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To save a life 
Portable packages of electricity help make our lives safer and more enjoyable 

THE BRIGHT BEAM of a flashlight in the hands of an 
airman down at sea ... the untold comfort of an almost 
invisible hearing aid ... the pleasure of listening to 
your favorite music over a portable radio. 

THESE INGENIOUS DEVICES have one thing in com­
mon-they all get their electric power from dry-cell bat­
teries. Each day millions of us depend on these porta­
ble packages of power for greater safety, comfort, and 
pleasure. 

LARGE BATTERIES furnish power for signalling and 
communications systems. Hearing aid batteries are now 
so tiny that they can hide under a dime. Other dry-cells 
supply power to everything from toys to Geiger counters. 

OVER 60 YEARS AGO, the people of Union Carbide 
produced the first commercial dry-cell. From this be-

ginning, they developed the great variety of EVEREADY 
batteries that now serve dependably in so many appli­
cations. 

SCIENTISTS of Union Carbide are constantly work­
ing on new, improved methods of producing packaged 
power. Their goal is to make dry-cell batteries do even 
more work for all of us. 

FREE: Learn how ALLOYS, CARBONS, GASES, CHEMICALS, 
and PLASTICS improve many things that you use. Ask for 
"Products and Processes" booklet. 

UNION CARBIDE 
AND CARBON CORPORATION 

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

In Canada: UNION CARBIDE CANADA LIMITED, Toronto 

----- ------------ UCC's Trade-marked Products include --------------�-
EVEREADY Flashlights and Batteries Dynel Textile Fibers SYNTHETIC ORGANIC CHEMICALS PREST-O·LITE Acetylene 

PRESTONE Anti-Freeze ELECTROMET Alloys and Metals HAYNES STELLITE Alloys UNION Carbide LINDE Oxygen 
UNION CARBIDE Silicones BAKELITE, VINYLITE, and KRENE Plastics NATIONAL Carbons ACHESON Electrodes PYROFAX Gas 
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ARMALON FELT made with tetrafluoroethylene fibers is 

chemlcaAiiy inert, withstands 500°F. temperatures continuously 

Now Du Pont "Teflon" tetrafluoroethylene 
resin in a new, useful form-felted for special 
applications in industry. "Armalon" felts are 
unaffected by all common fuels ... and with­
stand attack by strong acids and bases. They 
do not absorb water, refuse to stick to any ma­
terial, and can take temperatures up to 500°F. 

Currently available in limited quantities only , 

DU PONT INDUSTRIAL 

COATED FABRICS 

<@P08» 
R[ti. U. $. P .... T.Oft: 

BETIER THINGS FOR BETIER LIVING • • • THROUGH CHEMISTRY 

"Armalon" felts show particular promise as 
gasketing and filtering materials. They can be 
used practically indefinitely under conditions 
of exposure that would quickly destroy ordi­
nary materials. This means substantial reduc­
tions in maintenance and replacement costs. 
W ouldyou care to know more about" Armalon"? 
Just mail the coupon for free booklet. 

------------------------, I E. I. du Pont de Nemours & Co. (Inc.) I I Industrial Coated Fabrics Division, 8.63, I I Wilmington 98, Delaware 

I Please send me your free booklet describing properties and I
I 

I applications of II Armalon" felt. 

I Name Po.ition 
I 

I fum I I Address I I City Slale I 1 _______________________ _ 
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"THE BERYLLIUM COPPER CASTINGS 

IN THIS TAXIMETER 

WILL OUTLAST TH E TAXI!" 

The Meferamic 38 Taximeter 
Manufactured by 

THE VIKING TOOL & MACHINE CORP. 

2 MAIN STREET • BELLEVILLE, N.J. 

The gears and cams used in this taximeter bear against 
steel pins and shafts. Steel castings won't hold up-as 

steel wears on steel, shafts are worn, holes elongated, 
and tolerances expanded to the point that the meter 

operates erratically. 

In fuur of the most critical, high-friction wear points, 
cast "BERYLCO" brand beryllium copper parts are now 

providing these necessary advantages: 

Machining costs are obviated-in castings, beryllium copper 
yields an end product consistent with original mold design, 
achieving tolerances of ,0005". 

The delicate lobes, ratchets, cams and teeth that characterize 
the four cast parts could only be molded by beryllium copper 
-no other aHoy would hold such fine detail. 

The parts are susceptible to rust and corrosion ... an ever' 
present problem with steel which has been eliminated alto· 
gether by using beryllium copper alloys. 

A RockweH of C-37 to C·43 is achieved by a simple heat 
treatment. The part is first solution annealed at 1475°F. for 
3 hours and water quenched immediately ... then heat 
treated at 600°F. for 2 hours and air cooled. The expansion of 
the part during heat treatment is controlled to within .002", 
far less than with comparable materials. Expensive machining 
costs are prevented, since the part is pin·pointed to the design 
specifications in the original cast. 

There has never been a failure of any beryllium copper 
part in the taximeter, even though these meters are used 
in the nation's toughest proving ground-the New York 
City taxi service. On the testing rack, each meter is run 
for 2000 miles at 120 mph and 25 % overvoltage, plus 

700 miles under regular conditions. Part wear and clear­

ances are exactingly checked, and it is here that these 
cast "BERYLCO" brand beryllium copper parts have dem­
onstrated that they will outwear and outlast the service 
life of any taxi on the road. 

A technical bulletin (#32) discussing in detail the use 
of "BERYLCO" brand beryllium copper castings as they are 
used in this taximeter is available upon request. This 
bulletin is instructive reading, and we recommend that it 

be made a part of your permanent files. Write to: 

'THE BERYLLIUM CORPORATION 
.. DEPT. 6-C. READING 23. PENNSYLVANIA 

"BERYL CO" Brand Beryllium Copper is Shelf-Stocked by leading Warehouse Distributors. 

Export Deportment, Reading, Pennsylvania . Coble Address "BERYLCO" 
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FLAG INDEXING CAM; one of the most complicoted single·cast parts 
ever produced • • •  it has lobes, teeth, ratchets, cams, a square 

topered hole, ond a disengaging stop. Steel could never be cast in 
such a complication of design, and brass is too soft '0 .ake 

the beating. The tapered socket measures .628" with a tolerance 
of -0.005" and +0.00". 

BRAKE ACTUATING CAM; a zinc alloy formerly used for this part 
would not stand up under the terrific amount of wear imposed 

• . .  it would change size as much as 1A6", break, and come off the 
shaft. The zinc alloy was replaced by a beryllium copper 

casting, which, with simple heat treatment, resisters a Rockwell of 
C-37 to C-43, more than enough 10 withsland the rigors of 

operational stress. 

RATCHET HUB; used to operate the "extras" tabulation, which is 
actuated by a lever binding against the ralchet periphery of 

this part. The center hole of this part must fit over a steel stud in 
what amounts to a lap fit with a minimum acceptable tolerance 

of .001". It was impossible to maintain this tolerance with steel, 
and machining costs were out of proportion. The part is now 

cast of "BERYLCO" brand beryllium copper 10 specifications which 
require a hub of .250" with tolerances of -0.00" and +.002". 

RETURN lEVER CAM; has an outside diameter of 1.565", pilch of 16, 
contains 23 teeth wilh a circular pitch of .1963". The deplh 

of the teeth is .1348", and the thickness of the teeth .098". Used to 
reset the dollar and cents scale, this cam is under very high 

spring tension at all times, and nothing but the most hardened 
malerial could withstand this duty. 

-
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ARTICLES 

31 STRESS IN COMBAT, by Stanley W. Davis 

The results of investigations in a front-line laboratory during the Korean war. 

36 FOREST CLEARANCE IN THE STONE AGE, by Johannes Iversen 

How did Stone Age men begin agriculture? Their own flints hew out the answer. 

42 EXPElUMENTS IN PROTI�IN SYNTHESIS, by Ernest F. Gale 

Broken cells shed light on the role of nucleic acids in the making of proteins. 

64 WORLD POPULATION, by Julian Huxley 

The increase in human numbers is leading to a crisis in the history of our species. 

81 ELECTRONIC PHOTOGRAPHY OF STARS, by William A. Baum 

This new technique will enormously increase the effective power of telescopes. 

93 "JOCULAR PHYSICS" 

In a truly jocose mood, physicists join in a birthday tribute to Niels Bohr. 

104 THE STRAIGHT LINE, by Morris Kline 

If you think you learned all about it in high school, you are in for a surprise. 

116 THE FLIGHT OF LOCUSTS, by Torkel Weis-Fogb 

Wind-tunnel studies show locusts to be remarkably efficient flying machines. 

DEPAHTMENTS 

6 LETTERS 

14 50 AND 100 YEARS AGO 

22 THE AUTHORS 
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BOA R D 0 F ED ITO R S Gerard Piel (Publisher), Dennis Flanagan (Editor), Leon Svirsky (Managing Editor), 
George A. W. Boehm, Jean Le Corbeiller, James R. Newman, E. P. Rosenbaum 

ART DI'ECTO' James Grunbaum 

GEN ERAL MANAGER Donald H. Miller, Jr. 

A D V E 'T I SIN G MAN AGE' Martin M. Davidson 

COPYRIG'HT 1956 IN THE U. S. AND BERNE CONVENTION COUNTRIES BY SCIENTIFIC AMERICAN, INC. All RIGHTS 

RESERVED. ENTERED AT THE NEW YORK, N. V., POST OFFICE AS SECOND-CLASS MATTER JUNE 2B, 1879, UNDER THE 

ACT OF MARCH 3, IB7'1. ADDITIONAL ENTRY AT GREENWICH, CONN. SUBSCRIPTION RATE IN THE U. 5. $5 PER YEAR. 

3 

© 1956 SCIENTIFIC AMERICAN, INC



Abrams Aerial Survey Corporation 

Write for Cafalog F·301. Complete 

information on the world's finest pho· 

togrammetric equipment, including Multi­

plex, Auto·focus Rectifier, Twinplex, and 

Balplex. Bausch & Lomb Optical Co .• 

69803 St. Paul St., Rochester 2. N. Y. 
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Lansing, Michigan 

Saves 50% in Costs, 

50% in Time, 

by Plotting 

Power Lines 

with 

The Multiplex method of plot­

ting from aerial photographs 

avoided the usual headaches of 

land speculation, complaints of 

property owners, and sporadic 

hiring and dismissal of survey­

ing crews and draftsmen. Plan 

and profile sheets for 500 miles 

of transmission lines. were so 

detailed that they were used as 

the basis for contractors' bids, 

for determining pole locations, 

and even for ordering poles and 

wire. Plotting this layout with 

Bausch & Lomb Multiplex 

Equipment saved Abrams' client 

50% in both time and costs! 

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

THE COVER 

The painting on the cover shows a 

locust flying against the air stream of 
a wind tunnel (see page 116). The 
insect is suspended from a stream­
lined metal rod attached to its 
body by means of a suction cup. 
The other end of the rod (not 
shown) is fastened to a balance 
which measures the lift and thrust 
developed by the insect. In the low­
er right-hand corner of the painting 
can be seen a scale for measuring 
the angle between the insect's body 
and the air stream. The animal pic­
tured here is the four-winged desert 
locust Schistocerca gregaria. The 
specimen is from The Academy of 
Natural Sciences of Philadelphia. 

THE ILLUSTRATIONS 

Cover painting by Rudolf Freund 
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photomicrograph .howing uniformity of Kanigen coating over steel (150x). 

the metallurgically-unique coating 

Kanigen is a uniform, hard, corrosion·resis· 
tant nickel.phosphorus coating. It can be 
applied to iron, copper, nickel or aluminum 
and their alloys as well as ceramics, glass 
and themw.setting plastics. This is achieved 
through a chemical bath without the use oj 
electricity. The coating (probably a solution 
oj nickel phosphide in nickel) exhibits many 
desirable properties not normally associated 
with metals or metal plating. 

O
n the basis of electron and x·ray 

diffraction studies, Kanigen coat­
ings, as deposited, exhibit no crys­

tal structure - the only amorphous 
metal known. 

Metallographic studies show that the 
structure of a Kanigen nickel-phosphorus 
coating is unaffected by the nature of the 
substrate. It is not affected by the coating 
thickness. The growth of a Kanigen deposit 
originates from multitudinous point 
sources, or catalytic centers, on the sur­
face of the basis material. From these point 
sources, coating growth proceeds at  
equal rates in all directions. On a properly 
prepared surface, the number of nuclei is 
so large that growth proceeds as a series 
of plane fronts parallel to the original sur­
face, thereby producing a uniform thick­
ness regardless of the contours of the part. 

Kanigen coatings are free of voids. The 
conformity to the substrate is so excellent 

that there is no observable hollow between 
the coatings and the basis material. Only 
gross aberrations of the basis material sur­
face which prevent proper pre-treatment 
or act as gas pockets can produce a pore. 
Otherwise the coating is virtually pore free. 

The actual condition of the surface is 
important. Very rough surfaces may be 
difficult to clean and may actually have 
small pockets which act as gas traps. On 
such very rough surfaces, it may be desir­
able to apply coatings in the order of 0.001 
inches to 0.002 inches to achieve the 
porosity-free coating given by a very thin 
coating on a highly polished surface. 

When coated over a highly polished 
plane surface, the unevenness of the coating 
itself has been measured to be between 5% 
and 10% of the thickness of the coating. 

A lal:ge number of tests have been made 
to determine the position of Kanigen, at 
least relatively, in the electromotive series. 
These tests were performed by checking 
the galvanic currents between Kanigen 
coated parts and bare metal parts of steel, 
aluminum and stainless steel in aerated 3% 
salt solution and in hot, aerated tap water. 

In the salt solutions, the measured cur· 
rents for Kanigen nickel were slightly less 
than for electro-plated nickel, showing 
that Kanigen nickel-phosphorus is some­
what less electronegative than electro· 
plated nickel. The corrosion current, and 
consequently the rate of corrosion of the 
basis metal, should be somewhat less with 
Kanigen nickel-phosphorus than with 
electroplated nickel. In aerated hot water, 
there appears to be a fairly striking dif· 
ference in favor of Kanigen nickel-phos­
phorus. In this case, the corrosion currents 
were significantly less for Kanigen nickel­
phosphorus than for electroplated nickel. 

CHEMICAL ANALYSIS-The typical 
chemical analysis of Kanigen nickel- phos. 
phorus is as follows: 

Nickel . . .. . ......... . . . . . . .  91.30 % 

Phosphorus . . . . . .  _ . . . . . . . . . . 8.70 % 
Carbon . . . . ... . _ .. . . . . . .  _ . . _0.0400% 
Oxygen . . . . . . . .. . . . . . . . . . . . .  0.0023% 
Nitrogen .. .... ' ............. 0.0047% 

Hydrogen .. . _ . . .  _ . .  _ .. . . . .. . 0.0016% 

plus trace impurities of cobalt, aluminum, 
copper, manganese, iron, lead and silicon. 

IJ you have a problem that a Kanigen application might solve or iJ you'd like Jurther in­
Jormation, write: 

KANIGEN DIVISION, GENERAL AMERICAN TRANSPORTATION CORPORATION 

135 South LaSalle Street, Chicago 90, Illinois. 
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When compressive strength 
is important ••• 

'ook to KENNAMETAL * 

The high compressive strength of Kenna­
metal tungsten carbide compositions 
offers an unusual physical property to 
designers in that it is higher than that 
fourid in virtually all melted, cast or 
forged metals and alloys. It is as high 
as 800,000 psi. 

In addition, Kennametal offers high 
hardness (85.0 to 93.0 Rockwell A); an 
extremely high Young's Modulus of Elas­
ticity (as much as 94,300,000 psi); ex­
ceptional wear properties (as high as 100 
to 1 as compared with steel); plus high 
impact strength and unusually high re­
sistance to abrasion. 

W h e r e  r e te n t i o n  of com p r e ssive 
strength at high temperatures presents a 
problem, Kentanium* may be the solu­
tion. Kentanium titanium carbide com­
positions combine high compressive 
strength and resistance to oxidation and 
thermal shock at temperatures of 1800°F. 
and above. 

With this combination of physical 
properties, Kennametal and Kentanium 
are providing unusual performance in 
such diverse applications as rolls for cold 
rolling of steel, dies, hammers and rams, 
mortars and,pestles, testing machine 
parts (such as Brinell testing hammers), 
balls and seats for pumps, rock and core 
bits (for percussion drilling of hard rock 
and metal ores), milling and interrupted 
cutting of steels, hot rod-mill guides, and 
compression blocks for high temperature 
testing of alloys. 

What ;s your problem? 
As Kennametal is made in many 

grades, each with a high compressive 
strength, you can select the right grade 
for a specific problem. Kennametal may 
be the answer in getting your idea from 
the drawing board into production. Why 
not discuss your problem with a Kenna­
metal engineer? He can show you reports 
of Kennametal performance on scores of 
varied applications and help you apply 
the grade best suited for your purpose. 
Or for more information, write for Book­
let B-ll1 to KENNAMETAL INC., Dept. 
S.A., Latrobe, Pa. 
*Registered trademark 

INDUSTRY AND 

KENNAWETAL 
• •  � .in, fPldX/N1A4 
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LETTERS 
Sirs: 

In his very interesting article "Trans­
lation by Machine" [SCIENTIFIC AMERI­
CAN, January] William N. Locke cites 
the case of a paper by A. G. Lunts, pub­
lished in Russian in 1950, ignorance of 
which is estimated to have cost Ameri­
can companies $200,000. He does not 
mention that Mathematical Reviews for 
September, 1950, contained a IS-line 
review in English. The review was a 
concise review of the three-page article; 
it occurred in the algebra section of a 
mathematics periodical; the author's 
name was transliterated Lunc, but the 
relation to electrical networks was ex­
plained. Does not the case suggest more 
the need for the application of machines 
to the bibliographic problems of cross­
referencing publications rather than the 
more fascinating application to the prob­
lem of translation? 

EDWARD H. CUTLER 

Department of Mathematics 
and Astronomy 

College of Arts and Science 
Lehigh University 
Bethlehem, Pa. 

Sirs: 
A translation machine is a theme of 

great interest. It seems to me, however, 
that the procedure would soon run up 
against inherent limitations. It would 

Scientific American, March, 1956; Vol. 194, 
No. 3. Published monthly by Scientific American, 
Inc., 2 West 45th Street, New York 36, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. 

Editorial Correspondence should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 2 West 45th 
Street, New York 36, N. Y. Manuscripts are sub· 
mitted at the author's risk and wi1l not he returned 
unless accompanied by postage. 

Advertising correspondence should be addressed 
to Martin �L Davidson, Advertising Manager, SCIE"'TIF'IC AMERICAN, 2 West 45th Street, New 
Yo,k 36, N. Y. 

Subscription cOrreSI)ondcncc should be ad· 
dressed to Circulation �Ianager, SCIENTIFIC AMERI. 

CAN, 2 West 45th Street, New York 36, N. Y. 

Change of address: Please notify us four weeks 
in advance of change. If avai1able, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: I 
year, $5; 2 years, $9; 3 years, SI2.50. Canada and 
Latin America: 1 year, $6; 2 years, 811; 3 years, 
SIS. All other countries: I year, $8; 2 years, $14; 
3 years, $18. 

certainly emerge with an answer that 
would be a word in its English memory; 
but would that word accurately repre­
sent the word in the original; as used in 
the phrase, quite apart from considera­
tions of content and relevance, let alone 
style? Again, how is a root to be recog­
nized even in so closely' related a lan­
guage as Spanish, when the root vowel 
often changes, as in the simple word "to 
sleep" (dormir, duerme)? In a language 
like Polish, the roots of large numbers 
of words undergo fundamental changes 
in both vowel and consonant compo­
nents. With an agglutinative language 
like Hungarian, machine 'translation 
might seem to have an easier task; yet 
if we take such a word as kivilagitas 
(illumination), how is the machine to 
decide where to break it up, and know 
that the basic element is vilag (light) 
rather than kivi (a short form of the verb 
kivivni, "to achieve"), or agit, which is 
not a Hungarian word at all? I leave the 
machine to ponder over the fact that 
vilag itself has the additional meaning 
"world," and to find some way of dis­
tinguishing the two. As to what would 
happen with Chinese and Japanese, 
those familiar with the problems in­
volved in combining the characters can 
only shudder at the results the mechani­
cal translator might grind out. 

Let us now put the shoe on the other 
foot for an instant, and imagine our ma­
chine rendering the English word "ring" 
into French. If it is a shape, shall it be 
anneatt, hague, maille, segment, 1'Ond, 
collier, enceinte or af(3ne, or one of a 
dozen others? Or if it is a sound, shall it 
be son, tintement or coup de telephone? 
If the answer is to be that we must go 
by the context, we lose most of the ad­
vantages promised; and if the machine is 
set to give anneau, and let the reader 
supply the shade of meaning and the 
area of signification, I see nothing but 
confusion resulting. , 

It would also be advisable to envisage 
the opposite way out: namely, educating 
(I was tempted to say humanizing) the 
scientists . . . .  

HENRY F. MINS 

Clinton, N. J. 

Sirs: 
Professor Cutler is right. My example 

does show the need for machines to keep 
the bibliographies of specialized fields 
up to date. Both this and language trans­
lation are special cases of data process­
ing, a field in which great strides are 
being made with new equipment com-

"'I 
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OPERATIONAL 
SCHEMATIC 

TYPICAL 
COMPUTER 

KEY: 
- -- - Mechanical 

Connection 

-- Electrical 
Connection 

The key elements of the Kollsman Air Data 

Computer System are the Synchrotel Trans­

mitters and the Pressure Monitors, using 

displacement type diaphragms, to provide 

the necessary inputs. These Kollsman units 

have had their reliability proven again and 

again by the thousands now in use. And, 

there is more than 28 years of unique expe­

rience behind the development and perfection 

of the displacement type diaphragm by 

Kollsman. 

That's why you can expect superb per­

formance and accuracy characteristics in a 
Kollsman Computer. 

Perform functions virtually unlimited in scope 

Kollsman electromechanical computers are 

being used in autopilots; photographic, 

bombing and fire control systems; navigation 

equipment - some in conjunction with radar. 

Scope of design is almost unlimited. 

KOLLSMAN Air Data Computers 
... now available in systems such as the following: 

Air Data Master Air Data 

Ground Position (GPU Static Pressure Correcting 

The outputs of such computers, having � 
accuracies better than .5% of range 

are specified functions of the following: 

True Angle of Attack 

Absol ute Pressure 

Indicated Airspeed 

WRITE for illustrated literature with complete technical data. 

kollsman INSTRUMENT 
CORPORATION 

KOLLSMAN PRODUCES: Flight Instruments • Precision Computers and 

Components • Engine Instruments • Optical Systems and Components • 

Navigation Instruments . Precision Flight Controls . Motors and Synchros 
• Precision Test Instruments for A,viation and Industrial Laboratorie's 

Temperature and Humidity 

True Airspeed and Mach Number, C·2A 

Equivalent Airspeed 
True Airspeed 
Mach Number 

Relative Air Density 
True Altitude Variation 
True Temperature 

80·08 45th AVE., ElMHURST, NEW YORK. GLENDALE, CALIFORNIA. SUBSIDIARY OFS� COIL PRODUCTS CO. INC. 
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Posting 200 USentries" 
to Control a Process 
Automated industry's "officer of the day" 

is the Panalog 605 Information System. It 
scans, quantizes and records conditions at 
any process control-point you select. It gives 
your management and operating personnel 
usable, organized digital information, 
instantly and continuously. 

Each control point is logged, automatical­
ly, at pre-determined time intervals and also 
on demand. Between logs, an electronic 
measuring system scans continuously, at the 
rate of 5 points per second, to detect and 
record off-normal process conditions. Adjust­
able, high and low off-normal limits are pro­
vided for each input variable. The 200-point 
basic system can be expanded or modified 
in the field. 

Information output from the Panalog 605 
may be presented in a variety of forms. The 
electric typewriter with patented log-chart 
is standard; other methods available include 
punched or magnetic tape, punched cards, 

and direct computer input. 

Totalized and averaged values as well as 
plant efficiencies can be computed and 

recorded by the system. 

Literature describing the Panalog 605 
Information System is available on request. 
If you wish, a Panellit representative will 

be happy to discuss possible applications 
for your company. 

Engineered 'nformotion Systems for Industry 

Graphic Panels Ponalarm Instrument 
Annunciators Services Division 
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PANELLIT, INC. 
7497 N. Hamlin Ave., Skokie, III. 

Panellit of Canada Ltd., Toronto 14 

ing onto the market daily. The big ques­
tion mark is how to handle data ex­
pressed in language. Languages are 
codes. Machines can process these codes 
only when all the rules governing them 
have been made explicit. Until then we 
can neither make satisfactory bibliogra­
phies nor translate languages by ma­
chine. 

My example was not intended to point 
up ignorance of the very fine coverage of 
Russian mathematics by Mathematical 
Reviews; rather, I think it shows that if 
you know no Russian an abstract doesn't 
help much. It is simply impossible for 
abstracters to say which article will be 
vital for somebody. Yet unless you know 
that a paper or a book is vital, you can't 
afford the cost of translation. So what we 
need is fast, inexpensive translations. 
They will remove the psychological bar­
rier that faces anyone when he sees that 
an abstracted paper is in a language he 
can't even begin to read. 

Mr. Mins touches on some of the 
thorniest problems of translation by ma­
chine. These questions of changing 
roots, compound words, and the many 
possible meanings of any one word have 
excited the interest of linguists since the 
first suggestion of the application of 
machines to the translation of human 
languages. The present state of the 
thinking will be found in papers in the 
journal Mechanical Translation and in 
the book, Machine Translation of Lan­
guages. Briefly, it has been proposed 
that all forms of the roots of words be 
incorporated into the machine memory 
in their proper alphabetical place. The 
same applies to irregular forms of any 
kind, verb and noun endings, contrac­
tions, in short, to all idiomatic construc­
tions. Regular forms like the -ed of the 
English past participle or the -s of plu­
ral nouns will probably be identified in 
a procedure similar to that worked out 
for Russian endings by Anthony Oet­
tinger to get the grammatical meaning, 
while the roots are looked up in the 
memory for the lexical meaning. 

An elegant procedure for analyzing 
German compound words has been 
worked out by Erwin ReiBer. He has 
recently built a simple computer to test 
his method of analysis. If satisfactory for 
German it seems likely to work also for 
the agglutinative languages. 

As for the many meanings one word 
in English may have in a foreign lan­
guage or vice ve:'�a, this is the crucial 
problem. The only indication we can 
have as to which meaning of a word is 
intended in a given case is the context, 
context in the larger sense including 
both the topic under discussion and the 

adjoining words. Looking at Mr. Mins's 
French translations of the word "ring," 
it is obvious that at least one, an3ne, will 
scarcely if ever appear in teohnical ma­
terial (to which we are limiting our 
efforts for the present), and that others 
will be more or less likely according to 
whether the paper is in physics, me­
chanical engineering or some other field. 
It is perfectly possible to arrange the 
machine memory so that when a physics 
paper is being translated only the mean­
ing or meanings used in physics are 
printed. The reader might still have to 
choose among several alternatives on the 
basis of context except for the fact that 
the machine can probably be insh·ucte.d 
to make this chOice, as is shown by the 
work of Victor H. Yngve. 

As a teacher of modern languages I 
am happy to applaud Mr. Mins's sug­
gestion that American scientists learn 
three or four key languages. 

WILLIAM N. LOCKE 

Department of Modern Languages 
Massachusetts Institute of Technology 
Cambridge, Mass. 

Sirs: 
In your issue of December, 1955, a 

letter by Willard Hatch takes issue with 
the emphasis I laid upon Maupertuis's 
discovery of the principle of least action 
in my article in your October issue. I 
pass over the first paragraph of the let­
ter, which appears merely to restate mat­
ters I had related, and come to the sec­
ond, the gist of which is that Ernst Mach, 
in his Science of Mechanics, expressed 
a low opinion of Mauperrnis's originality 
and clarity of mind in the enunciation of 
this principle, which received a rigorous 
form only when reworked by Euler. Part 
of Mr. Hatch's conclusion may be due 
to the fact that he used the English trans­
lation of Mach's Science of Mechanics, 
which is quite inaccurate; it h'anslates 
"Weg eines Karpel'S" as "the space de­
soribed," for example, instead of the 
propel' meaning "path." But aside from 
that, one must remember that Mach's 
criticism was written in 1883 and never 
modified in later editions, although, as I 
have elsewhere pointed out, the advent 
of the quantum theory considerably al­
tered the point of view of physiCists on 
such matters. But I am no physicist, and 
it will be better to allow the physicists 
themselves to argue this matter out. I 
would only like to emphasize that Jerome 
Fee, in the article to which I referred 
interested readers, fully and I think 
adequately disposed of this criticism of 
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new 
digital 
magnetic 

tape 
transport 

--7 
the AMPEX FR200 for digital handling provides new pertormance 

standards, new convenience features and an unmatched excellence of design 
NEW EASE OF TAPE CHANGE • • •  

The time saving feature of single loop threading is pro­
vided by a lever which moves the idlers into a straight 
line. This arrangement eliminates chance of 'faulty 
threading by unskilled personnel. 

NEW MACHINE·TO·MACHINE TAPE COMPATIBILITY • . •  

All Ampex FR200 Tape Transports are manufactured 
to exact standards that permit tapes recorded on one to 
be reproduced on any other. Ampex-to-Ampex compati­
bility is guaranteed - and at no extra cost. 

NEW P LUG·IN HEADS TO MATCH OTHER 

TAPE TRANSPORTS • • •  

The Ampex FR200 uses self aligning plug-in head as­
semblies. These can be furnished to match other digital 
or analog tape recorders to permit tape interchange. 
A second head stack for monitoring or "off-tape" parity 
checking can also be added if desired. 

HIGH-SPEED START AND STOP ... 

On the Ampex FR200 the tape attains full speed or full 
stop within less than 5 milliseconds to provide high in­
formation storage density. A remote control provision is 
provided, as well as pushbuttons on the topplate. 

NEW STANDARD OF EXCELLENCE • • •  

The FR200 brings to digital applications the reliability, 
durability and adherence to specification that have made 
Ampex Tape Recorders the most widely used in instru­
mentation. 

NEW LOW PRICES BEGINNING AT $2675 

The base price of $2675 is for a complete FR207-TB 
tape transport, with 7-track head, for V:z-inch tape op­
erating at 30 ips tape speed. Prices will be quoted on 
machines with other tape speeds, multiple speeds, other 
tape widths and other heads. 

FULL SPECIFICATIONS ON THE FR200 and description of ,------------, 93( CHARTER STREET 
its features and accessories are given in descriptive literature. REDWOOD CITY. 

For your copy, write Dept. 0-2539 CALIFORNIA 

DISTRICT OffiCES: New York; Chicago; Atlanta; Dayton; Redwood City; Silver Spring, Maryland (Washington D.C. Area) 

DISTlI.UfORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering & Equipment, Dallas 
and Houston; Ampex-American in Canada: 

9 

© 1956 SCIENTIFIC AMERICAN, INC



For almost ten years the physicists and microbiologists of the Upjohn 
Company have been using the RCA Electron Microscope to investi­
gate disease-producing organisms and to develop new weapons against 
them. Recently, to demonstrate the range and effectiveness of its new 
broad-spectrum antibiotic, Panmycin* hydrochloride (Upjohn's brand 
of tetracycline hydrochloride), company scientists collaborated to 
produce a portfolio of electron micrographs of common organisms 
that are susceptible to Panmycin. Since photographs of many of these 

*TRADEMARK 
organisms at high magnifications were previously 

either rare or non-existent, Upjohn's brochure 
renders a real service to practicing physicians REGISTERED 

10 

everywhere. 

RADIO CORPORATION 0' AMERICA 

Photographic enlargements to over 300,000 diameters 
are now possible with RCA's new EMU-3 Electron 
Microscope. It is the ideol tool for advanced research 
requiring highest resolution, maximum magnification, 
and critical control. Find out how this vital instrument 
can be of service to you. Installation and service 
supplied by the RCA Service Company. 

For information write to Dept. C-lll, Building 15-1, 
Radio Corporation of America, Camden, N. J. In 
Canada: RCA VICTOR Company Ltd., Montreal 

Ernst Mach's, in the following passage: 
"A more serious criticism of Mauper­

tuis is that even apart from metaphysics, 
he had no adequate conception of his 
own discovery, and that his applications 
of it were merely trivial. There is, ap­
parently, only one book in English (a 
translation from the Gernlan) which 
gives an account of the three problems 
which Maupertuis worked out to illus­
trate his principle. We refer to Mach's 
classical Science of Mechanics. It is far 
better, if one can do so, to read Mauper­
tuis's own words which give in concise, 
lucid style his applications of least action 
to inelastic impact, elastic impact, and 
the principle of the lever. 

"If Maupertuis's works are not avail­
able, however, Mach's book gives a fair­
ly good outline of these three cases. His 
conclusions, nevertheless, as to their im­
portance and as to the importance of 
least action and Maupertuis's contribu­
tion thereto, are entirely wrong. They 
will ultimately be recognized as the most 
glaring imperfections in a book which 
betrays unexpected limitations in more 
than one respect. 

"To show how far Mach was from 
grasping this particular subject, he at­
tempts to belittle the importance of least 
action by referring to another principle 
of m.echanics which is equally powerful; 
namely, Hamilton's principle. This prin­
ciple well deserves to be called after the 
great Irish mathematician, but it is an 
'action' principle. 'Hamilton's function' 
has the dimensions: energy multiplied 
by time. Hence Mach has merely shown 
how the principle of least action was in 
later years to be recast into another and 
perhaps more significant form." 

I strongly recommend to readers who 
are interested in the principle of least 
action that they read the brilliant article 
by Fee in its entirety. 

While writing to discuss this point, let 
me take the opportunity of correcting an 
error in my article. I described Mauper­
tuis's expedition to Lapland to procure 
evidence regarding the flattening of the 
earth toward the poles, a test of New­
ton's theory, and inadvertently said "by 
measuring a degree of longitude." What 
I had in mind was of course the meas­
urement of a degree along the meridian 
of longitude, which would consequently 
be a degree of latitude. Measuring a de­
gree of longitude would have succeeded 
only in showing that the meridians con­
verge toward the pole! 

BENTLEY GLASS 

The Johns Hopkins University 
Baltimore, Md. 
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2-system 
fractionation _ used exclusively by Armour, 

Uniformity in the fatty acids you purchase can spell 
the difference between profit and loss for your 
company. You need fatty acids possessing specific 
characteristics and composition. And, you must 
be sure that every shipment will have exactly the 
same characteristics and composition. Now, the 
production from Armour's exclusive 2-system frac­
tionation provides the answer to both problems. 
Armour's modern plant uses fractional distillation 
to separate fatty acids through difference in boil­
ing points, and solvent crystallization to separate 
acids through difference in degree of unsaturation. 
Because this wide variety of acids is produced 
under strict laboratory control and rigidly en­
forced specifications, Armour is able to offer Neo­
Fat® fatty acids of guaranteed composition! 

The' consistent composition of Armour Neo-Fats 
means greater uniformity in your processing. It 
also means increased standardization of your op-

now gives you highest 
purity latty acids 01 
guaranteed composition! 

erating procedures and increased control of pro­
duction resulting in more uniform quality end 
products. In shipment after shipment, you'll find 
Armour Neo-Fats will not vary in specified prop­
erties, or composition. 

2-system fractionation makes it possible for you to 

order tank-car quantities of N eo-Fats offering 
single components in purities as high as 96%­
highest in the industry. Thus, you can obtain the 
specific fatty acid you n�ed free of other acids that 

detract from the quality of your formulations. We 
produce saturated fatty acids from 8 carbon chain 
lengths through 18, as well as various unsaturated 
acids. This is the most versatile and complete line 

of highest purity fatty acids available. 
Order by specification or by composition. Send the 
coupon now for further information about Armour 
Neo-Fat Fatty Acids-and how they can improve 
your profit margins. 

r-------------------------
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The modern Armour plant at McCook, Illinois 

ARMOUR 

CHEMICAL 

DIVISION 

©Armour & Company' 1355 West 31st Street· Chicago 9, Illinois 

MAIL THIS COUPON WITH YOUR LETTERHEAD TODAY! 

ARMOUR CHEMICAL DIVISION 

1355 West 31st Street, Chicago 9, Illinois 

Please send me: 

o New 48 page brochure, "The Chemistry of Fotty 
Acids," 

o New SpeciAcation Chart of the complete line of 
Neo·Fat Fatty Acids. 

Name' ______________________________ _ 

Tit/e' ______________________________ _ 

Firm 

Addres: ... ' _____________________ __ 

Cily, ___________ -LZ one __ Slale' ____ _ 

SA3 
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... now possible with 

NEW 

SHAKER SYSTEMS 

Vibration testing under random 
or "white noise" conditions 

probably approximates conditions 

of actual use far more realistically 

than pure, single frequency testing. 

But to do this a shaker system must first 

be designed and built so that all secondary structural 

resonances are eliminated in the shaker itself. The frequency range must 

be broad enough to encompass the desired band and the amplifiers 

must have the capacity to handle the necessary increase in power. 

Calidyne can now offer such shaker systems capable of reproducing 

random noise spectra. In effect, a completely new group of Calidyne 

shakers and systems is now becoming available to industry and research. 

Representative of such equipment is the Model 174 Shaker. This 

"Wide Band" unit is rated for continuous duty at 1500 lbs. force output, 

over the frequency range up to 4000 cps. Stroke is ± � ". The 25 lb. 

armature approximates a simple, single-degree-of-freedom system over 

this extended frequency range. A system using the Model 174 Shaker, 

like others in the new Calidyne line, permits vibration testing under 

random noise conditions, and should do it in far less time 

than single frequency environmental tests. 

.. 
Fr 

See us 01 I.R.E. Show - Boolh 462·464, Kingsbridge Armory 

THE=============================== 

CALIDYNE 
============== COM PAN Y 

120 CROSS STREET, WINCHESTER, MASSACHUSETTS 
SALES REPRESENTATIVES, 
WALTHAM. MASS. NORTHERN NEW YORK WASHINGTON, D. C. 

lobert A. Wat.r., Inc. rechnicol lnlt,umenh. InC. f. R. Jodon, Inc. 
MINNEAPOLIS, MINN. 

Hl,Igh M(lulond & .Co. 
(01'(1)1 7949 Waltham ".6900 Waltham. MOil. Hobart 2·04300 

NEW HAVEN, CONN. Waltham !i·8"04" SOUTHEAST ���::7�6�Ot.rl.In<. Cl.EVELAND, OHIO W. A.Brown & Assoc. DAllAS, TEXAS 
NEW YORK CITY AREA M. Po Odell Co. Alexandria, Va. 

G. C. En".' & Assoc iote. Prospect 1.6171 Overlook 3·6100 
John A.  Gree,. Co. 
fleetwood 7·738$ 

.,�G�W6cfg.
9
�EW J�RSEY DA;��.

N
Od��lgo. CH��:t?��:��!��� Co. 

�ill�;:':.�8�:noc,otel Or."on ...... , Ambossodor 2·1555 
HOLLYWOOD, CALIFORNIA 

G. I. Miller Co. 
Hollywood 2·1195 

,HILADElPHIA, PA. DETROIT, MICHIGAN INDIANAPOliS, INDIANA SAN FRANCISCO. CALIF. 
G. C. Engel M. P. Odell Co. Hugh Morslclnd & Co. G. B. Mill.r Co. 
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Chestnut Hill 8.0'92 $uperior 8·$114 Glendole 3803 LyteIl3·3"38 

ALBUQUERQUE, NEW MEXICO 
G. I. Mm.r Co. 
Albuquerque ,5·8606 

SEATTLE, WASH. 
G. II. Miller Co. 
Lond.,3320 

CANADA 
Meolurement Engineering Ltd. 
Arnprior, Ont., Phone .. 00 
Toronto, Ont., M(lyf(lir 8860 

EXPORT 
Rock. Int.rn(ltionol Corp. 

