S. has inc. eased by about 50 per 
cent: from about 22 bushels in the early 
1930s, when hybrid corn first began to 
be used commercially, to approximately 
33 bushels in the late 1940s, when it 
occupied some 75 per cent of the total 
corn acreage. Under favorable condi
tions, yields of 100 bushels per acre for 
hybrid corn are common, and yields 
exceeding 200 bushels are regularly re
ported. This substantial increase can be 
attributed to the use of fertilizers and 
other soil-improvement practices as well 
as hybrid corn. 

The success of hybrid corn in the U. S. 
promises to be repeated in other parts 
of the world where corn is an important 
plant. One of the Rrst countries to bene
fit is Italy, which fortunately has been 
able to use hybrids developed in the 
U. S. Corn hybrids are usually so well 
"tailored" to a particular environment 
that it is seldom possible to move them 
successfully from

· 
one country, or even 

from one region, to another. Italy has 
proved to be an exception to this rule 
and is now importing hybrid seed corn 
from the U. S. on a substantial scale
enough to plant approximately a million 
acres in 1950. 

In the countries of Latin America, in 
many of which corn is a basic food plant, 
new hybrids especially adapted to local 
conditions are being developed. Corn
breeding programs aimed at this ob
jective are in progress in Mexico, Guate
mala, .EI Salvador, Costa Rica, Cuba, 
Colombia, Venezuela, Brazil, Uruguay, 
Argentina, Peru and Chile. The corn
breeding program in Mexico, a coopera
tive project of the Mexican Government 
and the Rockefeller Foundation, has 
been particularly successful. Begun in 
1943, it has already made itself felt in 
the Mexican economy; in 1948, for the 
first time since the Revolution of 1911, 
Mexico produced enough corn to feed 
her own population. 

To Mexico hybrid corn is perhaps even 
more important than to the U. S. In the 
U. S. three fourths of all corn is fed to 
livestock and is transformed into meat, 
milk, eggs and other animal products 
before reaching the ultimate consumer. 
In Mexico cor:! is used directly; it is 
literally the staff of life of millions of 
people-the daily bread, which, eaten 
365 days a year, fuels most of the human 
metabolism. Corn has an almost sacred 
significance to the Mexican farmer, as 
it had to his ancestors for centuries past. 
It turns out, however, that the Mexican 
farmer, for all of his inherent conserva
tism, is, like his American counterpart, 
willing to try new kinds of corn. 

What has been done in corn to utilize 
the phenomenon of hybrid vigor can be 
done in any crop plant that lends itself 
to mass hybridization. Plants of the 
gourd family are especially easy to hy
bridize. Like corn, they bear male and 
female flowers separately on the same 
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plant. They are therefore easily self
pollinated to produce inbred strains and 
readily emasculated to effect crossing. 
Hybrid forms of cucumbers, squashes 
and watermelons are now grown. Like 
hybrid corn, they are characterized by 
vigor, productiveness and uniformity. 

Plants in which both the male and fe
male elements occur in the same flower 
present greater difficulties. In some, like 
the tomato, whose flower parts are rela
tively large and whose fruit contains a 
large number of seeds, hand pollinations 
to produce hybrid seed are feasible. In 
other species, such as onions and sugar 
beets, whose flowers are much too small 
and delicate to permit emasculation on 
a commercial scale, forms of cytoplasmic 
pollen sterility, similar in their effect to 
toot described above for corn, have been 
used for some years. Since onions and 
sugar beets are grown for their vegeta
tive parts, the problem of restoring fer
tility in the final hybrid is not involved. 
Other crop plants in which hybrid vigor 
is either being used or tested are alfalfa, 
barley, rye and sorghum. 

Hybridized Animals 

Work on the development of hybrid 
vigor has also been extended to domes
tic animals. The production of hybrid 
chickens has already become an enter
prise second in importance only to the 
hybrid seed-corn industry. Hybrid pigs 
are coming into common use, and hy
brid sheep and cattle are well along in 
the experimental stage. In farm animals 
the problem of crossing is simple, be
cause the animals are bisexual and can 
reproduce only by cross-fertilization. 
But the problem of producing inbred 
strains is more difficult than in plants. 
Inbreeding by matings between broth
ers and sisters-the most intensive form 
possible in bisexual animals-is only 
one third as effective as self-pollinations 
in plants. Since individual animals are 
more valuable than individual plants, in
breeding on the vast scale on which it 
is practiced in plants is not yet feasible. 
The results 50 far obtained, however, 
have been very promising. Hybrid 
chickens grow faster and lay more eggs. 
Hybrid pigs make more pork with less 
feed. Hybrid cattle produce mOore beef 
in less time. The animal breeder, like 
the corn breeder, has found hybrid 
vigor a powerful force to be harnessed 
in raising the physiological efficiency of 
organisms. 

The time is rapidly approaching when 
the majority of our cultivated plants and 
domestic animals will be hybrid forms. 
Hybrid corn has shown the way. }'lan 
has only begun to exploit the rich "gifts 
of hybridity." 

-

"', Paul C. Mangelsdorf is professor 
of botany at Harvard University. 

FERTILE TASSEL FIELD ih Connecticut has had tassels removed from 
most of its rows. The tasseled rows appear in center and at left and right. 

STERILE TASSEL FIELD in Connecticut has tassels on every row. Plants 
hearing fertile tassels are planted only in the rows where they are needed. 
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HEART FIBRILS of a mouse run from upper right to 
lower left in this micrograph. The fibrils are crossed 

ABDOMINAL MUSCLE of a mouse lacks the profusion 
of sarcosomes found in heart muscle. As in heart mus-
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by bands. The granules among the fibrils are enzyme
bearing sarcosomes. Magnification: 10,000 diameters. 

cle, however, the bands crossing the fihrils appear to 
link them together. Magnification: 10,000 diameters. 
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HEART 

MUSCLE 
Structure underlying 
function is shown by 
electron micrographs 

HO"W does the heart beat without 
tiring? This momentous question 

recently led Bruno Kisch, research asso
ciate in cardiology at New York's Mount 
Sinai Hospital, to make a fundamental 
studv of heart muscle with the electron 
microscope. 

Heart muscle, like other striated mus
cle, is made up of slender fibers. These 
in turn are composed of tiny fibrils. At 
regular intervals the fibrils are crossed 
by bands. Dr. Kisch's electron micro
graphs of mouse heart muscle, which 
were made in collaboration with Joan 
Bardet of the Interchemical Corp., indi
cate that the bands connect the fibrils 
and bold them in place as they contract 
and relax. 

The micrographs also show that heart 
muscle differs from other muscle in two 
important respects. The first is that the 
capillaries that carry blood to the heart 
muscle actually penetrate the muscle 
fibers; in other muscle the capillaries 
have only been observed on the surface 
of the fibers. The second is that among 
the fibrils of heart muscle are an un
usually large number of small granules 
called sarcosomes, which in other cells 
are known to contain enzymes. Dr. Kisch 
believes that this rich network of capil
laries, together with the number and 
location of the sarcosomes, are the prin
cipal reasons why the heart is able to 
beat a lifetime without resting. 

CAPILLARY with two red cells pene
trates fiher (bottom) . Top: a nucleus. 

RELAXED heart muscle of a mouse, shown in thin section like the other tis
sues on these two pages, has transparent areas along the bands that cross fibrils. 

CONTRACTED heart muscle lacks transparent areas along the bands cross
ing the fibrils. The magnification of both micrographs: 10,000 diameters. 
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Experiments in Perception 
Some remarkable optical illusions show that what we perceive 

does not directly correspond to reality; it is a subtle blend 

of the external world and the many lessons of our experience 

by W. H. Ittelson and F. P. Kilpatrick 

W
HAT is perception? Why do we 
see what we see, feel what we 
feel, hear what we hear? We act 

in terms of what we perceive; our acts 
lead to new perceptions; these lead to 
new acts, and so on in the incredibly 
complex process that constitutes life. 
Clearly, then, an understanding of the 
process by which man becomes aware of 
himself and his world is basic.to any ade
quate understanding of human behavior. 
But the problem of explaining how and 
why we perceive in the way we do is one 

. of the most controversial fields in psy
chology. We shall describe here some 
recent experimental work which sheds 
new light on the problem and points the 
way to a new theory of perception. 

The fact that we see a chair and are 
then able to go to the place at which we 
localize it and rest our bodies on a sub
stantial object does not seem particu
larly amazing or difficult to explain
until we try to explain it. If we accept 
the prevailing current view that we can 
never be aware of the world as such, 
but only of the nervous impulses aris
ing from the impingement of physical 
forces on sensory receptors, we immedi
ately face the necessity of explaining the 
correspondence between what we per
ceive and whatever it is that is there. 

An extremely log:cal, unbeatable-and 
scientifically useless-answer is simply to 
say there is no real world, that every
thing exists in the mind alone. Another 
approach is to postulate the existence 
of an external world, to grant that 
there is some general correspondence 
between that world and what we per
ceive and to seek some understandable 
and useful explanation of why that 
should be. Most of the prominent theo
ries about perception have grown out 
of the latter approach. These theories 
generally agree that even though much 
of the correspondence may be due to 
learning, at some basic level there exists 
an absolute correspondence between 
what is "out there" and what is in the 
"mind." But there is a great deal of dis
agreement concerning the level at which 
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such innately determined correspond
ence occurs. At one extreme are 
theorists who believe that the corre
spondence occurs at the level of simple 
sensations, such as color, brightness, 
weight, hardness, and so on, and that out 
of these sensations are compounded 
more complex awarenesses, such as the 
recognition of a pencil or a book. At the 
other extreme are Gestalt psychologists 
who feel that complex perceptions such 
as the form of an object are the result 
of an inherent relationship between the 
properties of the thing perceived and 
the properties of the brain. All these 
schools seem to agree, however, that 
there is some perceptual level at which 
exists absolute objectivity; that is, a one
to-one correspondence between experi
ence and reality. 

This belief is basic to current thinking 
in many fields. It underlies most theoriz
ing concerning the nature of science, 
including Percy W. Bridgman's attempt 
to reach final scientific objectivity in 
the "observable operation." In psychol
ogy one is hard put to f.nd an approach 
to human behavior which departs from 
this basic premise. But it leads to 
dichotomies such as organism v. en
vironment, subjective v. objective. Stim
uli or stimulus patterns are treated 
as though they exist apart from the per
ceiving organism. Psychologists seek to 
find mechanical relationships or inter
actions between the organism and an 
"objectively defined" environment. They 
often rule out purposes and values as 
not belonging in a strictly scientific 
psychology. 

T
HE experiments to be described here 
arose from a widespread and grow

ing feeling that such dichotomies are 
false, and that in practice it is impossible 
to leave values and purposes out of con
sideration in scientific observation. The 
experiments were designed to re-examine 
some of the basic ideas from which these 
problems stem. 

During the past few years Adelbert 
Ames, J r., of the Institute for Associated 

Research in Hanover, N. H., has de
signed some new ways of studying visual 
perception. They have resulted in a new 
conception of the nature of knowing and 
of observation. This theory neither 
denies the existence of objects nor pro
poses that they exist in a given form 
independently, that is, apart from the 
perceiving organism. Instead, it suggests 
that the world each of us knows is a 
world created in large measure from our 
experience in dealing with the environ
ment. 

Let us illustrate this in specific terms 
through some of the demonstrations. In 
one of them the subject sits in a dark 
room in which he can see only two star 
points of light. Both are equidistant from 
the observer, but one is brighter than the 
other. If the observer closes one eye 
and keeps his head still, the brighter 
point of light looks nearer than the dim
mer one. Such apparent differences are 
related not only to brightness but also 
to direction from the observer. If two 
points of light of equal brightness are 
situated near the floor, one about a foot 
above the other, the upper one will gen
erally be perceived as farther away than 
the lower one; if they are near th

'
e ceil

ing, the lower one will appear farther 
away. 

A somewhat more complex experi
ment uses two partly inflated balloons 
illuminated from a concealed source, 
The balloons are in fixed positions about 
one foot apart. Their relative sizes can 
be varied by means of a lever control 
connected to a bellows, and another 
lever controls their relative brightness. 
When the size and brightness of both 
balloons are the same, an observer look
ing at them with one eye from 10 feet or 
more sees them as two glowing spheres 
at equal distances from him. If the 
brightnesses are left the same and the 
relative sizes are changed, the larger 
balloon appears to nearly all observers 
somewhat nearer. If the size lever is 
moved continuously, causing continuous 
variation in the relative size of the bal
loons, they appear to move dramatically 

© 1951 SCIENTIFIC AMERICAN, INC



FIGURES ARE DISTORTED when they are placed in 
a specially constructed room. The woman at left appears 

HEADS ARE DISTORTED by the same process. The 
head of the man at the left appears to he much smaller 

much smaller than the one at right hecause the mind 
"bets" that the opposite surfaces of the room are parallel. 

than the head of the man at the right because the mind 
assumes that all the windows are the same height. 
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LEFT BALLOON APPEARS CLOSER because it is larger and brighter 
than the balloon at the right. Both balloons, however, are at same distance. 

BALLOONS APPEAR EQUIDISTANT when they are the same size and 
brightness. The qualities are manipulated with levers in the demonstration. 

RIGHT BALLOON APPEARS CLOSER when it is larger and brighter. 
The demonstration shows that size and brightness are cues for distance. 
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back and forth through space, even when 
the observer watches with both eyes 
open. The result is similar when the sizes 
are kept equal and the relative bright
ness is varied. 

With the same apparatus the effects 
of size and brightness may be combined 
so that they supplement or conflict with 
each other. When they supplement each 
other, the variation in apparent distancs' 
is much greater than when either size 
or brightness alone is varied. When COII
flict is introduced by varying size and 
brightness in opposition to each other, 
the relative changc in distance is con
siderably less than when they act in 
combination or alone. Most people, how
ever, give more weight to relative size 
than they give to brightness in judging 
distance. 

T
HESE phenomena cannot be ex
plained by referring to "reality," 

because "reality" and perception do not 
correspond. They cannot be explained 
by reference to the pattern in the retina 
of the eye, because for any given retinal 
pattern there are an infinite number of 
brigh tness-size-distance combinations to 
which that pattern might be related. 
When faced with such a situation, in 
which an unlimited number of pass> 
bilities can be related to a given retin:ll 
pattern, the organism apparently calls 
upon its previous experiences and as
sumes that what has been most probable 
in the past is most probable in the im
mediate occasion. When presented with 
two star-points of different brightness, a 

person unconsciously "bets" or "assumes" 
that the h\1O points, being similar, are 
probably identical (i. e., of equal bright
ness), and therefore tha t the one which 
seems brighter must be nearer. Similarly 
the observed facts in the case of two 
star-points placed vertically one above 
the other suggest that when we look 
down \ye assume, on the basis of past 
experience, that objects in the lower part 
of the visual field are nearer than ob
jects in the upper part; when we look 
up, we assume the opposite to be true. 
An analogous explanation can be made 
of the role of relative size as an indica
tion of relative distance. 

Why do the differences in distance 
seem so much greater when the relative 
size of two objects is varied continuously 
than when the size difference is fixed? 
This phenomenon, too, apparently is 
based on experience. It is a fairly com
mon experience, though not usual, to find 
that two similar objects of different sizes 
are actually the same distance away from 
us. But it is rare indeed to see two sta
tionary objects at the same distance, one 
growing larger and the other smaller; 
almost always in everyday life when we 
see two identical or nearly identical ob
jects change relative size they are in 
motion in relation to each other. Hence 
under the experimental conditions we 
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are much more likely to assume distance 
differences in the objects of changing 
size than in those of fixed size. In other 
words, apparently we make use of a 

weighted average of our past experience 
in interpreting what we see. It seems 
that the subject relates to the stimulus 
pattern a complex, probability-like inte
gration of his past experience with 
such patterns. Were it not for such 
integrations, which have been labeled 
assumptions, the particular perceptual 
phenomenon would not occur. It follows 
from this that the resulting perceptions 
are not absolute revelations of "what is 
out there" but are in the nature of proba
bilities or predictions based on past ex
perience. These predictions are not 
always reliable, as the demonstrations 
make clear. 

V
ISUAL perception involves an im
pression not only of where an object 

is but of what it is. From the demonstra
tions already described we may guess 
that there is a very strong relationship 
between localization in space ("there
ness") and the assignment of objective 
properties ("thatness"). This relation
ship can be demonstrated by a cube 
experiment. 

Two solid white cubes are suspended 
on wires that are painted black so as to 
be invisible against a black background. 
One cube is about 3 feet from the ob
server and the other about 12 feet. The 
observer's head is in a headrest so posi
tioned that the cubes are almost in line 
with each other but he can see both, the 
nearer cube being slightly to the right. 
A tiny metal shield is then placed a few 
inches in front of the left eye. It is just 
big enough to cut off' the view of the 
far cube from the left eye. The result 
is that the near cube is seen with both 
eyes and the far cube with just the right 
eye. Under these conditions the ob
server can fix the position of the near 
cube very well, because he has available 
all the cues that come from the use of 
the two eyes. But in the case of the far 
cube seen with only one eye, localiza
tion is much more difficult and uncertain. 

Now since the two cubes are almost 
in line visually, a slight movement of the 
head to the right will cause the inside 
vertical edges of the cubes to coincide. 
Such coincidence of edge is strongly re
lated to an assumption of "together
ness." Hence when the subject moves his 
head in this way, the uncertainly located 
distant cube appears to have moved for
ward to a position even with the nearer 
cube. Under these conditions not only 
does the mislocated cube appear smaller, 
but it appears different in shape, that is, 
no longer cubical, even though the pat
tern cast by the cube on the retina of 
the eye has not changed at all. 

The same point can be illustrated 
most dramatically by experiments in 
which the subject wears a pair of glasses 

LEFT CARDS APPEAR CLOSER than those at the center and right 
in each of the three rows in this picture. The illusion is revealed helow. 

RIGHT CARDS ARE CLOSER in the rows at the center and right. 
Here the cues are size and the fact that the cards appear to overlap. 
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PERCEPTION OF MOVING OBJECTS was investi
gated with a rotating window. At the right in each of the 

eight pictures on these two pages is a rectangular win
dow; at the left in each picture is a trapezoid painted to 

fitted with so-called aniseikonic lenses, 
which are ground in such a way that 
they give images of different size and 
shape to the two retinas. This produces 
very marked distortions of any objects 
which the subject visualizes mainly 
through the use of two-eyed stereoscopic 
vision. In an ordinary environment there 
are generally enough one-eye cues, such 
as shadow, overlay, familiar objects of 
known size, and so on, to suppress the 
binocular cues and hold the visual world 
"in shape." But in an environment poor 
in one-eye cues the observer is forced 
to rely on binocular cues, and under 
these circumstances the distortion is en
hanced for anY0!1e wearing such glasses. 
It has been found that if an ordinary 
square room is lined with tree leaves, 
which reduce monocular cues to a 
minimum by covering the Hat wall 
spaces, most observers looking through 
aniseikonic lenses perceive a great deal 
of distortion of the room and the leaves. 
To an observer loobng at the room as 
a whole through certain glasses of this 
type the walls appear to slant inward 
from floor to ceiling, the ceiling seems 
much lower than it is and its leaves look 
very small. The floor, which is the object 
of interest in this particular analysis, 
appears to be much farther away than 
its true position, and the leaves cover
ing it look huge. Now, if the observer 
wearing the same glasses looks at just 
the floor instead of the room in general, 
the floor changes markedly in appear
ance. It appears to be much nearer than 
before, and instead of being level it 
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seems to rise from front to back at a 
pitch of about 45 degrees. The leaves, 
however, now look more nearly normal 
in size. 

T
HESE perceptions can be explained 
in terms of the geometry of stereo

scopic vision. The stimulus patterns on 
the retinas of the eyes are the geometric 
projections of an external surface. But 
identical projections may be produced by 
surfaces of different kinds. In this case 
a distant surface that is nearly horizontal, 
a closer surface that is slightly tipped 
and a very near surface that is sharply 
tipped all produce the same steroscopic 
stimulus patterns. When the observer 
looks at the whole room, he "chooses" the 
nearly horizontal faraway floor surface as 
the focus of perception, probably be
cause he cannot make a room out of the 
pattern if the floor is sharply tipped up. 
When he limits his gaze to the floor, he 
no longer needs to make a: room of what 
he is looking at, and he sees the floor 
sharply tipped, perhaps because the 
leaves now appear more nearly the size 
he assumes them to be. 

In the everyday environment outside 
the laboratory the wearing of these 
glasses produces similarly interesting 
illusions. For example, a large body of 
water such as a lake appears horizontal 
and farther away than its real position, 
but a large expanse of level lawn looks 
tipped and nearer than its real position. 
Presumably this happens because the 
observer brings to these occasions the 
assumptions, based on past experience, 

that the probability of a lake surface be
ing other than horizontal is almost zero, 
while the probability of a grass surface 
being a slope is fairly high. 

The most reasonable explanation of 
these visual phenomena seems to be that 
an observer unconsciously r�lates to the 
stimulus pattern some sort of weighted 
average of the past consequences of act
ing with respect to that pattern. The 
particular perception "chosen" is the one 
that has the best predictive valu"), on the 
basis of previous· experience, for action 
in carrying out the purposes of the 
organism. From this one may make two 
rather crucial deductions: 1) an un
familiar external configuration which 
yields the same retinal· pattern as one the 
observer is accustomed to deal with will 
be perceived as the familiar configura
tion; 2) when the observer acts on his 
interpretation of the unfamiliar con
figuration and finds that he is wrong, 
his perception will change even though 
the retinal pattern is unchanged. 

Let us illustrate with some actual 
demonstrations. If an observer in a dark 
room looks with one eye at two lines of 
light which are at the same distance and 
elevation but of different lengths, the 
longer line will look nearer than the 
shorter one. Apparently he assumes that 
the lines are identical and translates the 
difference in length into a difference in 
position. If the observer takes a wand 
with a luminous tip' and tries to touch 
first one line and then the other, he will 
be unable to do so at first. After repeated 
practice, however, he can learn to touch 
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look like a rectangular window seen in perspective. 
\Vhen the trapezoid rotates, the assumption that it is 

rectangular causes a straight tube to do strange things. 
The sequence reads horizontally across the two pages. 

the two lines quickly and accurately. 
At this point he no longer sees the lines 
as at different distances; they now look, 
as they are, the same distance from him. 
He originally assumed that the two lines 
were the same length because that 
seemed the best bet under the circum
stances. After he had tested this assump
tion by purposive action, he shIfted to 
the assumption, less probable in terms 
of past experience but still possible, that 
the lines were at the same distance but 
of different lengths. As his assumption 
changed, perception did also. 

T
HERE is another experiment that 
demonstrates these points even more 

convincingly. It uses a distorted room in 
which the Hoor slopes up to. the right of 
the observer, the rear wall recedes from 
right to left and the windows are of 
different sizes and trapezoidal in shape. 
When an observer looks at this room 
with one eye from a certain point, the 
room appears completely normal, as if 
the Hoor were level, the rear wall at 
right angles to the line of SIght and the 
windows rectangular and of the same 
size. Presumably the observer chooses 
this particular appearance instead of 
some other because of the assumptions 
he brings to the occasion. If he now takes 
a long stick and tries to touch the various 
parts of the room, he will be unsuccess
ful, even though he has gone into the 
situation knowing the true shape of the 
room. With practice, however, he be
comes more and more successful in 
touching what he wants to touch with 

the stick. More important, he sees the 
room more and more in its true shape, 
even though the stimulus pattern on his 
retina has remained unchanged. 

By means of a piece of apparatus 
called the "rotating trapezoidal window" 
it has been possible to extend the investi
gation to complex perceptual situations 
involving movement. This device con
sists of a trapezoidal surface with panes 
cut in it and shadows painted on it to 
give the appearance of a window. It is 
mounted on a rod connected to a motor 
so that it rotates at a slow constant speed 
in an upright position about its own axis. 
When an observer views the rotating 
surface with one eye from about 10 feet 
or more or with both eyes from about 
25 feet or more, he sees not a rotating 
trapezoid but an oscillating rectangle. 
Its speed of movement and its shape ap
pear to vary markedly as it turns. If a 
small cube is attached by a short rod 
to the upper part of the short side of the 
trapezoid, it seems to become detached, 
sail freely around the front of the trape
zoid and attach itself agam as the ap
paratus rotates. 

A LL these experiments, and many more 
.tl. that have been made, suggest 
strongly that perception is never a sure 
thing, never an absolute revelation of 
"what is." Rather, what we see is a pre
diction-our own personal construction 
designed to give us the best possible 
bet for carrying out our purposes in ac
tion. We make these bets on the basis 
of our past experience. When we have 

a great deal of relevant and consistent 
experience to relate to stimulus patterns, 
the probability of success of our pre
diction (perception) as a guide to action 
is extremely high, and we tend to have 
a feeling of surety. When our experience 
is limIted or inconsistent, the reverse 
holds true. According to the new theory 
of perception developed from the dem
onstrations we have described, percep
tion is a functional affair based on action, 
experience and probability, The thing 
perceived is an inseparable part of the 
function of perceiving, which in turn 
includes all aspects of the total process 
of living. This view differs from the old 
rival theories: the thing perceived is 
neither just a figment of the mind nor an 
innately determined absolute revelation 
of a reality postulated to exist apart from 
the perceiving organism. Object and per
cept are part and parcel of the same 
thing. 