13 Eost 40 th St., N. Y. 16 , N. Y. 
MUff(lY Hill 9·0200 

50 AND 100 
YE1\RS AGO 

MARCH, 1906: "Henryk Arctowski, 
a member of the Belgian Antarctic expe­
dition, is planning to go to the South 
Pole in an automobile. He declares that 
one may go by ship to the lower end of 
Ross Sea, at 78 degrees latitude, to the 
foot of Mount Erebus and Mount Terror, 
proceeding thence to the point already 
reached by Scott. This explorer was 
forced to proceed on foot for five months. 
He could have continued on his way 
over the icy plain, but did not have suffi­
cient provisions, and was compelled to 
retrace his steps. It is now a question, 
therefore, of finding out how one can 
accomplish this journey ill all automo­
bile, and advance even farther. The dis­
tance from Mounts Erebus and Terror 
to the South Pole is about 805 miles. Mr. 
Arctowski believes that he can accom­
plish this distance in three trips. A first 
automobile will depart loaded with pro­
visions, and will arrive at the first station. 
A second will be dispatched to restock 
the first with gasoline, and will return to 
the point of departure. A third automo­
bile, making two trips, will restock the 
first automobile at the second station, 
permitting it to proceed to the actual 
Pole. Returning, one automobile will be 
abandoned at the Pole, and another on 
the way. They will cover six miles an 
hour, or 12 at the most, and will be spe­
cially constructed, after experimenting 
on the Alpine glaciers, for instance on 
the Aletsch Glacier in Switzerland. The 
expedition will depart in August, 1907, 
for the Antarctic regions." 

"According to l'Illustration (Paris) 
scientific men agree to-day in admitting 
that water phYSically pure, seen in mass, 
is sky blue. This color is that taken by 
the white light of the sun when absorbed 
by the water. The water at present ac­
knowledged to be the bluest is that of 
the Sargasso Sea, between the Cape 
Verde Islands and the Antilles. The wa­
ter of the Mediterranean off the French 
coast and around Capri is bluer than 
that of Lake Leman, much less blue it­
self than that of the lakes of Kandersteg 
and Arolla in Switzerland. According to 
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Crystal structure models. Top row, left to right: cuprite, zincblende, rutile, perovskite, tridymite. Second 

row: cristobalite, potassium dihydrogen phosphate, diamond, pyrites, arsenic. Third row: caesium chloride, 

sodium chloride, wurtzite, copper, niccolite. Fourth row: spinel, graphite, beryllium, carbon dioxide, alpha-quartz. 

FROM 

Research at Bell Telephone Lab­

oratories ranges from the ultimate 

structure of solids to the radio sig­

nals from outer space. Radio inter­

ference research created the new 

science of radio astronomy; research 

in solids produced the transistor and 

the Bell Solar Battery. 

Between atoms and stars lie great 

areas of effort and achievement in 

physics, electronics, metallurgy, 

chemistry and biology. Mechanical 

engineers visualize and design new 

devices. Mathematicians foreshadow 

new communications techniques. 

ATOMS TO 

Despite the diversity of their tal­

ents, Bell Laboratories scientists and 

engineers have much in common. A 
habit of teamwork channels these 

talents into great communications 

advances. These men have developed 

Models of the atomic patterns in solids 

help Bell Laboratories scientists visualize 

their electrical behavior. 

STARS 

the world's finest telephone system. 

In doing so, many have become lead­

ers in their fields. Opportunities for 

achievement await properly qualified 

scientists and engineers at Bell Tele­

phone Laboratories. 

Directional antenna used by Karl G. Jansky 

in discovery of stellar radio signals at Bell 

Telephone Laboratories in 1932. 

BELL TELEPHONE LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH • LARGEST INDUSTRIAL LABORATORY IN THE UNITED STATES 
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CON T R 0 L L E R (W i n d t r 0 I t) 

... for measuring 
wind speed and 

direction 

Here's a wind measuring system of high accuracy for 
airport, research and testing use. Indicates and records wind 

speed and direction. Keeps a permanent log o� weather
. . 

conditions. Used by manufacturers for testIng operatIons 1n 
which noise or smoke are involved. Controller actuates 

operating equipment, signals and alarms. 

The Bendix-Friez* Aerovane System is available as a complete 
package. Or, the individual units may be purchased 

for use with the transmitter. 

TRANSMITTER-Detects wind speed and direction. Electrically 
sends information to indicator, recorder and controller. 

RECORDER-Inks the wind speed and direction on time 
calibrated chart. Has three speeds for lYl-, 3- or 6-inches per 

hour. Under normal 3-inch-per-hour setting, recorder 
operates continuously for two-week period. 

INDICATOR-Shows wind speed and direction. Illuminated 
dials, white over black markings for maximum legibility. 

Calibrated in degrees of compass and miles per hour. 

CONTROLLER-Actuates circuits, turns on alarm system, 
operates other equipment when wind speed and direction 

reach pre-determined settings. Wind speed and wind direction 
dials mounted on face. Automatic time delay device 

compensates for fluctuating wind direction and speed. 
Time length is adjustable. 

Write today for complete information. 'Reg. U. S. Pal. Off. tTrade.mark 

"'ncfi/-�eJ 
FRIEZ INSTRUMENT DIVISION • BENDIX AVIATION CORPORATION 

1422 TAYLOR AVENUE BALTIMORE 4, MARYLAND 
Exporl Sales and Service: Bendix Inlernalional Division, 205 E. 42nd Sireel, New York 17, N. Y., U.S.A. 

Forel's experiments, the matter in solu­
tion should be the predominant cause of 
the modification of color. The Belgian, 
Prof. Spring, who has been a long time 
studying this delicate question, has just 
communicated to the Academy of Sci­
ences at Brussels some interesting fig­
ures. Six feet of pure water containing 
a millionth part of ferric hydrate appears 
brown; a ten-millionth pmt is sufficient 
to make the water green; at less than a 
twenty-millionth part it remains blue." 

"A curious effect was noticed in con­
nection with a kinetograph view which 
was taken in Germany not long ago. It 
was obtained at the time of the visit of 
the King of Spain to Berlin and repre­
sented the entrance of the procession in­
to the city. The horse guards led off, then 
a line of carriages and lastly a line of 
mounted cavaliers. What was surprising 
about this view was that while the car­
riages moved in the line of march as they 
should do, the wheels appeared to re­
volve slowly in the contrary direction. 
This phenomenon is easily explained, 
although at first it puzzled nearly every­
one. To take the views we photograph 
the objects successively within at least 
one tenth of a second. According to the 
relative speed of the wheel and the ap­
paratus, we may find that the successive 
spokes have a slight advance or lag rela­
tive to the position of the first one and 
give the illusion that the wheel is turn­
ing forward or back, as the case may be." 

MARCH, 1856: "The next annual 
meeting of the American Association for 
the Advancement of Science will be held 
in the city of Albany, N. Y., in the month 
of August next. We understand that in­
vitations have been given to a number 
of the savans of Europe to be present on 
the occasion, and that some of these 
have been accepted. Some of the agents 
of the Atlantic steamers have offered a 
free passage to certain of these savans, 
and it is believed that the Committee of 
Arrangements, at Albany, will enable 
some of them to visit our country 
without its costing them anything. �his 
is very gratifying. The Hon. Jas. S. 
Wadsworth has subscribed $500 to 
defray Liebig's expenses, and others 
in Albany have also subscribed liberal­
ly. The State Museum of Natural His­
tory is then to be inaugurated, and 
Wm. H. Seward is to deliver a lecture 
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Can we pour a ucup" for you? 

WRITE TODAY 
For These Publications 

1. SPECIAL STEELS FOR INDUSTRY 
.. . 16 pages of essential data on the proper 
selection and application of principal AL 
special alloy products: stainless, tool and 
electrical steels and sintered carbides. 

2. PUBLICATION LIST . . . a complete 
listing of all AL publications, both technical 
and non-technical Cover 100 in all), with a 
handy order. form for your convenience. 

ADDRESS DEPT. SC·75 

Somewhere in your setup, there's a spot where one of our 
special alloy steel products (stainless or heat-resistant, 
tool or electrical) can be used to gain you a real advan­
tage. Right now! It might come from reduced production, 
maintenance or depreciation costs. Or it might come from 
increased sales appeal: gaining an edge on competition 
in beauty, strength, service life or performance. The 
advantage is there-and our Research and Engineering 
Staffs are ready to help you find it . Allegheny Ludlum 
Steel Corporation, Oliver Building, Pittsburgh 22, Pa. 

PIONEERING on the Horizons of Steel 

Allegheny Ludl�� 
Stocks of Allegheny Stainless carrieel by all Ryerson Steel warehouses 
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CONTROL ELECTRO- MEDICAL EQUIPMENTS 

�IFJ'" Fo' mo.y Y"" the ,telh..,o.e wo, ... � "1IIIIIIII _ ,. tically the only tool available for diagnostic 
efforts of the Medical profession. 

Today, through the development of Electro Medical equip­
ment diagnosis and treatment are completed with maxi­
mum efficiency in the minimum amount of time. 

Potter & Brumfield relays have been designed and pro­
duced in quantity for most types of Electro Medical 
equipment. 

Let Potter & Brumfield engineers become part of your 
design group in selecting the correct type of relay to meet 
all requirements. 

for quick delivery over 350 different standarel relays stockeel by 500 Fran· 
chiseel Electronic Paris Distributors throughout the Uniteel States anel Canaela. 

Send your specifications for samples and quotations 

�o:.�� 
SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY COMPANY 

on the occasion. This, we think, is a 
wrong arrangement. Some well-known 
naturalist, like Agassiz, should have been 
chosen to do this." 

"The British Government has granted 
a pension of £, 200 per annum to Francis 
Petit Smith, in consideration of the ef­
forts made by him and the expense he 
incurred in the introduction of the screw 
propeller into the British Navy and the 
mercantile marine. The screw has com­
pletely superseded the paddle wheel in 
the Navy, and the whole war Beet of that 
nation is now almost exclusively com­
posed of screw steamers." 

"In a letter from the Crimea a soldier 
makes the following comments, among 
others, about the new Enfield rifle. 
'There is an objection on the part of the 
men,' he notes, 'to the new plan, copied 
from the French (and Russians) of fix­
ing the bayonet by a movable ring, in­
stead of retaining the spring of the Minie 
rifle. There is an advantage in retaining 
the spring, and it is this: Every officer of 
experience knows the thirst produced by 
the saltpeter and sulfur of the gunpow­
der getting into the mouth each time a 
man bites the cartridge. Well, Surgeon 
Tweeddale devised a very simple reme­
dy. The end of the bayonet is flattened 
out, and Dr. Tweeddale has a slit £led 
down in this portion of the spring. By 
pressing the waste end of the cartridge 
against this slit with the thumb, the 
paper is at once torn off and the car­
tridge is ready for use.' " 

"The custom of dropping a ball accu­
rately at a given time was adopted and 
has been carried out at the Royal Ob­
servatory at Greenwich, London, for 
many years, for the purpose of enabling 
outward bound shipmasters to deter­
mine the error of their chronometers be­
fore leaving port. Within two or three 
years the American method of cllrono­
graphic observation has been introduced 
at Greenwich, and in connection with 
this the great clock of the Observatory 
has been made to drop the ball auto­
matically by a telegraphic signal. No 
such apparatus exists at present in 
America, and the only approach to it is 
the ball upon the U. S. Naval Observa­
tory at Washington, which is thrown 
down by hand at the word of command. 
In view of this Prof. Bache, of the Coast 
Survey, and Prof. Gould, of the Dudley 
Observatory, at Albany, N. Y., have sent 
a message to the Mayor expressing a de­
sire to supply New York with time, 
which they offer to be accurate to the 
tenth of a second." 
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Litter patients. airborne 
IrOOps or aImoat 10 to .. 

of built equipment may 
be airUfted by the C-123. 

A built·in ramp facilitates 
qNlck ItHId ... tind unltHld • 

... 0/ "",0 lind troops. 

The Fairchild 
C-123 was especially 
designed for landings 
and take-offs on rough, 
unprepared fields. 

During "Operation 
Shakedown", the C-123 
was subjected to 

'IIOUGH 'HE SCIOOL 

OF lAID KIOCIS 

WITH FLYIIG COL.S! 

FAIRCHILD C.123 

PA SSES OPERATIONAL 

SUITABI LlTY TESTS 

Now being subjected to rugged tests for the U. S. 
Air Force, the Fairchild C-123 Assault Trans­

port has proved it can withstand the rigors of 
any combat airlift mission and win an "A" for 

top performance! 

Shown above is an actual photograph of a C-123 
making a short field landing downwind over a 50-
foot obstacle on a sandy, deeply rutted strip at 
:pglin Air Force Base. During other tests the 
C-123 was flown in simulated front line combat 

airlift missions and proved its durability by land­

ing and taking off on extra rough terrain in the 
shortest possible distance. 

The Fairchild C-123 is literally built to "take it 

tough" on any assigned Air Force mission ... 

another example of the rugged, hard-job depend­
ability built into Fairchild utility and logistics 
aircraft, 

A Division of 
Fairchild Engine and Airplane Corporation. 

500 hours of rugged 
duty under all opera­
tional conditions. � 

FAIRCHILD 
AIRCRAFT DIVISION ' HAGERSTOWN, MARYLAND 

• • •  WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS I 
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planes that need never get lost 

-anyvvhere 

GPL has produced the most advanced automatic air 
navigation system known to exist. 

It guides an airplane to its destination under any con­
ceivable conditions. It is not in the experimental stage; the 
system has been in production more than a year, flown 
millions of operational miles. It is completely self-contained, 
needs no ground guidance, no search radar, no optical ob­
servation. It works equally well anywhere in the world. Its 
operation is virtually instantaneous. 

This GPL System is called ANjAPN-66. 
Fly over empty seas, barren deserts, featureless ice 

fields, mountain ranges. Fly at the highest altitudes aircraft 
have reached or skim the surface of the sea. Fly arrow 
straight or tossed like a leaf in a hurricane. It makes no 
difference. Snow, fog, electrical interference, make no dif­
ference. ANjAPN-66 always knows exactly where a plane 
has been, where it is, and where it must go to reach its 
goal. 

The military application of a system of such capability 
is far reaching. To achieve it, GPL mobilized scientific man­
power and facilities in a large-scale emergency program in 
cooperation with the Air Force. Four other GPE companies 
also took part. Even so, development of ANj APN-66 took 
eight years, for it required a seemingly impossible engineer­
ing achievement: the harnessing of the physical phenom­
enon known as "Doppler-effect." 

The "Doppler-effect" is the shift in the frequency of 
waves, sound or electrical, transmitted from a moving ob­
ject to a stationary observer. It is most familiar as the shift 
in the pitch of a train whistle as it approaches and passes. 
ANjAPN-66 measures a similar shift in the frequency of 
radar waves it bounces off the surface of the earth below. 
From the difference in frequency between the original wave 
and its echo the system computes the speed and direction 
of the plane's movement in relation to the ground. Elec­
tronic computers use this data to keep continual track of 
the plane's position by what is, in effect, automatic, in­
stantaneous and highly precise dead reckoning. 

This outstanding product of GPL's engineering skills 
and creativity-and its variations, the AN/ APN-82 and 
ANjAPN-89-are in use in a wide range of service planes­
bombers, patrol craft, transports, mine layers, hurricane 
hunters. Every day the systems go into more aircraft as 
standard equipment. vVhen put to civilian use, they will 
guide air liners to the remote corners of the world with 
equal accuracy. 

vVhile you may have no need for a navigation system, 
you may very well have need of the engineering skills and 
advanced technological resources that made ANjAPN-66 
possible. These are at your service. 

To learn how GPL products and engineering skills 
can help you, write to: 

ENGINEERS-working at GPL can put 
you at the forefront of your profession. 

General Precision Laboratory Incorporated 
Pleasantville, New York 

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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The GPE Companies 
are leaders in that small, 

select group in American industry which is broadly quali­
fied to develop and produce the systems needed today 
for defense and industry. GPE leadership accounts for 
some of the most advanced systems in use in business, 
television, aviation, marine, steel, oil, power and other 
industrial fields. 

In Systems Engineering, advanced capacities and 
resources are prerequisite. Yet, no matter how highly ad­
vanced, they are insufficient if limited to a few areas. 
And beyond that, success requires the application of 
such balanced competences at every stage-beginning 
with research and extending all the way through develop­
ment, production, and final testing. 

The following basic characteristics and methods 
of operation of the GPE Companies explain GPE suc­
cesses in systems work: 
• the exceptional engineering acumen �f

. 
more t�an 

2500 GPE scientists, engineers and techmczans workmg 
in depth in the wide range of advanced capacities'indi­
cated in the chart above; 
• the extensive research, development, manufacturing 
and testing resources of the GPE Companies; 

Griscom-Russell 
Shipboard Distilling Plant 

Askania 
Power 

5 ENGINEERING 

• the GPE operating policy, Coordinated Precision 
Technology, which inter-relates all relevant GPE engi­
neering, research, and production skills and resources; 
• unremitting insistence on highest quality on the part 
of every GPE Company, every step of the way. 

No GPE Company is limited by the boundaries 
of its own specialties. Behind each engineering group 
working on a specific problem in one GPE company 
stands the whole group of GPE scientists, engineers and 
technicians with the answers-or the knowledge that 
will find the answers-to questions underlying and re­
lated to that problem. 

To the customers of GPE Companies this means 
that the concept and development of equipment, com­
ponents and systems are not restricted or distorted by 
traditional allegiance to specific competences. The five 
systems illustrated, while products of different GPE 
companies, are all examples of the consistent application 
of balanced competences, achieved through GPE coordi­
nation. 

For brochure describing GPE Coordinated Pre­
cision Technology and the work of the GPE Companies, 
or help on a specific problem, write: General Precision 
Equipment Corporation, 92 Gold Street, New York 38. 

GENERAL PRECISION EQUIPME NT CORPORATION 

THE GPE 

PRODUCING 

COMPANIES I 
0 KEARFOTT COMPANY, INC. G INTERNATIONAL PROJECTOR CORPORATION 0 BLUDWORTH MARINE 
o GENERAL PRECISION LABORATORY INCORPORATED O'rHE GRISCOM·RUSSELL COMPANY

, 

G LINK AVIATION, INC. 
� SHAND AND JURS CO. \!lD)THE HERTNER ELECTRIC COMPANY 4I)THE STRONG ELECTRIC CORPORATION 
OJ. E. McAULEY MFG. CO. GASKANIA REGULATOR COMPANY OAMPRO CORPORATION C lIBRASCOPE, INCORPORATED 

2 1  
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FOR THE 

MATHEMATICIAN 

who's 

x 
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-
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• -
• 

+ 

Hundreds of IBM electronic data proc­
essing machines are already in use, and 
many more will be installed during 1956. 

IBM 
® 

ahead 

of his time 

I BM is looking for a special kind of math­
ematician, and will pay especially well 
for his abilities. 

This man is a pioneer, an educator-with a 
major or graduate degree in Mathematics, 
Physics, or Engineering with Applied 
Mathematics equivalent . • 

You may be the man. 

If you can qualify, you'll work as a special 
representative of IBM's Applied Science 
Division, as a top-level consultant to scien­
tists, business executives and government 
officials on the application of Electronic 
Data Processing Machines. It is an excit­
ing position, crammed with interest, and 
responsibility. 

Employment assignment can probably be 
made in almost any major U. S. city you 
choose. Excellent working conditions and 
employee-benefit program. 

For applicants with the same basic quali­
fications, opportunities are available to 
teach in this exciting, new field. 

Your reply will, of course, be held in the 
strictest confidence. Write, giving full de­
tails of education and experience, to: 

Dr. C. R. DeCarlo 
DIRECTOR, APPLIED SCIENCE DIVISION 

INTERNATIONAL BUSINESS MACHINES CORP. 
590 Madison Avenue, New York 22, N. Y. 

These machines have become essential 
for computations in science, engineering 
and business management. 

Producer of electronic 

data processing machines, 

electric typewriters, 

and electronic time equipment. 

THE AUTHORS 
STANLEY W. DAVIS ("Stress in 

Combat") is a research leader at the 
Operations Research Office of the Johns 
Hopkins University. He was born in 
Elizabeth, N. J., in 1920, graduated 
from Cornell University in 1947 and 
took a Ph.D. in industrial psychology 
there in 1951. His thesis was on the use 
of auditory flutter fusion as a measure of 
fatigue. The Operations Research Of­
fice, which he joined as operations 
analyst, is under contract with the Army 
to provide military commanders with a 
scientific basis for making decisions. It 
was in 1952 that it sent its investigators 
to Korea, in a team that also included 
members from the Army and Navy. 
Davis lives in Silver Spring, Md., and 
is president of his local Parent-Teachers 
Association. 

JOHANNES IVERSEN ("Forest 
Clearance in the Stone Age") is head of 
the Paleobotanical Laboratory of the 
Geological Survey of Denmark and lec­
turer at the University of Copenhagen. 
He took a Ph.D. in biology at the Uni­
versity of Copenhagen in 1936. His 
principal research has been in plant 
ecology and vegetational history. While 
tracing the factors governing the vege­
tational succession of the past as they 
are reflected in pollen records, he came 
upon evidence of large-scale clearances 
in the Danish forests of Neolithic times. 
At present he is in the U. S. as a guest 
of Yale University on a Rockefeller 
Foundation grant. 

ERNEST F. GALE ("Experiments in 
Protein Synthesis") is director of the 
Medical Research Council unit for 
chemical microbiology and a university 
reader in microbiology at the University 
of Cambridge. He attended Weston­
super-Mare Grammar School and St. 
John's College at Cambridge. At the 
University he took an Sc.D. and a Ph.D. 
and conducted his early research under 
Sir F. Gowland Hopkins and Marjory 
Stephenson. His present work on pro­
tein synthesis grew out of observations 
he made in 1945 on the effect of penicil­
lin on certain bacteria. He has been on 
four visits to the U. S., most recently, in 
1955, to deliver the Harvey lecture at 
the New York Academy of Medicine. 

JULIAN HUXLEY ("World Popula­
tion") , as a member of an illustrious 
family of scientists and writers, has done 
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new team impetus ••• 

speeds supersonic ramjet progress 

Laboratory testing of a Marquardt supersonic ramjet engine 
capable of producing 1 O,OOO-plus horsepower at high altitudes. 
Here testing facilities can simulate altitudes to 100,000 feet and 
air flows equivalent to three times the speed of sound. Marquardt 
today ranks as the West's largest jet engine research and 
development center for ramjet power plants. Testing is just one 
facet in the coordinated activities of Marquardt Aircraft Com­
pany, Olin Mathieson Chemical Corporation and Reaction Motors, 
Inc. dedicated to the improvement of ramjet and rocket engines 
and special fuels for supersonic propulsion. 

Marquardt Aircraft Company Olin Mathieson Chemical Corporation 
Van Nuys, California New York, New York 

Putting the modern "weapons system" into 

action ... that's the purpose of the OMAR 

Joint Technical Committee. 

Here undivided responsibility in the devel­

opment of supersonic aircraft and propelled 

missiles is a reality-from theory and draw­

ing board, through design and engineering, 

to testing and full-scale production. This 

team activity, coordinating for the first time 

the chemical and mechanical experience of 

Marquardt Aircraft, Olin Mathieson Chem­

ical and Reaction Motors, promises con­

stant advancement in the development and 

production of ramjets, rockets, and special 

liquid and solid propellants of a practical 

nature for supersonic flight. 

RMI liquid propellant rocket engines 

Reaction Motors, Inc. 
Denville, New Jersey 

MARQUARDT AIRCRAFT 
OLIN MATHIESON CHEMICAL DMAR 

""",. '''¥ 
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Typical fuel 
element forms 
fabricated by Sylvania 

SHAPES OF THINGS TO COME 

• . .  in atomic power 

The manufacture of nuclear fuel is 
one of the most critical aspects of 
the world-wide effort being devoted 
to the attainment of economic elec­
tric power from the atom. 

Efficient utilization of nuclear fuel 
depends greatly upon the design and 
construction of the fuel element itself. 
Shape, size, degree of enrichment, 
mechanical structure all play a part 
in extracting maximum energy with 
minimum fuel cost. Finally, the 
reprocessing of used fuel elements 
requires expert knowledge and spe­
cialized equipment. 

With more than eight years of 
successful experience in solving ad­
vanced technical problems in atomic 
energy • • •  Sylvania has long been a 

leading fabricator of reactor fuel ele­
ments and assemblies. Sylvania's 
Atomic Energy Division is eqUipped 
to supply production quantities of 
standard fuel elements .. . or spe­
cial designs to meet your particular 
requirements. 

Whether your reactor plans are 
immediate, or for the future ... our 
scientific and engineering staff will 
gladly discuss your problems with 
you. For your reference files, write 
for: Sylvania Atomic Fuels and Re­
actor Components. 

SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division, P. O. Box 59 

Dept. C57V, Bayside, New York 
In Canada: Sylvania Electric (Canada) Ltd. 

University Tower Building, Montreal 
Sylvania International Corporation 

14 Bahnhofstrasse, Coire, Switzerland 

�SYLVANIA: 
ATOMIC ENERGY DIVISION 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY 
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a good deal of writing himself. His pre­
vious appearance in SCIENTIFIC AMERI­
CAN was as the reviewer of George Gay­
lord Simpson's Life of the Past in the 
issue of August, 1953. He is most widely 
known for his attempts to bring biologi­
cal issues before the public, not only in 
his own books but also in volumes writ­
ten in collaboration with J. B. S. Haldane 
and H. G. Wells. Huxley was Director 
General of UNESCO in 1947-1948. He is 
frequently in the U. S., and once taught 
at the Rice Institute in Texas (from 
1912 to 1916). Much later, in 1943, he 
expressed his enthusiasm for an Ameri­
can experiment in TV A: Adventure in 
Planning. In From an Antique Land, 
which appeared in 1954, he told of im­
pressions gathered in the Middle East. 

WILLIAM A. BAUM ("Electronic 
Photography of Stars") is an astronomer 
at the Mount Wilson and Palomar Ob­
servatories, which are operated jointly 
by the Carnegie Institution of Washing­
ton and the California Institute of Tech­
nology. He graduated from the Universi­
ty of Rochester in 1943 and took a Ph.D. 
at Cal Tech in 1950. "Ever since I was 
a small boy," he writes, "I have had a 
burning desire to explore the frontiers of 
space." He has been involved in photo­
graphing the ultraviolet spectrum of the 
sun with instruments carried in high-alti­
tude rockets, in measuring the spectral 
transparency of smog and in establishing 
standards for measuring the light of faint 
stars. His present research is in the latter 
field. It involves literally counting the in­
dividual photons from faint stars as they 
are received by the 200-inch telescope. 
The ultimate purpose of these observa­
tions is to determine the distances of re-
mote galaxies. 

. 

H. B. G. CASIMIR, O. R. FRISCH, 
J. LINDHARD et al. ("Jocular Phys­
ics") are physicists and friends of Den­
mark's Niels Bohr. Their affectionate 
tributes to Bohr on his 70th birthday 
take the form of playful spoofery of 
physics today; some of the pieces have 
been delivered as lectures to their col­
leagues in Europe. Casimir, director of 
the physics laboratory of the electrical 
and electronics firm of Philips at Eind­
hoven in the Netherlands, was an assist­
ant to Bohr in Copenhagen from 1928 to 
1931. He was born in The Hague and 
took his doctorate at the University of 
Leiden in 1931, becoming professor of 
physics there in 1933. He has been with 
Philips since 1942. Frisch is Jacksonian 
Professor of Natural Philosophy at the 
University of Cambridge and head of 
the nuclear physics section at the Caven-
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UJlMit1ff poelt � p1ttJd&t 
iiid1r JPM-Ap�? 

ELGI N can miniaturize 

your assemblies 

When conserving space is vital (as it is 
in timing and control devices, small 
actuators and other electro-mechanical 
devices), call on Elgin's broad experience 

and skills for help. Miniaturization of 
assemblies demands special abilities and 
facilities in order to save space while 
maintaining or improving performance. 
We can help you redesign your assemblies 
and provide the highly specialized skills 

and facilities .for assembly on a low-cost, 
volume basis. Call or write for a 
consultation at your convenience. 

New Booklet Helps Solve 
Miniaturization Problems 
Write today for "Practical 
Miniaturization" -free 
booklet explains miniatur­
ization at Elgin and how 
it can help you. 

ProcHcal 
A4,niClt"ri%Qtiotl 

NATIONAL WATCH COMPANY 
ORDNANCE DIVISION • Elg.in, Illinois 
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The complaisant expression on the face of 

the apprentice engineer stems from the 

knowledge that there will be no disap­

pointments for any gallery which his antics 

may attract. \'V'hy? Because his equi pment 

includes only such reliable items as the 

Sigma Series 11 Relay. 

The Series 11 i s the latest product of our 

Top- Leve l - Long- Range -Big-Picture 

Department and it might be good for 

headlight dimmers, garage door openers, 

TV antenna rotators and remotely con­

trolled toys-and it had better be because 

that's what it was designed for. The toys, 

to us, provi de just the sort of therapy 

needed for the world's ills -and, a balance 

for the evil deeds of the lIIunitions makers. 

To get back to the "11", it is ideally 

suited for such use because in addition to 

being small and quite dependable, it is 

also cheap. * Here are the specs: 

SERIES 11 DC OPERATED RELAY 
Contact arrangement, SPOT 
Rated Sensitivity, 50 milliwatts 

12.4 mo in 9000 ohm coil l 
Contact Rating, 1 ampere 
Coil Resistance Range, up to 9000 ohms 
Size, Type 11 F non ·Insulated bose I 

1 5/32" x 1 5/16" x I" high 
Weight: 1 ounce. 

Complete Data in Bulletin 

Natural1y it would please us no end for you to find 

even more uses for the Series 1 t. 

>I< Most expensive model, 
lots 1-19, each $1.95; 
cheapest model,lOO,OOO 
lots, 75¢ cacho 
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SIGMA INSTRUMENTS, INC. 
40 Pearl St., So. Braintree, Boston 85, Mass. 

dish Laboratory. He was brought up in 
Vienna, where he took his Ph.D. It was 
Frisch who, with Lise Meitner, first 
definitely identified the phenomenon of 
uranium fission. Frisch later worked at 
the Los Alamos Scientific Laboratories. 
Lindhard is an assistant to Bohr at the 
University Institute for Theoretical 
Physics in Copenhagen. 

MORRIS KLINE ("The Straight 
Line") , a rna thema tician and writer, 
wrote the article on "Projective Geome­
try" in SCIENTIFIC AMERICAN for J anu­
ary, 1955, and reviewed George Polya's 
Mathematics and Plausible Reasoning 
in the March, 1955, issue. He is professor 
of mathematics and director of electro­
magnetic research in the Institute of 
Mathematical Sciences at New York 
University. His Mathematics in Western 
Culture, a book for the general reader, 
appeared in 1953. 

TORKEL WEIS-FOGH ("The 
Flight of Locusts") is a Danish biologist 
who is now in the department of zoology 
at the University of Cambridge in Eng­
land. He took an M.S. and a Ph.D. in 
zoology at the University of Copenhagen 
in 1947 and 1952, respectively, after re­
ceiving the University's gold medal in 
1944 for work in soil biology. He started 
as an assistant to August Krogh in the 
study of insect flight which he reports 
here, and after Krogh died in 1949 Weis­
Fogh took over the leadership of the 
project. His salary, he notes, was paid 
by the Anti-Locust Research Center in 
London. From 1953 until this year he 
was lecturer at the University of Copen­
hagen, spending part of his time at the 
University of Cambridge as a fellow of 
the Rockefeller Foundation. 

HARRISON BROWN, who reviews 
Earth in Upheaval, the latest book by 
Immanuel Velikovsky, is professor of 
geochemistry at the California Institute 
of Technology. He was born at Sheridan, 
Wyo., graduated from the University of 
California in 1938, and took a Ph.D. in 
chemistry at the Johns Hopkins Uni­
verSity in 1941. After spending a year 
teaching at Johns Hopkins and a year in 
research on the plutonium project at the 
University of Chicago, he joined the 
Clinton Laboratories at Oak Ridge, 
Tenn., where for three years he was as­
sistant director of the chemical division. 
He returned to teaching at the University 
of Chicago Institute for Nuclear Studies 
in 1946. Five years later he transferred 
to Cal Tech. In 1952 Brown received the 
Award in Pme Chemistry of the Ameri­
can Chemical Society. 
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In over 

100 places, Enjay Butyl rubber parts 

add to Pontiac performance 

Brake and accelerator pedal 
pads. bellows 

Pontiac has been using parts made of Enjay Butyl since 1946. The 

great '56 model now incorporates more than 100 parts made from this 

super-durable rubber, adding to its performance, style and value. These 

parts have amazing resistance to deterioration and will easily last the 

life of the car. 

Among the many advantages of Enjay Butyl are price and ready avail­
ability. And it is now available in non-staining grades for white and 

light-colored parts. Extensive laboratory and testing facilities are at 

your service. For the full story, contact the Enjay Company today. 

��� ENJAY COMPANY, INC., " W", 'b' s ....... N_ Yo" " ,  N. Y. 
� District Office: 11 South Portage Path, Akron 3, Ohio 

36 SUCCESSFUL YEARS OF LEADERSHIP IN 

BUTYL 

Enjay Butyl is the super-durable rubber 
with outstanding resistance to aging • 

abrasion • tear • chipping • cracking • 

ozone and corona • chemicals • gases • 

heat • cold • sunlight • moisture 

SERVING IN D U S TRY 
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Life 
on the Chemical Newsfront 

(Above) NORMAL GROWTH is not possible without Folic Acid, 
an essential factor in the formation not only of red blood ceIls 
but all body cells. Everyone needs it daily. During periods of 
rapid growth, as in infancy and pregnancy, there is an increased 
need for this rare vitamin. Recognition of Folic Acid's impor­
tance has led to its wide use in B-complex and multivitamin 
preparations. Recently Cyanamid introduced to the drug trade 
an improved product containing a minimum of 93% anhydrous 
Folic Acid, the highest potency yet attained commercially. 
(Fine Chemicals Division) 

(Left) NEW HIGHS IN HIGHWAY CONSTRUCTION are forecast 
this year, with contract volume expected to rise 17% to $2Jf­
billion. The spread of highways and superhighways over every 
type of terrain presents titanic earth-moving tasks. In leveling 
hills to smooth the motorist's way, and quarrying rock for pav­
ing materials, Cyanamid explosives and blasting supplies will 
play a big part. Among Cyanamid products serving contractors 
are high explosives and precisely timed electric blasting caps 
that help insure good breakage and reliable results. (Organic 
Chemicals Division) 

A UNIQUE NEW SYSTEMIC 
HERBICIDE, Amino Triazole, se­
lectively kills a number of peren­
nial weeds. While most herbi­
cides kill by contact, Amino 
Triazole enters the sap system 
and spreads to all parts of the 
plant. It suppresses growth and 
unbalances the chlorophyll-pro­
ducing mechanism, ultima��ly 
killing roots. Canadian thistle is 
among plants susceptible to 
Amino Triazole. Photo left shows 
typical whitening or chlorosis of 
new growth one week after spray­
ing. Photo right shows how 
Amino Triazole is translocated 
into roots; this stunted white 
plant was sent up from root sys­
tem of parent plant that was 
sprayed. Among other noxious 
perennials that can be controlled 
are quack grass, nut grass, ash, 
scrub oak, poison ivy, poison oak, 
rushes, and Russian knapweed. 
(Agricultural Chemicals Division) 

© 1956 SCIENTIFIC AMERICAN, INC



Women's work makes 

chemical markets 

NEW AMINE HELPS WAX SHED WATER. Wax emulsions 
made with 3-methoxypropylamine, a volatile amine de­
rived from acrylonitrile, give highly water-resistant films. 
Laboratory tests indicate that 3-methoxypropylamine will 
replace two to four times the amount of morpholine re­
quired in similar formulations. To prepare an almost 
transparent emulsion with fine gloss, Dura Commodities 
Corp., New York, N. Y., suggests this formula: 40 parts 
Duroxon J -324 mineral wax, 3 to 4 parts oleic acid, 3 parts 
3-methoxypropylamine, and water. Emulsifying and dis­
persing action is equal to or better than that of morpholine, 
and similar results might be expected for other wax form­
ulations. (New Product Development Department, Section A) 

(Above) HER NEW CLOTHESLINE IS PAPER! Plymouth Cordage Com­
pany, Plymouth, Mass., now produces Fibre-White Clothesline of 
MELOSTRENGTH® Paper. This paper is treated with MELOSTRENGTH® 
Resin, which makes a water-insoluble bond between paper fibers. The 
paper is stronger, wet or dry, has high wet-rub resistance so it may be 
wiped clean easily. And it resists chafing of clothespins through wet 
laundry. This economical clothesline is one of many improved paper 
products made possible by MELOSTRENGTH Resin. (Industrial Chemicals 
Division, Deportment A) 

(Left) AND HER LINENS COME WHITER, thanks to triazine-type 
brighteners based on AERO· Cyanuric Chloride. These optical bleach­
ing agents absorb ultraviolet radiation and emit it as visible wave 
lengths in the blue portion of the spectrum. This fluorescence counter­
acts yellowish or greyish soil, and increases the total light reflectance 
of the fabric, making it brighter as well as whiter. Optical brighteners 
also lighten pastel shades and increase color contrast in printed goods. 
Many other triazine dyestuffs have been derived from cyanuric chlo­
ride, which can also be used to make plastics of exceptional clarity and 
heat resistance, fungicides and insecticides, vulcanization accelerators 
and surface active agents. (Industrial Chemicals Division, Department A) 

Building for the Future 
Through Chemistry 

Additional information may be obtained 
TegaTding these products by writing on 
your business letterhead to the Division 
of Am erican Cyanamid Com pany, 30 
Rockefeller Plaza, New York 20, N. Y., 
indicated in the captions. 

*Trade-mark 
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Bond 24-foot sandwich panels 
without iigs, clamps, or curing ovens 

The assembly line in the picture is turning out 24-
foot aluminum-honeycomb sandwich panels for use 
as gymnasium partitions. The adhesive being used 
is Armstrong D-253. With this remarkable adhesive, 
you can bond sandwich panels of any size that you 
can handle . . . without the need for costly jigs, 
clamps, or curing ovens. 
Here's how the job's done: spray or roll D-253 on 
skin sheets and core, force dry for a minute or two, 
and assemble your sandwich. One pass through a 
pinch roll produces an instantaneous, permanent 
bond. Your finished panel is ready for further proc­
essing or immediate shipment. 
D-253 is a thermoplastic adhesive with exceptionally 
high dead load strength and flexibility. In an alumi­
num-honeycomb panel, for example, where the ex­
pansion of the metal would be greater than that of 
the core, the D-253 bond is strong enough-and 

flexible enough-to withstand such movement. 
Armstrong D-253 is not restricted to bonding alumi­
num to honeycomb, of course. This versatile adhe­
sive may be used to fasten plastic laminates, ply­
wood, stainless steel, hardboard, and many other 
materials to different cores. 
For more information on D-253 and other Arm­
strong adhesives write for our Adhesives Manual. 
It's free to industrial users. Armstrong Cork Com­
pany, 8003 Inland Road, Lancaster, Pennsylvania. 
In Canada, 6911 Decarie Blvd., Montreal 29, Quebec. 

@mstrong 
ADHESIVES . COATINGS . SEALERS 

.. . used wherever performance counts 

© 1956 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 .AMERICAN" March, 1956 Volume 194 Number 3 

Stress in Combat 

What physiological and psychological responses do men exhibit 

under great pressure? An account of a re7narkable investigation 

undertaken by a group of scientists during an engagement in Korea 

T
he behavior of the human organ­
ism under stress is one of the 
major concerns of our time. We 

are living in a period when more and 
more is demanded of the human consti­
tution, when man's capacities are being 
taxed ever more severely by his increas­
ingly complex machines and the grow­
ing pressures under which he lives. No 
wonder, then, that reactions to stress 
have become a subject of systematic 
study in recent years. Inevitably the 
main focus of this investigation has been 

ATTACKING COMPANY 

DEFENDING COMPANY 

CONTROL GROUP 

12 14 16 

by Stanley W. Davis 

military, for it is in combat that human 
beings are exposed to the greatest stress 
and the problem of human limitations 
becomes most critical. 