This conclusion of course bas far
reachmg implications for many areas of 
study, for some assumption as to what 
perception is must underly any philoso
phy or comprehensive theory of psy
chology, of science or of knowledge in 
general. Although the particular investi
gations involved here are restricted to 
visual perception, this is only a vehicle 
which carries us in·�o a basic inqmry of 
much wider Significance. 

• 

w. H. lttelson alld F. P. Kilpatrick 
are instructors in the department of 
psychology at Princeton University. 
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Sickle-Cell 
• 

eIllla 
A hereditary disease in which some of the red blood 
cells are shaped like crescents instead of disks has 
been traced to a defect in the molecule of hemoglobin 

A 
NUMBER of years ago a West 
Indian Negro youth who was en
rolled in an Illinois professional 

school came to a Chicago hospital com
plaining of fever, a cough, dizziness and 
a headache. He showed the scars of re
cent ulcers on his ankles. The attending 
phy�cian, James B. Herrick, put the 
patient through a comprehensive exami
nation and reviewed his history ex
haustively, but was not able to identify 
the illness. 

He observed a peculiarity in the blood, 
however, and described it as follows: 
"The shape of the red cells was very 
irregular, and what especially attracted 
attention was the large number of tbin, 
elongated, sickle-shaped and crescent
shaped forms." 

The odd shapes were found repeat
edly in blood taken from the patient. 
Herrick was unable to find such cells in 
other persons whose blood he examined. 
He concluded: "The question of diag
nosis must remain an open one unless 
reports of other similar cases with tbe 
same peculiar blood-picture shall clear 
up this feature." . 

That was in 1910. Herrick recorded 
the strange and striking phenomenon he 
had observed in the Archives of Internal 
Medicine. The following year a Virginia 
physician reported a similar case. And 
four years later a mulatto woman came 
to the Washington University Hospital 
in St. Louis for treatment of a leg ulcer, 
and again the blood showed the presence 
of numerous sickle cells. These three 
cases put doctors on the alert to watch 
for the abnormal shapes in blood. It 
soon appeared that the condition was 
hereditary and occurred almost exclu
sively in Negroes. 

Statistical studies now show that some 
eight per cent of the U. S. Negro popula
tion, about one million persons, carry 
Sickle-shaped red cells in their blood. 
Fortunately the great majority of tbe 
one million possess less than one per cent 
of sickle cells, and they suffer no ill 
effects. Apparently the abnormality of 
one cell in a hundred is not sufficient 
to cause noticeable impairment of blood 
function. These persons, in whom the 
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tendency to produce sickle cells is pres
ent but not predominant, are said to 
have "sicklemia." 

But in some carriers of the trait tbe 
proportion of sickle cells is very much 
higher-as much as 30 to 60 per cent of 
all the red cells. These persons become 
definitely ill, for the sickle cells have 
a higher-than-normal tendency to break 
down, which reduces the number of red 
cells in circulation and produces anemia, 
sometimes fatal. About one in 40 of those 
who have the sickle-cell trait (i.e., some 
25,000 persons in the U.S.) possess it 
in the exaggerated degree which leads 
to sickle-cell anemia. Because the trait 
is hereditary, this number may be ex
pected to increase. 

STUDIES of sickle-cell anemia have 
been made at several medical 

schools since the discovery of the disease 
in 1910. The hereditary nature of the 
disease was first pointed out by J. S. 
Huck of the Johns Hopkins University. 
He suggested that the tendency to sickle 
was· inherited by the patient according 
to Mendelian law. It was Victor E. 
Emmel of the University of Illinois 
Medical School who first recognized the 
distinction between the harmless form 
of the sickle-cell trait and sickle-cell 
anemia. He also demonstrated that red 
cells of normal disk shape would assume 
the sickle form under certain conditions. 
This suggested that the behavior was 
a dynamic property of cells. They ap
peared normal when launched into the 
bloodstream, but later took on the 
crescent shape. 

At the Indiana University Medical 
School E. V. Hahn and E. B. Gillespie 
found that the sickling behavior was re
versible, depending on the pressure of 
oxygen and the degree of acidity or 
alkalinity of the blood. It was their idea 
that sickling followed the cell's release 
of its oxygen, and that when it took on 
another cargo of oxygen the cell resumed 
its normal disklike form. This hypothesis 
was given further weight by the discov
ery that even when the venous blood 
of an anemic patient teemed with sickle 
cells, the oxygen-loaded blood in tbe 

arteries rarely contained such cells. But 
no one was able to explain why some 
cells assumed the misshapen form and 
how the absence of oxygen promoted 
this suicidal behavior. 

Everyone knew that the ability of red 
cells to pick up oxygen from the lungs, 
transport it through the arterial circu
lation and release it to the parts that 
need it is made possible by the pres
ence in the cells of a protein compound, 
hemoglobin. Indeed, the red cell is 
essentially a bag full of hemoglobin 
molecules. It is hemoglobin that gives 
blood its color, for some 100 million red 
hemoglobin molecules are pack�d within 
a red cell's enclosing membrane. Each 
hemoglobin molecule can attach to itself 
only one of oxygen. The normal red cell 
has a shape that facilitates oxygen's 
access to the molecules: it is shaped like 
a doughnut with a thin membrane across 
the hole. This is nature's invention to 
ensure a large transport of oxygen. The 
sickling action twists and distends the 
membrane into a shape which impairs 
its efficiency and increases its vulnera
bility to damage. 

The question was, how does it do this? 
To identify the mechanism of sickling 
became the basic problem in under
standing the disease. 

T INUS PAULING, professor of chemis
L try at the California Institute of 
Technology, first heard of sickle-cell 
anemia in 1945. He had been called to 
serve on a national committee appointed 
at the request of President Roosevelt to 
review problems and prospects for the 
advancement of medicine. One of the 
other eight members of the committee 
brought up the subject of sickle-cell 
anemia and described its symptoms. As 
soon as Pauling heard that the sickle 
cells were found in venous blood but not 
in arterial, it occurred to him that the 
fault might lie with molecules rather 
than with the cell as a whole. The only 
parts of the cell concerned with the 
attachment of oxygen were the hemo
globin molecules, and inasmuch as the 
cells sickled only after being relieved of 
their oxygen, he thought it reasonable 
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to look to these molecules for the secret 
of the abnormality. 

It was perhaps natural that a chemist 
should think of the behavior as chemical 
rather than biological-though at the 
molecular -level one wonders where biol
ogy begins and chemistry leaves off. At 
all events, Pauling resolved to explore 
the subject, and as soon as he got back 
to Pasadena he started an experiment to 
test his hypothesis. 

He enlisted three younger collabora
tors: Harvey A. Itano, Samuel J. Singer 
and Ibert C. Wells. Blood was obtained 
from 15 patients with sickle-cell anemia, 
from eight who carried the sickle-cell 
trait but had no anemia and from seven 
normal adults. The experimenters ex
tracted hemoglobin from the red cells of 
each specimen and began a series of 
physical and chemical tests to see if the 
molecules from the three sources dif
fered in any particular. 

First they tried to find out whether 
the molecules differed in weight. But 
tests in the ultracentrifuge and by dif
fusion in a liquid showed that all three 
types of molecules were of about the 
same weight and size. Next the experi
menters subjected their hemoglobin 
specimens to analysis in an electrophore
sis apparatus, which measures the sur
face electrical charges on molecules. 
Tests were made at various degrees of 
acidity and alkalinity, and finally a level 

was reached at which the results were 
rewarding-and exciting. For when a 
curr1mt of electricity was passed through 
the solution at this ionic concentration, 
the normal hemoglobin molecules moved 
toward the positive electrode while the 
molecules taken from the sickle cells 
traveled in the opposite direction. This 
difference between the electrical re
sponses of the two was spectacular. "We 
can describe the difference by saying 
that the anemic molecule carries more 
positive charges than the normal, or that 
the normal carries more negative charges 
than the anemic," says Pauling. "At pres
ent we do not know which description 
is the better." 

The number, distribution and nature 
of the electric charges on a molecule 
tell the chemist something about its 
structure and affinitv for other mole
cules. In the case o( the anemic hemo
globin, Pauling knew that a molecule 
charged in the way indicated by the 
experiment would be endowed with high 
chemical affinity, and he was led by 
the evidence to visualize it as a self
complementary structure. "I believe," 
he explains, "that one end of the mole
cule is able to form a bond with the 
opposite end of another hemoglobin 
molecule. Under these circumstances, 
the molecules clamp on to one an
other to undergo a sort of pseudo
crystallization, which then twists the red 

cell out of shape." Pauling suggests that 
sickle-shaped cells are absent from 
arterial blood because the attachment of 
an oxygen molecule to each hemoglobin 
molecule in this phase prevents the 
affinity of hemoglobin for hemoglobin 
from asserting itself. 

INAS�V[UCH as hemoglobin, like all 
. proteins, is made of chains of amino 

acids, a group in Pauling's laboratory 
undertook an analysis to see whether 
there was any difference in the amino 
acids of the two kinds of hemoglobin. 
This work was done by Wells in associa
tion with W. A. Schroeder and Lois M. 
Kay. Seventeen different amino acids are 
built into normal hemoglobin, and they 
found that all 17 were also present in 
sickle-cell hemoglobin. However, there 
are indications that the sickle-cell mole
cule contains slightly less of the amino 
acids leucine and valine and slightly 
more of serine and threonine than the 
normal hemoglobin molecule. It is ad
mitted that these differences in them
selves cannot contribute directly to 
differences in the net electric charge 
on the molecules, but they may affect 
the folding or coiling of the amino-acid 
chains of which the molecules are made 
and in this way either bring charged 
groups into play or remove them from 
action. Such influences could affect the 
electrophoretic behavior of the hemo-

NORMAL AND SICKLED CELLS appeal' in a ph oto
micrograph of the blood of a person suffering from a 

mild form of sickle-cell anemia. The disk-shaped normal 
cells prer]omi nate, hut th e sickle cells appeal' th ronghout. 
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CELLS SICKLED by oxygen lack were photographed by phase microscopy 
in laboratory of John W. Harris at Thorndike Memorial Hospital in Boston. 

LIQUID CRYSTALS FORMED when hemoglobin from sickle cells was al· 
lowed to stand. This suggests that defect of molecules allows them to join. 
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globin and account for the Pauling pic
ture of the molecule. 

Additional evidence which seems to 
support the Pauling picture was turned 
up by John W. Harris in the course of 
studies at the Thorndike Memorial 
Hospital in Boston. Harris took hemo
globin from sickle cells and concentrated 
it in a 10 per cent solution. He found 
that after standing awhile, the mass 
formed liquid crystals. The molecules 
joined together not merely by twos but 
apparently in long chains. These chains 
of hemoglobin molecules assumed a 
rigidity which could easily distort a red 
cell into the sick�e shape. 

The Cal tech researchers found that in 
persons who have only a few sickle cells 
(sicklemia) only half of the hemoglobin 
molecules are defective. It is believed 
that in these cells the normal molecule� 
resist the coupling tendency of the 
abnormal ones; thus fewer of the long 
structures are formed. 

IN 1950 Dr. Itano of the PaulinO' 
group and James V. Neel of the Vne 

versity of Michigan Heredity Clinic 
turned up a third, in-between form of 
the trait in which the victims have milder 
than usual symptoms of sickle-cell 
anemia. These persons carry in their red 
cells not only the abnormal hemoglobin 
that is characteristic of sickle-cell ane
mia but also an entirely new component. 
The new component is red and has the 
chemical characteristics of hemoglobin, 
but when placed in the electrophoretic 
stream it migrates as a more positive ion 
than either normal hemoglobin or sickle
cell hemoglobin. 

Cases of the mild anemia have been 
found in only two families, living in Ann 
Arbor, Mich. When electrophoretic 
studies were made of both parents and 
children, some interesting combinations 
showed up. In Family A, for example, 
the father's blood contained about 65 
per cent normal hemoglobin and about 
35 per cent of the new component, 
which we may call x-hemoglobin. The 
mother's blood contained 661. per cent 
normal and .3312 per cent sickle-cell 
hemoglobin. Their child, who had the 
disease, assayed 13 per cent normal, 39 
per cent sickle-cell and 48 per cent 
x-hemoglobin. 