The machinery of modern warfare ad­
vances steadily in power and complex­
ity. Planes fly faster, guns shoot farther 
and more rapidly, instruments grow 
more intricate, and the whole system of 
military tactics and strategy is being 
revolutionized by nuclear weapons. Yet 
the soldier, who must handle these 
weapons and on whom the fate of the 

18 20 22 24 26 
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battle ultimately depends, remains es­
sentially unchanged from the days of the 
Roman legions. The importance of the 
human factor was grimly demonstrated 
on D-day of World War II. The U. S. 
invasion forces had been picked with 
extreme care, had been trained for 
months and were provided with the 
finest weapons. But when they hit the 
beaches of Normandy, many men were 
unable even to muster enough strength 
to carry a machine gun across the beach; 
later accounts told of squads and even 

28 30 5 

NOVEMBER 

MEN IN THREE GROUPS were studied from October 13 to No· 

vember 7 in 1952. The attacking company took two hills. The 

defending company held tbese positions against attack. The control 

group occupied positions abont 200 yards behind the main line of 

battle. The shaded portions of the bars indicate time spent in com-

bat. The darker shaded portion represents mo,'e intense combat; 

_ the lighter shaded portion, Jess intense combat. The letters A or A' 

indicate measurements made before combat. The letters B, C and 

D indicate the second, third or fourth measurements. These were 

made after the first two groups of men had retired from combat. 
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INFANTRYMEN in the regiment studied by the investigators 

move up in the Triangle Hill area on October 14. The smoke in 

CASUALTIES of the same attack lie on stretchers at a battalion 

aid station. The attacking company studied by the investigators 

32 

the distance is from bombs dropped by fighter·bombers. On the 

same day the regiment occupied several hill positions in the area. 

suffered 61 per cent casualties. Of the 24 men originally selected 

for the study, only five were uninjured and available for tests. 
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whole platoons that stood where they 
were, powerless to move, when they left 
their landing craft. Something had hap­
pened to these well-trained, well­
equipped, well-led fighting men. The 
stress of combat had paralyzed them as 
effectually as enemy bullets could have. 

It has become increasingly evident 
that military commanders must have a 
thorough understanding of the effects of 
combat stress to make the most efficient 
use of their manpower. With such 
knowledge they could judge whether a 
unit was adequately prepared for bat­
tle, how long it could fight effectively 
and how much rest it should be given 
before being sent into action again. 

D
uring the Korean war the U. S. mili-

tary services made a study of com­
bat stress as a first step in a long-range 
program to find answers to some of these 
problems. It was an on-the-spot ex­
amination of infantrymen in a combat 
area in Korea, carried out under an 
Army contract by a team of investi­
gators-physiologists, psychologists and 
psychiatrists. The team was made up of 
personnel from the Johns Hopkins Uni­
versity Operations Research Office, the 
Office of Naval Research, the Naval 
Medical Research Institute and the 
Army Surgeon General's office. 

The object of the study was to ex­
amine men after they had come out of 
combat to see whether the stress had 
produced measurable changes in physio­
logical and psychological capacities, and 
to observe how long these changes per­
sisted. Since this was a pioneer study, 
we had to decide first what specific tests 
were most likely to be significant for our 
purpose. 

For the physiological tests we se­
lected as the main target the adrenal 
gland, because it is well known that this 
small gland plays an important part in 
adjustments to stress. We used two kinds 
of measurement to estimate the level of 
this gland's activity. First, we estimated 
the amount of cortical hormone secreted 
by the gland. This was done by analyz­
ing the urine for its content of the hor­
mones themselves (principally the one 
known as Compound F) and of certain 
end products of the metabolism of the 
hormones (the so-called 17 ketoste­
roids). Secondly, we measured the ef­
fects of the adrenal hormones on other 
tissues and organs. The adrenal hor­
mones affect the production of various 
types of white blood cells, the break­
down of proteins into products such as 
urea and uric acid and the balance of 
salts in the body; changes in these factors 

can be determined by analyzing the 
blood and the urine. 

VVe also tested for changes in the 
percentage of red cells in the blood, for 
changes of blood volume, for sugar in 
the blood and urine and for cholesterol 
and carbon dioxide in the plasma. We 
also administered two stimulating drugs: 
Mecholyl to test the reactivity of the 
autonomic nervous system and ACTH 
to test the functioning of the adrenal 
cortex. In all we used more than 20 dif­
ferent physiological tests. 

To examine how the soldiers' mental 
functioning had been affected by com­
bat stress, we selected 14 psychological 
tests, designed to measure their judg­
ment, speed and sensitivity of percep­
tion, memory span and so on. These 
tests, as it turned out, yielded disap­
pointingly little information, so the main 
value of the Korean study was in the 
physiological results. 

The laboratory where most of the test­
ing was done was located at a mobile 
surgical hospital one jeep-hour away 
from the main battle line in Korea. Set 
up in a Quonset-type hut, it was 
equipped with excellent facilities for 
physiological and chemical studies, in­
cluding radioactive tracer work, ion­
exchange separations and so on. In addi­
tion we had mobile equipment which 
could be carried to the front line for ex­
amination of men there. 

A combat theater, some said before 

we went to Korea, is a place to fight a 
war, not to do research. But the military 
services were convinced that the kind 
of information they needed could be ob­
tained only in a combat zone, and we 
received fine cooperation and assistance 
from all concerned-commanders and 
men alike. Groups of soldiers whom we 
examined had to submit to four to six 
hours of testing just after they had been 
pulled out of intense combat. It in­
volved sticking them with needles and 
required them to stay alert when what 
they wanted most to do was sleep. Yet 
these men were without a doubt the 
most cooperative group of subjects with 
whom any of the scientists had ever 
worked. The men knew that the exam­
inations would be of no benefit to them; 
nevertheless they welcomed the chance 
to take part in the study, both as a relief 
from the boredom of military routine 
and as a contribution for the benefit of 
future generations of infantrymen. The 
soldiers thanked the scientists for letting 
them serve as subjects. 

T
hree groups of men were examined; 
let us take each in turn. 

The first was a control group of 24 
infantrymen from a company occupying 
blocking positions about 200 yards be­
hind the main line of battle. These men 
were under occasional artillery and mor­
tar fire, were under constant threat of 
attack, were called upon to make fre-

ATTACKING DEFENDING 
COMPANY URINE MEASURES 

17 KETOSTEROIDS LOW 

PORTER· SILBER CHROMOGENS LOW 

UREA NORMAL 

URIC ACID NORMAL 

CREATININE 

SODIUM/POTASSIUM 

CHLORINE LOW 

BLOOD MEASURES 

LYMPHOCYTES NORMAL LOW 

EOSINOPHILS LOW NORMAL I 
TOTAL WHITE COUNT LOW NORMAL 

� 

ATTACKING AND DEFENDING COMPANIES differed in their physiological responses. 

The measures tabulated here were made 12 hours after combat in the Triangle Hill area. 

The 17 ketosteroids and Porter·Silber chromo gens are direct measures of adrenal·hormone 

output. The other measures are of by-products of processes affected by these hormones. 
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MOBILE SURGICAL HOSPITAL at which the tests were made 

was photographed from the air by Muriel Johnston, a member of 

the team. The hospital was about an hour's drive from the main 

line of battle. The laboratory is the Quonset hut at right center. 

quent patrols; one subject was killed by 
a mine. However, their situation was 
considerably less dangerous than that on 
the fighting line, and their physiological 
condition proved to be normal. By the 
physiological measures applied they did 
not differ significantly from normal non­
combatant males in the U. S. Thus this 
group served as a base line or standard 
for judging the changes produced by the 
stress of actual combat. 

The second group consisted of men 
who went through the most intense kind 
of combat: an attack on a heavily de­
fended hill. They were selected from the 
lead company of a battalion which 
stormed and took two peaks in the Tri­
angle Hill area north of Kumhwa on 
October 14, 1952. The engagement 
lasted 18 hours, and the company suf­
fered 61 per cent casualties. The 24 se­
lected men were examined 12 hours 
before they went into action. After the 
attack only five of these men were un­
injured and available for retesting. Fif­
teen other men from the remnants of the 
company were therefore added to the 
group. These 20 men were examined at 

three intervals after their return from 
the battle: 12 hours afterward, again 
after five days and again after 22 days. 

At the first postcombat examination 
they were a very tired group of men, 
showing visible signs of their physical 
and emotional ordeal. Physiologically 
the most striking change was a marked 
rise in the output of hormones by the 
adrenal gland, as shown by our various 
indices. There was an increase in steroids 
(breakdown products of the hormones) 
and in protein metabolism (as measured 
by urea, etc.). The balance of salts had 
changed, showing a smaller ratio of so­
dium to potassium. The white blood-cell 
count had dropped. This last was a par­
ticularly interesting development. Most 
types of stress produce a rise in the 
white-cell count; in this case the number 
of young white cells had increased as 
usual but the total count was lower be­
cause adult white cells had practically 
disappeared. Severe infection or burns 
sometimes produce such a change, so the 
white-cell fall may be taken as a measure 
of the severity of the stress to which the 
combat soldiers had been exposed. 

EDITOR'S NOTE 
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The team which made the study reported in this article included, in 
addition to the author, Commander Nello Pace, Lieutenant Frederick L. 
Schaffer, Lieutenant John H. Kilbuck, Lieutenant Elaine Walker and 
Lieutenant Muriel Johnston, representing the Office of Naval Research; 
Lieutenant Commander David Minard, representing the Naval Medical 
Research Institute; Lincoln F. Hanson, Fred Elmadjian, Howard S. Liddell 
and Algird Zilinski, representing the Johns Hopkins Operations Research 
Office; Captain Ernest R. Kolovos and Captain George H. Longley, repre­
senting the Office of the Surgeon General, Department of the Army. Also 
contributing to the study was Jean G. Taylor of the Operations Research 
Office. Miss Taylor did not accompany the team to Korea, but analyzed 
much of its data and co-authored its report to the Army. 

A complete discussion of the physiological findings of the study will 
shortly be published by the University of California Press under the title 
Physiological Studies of InfantTymen in Combat. 

Five days after their combat expe­
rience most of the elements in their 
physiological picture had returned to 
normal, and 22 days afterward it was 
entirely normal. We estimated that on 
the average it took the men in the at­
tacking company about six days to re­
cover physiologically from their intense 
18-hour stress in combat. 

T
he third group went through a stress 
which was somewhat less intense but 

more prolonged. We called it "the de­
fending company." It comprised 13 men 
from a company which took over the 
captured positions on Triangle Hill and 
defended them against counterattacks. 
These men were in the fighting line for 
five days, stood off three attacks and 
were bombarded continuously by artil­
lery; they suffered 17 per cent casualties. 

The 13 men in the defending com­
pany were examined 12 hours after they 
came out of combat and again eight 
days later. Their physiological profile 
was completely different from that of 
the attacking company. The immediate 
postcombat tests indicated that their 
adrenal activity was below normal in­
stead of above normal. And it took these 
men an average of 13 days to regain 
physiological normality. 

Opinions differ as to the reasons for 
this surprising contrast between the at­
tacking and defending companies. It can 
be explained neatly, however, by Hans 
Selye's theory on the response of animal 
organisms to stress [see "The Alarm Re­
action," by P. C. Constantinides and 
Niall Carey; SCIENTIFIC AMERICAN, 
March, 1949]. According to Selye's hy­
pothesis, this response, which he calls 
"the general adaptation syndrome," 
progresses in three stages. In the first, 
the activity of the adrenal gland is 
speeded up. This appears to describe the 
condition of the attacking company 
after its relatively short (I8-hour) but 
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intense period of combat. As the stress 
continues, the organism enters a second, 
"resistance" stage, during which adrenal 
activity drops, sometimes to below nor­
mal. After prolonged stress the organism 
finally reaches the "exhaustion" stage 
and �o longer is able to maintain its re­
sistance. 

Whether the men in the defending 
company were in the resistance or ex­
haustion stage, from the standpoint of 
adrenal activity, is uncertain; tests of 
the ability of their adrenal glands to re­
spond to the stimulating drug ACTH 
were inconclusive. It seems most likely 
that their adrenals were functioning at 
the resistance level. 

One thing is certain: recovery from 
the acute stress of combat is a matter 
not of hours but of days. The time-hon­
ored rest cure for fighting troops-a hot 
meal and a good night's sleep-evidently 
is not sufficient. 

{\ s for psychological behavior, there 
ft could be no doubt that the stress of 
combat had changed the men profound­
ly. They were impassive, lethargic, un­
communicative, almost antisocial, where 
before being sent into combat they had 
been exuberant-telling stories, laughing 
and back-slapping. Yet our psychological 
tests failed to show any evidence of 
changes matching those in physiology. 
The men's mental faculties seemed to be 
unimpaired-with two comparatively 
minor exceptions. They were a little less 
sensitive in certain tests of perception: 
that is, in ability to detect flickering in­
terruptions of a beam of light and anal­
ogous interruptions of sound. This de­
crease in sensitivity is known to be an 
indication of mental fatigue and to stem 
in part from changes in the central 
nervous system. 

The lack of significant results from the 
psychological tests was disappointing 
but not greatly surprising, because it was 
impossible to control the test conditions 
adequately. Further research will have 
to be done to find appropriate ways and 
means of measuring the psychological 
changes produced by combat stress. 

The Korean study was just a begin­
ning in the direct investigation of the 
extreme stress of combat. It demon­
strated that this stress produces impor­
tant and substantial changes in bodily 
functions. The meaning of these changes 
has to be explored further, and other 
measures of the effects of stress need to 
be devised. A fuller understanding of 
these effects should be invaluable not 
only in the military field but also in 
everyday life. 

LABORATORY WORK was done under field conditions. At the top Frederick Schaffer 

of the Office of Naval Research shakes test tubes. At the bottom medical technician Algird 

Zilinski boils urine samples with acid, part of the process for extracting 17 ketosteroids. 
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Forest Clearance in the Stone Age 

During the Neolithic period the hunters of northern Europe graduall'y 

became farmers. Using their tools and methods, Danish investigators 

have re-enacted how the'y cleared the land and cultivated their crops 

P
erhaps the greatest single step for­
ward in the history of mankind was 
the transition from hunting to agri­

culture. In the Mesolithic Age men lived 
by the spear, the bow and the fishing net; 
in the Neolithic Age they became farm­
ers. The change came independently at 
different times in diverse parts of the 
world. Just how and when men turned to 
farming in Western Europe has been a 
subject of debate among naturalists and 
archaeologists for a hundred years. New 
methods of dating the implements of 
Stone Age men have recently given 
more factual substance to the debate. 
What is more, we have learned enough 
about the world in which they lived to 
test our theories about how they lived 
by experiment. This is a report of a set 
of experiments by which a group of 

by Johannes Iversen 

scientists in Denmark attempted to re­
enact some aspects of the hunting-to­
agriculture chapter of mankind's past. 

Denmark has unearthed relics of both 
stages-the bone and flint implements of 
the Mesolithic hunters and the polished 
stone axes of the Neolithic farmers. And 
in ancient lake sediments and bogs the 
prehistoric tools lie in recognizable 
strata of pollen, that marvelous dating 
instrument which identifies each period 
by its prevailing vegetation. The pollen 
record, as ecologists read it, tells the 
following story. 

Toward the end of the last ice age, 
when vegetation was emerging and the 
country was still open, hunters ranged 
all over Denmark. Then, as forests grew 
dense and reduced large game, men 
abandoned the forested interior and re-

treated to the coast, where they made 
their living by fishing and seal-hunting. 
This state of affairs continued for thou­
sands of years, until man suddenly ap­
pears in the forest, hacking out a new 
living. Clearings are hewed in the 
primeval forest. Tree pollen rapidly de­
clines in certain regions, and we find in 
its place a sharp rise in pollen of herba­
ceous plants and the emergence of 
cereals and new weeds, notably plan­
tain-the plant which the Indians of 
North America called "the footsteps of 
the white man." 

Very shortly a new growth of tree 
species which typically follow forest 
clearance-willow, aspen, birch-springs 
up. The presence of birch strongly sug­
gests that man used fire to help clear the 
forest, for on fertile soil birch succeeds 

STONE AXE was reconstructed by mounting the Neolithic flint 

head on a copy of a Neolithic haft preserved at the bottom of a bog. 

It was found that the full swing of the modern woodsman often 

chipped or broke the head. Using short, rapid strokes, the experi. 

menters learned to fell trees more than a foot in diameter in 30 min· 

utes. To fell small trees they chopped all the way around the trunk. 
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a mixed oak forest only after burning. 
Meanwhile the ground flora undergoes 
a radical and significant change. Grasses, 
white clover, sheep sorrel, sheep's-bit 
and other pasture plants take the upper 
hand. We can visualize cattle grazing 
and browsing in grassy meadows bor­
deI'ed by scrub forests of birch and hazel. 

Finally comes a third phase. The 
grasses, birch and eventually hazel de­
cline, and a big-tree forest takes over 
once more. Oak now is more dominant 
than before; elm and linden never re­
cover the strength they had in the 
primeval forest. 

All this seems to mean that men 
cleared large areas of the original forest 
with axes, bmned over the clearings, 
planted small fields of cereals and used 
the rest for pasturing animals. Their col­
onization was of short duration: when 
the forest grew back, they moved on to 
clear a suitable new area. According to 
the pollen record, some of their settle­
ments can scarcely have lasted more 
than 50 years. 

N 
ow this is a neat, tidy theory, but 

there are troublesome questions. 
Could Neolithic man really have cleared 
large areas of the thick primeval forest 
with his crude flint axes? Could he have 
burned off the felled trees and shrubs 
in his clearings? Our team of ecologists 
and archaeologists decided to put these 
questions to the test of field experiment. 
We obtained the needed funds and per­
mission to clear a two-acre area in the 
Draved Forest of Denmark, which is a 
mixed oak forest like that of Neolithic 
times. 

Two archaeologists, Jorgen Troels­
Smith and Svend Jorgensen, took charge 
of the axe tests. They were able to ob­
tain a number of Neolithic flint axe 
blades from the National Museum in 
Copenhagen, and a model for the wood­
en haft was available in the form of the 
famous Sigerslev hafted axe excavated 
from a Danish bog. In Neolithic axes, 
whose hafts were of ash wood, the blade 
was inserted in a rectangular hole in the 
haft [see dmwing on opposite page]. 
Jorgensen and Troels-Smith demon­
strated that if the haft was not to be 
split, it must not hold the blade too 
tightly but must leave room for a little 
sidewise play of the blade when it 
struck. 

After making a number of hafted axes 
fitted with Stone Age man's blades, the 
two archaeologists, together with two 
professional lumberjacks, went forth into 
the forest in September, 1952. When the 
party attacked the trees, it soon became 

TREES WERE BURNED by covering them with brushwood and igniting a 30·foot strip. 

When the strip was almost burned out, the larger logs were used to light the next one. 

SEED WAS SOWN by hand in the still·warm ash (left). Then the seed bed was raked with 

a forked stick (right). The plants sown were barley and two primitive varieties of wheat. 

BARLEY HAD GROWN to this height six weeks after it had been sown in the ash of the 

burned brushwood and trees. Barley sown in plots not covered with ash grew very poorly. 
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apparent that the usual tree-chopping 
technique, in which one puts his shoul­
ders and weight into long, powerful 
blows, would not do. It often shattered 
the edge of the delicate flint blade or 
broke the blade in two. The lumber­
jacks, unable to change their habits, 
damaged several axes. The archaeolo­
gists soon discovered that the proper 
way to use the flint axe was to chip at the 
tree with short, quick strokes, using 
mainly the elbow and wrist. Troels­
Smith, working with an axe blade which 
had not been sharpened since the Stone 
Age, employed it effectively throughout 
the whole clearing operation without 
damaging it. 

When the two archaeologists reached 
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peak form, they were able to fell oak 
trees more than a foot in diameter with­
in half an hour. Small trees they dropped 
by cutting all around the trunk; on sub­
stantial-sized ones they used the slower 
method of hewing through notches on 
the opposite sides, in order to control the 
direction of fall. We realized that for 
clearing purposes it would be advanta­
geous to have all the trunks lying in the 
north-south direction; for example, the 
wood would dry more quickly. 

In this manner we cleared the two 
acres of forest, letting the largest trees 
stand but killing them by cutting rings 
through the sapwood. Troels-Smith and 
Jorgensen concluded that Neolithic men 
could have cut large clearings in the 

30 40 50 

forests with their flint axes without great 
difficulty. 

T
he next problem was to learn how 
they might have burned off their 

clearings. For help in this phase of the 
experiment we called on Kustaa Vilkuna 
of the University of Helsinki, who is an 
expert on primitive burning techniques 
which were still being used quite re­
cently by farmers in the spruce forests 
of Finland. 

Without waiting for the wood to dry, 
we first tested two burning methods, one 
modern, the other primitive. The mod­
ern method, though effective in forests of 
conifers, failed completely in our decid­
uous forest. The primitive method, how-

ELM LINDEN ASH OAK BIRCH HAZELNUT 

POLLEN DIAGRAM shows the effect of forest clearance on the 

vegetation of Denmark between about 2500 B.C. and
,
2300 B.C. The 

diagram is based on many samples of pollen taken by boring down 
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into bogs. The width of each colored area on the diagram repre­

sents the proportion of pollen from one species in comparison to 

that from all others. The scale of the proportions is given at the 
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ever, was successful, and we proceeded 
to use it in the clearing in May of 1954, 
after the felled trees had had more than 
a year to dry. Brushwood and branches 
cut from the trees were spread over the 
area to be burned. Then this material 
was ignited along a 30-foot-wide belt by 
means of torches of burning birch bark 
attached to stakes. When the belt was 
well cleared, we pushed its still burning 
logs forward with long poles to set fire 
to the adjacent area. In this way we 
burned off the tangle of felled vegetation 
belt by belt. The fire was controlled care­
fully, day and night, to achieve an even 
and thorough burning of the ground. It 
was rather hard work, as oak wood burns 
slowly, but there were no serious diffi-

culties, and in three or four days the job 
was finished. We burned only half of the 
two-acre clearing, because we wished 
to compare the subsequent growth on 
burned and unburned ground. 

Immediately after the burning we 
sowed part of the area with primitive 
varieties of wheat (einkorn and emmer) 
and naked barley. That these cereals 
were grown in Denmark by Neolithic 
man is shown by grain impressions on 
excavated pottery. Axel Steensberg, an 
expert on agricultural methods, old and 
new, obtained seeds of the cereals from 
botanical collections and directed our 
agriculture. 

We spread the seeds on the ground, 
raked them in with a forked branch, and 

waited for the harvest. For comparison 
we sowed two sets of plots-one burned 
and one unburned but hoed and weeded. 
The contrast in results was remarkable. 
On the unburned ground the grain 
scarcely grew at all. Evidently the rather 
acid forest soil was not suited to cereal 
growing. But the burned ground pro­
duced a luxuriant crop (which Steens­
berg harvested, in Neolithic fashion, 
with a flint knife and a flint sickle). The 
success of the cereals in this ground was 
due in part to sweetening of the soil by 
the wood-ash and the absence of compe­
tition from other vegetation, but the 
burning may also have created other 
beneficial factors, and we are now in­
vestigating this matter. In any case, 

COMMON LANCET 
HERBACEOUS PLANTS BRACKEN GRASSES PLANTAIN PLANTAIN OTHER 

upper left. In the primeval forest (colored areas below the bottom 

horizontal line) the distribution of pollens was 30 per cent elm, 

linden and ash; 30 per cent oak; 5 per cent birch; 10 per cent hazel, 

CEREALS WEEDS 

and so on. During the three stages of forest clearance (1,2 and 3) 

the distribution of pollens changed. The distribution of herb pol· 

lens is shown at the right of the break in the horizontal lines. 
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NEW COMMUNITY OF WILD PLANTS grew up in the parts of 

the clearing that had been burned over. At the left is a species of 

fern called bracken. Second from the left is hazel. Both of these 

plants had been present in the original forest. They grew up again 

whatever the factors are, they are short­
lived, for the second year the burned 
plots yielded much smaller crops. 

Now, two years after the clearing and 
burning, we are in the process of watch­
ing developments in the early recovery 
of natural plant growth. The burned and 
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unburned areas are developing quite dif­
ferently. 

In the area cleared of trees but un­
burned, events are following an un sur­
prising and unexciting course. The 
ground vegetation consists mainly of the 
species that grew there before the clear-

r:l - M-

ing, though it is growing more luxurious­
ly because it has more sunlight. Bracken 
(ferns), always abundant in this part of 
the world, is flourishing far more richly 
than when it was shaded. Grasses and 
sedges have increased. 

The burned ground, on the other 

n_ - - ....... -

BRACKEN GRASSES SEDGES MOSSES BOG MOSS 

(SPHAGNUM) 

NETTlE RASPBERRY HEATHER MEADOW· 

SWEET 

NEOLITHIC COMMUNITY OF WILD PLANTS that followed 

clearance and cultivation is analyzed in this pollen diagram. The 
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colored bars indicate the amonnt of pollen from each plant before 

clea�ance. The black bars indicate the amount of pollen after clear-
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SORREL 

from relatively deep roots. Third from the left are dandelions, 

members o(a family which grows in profusion under such condi-

tions. Fourth are mosses, which had never been seen in this forest 

before. Their spores were blown into the clearing on the wind. 

hand, is a scene of botanical revolution. 
Bracken is coming back here too, but 
most of the other old plants, having shal­
lower roots, were killed off by the fire. 
In their stead we have a whole garden 
of new plants. Plantain has made its ap­
pearance, just as it does in the ancient 

- -
PARSLEY COMMON LANCET 

FAMILY PLANTAIN PLANTAIN 

ance. The scale at the left is based on grains 
of pollen per 1,000 grains of tree pollen_ 

pollen record after forest clearance. 
There is a profusion of members of the 
family Compositae, including dandeli­
ons, daisies, sow thistle and so forth. 
(These plants do not bulk large in the 
fossil pollen record, but that is under­
standable because they are pollinated by 
insects rather than by the wind.) 

A particularly interesting develop­
ment is the sudden appearance of mosses 
and their spread over large patches of 
the burned area. The main species have 
never been seen in this forest before. 
Their spores have flown into the clear­
ing on the wind, and no doubt mosses 
came the same way to the areas burned 
by Neolithic man. What makes them es­
pecially significant is that certain mosses 
seem to be definite indicators of fire; 
three species have been so identified in 
America, and sure enough the same 
three appeared in our burned clearing. 
Since the moss phase in a burned forest 
must be ephemeral, moss spores in the 
fossil record should enable us to pin­
point the dates of forest clearance by 
Neolithic man and to learn whether they 
burned the same clearing more than 
once during the existence of a continu­
ous settlement. Unfortunately the small 
moss spores are difficult to recognize, 
and analysts of the ancient pollen de­
posits have not counted them hitherto. 
We made a small test count at the site of 
a Neolithic forest clearing in Denmark, 
analyzing the layers representing the 
time of the clearance and the period just 
before. According to our fragmentary 
count, there was a sharp rise in general 
moss growth (we made no attempt to 
distinguish individual species) imme­
diately after the clearance of the area 
[see chart at the left]. 

Our experimental clearing in the 

Danish forest is just beginning to pass 
into the second phase, when pioneer 
trees appear and the regeneration of the 
forest commences. Birch seedlings are 
starting to spring up in profusion; willow 
seedlings have appeared; and hazel, 
aspen and linden shoots are rising from 
roots that were not killed by the fire. We 
are looking forward to studying this 
gradual regeneration in the years to 
come, as well as to reliving the stage in 
Neolithic farming when men grazed 
their cattle on the re-emerging ground 
vegetation. 

M
eanwhile we can say that so far our 

experiment has confirmed the 
archaeological interpretation of the pol­
len record on several important counts. 
It has been demonstrated that the forest 
could indeed have been cleared by the 
primitive tools of Neolithic man, and 
that in the first stage at least the reviving 
vegetation follows a course very like that 
deduced from the ancient pollen layers. 

Of course man's transition from hunt­
ing to farming may well have taken other 
paths besides the one we have traced in 
the Danish clearings. More than one 
type of agriculture may have existed si­
multaneously in Denmark. As a matter 
of fact, Troels-Smith has found evi­
dences of a more primitive agriculture 
during the same period on the Danish 
coast, where the Middle Stone Age men 
apparently cleared no forests but prac­
ticed a little crude farming along with 
their hunting and fishing. 

The Neolithic farming culture de­
scribed in this article is so much more 
advanced, and begins so suddenly, that 
it seems to signal the arrival and invasion 
of a vigorous new people from another 
region. 
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EXPERIMENTS IN PROTEIN SYNTHESIS 

Ho\v does the cell assemble the small molecules of amino acids 

into the large ones of proteins? Here the problem is attacked 

by chemical dissection of the synthetic machinery of bacteria 

A
readers of SCIENTIFIC AMERICAN 

well know, the past two years 
have been exciting ones in protein 

chemistry. The search for the secret of 
how living organisms make proteins­
the basic material of life-has been re­
warded by several important break­
throughs. Frederick Sanger and his 
group at the University of Cambridge 
worked out the complete structure of a 

protein molecule [see "The Insulin 
Molecule," by E. O. P. Thompson; 
SCIENTIFIC AMERICAN, May, 1955]. 
New clues and speculations have linked 
protein synthesis more definitely than 
before to nucleic acids, the heredity­
carrying material in the cell [see "The 
Structure of the Hereditary Material," 
by F. H. C. Crick, October, 1954; and 
"Information Transfer in the Living 
Cell," by George Gamow, October, 
1955]. 

Another new development of the past 
two years is that for the first time pro­
teins have been synthesized by some­
thing less than a whole living cell. In the 
writer's laboratory at Cambridge prep­
arations consisting of broken cells, con­
taining only part of the normal cell ma­
terial, have proved capable of making 
proteins when supplied with the neces­
sary components. This has made possi­
ble some detailed studies of the role of 
the nucleic acids in the process of syn­
thesis. 

Before we consider these experiments, 
let us review the general outlines of the 
present view as to how proteins are 
formed. Proteins are long chain mole­
cules built up from 20 different amino 
acids as units. The properties of each 
specific protein are determined by the 
proportions and most especially the 
order of arrangement of amino acids in 
the chain. The great question at the mo­
ment is: What mechanism arranges the 
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units in the proper sequence to make a 

given protein? Here the nucleic acids 
(known as DNA and RNA) come to the 

fore. They are known to be long chain 
molecules. Various kinds of evidence 
suggest that DNA may act as a template, 
or pattern, which lines up amino acids 
in a specific sequence because attach­
ment sites along the chain have specific 
affinities for particular amino acids. 
Once a full sequence of amino acids has 
been lined up in this manner, an enzyme 
may then bond the units together and 
peel off the newly formed chain, leaving 
the DNA available to organize another. 
As for the function of RNA, there has 
been less information to go on, but it has 
seemed likely that this nucleic acid 
plays a more elementary role, being in­
volved somehow in promoting the cell's 
synthesis of proteins in general. 

I n our laboratory we have pursued the 
question of DNA's and RNA's activi­

ties by examining parts or stages of the 
process of protein synthesis. We have 
worked with broken cells and followed 
chemical transformations with radio­
active tracers. 

Our experimental cell is Staphylococ­
cus, a bacterium well known as the 
cause of boils and other pus-forming 
conditions. One of the things that make 
this organism particularly suited for our 
work is that it can synthesize an amount 
of protein equal to its own weight in 
about 90 minutes. 

Mter washing a culture of the bac­
teria on a centrifuge and concentrating 
them in a thick suspension, we cool 
them in an ice bath and shake them at 
supersonic vibration speed for 30 to 40 

minutes. This treatment ruptures most 
of the cells, but some of these are broken 
only to the extent of having a tear in the 
cell wall [see photograph at the bottom 

of the opposite page]. Large molecules 
can pass through the gap, and thus we 
can add or remove nucleic acids or pro­
teins within the cell. 

To establish whether these cells are 
capable of synthesizing proteins under 
given conditions, we need an accurate 
means of estimating their protein con­
tent. A convenient method is to meas­
ure their enzyme activity. Enzymes are 
proteins, and therefore an increase in 
the cell's enzymic activity means that it 
is synthesizing these proteins. Partic­
ularly useful for this sort of measure­
ment are the so-called adaptive or in­
ducible enzymes. They are a type of en­
zyme which a cell produces only when 
the specific substrate upon which the 
enzyme acts (or a chemically similar 
"inducer") is present. One such enzyme, 
for example, is beta-galactosidase, which 
breaks down beta-galactosides-com­
pounds containing the sugar galactose. 
Staphylococcus bacteria grown in a me­
dium devoid of galactosides will not 
make or contain this enzyme. If we then 
add some galactose to the cell prepara­
tion as an inducer, th€ cells will begin 
synthesizing the enzyme and we can 
measure its production from scratch. 

There are, of course, other ways of 
estimating the rate of protein synthesis 
by a cell, such as study of the production 
of other types of enzymes or chemical 
analysis of the cell's products. We have 
used all these methods. 

What, then, are the capacities of our 
collections of incomplete cells? Let 

us submit them to a series of tests. If the 
cells contain half their normal amount 
of nucleic acid, we find that they are 
able to synthesize protein provided we 
supply them with the necessary build­
ing blocks (the 20 amino acids) and a 
source of energy (such as the compound 
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EXPERIMENTAL ORGANISM of the author and his colleagues is 
the common bacterium Staphylococcus aureus. The electron micro· 
graph at the top shows an intact bacterium; it is about one micron 
(.001 millimeter) in diameter. The electron micrograph at the bot. 
torn shows several bacteria that have been broken open by subject. 

ing their culture to ultrasonic vibrations. The dense material inside 
the cells appears to be largely a combination of nucleic acid and 
protein, which can now be removed by enzymes or by other treat· 
ment. Nucleic acid can then be added to the cells again, and its 
effect on the synthesis of protein observed in a controlled manner. 
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INSULIN MOLECULE, like the molecule of any protein, is made up of amino acid units 

(labeled rectangles in this schematic diagram). The units are arranged in two chains, one of 

21 amino acids (left) and the other of 30 (right). The chains are joined by sulfur atoms (5). 
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adenosine triphosphate, or ATP). They 
will also make the enzyme beta-galacto­
sidase if galactose is added. 

Next we remove some of the nucleic 
acid (extracting or destroying it by 
chemical means). When the amount in 
the cell has been reduced to about 15 
per cent of normal, the cell no longer 
can make protein. We can restore its 
ability to produce certain proteins, how­
ever, by adding back one of the ex­
tracted nucleic acids-RNA (ribonucleic 
acid) -or substances from which the 
cell can make RNA. 

Finally, if we deplete the broken cells 
to less than 10 per cent of the nucleic 
acids they had originally, their ability to 
synthesize protein can still be restored if 
we add back both RNA and DNA (de­
soxyribonucleic acid). The nucleic acids 
must be of the specific kind peculiar to 
the strain of �taphylococcus being stud­
ied. And the ability of the cells to make 
protein disappears if we inject enzymes 
that destroy the nucleic acids. 

These experiments, then, proved 
clearly that DNA and RNA are involved 
in the process of protein syntheSiS by the 
cell. The next stage in the investigation 
was to study what roles they play. 

An interesting clue emerged from cer­
tain experiments with radioactive trac­
ers. It has to do with the behavior of 
cells in which protein synthesis has been 
halted (e.g., by the absence of some 
essential amino acid). If an amino acid 
labeled with radioactive carbon 14 is in­
serted in such a culture, the labeled 
amino acid often becomes incorporated 
in protein molecules, despite the fact 
that the cell is not making new protein! 
Somehow, without any rebuilding proc­
ess that would involve the whole pro­
tein molecule, the labeled amino acid 
has displaced or usurped the place of a 
like unit in the molecule. Now the im­
portant fact that emerged from experi­
ments with broken-walled cells was that 
this exchange takes place only when nu­
cleic acid is present, DNA being about 
twice as effective in promoting it as 
RNA. 

The template hypothesis suggests an 
explanation. In a mixture of different 
amino acids (the building blocks) and 
nucleic acid (the template) each site on 
the template attracts an amino acid with 
which it has a specific affinity [see dia­
gram on the opposite page J. When all 
the sites become occupied, an enzyme 
bonds the amino acids together and peels 
them off the template as a unit. 

If the medium lacks one or more of 
the necessary amino acids, so that the 
chain forming on the template cannot 
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TEMPLATE HYPOTHESIS of protein synthesis is illustrated in 
this much·simplified diagram. The objects resembling a short 
picket fence represent a single nucleic acid. The small rectangles 
represent various amino acids. Each picket of the nucleic acid has 
an affinity for one amino acid. Thus amino acids tend to line up 
along the nucleic acid in a speCific pattern (1). The amino acids 

B 

are then joined (2), and released as a protein (3). The double 
arrows indicate that the reactions are reversible. Where one ar· 
row is heavier than the other, the reaction is more likely to run 
in that direction. If one amino acid is labeled with a radioactive 
carbon atom (colored rectangles), hut some unlabeled molecules 
of the same amino acid are preseut, the two may change places (1). 
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UPTAKE OF AMINO ACID by Staphylococcus was shown to be controlled by nucleic acid 
in the experiments depicted here. At the top is n schematic representation of the bacterium 
(l). Its synthetic apparatus is intact, and labeled amino acid (colored rectangle) is incor· 
porated into protein (arrows). If the cells are broken and their nucleic acid removed, the 
uptake of amino acid stops (2). If the nucleic acid is put back into the medium, the uptake of 
amino acid begins again (3). If the nucleic acid is broken down by the enzyme ribonuclease 
(black), and its fragments are added to the medium, the uptake of amino acid also begins 
again (4). There is some evidence that if a single fraction of nucleic acid is put into the 
medium it will cause the uptake of a single amino acid (5). This is supported by experi· 
ments with nucleic acid from yeast (lower right) . If this nucleic acid is added intact to the 
medium, no amino acid is taken llP (6). If the yeast nucleic acid is broken down, however, 
a single fraction of it will have the same effect as the similar fraction from Staphylococci. 
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be completed, the amino acids on the 
unfilled template remain unbound to 
their neighbors. Any of them may there­
fore be displaced by an identical amino 
acid free in the medium. In this way a 
labeled amino acid introduced into the 
medium might take a place on the tem­
plate. Thus it would be in its appropriate 
position in the protein sequence. Even­
tually it might become incorporated into 
a protein molecule as a result of some 
kind of interchange between the protein 
and the amino acids arrayed on the 
template. 

I f this picture represents anything like 
the true situation, we should be able 

to learn a good deal about the mecha­
nism of protein synthesis by giving more 
detailed study to the reactions whereby 
amino acids are incorporated through 
the aid of nucleic acid. We first investi­
gated whether the whole nucleic acid, 
rather than some active fragment, was 
needed for this function. A nucleic acid 
can be broken by enzymes into frag­
ments consisting of one, two, three or 
more of its component nucleotide units. 
When these fragments were tested, it 
developed that breakdown of DNA re­
duced its activity in promoting amino 
acid incorporation. In the case of RNA, 
however, fragments were as effective 
and sometimes even more effective than 
the whole molecule. Furthermore, RNA 
fragments were active in the staphylo­
coccal cells even when the RNA came 
from some other source, such as yeast. 
This is especially surprising because 
yeast RNA when intact does not show 
�uch activity in the preparations of dis­
rupted cells. 

There are two possible explanations: 
either (1) the cell rebuilds its own type 
of RNA from the fragments, or (2) the 
activity lies in some RNA fragment or 
fragments which are active in the com­
plete molecule only when in specific po­
sitions in its structure. Experimenting 
further, we have been able to rule out 
the first of these possibilities and are now 
separating the active substances in RNA. 
It may take many months to identify 
these substances. 

u ndoubtedly the process by which 
cells synthesize protein is highly 

complex and will be difficult to unravel. 
But it is now being investigated in detail 
by means of these and other broken-cell 
preparations in various laboratories 
around the world. and the next few years 
should prove exhilarating-and possibly 
exasperating-for all those working in 
this field. 
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-__ Kodak reports to laboratories on: 
making one's point vividly in a learned journal ... a reagent for determining a-keto 

.acids in blood and urine ... a way to revise the phone book every night 

Cut-rate (olor 

A beautiful photograph 
of Castille;a /;nea,;Io/;a in 
full color might have 
been printed in this 
space. 

If it had been, we would have had 
to pay the publisher of this maga­
zine an additional $705 for the 
space, and it would have cost us 
$260 more for a set of four printing 
plates-magenta (known to print­
ers as "red"), cyan (known to 
printers as "blue"), yellow, and 
black. We could have afforded 
it and so could almost any other 
firm listed on the New York Stock 
Exchange. (The reason we didn't 
do it was that we thought we didn't 
have to.) 

To a certain national wildflower 
society, however, which does have 
a beautiful color transparency of 
Castilleja Iinearifolia to reproduce 
in its bulletin, this order of expendi­
ture is enough to chew its whole 
publication budget into shreds. 
Such figures have scared off many 
other societies and publishers of 
periodicals and books aimed at 
smallish audiences. 

Very well, we have devised a cut­
rate color printing method. It is 
intended for press runs of not much 
more than 2,500 copies. It dispenses 
with the black plate, depending on 
overprinted heavy inking for ren­
dering dark areas. ]t permits none 
of the laborious hand work that's 
back of the exquisite effects achieved 
in some color advertisements and 
none of the color correction by 
electronic computing circuitry, used 
for editorial color illustrations in 
some mass magazines. It would 
hold down the soaring flight of an 
advertising art director's creative 
imagination. 

But, by George, it's color print­
ing, and it might be just the ticket 
for the scientist with a few Koda­
chrome or Ektachrome slides that 

drive home the whole point he 
wants to make. Matter of fact, it 
was him we developed the process 
for. 

Eastman Kodak Company, Graphic 
Reproduction -Division, Rochester 4, 
N. Y., can supply the names of some 
printers who know all about the "3-
color short-run" process. 

Clarion (all from Stoke Poges 
Far from the madding crowd's 
ignoble strife and to the eternal 
boredom of sophomores, a man 
named Thomas Gray published in 
1751 some thoughts about Life in­
spired by the country churchyard 
of Stoke Poges in Buckinghamshire. 
From the same town, exactly 200 
years later, two other individuals 
whose thoughts about Life were 
more along the line of what part 
a-keto acids might play in it, sent 
to the editor of The Biochemical 
Journal (52,38) a paper in which 
they introduced 1,2-diamino-4-ni­
trobenzene as a reagent for these 
acids, proclaiming it more specific 
than the previous favorite, 2,4-
dinitrophenylhydrazine, because it 
forms stable nitroquinoxalinols 
which may be separated by paper 
chromatography. 

Actually this new reagent has 
been slumbering peacefully in our 
catalog for the past 16 years ever 
since we began making it as an in­
termediate toward a benzimida­
zole. A change of name in the in­
terim toward the Chemical Ab­
stracts form, 4-Nitro-o-phenylene­
diamine (Eastman 4323), has made 
the grave a little harder to find. 
Now the clarion call from Stoke 
Poges, reinforced by an abstract 
we offer of a paper in The Analyst 
for August '55 on the use of the 
reagent in detecting and determin­
ing a-keto acids in blood and urine, 
brings life again to the old amine. 

YOUI' order for 25 grams of Eastman 
4323 at $2.50 and a note asking for the 
abstract is all it takes to try this new 
reagent. While you're at it, if you don't 
hm'e our List No. 39 of some 3500 
Eastman Organic Chemicals we stock, 
ask for that too. Distillation Products 
Industries, Eastman Organic Chemicals 
Department, Rochester 3, N. Y. (Divi­
sion of Eastman Kodak Company). 

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

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 

Reviser 

Here is one of the latest Kodak 
cameras, the Kodak Listomatic 
Camera. For the price of one of 
these, you could buy about 9,000 
of our more popular Brownie Holi­
day Cameras, any one of which 
could take more interesting pic­
tures. All you can do with this 
camera is to feed it stacks of 
punched cards, each bearing a few 
lines of type that constitute an 
entry for a big compilation like a 
directory or catalog. It zips through 
the cards at a great rate. Out comes 
film which turns directly into nega­
tives for making printing plates for 
the pages of your book. All the en­
tries are arranged in orderly, con­
ventional type columns, as regular 
as in your phone book. 

The speed is the thing. You 
could revise the phone book every 
night. This is more important to 
civilization than you might offhand 
think. Civilization and commerce 
lean heavily on various books of 
listings, most of which are out of 
date before they ever go on the 
press, simply because the casting 
of hot metal into the shape of let­
ters takes time and costs money. 
Some day, because of this machine, 
it may even be fair to declare it a 
misdemeanor to possess a badly 
out-of-date compendium without 
an archivist's license. 

Commercial Controls Corporation, 
Rochester 4, N. Y., can either sell you a 
Kodak Listomatic Camera or give your 
name as a potential customer to some 
printer who buys one and needs lVork to 
keep it busy. 

Price quoted is subject to 
change without notice. 
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See TAM* 
lor High 
Purity 

TITANIUM 
CARBIDE 

... in 
commercial 
quantities 

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

PROPERTIES 
Structure •• Cubic Hardness •••••• 9 Moh S(ole 

Mp ••••••• 5680'f Mesh Size •• 95% to 98%-325 

(also finer particle sizes 10 microns max. 
and:> microns max.) 

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

Combined Carbon •• 19.0% Min. Ti .. 79.0 % Min. 

free Carbon •••••••• O.3% Max. Fe •• O.2% Max. 

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

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

·TAM Is a registered trademark. 

TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 

ExeClltive and Sales Offices: 
II I Broadway, New York City 

General Offices, Works and Research Laboratories: 
i. Niagara Falls, New York 

48 

The Future of Atomic Energy 

In 25 years the U. S. may be getting 
more electricity from nuclear power 
plants than it is generating in total 

today. In other fields of application 
atomic energy will probably contribute 
most heavily to agriculture and medi­
cine. These are among the major devel­
opments foreseen by a citizens' panel 
which has been studying the impact of 
the peaceful uses of atomic energy. The 
group was appointed early in 1955 by 
the JOint Congressional Committee on 
Atomic Energy. 

The panel's report, delivered last 
month, surveys the current state of the 
nonmilitary atomic art and recommends 
ways to promote its growth. The panel 
believes that this growth will be 
achieved without serious economic or 
social dislocations. 

Reviewing the current power-reactor 
program, the report estimates that the 
way to economically competitive atomic 
power may become clear by 1960. In 
that case actual competitive plants 
could be in operation as early as 1965. 
By 1980, atomic power plants in the 
U. S. should be producing between 50 
and 130 million kilowatts of electriCity. 
At that time the total capacity of the 
country will have risen from its present 
total of a little more than 100 million 
kilowatts to between 400 and 600 mil­
lion kilowatts. 

A deficiency in the present program 
is its neglect of small and medium-sized 
reactors. All types should be developed 
as quickly as possible, says the panel, 
preferably with the help of private in­
dustry, but if necessary by the Govern­
ment. If industry does not take on the 

SCIENCE AND 
job, the Atomic Energy Commission 
should build, at public expense, a full­
scale "demonstration" reactor of every 
major type and size. 

Difficulty in obtaining information is 
still holding up atomic progress, the 
panel finds. It recommends that the AEC 
remove "all reactor technology from the 
restricted data category, including . . .  
fuel element fabrication and processing 
techniques." The concept that atomic 
information is "born" classified should be 
abandoned. 

Secrecy surrounding the thermo­
nuclear program should be lifted as 
much as possible to allow more people 
to contribute. Furthermore, potential in­
vestors in fission power deserve to know 
something about fusion possibilities. 
Some light on the thermonuclear project 
was afforded by the report itself, in the 
background material published with it. 
Lewis L. Strauss, chairman of the AEC, 
explained in a letter why the project has 
been classified secret. "It appears," he 
said, "that any thermonuclear reactor 
will be a substantial producer" of neu­
trons which could be used to make plu­
tonium or other "special nuclear mate­
rial ." This makes it "restricted data" 
under the Atomic Energy Act. 

Agricultural research is assigned a 
high priority in the report. Plant breed­
ers, using radiation to speed up muta­
tions, have already developed superior 
strains of barley, oats, wheat, corn and 
peanuts. Soon they will have a variety of 
new types adapted to specific climate 
and soil conditions. Radioactive tracers 
are showing the way to more effective 
use of fertilizers. 

Medical applications of atomic energy 
must be made more generally available, 
says the report. All medical schools 
should have facilities for teaching atomic 
techniques in research, diagnosis and 
treatment. Low-cost atomic medical 
equipment should be designed and pro­
vided for all hospitals. Radioactively 
labeled organic compounds, now expen­
sive, should be widely distributed at 
reasonable prices. 

The panel called for a big increase in 
atomic aid to foreign countries. Research 
specifically aimed at the problems of 
other nations should be undertaken. The 
report urges the U. S. to provide them 
with fuel and technical help for building 
reactors. It expresses the hope that by 
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THE CITIZEN 
1960 enough reactors will have been 
built to produce at least one million kilo­
watts of electric power. This inter­
national program should be planned 
immediately in a series of regional con­
fer'ences with cooperating countries. 

Some of the other recommendations: 
That atomic-powered merchant ships 

be developed. 
That more research be devoted to the 

use of atomic radiation for processing 
materials. 

That the AEC set up a separate divi­
sion to handle peaceful applications of 
atomic energy. 

The chairman of the study group was 
Robert McKinney, a New Mexico news­
paper publisher. Other members were 
Ernest R. Breech, chairman of the board 
of the Ford Motor Company; George R. 
Brown, president of Brown Engineering 
Corporation; Sutherland C. Dows, pres­
ident of the Iowa Electric Light and 
Power Company; John R. Dunning, 
dean of engineering at Columbia Uni­
versity; Frank M. Folsom, president of 
the Radio Corporation of America; 
T. Keith Glennan, president of Case In­
stitute of Technology and a former mem­
ber of the AEC; Samuel B. Morris, chief 
engineer of the Department of Water 
and Power for Los Angeles, and Walter 
P. Reuther, president of the United Au­
tomobile Workers. 

Federal Science Budget 

The U. S. Government will spend 
$2.6 billion on scientific research in 

1957,  if Congress accepts the Adminis­
tration's budget recommendations. This 
represents an increase of 13 per cent 
over last year and 23 per cent over the 
year before. 

The biggest backer of science will be 
the Defense Department. About $1.4 
billion of the Department's $42.4 billion 
request is earmarked for research and 
development. 

The Atomic Energy Commission plans 
to reduce slightly its expenditures for 
weapons research. But the $299 million 
allotted to nonweapon nuclear research 
is 38 per cent more than last year. 

The National Science Foundation, 
which got $16 million last year, has 
asked for $42 million to support basic 
research. This total would include $18 
million for the satellite project. While 

Silicones Aid Diversification ... Build Markets 
With the i r  i n he rent i n d i fference to t i m e, tem peratu re a n d  weather, 
Dow Corning Silicones have sti m u l ated the developm ent of m a n y  
n e w  devices a n d  added n ew s a l e s  appeal  to esta b l i shed p rod­
ucts ra n g i n g  from a i rcraft to shoes. Here a re a few exa m ples of 
how leaders i n  m a ny d ifferent i n d u str ies a re us ing s i l icones to 
diversify the i r  li n e  or to i n crease the i r  sha re of the ma rket. Sen d  
cou pon for m o re i nformation o n  si l icon es. 

Silicone RUBBE R  puts the sizzle in "Frypan" sales. Women 
want the convenience of a built-in source of controlled 
heat but not at the expense of easy washability. Now 
they can get both in the Sunbeam Automatic Frypan, 
thanks to Silastic*, Dow Corning's silicone rubber. Even 
when "Frypan" is almost totally immersed in water, elec­
trical connections stay dry inside terminal box sealed 
with Silastic. Seal is unaffected by long exposure at 
temperatures up to 450 F! Wiring is also insulated with 
Silastic, and covered with silicone-glass sleeving to give 
maximum life and reliability. No. 14 

Industry warms up to woven heaters insulated with silicone 
VARNISH. Originally developed to keep military cameras 
operable at high altitudes, woven contact heaters have 
opened many new markets for Pre-Fab Heater Co. 
Typical application is a woven heater which snaps around 

� a drum and quickly brings contents to 500 F. Key to 
success of these heaters is impregnation of the woven 
glass yarn with a Dow Corning varnish to form a heat­
stable, dielectric coating. No. 15 

Silicone FLUI D makes viscous damping practical. First prac­
tical application of this old principle was made by 
Houdaille-Hershey Corporation in a more effective tor­
sional vibration damper for crankshafts of internal com­
bustion engines. Essential to the success of this device 
is Dow Corning 200 Fluid with its remarkably constant 
viscosity and high resistance to oxidation and shear 
breakdown. For example, from -40 to 160 F, the damp­
ing effect of this silicone fluid decreases in the ratio of 
3 to 1 while the ratio for a conventional hydraulic oil 
of comparable viscosity is 2500 to 1. No. 16 

Silicone PAINT expands market for glass heating panels. 
To produce millions of radiant heating panels for wall 
heaters, food warmers and serving trays, engineers at 
Blue Ridge Corporation had to find an easy way to apply 
a resistance heating circuit to plates of tempered glass. 
They solved that problem by first coating the heated 
glass with metallic aluminum. The heating element is 
then traced on the aluminum coating with silicone paint 
applied through a silk screen. Silicone paint withstands 
the caustic bath used to remove the rest of the alumi­
num coating. No. 17 
*T. M. REG. U, S. PAT. OFF. 

Dow Corning Silicones Mean Business! 
MAIL THIS COUPON TODAY 

r------------------------
I 
I 
I 
I 

Dow Corning Corporation, Dept. 9803, Midland, Michigan 
Please send me more information on: 14 D 150 16 D 17 D 
D "What's a Silicone", 32 page illustrated booklet 

D 1956 reference guide to silicone products 

I Name 

I 
I Company 

I Address I 
I I I 

� ________________________ J 

• 

DOW CORNING 

CORPORATION 
MIDLAND, MICHIGAN 

ATLANTA CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINCTON. D.C. 
CANADA: DOW CORNING SILICONES LTD .. TORONTO GREAT BRITAIN: Jo4IDL"NO SILICONES LTD .• LONDON FRANCE. ST. GOB"IN. PARIS 
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CO ADVANCED 

l1l11111n, 
The design of modern communica­

tions equipment involves much 

more than electronic circuit tech­

niques. Keyboards and coders are 

often required to translate the in­

telligence to be transmitted into 

"machine language:' Recording and 

reproducing devices store intelli­

gence until the equipment is ready 

to transmit it, or hold received intel­

ligence until it can be translated back 

into human language by a printer 

or other output display device. 

The combination of such me-

ICations 
chanical and electro-mechanical 

techniques with the better known 

but still developing techniques of 

electronic circuit design makes of 

modern communications a much 

broader field than is commonly rec­

ognized. When such technical tools 

are used to provide equipment 

tailored to our rapidly improving 

understanding of propagation phe­

nomena and information theory, 

the resulting practical improve­

ments in communication are some­

times little short of spectacular. 

The growing communications 
activities of The Ramo-Wooldridge 
Corporation have generated 
requirements for additional 
physicists and engineers with 
substantial experience in research, 
development, or production 
engineering on advanced airborne 
and ground-based ... 

• Communication, Navigation and 
ECM Systems 

• HF. VHF. and UHF Transmitters 
and Receivers 

• Precision Electro-Mechanical 
Equipment 

• Magnetic Recording Systems 

• Signal Analysis Equipment 

• Video and Pulse Circuitry 

Part of Communications 
Equipment Pilot 
Production Activities 

Corporation 

making his request, NSF board chair­
man Chester I. Barnard released the re­
sults of a survey by the Russell Sage 
Foundation . It showed that 43 large 
privately endowed foundations had sup­
ported only 1 per cent of the nation's 
scientific research and development in 
1953. Underlining his budget proposal, 
Barnard said: "During recent months it 
has been quite evident in many ways 
that the promotion of science is not 
merely important but an urgent national 
problem." 

Attaches Detached 

A six-year-old science program in the 
State Department appears to be 

ending by default. This year, for the first 
time since 1950, no scientific attache is 
serving at a U. S. embassy. In head­
quarters at Washington the post of 
Science Adviser has been vacant for 
more than 18 months. The Department's 
Science Office, which the adviser is sup­
posed to direct, is being run by a non­
scientist. So reports Chemical & Engi­
neeTing News, the American Chemical 
Society weekly. 

The attache program, an outgrowth of 
the State Department's reorganization in 
1949, was set up to keep the diplomatic 
service informed on scientific and tech­
nical matters affecting foreign relations. 
In 1952 there were 10 scientists on duty 
in five European embassies, and Joseph 
B. Koepfli, a chemist from the California 
Institute of Technology, was Science 
Adviser. When Koepfli left this post in 
1954, no successor was appointed, and 
the terms of the last attaches ended in 
1955. 

Participating scientists were reported­
ly enthusiastic about the results of their 
efforts. They found wide acceptance 
among colleagues in foreign countries, 
and were called upon to perform an in­
creasing variety of useful liaison jobs. 
According to C & E News, these men 
feel that to let the program die now 
"would be next to criminal and an 
enormous waste of their time and the 
taxpayers' money." 

University of Science 

A new university which awards just 
two degrees, the Ph.D. and Sc.D., 

has been established in New York as 
part of the Rockefeller Institute for 
Medical Research. The purpose of the 
school is to provide at least three years 
of advanced training for a select group 
of scholars in the natural sciences. 

Backed by the Institute's $150 million 
endowment, the new university will be 
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Shield of TENITE POLYETHYLENE 

cushions color TV tubes. . . 

insulates against 25,000 volts 

Polyethylene is finding new markets faster than any 

other plastic in history. 

Typical of its ability to supply the right combination 

of properties for demanding jobs is this kinescope 

shield. Molded of Tenite Polyethylene, this shield sur· 

rounds RCA color TV picture tubes. This plastic was 

selected for its high dielectric strength to meet an 

operating voltage of 25,000 volts. In addition, its resili· 

ence cushions the tubes against mechanical shock 

during storage and handling. And no other plastic is 

easier to mold. The large complex shape of this shield 

was no problem for the molder. 

Color television is just one of many industries-old 

and new -that has jobs for this versatile Eastman 

plastic. Tenite Polyethylene offers many interesting 

properties. It is odorless, tasteless and chemically inert. 

It remains flexible over a wide temperature range, and 

is virtually unbreakable. It saves weight in every 

application. It is tough, yet does not scratch delicate 

surfaces. Parts are easily made to any design by 

molding or extruding. 

Perhaps something you make or buy could be given 

more sales appeal. better performance, or longer life 

if it were made of Tenite Polyethylene. For more infor­

mation write EASTMAN CHEMICAL PRODUCTS, INC . . 
subsidiary of Eastman Kodak Company, KINGSPORT, 
TENNESSEE. 

POLYETHYLENE 
an Eastman plastic 
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many moons 

Less than 5,000 working hours from now, 

Martin will launch the world's first earth satel­

lite. As with the famed Martin Viking Rocket 

program, this is to be No.1 of a continuing series 

of astronautical research vehicles - man-made 

moons which will chart the way toward the con­

quest of the final frontier, space itself. 

If you are interested in the g reatest engineer­

i n g  adve nt ur e of o ur ti me, cont act J. M. 

Hollyday, Dept. SA-OS, The Mar tin Company, 

Baltimore 3, Maryland. 

the third wealthiest in the world, after 
Harvard and Yale. The per capita en­
dowment will be enormous, for the 
student enrollment will be limited to 75. 

The educational program will be 
lavish, according to president Detlev W. 
Bronk's description. The faculty will in­
clude, besides 150 scientists of the Insti­
tute's staff, distinguished visiting lec­
turers, each of whom will spend a week 
with the students. Among the lecturers 
already appointed are I. I. Rabi of 
Columbia, J. G. Kirkwood of Yale, Wil­
liam Robbins of the New York Botanical 
Garden, Lord Adrian of Cambridge, 
Alexander Ylonnier of the Sorbonne, 
Alexandre von MuraIt of Berne and Rag­
nar Granit of Stockholm. 

Each member of the student body will 
receive an annual stipend of $2,500 to 
defray the cost of his studies . As he de­
velops specialized interests, he will be 
urged to spend part of this time studying 
under leading scholars in other universi­
ties, anywhere in the world. The Insti­
tute will pay for this travel and study. It 
hopes to foster closer cooperation among 
universities by this arrangement. 

The Institute last fall enrolled an ex­
perimental class of one woman and nine 
men, graduates of various universities, 
including one from Oslo. Each year the 
university plans to build up its enroll­
ment by choosing 15 to 20 more gradu­
ates. Those who have majored in the 
sciences will work toward the Ph.D. 
degree. Some who have already received 
M.D.'s will become Doctors of Medical 
Science. 

The physical facilities include almost 
half a million square feet of well­
equipped laboratory space, a hospital 
for the study of diseases and a large 
scientiRc library. To these the Institute 
plans to add still more laboratories and a 
residence hall. 

A.A.A.S. Segregation Vote 

The American Association for the Ad­
vancement of Science last month an­

nounced the vote of its executive council 
members on the question of barring na­
tional meetings of the Association in 
cities practicing racial segregation. The 
mail-ballot vote was 2 19 to 28 for the 
resolution not to meet in such cities in 
the future. 

Science Teacher Reserve 

A novel plan for increasing the supply 
of science teachers was proposed 

last month by David Sarnoff, chairman 
of the board of the Radio Corporation of 
America. Engineers and scientists em-
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The mystery of cyanoethylation is a chal­
lenge to forward-looking scientists every­
where. 

Because acrylonitrile reacts with virtually 
any material containing a labile hydrogen 
atom, it seems likely that it will sire scores 
of improved products for daily living. 

It is known that when cotton is reacted 
with acrylonitrile to replace part or all of the 
original hydroxyl hydrogen with the group­
CH2CH2CN -a cyanoethylated cotton is pro­
duced that is resistant to rot, mildew and 
heat degradation, and that has improved 
dyeability. 

What effects will cyanoethylation produce 
on other forms of cellulose? On sawdust? On 
sisal? On paper? On jute? On hemp? 

The answers are being sought in labora­
tories all over the world. 

LABORATORY-SIZE SAMPLES: If your 
company would like to experiment with acry­
lonitrile, you are invited to write on your 
letterhead to the Monomer Headquarters 
of America. Address Monsanto Chemical 
Company, Plastics Division, Ro om 963, 
Springfield 2, Mass. 

Nothing contained herein shall be construed as a reeom­
mendation to produce or use any pToduct in conflic.! with 
existing patents. 
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FOLLOW THE SUN TO A NEW 
ENGINEERING OPPORTUNITY! 

Get new enjoyment and satisfaction from your work in 

sunny, attractive Florida! 

Fairchild's new engineering facilities at St, Augustine com­

bine two important attractions: Advanced research and 

development in all phases of aviation, and superb living 

conditions in one of America's most delightful areas. 

Openings exist for engineers who have experience, am-

bit ion and talent to contribute to the Fairchild Research 

and Development programs in such fields as aerodynamics, 

structures, weights and design. 

Investigate this opportunity for a sunny, profitable future! 

Send your resume today to Walter Tydon, Chief Engineer. 

A Division of 
Fairchild Engine and Airplane Corporation 

�. FAIRCHILD 
AIRCR4FT DIVISION ' HAGERSTOWN, MARYLAND 
... WHERE THE FUTURE IS MEASURED IN LlGHT-YEARSI 

I 
I 

, 

I ployed by industry, he suggested, should 
be given leaves of absence of at least a 
year at full pay to teach in their local 
high schools. They would be members 
of a reserve corps legally recognized by 
an act of Congress. Other recruits to the 
reserve might come from industrial sci­
entists who have retired or who are will­
ing to teach in night schools while con­
tinuing their regular work. 

Sarnoff outlined the plan at a meeting 
of the National Security Industrial As­
sociation, an organization set up to 
encourage government-industry co­
operation in matters affecting national 
security. 

Amateur Satellists 

Amateur astronomers will play an im-
pOltant role in the earth satellite 

program of the 1957-58 International 
Geophysical Year. They are to be en­
listed to help professionals plot the flight 
path of each satellite, Fred L. Whipple 
of Harvard University, director of the 
Smithsonian Astrophysical Observatory, 
told a New York meeting of the Insti­
tute of the Aeronautical Sciences. 

Amateurs in each area will be organ­
ized under a group captain. They will 
fix their telescopes or binoculars on a 
known star, and when the satellite flies 
by, they will tell the captain at what 
time it passed and where it was in rela­
tion to the star. Radio "hams" can help 
relay this information to centers where 
the satellite's orbit will be computed. 

More information has been forthcom­
ing about the launching and the orbits of 
the U. S. satellites. The first flights will 
take off eastward from Patrick.Air Force 
Base halfway down the coast of Florida. 
They will follow an elliptical path slight­
ly inclined to the plane of the earth's 
equator. Thus from the earth they will 
appear to weave along a 5,000-mile­
wide band, ranging roughly between 40 
degrees North and South latitudes. The 
satellites should be observable in the 
U. S., Central and South America, Afri­
ca, Southern Europe, the Balkans and 
the Middle East, part of the Soviet 
Union, Pakistan, India, China, Japan, 
Indonesia, Australia and New Zealand. 

Old Air in Ice 

O n close examination it is obvious 
that icebergs are not just plain ice. 

They are white, whereas ordinary ice in 
bulk is bluish. A piece of iceberg in a pail 
of water fizzes as it melts. The reason for 
all this is that icebergs are shot through 
with tiny air bubbles under pressure. 
Three oceanographers who have studied 
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UNPRECEDENTED BENEFITS FOR ALL 
YOUR ACTUATOR APPLICATIONS WITH 

THE SAGINAW BALL/ BEARING SCREW 

SPACE/WEIGHT SAVINGS 

PERMIT MORE PAYLOAD 

� � 
r:::-L.f.:\ 
� 

Comp a r e d  to either 
Acme screw or hydraulic 
actuators, Snginuw bIb 
Screws save significant 
weight and space by 
permitting the usc of 
smaller motors and gear 
b oxes; e l i m i n a t i n g  
pumps, piping, etc. 

FAR LESS DRAIN ON 

ELECTRICAL SYSTEM 

By requiring only 1/3 
as much IO['{IIJC as a coo­
ventional Acme screw 
for the surne amount of 
lineal output, Sap,irww bib Scrcu's allow the use 
of much smaller molors 
which save a substantial 
amount of powel', 

RELIABLE PERFORMANCE 

AT EXTREME TEMPERATURES 

Exhaustive laboratory 
tests prove that Sagi. 
mil(' b 16 Serelt'S will 
operate dependahly at 
both extremel" low and 
h i g h  t e m p c�a t u r e s. 
ranging from-75° F to 
+175° F. and up to 
+900° F with special 

consideration. 

UNITS HAVE B EEN PRODUCED 

FROM 1% IN. TO 39% FT. 

SEND TODAY FOR YOUR 
FREE ENGINEERING DATA BOOK 
(Of' see our section in Sweet', Product Dedgn File). 

DEPENDABLE OPERATION 

DESPITE LACK OF LUBE 

Because the SlIg.inaw bib Sereu' is inhercndy 
80 friclion-free (operat­
ing al 90 % to 95 % effi. 
ciency). it will function 
wilh only a small lo8!'! of 
efficiency el"cn iJ lubrico­
lion Juils or CUllnot origi­
nally be provided. 

POSITIVE POSITIONING 

AND SYNCHRONIZATION 

Unlikcsomeother types 
of actuators Sagillflw bib Screln! permit pre­
cision control within 
thousandths of an inch. 
plus perfect synchroni­
zation of two or more 
lnovcmcnls-a tremen­
dous aircraft advantage. 

GREATLY DECREASED 

COMBAT VULNERABILITY 

By eliminating highly 
vuln('cable hydraulic 
lincs. accumulators. 
de . . the Saginaw bib 
Sen'l/' makes military 
aircraft actuation far 
morc dependable. It 
also reduces mainte­
nance, due to decreased 
dirt sensitivity. 

Saginaw Steering Gear Div., 
General Motors Corp. 
Dept. 6A, Saginaw, Michigan 

Please send your Engineering Data Book tOI 

Name-Title ___________ _ 

firm'-_____________ _ 

Addross _____________ _ 
�Cle$c.e.: AI City Zono __ Stato __ _ 
� ----------------

� 

� ring j)c¥eur 
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What's caaking? 
Special molten glass at 2300°F - poured 
into cold water - shatters into "fri," 
particles, basic material for glo55 coating. 

Prize reci pe for tough glass gives steel 
the stomach to resist corrosion 

Glascote produces a complete line of 
glass-on-steel equipment for the proc­
ess industries-storage tanks and ves ... 
�els, reactors (shown here), condensers, 
ileat exchangers, pipe and columns. 

Perfected by A. O. Smith research­
More than 3000 formulae for glass have 

been developed and tested by A. O. 
Smith to create the thirteen special 

kinds that now give corrosion-protection 

to a wide range of steel products. 

Just for example, consider the corro­

sion problems in the chemical processing 

industry. Here, equipment must with­

stand continuous attack by acids and 

alkalis ... must also resist quick, pun­

ishing changes in temperature. Here, 

Glascote Products, Inc., an A. O. Smith 

subsidiary, is widely recognized for glass­

lined equipment that excels in severest 

corrosive service. 

A. O. Smith is a pioneer and world's 

largest manufacturer of glass-protected 

steel products - from Permaglas water 

heaters to giant brewery tanks • • •  from 
H arvestore feed storage units to glass­

lined pipe. Yes, nowadays we're even 
lining smokestacks with glass. 

It will pay you to bring your corrosion 
problems to A. O. Smith. Write for free, 
illustrated story of glass-protected steel 

. . . one of the ways we work steel to 
make steel work for you. __ 

Through research ... a better way 

A.O.Smith 
C O R P O R A TI O N  

MILWAUKEE 1, WISCONSIN 

12 "'onls in NfW JERSEY ' PENNSYLVANIA ' OHIO ' WISCONSIN ' IlliNOIS ' TEXAS AND CALIFORNIA ' 'n'emo,ionoJ Division: MILWAUKEE 1, WISCONSIN 
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Electric motors Automobile 
frames 

the matter believe that the air was 
trapped when the ice was originally 
formed by compression of snow. They 
have been analyzing the air as sam­
ples of the atmosphere prevailing at the 
time. 

P. F. Scholander, John W. Kanwisher 
and D. C. Nutt, members of an arctic 
expedition from the Woods Hole Ocean­
ographic Institution in 1954, examined 
samples from six icebergs. In four the 
oxygen content was the same as in to­
day's atmosphere, but in the other two 
it was significantly lower. The oceanog­
raphers, reporting their work in Science, 
suggest that the latter icebergs may have 
been formed during the last ice age, 
when there was less green vegetation on 
the earth and less production of oxygen. 

Xeroradiography 

Erasable X-ray pictures are printed in 
a new machine developed by the 

General Electric Company. The process, 
called xeroradiography, utilizes alumi­
num plates coated with selenium instead 
of the usual photographic emulsion. The 
plates need not be stored in lead boxes 
to avoid premature exposure, nor do 
they require water and chemicals for 
development. 

Before being exposed, the surface of 
a plate is electrostatically charged. Then 
X-rays striking various areas wipe off an 
amount of charge proportionate to the 
radiation intensity. Powder dusted on 
the exposed plates adheres densely to 
the strongly charged areas, only scantily 
to those that have been most discharged. 
The result is a three-dimensional picture 
in powder. It is finished in about 40 sec­
onds after exposure. The pictures show 
cartilage, tendons and muscles as well 
as bone. 

New Light on Protein-Making 

An important fact concerning the role 
of ribonucleic acid (RNA) in the 

synthesis of proteins [see E1'I1est F. 
Gale's article on page 44 of this issue] 
has been established by experimenters 
at the University of California. Testing 
the theory that RNA is manufactured in 
the nucleus of the cell and then moves 
out to the cell's cytoplasm, where it 
presumably controls the production of 
protein, they have proved that the RNA 
in the cytoplasm actually does come 
from the nucleus. 

Lester Goldstein and Walter S. Plaut 
at Berkeley raised some amoebae on a 
diet containing radioactive phosphorus. 
The cells incorporated the phosphorus 
atoms into R;\fA in their nuclei. Then 

When you have an 
Adhesive Problem 
on your hands ... 

Answers come faster 
with our Custom Service 

Twenty-five years of experience 
ready to focus on your particular 
needs for adhesives, coatings and 
sealants. 

International activity in the bond­
ing of the following materials to 
themselves or to each other: 

Leather 
Metals 
Wood 
Aluminum 

Foil 

Paper 
Fabric 
Vinylite 
Cellulose 

Acetate 

Phenolics 
Vinyl Films 
Melamines 
Glass 
Rubber 

At your request, one of our field 
specialists will visit your plant, help 
you define your problem, guide its 
solution through initial Angier lab 
tests, pilot plant production, volume 
production, and through the first 
stages of on-the-job application. 

For Every Industry 
Latest developments in Adhesives for 

Honeycomb Construction, Vinyl Film Bonding 

Rubber, Latex and Resin Cements 

Pressure Sensitive Cements, Flocking Cements, 

Laminants and Sealants 
Tie 

Coats 

Angier 
Produets 

1 20 Potter Street 

CAMBRIDGE 42, MASS. 
Midwestern Plant: Huntington, Indiana 

@19S6 
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:-::-ALMOST SO YEABS AGO��-. 

Sperry Engineers 
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_�_II 
The future is here ... and yours to build on. 

To turn a name into a tradition takes time 
... and a toj>uch of genius. Sperry has used 
both to full advantage. From the first gyro­
compass to the newest missiles, Sperry engi­
neers have built an unparalleled history of 
engineering firsts. They have also built an 
honored reputation, Over 1500 employees 
have been with Sperry fifteen years or more. 

There are other evidences of Sperry great­
ness which should in terest you as an engi­
neer desirous of a permanent association. 
The names of men who work here are known 
and respected in engineering circles every­
where. The potential for recognition and pro­
fessional development at Sperry is excep­
tional. And, right now, Sperry is pO.ised on 
the threshold of vast new fields and projects. 
This is the promising time for you to join­
and grow with-a company whose brilliant 
heritage foretells an even more brilliant 
future. 

APPLY IN PERSON 

Doily (Including Sot.). Also Wed. Eves. 

OR SUBMIT RESUME 

to Mr. J. W. Dwyer 

Engineering Employment Supervisor 
OR PHONE 

FOR APPOINTMENT 

Fieldstone 7·3600, Ext. 2605 or 8238 

SP(HHY 
GrROSeOPE eOA/PAlr 
Division of SIJerry Rand Corp. 

GREAT NECK, L.I., N.Y. 

AERODYNAMICISTS 

Now you can probe the future by helping to develop the 

most advanced types of piloted aircraft. Your reward 

in this challenging work ... a fascinating future with 

excellent salary. 

North American has positions available at all levels of 

responsibility in: (1) Aerodynamic Development (2) 

Aerodynamic Design (3) Dynamic Stability and Con­

trol (4) Aerodynamic Loads (5) Aeroelastics (6) Wind 

Tunnel and Flight Test Analysis. 

Advanced degrees or experience in these fields is de­

sirable although not required. 

If you can qualify, contact Les Stevenson, Engineering Per­

sonnel, Dept. 56SA, North American Aviation, Inc., Los 

Angeles 45, Calif. Phone: ORegon 8-3011, Extension 2885. 

NORTH AMERICAN AVIATION, INC. 

the experimenters transplanted the "hot" 
nuclei into ordinary amoebae whose own 
nuclei had been removed. After five 
hours the radiophosphorus appeared in 
the cytoplasm of these hybrid cells, and 
all the activity was proved to come from 
RNA. The biochemists also were able to 
demonstrate that there is no reverse traf­
fic of RNA back to the nucleus. 

Blood Technology 

B iologists nowadays solve dilemmas 
even more delicate than Shylock's. 

The latest stunt is the removal of plas­
ma from a donor's blood while letting 
him keep the other blood fractions. 

A group at Children's Hospital in 
Philadelphia has been bleeding donors 
every other week without ill effects. The 
blood is removed and centrifuged in the 
blood fractionator developed under the 
late Edwin Cohn of Harvard University. 
Then all but the plasma is returned to 
the donor's body. The entire process 
takes just 22 minutes. 

Joseph Smolens reported the work at 
the Tenth Conference on the Plasma 
Proteins and Cellular Elements of the 
Blood. The donors are persons who have 
acquired immunity to mumps or whoop­
ing cough, and their plasma is rich in 
antibodies. Even after repeated bleed­
ings their immunity is undiminished. 
Joseph Stokes, Jr., another leader of the 
project, said that biweekly bleedings of 
2,000 selected donors could provide as 
much disease-fighting plasma as is now 
obtained from four million donors bled 
once a year. 

An improved method of preserving 
whole blood is reported by Harold T. 
Meryman of Yale Medical School and 
Emanuel Kafig of the Naval Medical Re­
search Institute in the current issue of 
Pmceedings of the Society for Experi­
mental Biology and Medicine. They 
spray blood on the surface of a pool of 
liquid nitrogen. The blood droplets, sud­
denly chilled to 195 degrees below zero 
centigrade, freeze instantly into small 
grains. These are skimmed off and can 
be stored indefinitely, as long as they 
are kept extremely cold. When needed 
for transfusion, they are thawed in a 
warm salt solution. 

ESP Debate 

Extrasensory perception (ESP) does 
not often reach a forum for serious 

debate among scientists, but readers of 
Science were recently treated to a rare 
display of arguments-and tempers-on 
the subject. 

In a nine-page article in the weekly 
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C�T ere
.
ative Pioneers 

..... In Transport 

F-IOO WORLD'S FASTEST 
OPERATIONAL FIGHTER 
LANDS ON CPT GEARS 

The "Super Sabre" gets off to work 
on CPT landing gears ... and they 
bring her safely down to earth again. 

North America's F·lOO, world's 
first operational supersonic fighter, 
has nose and main landing gears 
built by CPT (Cleveland Pneumatic). 

The F-lOO also has a unique steel 
fin beam assembly fabricated by 
CPT, using the world's largest flash­
butt welder and our giant heat­
treating and machining facilities. 

No other producer of landing 
gears has the background of experi­
ence and the complete facilities to 
be found at CPT. 

Pioneer in landing ge<tr develop· 
ment since 1926, CPT has produced 
more landing gears than any other 
manufacturer. 

Put CPT's experience and plant 
to work on your next project ... a 
CPT sales engineer will call at 
your convenience. 

CLEVELAND PNEUMATIC 
TOOL COMPANY. Dept. 0·356 • Cleveland 5, Ohio 

Sales offices in Seattle, Los Angeles, Fort Worth· Dallas, and Levittown, L. I. 
CPT . . .  world's largest and most experienced builder of landing gears and ball-screw mechanisms 

1 LANDING GEARS-Nose and main land. 
ing gears on many of todoy's fastest 
fighters are built by CPT, using alumi· 
num and high alloy steel. 

2 ACTUATORS-Wing flaps, landing gears, 
and r udder trim controls on leading 
aircraft are operated by CPT ball·screw 
mechanisms and actuators. 

3 FIN BEAMS-High.strength, lightweight fin 
beams are made by CPT, using the world's 
largest flash·bull welder for assembly. 
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PRODUCT DESIGN WITH BUREl PHENOLICS 

Fry Pan's 
H E AT E R  

lS C A S T- I N  

what can our phenolics help YOU do better ? 
• Many a trail leading to manufacturing short cuts and better product service 
is being blazed with Durez phenolics - the basic engineering plastics. One of 
recent note resulted in this fry pan with its electric unit molded right into the 
metal casting during the shell molding operation. Casting the m etal in 
shells bonded with Durez resins, this manufacturer 
reduced assembly and machining operations, saved 
on labor costs, and practically eliminated spoilage. 
Then he finished off a superior product with a beau­
tiful jet-black, heat-resistant handle, legs, and cover 
knob molded of Durez phenolic plastic. 
Durez phenolic resins or molding compounds, or 
both, could help you solve design or production 
problems that no other material can do so well. 
Talk with your molder . . .  or call on our tech­
nical field men. 
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I F  Y O U  A RE interested in casting by the shell mold process 
ask for our " Guide to Shell Molding ". If you are interested in formed plastic parts, 

ask for " Facts on Phenolics " .  