In Family B the father had about 
70 per cent normal and 30 per cent 
x-hemoglobin; the mother had 69 per 
cent normal and 31 per c;;ent sickle-cell 
hemoglobin; their diseased daughter 
had 47 per cent sickle-cell and 53 per 
cent x-hemoglobin, and their diseased 
son had 50 per cent sickle-cell and 50 
per cent x-hemoglobin. 

It appears that the presence of the 
x-hemoglobin may have a moderating 
effect on sickle-cell hemoglobin, though 
it is not able to neutralize the latter 
molecules to the extent that normal 
molecules do. Hence when the content 
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of the red cells is about evenly di
vided between sickle-cell hemoglobin 
and x-hemoglobin, the resulting condi
tion is a mild form of the disease involv
ing only a moderate amount of sickling. 
When it is evenly divided between 
sickle-cell and normal hemoglobin, the 
effect is the recessive condition known -
as sicklemia. But when the great ma
jority of the molecules are sickle-cell, 
the effect is an out-and-out case of the 
crippling anemia. These inferences are 
only tentative, however; more evidence 
is needed. 

Apparently the anemia victim in
herits the sickle-cell trait from both par
ents. He therefore has two genes which 
call for sickling, and the only hemo
globin he is able to produce is the de
fective kind. In the case of the sicklemia 
individual, the sickling trait is inherited 
from only one parent. The child has one 
gene for normal hemoglobin and one 
for sickle-cell hemoglobin; as a result his 
system produces red cells which are 
packed with about a 50-50 distribution 
of normals and abnormals. In the case of 
victims of the mild form of the anemia, 
it would seem that the patient inherits a 
gene for sickle-cell hemoglobin from one 
parent and a gene for x-hemoglobin 
from the other; his body therefore syn
thesizes both kinds of abnormal hemo
globin and packs them into his red cells. 

The great mass of human beings, hav
ing neither gene defective, naturally 
produce only normal hemoglobin. In
cidentally, the study at Caltech showed 
that the hemoglobins of nOlmal adult 
white and Negro individuals were in
distinguishable. 

THIS tracing of human disease back 
to its source in a diseased molecule 

may carry far-reaching implications for 
medicine-both in sharpening man's 
knowledge of pathological processes and 
in suggesting methods of treatment. It is 
conceivable, for example, that chemists 
may be able to devise a small, innocuous 
molecule which will lock permanently 
on to the defective hemoglobin and pre
vent the abnormal molecule from mis
behaving, without interfering with its 
transport of oxygen. This would involve 
making use of a chemical mechanism 
similar to the antibody reaction. 

An even more important outcome of 
these studies, however, is the remarkably 
clear evidence it has given that life is 
basically an affair of molecules. It is sig
nificant that the detective who tracked 
sickle-cell anemia down to its lair was 
a physical chemist, and the chief in
strument of his research was that versa
tile tool of physical chemistry-the 
electrophoresis apparatus. 

• 

George "V. Gray, a member of the 
staff of the Rockefeller Founda
tion, is a writer who has contrib
uted many articles to this magazine. 
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A Machine That Learns 
Concerning Machina docilis, descendant of Machina 

speculatrix, 

described 

the small imitation of life that was 

Ln the May, 1950, Lssue of this magazLne 

T
HIS ARTICLE is a sequel to one 
published here last year which 
described experiments with a sim

ple little machine designed to mimic 
certain elementary features of animal be
havior ("An Imitation of Life," SCIEN
TIFIC AMERICAN, May, 1950). Consist
ing only of two vacuum tubes, two . motors, a photoelectric cell and a touch 
contact, all enclosed in a tortoise-shaped 
shell, the model wa� a species of artificial 
creature which could explore its sur
roundings and seek out favorable condi
tions. It was named Machina speculatrix. 
Although it possessed just three simple 
characteristics-the properties of being 
attracted to moderate light and repelled 
by bright light or by material obstacles
M. speculatrix displayed complex and 
unpredictable habits of behavior, resem
bling in some ways the random variabili
ty, or "free will," of an animal's responses 
to stimuli. But its responses were in no 
way modified by experience; in other 
words, it lacked the power to learn. 

We have gone on from that early 
model to the design of a more advanced 
mechanical creature which does possess 
the ability to learn. The present report 
will describe this new creature, named 
M. docilis from the Latin word meaning 
teachable. 

The mechanism of learning is of 
course one of the most enthralling and 
baffling mysteries in the field of biology. 
In its simplest experimental form modi
fication of behavior by experience is 
often called "conditioning," a term sug
gested by the Russ:an physiologist I. P. 
Pavlov, whose original experiments on 
"conditioned reflexes" brought the study 
of higher nervous function into the realm 
of brain physiology. The basic event in 
this form of learning is that an unrelated 
stimulus, when repeatedly coupled with 
one that evokes a certain response, comes 
to acquire the meaning of the original 
stimulus. In the classical experiments on 
animals the activity used as the basis for 
conditioning was a simple reflex-the 
flow of saliva when food enters the 
mouth, or the withdrawal of a leg when 
a painful stimulus is given to the foot. 
The food or the pain is called the uncon-
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ditioned, or specific, stimulus. The con
ditioned, or neutral, stimulus to which 
the animal is trained to respond with the 
same behavior can be any event to 
which the animal is sensitive: a light, a 
sound, a touch-anything at all. If, for 
example, a bell is rung on 10 or 20 occa
sions just as food is offered, the flow of 
saliva, which originally occurred only 
at the sight of the food, e'ventually is 
conditioned to begin as soon as the bell 
is rung. After about 20 more repetitions 
the bell alone, without the presence of 
food, evokes almost as copious a flow 
of saliva as does the food itself. One may 
say that the bell comes to "mean" food. 

S
UCH learning is of course perfectly 

familiar in ourselves and is the basis 
of all animal training. Indeed it has been 
argued that all learning is based on con
ditioning, for any bodily function can be 
made the basis of a conditioned reflex, 
and one conditioned reflex can be built 
on another. Even quite unconscious 
changes, such as quickening of the pulse, 
dilation of the pupils, a rise in blood su
gar or a fall in temperature, can be "con
ditioned" to some previously neutral 
stimulus by mere r�petition. In this way 
it is possible to obtain control over func
tions originally quite involuntary. A man 
can "learn" to slow his pulse, flush, go 
pale, secrete sugar in his urine and so 
forth by a process of simple condition
ing. This process may be conscious and 
deliberate, and such training accounts 
for the feats of Yogi fakirs. It may also 
be unconscious and even undesired by 
the subject, sometimes producing "psy
chosomatic" disorders, in which symp
toms of bodily disease are attributable to 
nervous strain or conflict. 

In spite of the vast mass of empirical 
information collected by Pavlov and his 
pupils, we still do not understand the 
process whereby the neutral stimulus ac
quires the meaning of the original one. 
But it is clear that one of the principal 
requirements for this associative learn
ing is a complex mechanism of memory, 
capable not only of storing the traces of 
the two series of cvents but also of pro
viding the information that the coinci-

dence between the two is greater than 
would be expected by chance. The cre
ation of such a memory mechanism was 
the problem to which we addressed our
selves in designing M. docilis. 

Our earlier model, M. speculatrix, had 
a very elementary form of memory. In 
order to get around an obstacle it en
countered, the model had to remember 
it long enough to get well away from the 
hindrance before resuming its journey to 
the attracting light. Even among living 
creatures such a memory is not univer
sal; the absence or brevity of this mem
ory accounts for the tireless and ineffec
tive buzzing of a fly on a windowpane. 
M. speclilatrix's elementary memory 
works as follows: When the model 
touches an obstacle, the contact closes a 
circuit which converts its two-stage am
plifier into an oscillator of the type 
known as a "multivibrator." The oscilla
tions thus generated make the model 
stop, turn, withdraw, and go forward, 
and these maneuvers are repeated until 
the contact is opened by clearance of the 
obstacle. It is a characteristic of this sim
ple circuit that while it is oscillating it 
cannot amplify, so the model is blind to 
the attracting light while circumventing 
a material difficulty. Furthermore, even 
after the touch contact is opened, one 
more oscillatory discharge takes place, 
and this ensures that the model moves 
well away trom the obstacle before re
gaining its vision. The after-discharge in 
the oscillatory circuit is an example of 
the most elementary form of memory 
trace, in which the internal effect of a 

stimulus outlasts its external duration. 
Such an after-discharge is common in the 
reflex activity of the spinal cord of ani
mals, and the more complex the reflex, 
the longer the after-discharge is likely to 
last. When you step on a tack, your leg 
is withdrawn by reflex action, but the 
withdrawal continues after your foot has 
left the tack, so that when you straighten 
your leg again it does not come down on 
the same place. 

O
N first analysis the problem of trans
forming M. speclilatrix into an 

educable species seemed quite simple. 
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Its essentials are illustrated by the upper 
of the two diagrams at the lower left
hand side of the next page_In M. specu
latrix we had a reflex mechanism with 
three elements: a specific stimulus Ss (a 
light or touch), which produced a spe
cific effect Es (the operation of the motor 
relays) by way of a transmission system 
T 1 (the two-stage amplifier). To intro
duce the factor of conditioning, this 
mechanism must be linked with a second 
activated by a neutral stimulus which 
does not initially produce the effect Es. 
The second arrangement would consist 
of the neutral stimulus Sn and a trans
mission system T 2' (It might produce a 
specific effect of its own, Es2, but with 
this we are not at the moment con
cerned.) T 1 must be linked with T 2 in 
such a way that the former comes to re
spond to the neutral stimulus with its 
normal effect Es, as if Sn were in fact Ss. 
This means that there must be a "learn
ing box" of some kind between T 1 and· 
T2• The question is: What are we to put 
into the learning box (L)? 

Obviously it must contain an appara
tus which will receive signals from both 
T 1 and T 2 and combine them in such a 
manner that after Ss and Sn have oc
curred together more often than they 
would by chance, Sn can find its way 
through the learning box and have the 

effect Es. We experimented with some 
simple electronic circuits suggested by 
these requirements, but the first trials 
were disappointing. We soon realized 
that a more detailed analysis of the learn
ing process would be necessary. It was 
clear that the statistical relation between 
Ss and Sn would have to be assessed be
fore we could determine how to establish 
an association between them. That is, 
circuits must be provided to deal with 
any particular Ss and Sn in such a way 
that only a significant degree of coinci
dence between them would be regis
tered. For example, an animal being 
trained to expect food when a bell is rung 
must first decide whether the ringing of 
the bell is really worth noticing. If bells 
are rung and food is offered entirely at 
random, there is no basis for supposing 
the two to be in any way related. 

It took some time to appreciate the 
number and complexity of the operations 
involved in establishing a connection be
tween different stimuli to achieve a con
ditioned response. Eventually it was 
found that no fewer than seven distinct 
operations must be performed. They are: 

1. The beginning of the specific stimu
lus must be sharply differentiated from 
the absence of the stimulus. That is, it is 
the change that is important, e.g., the 
transition from no food to food in the 

case of an animal, rather than the dura
tion of the stimulus. 

2. On the other hand, the impact of 
the neutral stimulus must be extended in 
time. This is because it may occur some 
while before the specific stimulus and 
must therefore be "remembered" long 
enough for its significance to be noticed. 

3. The series of clipped Ss and 
stretched Sn must be mixed in such a 

way that their areas of coincidence are 
appreciated. 

4. The coincident areas must all be 
summated, or integrated, to form a con
solidated stimulus. 

5. When the sum of all the areas of 
coincidence reaches a value greater than 
would ever be obtained by chance, the 
memory process is activated. This activa
tion is in the nature of a trigger process
a single event, analogous to a flash of in
sight into a contingency previously ig
nored. 

6. Once the existence of a significant 
degn:e of coincidence between Ss and Sn 
has been registered, it is preserved in the 
memory for some time and fades away 
gradually. In the M. docilis model the 
memory takes the form of a damped os
cillation, but it could well be any me
chanical, chemical or electrical process 
in which stored energy is slowly released, 
as in the escapement of a watch. It is 

MACHINA SPECULATRIX, photographed by time ex
posnre, is attracted by light in hutch at right. It begins 

at left, encounters obstacle, hacks away, encounters oh
stacle again, hacks away again and enters the hutch. 
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essential only that the energy should be 
in such a form that it can be readily 
available for the final operation. 

7. This final phase is the combination 
of the preserved trace with a fresh Sn 
to give Es as the new conditioned re
sponse. The operation is analogous to 
the testing by experiment of a hypothe
sis, the hypothesis here being the likeli
hood of a correlation between Ss and Sn. 