D U R E Z  P L A S T I C S  D I V I S I O N  
HOOKER E LECTRO C H EMICAL C O M PAN� 
Phenolic molding materials and I I 

• 

phenolic resins that fit the job ., 
. 

803 WALCK ROAD, NORTH TONAWANDA, N .  Y. 

last summer, George R. Price of the Uni­
versity of Minnesota attacked the notion 
of ESP and criticized the methods of 
S. G. Soal of London and J. B. Rhine of 
Duke University, the principal investi­
gators of parapsychology. Price based 
his arguments largely on the reasoning 
of David Hume. He is not willing to be­
lieve in ESP until evidence of its exist­
ence outweighs evidence in favor of the 
natural laws with which ESP seems in­
compatible. Price went on to suggest 
that Rhine and Soal might have got posi­
tive results through fraud. And he chal­
lenged them to test ESP under rigorous 
conditions he specmed. 

A free-for-all followed several weeks 
ago in an issue of Science devoted large­
ly to the pros and cons of parapsycholo­
gy. Soal and Rhine each countered 
Price's arguments. They were backed by 
two of Price's own colleagues, Michael 
Scriven and Paul E. Meehl of the Min­
nesota psychology department. Price fol­
lowed with a rebuttal, and Rhine re­
butted him. 

In the midst of this wrangle the Har­
vard University physicist and philoso­
pher of science Percy W. Bridgman in­
serted a fresh note. He is willing to 
accept both Hume's reasoning and the 
honesty of leading parapsychologists in 
reporting their experimental results. But 
Bridgman still doubts that ESP can be 
proved by the fact that certain people 
are able to guess the symbols on a card 
with unusual frequency. 

Bridgman believes that the use of 
probability laws in science needs re­
study. He calls attention to Bertrand 
Russell's paradox that "we encounter a 
miracle every time we read the license 
number of a passing automobile" be­
cause the odds are millions to one 
against our encountering that particular 
number. In short, if something highly 
improbable happens, it proves only that 
the highly improbable has happened ; it 
does not necessarily prove the existence 
of a phenomenon for which there is no 
corollary support. 

In conclusion Bridgman offers a broad 
challenge to scientific philosophers : 
"The situation covered by the word 
probability is a desperately complex sit­
uation, mostly of our own making and 
in our own minds, with a fragile and 
fleeting dependence on time, and never 
coherently connected with concrete 'ob­
jective' events. 

"I personally can now see so much 
here that needs to be thrashed out and 
clarified that I am unwilling to accept 
the genuineness of any phenomenon that 
leans as heavily as does ESP on proba­
bility arguments." 
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ELECTRICAL ENGI N E E RS 
AND 

MECHAN ICAL ENGI N EERS 
WITH 

BACHELORS', MASTERS' OR DOCTORS' DEGREES 

( in terested in e lectro-mechanics and e lectronics) 

for development engineering positions 
of perma nency on . . .  

Guided Missi le  Controls  

Airborn e Arm a m ent Syste m s  

E l ectro n i c  Navigation Aids 

Auto matic Controls  

In d u stri a l  Adaptati ons  

Syn chro Motors 
Gunfire Control Equip ment 

Servos and Servo Syste ms 

Automatic  Ma c h i n ery 

Mag n etic Ampl ifiers 

An alog and Digital Co m p u ters 

Nuclear Rea ctors and Contro ls  

TYPE OF WORK. A challenge to utilize the utmost inge­
nuity, initiative, imagination, and creative qualities of bril­
liant engineers who are qualified to turn the fantastic into 
fact, using modern scientific techniques and facilities under 
the tutelage of the finest engineering talent in the country . 
Specifically, Engineering work involves investigations, de­
velopment of ideas, experiments, preparation of functional 
schematics, analyses and confirmation of functions of proto­
types. Our field is research and development of electro­
mechanical and electronic computing, positioning and auto­
matic control systems. 

O PPORTUNITI ES. Unlimited for Design Engineers of com­
petence . Quarterly reviews by top executives reward merit 
by raises or promotion depending on responsibilities each 
man may logically be able to assume. We seek men who 
will carry heavier responsibilities than usually afforded to 
ambitious engineers-each individual will be recognized for 
his ideas and work as a person and as a member of a team . 

QUALIFICATIONS WE SEEK. Bachelors, Masters, and Doc­
tors in Electrical Engineering and Mechanical Engineering 
and Masters and Doctors in Physics . We seek those with a 
creditable scholastic rating and recommendation of college 
authorities . Interest and capacity for development work par­
ticularly on electronic and electro-mechanical systems and 
components . Reliable personality and a spirit of cooperation 
to fit in with our existing group of excellent engineers. 
Ability to pass our regular preemployment physical examina­
tion. U. S. citizenship and loyalty to the American way of 
life. Our employees are subject to security investigations 
required for classified military work. 

SALARY. The starting salaries for graduates with bachelors' , 
masters' or doctors' degrees are considerably above the 

average currently offered . Those having related experience 
in military service or industry will be employed at higher 
salaries depending on the evaluation of their previous work. 

DESIRABLE FEATURES 
Work leads to position of Engineer, Senior Engineer, Project 
Supervisor and upward. 
Interesting new ideas constantly being developed for Military 
and Industrial purposes. 
Stable but progressively managed company. 
Association with Engineers with proven "Know How." 
Over 2600 persons working together in the plant-over 500 
in engineering activities . . .  small enough for individual atten­
tion and large enough for broad opportunities. 
Air-conditioned plant. 
Cafeteria. 
Above-average benefits relative to life insurance, total disa­
bility, sickness and accident insurance, hospitalization, etc. 
Pension plan without cost to the employee. 
Nine paid holidays every year. 
Two weeks' vacation after first year. 
Tuition assistance for further related studies. 

RECRUITING POLICY. Our reputation of offering only posi­
tions of permanency to development engineers is unique. 
We employ only when there is a clear and definite need 
projected years into the future. At present we know that we 
will need engineers in ever larger numbers to meet the 
requirements of increasing research and development busi­
ness. We are therefore expanding our engineering staff and 
invite graduating engineers to submit their qualifications 
in person or by sending their resumes to Philip F. McCaffrey . 

IF I N  N EW YORK FOR I R E  CONVENT I O N  

PHONE STI LLWELL 4-9000 F O R  APPOI NTMENT I bA 1 8  m inutes 
on subway fro m  
center of N.  Y .  C.  

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

3 1 - 1 0  T h o m s o n  A v e n u e ' L o n g  I s l a n d  C i t y  1 ,  N .  Y. 

" . . .  And It's a Good Place to Work." This is the title of one of our brochures, a copy of which is yours for the asking. 

6 1  
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The rubber 
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band that won't 

CROSS SECTION shows why this rubber band 
can't stretch. A sturdy cord interliner, vul­
canized between two layers of tough, flex­
ible synthetic rubber, does the trick. This 
seamless "sandwich" construction maintains 
a constant inside belt diameter for years. 
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stretch 

Originally created to help spin better yarn, 

unique material now solves many drive-belt problems 

It looks like an ordinary rubber band. 
Feels like one, too. But there the simi­
larity ends, because this rubber band 
won't stretch . . .  which is one of the big 
reasoI'.S why it's so useful. 

Its story starts back in the middle 
thirties, when Armstrong research chem­
ists began development work on a new 
kind of apron for the textile industry. 
(Aprons look much like two-inch-wide 
rubber bands , but they actually help to 
control fibers on a yarn-spinning frame.) 

The re sear chers knew what they 
wanted in an apron-flexibility, oil resist­
ance, proper frictional "grip," freedom 
from seams, precise dimensions-all this 
with absolutely no stretch. But they also 
knew there was no existing material that 
combined all these qualities. The prob­
lem, then, was to create such a material. 

Armstrong chemists felt that synthetic 
rubber, with its great flexibility and oil 
resistance, would probably be a good 
basic material-if they could keep it from 
stretching. After much experimentation, 
they found the answer by vulcanizing a 
sturdy cord interliner between two layers 
of tough synthetic rubber. The result : a 
rubber band that didn't stretch. And 
since the vulcanization literally fused the 
layers of this "sandwich" together, there 
were no seams to worry about, either. 

The next-and last-step was to make 
sure that this unusual rubber band had 
exactly the right frictional grip. This pre-

sen ted a knotty problem because nor­
mally synthetic rubber has too much sur­
face friction to serve as an apron . . . it 
grabs too hard. A controlled reduction of 
the friction was finally achieved, though, 
by giving the bands a series of special 
chemical baths which changed the charac­
ter of the surface molecules. 

These synthetic rubber aprons soon be­
came the standard in the textile field . 
And as their reputation grew, other appli­
cations began to appear. A dictating ma­
chine manufacturer, for example, realized 
that the same qualities which made for 
good apron performance were just what 
he had been looking for in a small power 
transmission belt. And so this very spe­
cial rubber band-in this case only 'Ys of an 
inch wide-went to work driving an elec­
tronic dictating machine. 

Still another applica tion for these 
bands was found by a package machinery 
builder who uses much wider ones as con­
veyor belts. Right now, these bands are 
being tested for postage meters, automatic 
duplicating equipment, and tape record­
ers. The future? It looks brigh t for this 
rubber band that won't stretch. 
If you manufacture equi pment that uses-or 
could use-flat belt drives, these non-stretch 
seamless belts may open the way to lower 
costs or improved performance. They're 
available in many different sizes.  For sugges­
tions concerning specific applications, write 
to Armstrong Cork Company, Industrial Divi­
sion, 8203 Inland Hoad, Lancaster, Penna. 

@mstrong I nd u stri a l  Prod ucts 
. . .  U S E D  W H E R E V E R  P E R FO R M A N C E  CO U N T S  

A D H ES I VES . C O R K CO M PO S I T I O N . CO R K-A N D - R U B B E R  • F E L T  P A P E R S · F R I C T I O N  M AT E R I A LS 

THE MOLECULES in resilient synthetic rubber 
are not completely cross-linked. Although 
the surface is smooth, its coefficient of fric­
tion is relatively high-a desirable charac­
teristic for many drive belt applications. 

FOR TEXTILE APRONS, a lower coefficient of 
friction is desired. To get it, Armstrong 
chemists developed a special chemical bath 
that oxidizes the rubber, creating a denser 
surface with considerably lower friction. 
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WORLD POPULATION 

After an extended trip around the ,vorld, an eminent biologist 

discusses the present status of the race between the increase 

in the number of people and the rise of their food production 

T
he problem of population is the 
problem of our age. In the middle 
of the 20th century anyone who 

travels around the world, as I have re­
cently done, cannot fail to be struck by 
the signs of growing pressure of popu­
lation upon the resources of our planet. 
The traveler is impressed by the sheer 
numbers of people, as in China; by the 
crowding of the land, as in Java; by the 
desperate attempts to control population 
increase, as in Japan and India; and at 
the same time by the erosion, deforesta­
tion and destruction of wildlife almost 
everywhere. The experiences of travel 
merely highlight and illustrate a fact 
which for some time has been obtruding 
itself on the world's consciousness: that 
the increase of human numbers has ini­
tiated a new and critical phase in the 
history of our species. 

This crisis was recognized by the 
holding of a Conference on World Popu­
lation in Rome in 1954. Held under the 
aegis of the United Nations, the Con­
ference was a milestone in history, for 
it was the first official international sur­
vey of the subject of human population 
as a whole. In 1949 the UN had con­
vened a scientific conference on world 
resources at Lake Success. As Director 
General of UNESCO, invited to collabo­
rate in this project, I had suggested that 
a survey of resources should be accom­
panied by a similar survey of the popu­
lation which consumed the resources. I 
was told that there were technical, politi­
cal and religious difficulties. Eventually 
these difficulties were smoothed over; 
censuses were taken; and a conference 
on population was duly held in 1954. Dur­
ing the five years it took to arrange for a 
look at the problem the world population 
had increased by more than 130 million. 

Let me begin by setting forth some of 
the facts-often surprising and some­
times alarming-which justify our calling 
the present a new and decisive phase in 
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by Julian Huxley 

the history of mankind. The first fact is 
that the total world population has been 
increasing relentlessly, with only occa­
sional minor setbacks, since before the 
dawn of history. The second fact is the 
enOl11lOUS present size of the population 
-more than 2.5 billion. The third is the 
great annual increase: some 34 million 
people per year, nearly 4,000 per hour, 
more than one every second. The human 
race is adding to its numbers the equiva­
lent of a good-sized town, more than 
90,000 people, every day of the year. 
The fourth and most formidable fact is 
that the rate of increase itself is increas­
ing. Population, as Thomas Malthus 
pointed out in 1798, tends to grow not 
arithmetically but geometrically-it in­
creases by compound interest. Until well 
into the present century the compound 
rate of increase remained below 1 per 
cent per annum, but it has now reached 
B� per cent per annum. What is more, 
this acceleration of increase shows no 
sign of slowing up, and it is safe to 
prophesy that it will continue to go up 
for at least several decades. 

In short, the growth of human popu­
lation on our planet has accelerated from 
a very slow beginning until it has now 
become an explosive process. Before the 
discovery of agriculture, about 6,000 
B.C., the total world population was 
probably less than 20 million. It did not 
pass the 100 million mark until after the 
time of the Old Kingdom of Egypt, 
and did not reach 500 million until the 
latter part of the 17th cenhll·Y. By the 
mid-18th century it passed the billion 
mark, and in the 1920s it rose above two 
billion. That is to say, it doubled itself 
twice over in the period between 1650 
and 1920. The first doubling took nearly 
two centuries, the second considerably 
less than one century. Now, at the pres­
ent rate of acceleration, the population 
will have doubled itself again (from the 
1920 figure) by the early 1980s-i.e., in 

the amazingly short space of 60 years. 
Each major upward step in numbers 

followed some major discovery or inven­
tion-agriculture, the initiation of urban 
life and trade, the harnessing of non­
human power, the technological revolu-

HUGE CROWD of Indians was photo­

graphed in 1950 during the Kumbh-Mela, a 
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tion. During the present century the 
most decisive factor in increasing popu­
lation has been of a different sort-the 
application of scientific medicine, or 
what we may call death control. In ad­
vanced countries death rates have been 
reduced from the traditional 35 or 40 per 
thousand to less than 10 per thousand. 
The average life span (life expectancy 
at birth) has been more than doubled 
in the Western world since the mid-19th 
century. It now stands at about 70 years 
in Europe and North America, and the 
process of lengthening life has begun to 
get under way in Asian countries: in 
India, for example, the life expectancy 
at birth has risen within three decades 
from 20 to 32 years. 

Birth Rates v. Death Rates 

Population growth appears to pass 
through a series of stages. In the first 
stage both the birth rate and the death 

rate are high, and the population in­
creases only slowly. In the second stage 
the death rate falls sharply but the birth 
rate stays high; the population there­
fore expands more or less explosively. 
In the third, the birth rate also falls 
sharply, so that the increase of popula­
tion is slowed. Finally both the birth 
and the death rates stabilize at a low 
figure; thereafter the population will 
grow only slowly unless it is spurred by 
some new development, such as access 
to new food sources or a change in ideas 
and values. 

In the Western world the reduction 
of the death rate came gradually, and 
its effect on population growth was 
buffered by factors which tended at the 
same time to reduce the birth rate­
namely, a rising standard of living and 
industrialization, which made children 
no longer an economic asset. 

Matters have been very different in 
the still underdeveloped countries of 

Asia. There death control has been in­
troduced with startling speed. Ancient 
diseases have been brought under con­
trol or totally abolished in the space of 
a few decades or even a few years. Let 
me give one example. In England ma­
laria took three centuries to disappear; in 
Ceylon it was virtually wiped out in less 
than half a decade, thanks to DDT and 
a well-organized campaign. As a result 
of this and other health measures, the 
death rate in Ceylon was reduced from 
22 to 12 per thousand in seven years-a 
fall which took exactly 10 times as long 
in England. But the Ceylon birth rate 
has not even begun to drop, and so the 
population is growing at the rate of 2.7 
per cent per annum-about twice the 
highest rate ever experienced in Britain. 
If this rate of growth continues, the 
population of Ceylon will be doubled in 
30 years. 

Almost all the underdeveloped coun­
tries are now in this stage of explosive 

religious festival during which Hindus bathe in the Ganges. At the 

Kumbh·Mela of 1954 the author w.itnessed a crowd estimated at 

four and a half million. This photograph was made by Life pho­

tographer David Douglas Duncan. Copyright 1950 by Time, Inc. 
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expansion, When we recall that rates of 
expansion of this order (2 to 3 per cent) 
are at work among more than half of the 
world's 2.5 billion inhabitants, we can­
not but feel alarmed. If nothing is done 
to control this increase, mankind will 
drown in its own Hood, or, if you prefer 
a different metaphor, man will turn into 
the cancer of the planet. 

Malthus, a century and a half ago, 
almmed the world by pointing out that 
population increase was pressing more 
and more insistently on food supply, and 
if unchecked would result in widespread 
misery and even starvation. In recent 
times, even as late as the 1930s, it had 
become customary to pooh-pooh Mal­
thusian fears. The opening up of new 
land, coupled with the introduction of 
better agricultural methods, had allowed 
food production to keep up with popu­
lation increase and in some areas even 
to outdistance it. During the 19th cen­
tury and the early part of the 20th food 
production increased in more than arith­
metical progression, contrary to the Mal­
thusian formula. We now realize, how­
ever, that this spurt in food production 
cannot be expected to continue indefi­
nitely: there is an inevitable limit to the 
rate at which it can be increased. Al­
though Malthus' particular formulation 
was incorrect, it remains true that there 
is a fundamental difference between the 
increase of population, which is based on 
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a geometrical or compound-interest 
growth mechanism, and the increase of 
food production, which is not. 

There are still some optimists who 
proclaim that the situation will take care 
of itself, through industrialization and 
through the opening of new lands to 
cultivation, or that science will find a 
way out by improving food-production 
techniques, tapping the food resources 
of the oceans, and so on. These argu­
ments seem plausible until we begin to 
look at matters quantitatively. To ac­
celerate food production so that it can 
keep pace with human reproduction will 
take skill, great amounts of capital and, 
above all, time-time to clear tropical 
forests, construct huge dams and irriga­
tion projects, drain swamps, start large­
scale industrialization, give training in 
scientific methods, modernize systems of 
land tenure and, most difficult of all, 
change traditional habits and attitudes 
among the bulk of the people. And quite 
simply there is not enough skill or capi­
tal or time available. Population is al­
ways catching up with and outstripping 
increases in production. The fact is that 
an annual increase of 34 million mouths 
to be fed needs more food than can pos­
sibly go on being added to production 
year after year. The growth of popula­
tion has reached such dimensions and 
speed that it cannot help winning in a 
straight race against production. The 

position is made worse by the fact that 
the race isn't a straight one. Production 
starts far behind scratch: according to 
the latest estimates of the World Health 
Organization, at least two thirds of the 
world's people are undernourished. Pro­
duction has to make good this huge de­
ficiency as well as overtake the increase 
in human numbers. 

A Population Policy 

Is there then no remedy? Of course 
there is, The remedy is to stop thinking 
in terms of a race between population 
and food production and to begin think­
ing in terms of a balance. We need a 
population policy . 

The most dangerous period lies in the 
next 30 or 40 years. If nothing is done 
to bring down the rate of human in­
crease during that time, mankind will 
find itself living in a world exposed to 
disastrous miseries and charged with 
frustrations more explosive than any we 
can now envision. 

Even primitive societies practice some 
form of population control-by infanti­
cide or abortion or sexual abstinence or 
crude contraceptives. Since the inven­
tion of effective birth control methods in 
the 19th century, they have been very 
generally practiced in all Western coun­
tries. Their spread to other cultures has 
been retarded by various inhibitions­
religious, ideological, economic, politi­
cal. It is worth noting that one retarding 
factor in the past has been the reluctance 
of colonial powers to encourage birth 
control in their colonies, often out of 
fear that they might be considered to 
be seeking to use population control as 
a weapon against an "inferior" race. 

Today the underdeveloped countries 
are making their own decisions; what is 
needed is a new and more rational view 
of the population problem everywhere. 
We must give up the false belief that 
mere increase in the number of human 
beings is necessarily desirable, and the 
despairing conclusion that rapid increase 
and its evils are inevitable. We must re­
ject the idea that the quantity of human 
beings is of value apart from the quality 
of their lives. 

Overpopulation-or, if you prefer, 
high population density-affects a great 
many other needs of mankind besides 
bread. Beyond his material require­
ments, man needs space and beauty, 
recreation and enjoyment. Excessive 
population can erode all these things. 
The rapid population increase has al­
ready created cities so big that they are 
beginning to defeat their own ends, pro-

© 1956 SCIENTIFIC AMERICAN, INC



ducing discomfort and nervous strain 
and cutting off millions of people from 
any real contact or sense of unity with 
nature. Even in the less densely inhab­
ited regions of the world open spaces 
are shrinking and the despoiling of na­
ture is going on at an appalling rate. 
Wildlife is being exterminated; forests 
are being cut down, mountains gashed 
by hydroelectric projects, wildernesses 
plastered with mine shafts and tourist 
camps, fields and meadows stripped 
away for roads and aerodromes. The 
pressure of population is also being 
translated into a flood of mass-produced 
goods which is washing over every cor­
ner of the globe, sapping native cultures 
and destroying traditional art and crafts­
manship. 

The space and the resources of oW' 
planet are limited. We must set aside 
some for our material needs and some 
for more ultimate satisfactions-the en­
joyment of unspoiled nature and fine 
scenery, satisfying recreation, travel and 
the preservation of varieties of human 
culture and of monuments of past 
achievement and ancient grandeur. And 
in order to arrive at a wise and purpose­
ful allocation of our living space we must 
have a population policy which will per­
mit the greatest human ful£llment. 

If science can be applied to increase 
the rate of food production and to satis­
fy our other needs, it can and should 
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also be applied to reduce the rate of 
people production. And for that, as for 
all scientific advance, we need both basic 
research and practical application. Basic 
research is needed not only on methods 
of birth control but also on attitudes 
toward family limitation and on popu­
lation trends in different sections of the 
world. Once we have agreed on the 
need for a scientific population policy, 
the necessary studies and measures to 
be applied will surely follow. This does 
not mean that we should envisage a defi­
nite optimum population size for a given 
country or for the world as a whole. In­
deed, to fix such a figure is probably 
impossible, and to use it as a definite 
target is certainly impracticable. For the 
time being our aim should be confined 
to reducing the over-rapid population 
growth which threatens to outstrip food 
supply. If we can do this, our descend­
ants will be able to begin thinking of es­
tablishing a more or less stable level of 
population. 

Japan and India 

With these general observations as 
our guide, we can now get a clearer 
grasp of the population problems of in­
dividual countries. Since the end of 
World War II, we have seen a new 
phenomenon in the world's history. Two 
great and powerful nations, India and 

Japan, have officially adopted the policy 
of population control. 

Japan I was unable to visit, but its 
demographic plight is so extreme and so 
illuminating that I shall take it first. 
Japan's 90 million people are crowded 
into an area only one and one-half times 
as large as the

' 
small British Isles. The 

country is so mountainous that it affords 
only one seventh of an acre of cultivable 
land per head. And its population is in­
creasing by more than 1 per cent per 
annum, so that within 10 years it will 
easily overshoot the 100-million mark. 

The Japanese are not well nourished: 
the average daily calorie intake is only 
2,000. About one fifth of this meager 
food supply must be imported, despite 
the fact that the Japanese have devel­
oped the highest rice yield per acre in 
Asia. Since the war lost them their em­
pire, and the isolation of Communist 
China deprived them of their biggest 
market, the Japanese have been able to 
subsist only through aid given by the 
U. S. As a recent report on World Popu­
lation and Resources by the Political and 
Economic Planning (P.E.P.) organiza­
tion in Britain says: "Japan is undoubt­
edly the most overpopulated great COUll­
try there has ever been." 

Realizing that no expansion of its in­
dustry and trade could possibly take care 
of a major increase in its population, the 
Japanese Government has embarked on 

DENSITY OF POPULATI O N  in various parts of the world is in­

dicated in this map. The numbers beside the key at the left rep· 

resent the number of people per square mile. In most cases the 

population density has been averaged within political boundaries. 
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a firm policy of population control. In 
Japan infanticide was widely practiced 
until some 80 years ago. As its first move 
after the recent war the Government 
turned to an almost equally desperate 
measure: it legalized and indeed encour­
aged abortion. The number of induced 
abortions rose from a quarter of a mil­
lion in 1949 to well over a million in 
1953. As was to be expected, the effects 
on the health of Japanese women were 
deplorable-and the annual percentage 
rate of population increase was still 
above the prewar level. 

With these stark facts in mind, the 
Japanese Ministry of Health's Institute 
of Population Problems in 1954 passed 
a strong resolution urging government 
encouragement of contraception. It pro­
posed that birth-control facilities be pro­
vided as part of the health services, that 
medical schools pursue research and in­
clude family planning in the curriculum, 
that doctors called upon to induce an 
abortion should be required to provide 
the woman with information about birth 
control for the future and that national 
wage and taxation policies should be 
such as to avoid "encouraging large 
families." 

Drastic though these recommenda­
tions are, they or something very like 
them are necessary, and it is much to be 
hoped that they will be speedily and 
thoroughly implemented. If they are 
successfully put into practice, they will 
not only save Japan from disaster but 

2,200-
§ 2,200·2,700 
I '-1 2,700+ 
D NO DATA 

will provide valuable lessons for other 
countries. 

India's problem is rather different. It 
is an immense country-the best part of 
a subcontinent-with large resources 
waiting to be developed. Its present rate 
of population increase is just under 1% 
per cent per aJinum-lower than that 
in the U. S. (which is 1.6 per cent, ex­
cluding immigration) . Its immediate 
future is not quite as desperate as 
Japan's. 

But India is still in the early expand­
ing stage of the population cycle. Its 
death rate (now about 26 per thou­
sand) has just begun to fall, and has a 
long way to go before it drops to that 
of advanced countries. Meanwhile its 
birth rate (about 40 per thousand ac­
cording to the latest available figures) 
is well over double that in Western 
Europe, and shows no signs of drop­
ping. If the death rate is cut to the ex­
tent that the Ministry of Health ex­
pects, and if the birth rate remains at 
its present level, within a few years 
India's annual increase of population 
will be some eight million-equivalent to 
adding a new London each year! 

Moreover, India's population even 
now is not far from the borders of 
starvation; it must increase its food 
production drastically to achieve the 
barest minimum of decent living for its 
people. Their average daily diet is a 
mere 1,590 calories. At least two thirds 
of India's 380 million people are under-

nourished. Methods of cultivation and 
systems of land tenure are primitive and 
will need a painful and difficult process 
of improvement before they begin to 
satisfy modern requirements. Tradition, 
taboos, ignorance and illiteracy are 
grave obstacles to progress. Compara­
tively little more land could fruitfully 
be brought into cultivation, and de­
forestation compels the people to burn 
cow manure as fuel, thus robbing the 
soil of fertilizer. 

Above all, the mere size of the prob­
lem is formidable. Even at the present 
rather modest rate of increase, five mil­
lion people are added each year. 

I ndia's Masses 

The size of India's human flood was 
forCibly brought home to me in 1954 
when I visited the ill-fated Kumbh-Mela 
of that year. This religious festival is 
held at the junction of the two great 
rivers, the Jumna and the Ganges, at 
Allahabad. The assembled pilgrims ac­
quire merit and salvation by bathing in 
the rivers' sacred waters. Every 12th 
year the festival is especially sacred, and 
the Kumbh-Mela of 1954 was uniquely 
important as being the first of these 
high points to occur after India's inde­
pendence. One day of the festival is 
particularly auspicious and to bathe on 
that day is especially efficacious. 

Pilgrims had converged from all over 
India-by train, by cart and by shanks' 

NUMBER OF CA LORIES per person per day is plotted on the 

same projection. The minus sign in the key indicates less than 

2,200 calories; the plus sign, more than 2,700 calories. The dot· 

ted lines are the Tropic of Cancer and the Tropic of Capricorn. 

68 

© 1956 SCIENTIFIC AMERICAN, INC



mare. On the day we arrived, two and 
a half million people were encamped 
on the flats by the river, and three days 
later, on the great day of the festival, 
the number had grown to four and a 
half million! I shall never forget the 
spectacle of this enormous human ant 
heap, with its local condensations of 
crowds converging onto the temporary 
pontoon bridges over the Jumna to 
reach the sacred bathing grounds. A 
crowd of this magnitude makes a fright­
ening and elemental impression: it seems 
so impersonal and so uncontrollable. 
This impression was all too tragically 
borne out three days later, when the 
crowd got out of hand and trampled 400 
of its helpless individual members to 
death. 

Calcutta was another manifestation of 
India's mere bulk. The overgrowth of 
cities has been a constant accompani­
ment of the growth of population: the 
hypertrophy of Calcutta has been ex­
ceptionally rapid and severe. In 1941 the 
population of greater Calcutta was un­
der three million; today it is nearly five 
million. Its appalling slums are crowded 
to the rooftops, and at night the pave­
ments are strewn with an overflow of 
people who have nowhere else to sleep 
and are forced to share the streets with 
the miserable roaming cattle. This was 
impressed upon me on the evening of 
my first day in the city by a scene I shall 
never forget. In one of the busiest streets 
a man and a cow approached a traffic 

_ STAGE 1 
� STAGE 2 

I I STAGE 3 
I J STAGE 4 

island from opposite angles and com­
posed themselves for the night on either 
side of the traffic policeman. 

The Government of the new, inde­
pendent India born in 1947 showed a 
refreshing courage in grasping the for­
midable nettle of overpopulation. Rec­
ognizing that superabundance of people 
was one of the major obstacles to Indian 
prosperity and Indian progress, they 
made the control of population one of 
the aims of their first Five-Year Plan. 
The Census Commissioner of India, in 
his report on the 195 1 census, put the 
problem in quantitative terms. Efforts 
to keep pace with the growth of popu­
lation by increasing food production 
were bound to fail, he said, when the 
population passed 450 million. If, how­
ever, India could "reduce the incidence 
of improvident maternity to about 5 
per cent," an increase of 24 million 
tons per year in agricultural productiv­
ity would be sufficient to feed the 
population and bring a "visible reduc­
tion of human suffering and promotion 
of human happiness." 

India's Efforts 

The Indian Health Ministry has made 
grants for research on new contracep­
tives, for certain population studies, for 
training workers in the field of family 
planning and maternal and child wel­
fare, for educating public opinion, and 
for assisting the family-planning ven-

tures of state governments and voluntary 
organizations. 

It is heartening that a great country 
like India should make population con­
trol part of its national policy. But it 
must be confessed that the effects are as 
yet exceedingly small, and that to an 
outside observer the execution of the 
policy seems rather halfhearted. 

Let me take an example. The one 
large-scale experiment initiated by the 
Government itself has been a pilot studv 
of the so-called rhythm method of birth 
control, which is notoriously unreliable. 
owing to the great variation among in­
dividual women, and even in the same 
woman at different times, in the month­
ly period of infertility. I had the oppor­
tunity of visiting the chief center of the 
experiment in a village near Mysore, 
and of interviewing the capable and at­
tractive woman in charge, a Negro social 
scientist from the U. S. 

The results of the experiment were 
interesting. About three quarters of the 
married women in the village said they 
would like to learn some method of 
limiting their families. After their indi­
vidual cycles were studied each woman 
was given a kind of rosary, with differ­
ently colored beads for "safe days" and 
"baby days." With this guidance a num­
ber of the women managed to avoid 
pregnancy during the 10 months of the 
experiment. The social scientist in 
charge thought that about 20 per cent 
of Indian village families might learn to 

.................. •..... , 
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STAGES OF POPULATION CYCLE are also mapped. Stage 1 i s  

characterized by h i g h  birth rates a n d  h i g h  death rates; Stage 2,  by 

high birth rates and falling death rates; Stage 3, by falling birth 

and falling death rates; Stage 4, by low birth and low death rates .  
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practice the rhythm method successful­
ly. This was a maximum; in any wide­
spread campaign the figure is much 
more likely to be 15 or 10 per cent. Thus 
the method would be quite inadequate 
to control population growth to any sig­
nificant degree. 

Methods used in Western countries 
are difficult to apply in India, partly be­
cause of the cost, partly because of the 
lack of privacy and hygienic facilities in 
the vast majority of Indian homes. In 
addition, there is the persistent influence 
of Gandhi. As he narrated in his auto­
biography, Gandhi indulged excessively 
in sexual pleasure after his marriage. As 
a result of his disgust at his own in· 
dulgence, and his dislike of anything 
he considered to be scientific material­
ism, he pronounced against all me­
chanical or chemical methods of birth 
control and solemnly recommended 
abstinence as the cure for India's popu­
lation problem! 

The ideal solution would be the dis­
covery of what laymen (much to the 
annoyance and distress of the experts) 
persist in calling "the pill" -a cheap 
and harmless substance taken by 
mouth which would temporarily pre­
vent conception, either by preventing 
ovulation or by rendering the egg un­
fertilizable. A number of promising 
substances are being investigated, in­
cluding some extracts of plants used by 
primitive peoples. So far nothing safe 
and reliable has emerged. But our 
knowledge of reproductive physiology 
and of biochemistry has been so enor­
mously increased in the last few dec-
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ades that I would be willing to bet that 
a solution can be found. A large-scale, 
concerted program of research is neces­
sary, as it was for the atomic bomb. If 
we were willing to devote to the prob­
lem of controlling human reproduction 
a tenth of the money and scientific 
brain-power that we are devoting to 
the release of atomic energy, I would 
prophesy that we would have the an­
swer within 10 years, certainly within 
a generation. 

One of the facts that prompted the 
Indian Government to undertake the 
task of reducing population increase 
was the ghastly recurrence of famine 
in 1952, when a major tragedy was 
averted only by large-scale importa­
tions and gifts of wheat and other food­
stuffs from other countries. Famine will 
continue to recur in India so long as 
population is not brought down into 
a reasonable balance with the produc­
tion of food. 

The Government has made heroic ef­
forts to increase food production, and 
for the first time in modern history In­
dia has now a surplus of home-grown 
food-at the meager-diet level. But this 
has been made possible by two good 
seasons of abundant rain; when the cli­
matic cycle brings the bad years around 
again, as it inevitably will, hunger once 
more will stalk the land. The long-term 
prospect is blacker: if population goes on 
increasing by five millions or more a 
year, food production cannot possibly 
continue catching up with the mouths 
to be fed. 

The Government is also devoting 
more and more attention to industrializ­
ing the country, both by small-scale vil-

lage industries and by large-scale proj­
ects. However, while industrialization is 
highly desirable, it is chimerical to sup­
pose that it alone can cope with India's 
food and population problem. 

Indonesia 

Indonesia, another country with an 
extraordinary population problem, con­
tains the most densely populated large 
island in the world. Java has more than 
50 million people on its 50,000 square 
miles-a density of population nearly 
twice that of highly industrialized Brit­
ain. Yet Java is almost entirely agricul­
tural. Its cultivable land is very fertile, 
but there is less than two fifths of an 
acre per head. And much of the land is 
devoted to exportable products, so that 
rice has to be imported to feed the peo­
ple, even at the insufficient level of about 
2,000 calories per day. 

Java's already overcrowded popula­
tion is increasing at a compound interest 
rate of at least 1.5 per cent per year. A 
simple answer seems at hand: The ex­
cess should be transferred to the large 
nearby Indonesian islands of Sumatra 
and Borneo, which are far less thickly 
populated. But this facile suggestion has 
proved to be quite impracticable. With 
considerable difficulty the Indonesian 
authorities have persuaded some Java­
nese to move to Sumatra, but many of 
these have not been able to stand the 
hardships of pioneering agriculture and 
have either returned to Java or settled 
into a depressed urban life on the Su­
matra coast. The fact is the material re­
sources and the skills needed to convert 
the dense e(luatorial forest of Sumatra 
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and Borneo to agricultural production 
are not available. This is not to sav that 
settlement should not be attempted. But 
resettlement of Java's population on the 
largest possible scale, plus other eco­
nomic and political development, could 
not possibly cope with more than a part 
of Java's formidable annual surplus of 
people. Birth control also is necessary. 
Unfortunately there is no sign yet that 
the Indonesian Government recognizes 
this necessity. 

Bali, whose population density (over 
500 per square mile) is about half that 
of Java, grows just about enough rice to 
feed itself. However, if its population 
continues to grow at the present high 
rate it will seriously outstrip food pro­
duction in two or at most three genera­
tions. Bali provides an extreme illus­
tration of the erosion of a culture by 
world population pressure. The Balinese 
have a rich and vital cultural tradition, 
in which beauty is woven into everyday 
living. Every aspect of life is marked by 
some celebration or embellished with 
some form of decoration. Every Balinese 
participates in some form of creative ac­
tivity-music, dance, drama, carving, 
painting or decoration. What is more, 
the tradition is not rigid, and the culture 
is a living and growing one, in which 
local and individual initiative are con­
stantly introducing novelty and fresh 
variety. But the Balinese are afflicted 
with manv preventable diseases; they 
are largely illiterate (though far from 
uncultured); their religion is now being 
undermined by the Christian missionar­
ies who have at last been allowed to 
work in Bali; growing economic pressure 
forces them to take advantage of the 

flood of cheap mass-produced goods 
from Western technology; their mount­
ing population demands some adapta­
tion to modern industrial life if living 
standards are to be raised or even main­
tained, and this in turn is imposing a 
Westernized system of compulsory edu­
cation. 

Most foreign residents prophesy that 
Bali's unique and vital culture is doomed, 
and will wither and die within 10 or 15 
years. This may be overgloomy, but cer­
tainly it is in grave danger. \i\Te can onl�' 
hope that the Indonesian Government 
will realize the value of this rich product 
of the centuries, and that U,\ESCO will 
justify the C in its name-C for Culture­
and do all in its power to help. No one 
wants to keep the Balinese in a state of 
ill health and ignorance. Yet instead of 
being 'pushed by the well-meaning but 
ill-considered efforts of overzealous mis­
sionaries and "scientific" experts to be­
lieve that their traditional culture is a 
symbol of backwardness, they could be 
encouraged to retain faith in the essen­
tial validity of their indigenous arts and 
ceremonials, and helped in the task of 
adapting them to C'1odern standards. A 
traditional culture, like a wild species of 
animal or plant, is a living thing. If it is 
destroyed the world is the poorer. 

Thailand and Fiji 

The situation of Siam, or Thailand as 
it is now officially called, is in some 
ways not dissimilar to that of Bali. It is 
in the fortunate pOSition of producing 
enough rice not only to feed its own 
people but also to export a considerable 
amount to less favored countries. Its 

people are well fed and look cheerful. 
Thailand is proud of its past, and espe­
cially of the fact that it alone of South­
east Asian countries has never lost its 
independence. There is a traditional cul­
ture in which the bulk of the people are 
content to find fulfillment, though there 
is not so much active participation or 
artistic creation as in Bali. At the same 
time, Thailand is crowded with organi­
zations and agencies, international and 
national, which are giving advise and 
assistance on every possible subject: 
health, education, agriculture, democra­
cy, scientific development, administra­
tion, industry, fish ponds and rural com­
munity life. As a result the traditional 
Siamese culture is being crushed or un­
dercut. 

U nless Thailand's birth rate falls 
along with the death rate, she will lose 
her proud distinction among Asian coun­
tries, and will become seriously over­
populated well before the end of the 
century. Thailand needs better cOOl'di­
nation of her departments of govern­
ment with the motley collection of for­
eign agencies, and an over-all plan 
which would take account of population 
and traditional culture as well as food 
production and industry, science and 
education. 

Fiji is another island, with another 
problem. Its population of about a third 
of a million is made up of two separate 
populations, which at present are about 
equal in number-the indigenous Fijians 
and the immigrants from India (to­
gether with a handful of Europeans, 
Chinese and others) . 

The history of the two populations is 
instructive. The native Fijian population 
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CHILD BRIDE and her m other were photo graphed by the author near Mysore in India. It  

has been sug gested that curtailin g child marriage would help curb the population increase. 

numbered nearly 200,000 in 1850, had 
fallen to 150,000 when the islands were 
taken over by the British in 1874, and 
was steadily reduced by a succession of 
epidemics to a point well under 100,000 
before health measures introduced by an 
alarmed administration reversed the de­
cline. It is now around 140,000. Immi­
gration from India started in 1879 and 
has continued to the present day. The 
Indian population outstripped the Fijian 
during World War II and has now 

72  

passed 150,000. Since its rate of  increase 
is well above that of the Fijians, Indians 
will in the space of two or three genera­
tions constitute a large majority unless 
present trends change. 

The two groups are very different in 
physique, cultural background, interests 
and work habits. The Fijians have the 
finest physique I have ever seen: they 
make good soldiers and wonderful ath­
letes. But their athletic and warlike pro­
pensities have induced no great keen-

ness for Western education, and a defi­
nite dislike of regular agricultural work. 
Indians largely man Fiji's sugar planta­
tion economy. They make excellent la­
borers and small farmers and traders, 
and have a notable thirst for education. 
They have even started secondary 
schools on their own initiative and at 
their own expense. 

There is little intermarriage between 
the two groups, and indeed little liking. 
The Indians tend to regard the Fijians 
as barbaric, while the Fijians ( who still 
take a sneaking pride in their warlike 
and cannibal past) find the Indians 
effeminate and affect to despise their 
laborious way of life. However, there 
are now signs of a rapprochement, and 
some of the younger Fijians are realizing 
that they must change their attitude 
toward work and education if the Fijian 
community is not to lapse into a sort of 
living fossil, cushioned by the protective 
measures of the Colonial Government. 
Once this new attitude is realized in 
practice, and the Fijians accept Western 
standards more wholeheartedly, their 
death rate is bound to fall and their 
numbers to jump. Since the Indian rate 
of increase shows no signs of falling, a 
demographic crisis looms ahead. Fiji will 
become overpopulated within the life­
time of its younger inhabitants, unless 
the Fijians and Indians alike are intro­
duced to the necessity and desirability 
of family limitation. Unfortunately birth 
control is still taboo, or at least not pub­
licly acceptable, in the British Colonial 
Office ( and indeed in the governments 
of all other colonial powers) . I can only 
hope that too much economic distress 
and social misery will not be required to 
force the action that present intelligent 
foresight could undertake-and could 
now undertake with much less difficulty 
than when the cohorts of the yet unborn 
have swelled the population to disas­
trous proportions. 

Australia 

Australia is a storm center of demo­
graphic controversy. She is a continent 
of close on three million square miles 
with only nine million human inhabi­
tants. Yet she is committed to a "white 
Australia" policy, and admits no Asians 
or Africans as immigrants, though she is 
on Asia's back doorstep. The three great 
swarming countries of Asia-India, 
China and Japan-have for decades been 
casting longing eyes on Australian space 
as a possible outlet for their surplus peo­
pIe: if the Axis powers had won the war, 
the Japanese undoubtedly would have 
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established settlements in Australia on a 
large scale. 

However, Australia's open spaces are, 
from the point of view of human oc­
cupation, largely a mirage. For an 
indefinite time its uninhabited areas will 
remain blanks on the world's map. 
Three quarters of Australia is desert or 
semidesert. At the present time only 2.5 
per cent of Australia's land is cultivated. 
It is true that big irrigation schemes are 
being planned, and that the discovery 
that much poor land could be enriched 
by adding trace elements is heartening 
the farmers and wine growers and herd­
ers. But heavy additions of fertilizers 
would also be needed, and these, like 
irrigation schemes, are expensive. 

Never is a big word, but it looks as if 
much of the land can never be brought 
into cultivation. I was driven down from 
Darwin to Alice Springs-a thousand 
miles of increasingly sparse bush and in­
creasingly stony and barren soil, misera- OPEN.AIR BARBER SHOP beside a cow in Benares i llustrates the conditions of sanitation 
ble and for the most part intractable to which have traditionally kept the Indian death rate higher than that of Western countries. 

human effort. The best estimates put 7.5 
per cent as the maximum area of Aus-
tralia's surface which can be brought in­
to cultivation, and to achieve even this 
will demand great effort and great ex­
penditures of capital. 

Australia is underpopulated in the 
double sense that it could support a 
larger population and that a larger popu­
lation would benefit its economy. How 
much larger is a question. Some say 50 
million people, but this seems an over­
optimistic estimate. A total of 25 or at 
most 30 millions seems more reasonable. 
And this would absorb less than one 
year's increase of Asia's population, less 
than five years of that of India alone. 
Furthermore, Australia already is hard 
put to it to keep up living standards in 
the face of its present rate of population 
growth, which is one of the highest in 
the world (about 2.5 per cent per an­
num) , thanks to its policy of encourag­
ing and assisting immigration from 
Europe. Thus lhe idea of Australia be­
coming an outlet for the spill-over of 
Asia is chimerical. The highest rate of 
human absorption possible without 
jeopardizing economic health could not 
take care ·of more than a small fraction 
of Asia's annual increase. 

The white Australian policy remains 
as an affront to Asian sentiment. But 
this too has, in my opinion, strong argu­
ments in its favor. Certainly it cannot 
and should not be justified on grounds 
of racial superiority or inferiority: there 
is no such thing. But it can be justified 
on cultural grounds. Cultural differences 
can create grave difficulties in national 

ROW OF BEGGARS in Benares characterizes the narrow margin of subsistence in the 

large cities of India. All the photographs on pages 72  through 74 were made by the author, 
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FISH PONDS were photographed from the air along the coast of Java. In these shallow 

bodies of  water the Javanese breed fish as part of the effort to solve their food problem. 

development. They often do so when 
cultural and racial differences are com­
bined. A large minority group which 
clings to its own standards and its own 
cultural and racial distinctiveness in­
evitably stands in the way of national 
unity and creates all sorts of frictions. 
And if the immigrant group multiplies 
faster than the rest of the population, 
the problem is aggravated, as we have 
seen in Fiji. 

It should be put on record that there 
is little color prejudice in Australia. For 
its aborigines-the only nonwhite perma­
nent inhabitants of the continent-the 
watchword now is assimilation: they are 
gradually to be incorporated into the 
country's social and economic life. Aus­
tralia is also admitting a number of 
Asians as students or h·ainees, and giv­
ing them a very friendly welcome. What 
Australia seeks to guard against is the 
creation of permanent racial-cultural 
minorities. 

. Resources 

Such are some of the population prob­
lems of individual countries as I saw 
them in my tour of Asia and the Far 
East. The obverse of the population 
problem is the problem of resources, and 
I must say a word about the alarming 
differentials in consumption between 
different regions and nations. Even in 
food these are serious enough. The 
average daily diet in India (1,590 calo­
ries) is less than half that in countries 
such as the U. S. or Ireland. And be­

RICE PADDIES on terraced hillsides in Bali indicate intensive use of the land. The Bali· tween the more privileged classes of 
nese grow all their own food, but within a relatively short time they may have to import it. favored countries and the poorer ones of 

the underdeveloped countries the differ­
ence of course is much greater-nearly 
fourfold instead of twofold. When we 
come to other resources, the contrasts 
are still more startling. In the field of 
energy, the U. S. per capita consumption 
is double that of Britain and more than 
20 times that of India. The U. S. con­
sumes 80 times more iron per capita than 
India and nearly two and one-half times 
more newsprint per capita than Britain. 
It uses about two thirds of an the world's 
production of oil. 

As facts like these seep into the 
world's consciousness, they are bound to 
affect the world's conscience. Such in­
equalities appear intolerable. The privi­
leged nations are beginning to experi­
ence a sense of shame. This guilty feel­
ing finds a partial outlet in the various 
international schemes for technical and 
economic assistance to underdeveloped 
countries. But these schemes are not 

FISH TRAP is built by a fisherman in a Philippine stream. In their intensive fisheries the nearly bold or big enough. We need a 
Filipin os also wade neck·deep to catch shrimp, and dip fish from water with ingenious nets. world development plan on a scale at 
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U. S. Royalite® 

molds to a 11Y C011 to u r  o r  detail, fu nc-

tio11al or decorative . . .  can be quickly tooled by 

mea11s  of cast  molds cal1 be riveted,  

sawed, machi11ed , etc . . . has 

colorful, sales -appealil1g beau ty 

AND IS PLENTY TOUGH ! 
Beauty and strength are yours in Royalite's exclusive 
compounding of thermoplastic fortified with rubber as 
in the case of the above soon-to-be-announced portable 
dictating m achine. Economy, too - d ies can be made of 
wood (for prototypes) ,  resin or metal,  depending on the 

prod uction run. Royalite comes in sheets in a choice of 
many bui lt-in colors, grained and smooth finishes. Let 
us  show you why Royalite is right for your prod uct. 
Write or phone United States R ubber Company, 
263 8 N. Pulaski Road, Chicago 39, I I I .  

@ U n i t e d  S t a t e s  R u b b e r 
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least 10 times as big as all existing 
schemes put together-a joint enterprise 
in which all nations would feel they 
were participating and working toward 
a common goal. To achieve even the 
roughest of justice for all peoples, the 
favored nations of the world will have 
not merely to cough up a fraction of their 
surpluses but voluntarily to sacrifice 
some of their high standard of living. 
For their part the underdeveloped coun­
tries, to qualify for membership in the 
international development club, must be 
willing not only to pledge themselves to 

hard and intelligent work but also to re­
strict their population growth. 

As I have emphasized, the crux of the 
problem lies in establishing a satisfac­
tory balance between the world's re­
sources and the population which uses 
the resources. The Political and Eco­
nomic Planning report to which I have 
referred surveys in some detail the pros­
pects of the world's main resources for 
the next 25 years. It concludes that so 
far as energy, minerals and other inor­
ganic raw materials are concerned, the 
total world requirements probably can 

KA VA CER EMONY is conducted on the island of Fij i .  The athletic and w arlike Fijians  

are slow to accept education and agriculture. Their  numbers have decreased since 1 850. 

I NDIAN HIGH SCHOOL on Fij i was  v i sited by the author ( center ) . Immigration t o  Fij i 

from India began in 1 8 79. Today the I n d ian population on the island outnumbers the Fij ian.  
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be met during that period, and for ener­
gy the prospect continues reasonably 
bright up to the end of the 20th century. 
But when it comes to food, a world de­
fiCiency "of appalling magnitude" al­
ready exists, and "supplying the neces­
sary foodstuffs to feed the expected 
newcomers and also to bring about sub­
stantial and lasting improvement in the 
position of the many millions now under­
fed is likely to prove exceedingly difficult 
and increasingly precarious." 

This forecast, it must be emphasized, 
applies to global consumption; when we 
take the position of individual countries 
into account, the situation appears even 
more serious. The trend is toward a 
widening of the already grotesque differ­
ences in consumption between the well­
nourished and the undernourished re­
gions of the world. For one thing, a rise 
in living standards in food-exporting 
countries is reducing the amount of food 
they have available for export; for ex­
ample, Argentina is exporting less meat 
because its people are consuming more 
of its production. 

Everything points to one conclusion. 
While every effort must be made to in­
crease food production, to facilitate dis­
tribution, to conserve all conservable re­
sources and to shame the "have" nations 
into a fairer sharing of the good things of 
the world with the "have-nots," this 
alone cannot prevent disaster. Birth con­
trol also is necessary, on a world scale 
and as soon as possible. 

Though I may seem to have painted 
the picture in gloomy colors, I would 
like to end on a key of hope. Just as the 
portentous threat of atomic warfare has 
brought humanity to its senses and 
seems likely to lead to the abandonment 
of all-out war as an instrument of na­
tional policy, so I would predict that the 
threat of overpopulation will prompt a 
reconsideration of values and lead even­
tually to a new value system for human 
living. But time presses. This year will 
add more than 34 million people to hu­
manity's total, and certainly for two or 
three decades to come each successive 
year will add more. If nothing is done 
soon, world overpopulation will be a fact 
well before the end of the century, bring­
ing with it an explosive cargo of misery 
and selfish struggle, frustration and in­
creasingly desperate problems. 

It has taken just one decade from 
Hiroshima for the world to face up res­
olutely to the implications of atomic war. 
Can we hope that it will take no more 
than a decade from the 1954 World 
Population Conference in Rome for the 
world to face up equally resolutely to the 
implications of world overpopulation? 
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See the Man from Anaconda for Alu m i n u m ,  too. 

R e r o l l  m i l l  i n  sepa rate a l u m i n u m  sect ion  a t  
a p l a n t  o f  T h e  American Brass C o m pa ny. 

F u l l  production at C o l u m b i a  Fal l s :  
Anaconda's modern new aluminum 
plant is now in full production. Slabs, 
ingots, wirebars and sheet-ingots are 
pouring out at a rate of 120,000,000 
pounds a year. 

This means that Anaconda has ade­
quate aluminum for its fabricating com­
panies - plus a good supply for other 

manufacturers. In addition, it means 
that Anaconda can offer the assurance 
of quality control in its products from 
the production of primary aluminum 
through fabrication-as it has so long 
been able to do in the case of copper 
and copper alloys. 

Copper and al u m i n u m  c o n d uctors : 
Anaconda Wire & Cable Company has 
seven mills turning out aluminum wire 
and cable - more than any other man­
ufacturer in the industry. In addition, 
Anaconda has the broadest line of elec­
trical wire and cable in both copper and 
aluminum - available now. 
Sheet, str i p ,  tube: Separate facilities at 
mills of The American Brass Company 

are now producing limited quantities of 
strip, sheet, tube and special products 
in aluminum. A new plant to be devoted 
exclusively to aluminum mill products is 
presently under construction at Terre 
Haute, Indiana. 

ConSulting services: The Man from 
Anaconda is in a position to make un­
biased recommendations. You can make 
your quality control job-and schedul­
ing-easier by turning to Anaconda for 
so many of your nonferrous metal needs. 
The Anaconda Company, 25 Broadway, 
New York 4, N. Y. 56243 

ANACON D� 
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CREAT NEW PRODUCT-• •  

· c. of mat., 

It'S a single pIe 

Av 1, of her C 
a, able in C oPper Allo" opper, Brass ,s, and A/'u . ' mtnum 
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• 

Here, for the first time, is a combina­
tion of tube and strip that is  made 
fro m  a single piece of metal!  No 
j oints! The product of i ntensive devel­
opment by Revere's  Research and 
De v e l o p m e n t  D e p a r t m e n t ,  w h i c h  
sought a nd found a brand new way to 
give American i ndustry tube plus strip 
that is more economical to buy, more 
economical to work, stronger and 
more efficient i n  performing 1 ,00 1 
tasks. 

Remember Revere Tube-In-Strip is 
solid, not two strips welded, brazed, or 
bonded together. 

What does this mean to you ? You 
buy strip, fabricate it as you wish, 
stamping, bending or forming it, and 
then as a final operation i nflation 
expands the integral channels i nto 
tubes. Expanding in the open, the 
tubes are round; by expanding into dies, 

REFRIGERATION 

AIR CONDITIONING 

the tubes can 'be made rectangular, 
fluted, half-round, hexagonal, etc. 

METALS: Copper, Brass, other Cop­
per Alloys, Aluminum, many others. 

ECONOMY: You save in first cost, 
and in fabrication. New and improved 
designs are made possible. The web 
b e t we e n  t h e  t u b e s  c o n d u c t s  heat 
faster. The vastly i ncreased structural 
strength means you can use lighter 
gauges, saving i n  weight a nd in price. 

:The applications of this radically 
new, different a nd superior Revere 
P r o d u c t  a r e  u n l i m i t e d .  We m o st 
proudly present Revere Tube-I n-Strip 
to the designers and manufacturers 
of American I ndustry. The Revere 
Tech nical Advisory Service and the 
Resear..ch and Development Depart­
ment will gladly collaborate with you 
in taking full advantage of this mar­
velous new material. 

REVEllE 
C O P P E R  A N D  B R A S S  I N C O R P O R A T E D  

Founded by Paul Revere in 1801 
2 3 0  Park Avenue, New York 1 7� N. Y. 

Mills: Baltimore, Md.; Brooklyn, N. Y.; Chic'!$o, Clinton and Joliet, Ill.; Detroit, Mich.; 
Los Angeles and Riverside, Calif.; New Bed/ord, Mass.; Newport, Ark.; Rome, N. Y. 

Sales Offices in PrinciP!Z1 Cities, Distributors Ellerywhere. 

SOME OBVIOUS USES 
REFRIGERATION 

Condensers 
Evaporators 
COOling Coils 
Cold Walls 

AIR CONDITIONING 
Condensers 
Eva porators 

HEAT EXCHANGERS 
Process Industries 
Chemical Industries 
Petroleum Industry 

INSTRUMENT LINES 
WATER HEATERS AND COOLERS 

Domestic 
Commercial 

RADIANT PANEL HEATING 
BASEBOARD RADIATORS 
AUTOMOTIVE 

Car and Truck Radiators 
Heatin" and COOling Panels 
Transmission Oil Coolers 

AIRCRAFT 
SOLAR HEATING 
ELECTRICAL INDUSTRY 

Oil Coolers 
Gas and Fluid Heat Exchangers 

AUTOMATION 
Contro' 
Recording 
Met.ring 

FOOD PROCESSING 
BEVERAGE INDUSTRIES 
ARCHITECTURE AND BUILDING 

Structural 
Decorative 
Functional 

MANY, MANY OTHER APPLICATIONS IN 
EVERY INDUSTRY 
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Avco Defense and Industrial Products combine · 
the scientific and engineering skills, and production 

facilities of three great divisions of Avco Manufac­

turing C orp . :  Lycoming; Advanced Development ; 
C rosley - to produce power plants, electronics, 

airframe components, and precision parts. 

Ave o  Lycoming 

m akes m o re t i m e  

fo r b u s i n ess 

Challenged b y  a surging economy, the 

most urgent single need of business today 

is time. Today, business gains that time 

through flight. A growing private airfleet ­

already larger than those of all scheduled 

airlines- is shortening the distance 

between appointments. 

To power this bustling fleet -so safely 

and so dependably that a twin-engine plane 

can fly and land on one engine alone 
if necessary- business looks to Lycoming. 

More Lycoming engines roar in today's 

advanced executive aircraft than any other 

engines in the world. And Lycoming 

supercharged engines, the first available to 

business, are driving private aircraft 

higher and faster than ever. 

And continually- Lycoming scientists 

search out still finer techniques of power 

and propulsion . . .  to save business time, 

to keep business soaring . . •  to 

make America stronger. 

Find out how private flying can save you time. 
Write For booklet, "The Review of Ex;;;'tive 
Aircraft." Or for help on any problem involving 
Power-wire, phone or write to Avco 

Defense and Industrial Products, Stratford, Conn. 

ENGINEERS WANTED:  Rewarding careers for 

outstanding men . Write to Vice President, 

Industrial Relations, Stratford, Conn. 

defense a n d  i n d u stria l  p roducts 

FDA A COPY O F  T H I S  B E C K  I L L U S T R ,I,T l O N ,  S U I T A B L E  FOR F R A M I N G ,  W R I T E  TO P U B LI C  

R E u\T l O N S  D E P T . ,  A v e o  D E F E N S E  " N O  I N O U ST R I A L  P R O D UCTS, STRATFO R D ,  C O N N .  
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Electronic Photography of Stars 
The power of present telescopes may soon be increased by devices 

that convert the light of faint stars and gala�/ries into electrons, 

which may then be accelerated and focused on a photographic plate 

In the 20th century we have vastly 
widened our view of the universe by 
building bigger and bigger tele­

scopes looking farther and farther into 
space. Each expansion of the view has 
produced discoveries and new questions 
calling for still bigger telescopes. But 
with the great 200-inch Hale telescope 
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by William A. Baum 

on Palomar Mountain we have reached 
certain practical difficulties which 
stand in the way of further progress. 
The cost of building a substantially 
larger telescope would be very great. 
And we are unable to take full ad­
vantage of the 200-inch instrument's ca­
pabilities because of limitations imposed 
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on our seeing by the earth's atmosphere. 
Astronomers have therefore taken to 

other stratagems. Radio astronomy, of 
course, is one. Improvements in photo­
graphic plates and in light-measuring 
devices constitute another. Within the 
last couple of years there has been rap­
id progress in an exciting development 

STAR IMAGES appear in a positive print of a photographic plate 

exposed at the prime focus of the 200·inch telescope. Even though 

the plate was made during good seeing, the images are not sharp. 

The print enlarges a section of the plate seven millimeters wide. 

ENLARGED IMAGE of a faint star (magnitude 20.5) is outlined 

by the individual grains of a fast photographic plate exposed for 

five minutes at the prime focus of the 200·inch telescope. The print 

enlarges a section of the plate that is only .7 millimeters wide. 
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INTENSITY PROFILE of the image of a 

very faint star on an unaided photographic 

plate is presented by a simulated micropho· 

tometer record (1). This image could be 

intensified by converting light quanta into 

electrons and using the electrons to expose 

a fine·grained plate (2). It could also be in· 

tensified (3), by amplifying the number of 

eleetrons and subtracting the signal due to 

the background radiation (shaded area). 
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which promises to cut through the tele· 
scope dilemma in truly spectacular fash­
ion. Essentially the idea is to multiply 
the efficiency of the optical telescope by 
hitching on an electronic "camera"-ap­
plying principles used in television. 
Work on this idea is going forward so 
actively that one might venture to say 
that a major revolution in telescopy is i;l 
the making, just as the electron micro· 
scope has revolutionized microscopy by 
giving us a deeper view into the small 
universe of molecules and atoms. 

Let us look first at the causes of the 
astronomers' difficulties. The frustration 
of telescopes stems mainly from two 
properties of our atmosphere: (1) tur­
bulence in the air and (2) the phe· 
nomenon known as night sky glow. 

Turbulent movements of the air lay­
ers in our atmosphere have the effect of 
making the stars twinkle or dance, so 
that even on the stillest and clearest 
nights it is impossible to make anywhere 
nearly as sharp a photograph of a star 
as the 200-inch telescope is optically 
capable of producing. This "seeing" 
factor blurs the star image on the pho· 
tographic plate; the image appears not 
as a point but as a smear which at best 
is spread out to a diameter of about one 
tenth of a millimeter. 

The night sky glow is due to chemical 
processes in the earth's upper atmos­
phere which produce phosphorescence 
[see "Aurora and Airglow," by C. T. 
Elvey and Franklin E. Roach; SCIEN­
TIFIC AMERICAN, September, 1955]. On 
an average moonless night the night 
glow sheds about twice as much light on 
the surface of the earth as do all the stars 
combined. Obviously as we look at 
fainter and fainter stars it becomes in­
creasingly difficult to distinguish their 
light from the night sky glow. On a 
photographic plate the image of a very 
faint star is a tiny gray smudge on a 
slightly lighter gray background. When 
we get to faint stars of the 24th magni­
tude, the starlight is so little brighter 
than the background that the stars are 
only barely detectable, if at all. Stars 
fainter than this are completely drowned 
in the glow. 

As a radio engineer would say, our 
trouble is a low signal-to-noise ratio. The 
problem facing us in photographing 
faint stars is to strengthen the signal and 
weaken the noise: that is, to find some 
way to improve the contrast between the 
star and the background. What this in­
volves in photographic terms can be 
made clear by a close study of the pho. 
tograph of a faint star. 

Let us look through the microscope at 
a small section of a lightly exposed plate 

To 'the 
ENGINEER 

of high 
abili'ty 

AiResearch is looking for 

your kind of engineer. 

Through the efforts of engineers 

like yourself our company has 

become a leader in many 

outstanding aircraft accessory 

fields. Among them are: 

air·conditioning and 

pressurization, heat transfer, 

pneumatic valves and controls, 

electric and electronic controls, 

and the rapidly expanding 

field of small turbomachinery. 

AiResearch is also applying 

this engineering skill to 

the vitally important missile 

accessory field. 

Our engineers work on the very 

frontiers of present day scientific 

knowledge. We need your 

creative talents and offer you 

the opportunity to progress 

by making full use 

of your scientific ability. 

Positions are now open for 

aerodynamicists ... mechanical 

engineers ... physicists ... 

specialists in engineering 

mechanics ... electrical engineers 

... electronics engineers. 

For further information write 

today to Mr. Wayne Clifford, 

THE GARRETT CORPORATION 
9851 S. Sepulveda Blvd., 

Los Angeles 4-5, California. 

Indicate your preference 

as to location between 

Los Angeles and Phoenix. 

CORPORATION 

?1iResearch 
Manufacturing 

Divisions 
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Cornplel 

CENTRAL AIR DATA COMPUTER 
BRAIN OF THE AIRESEARCH SYSTEM 
Complete system functions include pro­
viding true airspeed, true angle of attack 
and yaw, relation to Mach number, 
density and rate altitude, engine pressure 
ratio, true dynamic and static pressure, 
cruise control and other factors. 

THE 

in one system 
Here is a system that provides for the most efficient aircraft 

operation. It supplies all pertinent air data information to the flight 
engineer and pilot, or automatically makes in-flight 

adjustments. Similar systems are avai.Iable for missiles. 
The air data computer system is one of many integrated systems 

completely engineered and manufactured by AiResearch. In the field 
of aircraft systems and integrated components, AiResearch has more 

development, manufacturing, operational and service 
experience than any other company_ 

• Qualified engineers in the fields listed below are 
needed now. Write for information. 

CORPORATION 

?1iResearch Manufacturing Divisions 
Los Angeles 45, California. Phoenix, Arizona 

Designers and manufacturers 0/ aircraft systems and components: REFRIGERATION SYSTEMS · PNEUMATIC VALVES AND CONTROLS ' TEMPERATURE CONTROLS 

CABIN AIR COMPRESSORS • TURBINE MOTORS GAS TURBINE ENGINES • CABIN PRESSURE CONTROLS • HEAT TRANSFER EQUIPMENT • ELECTRO-MECHANICAL EQC1PMENT • ELECTRONIC COMPUTERS AND CONTROLS 
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rocket and 
missile 
engineers 
deserving 
higher salary 

Decision Inc. represents six 
leading missile firms in the east, 
midwest and far west-inter­
ested in hiring rocket and mis­
sile engineers. Through us, you 
can completely, confidentially 
make arrangements for better 
positions. 

Right now, these companies 
have need for engineers with 
virtually every degree of ex­
perience. You'll need an engi­
neering degree, of course. If 
you qualify, they are ready to 
give you a chance to work with 
leading engineers and scien­
tists on challenging new pro­
jects. You'll have your own 
draftsman assistant. No board 
work. Substantial salary in­
creases. All your moving and 
relocation expenses paid for. 
Free assistance in locating eco­
nomical housing. Subsidized edu­
cational programs. 

Here's what you do. Send us 
your name, title, company and 
home address. We will forward 
to your home brief forms which 
you fill out and return. We com­
pare your experience and de­
sires with specific job openings. 
Help you evaluate the various 
jobs open to you, determine 
which offers the best future. 
You make the decision. No ob­
ligation to you, no cost whatso­
ever. Our clients pay us to find 
you. Find out what you're really 
worth-today. Write, phone or 
wire. 

DECISION INC. 
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Management and Recruitment Consultant 
Oliver P. Bardes, President 

1432 First National Bank Bldg. 

Cincinnati 2, Ohio 

LIGHT 

t t MAGNETIC 

HAMMER 
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-, 

ENCAPSULATED 

ELECTRON OPTICS CATHODE 

/\ 

PLATE CASSETTE ACTIVATED 

CHARCOAL 

IMAGE CONVERTER designed by Andre Lallemand of the Paris Observatory has its pho· 

tographic plate sealed into an evacuated glass tnbe. Just before the exposure is made, a 

capsnle protecting the photocathode is broken with a hammer moved by a magnet outside 

the tube. The cathode is then pulled into position by a magnet. When light falls on the 

photocathode, it emits electrons which are accelerated and focused by the electron optics. 

with the image of a single faint star [see 
photogmph at the Tight on page 81l. The 
plate as a whole is grayed by photo­
graphic grains which have been black­
ened by the night sky glow; the star 
image is a little darker because more 
grains have been blackened there. Now 
if we divide the plate into unit areas, 
each the size of the smeared star image 
(about one tenth of a millimeter across), 
and count the blackened grains in each 
area, we will establish two facts. First, of 
course, the star area has more black 
grains than any of the others. But we al­
so discover that the unit areas in the rest 
of the plate have different counts: some 
have more black grains than others. This 
means that if a faint star is to be dis­
tinguishable from the background, it is 
not enough that the star area on the 
plate be darker than the average unit 
area: its dark-grain count must exceed 
the background fluctuations. In other 
words, it must be darker than the dark­
est unit area in the background. 

We can improve the contrast between 
the star image and the background by 
exposing the plate longer. Now there are 
more blaGk grains in each unit area, and 
the percentage of fluctuation is there­
fore smaller. The relative range of fluc­
tuation decreases in proportion to the 
square root of the average number of 
grains per unit area in the background. 

Consequently if we quadruple the ex­
posure time, the plate will show stars 
twice as faint. However, we soon reach 
a limit in this improvement of contrast: 
the limit comes when the darkened 
grains overlap, so that further increase 
in the number of black grains in th� 
emulsion no longer reduces the relative 
fluctuation of the background surface. 

This is the problem and the basic 
limitation of the 200-inch telescope. 
U sing a fast photographic plate, it can 
detect fainter and fainter stars as the ex­
posure time is increased-up to 30 min­
utes. At this point the photograph shows 
about as much as it's going to, and 
further exposure is likely to result in a 
loss rather than a gain. Actual photo­
graphs agree with the theoretical limit: 
they show that the 200-inch cannot de­
tect stars or nebulae fainter than the 
24th magnitude. 

N ow all this suggests there are two 
ways we might attack the problem 

of photographing fainter and more dis­
tant stars with present telescopes (not 
only the 200-inch but also smaller tele­
scopes). First, we might use smaller 
grains, thus obtaining a greater number 
of developed grains per unit area before 
we reach the saturation point of overlap­
ping. Second, we might seek to improve 
the contrast between the starlight and 
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How long do you expect to STAY in business? 

If you are planning for a long future, use COPPER 
Your tomorrows! They decide which raw ma­

terials you should choose. 

Considering that it takes years to establish a 

reputation, isn't it a mistake to overlook the use of 
copper or copper components in your product that 
can protect its good name? 

For one big thing about this metal is that it en­

dures. It serves for years, generations, centuries. 

This characteristic of copper can help you to pro­

tect your Company's future. For your customers 
like to get their money's worth. And that includes 

long-term use. Endow your product now with cop­
per's own long life! 
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BLACK LlGHT- NEW BOON 
TO RESEARCH AND ANALYSIS 
Researchers and analysts now penetrate 
the invisible-with a "second pair of eyes" 
called B1ak-Ray black light. Result: the 
distinctive luminescence and radiation of 
matter under its ultra-violet rays now en­
able the presence or absence of over 3,000 
substances to be determined. Ideal for 
titration studies and mineral analysis. 

Most widely used application, however, 
is in the rapidly expanding field of chro­
matography. Research directors say no 
laboratory is really well equipped without 
both types of ultra-violet sources. 

Continuing research and study are con­
stantly adding new data, new uses and 
applications for ultra-violet-both short 
wave (2537 AU) and long wave (3660 AU). 

Write for free booklet "215S-Ultra­
Violet in Scientific Research". Black 
Light Corporation of America, Distribu­
tors for Ultra-Violet Products, Inc. 5114 
Walnut Grove Avenue; San Gabriel, Cali­
fornia. Distributors in principal cities. 
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.teel. which have received the ALUMICOAT 
Molteu Aluminum Coating Proc.... lInder 
high temperature conditions. th ... low alloy 
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but after the application of the ALUMICOAT 
Proce... they have proven superior to stra: 
t.gic alloy ateel •• 

For Free Alumicoat Brochure­
Use Coupon below! 

I Arthur Tickle Engineering Works. Inc. I I 21·F Delevan Street I I Brooklyn 31, N. Y. I I Please .end ALUMICOAT Brochure to: I I I 
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night-glow background by diminishing 
or neutralizing the background in some 
way [see charts 011 page 82]. Both of 
these possibilities are being explored by 
electronic means. Let's take the fine· 
grain attack first. 

A photographic plate with ultrafine 
grains is inherently very slow. It would 
require a prohibitively long exposure to 
photograph faint stars. Hence the es· 

PHOTOGRAPHIC 

PLATE 

PROTECTIVE 

VACUUM 

J-____ 
�

,GATE 

LOADING 

CHAMBER 

L.. ____ � PORT 

THIN·FILM CONYERTER is depicted in 

thi" schematic diagram. Light causes the 

vholocathode to emit electrons (cLtrved ar· 
rows), which are electrostatically focused so 

thaL they pass through the thin film and fall 

upon the photographic plate. The thin film 

protects the photocathode against contami· 

nation by the gases exuded hy the plate. 

sence of the problem is to speed up the 
pace of the exposure. �Te need a method 
of intensifying the exposure, or, to put it 
another way, of improving the efficiency 
with which quanta of light (photons) 
are translated into blackened grains on 
a plate. Electronics offers an answer be· 
cause the conversion of light into photo. 
electrons is far more efficient than its 
conversion into developable photo­
graphic grains. When light strikes a pho­
tographic emulsion, one developable 
grain is produced for every thousand 
photons of incident light. When it strikes 
a light·sensitive metal that ejects elec­
trons, one electron is ejected for every 
10 photons of light. Thus the photosen­
sitive metal surface, known as a photo­
cathode, is 100 times more efficient than 
a photographic emulsion in reacting to 
photons. If we can make full use of this 
efficiency, translating each electron into 
a blackened grain on a photographic 
plate, we can speed up telescopic pho­
tography a hundredfold. 

Andre Lallemand of the Paris Observa-
tory produced a pioneer device 

along this line. It brings together a pho­
tocathode and a photographic plate in 
a single vacuum tube [see drawing on 
page 84]. Since a photographic plate 
gives off gases which "poison" the pho· 
tocathode (make it insensitive to light), 
the latter is enclosed in a glass capsule 
until the last possible moment. When 
the exposure is to be made, a magnetical­
ly actuated hammer breaks the capsule 
and the naked photocathode is pulled, 
also by magnetic means, in front of the 
exposure window. As incoming light 
from the star knocks electrons out of the 
cathode, they are focused into a beam 
and accelerated by electric fields con­
trolled by three pairs of electrodes in the 
tube. The beam strikes the photographic 
plate and there records the star's image. 
Lallemand can readily obtain one or 
more developable grains for each elec· 
tron, and therefore his tube speeds up 
exposure about 100 times. Attached to 
a telescope at the focus, the tube has 
produced some successful pictures of 
faint stars. 

But the exposure of the cathode to 
gases from the photographic emulsion 
remains troublesome in this tube. The 
next step, therefore, is to put the cath· 
ode and the photographic plate in sep­
arate chambers. Now we must find a 
way to transmit electrons from one 
chamber to the other without permitting 
gases to pass. The answer that was de· 
vised is a window made of an extremely 
thin film-no more than a few millionths 
of an inch thick. Accelerated to a suf· 
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As an engineer at North American you get rhe 
full recognition of your profession. You work 
with engineers who respect your opinions and 
professional status. You enjoy individualism and' 
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LIGHT 

� PHOTOCATHODE 

/ 
ELECTRON OPTlCS� 

J 

/ 
THIN FILM 

- BREAKAWAY CAP 

EXPERIMENTAL THIN·FILM CONVERTER has this design. During the shipment and 

storage of the tube, the thin film is protected by a vacuum in the glass envelope at the 

bottom. When the bottom of the tube is inserted in a vacuum plate·changer of the sort 

diagrammed on page 86, the flange at left and right above the center makes a seal against 

the outside of the vacuum·chamber wall. The cap is then broken off within the chamber. 

ficiently high velocity, electrons will pass 
right through this window with very lit­
tle scattering. Since the chamber con­
taining the cathode is a high vacuum, 
the photographic chamber also must be 
at least partly evacuated, in order to 
avoid rupturing the thin film. The pho­
tographic plates are loaded in a third 
chamber, which is then closed and partly 
evacuated before the plates are trans­
ferred into the exposure chamber. The 
general features of this system are 
shown in the diagram on page 86. 

W. A. Hiltner and J. Burns of the 
Yerkes Observatory wel:e the first to ex­
periment with the thin-film system. They 
have succeeded in keeping the cathode 
in good condition for several weeks and 
in achieving a 50-fold increase in pho­
tographic speed. 

A group with which the author of this 
article is associated is now working 

on the development of a practical design 
for a thin-film image tube which can be 
used by any astronomer. Our work is 

sponsored by the Carnegie Institution of 
Washington, and the group includes 
J. S. Hall and S. L. Sharpless of the 
U, S. Naval Observatory and L. Marton 
and E. S. Dayhoff of the National Bu­
reau of Standards. 

The version pictured here [see dia­
gram above] is a pilot model of a simple 
tube about five inches long which can 
be plugged into a separate vacuum ap­
paratus containing the photographic 
plates. The tube consists of a photo­
cathode, electrodes for focusing and ac­
celerating the electrons, and a thin film, 
Over the end of the tube is an evacuated 
glass cap. When the tube is plugged into 
the photographic chamber, a mecha­
nism breaks off the glass cap, and the 
photographic plates can be moved up 
close to the thin-film window. 

Through the cooperation of the Radio 
Corporation of America experiments 
are also being carried out with a tube 
which will not require the plate cham­
ber to be evacuated. In this case rupture 
of the thin film will be avoided by mak-

© 1956 SCIENTIFIC AMERICAN, INC



... newest Vacuum Melted alloy 
in the high-temperature field! 

Here's a new "super alloy" for gas turbine compo­

nents. UDIMET 500 combines unsurpassed stress­

rupture strength with superior high tensile strength in . 

the 1200°F to 1800°F range. For example, at 1600°F 

its ultimate tensile strength is over 100,000 PSI. 

UTICA is now supplying UDIMET 500 to top priority 

aircraft engine manufacturers. It is also supplying 

Vacuum melted alloys to dozens of manufacturers in 
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Our technical staff is ready to help you on your high 
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ing it extremely narrow-only one tenth 
of a millimeter wide and 10 millimeters 
long. We were astonished to discover 
that at that width a film no more than 
three millionths of an inch thick could 
withstand full atmospheric pressure. The 
window is too narrow for photographing 
star fields, but it will suffice for work in 
spectrography of stars. 

At the research laboratories of the 
Westinghouse Electric Corporation, 
E. J. Sternglass and M. M. Wachtel are 
developing another tube which will not 

need vacuum apparatus. Their system 
has no thin window but contains a series 
of thin films which multiply the number 
of electrons in the beam. 

So much for the fine-grain route 
toward improving telescopes. The field 
is very active and further developments 
are unpredictable. Let us now look at the 
other attack-erasure of the unwanted 
background light. 

A number of ingenious systems have 
been proposed, some of them using fea­
tures already employed in commercial 

PILOT MODEL of the thin·film converter with a breakaway glass cap diagrammed on 

page 88 is shown in photograph. The tnbe was made by the Farnsworth Electronic Company. 
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television. The basis of these schemes 
is the temporary storage of the pic­
ture on a nonconducting surface in the 
form of static electric charges, so that 
the picture can be "retouched," so to 
speak, to mute the background. The 
electric charges representing the image 
and background are deposited on the 
insulating surface by the electrons from 
the photocathode. The contrast between 
the image and background may then be 
increased by electronic means. A scan­
ning beam will read off the picture, �s in 
television, and it will then be transmitted 
to a screen and photographed. 

No such system has yet been applied 
successfully to the photography of faint 
stars, but there have been encouraging 
developments by G. A. Morton and col­
leagues at the R.C.A. Laboratories in 
Princeton and by J. D. McGee at the 
University of London. A system with ex­
citing possibilities has been built by 
R. E. Sturm, formerly of the Johns Hop­
kins Hospital, now with Bendix Avia­
tion Corporation. He modified a tele­
vision camera and receiver hookup so 
that the brightness of the original image 
is multiplied as much as 50,000 times in 
the final picture. The circuit was de­
veloped originally to amplify faint X-ray 
pictures and is in use for that purpose at 
the Johns Hopkins Hospital. Bendix is 
now manufacturing Sturm's device un­
der the trade name Lumican. 