In terms of conditioned reflexes, the 
acquired response must be reinforced, 
otherwise it will vanish without trace. 
Consequently when the fresh Sn is pre
sented in the seventh operation, it must 
be followed by the confirming Ss. Even
tually, after a number of such events, the 
new response Sn � Es is permanently 
established and requires no further cor
roboration. 

A LL THIS can be represented in a dia
ft gram of a simple nervous system 
(see the lower of the two diagrams at 
the lower left-hand side of this page). 
In this drawing there are two series 
of nerve cells-two reflex arcs-which 
correspond to the transmission systems 
T 1 and T 2' Between the two is a net
work of nerve cells which serve to 
perform the seven operations detailed 
above. Branching off from the first re
flex arc is a synapse ( 1) with the prop
erty of discharging only at the beginning 
of the stimulus; this corresponds to the 
perception of food. In the second reflex 
arc is a synapse (2) with a long after
discharge: the prolongation of the neu
tral stimulus. The signals from the two 
stimuli both reach a neurone at (3), are 
mixed there and added together at (4). 

S5 

Sn 

vVhen the summated inputs reach a cer
tain level, they discharge a trigger neu
rone (5). This introduces a pulse into 
the quiescent closed circuit at (6) which, 
by reason of positive feedback, continues 
to oscillate for a long while. An output 
from this leads to a mixing neurone at 
(7), which is also connected directlv 
with the second reflex arc. This neuron� 
can only discharge when it is activated 
simultaneously by signals from the stor
age circuit at (6) and a signal from the 
second reflex arc. Whim it does receive 
signals from both, its discharge is con
ducted to the output of the first reflex 
and has the specific effect Es. It thus 
acts as a gate to Es-normally shut to Sn 
but opened by the memory that Sn has 
often been followed by Ss. 

Once this scheme had been worked 
out, it became possible to create an elec
tronic circuit to perform the necessary 
operations (see diagram at the lower 
right-hand side of these two pages). 
The details are perhaps of interest only 
to an electrical engineer; the system in
volves a number of electronic tubes cou
pled with capacitors, resistors and so on 
in such a way that the signals are prop
erly amplified, timed and mixed, and the 
resulting pulses are combined to produce 
the desired results. 

In one arrangement of the working 
model of M. docilis the specific stimulus 
is a moderate light and the neutral one 
is the sound of a whistle. The whistle is 
blown just before the light is seen; after 
this has been repeated 10 or 20 times 
the model has "learned" that the sound 
means light and will come to the whistle 
as though it were a light. If it is teased 

LEARNING links two systems. Ss and Sn are specific and neutral stimuli; 
Es and Es2, effects; Tl and T2, transmission systems; L, learning box. 

CONDITIONED REFLEX requires this arrangement of nerve cells. Num
bers correspond to operations described in text and to diagram at right. 
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by withholding of the ligh t, it soon for
gets the lesson and disregards the sound. 
In another arrangement the specific stim
ulus is touch, that is, an encounter with 
an obstacle. In that case the whistle is 
blown just as the model comes into con
tact with the obstacle, so that after a 
while the warning whistle triggers a 
withdrawal and avoidance reaction. This' 
process may of course be accelerated by 
formal education: instead of waiting fo,' 
the creature to hit a natural obstacle the 
experimenter can blow the whistle and 
kick the model. After a dozen kicks the 
model will know that a whistle means 
trouble, and it can thus be guided away 
from danger by its master. This last is an 
example of a negative or defensive con
ditioned reflex; as in an animal, responses 
of this type are more easily established 
and retained than any other. Because tlle 
mechanism sets up very large oscillating 
pulses which keep feeding into the learn
ing circuit, the conditioned reBex, once 
established, lasts a� long as the decay 
time of the memory and requires little or 
no reinforcement. 

S
EVERAL interesting problems arose 
in th.e working out of these experi

ments. For example, the use of sound as 
a conditioned stimulus was convenient, 
but the internal noise of the motors and 
gears was so loud compared with an ex
ternal sound that the' model could not 
"hear" the signal. It was found necessary 
to provide a special amplifier wi th a re
sistance-capacitance feedback circuit 
sharply tuned to the note of a whistle
about 3,000 cycles per second. As an 
alternative \ve tried arranging a muting 

PHOTOTUBE ¢ 
AMPLIFYING TUBE � 
DISCHARGE TUBE $ 
MICROPHONE I)[] 

TOUCH CONTACT �--. 

CONDENSER -III--

RES I S TO R -'I.JINNI/IN'--

INDUCTANCE � 

CIRCUIT for Cora, which stands for 
conditioned reflex analogne, is Ollt-
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mechanism whereby the motors were 
turned off periodically and the micro
phone was simultaneously switched on 
for a moment to pick up any extraneous 
sound. This type of gating mechanism 
emphasizes the importance of the 
stretching operation applied to the sound 
signal, for the information the latter con
veys is used after the brief listening pe
riod, which may occur only once a sec
ond for a tenth of a second. The muting
pulse device was not adopted because it 
seemed more complicated than the 
sharply tuned amplifier, but the former 
may be more akin to the physiological 
mechanisms in living creatures. 

Further complications in M. docilis 
arise when the sound amplifier (neutral 
stimulus) is arranged to produce its own 
specific effect. For example, it can easily 
be arranged to make the sound switch 
off all motors, so that the model "freezes" 
when it hears the whistle. Such a reac
tion is very common in animals; many 
marsupials and rodents "play 'possum" 
when they hear a strange noise. If now 
it is intended to teach the model that 
sound means light, which may mean 
food, the freezing reaction must be in
hibited to permit conditioning of the new 
response. A separate branch must there
fore be taken from the output of the mix
ing tube at (7) to the output of the 
sound amplifier, whereby the "instinc
tive" effect of the latter is suppressed as 
soon as the positive conditioning has 
been established. 

W
E have described so far the simplest 
possible mechanism, consisting only 

of a single learning circuit connected to 

two signal amplifiers. With this arrange
ment the model is reasonably docile. But 
if we introduce a second learning circuit, 
or build in two neutral or specific signals 
instead of one, it becomes only too easy 
to establish an experimental neurosis. 
Thus if the arrangement is such that the 
sound becomes positively associated both 
with the attracting light and with the 
withdrawal from an obstacle, it is pos
sible for both a light and a sound to 
set up a paradoxical withdrawal. The 
"instinctive" attraction to a light is abol
ished and the model can no longer ap
proach its source of nourishment. This 
state seems remarkably similar to the 
neurotic behavior produced in human 
beings by exposure to conflicting influ
ences or inconsistent education. In the 
model such ineffective and even destruc
tive conditions can be terminated by rest, 
bv switching off or by disconnecting one 
of the circuits. These treatments seem 
analogous to the therapeutic devices of 
the psychiatrist-sleep, shock and psy
chosurgery. 

In M. docilis the memory of associa
tion is formed by electric oscillations in a 
feedback circuit. The decay of these os
cillations is analogous to forgetting; their 
evocation, to recall. If several learning 
pathways are introduced, the creature's 
oscillatory memory becomes endowed 
with a very valuable feature: the fre
quency of each oscillation, or memory, is 
its identity tag. A latent memory can be 
detected and identified among others by 
a process of frequency analysis, and a 
complex of memories can be represented 
as a synthesis of oscillations which yields 
a characteristic wave pattern. Further-

l�--------�-�--� 

more a "memory" can be evoked by an 
internal signal at the correct frequency, 
which resonates with the desired oscilla
tion. The implications of these effects are 
of considerable interest to those who 
study the brain, for rhythmic electrical 
oscillation is the prime feature of brain 
activity. We may gain new respect for 
the speculations of the English physi
cian-philosopher David Hartley, who 
200 years ago suggested that ideas were 
represented in the brain as vibrations 
and "vibratiuncles." 

T
HESE models are of course so simple 
that any more detailed comparison 

between them and living creatures would 
be purely conjectural. Experiments with 
larger numbers of circuits are perfectly 
feasible and will certainly be instructive. 
One weakness of more elaborate systems 
can be predicted with confidence: ex
treme plasticity cannot be gained with
out some loss of stability. In the real 
worId an animal must be prepared to 
associate almost any event with almost 
any other; this means that if a nervous 
system contains N specific receptor-ef
fector pathways, it should also include 
something of the order of N:! - N learn
ing circuits. In such a system the chances 
of stability decline rapidly as N in
creases. It is therefore no wonder that 
the incidence of neuropsychiatric com
plaints marches with intellectual attain
ment and social complexity. 

-

W. Grey Walter is director of the phys
iological department at the Burden Neu
rological Institute in Bristol, England. 

ONE CYCLE PER SECOND 

3000 CYCLES PER SECOND 

lined hy simplified diagram. The circuit element laheled 
"3,000 cyc1es per second" is tuned so that Cora responds 

only to sound of that frequency. The element laheled 
"one cyc1e per second" provides machine with memory. 
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What GENERAL ELECTRIC People Are Saying 

C. H. LANG 

Vice President 

GIRDING FOR PEACE: America is 
trying something new and daring 
in this old game of power politics. 
Where the normal historic reaction 
is simply to build a bigger army 
than the potential aggressor, Amer
ica has undertaken a much more 
imaginative task: She will de
liberately grow. 

She will swiftly and systemati
cally increase her entire, basic pro
ductive strength, to the point where 
she can be adequately armed and 
still live as a healthy, prosperous, 
and peaceful nation. 

I must emphasize that this is a new 
approach in international affairs. 
It is not girding up for war; it is 
girding up for peace. As far as I 
know, no nation has ever tried 
it .... 

After all, what is the key to sur
vival? How shall we stand up to 
the armed millions of Communism? 
How shall we bring them to their 
senses? 

We can't outnumber them. We 
can't outslave them. But we can 
outproduce them. 

America, with 6 per cent of the 
world's population, now turns out 
40 per cent of the world's goods. 
This means that Americans are 
roughly ten times as productive as 
other people. 

Russia has been working hard 
on industrialization-but with 25 
per cent more people than America, 
she produces only one-third as 
much. And her new ally, China, is 
much less productive. 

* 
F. M. CLARK 

Hotel Astor 
New York City 
March 4, 1951 

General Engineering Laboratory 

INSULATION: The history of elec
tric power is a story of repeated 
demands for higher and higher blocks 
of power generation and trans
mission. Increasing power loads lead 
to increasing voltages of transmis
sion for technical and economic 
reasons. Insulating air was soon re-
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placed by silk or cotton wire cover
ings, sometimes coated or impreg
nated with varnish or waxes. Later, 
natural rubber jackets were ap
plied. 

Perhaps the first real contribution 
of chemistry to the science of elec
trical insulation was the application 
of vulcanized rubber as insulation 
for the conductor. But with con
tinued demands for the transfer of 
larger and larger blocks of power, 
the inadequacy of available insula
tion soon became apparent. 

To provide the engineer with 
means for adequately meeting the 
growing demands for electric power 
has been the opportunity for chem
istry. It has met this opportunity 
and responsibility with a myriad of 
new products and processes, and with 
the modification and improvement 
of older materials and processes. 

General Electric Review 
February, 1951 

* 

E. J. LAWTON 

Research Laboratory 

CATHODE RAYS: An experimental 
cathode-ray unit is in operation at 
the General Electric Research Labo
ratory that is capable of delivering 
an ionization dose of one million 
equivalent roentgen units in seven 
seconds at a distance of 10 cm from 
the tube window and at 800 kv 
(peak) energy . . . A dose of one 
million roentgen units has been 
found to be lethal to most moulds 
and bacteria . . . Although it is 
possible to sterilize foodstuffs so 
that they can be stored without 
refrigeration, the sterilization dose 
in some cases is sufficient to produce 
undesirable changes in odor, taste, 
and color. 

Enzyme systems, both in the 
natural and isolated states, are 
deactivated by cathode rays. Chemi
cal changes are produced in other 

materials irradiated with cathode 
rays. 

Plants from seeds irradiated with 
electrons produce flowers that show 
color mutations. The maximum 
survival dose was found to vary 
with the different varieties of seeds 
and over a range of approximately 
5000 to 100,000 roentgen. 

National Academy of Sciences 
Schenectady, New York 

October 10, 1950 

* 

C. E. THEALL, JR. 

Electronics Department 

COMPUTERS: The one basic differ
ence between the calculating ma
chine and the man is that the ma
chine has no creative intelligence 
of its own. It cannot stop halfway 
through a problem and suddenly 
discover a new method for solving 
the problem. Nor can it solve any 
problems that the mathematician 
instructing it cannot solve. The 
mathematician must make all the 
decisions and list all the conditions 
before the problem is fed into the 
machine. 

This might raise the question: 
«Why have computers, if we al
ready know how to solve the prob
lems before we start?" The answer 
is that high-speed calculators work 
thousands of times faster than men 
and, through the use of them, the 
abilities of a few skilled mathema· 
ticians are magnified greatly. While 
mathematicians know the methods 
used in computation, some prob
lems are so vast that it would takc 
hundreds of men working for years 
to solve them. The computer, 
programmed by a few experts, can 
save all this manpower and still 
give back the answers in less time. 

Railway Mail Clerks 
Syracuse, New York 

April 18, 1951 

'lfo.u ca;e put � c�e m--= 
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by L. S. Penrose 

HU1>BK FERTILITY: THE �10DERN DI
LE1>lMA, by Robert C. Cook. William 
Sloane Associates ($4.50). 

THE human race presently numbers 
more than 2,500 million people. Its 
rate of increase is believed to be on 

the order of one per cent per year. Al
most everyone agrees that some parts of 
the world are overpopulated. In his book 
Human Fertility: The Modern Dilemma 
Robert C. Cook describes, among other 
things, the effects of limited resources 
and cramped surroundings upon the 
rapidly increasing population of Puerto 
Rico. As an object lesson of what might 
happen very easily in Japan and possibly 
in tlle British Isles, this problem has 
great significance for demographers; Mr. 
Cook is right in bringing it into public 
view. 

There are nonetheless two serious de
fects in his presentation. The first of 
these is that although Mr. Cook touches 
upon changes in population structure 
with respect to age groups and sex, and 
uses a few statistical diagrams for pur
poses of illustration, there is a complete 
absence of data on the detailed effects 
of birth and death rates upon total popu
lation numbers. Mr. Cook is very much 
concerned to emphasize the seriousness 
and the magnitude of world population 
problems; there is no doubt tllat he suc
ceeds in making the reader's flesh creep. 
But the problems he discusses are so 
extremely difficult and complex that it 
is unlikely that they can be solved by 
dramatic and superficial gestures such 
as providing everyone with automobiles 
and the cinema. As in other fields of 
medical and social science, advances to
ward the control of populations at their 
optimum numbers and age structures 
will only be achieved by applying the re
sults of painstaking observations. A 
much fuller understanding of the causes 
of variation in human fertility is re
quired, and Mr. Cook's oratorical ap
proach seems incompatible with the true 
scientific spirit. 

The second point is that Mr. Cook has 
confused the issue by emphasizing the 
eugenic aspect of population problems, 
thereby weakening the strong case which 
can be made out for planned population 
num bers. He believes that "misplaced 
and badly distributed human fertility 

BOOKS 
Human fertility: a big subject 
with some journalistic pitfalls 

is leaching away the inborn qualities of 
tomorrow's children" and that "each suc
ceeding generation will be less well 
equipped Witll the biological foundation 
for those qualities we call good: health 
in mind and body, intelligence and per
sonality." This genic erosion is supposed
ly the inevitable consequence of differ
ential fertility, engendered by conditions 
of civilized life because they encourage 
the multiplication of weaklings. How 
things differ now, since the discoveries 
of Pasteur and Lister, from what they 
were in the days of the Pilgrim Fathers! 
Writes Mr. Cook: "Persecution in Eng
land for two generations had eliminated 
the weak-willed, the faint-hearted and 
weak-minded," and half the immigrants 
died during their first winter. in Mass
achusetts. One might mention that most 
persecutions discriminate against the 
strong-minded, but the point need not 
be pressed. The main question is whether 
genic erosion-the cream of a nation's 
gene pool going down the drain-is a 

reality. 
Little is known about the differential 

fertility of more than a century ago, but 
it may be reasonably assumed that there 
has always been a fertility gradient. with 
respect to intellectual stature. In his sur
vey of genius Francis Calton noted how 
commonly the ablest men left no descen
dants. Evidently the highest category of 
intellect must rely for replenishment 
upon the more fertile groups in lower 
categories. The infertility of imbeciles 
and idiots also escapes Mr. Cook's notice. 
In a natural population, to which the 
human race approximates more closely 
than to a laboratory stock of animals, 
extreme variations at both ends of the 
scale are infertile; this tends to pro
duce equilibrium. It is also possible to 
have a stable genic structure when 
maximal fertility is associated with sub
average intellect. These points are en
tirely neglected. 

A large portion of the book is devoted 
to interestingly written but often irrele
vant extracts from the history of medical 
and biological science. After being told 
that unbalanced and unchecked fertility, 
due to the control of deaths by medical 
techniques, is "ravaging many ·lands like 
a hurricane or a tidal wave," the reader 
is confronted with Pasteur, Lister, Koch 
and Roentgen. The work of these men, 
Mr. Cook feels, may have been a curse 
to mankind rather than a blessing. On 
the other hand, Abbot :\Iendel obtains 
unqualified approbation: his laws, 

"which ought to be understood as widely 
as the multiplication table," should guide 
the eugenist in determining how to breed 
the next generation to the greatest ad
vantage. But the reader can find no hint 
as to how these laws could be applied 
in population control. It is also difficult 
to see the precise significance of the 
space given to the details of the Tennes
see monkey trial and the Lysenko con
troversy. 

Any work that attempts to cover so 
large an. amount of ground is bound to 
contain many mistakes of fact. For ex
ample, Huntington's chorea does not 
account for 5 per cent of the patients in 
U. S. mental hospitals; it accounts for 
only about 1 per cent. Again, the 
metabolic disease phenylketonuria is 
probably commoner in the U. S. than in 
Scandinavia, not rarer; and amaurotic 
babies are not eyeless. 

Mr. Cook's ability to write dramatical
ly and arrestingly is such that had he 
confined himself to his original theme 
of overpopulation the book might have 
been good. As it is, by attempting too 
much and yet actually presenting only 
one side of the case, he has not brought 
the problems he raises any nearer to solu
tion. The result is that at the end the 
reader is horrified, confused and frus
trated instead of encouraged to settle 
down to the kind of scientific evaluation 
of the facts that is necessary if progress 
is to be made. 

• 

L. S. Penrose, an outstanding student 
of human genetiCS, is professor at 
the University of London and author 
of The Biology of Mental Defect. 

GREEK CIVILIZATION AND CHARACTER, 

edited by Arnold J. Toynbee; CHEEK 
HISTOHICAL THOUGHT, edited by Arnold 
J. Toynbee; CREEK RELIGIOUS THOUGHT, 
edited by Francis Macdonald Corn
ford; LATEH CHEEK RELIGIO", edited 
by Edwyn Robert Bevan; CREEK 
ETHICAL THOUGHT, edited by Hilda 
Diana Oakeley. The Beacon Press 
($3.00 each). Each of these small books 
consists of a rather long introduction by 
a noted scholar and selections appro
priate to the title. Together they present 
an extraordinary tapestry of ideas
ideas which in the more than 20 cen
turies since they were first expressed 
have lost none of their grandeur and 
humanity. In this notable array may be 

65 

© 1951 SCIENTIFIC AMERICAN, INC



LET Max Born 
EXPLAIN MODERN 

B PHYSICS TO YOU �. 
r��\I����t!�r�e���n'rg�'I(;-I��n���s o�O���i����t . ) 
entertaining of all 

,
SCience writers). explain 

to you the wOl'kings of electrons and ions, 
cathode rays, invisible I igllt, Bohr's theory 
of spectl'lll lines, wave mechanics. electl'onic 
structUI'c of the at0!11, Pnuli's exclusion principle, magnc
tons, nucJea�' physIcs and many othcl' "mysteries" of 
nlodel'll physIcs that you have always wanted to learn Olore 
about. The new, reviSed and expanded 1951 cdition of 
" THE RESTLESS UNIVEHSE" contains Born's science 
credo p,lus bri,lia.nt study of stellar energy, Heisenberg's 
uncertainty Pl'1I1clpie. anI.! othcl' advanced concepts. 

See Atoms in Action 

120 drawings and 
dia grams, 11 
pages of photo
graphs. 7 "movie" 
sequences. Nearly 

1000 illustrations 
altogether. 325 
pp. 61/8 x 91/4. 

\Vith the book's 7 unique "mo"ie se
quences" you can watch electrons. 
atoms and molecules in action, Flip the 
pages and you'll see hundl'eds of clever
ly integrated drawings reveal gas mole
cules reacting to pressure, motion of 
electron in hydrogen atom. scattering 
of alpha particles. etc. Almost 1000 
illusll·ations. Enclose check or M. O. 
fOI' only $3.95 with name and addl'ess 
(01' clip convenient COUPOIl below) for 
your copy of " THE RESTLESS UNI
VERSE." Return book in 10 days if ;'!OU 
don't ag'I'ce it's clearest, most fas
cinating, best illustrated intl'oduction to 
mOdel'll physics in p!'int. Only 12jO 
copies available so mail TODAY! 

HOW STARS EXPLODE 
New facts and theories on how stars erupt and explode in 
lVla,·t!n .Iohnson's "ASTRONOi\IY OF STELLAR ENEHGY 

histOl'ies of stal·S. their mass and 
luminosit�'. etc. True stOl'Y of worlds 

AND DECAY." Tells how we know life � 
disintegrnting. wl'iHen hy membel' ot .. Royal Astl'ollomical Societ�·, Gh'es / 
Eddington. :Milnc cosmologies. Bulk of 
bOOk 1'01' laymen: special mathematics 
section for experts. 210 pp. 26 ill. 
5:.ljs x 8:]-8. $3.50 

DOVER PUBNS. Dept. 14. 1780 B'way. N. Y. C. 19 
Send postpaid books checked belo\\': 
.... HESTLESS UNIVEHSE ($3.95) 
.... Astronomy of Stellal' EnCI'gy and Decay ($3.50) 
.... FHEE science catalo:,:-
UNCONDITIONAL GUARANTEE: Retul'l1 books in 10 
da�'s fOI' full cash I'efund if unsatisfactOl·Y. 

l\"A)'IE . 

ADDRESS . 

I'm cnclosing S--in full pa�·ment. 

ORIGIN AND 

EVOLUTION OF MAN 

Volume XV in the Cold Spring 
Harbor Symposia series (1950) 

THE most recent discoveries and 
theories about the development of 
man, with analyses of lllany norn1al 
and pathological human traits as 
related to racial and population 
groups. 

P RESENTED in a cooperative sym
POSiU111 of noted geneticists and an
thropologists from United States 
and Europe. Articles by Coon, Dob
zhansky, Dunn, Hooton, Kluckhohn, 
:tI1ayr, Montagu, Sheldon, Simpson, 
and 28 other authorities in these 
fields, with a definitive summing-up 
of each major topic, excerpts from 
open discussions, and bibliographies. 
Illustrated. • 

Amoll{) tile topics discussed: Genetics 
of human populations-primate evo
lution - earliest Homo sapiens
genetic analyses of racial traits
enyironment and culture in relation 
to race-lniman di\'ersity and adapta-
tion. $7.50 

------ Order Coupon ------

bb 

BIOLOGICAL LABORATORY, 
Cold Spring Harbor, N. Y. 

I enclose $... . .. for ........ copy(ies) of the 

ORIGIN AND EVOLUTION OF MAN. 

NAME . 

ADDRESS 

found the reflections of a great people 
on the nature of man, "the place of rea
son and knowledge in the good life," 
the significance of human life, the gods 
and their relation to man, the varieties 
and limits of philosophy, the mainsprings 
of character, the trend of history. "In 
essence," writes Toynbee in the preface 
to the volume on historical thought, "the 
historical experiences which wrung these 
thoughts out of Greek souls are akin to 
the experiences through which we our
selves have been passing. The Greek 
thoughts here reproduced in English are 
reflexions, in human minds, of world 
wars and class wars, cultural encounters 
at close quarters between peoples with 
sharply different social heritages, atroci
ties and acts of heroism, and all the other 
enigmatic patterns, woven in the palti
colored web of Good and Evil, that 
stimulate human minds to wrestle with 
the paradoxes of Human Nature." 

THE HEAVENS ABOVE, by J. B. Sidg
wick. Oxford Universitv Press 

($4.00). A soundly planned, i�telligent 
introduction to astronomy. It begins 
auspiciously by describing the sky in 
terms that can be comprehended by 
those not possessed of the higher faculty 
of detecting animals in the various con
stellations; it explains, with a minimum 
of mathematics, the problem of the real 
motions of the stars and planets; it dis
cusses clearly, with the aid of historical 
sequences, the increase of knowledge 
won by the telescope and spectroscope; 
it outlines the more complex facts and 
theories about the constitution of the 
stars, the nature of the solar system and 
the nebulae, the distances and dimen
sions of the universe, the relation be
tween astronomy and atomic physics. 
This is an uncommonly attractive prirrer, 
equally suited for school use or as a 

supplement to back-yard stargazing. 