Sturm has begun to apply his system 
to the old business of planet photogra­
phy. The planets are thousands of times 
brighter than the night sky glow, but 
atmospheric turbulence plays hob with 
the seeing of their details, such as the 
Martian "canals." With Sturm's light 
amplifier he hopes to make fraction-of-a­
second snapshots of the planets, "freez­
ing" the jumpy image. In tests at the 
Lowell Observatory the equipment has 
already made possible "the best view of 
Mars we have ever had," according to 
Director Albert G. Wilson. 

Altogether we have good reason to 
hope that "seeing" will soon improve on 
all fronts in astronomy. According to the­
OJ'etical calculations, if an ideally ef­
ficient electronic image tube were com­
bined with the 200-inch telescope at 
Palomar, it could see as far into space as 
an unaided telescope with a 2,000-inch 
reBector! When we recall the historic 
successive accomplishments of the 40-
inch, 60-inch, 100-inch and 200-inch in­
struments, and when we stop to realize 
how much effort was expended in mak­
ing each of them a working reality, we 
can appreciate the enormous potential 
importance of exploiting image tubes to 
the limit of our technical ability. 
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SPECIAL PROPERTIES OF TIN INCREASING VALUE OF 
STRAITS TIN FROM MALAYA TO AMERICAN INDUSTRY 

New Applications Cutting Costs in Wide Range of Industrial Fields 
New uses for tin today are being dis­

covered as rapidly as new products and 
new processes are developed. For no other 
metal combines all the special properties 
that make tin so valuable to industry. 

Tin is corrosion resistant, nontoxic, 
inert and tasteless - the best metal for 
packaging foods. And many more food 
products are now being packed in tin cans. 

Tin wets metals readily, flows easily, 
adheres firmly, and has a relatively low 
melting point. Tin is the key constituent 
of solder, and today improved equipment 
and processes are making solder still 
easier and more economical to use. 

Tin hardens and strengthens copper 
twice as effectively as zinc, and provides 
better resistance to corrosion. 

Because tin has excellent antifriction, 
conformability and embedding charac­
teristics, it is invaluable as a bearing 
metal. Now, new tin bearing alloys (such 
as 20% tin-aluminum) are producing ex­
cellent results in actual performance tests. 

And what is most important, Straits 
Tin is economical to use in any applica­
tion, because it takes so little tin to do 
so much work! 

Tin has, in fact, always been a re­
markable metal. And after fifty centuries 
there is still no apparent limit to its use­
fulness. Whether you are planning a new 
product or process, or seeking to improve 
a present one-plentiful, dependable, eco­
nomical Straits Tin from Malaya may 
profitably answer your problem. 

More than 40% of the free 

world's tin metal is produced in 

Malaya. Called Straits Tin, this 

metal is at least 99.87% pure 

and known everywhere for its 
absolute reliability of grade. 

* 

Tin's versatility has always been 

a key factor in American indus­

trial progress. In the wonder 

world of modern electronics, 

high-tin solders are now being 

used in thousands of critical 

places where corrosion-resist­

ant, impermeable, electrically 

conductive joints are essential. 

* 

The most significant result of 

the 1955 elections in Malaya is 

greater political and economic 

stability. The tin industry is 

represented in the Federation's 

new Government, and one of 

the Government's major aims is 
to facilitate tin prospecting. 

* 

Straits Tin is not only one of the 

world's most important metals. 

It is now one of our most use­

ful chemicals, especially in the 
ceramic and plastics industries. 

* 

Today there is plenty of Straits 

Tin. The extent of known re­
serves, geologists say, is ade­

quate for the foreseeable future 

whatever the requirements of 

American industry may be. And 

with America's awareness of the 

strategic importance of Malaya, 
key to Southeast Asia, the sup­

ply of tin will continue to be 
fully as dependable as the sup­

plies of other materials pro­
duced in the free world. 

r-------------------------------------------------------� 

A 20-page booklet gives an informative report on Straits Tin and its 

many new uses today. "Tin News," issued monthly, covers importont 

current developments in the production, marketing and use of tin. Weill 

be glad to send you both in exchange for your name and address. 

� The Malayan Tin Bureau 
Dept. 15C, 1028 Connecticut Ave., Washington 6, D.C. 

_ ua.AU 

The Malayan Tin Bureau 
Dept.1SC 
please send me: 

o S traits Tin booklet 0 "Tin News" 

o Information on. _________ _ 

Name! ______________ _ 

Address' _____________ _ 

City __________ State' ___ _ 

,- ----------------- ------------------ --------------------
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"JOCULAR PHYSICS" 

Last October Niels Bohr celebrated hjs 70th birthday_ 

Physicists all over the \vorld observed the event, some 

of them by contributing sa6rical articles on physics 

Few scientists alive today are held in greater affection by 
their colleagues all over the world than the great pioneer of 
atomic physics Niels Bohr. His name (including his incognito 
during his World War II visit to the U. S.-"Mr. Brown") is 
surrounded by legend, and his birthdays are celebrated with 
appropriate flights of fancy by his friends. On each of his last 
three decennial birthdays their tribute has taken the form of 
literary cheer suitable to the occasion. Volume III of these 
collections of papers appeared on Bohr's 70th birthday, Octo­
ber 7,1955. One item was a treatise by George Gamow (un-

fortunately too long to republish here) on the adventures of 
one Stan Situs, who voyaged to a remote region on the Ama­
zon where he crossed a "vortex point" which reversed every­
thing, as a Moebius strip does, so that his heart was on his 
right side and he was no longer able to digest proteins made 
of dextrorotary amino acids. 

With grateful acknowledgment to the authors of the papers 
in question, SClE;-;TIFIC A]<lEHlCAN takes pleasure in passing 
on some of the contributions in the 70th anniversary collection 
to more of Bohr's legion of friends everywhere. 

On th e Feasibjlity 

of Coal-driven 

Power Stations 

by O. R. Frisch 

[Editors' note: The following article is 
reprinted from the Yearbook of the Royal 
institute for the Utilization of Energy 
Sources for the Year 4995. In view of the 
acute crisis caused by the threat of ex­
haustion of uranium and thorium from 
the Earth and Moon Mining System, the 
Editors thought it advisable to give the 
new information contained in the article 
the widest possible distribution.] 

I
ntroduction. The recent discovery of 

coal (black, fossilised plant re­
mains) in a number of places offers 

an interesting alternative to the produc­
tion of power from fission. Some of the 
places where coal has been found indeed 
show signs of previous exploitation by 
prehistoric men who, however, probably 
used it for jewels and to blacken their 
faces at tribal ceremonies. 

The power potentialities depend on 
the fact that coal can be readily oxidised, 
with the production of a high tempera­
ture and an energy of about 0.0000001 
megawattday per gramme. That is, of 
course, very little, but large amounts of 

coal (perhaps millions of tons) appear 
to be available. 

The chief advantage is that the critical 
amount is very much smaller for coal than 
for any fissile

'
material. Fission plants be­

come, as is well known, uneconomical 
below 50 megawatts, and a coal-driven 
plant may be competitive for communi­
ties with small power requirements. 

Design for a Coal Reactor. The main 
problem is to achieve free, yet con­
trolled, access of oxygen to the fuel ele­
ments. The kinetics of the coal-oxygen 
reaction are much more complicated 
than fission kinetics, and not yet com­
pletely understood. A differential equa­
tion which approximates the behaviour 
of the reaction has been set up, but its 
solution is possible only in the Simplest 
cases. 

It is therefore proposed to make the 
reaction vessel in the form of a cylinder, 
with perforated walls to allow the com­
bustion gases to escape. A concentric 
inner cylinder, also perforated, serves 
to introduce the oxygen, while the fuel 
elements are placed between the two 
cylinders. The necessary presence of 
end plates poses a difficult but not in­
soluble mathematical problem. 

Fuel Elements. It is likely that these 
will be easier to manufacture than in 
the case of fission reactors. Canning is 
unnecessary and indeed undesirable 
since it would make it impossible for the 
oxygen to gain access to the fuel. Vari­
ous lattices have been calculated, and 
it appears that the simplest of all-a 

close packing of equal spheres-is likely 
to be satisfactory. Computations are in 
progress to determine the optimum size 
of the spheres and the required toler­
ances. Coal is soft and easy to machine; 
so the manufacture of the spheres should 
present no major problem. 

Oxidant. Pure oxygen is of course 
ideal but costly; it is therefore proposed 
to use air in the first place. However, 
it must be remembered that air con­
tains 78 per cent of nitrogen. If even a 

fraction of that combined with the car­
bon of the coal to form the highly toxic 
gas cyanogen this would constitute a 
grave health hazard (see below) . 

Operation and Control. To start the 
reaction one requires a fairly high tem­
perature of about 988 degrees F.; this is 
most conveniently achieved by passing 
an electric current between the inner 
and outer cylinder (the end plates being 
made of insulating ceramic) . A current 
of several thousand amps is needed, at 
some 30 volts, and the required large 
storage battery will add substantially to 
the cost of the installation. 

Once the reaction is started its rate 
can be controlled by adjusting the rate 
at which oxygen is admitted; this is al­
most as simple as the use of control rods 
in a conventional fission reactor. 

Corrosion. The walls of the reactor 
must withstand a temperature of well 
over 1,000 degrees F. in the presence of 
oxygen, nitrogen, carbon monoxide and 
dioxide, as well as small amounts of 
sulphur dioxide and other impurities, 
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Standard form FT/3. 

Title: . . • . . . . . • . . . . . . . . . • . . •  in field theor y . 

Author: 

According to Schwinger 

(1) 

whence 

(2) 

hence 

(3) 

1) 
Thus 

(4) 

which is not inconsistent with the assumption that 

(5) 

In virtue hereof 

(6) 

whence 

(7) 

hence 

(8) 

Thus, from a formal point of view 

(9) 

It is hoped that this kind of argument may lead to the 

most general formulation of the problem of ghost states. 

The author is . . • . . • • . . . . . . . . . . . . . . . . . . . . . .  valuable 

criticism. 

1) 
Cf. also Kallen, Ark. f. a.str., mat. och fys. 

STANDARD FORM for a paper in quantum field theory was designed by J. Liudhard and 

P. Kristensen of the University Iustitute for Theoretical Physics iu Copenhagen. The blanks 

labeled with the numbers in parentheses at the right are for equations. "Schwinger" is Julian 

Schwinger of Harvard University, one of the principal workers in quantum field theory. 
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some still unknown. Few metals or 
ceramics can resist such grueling con­
ditions. Niobium with a thin lining of 
nickel might be an attractive possibility, 
but probably solid nickel will have to 
be used .. For the ceramic, fused thoria 
appears to be the best bet. 

Health Hazards. The main health 
hazard is attached to the gaseous waste 
products. They contain not only carbon 
monoxide and sulphur dioxide (both 
highly toxic) but also a number of car­
cinogenic compounds such as phenan­
threne and others. To discharge those 
into the air is impossible; it would cause 
the tolerance level to be exceeded for 
several miles around the reactor. 

It is therefore necessary to collect the 
gaseous waste in suitable containers, 
pending chemical detoxification. Alter­
natively the waste might be mixed with 
hydrogen and filled into large ba 1100ns 
which are subsequently released. 

The solid waste products will have 
to be removed at frequent intervals (per­
haps as often as daily!) , but the health 
hazards involved in that operation can 
easily be minimized by the use of con­
ventional remote-handling equipment. 
The waste could then be taken out to 
sea and dumped. 

There is a possibility-though it may 
seem remote-that the oxygen supply 
may get out of control; this would lead 
to melting of the en tire reactor and 
the liberation of vast amounts of toxic 
gases. Here is a grave argument against 
the use of coal and in favor of fission 
reactors which have proved their com­
plete safety over a period of several 
thousand years. It will probably take 
decades before a control system of suf­
ficient reliability can be e�olved. 

A Key 

to the Key Theory 

Anonymons 

I
t has been remarked that the key 

system is mOre complicated than 
field theory. In order to refute this 

misinterpretation of facts it is felt worth­
while to present a simplified version of 
the method by which the key system was 
derived. 

First we must define: A key consists 
of a rod with small pins (see illustration 
on page 96). A lock consists of a slit with 
small holes in positions corresponding 

© 1956 SCIENTIFIC AMERICAN, INC



Stretching the Path of an Electronic Pulse 
Military coding equipment takes one pulse and 
inserts it into a delay line and in effect sends it 
over a number of paths, each of different lengths. 
Combining the output of the paths gives a pulse 
train with pulses spaced in accordance with arti­
ficial length of the path. Ordinarily the flexibility 
of the equipment is limited by the fixed taps in the 
delay line and the accuracy is established by 
auxiliary circuitry. 

Now Admiral research has developed a com­
pletely new type of delay line which is infinitely 

variable within its over-all capacity. It is adjust­
able with the greatest facility for any desired 
interval. The accuracy of this line is limited only 
by the accuracy of the measuring equipment. 
Moreover, the Admiral delay line requires less 
complicated switching apparatus. Weight and bulk 
are reduced. Fe'!Ver components permit faster 
production at lower cost. Here is one more exam­
ple of Admiral's capabilities in the field of military 
electronics. Address inquiries to: 

Admiral 
C O R P O R A TIO N 

Government Laboratories Division 
Chicago 47, Illinois 

LOOK TO Admiral FOR 
• RESEARCH • DEVELOPMENT • PRODUCTION 
in 'he fields of: 

COMMUNICATIONS, UHF and VHF, airborne and ground. 
MILITARY TELEVISION, receiving and transmitting, airborne 
and ground. 
RADAR, airborne, ship and ground. 
RADIAC • MISSILE G UIDANCE. CODERS and DECODERS 
TELEMET ERING • DISTANCE MEASURING. T EST EQUIPMENT 

FACILITIES BROCHURE 

describing Admiral plants, equip­
ment and experience sent on 
request. 

ENGINEERS! The wide scope of work in progress at Admiral 
crea�s challenging opportunities in the field of your choice. 
Write to Director of Engineering and Research, Admiral 
Corporation, Chicago 47, Illinois. 
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Library 
Binder 
for 
SCIENTIFIC 
AMERICAN 

«: A handsome and durable library 

file or binder in which to keep your 
copies of SCIENTIFIC AMERICAN. 

«: Both styles bound in dark green li­

brary fabric and stamped in gold leaf. 

FILE: (shown at right). 

Holds 12 issues. Single copies easily 
accessible. Price: $2.35 (U.S.A. only). 

BINDER: (shown at left). 

Holds 6 issues. Copies open flat. 

Price: $2.50 (U.S.A. only). 

Address your order, enclosing 

check or money order to: 

r----------------� 
I Department F {Filel or A {Binderl I 
I SCIENTIFIC AMERICAN I 

: 2 West 45th Street : 
I New York 36, N. Y. I 
l _________________ � 
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to the positions of the pins plus a sys­
tem of levers behind the small holes 
(see illustration). 

We then introduce three axioms: (1) 
The pins move the levers; all levers in 
a lock must be moved in order to open 
the lock. (2) There may be pins, holes 
andlor levers in positions where there 
are no pins, holes andlor levers. We 
define further: If there is no pin, hole 
or lever in a given position we talk about 
unpins, unholes and unlevers. (3) No 
locks have levers behind unholes, be­
cause such a lock could never be opened. 

Pins, holes and levers are described by 
the value 1 for the variables ai> bi and Ci 

respectively. The index i refers to the 
position. Unpins, unholes and un levers 
are described by the value 0 for the 
same variables. We then define the fol­
lowing matrix multiplication 

where the symbolic product abc =:' a if a 
:( b and simultaneously a � c, other­
wise abc= I-a. It then follows that if 
(a1 a2 . .. ak) is an eigenvector for the 
operator 

the key can open the lock. 
By means of this formalism it is readi­

ly deduced that the number of keys 
that will open a given lock 

equals 

and the number of locks that will be 
opened by a given key (a) equals 

taking into account that the special lock 

( � ) 
is a trivial unlock. In equations (2) and 
(3) K is a sum of Clebsch-Gordon co­
efficients equal to unity. 

The following problems were now 
solved. If somebody wants to go from 
room A to room B the necessary number 
of keys was maximized for any choice 
of A and B. The minimum problem was 
not chosen because it is trivial. Next the 

lEVER 

SllT----kh!S 

:===RO=D===_� __________ � C 
PIN 

NOT UNCOMMON CASE of a key that does 

not fit the lock is illustrated. The key is at 

the bottom. The lock is shown at the top. 

group of members at the Institute was 
divided into a number of subgroups and 
the key system was designed according 
to the following two principles: 1. No 
subgroup may be able to open all those 
locks which can be opened by any other 
subgroup. 2. The transformation prop­
eities of the group correspond to the 
possibility of borrowing keys. 

It was hoped that this system of keys 
was unique and complete, which it also 
is in a certain sense, but it happens that 
a key not supposed to open a door can 
do so if it is not introduced into the lock 
in its full length. As an example the key 
(1 1 1 1 1) can open the lock 

(1 0 0 0 0) 
1 1 1 1 1 

in n=5 different positions. The number 
n is called the sh'angeness of the system 
key plus lock. By an experimental in­
vestigation it was found that the present 
system is very strange. It is suggested 
that this is remedied by demanding that 
ak=bk=ck=1 for the last position. 

Skeleton keys fall outside the scope of 
the present investigation. 

The author wants to thank numerous 
group members for many heated discus­
sions on the present subject. 

Broken English 

by H. B. G. Casimir 

T
here exists today a universal lan­
guage that is spoken and under­
stood almost everywhere: it is 

Broken English. I am not referring to 
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· . .  a combination that's hard to beat! 
Laminated plastics ... for a (ombination of properties that can't be beat 

SYNTHANE is a favorite material among engineers, de­
signers, and product-conscious executives because it pos­
sesses a combination of many properties. It is light in 
weight, strong; has high dimensional stability, excellent 
electrical properties and chemical resistance. It's also easy 
to fabricate. 

Synthane makes excellent ball bearing retainers. 
High dimensionol stobility, wear resistance and non­
galling properties keep bearings humming smoothly 
at 100,000 rpm and up! Synthane's light weight 
minimizes the effect of any eccentricities, provides 
lower starting torques, less bearing weight. The 
Synthane plant has facilities for producing practi­
cally every type of laminated plastic retainer known. 

Property combinations! Synthane has 
them ... in over 30 individual grades . . •  

sheets, rods, tubes, moldings and com­
pletely fabricated ports. Send for free 
illustrated catalog today. 

EASILY MACHINED DIELECTRIC STRENGTH 

TENSILE STRENGTH CHEMICAL RESISTANCE 

SYNTHANE CORPORATION, 2 RIVER ROAD, OAKS. PA. 
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SERVING AMERICA'S 
fOREMOST INDUSTRIES 

TECHNICAL supplies all these CHARTS 
. .  and 7991 more besides 

Over 8000 different recording circular and strip charts are 
now available on one order from Technical. Here's an 
important convenience for you and your purchasing people. 
You'll save on lower handling costs, lower chart costs 
... and you.'11 have the right chart when you need it! 
Techr�.ical/s specialized chartmaking facilities serve 
many of America's foremost "Blue Chip" firms ... 
both large and small. Send for Catalog 56, - it outlines 
Technical's services and shows chart samples. 

� 
� 

Catalog 56 

TECHNICAL CHARTS INCORPORATED 
BUFFALO 10, N. Y. 

Not;onally Represented by TECHNICAL SALES CORPORATION 

16599 Meyers Road Detroit 35, Michigan 

Standard Charts • Special Charts • Computer Plotting & Printing Paper 

• 
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ENGINEERS 

1 •• 1 pioneers in 

INERTIAL NAVIGATION 
Immediate openings /01" 

Supervisory and Staff 

poBitions as well as fOT 

Senior Engineers. 

Engineers, and 

Associate Engineers. 

experienced in: 

SYSTEMS EVALUATION 
GYROSCOP ICS 

DIGITAL COMPUTERS 
ACCELEROMETERS 

TELEMETRY 
GUIDANCE SYSTEMS 

STABILIZING DEVICES 
SERVOMECHANISMS 

AUTOMATIC CONTROLS 
THERMODYNAMICS 

OPTICS 
ENVIRONMENTAL RESEARCH 

ARMA, recognized for its accomplishments in the fields 

of navigation and fire control, is a leader in the 

development of Inertial Navigation. This new system 

deals solely with space, time and acceleration ... 

acting independently of external influences. 

Creative engineering of the highest order is required 

to develop components making Inertial Navigation 

possible: accelerometer8 to measure acceleration; 

integrators to convert this information into velocity 

and distance; gyros to provide directional reference 

and hold the system stable; computers to calculate 

course-to·steer and distance-toago. Components 

must meet rigid weight and size requirements ... 

and function with undreamed-of accuracy. 

ARMA. one of America's largest producers of ultra-precise 

equipment. offers unlimited opportunity for engineers 

to help in this great endeavor. Challenging projects 

and ARMA's extensive supplementary benefits 

make an ARMA career doubly attractive. 

Send resume to: 

Technical Personnel Dept. 2-500 
All JIIA Division of American Bosch Arma Corporation 

Roosevelt Field. Garden City, Long Island, N. Y. 

• 

• 

Pidgin English-a highly formalized and 
restricted branch of B. E.-but to the 
much more general language that is used 
by waiters in Hawaii, prostitutes in Paris 
and ambassadors in Washington, by 
businessmen from Buenos Aires, by sci­
entists at international meetings and by 
dirty-postcard peddlers in Greece-in 
short by honorable people like myself all 
over the world. 

One way of regarding Broken English 
is to consider it as a more or less success­
ful attempt to speak correct English, but 
that is a pedantic, schoolmasterish pOint 
of view that moreover threatens to stulti­
fy the speaker of B. E. and to deprive his 
language of much of its primeval vigor. 
Of course a corresponding point of view 
would be entirely justified in the hypo­
thetical case of an Englishman trying to 
speak Dutch (or any other language fo!' 
that matter) because he will necessarily 
be a lone figure, but the number of 
speakers of Broken English is so over­
whelming and there are so many for 
whom B. E. is almost the only way of 
expressing themselves-at least in cer­
tain spheres of activity-that it is about 
time that Broken English be regarded as 
a language in its own right. It is then 
found that B. E. is a language of inex­
haustible resources-rich, flexible and 
with an almost unlimited freedom. In 
the following I shall try to establish some 
of the fundamental principles of B. E. in 
the hope that others, more qualified than 
myself, will take up the subject and help 
to secure for it the prominent place ill 
linguistics to which it is justly entitled. 

Phonetics. The immense richness of 
B. E. becomes at once evident if we try 
to represent its sounds. Two short lines 
of keywords (44 in all) at the bottom 
of a page of a 25-cent Merriam-Webster 
are a sufficient clue to the pronunCiation 
of standard American. And the famous 
English pronouncing dictionary of Jones 
has only 35 keywords. Compare these 
pedestrian figures with the wealth of 
sounds current in B. E. The whole inter­
national phonetic alphabet is hardly suf­
ficient to meet the case. Take one simple 
letter like 1". It may sound like an Italian 
r beautifully rolling on the tip of the 
tongue, like a guttural Parisian 1" or like 
no r at all. In this last case the speaker 
usually suffers from the illusion that he 
speaks pure Oxford English. Similarly th 
may sound as a more or less aspirated d 
or t or as a simple z and sometimes (es­
pecially in the case of Greeks) almost 
like tho Then there are elements entirely 
foreign to English, like the Swedish mu­
sical accent and the Danish glottal stop 
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A THOUSAND PRODUC:-ancf� A MILLION IDEAS 

AVIATION CORPORATION 

MOVEABLE 

BRIDGE 

Cutaway of Bendix nuclear research type reactor model displayed at Atoms For Peace Conference, Geneva, Switzerland. 

Why Universities Need 
This Nuclear Research Reactor Now! 

W e  h a v e  s p l i t  the a t o m  a n d  
made a bomb, but where we go 
from here depends largely on the 
strange structure in the photo and 
others like it. It is a nuclear research 
type reactor. Right now scientists 
have literally thousands of ideas for 
putting the atom to work in medi­
cine, biology, chemistry, metallurgy. 
But they need this reactor to hatch 
the eggs-are handcuffed without it. 

Industry has ideas, also, but too 
few reactor engineers. Reactor ex­
perience is necessary in the training 
of reactor engineers. A very small 
number of schools are having react­
ors built now, but the majority 

do not have the necessary funds. 
If alumni, industry and philan­

thropic foundations were enlight­
ened to the vital need of research 
reactors for tapping the talent of 
the nation, more universities would 
soon have this equipment. You, as 
an individual alumnus, industrialist, 
regent or philanthropist can aid this 
effort by discussing the problem at 
the institutional level. 

Bendix experience on nuclear 
projects qualifies us as a top source 
for research reactors. For eight years 
our Kansas City Division has oper­
ated exclusively for the Atomic 
Energy Commission; for five years 

our Research Laboratories Division 
in Detroit has worked on: design of 
research reactors, reactor power 
plants, control components, reactor 
simulation equipment and nuclear 
power plants. 

We invite you to write for the 
brochures "Atoms At Work For 
Peace", "Reactor Actuators And 

. Control Equipment" and "The 
Bendix Reactor Simulator". 

AVIATION CORPORATION 
FISHER BLDG., DETROIT 2, MICHIGAN 
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This simplified drawing of an experimental 
homogeneous type power reactor, now in 
the final assembly stage, shows one of five 
nuclear reactor projects currently under way 
at Los Alamos, where the world's first ho­
mogeneous reactor was designed and built 
and is still in operation. 

Indicative of the importance of these experi­
ments is the Laboratory's thirteen year record 
in active research, design and development 
in this major field of basic scientific interest. 

Many challenging projects in nucleonics, 
physics, chemistry, metallurgy, mathematics 
and engineering support these as well as 
other of the Laboratory's diverse activities. 

Top-level scientists and engineers interested 
in long-range career opportunities at one 
of the nation's foremost scientific labora­
tories can secure complete information by 
writing 

DEPARTMENT OF SCIENTIFIC PERSONNEL 
Division 612 

LOS ALAMOS. NEW MEXICO 

(some people pretend that the glottal 
stop is hard to pronounce but that is non­
sense; it is very easy in itself and gets 
only difficult if you try to put it into a 

word) . 
But even more important is the prin­

ciple of free choice. It is well known that 
the combination ough can represent at 
least five different sounds. The educated 
speaker of B. E. is well aware of this 
fact; but, whereas the speaker of stand­
ard English can only use one pronuncia­
tion in one word, the speaker of B. E. is 
at complete liberty. Some speakers make 
their choice once for all: they decide that 
they are going to pronounce doughnut 
as duffnut and stick to it. Others may 
use their freedom in a more subtle way 
and say duffnut or dunut depending on 
the hour of the day or the weather. Still 
others create distinctions and say dunut 
when referring to pastry but downut 
(like in plow) when referring to a cir­
cular discharge tube used in modern 
physical apparatus. The pronunciation 
dupnut (like in hiccoughs) is rarely 
heard, although it is certainly correct 
B. E. It is dubious however whether 
donut (like in go) is acceptable. 

Then there is the accent. In standard 
English this is a queer business. During 
the development of the English language 
the accent has had a tendency to move 
to the front of a word, but it has not 
gone all the way and it has shown a cu­
rious inclination to linger on the most 
irrelevant and meaningless syllable of a 
word. Words like barometer and tur­
bidity will illustrate the point. Whether 
this is one more example of the tradi­
tional British sympathy for the under­
dog I do not know, but the result is 
baffiing and to the convinced speaker of 
B. E. the realization that he has nothing 
to do with these weird intricacies comes 
as a great relief. The dogmatics will use 
their freedom by putting the accent al­
ways on the first syllable, whereas the 
rationalists will stress what seems to 
them the most important syllable. The 
quixotics try to imitate standard English. 
This is obviously impossible, but the re­
sult has sometimes a certain slightly 
pathetic charm. 

Grammar. Much of what is said about 
phonetics applies to grammar too. Again 
a great richness, again a principle of 
free choice. The gain in power of ex­
pression that can be deri'led from, for 
example, a judicious use of the article is 
impressive. If a man invites you to a 
party it may very well turn out to be a 

dull show, but if he says, "Today we will 
have party and shall drink the cocktail," 
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• REFEREN CE DATA: Write 

for Data Sheet No. 10.0·10a, 

"Adjustable Span Recorder." 

It's a dozen 

test instruments in one! 

-the Adjustable Span � Recorder 

Here's a recording potentiometer that is a real jack-of-all-trades (and master 
of each one) in any development or test laboratory. Just turn the dials, and in 
seconds, you can set it up for the exact range and sensitivity you want. You 
don't have to do any rewiring or changing of calibrating circuits. 

50-to-1 span adjustment. Millivolt span of the recorder is continuously 
variable over as much as a 50:1 range. Span adjustment is independent of 
zero setting. 

Variable zero suppression. Coarse and fine adjustment dials let you move the 
electrical zero point up and down scale, to concentrate recording on only 
the part of the span in which you're interested. Zero adjustment does 
not affect span setting. 

Sensitivity adjustment makes it easy to get the recording characteristics you 
want to match the span being used. 

Many optional features: you can choose from recording speeds of Yz, 1, 2, 4Yz, 
12 or 24 seconds full scale . . .  fully automatic, push-button, or solenoid-actuated 
remote or locally controlled standardization. 

Find out how this versatile instrument can save time in your test work, by 
calling your local Honeywell sales engineer . . .  he's as near as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., Industrial Division, Wayne and 
Windrim A venues, Philadelphia 44, Pa. -in Canada, Toronto 17, Ontario. 

Honeywell 
B ROWN IN ST R U M E N TS 
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What makes an 
engineer HAPPY? 
First of all, most of the things that 

make any one else happy -security, 

good pay, opportunity for advance­

ment, but, MOTOROLA believes a 

good engineer requires more than that. 

He needs a chance to use his imagi­

nation as well as his slide rule-proj­

ects to work on that require vision as 

well as formulas. He needs men to 

work with who respect his abilities­

and whose abilities he, in turn, can 

respect. 

If you ore an ELECTRICAL ENGINEER, 
MECHANICAL ENGINEER or PHYSICIST, on 
a SENIOR or JUNIOR level-looking for a 
professional challenge-Motorola has what 
you are seeking. 

CHICAGO, ILL.: 

Challenging positions in Two Way 
Communicatio n s, Microw ave,  
Radar and Military equipment, 
Television (Color) and Radio 
Engineering. 

PHOENIX, ARIZ.: 

Outstanding opportunities in the 
development and proquction of 
Military equipment and Transistor 
products. 

RIVERSIDE, CAL.: 

This new modern research labor­
atory, located 65 miles from Los 
Angeles, needs advanced, exper­
ienced men in Missile and Military 
equipment systems analysis and 
design. 

Take this opportunity to examine how MOTOROLA 

CAN DO MORE FOR YOU AND YOUR FAMILY 

Write: 
L. B. WRENN 

Engineering Recruitment Mgr. 

MOTOROLA, INC. 

4501 W. Augusta Blvd. 

Chicago 51, III. 

you can almost be certain that you are 
in for a lively time. Changing the se­
quence of words gives new flavor to old 
sayings-"this is the moment when the 
frog into the water jumps," one of my 
teachers used to say at the critical spot 
in a mathematical proof. Although past 
tenses and third persons are entirely su­
perfluous, it should be emphasized that 
occaSionally brilliant effects can be ob· 
tained by borrowing a correctly inflected 
verb from standard English. 

Vocabulary. Also here there is a great 
freedom. Of course complete Humpty­
dumptyism is impossible, but B. E. is the 
closest approach compatible with a 
measure of understandability. (To ex­
plain the term Humptydumptyism: "The 
question is," said Alice, "whether you 
can make words mean different things." 
"The question is," said Humpty Dumpty, 
"which is to be master, that is all.") It is 
characteristic of the genius of Lewis 
Carroll that he, who was by birth and 
breeding excluded from obtaining a 
mastery of Broken English, came by 
sheer artistic intuition so close to one of 
its basic principles. 

Notwithstanding the great liberty in 
the use of words, there is one case where 
all speakers of B. E. seem to agree: in 
Broken English Broken English is called 
just "english." 

Idiom. It is remarkable how old and 
trite sayings in any ordinary language 
may acquire new glamour when trans­
lated into B. E. The only danger is that 
one may unintentionally come to use an 
existing English proverb. "Who burns 
his buttocks must sit on the blisters" 
sounds all right to me, but heaven 
knows whether a similar saying does not 
exist in Standard English. As a matter of 
fact this is always a grave peril also with 
respect to phonetics and grammar: one 
may lapse unawares into trivially correct 
standard English. 

I am afraid that this very short survey 
will have to do for the present. But I 
have still two important remarks to 
make. Firstly: in view of the stupendous 
wealth of B. E. it will at once be evident 
how completely ridiculous, ludicrous, 
preposterous and ill-advised are the at­
tempts to introduce for use by foreigners 
a so-called Basic English, a language not 
richer but even poorer than standard 
English. Secondly: it is often stated that 
at the age of 16 or so one loses the faculty 
to learn English correctly. This again is 
entirely wrong: nothing of any impor­
tance is lost; what is gained is the faculty 
to create one's own brand of Broken 
English. 
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WHY INDUSTRIAL ENGINEERS FAVOR ALLEN-BRADLEY MOTOR CONTROLS 

The Bulletin 849 is a compact, reliable, timing relay 
for general purpose applications. It has a range from 
Y6 second to 3 minutes, and an accuracy of approxi­
mately ± 10%. The tripping time can be easily ad­
justed from the front. The timer's operation is un­
affected by vibration, dust, or long service. 

Bulletin 849 pneumatic timers are furnished to 
provide time delay after the coil is de-energized (off­
delay), or also after it is energized (on-delay). This 
timing arrangement can be changed by merely in­
verting the operating solenoid. All timers

. 
have one 

normally open and one normally closed SlIver alloy 
contact of the quick make and quick break type. 
Auxiliary contacts are also available. 

Allen-Bradley also offers motor driven timers, oil 
dashpot timers, and electronic timers. Write for 
information. 

Allen-Bradley Co. 
134 W. Greenfield Ave., Milwaukee 4, Wis. 

Reliable 
Pneumatic 
Timers 

• • . that can 
satisfy your needs! 

In Canada-Allen-Bradley Canada Ltd., Galt, On:t.
_

...J� ___ --O:;:;-'" 

nOn ... delay" Timer 
with two timing units. 

nOn and Off .. delay" Timer 
with additional 
instantaneously 

operated contacts. 
"On-delay" Timer 

with auxiliary contacts. 

"On-delay" Timer, 
horizontal type, with 

additional instantaneously 
operated contacts. 

t:, 
ALL -BRa LEY 
QUALI � MOTOR NTROL 

�o.UtlUTV 

The Sign of 

QUALITY 
Motor 

Control 
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THE STRAIGHT LINE 

Euclid's definition of it is worthless, but his ax]oms remaIn 

basically sound. His successors in mathematics have extended 

his ideas to the curved line and a clearer concept of length 

We often mistake familiarity for 
understanding, but of course 
they are not the same thing. 

For example, every wife is familiar with 
her husband but certainly does not un­
derstand him, as every husband will cer­
tify. Among the subjects we suppose we 
understand, nothing would seem less 
complicated than the straight line. It is 
so familiar and so obvious that it hardly 
seems worth talking about. And yet the 
fact is that mathematicians have found 
the straight line a most complex and 
subtle study, and it has taken hundreds 
of years of analysis by many brilliant 
minds to arrive at a full understanding of 
it as a logical concept. 

The straight line is easy enough to 
picture in physical terms-e.g., a string 
stretched taut between two points, the 
edge of a ruler, and so on. But these de­
vices do not answer the question: What 
is the mathematical straight line? The 
mathematical line has no thickness, no 
color, no molecular structure. It is an 
abstraction-an idealization of the ruler's 
edge and the stretched string. What 
properties does the mathematical 
straight line possess? 

Euclid attempted to define it in this 
manner: "A straight line is a curve which 
lies evenly with the points on itself." He 
defined a curve (line) as length without 
thickness, and a point as something hav­
ing no "parts." But he failed to define 
either length or part, so that his defini­
tion rests upon physical conceptions and 
is therefore not acceptable as a mathe-

FIRST SCIENTIFIC BOOK published in 

English was Henry Billingsley's 1570 trans­

lation of Euclid's Elements, the title page 

of which is shown on the opposite page. Bil­

lingsley later was Lord Mayor of London_ 

by ivIorris Kline 

matical definition, for mathematical 
logic must be inaependent of physical 
meanings. Furthermore, the phrase 
"lies evenly with the points on itself" is 
completely mysterious. We must con­
clude that Euclid's definition is worth­
less. 

If this is so, how was Euclid able to 
proceed with the construction of a logi­
cal system of geometry? The answer is 
that, as mathematicians now realize, any 
logical system must start with undefined 
concepts, and it is the axioms of the sys­
tem, and only these, that specify the 
properties of all the concepts used in the 
proofs. Without being at all aware of 
this, Euclid did the right thing: he ig­
nored his worthless definitions of point, 
curve and straight line, so that in effect 
these concepts were undefined, and he 
proceeded to state the 10 axioms of his 
geometry. 

His axioms state, among other things, 
that a straight line is determined by two 
points, that it may have indefinite length, 
that any two right angles are equal, that 
only one line parallel to a given line can 
pass through a point outside that line in 
the same plane, that when equals (e.g., 
equal line segments) are added to equals 
the sums are always equal, and that the 
\vhole is greater than any of its parts. 
From these axioms Euclid deduced hun­
dreds of theorems which tell us much 
more about the mathematical straight 
line. 

As we examine these axioms and theo­
rems, we nod our heads in agreement 
and in approval. Euclid does seem to 
have described the essence of the 
straight line. The straightness of the 
ruler's edge and the stretched string are 
apparently bound fast in his system of 
geometry; in particular, the shortest dis­
tance between any two points in the 
space described by his geometry is a 

straight line. (Incidentally, this fact is 
not axiomatic, as commonly supposed, 
but is a deep mathematical theorem.) 

But now, as we explore further, we 
meet a disturbing fact. Consider a 

curved surface such as the one shown 
on the next page [Figure 1]. The short­
est path between two points on this sur­
face is not a straight line in the usual 
intuitive sense. And yet the surprising 
fact is that such paths and figures formed 
by them on this surface obey all the 
axioms of Euclidean geometry! For ex­
ample, the axiom of parallel lines applies 
here: given a curve which represents the 
shortest distance between two points on 
the surface (this curve is called a geo­
desic) , we can draw only one geodesic 
through a point not on this curve which 
will never meet the first geodesic how­
ever far the two curves are extended. 

The point of this model is that Euclid 
and all the mathematicians who ac­
cepted Euclidean geometry until recent 
times believed erroneously that the Eu­
clidean axioms and theorems applied 
only to the straight lines formed by 
rulers' edges and stretched strings. But 
now we find that the axioms and theo­
rems also apply perfectly to figures on a 
curved surface. The situation is analo­
gous to that of a client who asks an ar­
chitect to design a house according to 
certain instructions and then finds when 
the house is built that it does not look at 
all like what he had envisioned, although 
the architect obeyed his instructions as 
far as they went. The trouble is that his 
instructions were not sufficiently restric­
tive. So it is with Euclid's axioms. They 
give so much leeway that they describe 
curved lines as well as straight ones. 

In the early years of the 19th century 
mathematicians, though not yet con­
cerned with the flaws we have just ex-
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amined, attacked the Euclidean axioms 
on other grounds. They were troubled 
by Euclid's assumption that a pair of 
lines might never meet however far they 
were extended in space. They believed 
that they should not postulate so boldly 
what happens in regions inaccessible to 
experience. Hence they sought to re­
place this axiom by an axiom intuitively 
more acceptable or more readily verifi­
able_ But every proposed substitute for 
the parallel axiom was found on analy­
sis to involve assumptions about space 
as objectionable as the Euclidean paral­
lel axiom. Whereupon some mathemati­
cians adopted an entirely new course. 