GEOGRAPHY IN THE TWENTIETH CEN

TURY, edited by Griffith Taylor. 
Philosophical Library ($8.75). In this 
interesting and unusual volume 20 
American, British and European geog
raphers discuss the salient features
techniques, aims and trends-of modern 
geography; its changes in emphasis dur
ing the last 50 years; the characteristics 
of the French, German and West Slav 
geographic schools; the progress of 
geomorphology; the sociological aspects 
of geography; its relation to aviation, 
racial geography, geopolitics and geo
pacifics; and a considerable number of 
related topics of philosophical or prac
tical scope. Mr. Taylor, head of the De
partment of Geography at Toronto Uni
versity, has himself contributed six chap
ters and a glossary o� geographical terms. 

THE BEGINNINGS OF DIPLOMACY: A 
SOCIOLOGICAL STUDY OF INTERTRI

BAL AND INTERNATIONAL RELATIOKS, by 
Ragnar J. N umelin. Philosophical Li-

brary ($12.00). This detailed and 
thoroughly documented study shows 
that in pre-literate societies many of the 
trappings of modern diplomacy and in
ternational relations were present in 
vestigial form-envoys with special privi
leges, treaties, alliances, declarations of 
war and the like. And among such so
cieties, the author believes, peace was 
more the rule than the exception, sug
gesting that perhaps "savage" diplomacy 
was more effective than that practiced 
by moderns. Although the volume con
tains much interesting material, the awk
ward style and the innumerable foot
notes and references will make it heavy 
going for the nontechnical reader. 

JANE
'
S FIGHTING SHIPS, 1950-1951; 

edited by Raymond V. B. Blackman. 
McGraw-Hill Book Company, Inc. 
($20.00). The 52nd edition of this 
standard work, with a new and more ef
fective layout of the pages, 500 fresh 
illustrations, considerable revision of the 
textual material, and the usual encyclo
pedic, up-to-date and authoritative ar
ray of information on everything from 
giant aircraft carriers and "Hunter
Killer-Destroyers" (U .S.) through Zanzi
bar mine sweepers and Thailand frigates. 
There are 41 pages alone on the Russian 
Navy which, it is "persistently reported," 
is building three new powerful battle
ships (36,000 tons), and is now believed 
to have between 350 and 370 subma
rines, many of the latest type. Soviet 
Navy estimates for the year 1950-51 are 
almost as large as U. S. appropriations 
($3,750,000,000 as against $4,168,000,-
000) , yet despite this and other evidence 
of a tremendous spurt in naval construc
tion, the Russians are not known to have 
any aircraft carriers and even the report 
that three carriers of 25,000 tons are to 
be built is described as "unconfirmed." 

JANE
'
S ALL THE WOl�LD

'
S AIRCRAFT, 

1950-1951; compiled and edited by 
Leonard Bridgman. McGraw-Hill Book 
Company, Inc. ($20.00). For the 41st 
edition of this companion to Jane's 
Fighting Ships, the comprehensive revi
sion has been supplemented by a reset
ting of the entire text, more than 400 
new illustrations and other features. 
Every year the compilation of this metic
ulous record becomes more difficult, not 
only because the tempo of civil and mili
tary aviation activities continues to in
crease, but because security restrictions 
constrict the channels of information as 
to technical advances, production and 
the like. Mr. Bridgman is exceptionally 
conscientious in sifting reliable data 
about Russian aviation from the hodge
podge of propaganda and rumor. 

M EASUREMENT AND PREDICTION: 
VOLUME IV, STUDIES IN SOCIAL 

PSYCHOLOGY IN WORLD WAR II, by 
Samuel A. Stouffer, Louis Guttman, 
Edward A. Suchman, Paul F. Lazars-
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feld, Shirley A. Star and John A. 
Clausen. Princeton University Press 
($10.00). A highly technical account of 
the methods used by the Research 
Branch, Information and Education 
Division, War Department, in attitude 
and prediction studies, the results of 
which were reported in the first three 
volumes of the series. Volume IV is re
quired reading for the social scientist 
who is concerned with the difficult 
problems of attitude measurement. 

MATHEMATICS, QUEEN AND SERVANT 

OF SCIENCE, by Eric Temple Bell. 
McGraw-Hill Book Company ($5.00). 
Two older books have here been con
solidated and considerably amplified: 
The Queen of the Sciences, a little sur
vey written by Dr. Bell in connection 
with Chicago's Century of Progress Ex
position in 1933, and The Handmaiden 
of the Sciences, which appeared in 1937. 
Dr. Bell is most adept as a popularizer. 
His learning is immense; his opinions 
are pleasantly cantankerous and often 
original; he moves through a large field 
with an ease which should comfort the 
reader. 

REALITY AND DREAM: PSYCHOTHERAPY 

OF A PLAINS INDIAN, by George 
Devereux. International Universities 
Press, Inc. ($7.50). The chief contribu
tion of this volume is the presentation 
0f verbatim notes made during 30 coun
seling interviews with an Indian mental 
patient. These notes, together with the 
author's interpretations, provide valu
able insights into the ways in which cul
tural factors affect the growth and de
velopment of personality. 

A NIMAL NUTRITION, by Cyril Tyler 
.tl. ($2.40); VISION AND THE EYE, by 
M. H. Pirenne ($1.92); PROTEINS AND 

LIFE, by M. V. Tracey ($1.60); ATo�nc 
ENERGY, by R. R. Nimmo ($1.44); Cos
MIC RAYS, by L. Janossy ($1.44); The 
Pilot Press Limited, London. The Fron
tiers of Science series, to which these 
volumes belong, occupies a place in the 
range of scientific literature about mid
way between the simplest of popular ex
positions and works designed exclusively 
for specialists. As is to be expected, the 
studies differ in readability and general 
interest. A competent level is nonetheless 
maintained throughout by the experts 
selected for the various topics. The mod
est price at which these volumes are 
offered adds to the usefulness and at
tractiveness of the entire undertaking. 

NATIVE ARTS OF THE PACIFIC NORTH

WEST, by Robert Tyler Davis. Stan
ford University Press ($7.50). The late 
Axel Rasmussen, an Alaskan school 
superintendent, collected the practical 
and ceremonial articles shown in this 
volume. They are presented with an in
troductory text by Mr. Davis. A beauti
ful book. 
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Conducted by Albert G. Ingalls 

P
ROBABLY half of the telescopes 
built by amateurs are of necessity 
made portable because their own

ers lack a suitable place to erect them 
permanently. And of these more than 
half are desigr..ed for limited portability 
within only 100 feet or so of t)1e house. 
The means for moving such instruments 
need not be elaborate; the simpler the 
better. All manner of contrivances have 
been devised for this purpose, and one 
more example is shown in the illustra
tion on the opposite page. The carrier 
and the telescope base and mounting 
were built by C. W. Flohr of Denver, 
Col. The telescope proper, that is, the 
tube and the optics, was built by C. S. 
Walton of Wheatridge, a Denver 
suburb. 

The base of this telescope is a light, 
hollow plywood structure open at the 
bottom. "It seems to squat down solidly 
almost anywhere you put it," Walton 
writes. When the telescope is set up for 
use, the light wheelbarrow on which it 
has been trundled is detached like a 
sulky from a race horse and temporarily 
pushed into a corner. Roger Hayward's 
drawing shows the wheelbarrow and the 
manner in which it is temporarily at
tached fo the telescope, 

"The telescope is restrained from flip
flops by tlle handles and by a hinged 
latch," Walton says, A pushed convey
ance such as a wheelbarrow in which the 
weight hangs from the arms of the 
pusher is inherently under better control 
and less accident-prone than the pulled 
four-wheel truck that is sometimes used, 
the stability of which is wholly depend
ent on the bumpiness of the ground. 

Flohr's telescope is neither rough nor 
uncommonly elegant, but it is a type that 
many could build as, perhaps, their sec
ond instrument. It embodies a few rela
tively inexpensive machining and weld
ing jobs that most amateurs are not 
equipped to perform at home, but there 
is plenty of evidence that in the average 
case the expenditure of about $10 for 
outside work is not a consideration that 
blocks the construction of an instrument. 

The polar axis is a length of two-inch 
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THE JlMATEUR ASTRONOMER 
pipe that has been turned smooth in a 
lathe and rotates on simple bearings of 
wood, an excellent material for bearing
boxes. The declination axis is also a piece 
of two-inch pipe turned smooth. It ro
tates within an open-topped box of bent 
sheet-metal welded at the ends and with
out special bearings. "We didn't think 
such bearings would get hot," Walton 
comments. 

The counterweight is a large, heavy, . 
solid rubber ball. . 

The tube is free to rotate to place the 
eyepiece at the most comfortable observ
ing position. "I wouldn't have anything 
else," Walton writes, after much experi
ence with telescopes, including a 17 -inch 
reflector that he made. This feature is 
being included in telescopes more and 
more often, by providing for either rota
tion of the whole tube by loosening its 
clamping bands or for rotation of the 
head alone. 

I N the May issue of SCIENTIFIC AMERI-
C�N Edwin Emil Webb of New York, 

N. Y., proposed in this department a 
method of abolishing the diffraction ef
fect caused by the secondary mirrors of 
compound telescopes. A practical meth
od of doing this would improve all opti
cal instruments and would be a basic 

C.S.WALTON 
10 inch 

Newton i 3.n Teles\:op� 

J"7.5 
C.WFLOHR. 

Portable 
Mounting 

invention of economic importance. 
Webb's idea is to apply a nonreflecting 
ring of particles, too small to diffract 
light, to the primary mirror adjacent to 
the geometrical shadow of the secondary 
and tapering outward to full reflectivity 
within a quarter or an eighth of an inch. 
Such a ring would have no edge. 

A number of interesting comments on 
this proposal have been received. There 
is also evidence that the optical manu
facturers have been at work on the prob
lem. 

James E. Lipp of Santa Monica, Calif., 
comments: "If we substitute the word 
'uncoated' in place of Webb's word 
'blackened' most of the result he desires 
could be obtained, since an uncoated 
area of glass reflects but a small percen
tage of the light that falls upon it. The 
method is to use a specially arranged set 
of masks and source of material to be 
deposited during the aluminization of 
the primary mirror by the evaporation 
method. 

"The drawing [at the upper left in the 
illustration on the next page 1 shows an 
arrangement to take care of the central 
and edge zones. The molten aluminum 
is in a small round crucible. A disk
shaped central mask is placed between 
the crucible and mirror and is supported 

The Flohr portable telescope with detachable wheelbarrow 

from the center of the mirror. An annular 
mask with an opening larger than the 
disk is supported from the bell jar or an
other structure. Because of the finite size 
of the crucible each mask will cast a 
shadow on the mirror having an umbra 
(completely uncoated) and a penumbra 
with a smoothly tapered density of coat
ing. With a given size of crucible the 
sizes of these two zones can be governed 
by the diameters of the masks and their 
distances from the mirror. 

"Strips connecting the disk and an
nulus can be used as masks to offset 
spider diffraction. A better idea," Lipp 
continues, "contnbuted by James S. 
Thompson of Santa Monica, would seem 
to be to support the diagonal by means 
of a plane-parallel glass plate covering 
the entire aperture of the telescope, thus 
getting rid of the spider itself. The pane 
should have a nonreflective coating. It 
may be possible to apply a nonreflective 
coat just prior to aluminizing. This 
would further decrease the returned 
light from the unaluminized area with
out (I hope) affecting the reflectivity of 
the useful area." 

Lyle T� Johnson of La Plata, Md., 
makes a proposal that is similar but dif
ferent in detail. "Webb's anti-diffraction 
idea," he writes, "is very interesting. The 
result could be accomplished by alumin
izing. The equipment could be set up as 
in John Strong's method for figuring mir
rors by aluminization, described in his 
Procedures in Experimental Physics, 
pages 180-185; that is, by adding 'non
uniform films with the thickness of the 
film varying in just the manner required 
to parabolize a spherical mirror.' A 
diaphragm something like the one shown 
in the drawing [at the upper right in the 
illustration on the next pagel could be 
used. Instead of building up the thick
ness for figuring purposes, it would be 
reduced to allow light to pass through 
without being reflected. 

"The aluminum coating would have 
the usual thickness over most of the mir
ror, but it would taper off to nothing at 
the edge and at a spot at the center. 
This tapering of the coating would have 
the same effect as a zone, so the mirror 
would have to be figured with a turned
up edge and a high zone around the cen
ter to compensate." 

William Sinton, a graduate student in 
the department of physics at the Johns 
Hopkins University, read Webb's pro
posal and pointed it out to the experi
mental physicist John Strong, for whom 
he is a research assistant. Sinton has 
made a six-inch telescope mirror and has 
devised a new stellar interferometer for 
measuring double stars that gives achro
matic fringes. Strong asked him to pre
pare an analysis of Webb's proposal 

. which, Sinton believes, contains merit 
but needs modification. He writes: 

"It seems to be an idea of Webb's and 
probably of many amateur astronomers 
that it is the sharp edges that cause dif-
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Toward the abolition of edge diffraction effects 

fraction or diffraction effects. This, how
ever, is not the case. You correctly stated 
the situation when in introducing the 
proposal in the May issue you wrote that 
'diffraction is a process that goes on con
tinuously in all wave fronts.' 

"There is a set mathematical proce
dure for finding the diffraction pattern 
formed by an object that blocks off part 
of a wave front. Simply stated it is this: 
The diffraction pattern in terms of ampli
tude of light is the Fourier integral trans
form of the object. Actually this is not 
strictly true in all cases, but it is quite 
applicable to telescopes. To get the dif
fraction pattern in terms of intensity we 
square the amplitude pattern. In most 
cases the integrals that are involved are 
too difficult to evaluate in simple terms. 
Problems dealing with circular apertures 
usually involve Bessel functions, which 
most people abhor. But I have worked 
out a couple which will throw light on 
Webb's suggestion. 

"The diffraction pattern of a circular 
opening such as the lens in a refractor 
is proportional to (II (t)/t) 2, where 
It ( t) is the Bessel function of first order, 
and t is a coordinate in the image plane 
of the objective and is proportional to 
the radius from the center of the pattern. 
This function is plotted in the two graphs 
[at the lower left in the illustration on this 
page]. The normal diffraction pattern of 
a refractor is obtained by rotating the 
diagram about the ordinate axis. The 
height of the resulting figure at any point 

is the intensity of the diffraction ring or 
Airy disk at this point. (After their first 
minimum all the diagrams are blown up 
by a factor of 10 to emphasize the rings.) 

"The diffraction pattern of a reflector 
with a secondary mirror one-third the 
diameter of the primary is also shown in 
the first graph, as is its mathematical ex
pression where a is the ratio of the diam
eter of the secondary to that of the 
primary. One-third is admittedly rather 
large, but it was desired to find the ef
fect in an extreme case. From the first 
graph we see that the first dark ring has 
moved in [full line] toward the center. 
In other words, the Airy disk is now 
smaller and the telescope will actually 
show higher resolving power than with
out the obstructions. This is because 
most of the light comes from near the 
edges of the mirror. The increase in re
solving power is entirely similar to that 
obtained with the Michelson interferom
eter where the whole objective is re
placed by two parallel slits at opposite 
edges of the objective. Notice also that 
in general the rings have become strong
er, but the first ring is only about twice 
as strong. 

"Now we take up Webb's suggestion. 
Instead of just tapering the edge for an 
eighth or a quarter of an inch as he sug
gested, I went whole hog and tapered 
as shown in the diagram [in the lower 
right-hand corner of the illustration]. 
The transmission of the lens or the re
flectivity of the mirror decreases from 
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the center out to the edge as shown. The 
reason is that this was easy to work out, 
whereas Webb's tapering would have 
been much more difficult. The diffraction 
pattern is shown in the graph [at the 
lower left in the illustration] in compari
son to that of the normal objective. The 
first dark ring has moved farther from 
the center. The Airy disk is larger and 
the resolution is somewhat reduced. 
However, the rings are also reduced. 
The second ring now just barely shows 
on the graph, and the rest not at all. The 
reason is in the formula for the new pat
tern which is shown on the graph. The 
intensity in the rings of the normal pat
tern is approxima�ely proportional to 
lIt3• For the modified pattern the in
tensity is proportional to lIt5• This gets 
-smaller much faster than lIt3 as t gets 
larger. 

"A numerical example will help here. 
Suppose we want to see the companion 
of Sirius, which is only 1/10,000 as 
bright as Sirius, with a six-inch telescope. 
The companion is at present about five 
seconds from Sirius. With the normal 
telescope the intensity of the rings at 
the companion is 112,700 the intensity 
of Sirius; the companion is lost in the 
glare. But with a filter over the objective 
which is faded in the manner described 
and is non-scattering, the intensity of the 
rings at the companion is only 11610,000 
the intensity of Sirius. The companion 
should then be all by itself. A few things 
should be noted. The intensity in the 
center of the Airy disk is one-fourth that 
of the unmasked objective, and the total 
light in the Airy disk is approximately 
one-third. Thus the limiting magnitude 
of the telescope becomes one magnitude 
less: 

"It is seen that a tapering over only 
one fourth or one eighth of an inch will 
probably not do much good, but a drastic 
tapering over the whole objective has 
interesting possibilities. However, the 
loss in resolving power is something to 
be considered. The tapering could be 
useful, though, for seeking dark com
panions or perhaps for the observation 
of certain types of planetary detail. 

"The general picture is that decreas
ing the light in the center yields higher 
resolving power but also increased ring 
structure, and fading out at the edges 
lowers the resolution and decreases the 
ring structure. Indeed, it is quite possi
ble by the method of Fourier transforms 
to work backward. We can decide what 
diffraction pattern we want and then 
calculate how the lens has to be modified 
to do it. The only trouble is that for the 
diffraction patterns we might like to have 
this usually results in infinite-sized 
lenses. Whether there is some distribu
tion that would result in a better gen
eral-purpose compromise than the nor
mal objective, I don't know. It would 
certainly reduce the available light. In 
any event, the possibility of modifying 
the diffraction pattern to suit the needs 

of a sFccific problem should be kept in 
mird. 

"I suggest that these filters might be 
made by evaporation of aluminum to 
produce partial transmitting or reflect
ing coats which are graduated during 
the evaporation by means of a moving 
diaphragm. Dr. Strong has corrected 
mirrors in this way. However, since the 
transmission depends greatly on how 
much aluminum is deposited, this effect 
will be difficult to control." 

In a second communication Sinton 
says he has learned that the idea of re
ducing the diffraction rings by tapering 
over the whole objective has been 
worked out by P. Jacquinot and de
scribed in French in the Proceedings of 
the Physical SOCiety (London) , Series 
B, Volume 63, page 969 (December, 
1950) and in Comptes rendus, Institut 
de France, Volume 223, page 661 
( 1946). There the method is called 
"apodization." Sinton has provided, as 
an alternative to the Bessel function ap
proach to this problem, an approach by 
the method of vectors. This is available 
for loan to interested readers. 

After seeing Lipp's proposal, Sinton 
commented further: "Lipp's suggestion 
seems to me ideal; I wish I had thought 
of the umbra-penumbra method. Yet his 
idea is tied to Webb's original distribu
tion. Although I worked out a distribu
tion by a mathematical formula I do not 
think this has to be adhered to very 
strictly. The important thing is to have 
a rather even tapering from the edge to 
the center. At present I am primarily in
terested in the problem from the stand
point of refractors, since I have the nine
inch refractor here at my disposal. For 
such an instrument a filter transmitting 
100 per cent, or nearly so, in the center 
and tapering to zero at the edges can be 
made by the adaptation of Lipp's meth
od shown in the drawing [second from 
the upper left in the illustration on the 
opposite page]. For the reflectivity dis
tribution for mirrors I suggest the 
method shown in the drawing [third 
from the upper left]. 

"I asked Dr. Strong about the cruci
ble source," Sinton continues. "He sug
gests that a coil of tungsten bent into a 
toroid will do as a disk source. With this 
it might be necessary to rotate the mir
ror to get an even distribution. With the 
simplifications, for which I thank Mr. 
Lipp, I hope to make one of these filters 
for the nine-inch telescope this summer. 
I don't plan to make it the same size as 
the objective, but instead to place it in 
the cone of light about two feet from 
the focus where it will have to be only 
about two inches in diameter. This will 
avoid the necessity for a nine-inch plate. 

"The tapering off of reflection would 
not go to a black spot as suggested by 
Webb, since there would still be some 
reflection from the bare glass, but most 
of the diffraction effect would be elim
inated." 
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NEW FILTERS 

FOR THE ULTRAVIOLET 

Polaroid filters of this series have 
high transmittance in the visible region 
but sharp cut-offs in the deep violet or 
the ultraviolet. They are opaque at 
shorter wave-lengths. The basic filter 
material is a thin plastic sheet which is 
either colorless or (for cut-offs in the 
violet) has a pale yellowish tint. The 
graph shows typical transmittance 
curves of the five currently-available 
plastic UV filters. 

Because of their sharp cut-offs, the 
filters offer advantages in visual instru
ments and photography; in spectro
photometry; as anti-fl uorescent shields; 
in studies involving isolation of part or 
all of the ultraviolet, particularly in 
biology and the physiology of vision. 

Filters UV420 and UV395 show 
high stability in accelerated weather
ing and radiation tests. Filters UV375, 
UV320 and UV300 may require occa
sional replacement when subjected to 
long-continued, strong ultraviolet 
radiation. 

All five plastic filters are stocked as 
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razor blade. UV320, UV375 and 
UV420 are also supplied as 2-inch 
square or 2-inch diameter filters 
laminated in water-white plate glass, 
at $7.00 each. 

We invite your inquiries regarding 
larger sizes, larger quantities or glass 
filters of specified optical tolerance. 
Write Polaroid Corporation, Dept. 
SA-81, Cambridge 39, Mass., U.S.A. 

POLAROID 

A LIBRARY BINDER 
FOR THIS MAGAZINE 

Kecp your copies of SCIENTIFIC AMERI
CAN in a handsome and durable library 

binder 

Bound in dark green library fabric and 

stamped in gold leaf, it holds 12 issues 

Copies nl0untcd in binder open flat and 

may be inserted or removecl separately 

72 

Address your order, enclosing check or 

money order for $2.50, to: 

Department B 

SCIENTIFIC AMERICAN 
24 West 40th Street 

New York 18, N. Y. 

® 

CD Polaroid ® by Polaroid Corporation 

'&wanted 
ENGINEERS 

AND 
SCIENTISTS 

Unusual opportunities for out
stand.illg and experienced men. 

These top positions involve preliminary 
and production design in advanced military 
aircraft and special weapons, including 
guided missiles. 

Immedia te positions include: 

Electronic project engineers 

Electrc:mic instrumentation engineers 

Radar engineers 

Flight test engineers 

Stress engineers 

Aero- and thermodynamicists 

Servo-mechanists 

Power plant installation designers 

Structural designers 

Electro-mechanical designers 

Electrical installation designers 

ExcelLent location in Southern California. 
Generous alLowance jor travel expenses. 

Write today for complete information on 
these essential, long-term positions. Please 
include resume of your experience & train
ing. Address inquiry to Director of Engi
neering, 

NORTHROP AIRCRAFT, INC. 
1013 E. Broadway 

Hawthorne (Los Angeles County) California 
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phies of source material for the articles. 
The references selected will proVide sup
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SICKLE CELL ANEMIA, A MOLECULAR 
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TENNESSEE 
PRODUCTS & CHEMICAL 

� 
NASHVillE, TENNESSEE 

PRODUCERS OF FUELS • METALLURGICAL 

PRODUCTS • BUILDING PRODUCTS. COAL 

CHEMICALS • WOOD CHEMICALS • FINE 

CHEMICALS • SPECIALIZED COMPOUNDS 

On the tip of your tongue this chemical reminds you of oil 

of bitter almonds. Used in just the right amounts Benzaldehyde 

(C(jH5CHO) makes a happy blending. It's part of modern living. 

Its principal use as a dye intermediate perfume scent and 

flavoring extract makes Benzaldehyde an important commer

cial product, vital to the everyday things upon which we 

depend. Benzaldehyde is another fine chemical from 

Tennessee . . . the industry that serves industry. 
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Row many balloons in this pictul'e? 

Six? Yes, but don't forget the six reflected in the water. This may serve to 
remind you of the "dual" job the rubber industry is doing today - first, in 
stretching supplies of natural rubber and second, in producing more synthetic 
rubber to meet essential needs. 

This achievement is actually a triumph in chemical processing by the rubber 
industry, for chemicals are essential in giving the special qualities necessary 
to virtually all rubber products, both natural and synthetic. As a leading 
producer of rubber chemicals, American Cyanamid's Cal co Chemical Division 
works closely with the rubber industry, helping to improve quality and 
durability with new and better chemicals. 

This teamwork is adding new value to the rubber products you buy ... 
and is also helping to strengthen our national economy, in which rubber 
is a basic necessity. 

• 
AMERICAN C;ananzid COMPANY 

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 

Chemicals for the rubber illdllstry-Olle of the ma"y i"dtlstries served by Cyanamid 
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