The first of these innovators, the Jesuit 
priest Girolamo Saccheri, had set out to 
prove that Euclid's axiom was the only 
possible correct one by showing that any 
other parallel axiom contradicting his 
would lead to a contradiction in the re­
sulting system of geometry. First he was 
able to show that such contradictions 
would arise if one proposed the a;xiom 
that there is 110 parallel to a given line 
through a point not on this line. Then 
he examined the proposition that mOl'e 

than 0 ne parallel to the line migh t pass 

o 

through such a point. In this case he ar­
rived at no outright logical contradic­
tions, but the theorems he derived were 
so strange that he concluded this system 
of geometry made no sense_ 

Saccheri, it turned out, had given in 
too easily. The system based on his 

second axiom was soon shown to be less 
absurd than it seemed. The great mathe­
maticians Karl Friedrich Gauss, Nikolai 
Lobachevski and J{\Il0S Bolyai, work­
ing independently, created a non-Eu­
clidean geometry, which is named for 
Lobachevski because he was the first to 

publish the results. This geometry was 
built, in effect, upon Saccheri's more­
than-one-parallel axiom and the other 
nine Euclidean axioms. 

In considering the Lobachevskian 
geometry the reader must remember 
that we are dealing with mathematical 
abstractions, not with physical objects. 
Some of the theorems and conclusions 
may seem at first sight to defy common 
sense, or the evidence of our senses_ 
However, all we can ask of a logical sys­
tem is that it be rigorously logical and 
consistent within itself. As a matter of 
fact, it is found upon analysis that the 
new non-Euclidean geometries agree 
with physical observations as well as Eu­
clidean geometry does. 

In this vein let us compare the Lo­
bachevskian and Euclidean straight 
lines. We start with a line tangent to a 

hyperbola at the vertex [Figure 2]. In 
Lobachevski's geometry, as a conse­

quence of his axioms, the length of the 
segment AB of this line has a value 
which corresponds numerically to the 
area A'OB' in the Euclidean system. 
(The proof of this equality need not con­
cern us here.) Similarly the line segment 
AC is equal to the area COA'. Now let us 

M A' 

B' 
N 

Figl/.re 2 
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suppose that the area COD' equals the 
area D'OA'. This being so, in Loba­
chevskian geometry the line segment 
AD must be equal to the segment DC, 
although in Euclidean geometry their 
lengths are obviously different. There 
are still more remarkable consequences. 
As we move point A closer to M, the 
area COA' increases rapidly, and so 
does the numerical value of the line CA. 
lf the line OM is tangent to the hyper­
bola at infinity (what is called an asymp­
tote), then the area becomes infinite 
when A reaches M, and the length of the 
line CM likewise is infinite, according to 
the Lobachevskian geometry. Thus the 
entire straight line of Lobachevski's ge­
ometry, though infinite in length as far 
as his system is concerned, is represented 
within the finite Euclidean line MN. 

What this comparison of the Euclid· 
ean and Lobachevskian lines teaches 
us is that the Euclidean mathematicians 
were parochial in their understanding of 
equality, or "congruence." The Euclid­
ean axioms concerning the equality or 
inequality of line segments were framed 
with the concept of rigid bodies in mind. 
Euclid intended that equal segments be 
those which yielded the same lengths 
when measured by a rigid ruler, and 
mathematicians followed his lead. But 
the Lobachevskian line shows that line 
segments may be equal in spite of the 
fact that a rigid ruler indicates them to 
be unequal. 

This fact suggests that even the Eu­
clidean concept of equality may have 
entirely new physical interpretations. 
Suppose that as we moved out toward 
the ends of the universe our measuring 
rod contracted more and more, and all 
physical objects and distances shrank in 
the same proportion. We would be un-

aware of the contraction, and would be­
lieve that we were living in an infinitely 
extended world, although actually it 
might be finite, as measured by a truly 
rigid ruler. In other words, just as soon 
as we recognize that the Euclidean 
equality axioms can be satisfied with a 
new physical meaning for equality, we 
must recognize also that the physical 
world which appears to be Euclidean 
may actually possess quite a different 
structure. 

Bernhard Riemann conceived another 
non-Euclidean geometry which took the 
opposite tack from Lobachevski's. He 
started with Saccheri's first proposition­
that there are no parallel lines to a given 
line-and with the remaining nine axioms 
of Euclid, modified in minor respects. 
In Riemann's geometry the straight line 
proves to be finite in length and to have 
the structure of a circle. 

We can illustrate the difference be­
tween the Riemannian line and the Eu­
clidean line with another diagram [Fig­
ure 3]. Here a Euclidean line is tangent 
to a circle, and we consider the segment 
AB. In Riemann's geometry the length 
of AB turns out to be equal numerically 
to the Euclidean area A'OB' within the 
circle (the shaded area in the figure) . As 
a consequence of this fact, if the area 

Figure 4 
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COD' equals the area D'ON, for exam­
ple, the line segment CD is equal to DA, 
although by Euclidean standards the 
latter is much longer than the former. 
Now however far we may move A to the 
left and B to the right, the length of AB 
cannot exceed the area of the semicircle 
below A"B"; that is, the Riemannian line 
has finite length. The interpretation also 
suggests how an infinite world could be 
represented by a geometry with finite 
lines. Whereas with a contracting meas­
uring rod a finite world might appear 
infinite, with an expanding measuring 
rod an infinite world would appear finite. 

The farther we pursue the theorems of 
the non-Euclidean geometries, the 

more their straight lines affront our intui­
tion and incite us to rebel. And yet, if 
we object to the finiteness of the Rie­
mannian line and its circular structure on 
the ground that our view of the universe 
calls for lines extending indefinitely far 
out into space, a mathematician can re­
ply that this notion is merely the product 
of an unbridled and untutored imagina­
tion. Within the actually observable 
world of our experience the non-Euclid­
ean geometries furnish an accurate de­
scription of physical realities. 

The "straight line" in all geometries 
has the same basic definition: the short­
est distance between two points. This is 
true whether we consider a stretched 
string, an arc on the surface of a sphere 
or even a more complex path. Let us take 
the case of a round hill standing on a 
flat plain [Figure 4]. The shortest path 
between two points around the brow of 
the hill (AB) may be the arc of a circle; 
the shortest path from A to C at the base 
of the hill may be a rather flattened S 
curve; from C to D on the plain we have 
an ordinary straight line. If one were to 
construct a geometry to fit this surface, 
the "straight" line of this geometry 
would have to have the properties com­
mon to AB, AC and CD-that is, the 
properties of the various geodesics on 
this surface. Obviously construction of 
such a geometry would not be simple. 

In the geometry of the theory of rela­
tivity the paths of light rays in space­
time are the geodesics, and these play 
the role of the straight line. The geodes­
ics are generally not straight. In fact, 
this geometry possesses some of the pe­
culiarities of a flat region containing 
hills. Each mass in space-time (e.g., the 
sun) acts like a hill causing the geodesics 
to depart from straightness. 

Suppose now we turn from the vast 
realm of space to minute segments 

of the straight line. \�That does mathe-
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matics have to say about the internal 
structure of a segment? 

Intuition and Euclidean geometry 
agree that we may divide this segment 
into any given number of equal parts. 1£ 
we labeled the midpoint 1/2, then 
marked the quarters, divided the seg­
ment again into eighths [Figure 5] and 
continued unendingly to halve the suc­
cessively smaller segments, it would ap­
pear that eventually we could label 
every point on the line. A moment's 
thought makes clear, however, that this 
is impossible. For one thing, there is an 
infinite number of fractional lengths not 
included in the foregoing set (e.g., 1/3, 
li5). For another, we must also consider 
fractional lengths corresponding to the 
irrational numbers (half the square root 
of 2, one-third the square root of 2, and 
so on) which are also infinite in number 
and terminate at other points on the line. 
As a matter of fact the unit segment con­
tains more irrational points than rational 
pOints. The entire collection of points on 
the segment is called the continuum-the 
"grand contiriuum" in the words of the 
mathematician J. J. Sylvester. 

Now consider a line twice as long as 

© 1956 SCIENTIFIC AMERICAN, INC



Guided Missile Engineers and Scientists 

BUILD YOUR FUTURE IN A PRIME 

WEAPONS SYSTEM PRO�ECT ... 

The SM-64 Navaho Intercontinental 
Guided Missile 

North American Aviation has prime weapons system responsibility for the SM·64 NAVAHO. This missile program is 

one of our country's largest, most important armament projects ... a vital part of future defense planning ... 

offering you long·term security, plus the opportunity to enrich your experience and capabilities in many advanced 

scientific and technical fields. 

North American is actively engaged in all phases of research, design, development and manufacture of missile 

airframes and the operational testing of complete missile units. For instance, more than 100 separate projects 

make·up the NAVAHO effort. Your special training and abilities can be vital to the success of one or more of these 

intellectually·demanding projects. Your advancement depends only on your ability. 

Military security prevents more adequate description of the NAVAHO and other missile studies and proposals in 

development at North American. For a fuller explanation of the opportunities open to you, please contact North 

American's Missile Development Engineering. 

IMMEDIATE OPENINGS FOR: 

AERODYNAMICISTS 

AEROTHERMODYNAMICISTS 

FLIGHT TEST ENGINEERS 

AIR FRAME DESIGNERS 

MECHANICAL & ELECTRICAL DESIGNERS 

INSTRUMENTATION ENGINEERS 

ENGINE SYSTEMS ENGINEERS 

STRESS & STRUCTURES ENGINEERS 

RELIABILITY ENGINEERS 

STANDARDS ENGINEERS 

HYDRAULIC, PNEUMATIC & SERVO ENGINEERS 

Contact: Mr. D. S. Grant 

Engineering Personnel Office Dept. 91·20 SA, 

12214 Lakewood Blvd., Downey, California 

A 
NORTH AMERICAN AVIATION, INC • • 

III 

© 1956 SCIENTIFIC AMERICAN, INC



, , , , 
Executives and Engineers 
deserving higher salary 
now can completely, confidential­
ly make arrangements for better 
positions through our unique Job 
Improvement Service. We have 
close contact with leading manu­
facturing and research firms in 
all sections of the country. 

Here's what you do. Send us 
your name, title, company and 
home address. We will forward 
to your home brief forms which 
you fill out and return. We com­
pare your experience and desires 
with our file of specific job open­
ings. You make the decision. No 
obligation to you, no cost what­
soever. Our clients pay us to find 
you. Find out what you're really 
worth-today. Write, phone or 
wire. 

.- DECISION INC. 
Mana.qement and· 
Recruitment Consultants 
Oliver P. Bardes, President 
431 First National Bank Building 
Cincinnati 2, Ohio 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

invest in 
ATOMIC SCIENCE 

through a 
MUTUAL FUND. 

: ATOMIC DEVELOPMENT 
: MUTUAL FUND, Inc. 
• is designed to provide 
• 
• a managed investment 
• 
• in a variety of 
• 
• companies participating : in activities resulting 
: from Atomic Science. 

• 
GET THE FACTS AND FREE PROSPECTUS 

Atomic Development Securities Co., Inc. 
1033 THIRTIETH STREET, N. W. 

WASHINGTON 7, D. C. 

112 

o I r 
16 "8 

1 
4 

1 
'2 

Figure 8 

the preceding unit. One would expect it 
to contain twice as many points. But 
paradoxically it has exactly the same 
number of points. This is easily proved 
by forming a triangle with the longer 
line as the base and the shorter one as 
the midline [Figure 6]. Now if we draw 
lines from the apex of the triangle 
through the midline to the baseline, we 
can see that for every point crossed in 
the former, there will be a unique corre­
sponding point in the latter. Thus there 
is a one-to-one correspondence between 
the points on CD and on AB. But one-to­
one correspondence is precisely the basis 
for asserting the equality of the number 
of objects in two sets of objects. If an 
army of soldiers each carrying a gun 
were to pass in review before us, we 
would know at once that there are as 
many guns as soldiers. 

If all line segments contain the same 
number of points, how can they differ in 
length? This question was raised in a 
more general form more than 2,000 
years ago by the Greek philosopher 
Zeno. Magnitude, said Zeno, must be di­
visible. Points, being indivisible, can 
possess no magnitude. A line segment, 
then, being made of points which have 
no magnitude, cannot itself have magni­
tude, any more than a noise can be a 
composite of silences. In other words, 
how can length arise from a conglomera­
tion of points which have no length? 

Modern mathematics has taken up 
and answered this question by introduc­
ing the "theory of measure," by which, 
through assigning lengths to rather ar­
bitrary sets of points on a line, the para­
dox is resolved. We need not go into the 
process here; it is sufficient to say that 
the method has enabled us to penetrate 
somewhat into the murky darkness of 
the interior of the straight line. 

T he straight line is the starting pOint 
for another deep investigation which 

has come to fruition within the last quar­
ter century. The subject in question was 
clearly in Euclid's mind when he defined 

a curve (line) as breadthless length and 
then stated that its extremities are 
points. He was saying in effect that the 
line is one-dimensional and the point 
zero-dimensional. The line is not a band 
or strip. But breadthless length, we saw, 
is a physical definition and hence not ac­
ceptable to mathematics. Just what do 
we mean by the intuitive or physical 
statement that a line is one-dimensional? 

The full answer is a long story, but the 
essential idea is as follows. Let us ask 
the more general question: What shall 
we mean by the dimension of any set of 
points in a Euclidean plane? To begin 
with, suppose that we have a set of 
points whose dimension is to be deter­
mined. We surround the points of the 
set by small circles. If by making the 
circles sufficiently small we can avoid 
intersecting any points, then the set is 
said to be zero-dimensional. Thus, to 
take a trivial example, if the given set 
consists of a finite number of distinct 
points, we could certainly surround all 
these points by arbitrarily small circles 
which do not run through any point of 
the set [Figure 7]. Hence a finite set of 
points is zero-dimensional. Likewise the 
infinite set of points whose labels are 
1, 112, 1/4, 118, .. . is zero-dimensional 
[Figure 8]. 

'We can now define one-dimensional 
sets in terms of zero-dimensional sets. A 
set of points, whether on a line or in a 
plane, is one-dimensional if it is not zero­
dimensional and if arbitrarily small cir­
cles surrounding each point of the set 
can be found which cut the set in a zero­
dimensional set of points. Thus if we 
consider a straight line as the set of 
points whose dimension is to be deter­
mined, then we note that any circle sur­
rounding a point of the line cuts the line 

Figure 9 
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NelN trends and developments 

in designing electrical products . . •  1 

How General Electric Permanent Magnets help designers 

miniaturize products by supplying constant magnetic field 

energy in a fraction of the space required by electromagnets 

WHERE constant magnetic field 
energy is necessary, powerful 

G-E Alnico permanent magnets offer 
the designer many advantages no 
electromagnet can match. 

The most important of these ad­
vantages - from the designer's view­
point - is the permanent magnet's 
superior volumetric efficiency. An 
Alnico permanent magnet can supply 
a given magnetic field in a fraction 
of the space required by even the 
best designed electromagnet. 

Since miniaturization has become 
so vital in the electrical and elec­
tronics industries, it is important to 
see just why and how a permanent 
magnet utilizes space so much more 
effectively. 

Figure 1 shows a typical magneti­
zation curve of an electromagnet 
with a flux density of 20,000 gausses, 
when the polarizing force is 200 
oersteds. (The curve has been dis­
placed into the magnetizing quad­
rant for comparison purposes.) 

In a well-designed electromagnet, 
approximately half the total area is 
occupied by conductors, and half 
is flux - conducting core material. 

fLECTROMA?-
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Therefore, to make the comparison 
valid, the residual induction of the 
electromagnet must be reduced to 
10,000 gausses (Figure 2). 

The area under the curve now 
represents the approximate external 
field energy available on a volume 
basis. When the equivalent demag­
netization curve of Alnico 5 is plotted 
against the corrected electromagnet 

curve (Figure 3), the true capabil­
ities of each type of magnet become 
immediately apparent. 

The area under the Alnico 5 curve 
is about three times the area under 
the electromagnet curve. Thus, to 
produce a given field requirement, 
the permanent magnet will occupy 
a volume one-third that of an equiv­
alent electromagnet. 

20 
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The above comparison is some­
what theoretical; under many cir­
cumstances, permanent magnets will 
show to even greater advantage. 
For example, consider the two TV­
tube focusing magnets in Figure 4, 
at the top of the next column. 

At the left, is the electromagnet 
previously used. It weighed 2 lbs. 
13 ounces, and took up 16.35 cubic 
inches. At right, is the G-E Alnico 
5 permanent magnet which replaced 
it. The new magnet weighs just 15 
ounces, and occupies only 1.30 cubic 
inches - a space saving of 87%! 

These savings in size and weight 
result from permanent magnets' in­
herent volumetric superiority. In 
addition, permanent magnets provide 
equally impressive savings in both 
initial and service costs because of 
four other inherent advantages. 

ELECTR()"�AGNET 

FIGURE <4 

o 
PERMANENT 

MAGNET 

First, no power source is required 
with permanent magnets, because 
no energy is consumed. Once mag­
netized, the field is permanently 
retained. 

Second, permanent magnets oper­
ate continuously. There can be no 
interruptions of the field due to 
power failure. 

Third, permanent magnets are 
extremely stable under changing 
temperature conditions. They are 
unaffected by conditions ruinous to 
electromagnet installations. 

Fourth, permanent magnet assem­
blies are easier to install, and cost 
nothing to maintain. There are no 
moving parts to break down, no 
wiring to burn out, no costly, time­
consuming repairs to make. 

These are but a few of the many 
reasons why designers are turning 
to G-E Alnico magnets for products 
for which only electromagnets had 
been previously considered. 

If you have a problem where con­
stant magnetic field energy is re­
quired, one of the G-E Alnico 
compositions may well be your solu­
tion. For more design data or 
technical assistance from our magnet 
engineers, write: Carboloy Depart­
ment of General Electric Company, 
11199 E. 8 Mile Road, Detroit 32, 
Michigan. 

Pfogress Is Ovr Mosf /mporftlnf 'Ptotlvt!f· 
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N EW MONOCHROMATOR 
GIVES SIMPLE SOURC E OF 
MONOCHROMATIC LIGHT 

Here's a new device 
that eliminates the 
cumbersome arc light 
and prism arrange­
ment! The new CTC 
Monochromator uses 
the rotary power of 
quartz to give a mon­
ochromatic beam of 
higher intensity! 

Compact, portable, 
CTC's Monochromator is excellent as 
a light source for microscopic analysis 
of metals, oils, chemicals and films. It is 
ideal for most applications requiring vari­
ations of light through the visible spectrum. 

CTC's Monochromator incorporates 
five quartz sections, thus allowing a pass 
band width of 40A to 120A. These five 
quartz sections vary in length from 4 
inches to 14 inch and the entire unit, with­
out light source measures 1014 inches 
long by 3% inches wide by 3 inches high. 
For complete specifications and data on 
prices write direct. 

CAMBRIDGE THERMIONIC 
CORPORATION 

Concord Ave., Cambridge 38, 1\'Ia88. 
OPENINGS FOR SCIENTISTS 

IN 

INDUSTRIAL OPERATIONS RESEARCH 

Scientists at Ph.D. level needed 

to join expanding group con­

cerned with petroleum explo­

ration and production. These 

positions offer a challenging 

opportunity for application of 

operations research techniques 

to both a variety of short range 

field problems and to the funda­

mental problems of decision 

making in the face of uncer­

tainty. 

Send resume to: 

SHELL DEVELOPMENT COMPANY 
Exploration and Production Research Division 

3737 Bellaire Boulevard 
Houston 25. Texas 

Ullllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllillillllllllllllllllllllllllllllllllllllllllill111111111111111111111111111111111111111111 
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Figure 10 

in two points [Figure 9]. Since the two 
pOints of intersection are a zero-dimen­
sional set by definition, and since any 
circle surrounding any point of the line 
must intersect the line, the line is one­
dimensional. 

To clarify the concept still further, let 
us apply it to the set of points in a 

square. If we surround any point inside 
the square with a small circle, the entire 
circle will intersect the square [Figure 
10]. If we surround any point on the 
boundary of the square with a small cir­
cle, then an arc of the circle will intersect 
the square [Figure 11]. Now a circle or 
any arc of the circle is one-dimensional 
by the definition of one-dimensional sets 
of points. Hence the points of the square 
are said to be a two-dimensional set. 

Just to test the definition let us apply 
it once more to a complex curve-the 
outline of a four-petaled rose [Figure 
12]. The most complicated portion of 
this curve centers on the middle point. 
If we surround this pOint with an arbi­
trarily small circle, the circle will cut the 
curve in eight pOints. Since this intersec­
tion is a finite set of points, the intersec­
tion is zero-dimensional and the curve 
itself, therefore, one-dimensional. 

Some of the prinCipal features of the 
internal organization of the straight 

line are now before us. It is to be hoped 
that they have given some understand­
ing of that structure. This structure pro­
vides the answers to other problems in­
volving the straight line. Let us listen 
once more to Zeno, the master of para­
doxes. An arrow in flight, he says, is at 
any one moment in a definite position 
and therefore at rest. Hence the flying 
arrow is at rest wherever it is through­
out its flight! With these words Zeno 
struck at the very concept of motion. 

We must agree with Zeno that at any 
instant of its flight the moving arrow is 
somewhere in a definite position. And 
we may, if we like, even agree that the 
arrow is at rest in each of these posi-

Figure 11 

tions. How then can the arrow.pursue 
its smooth, continuous course? The 
structure of the straight line supplies the 
answer. It tells us that a continuous seg­
ment is composed of an infinite number 
of densely packed points. So continuous 
motion is no more than an assemblage 
of densely packed positions of rest. It is 
like a motion picture with an infinite 
number of still shots. 

O ur purpose in this brief survey has 
been to show that the seemingly 

simple problem of the nature and struc­
ture of the straight line leads to large 
modern developments in mathematics. 
These developments may leave readers 
with the impression that mathematics 
has gone to fantastic lengths and has 
distorted the original intuitive concept 
beyond recognition. Admittedly mathe­
matics is a creation of the mind and its 
reality is not the reality of the physical 
world. Yet just these seemingly unrealis­
tic idealizations of mathematics have 
proved to be the foundation and strength 
of modern science, as well as of mathe­
matics. More than that, they are the 
bridge between the world of the senses 
and any reality that man may come to 
know. 

Figure 12 
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Nylon fabric helps 
keep America's 

P ress used for nylon l a m i n ates for B-52 a i r p l a n e  
parts at Swed low Plastics C o m p a n y  

global ie' bombers flying 
The Boeing B-52 long range jet bomber is capab le  of fl ights of incred i b l e  

d istance_  The protect ion of the fue l  c e l l s  natura l ly rates a h igh 

pr ior ity_ To provide this protection,  nylon lam inated back ing board 

man ufactured by Swed low Plastics Company in 

accordance with Boeing Specif ication BMS 8-13 
is  p laced adjacent to the  f lex ib l e  fue l  

ce l l s  to serve as a chafing and 

support member. 

We l l i ngton Sears 

nylon fabric 

is an 

intr ins ic part 

of th is  im portant Swedlow 

product Combined with nylon 

res ins  th is  a l l  nylon lam inate provides a 

l ight we ight, h igh strength and  h igh degree 

of energy absorption mater ia l  necessary for this 

app l ication_ Proud as we are of our parLin th is  im portant 

project, it is only one  of thousands of fabr ic  construct ions ­

cotton and synthet ic - ava i l ab le  to industry from Wel l i ngton Sears_ 

Whatever your product - if it c a l l s  for fabr ic - ca l l  for 

We l l ington Sears. Put over one century of exper ience in  industr ia l  

fabr ic  progress to work for you. For further  deta i l s, 

write today for i l l ustrated booklet "Modern Text i l es  For I n dustry." 

Address Dept F3_  

f!,!f!� 9!.�!!."�!�!� 
FIRS r In Fab rics For In dustry 
For Coated Materials, High and Low Pressure 

Laminates and Other Reinforced Plastic Products 

Wellington Sears Coo, 65 Worth St., New York 1 3, N.  Y • • Atlanta ' Boston ' Chicago ' Dallas ' Detroit · Los Angeles ' Philadelphia ' San Francisco ' St. louis
, 

© 1956 SCIENTIFIC AMERICAN, INC



The Flight of Locusts 

The tiny forces which a locust exerts in propelling itself 

through the air have been m,easured in a series of delicate 

experiments. The insect's muscle is surprisingly efficient 

O
ne of the distinguishing traits of 

the human species is an incurable 
curiosity about how other crea­

tmes manage to do things that we can­
not do ourselves. Among nonhuman 
abilities none is more provocative than 
the Hight of birds and insects. Our own 
ascent into the air on mechanical wings 
has not lessened the fascination of this 
age-old question. How, exactly, do birds 
and insects Hy? In 20th-century terms, 
we are interested in the aerodynamic de­
tails-lift, drag, airfoils and so on. A bi­
ologist also has a special curiosity about 
the power plant. How a Hying animal 
musters enough muscle power to Hy, 
how it controls its Hight, how efficiently 

by Torkel Weis-Fogh 

it uses muscle energy-these are ques­
tions of general and fundamental inter­
est on the frontier of biology. 

In 1947 the late August Krogh, the 
Nobel prize-winning physiologist who 
had been interested in this subject for 
many years, Martin Jensen and I began 
an intensive study of insect Hight in 
Krogh's private laboratory near Copen­
hagen. We wished to investigate the 
energetics of Happing Hight. There is a 
vast litera hIre on Hying animals, but 
very little quantitative data on how they 
actually Hy. We therefore set up a labo­
ratory wind-tunnel apparatus where we 
could watch the details of winged Hight 
closely and measure the forces involved. 

15or-----,------,-------,,-----,------,------, 

o 
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300�-
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FLAPPING CYCLE of locusts' wings is remarkably constant over a wide range of flying 
conditions. The broken curve shows the angular up·and·down motion of the forewings; the 

solid curve, the motion of the hindwings. The angle of each wing at every point is measured 

between the downward vertical direction and the center line running the length of the wing. 

116 

For the experimental animal we chose 
the big four-winged desert locust (Schis­
tocerca gregoria), the celebrated pest 
which has recently caused great trouble 
in the Middle East and Africa. This in­
sect was excellent for our purposes be­
cause it has an unparalleled ability to 
maintain steady Hight for a long time. 

The Happing Hight of insects and 
small birds has some similarities to the 
Hight of an airplane [see "Bird Aerody­
namiCS," by John H. Storer; SCIENTIFIC 
AMERICAN, April, 1952], but the opera­
tional differences are quite important. 
An airplane gets its lift and thrust from 
the combined action of two separate 
elements: rotating wings (the propel­
lers) and fixed wings (the airfoils). A 
bird or insect, on the other hand, merges 
these functions in the same organ: its 
wings act both as propellers and as air­
foils. The downstroke of the wings pro­
duces lift and thrust. On the upstroke 
the wings must move in such a way as to 
avoid canceling the lifting force of the 
downstroke. The pattern of wing mo­
tions is highly complex, and this was a 
focal point of our investigation. 

In the experiments a tethered locust 
was placed in front of the mouth of a 
blower tube, and it Hew against the 
windstream from the blower [see cover]. 
Its "tether," a slim metal rod attached to 
its body by a suction cup, allowed the 
insect free use of its wings, yet held the 
Hying locust in one place in the wind­
stream. It was suspended by this rod 
from a balance which measured its 
weight: as the locust Happed its wings, 
the amount of lift was measured by the 
reduction of weight on the balance. At 
the same time a pendulum hanging from 
the beam of the balance indicated the 
speed of the insect's Hight: when its Hy­
ing speed was the same as the speed of 
the air stream (i.e., when its forward 
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LOCUST IN WIND TUNNEL is suspended from a balance by 

means of the thin metal rod which passes under its wings and at-

LOCUSTS ON MERRY·GO·ROUND flew for hours on end. The 

purpose of the experiment was to measure the fuel they consumed. 

taches to its hody. At left is the mouth of the blower. At right is a 
scale which shows the insect's angle with respect to the air stream. 

This was done by comparing the fat and sugar in their bodies after 

the flight with the amount of these substances in resting insects_ 
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WING SHAPES must change continually as the locust adjusts to 

the varying speed and direction of the relative windstream. At the 
top are shown four positions during the downstroke in normal 

level flight. At the bottom are four positions during the upstroke. 

thrust was equal to the drag of its body), 
the pendulum hung exactly vertical. 
Through a feedback servomechanism 
regulated by the pendulum, the locust 
controlled the speed of the windstream 
and thus set its own flying speed. 

)(ter studying many flights under these 
conditions, we were satisfied that 

the tethered locusts usually flew just 
about as they do in natural level flight. 
Their average flying speed was 12 feet 
per second, about the same as the aver­
age speed of a swarm in the field. Most 
often the insect's lift was equal to its 
body weight, as in free, level flight. 

There was, however, considerable 
variation in the locusts' individual per­
formances. Some loafed along at less 

than the mlDlmum lift velocity (eight 
feet per second); some developed great­
er lift than their body weight and would 
have risen had they not been held in 
place by the suspension rod. Yet the re­
markable fact was that the wing strokes 
on all the flights were found to be much 
the same, whatever the speed or lift. The 
up and down strokes were always at 
about the same beat (1,040 cycles per 
minute), covered the same distance from 
top to bottom and were inclined at the 
same angle to the insect's body. 

This can mean only one thing: the 
main variable by which a locust controls 
its flight is the tVv'isting of its wings. 
While it keeps the beat uniform, it con­
stantly adjusts the angles of its airfoils 
to the air by turning the wings. In other 

TOP VIEW OF LOCUST shows its wings in outline. The forewings are stiff throughout, 

and their shape is completely under the insect's control. The hindwings are stiff in their 

forward part, but their rear halves are flexible and their shape is molded by the air stream. 
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words, the wings behave somewhat like 
a variable-pitch propeller. They "re­
volve" (flap) at a constant speed and in 
a fixed orbit, but during each cycle they 
alter the pitch of their surfaces so as to 
extract the maximum lift and thrust from 
the stream of air through which the in­
sect is flying. 

Having found, to our surprise and de­
light, that the variables were fewer than 
we had supposed, we were now in a po­
sition to calculate the energy a locust 
must put forth to fly. We could divide 
the work to be done into three different 
kinds. 

T he first is aerodynamic-the work of 
generating lift and thrust by its wing 

motions against the air. We made slow­
motion pictures of the locust's wing 
strokes and closely examined the 
changes in wing angle and shape 
throughout the cycle [see drawings 
above J. Let us take the forewings first. 
During the downstroke the leading edge 
of the wings bends downward. In the 
second half of the downstroke (when 
the wings are below the horizontal posi­
tion), the trailing edge also bends down­
ward, like the flap of an airplane wing. 
On the upstroke the twist is reversed; 
now the leading edge bends upward and 
the flap on the trailing edge straightens 
out. The twist varies, however, along the 
wing, being Z-shaped near the insect's 
body and relatively smooth out at the 
wing tip, which travels faster through 
the air. 

In the hind wings the leading edge 
follows much the same cycle as the fore-
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G .. E x .. 'ray diffraction unit helps 3M develop 
high .. fidelity color TV tape 

NEW "Scotch" brand magnetic color video tape, developed 
by Minnesota Mining & Manufacturing Co., St. Paul, is 

far more sensitive than the tape used for a good sound recorder. 
Highest fidelity reproduction of both sound and color pictures 
is dependent upon maximum gamma iron oxide in the tape. 
Complete freedom from non-magnetic alpha iron oxide is the 
optimum condition. The difference between the two oxides 
could be determined only by x-ray diffraction! 

Analysis by G-E x-ray diffraction has proved the economical 
answer to this and other 3M research. In fact, one lab test that 
formerly took two days by conventional chemical analysis is 
now only a five-minute task. 

Unlimited versatility of General Electric x-ray diffraction 
equipment is being demonstrated in a wide range of industries. 
Jobs handled include analyzing wires, heavy castings, fibres and 
rolled sheets - metal or plastics. This modern, non-destructive 
testing is also proving highly economical in controlling the 
processing of detergents, cement, paper and other products. 

If non-destructive identification, atomic configuration or 
molecular orientation are factors in the materials you produce 
- see your G-E x-ray representative for all the facts on x-ray 
diffraction. Or write X-Ray Department, General Electric Com­
pany, Milwaukee 1, Wisconsin, for Pub. TT-34. 

New XRD-5 Diffractometer- You can 
start with minimum essential components of 
this new XRD-5 instrument and add features 
as your needs grow. Unit shown is arranged 
for twin-tube operation for recording dif­
fraction effects on film and for measuring 
diffraction intensities with a modern propor­
tional counter. 

Progress /s Our Mosf /mporlt1nf Protlvt;f Manufacturers 
of the only 
complete GENERAL. ELECTRIC x-ray line 
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3,500 FATHERS 
More than 3,500 users, speci­

fiers and buyers have had a 

hand in the design of the 

Cooper Alloy stainless steel 

valve. We're proud of the fact 

that many of the design fea­

tures it embodies owe their 

origin to your suggestions, 

and we are equally proud to 

learn that our valve clinics 

have helped to reduce main­

tenance costs. 

'These valve clinics have been 

held in most major industrial 

centers and on-the-spot in 

dozens of leading industrial 

plants. Completely technical 

in nature, they are designed to 

assist in the selection, instal­

lation and maintenance of 

stainless steel valves. 

Arrangements for a valve 

clinic in your own plant, simi­

lar to those already held at 

DuPont, Pfizer, Celanese, 

Dow, Mathieson and many 

others may be made through 

our public relations division. 

A note on your letterhead will 

start the wheels turning. 

� H. A. Cooper 
PRESIDENT 

: I '� COOPER ALLOY 
% ' C O R P O R A T I O N  

'� 
Hil LSIDE NEW JeRSeY 

Corrosion Resistant Valves, Fittings, Castings, Pumps 
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THEORETICAL WING TWIST required to maintain lift throughout a cycle is shown 
above. The solid curve indicates the relative wind direction against the wing tip; the broken 

curve indicates the wind against the midwing; the dotted curve, against the base. Straight­

line markings on the wings show the angles of their surfaces some points in the cycle. 

wings, but the trailing edge is flexible 
and is molded by the wind flow. 

Now all this wing behavior is in ac­
cord with well-known aerodynamic prin­
ciples. Throughout the sh'oke every part 
of the wing assumes an effective angle of 
attack toward the relative wind direc­
tion-a small angle which yields forces of 
lift and thrust. On the downstroke the 
relative wind is upward, so the wing 
twists downward to reduce the angle of 
attack; on the upstroke likewise it turns 
upward because the wind is downward. 
On the basis of theoretical considera­
tions we plotted the angles that the 
wings should take toward the wind 
throughout the cycle [see diagram 
above], and this schematic pattern was 
largely confirmed by observations. Mar­
tin Jensen worked out the sequence of 
wing angles in precise detail from an 
analysis of slow-motion films of actual 
locust flights [diagram below]. 

Given the various angles of attack 
during the cycle, our problem now was 
to calculate how much work the insect 
had to do to push its wings through the 
air in generating lift for level flight. To 

do this it was necessary to compute the 
force exerted by the wings on the air 
throughout the cycle. The problem was 
exceedingly intricate, both because of 
the continual changes in angle of attack 
along the wing and because the wing 
speed varies considerably during the 
cycle (the upstroke, for example, is 
much faster than the downstroke). 

Jensen went to work on this difficult 
task. He assumed that the sum of the 
forces exerted at successive instants dur­
ing the stroke would give a true basis for 
computing the work done. The first step 
was to measure the forces on the wing 
at different positions in the cycle. For 
these measurements Jensen used de­
tached locust wings. Exposing them to a 
controlled windstream, he twisted the 
wings into the configurations corre­
sponding to successive stages of the 
stroke, measured the forces of lift and 
thrust at each position and from these 
measurements estimated the forces 
throughout the stroke. These estimates 
are plotted, for one full cycle, in the 
chart on page 122. It is an interesting 
fact, which could not have been pre-

c 
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� 
ACTUAL WING TWIST of the forewings of a flying locust was determined from slow-mo­

tion pictures. Solid curve shows the wind against the wing tip; broken curve, the wind 

against the midwing. The short, black line segments indicate the shape and angle of the 

wing's cross section. The upstroke turns out to be faster than theoretically predicted. 
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SCIENCE AND ENGINEERING 
AT LOCKHEED MISSILE SYSTEMS DIVISION 

MISSILE ELECTRONICS 

Charles W. Goedecke, 
Electronic Design Group 
Engineer, Jay A. Cox, 
Electronic Research Engineer, 
and George L. Larse, head 
of Electronic Systems 
Development in the Flight 
Test Electronics Department, 
discuss important aspects 
of new electronic command 
decoding devices for 
missile guidance systems. 

DATA TRANSMISSION LINKS SYSTEMS AND COMPONENTS 

The advancement of missile systems technology 

can be measured to a great extent by increasing demands 
imposed on the ability of electronic systems and 

components engineers. 

Electronic problems encountered in hypersonic flight, 
particularly at high ambient temperatures, require creative 
efforts and coordination of a high order from engineers 

in fields of radar, guidance, telemetry and instrumentation. 

New developments at Lockheed Missile Systems Division 
offer a wide variety of asignments in the following fields: 

Command guidance involving the development and 
application of radio frequency components, video 
amplifiers, pulse circuitry, decoding and control devices. 

Automatic data processing equipment involving analog­
to-digital conversion circuitry; electronic and magnetic 
storage components; pulse and timing circuitry 
of all types. 

Data transmission and telemetry involving development 
and application of antennas, transducers, FM oscillators, 
VHF transmitters and receivers. 

Those possessing keen interest in both systems and 
component development are invited to write. 

y� MISSILE SYSTEMS DIVISION research and engineering staff 
LOCKHEED AIRCRAFT CORPORATION VAN NUYS· CALIFORNIA 
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FORCES PRODUCED over the course of an average wing heat are snmmarized in this graph. 
The lower cun"e gives the contribution of the forewings; the middle curve, the contribution 

of the hindwings. Solid sections represent the downstroke; broken sections, the upstroke. 

Dotted curve at the top gives the total lift. About 70 per cent comes from the hindwings. 

dieted by theory, that the hind wings 
produce about 70 per cent of the total 
force. 

After a couple of months of intense 
calculation, Jensen reduced his set of 
estimates of instantaneous forces to an 
average, estimating the forces of lift and 
thrust generated by the stroke as a 
whole. These figures proved to be very 
close to the actual lift and thrust de­
veloped by locusts flying in the wind 
tunnel, as measured by our instruments. 

Thus we had a secure basis for esti­
mating the aerodynamic work done by 
the locust. Jensen's plot of the variations 
in wind forces during the stroke gave us 
the information we needed for calcu­
lating the amount of this work. 

W e now turned to a second factor in 
the equation. When the locust 

moves its wings, it must spend energy 
not only to drive them against the re­
sisting air but also to overcome the in­
ertia of their mass. That is to say, work 
must be done to accelerate or decelerate 
the wing mass itself. During the locust's 
wing-flapping cycle it must stop its 
wings at the top and bottom of the 
stroke and accelerate them in the course 
of the stroke. Knowing the weight of the 
wings and their velocity at various stages 
of the stroke, we could calculate the 
work done against inertia. 

Finally, we had to consider still an­
other resisting force against which the 
locust must work in moving its wings. 
The wings are hinged to its body in such 
a way that the body changes shape when 
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the wings flap. The body walls are elastic 
but rather stiff. Thus they act as a kind 
of spring which opposes the wing move­
ments. We were able to estimate their 
opposing force in various pOSitions of the 
wing stroke by removing the muscles 
and measuring the elastic pull of the 
walls on the wings by means of gauges. 

Now we could proceed to estimate the 
total work done by a flying locust by 
combining the three quantities-aerody­
namic, inertial and elastic [chmts on next 
page J. The calculation showed that in 
level flight a locust uses 13.7 calories of 
energy per gram of body weight per 
hour. One calorie of energy is equivalent 

ATTACHMENT OF WINGS is diagrammed 
schematically. The view is a cross section 

through the insect. Each wing is a lever, 

pivoted at the top of the side wall of the 
body and fastened to the top, or back, wall. 

I n flapping its wings the locust must use 
force to change the shape of its body walls. 
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aerodynamic forces of lift and thrust (broken curves). to overcome wing inertia (solid 
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TOTAL TURNING FORCE required from the muscles is obtained by adding the curves in 

the graph at the top of the page. Upper curve gives forewing torque; lower curve, hind wing 

torque. Solid sections indicate downstroke; broken sections, upstroke. The shaded areas 

show the portions of the flapping cycle during which the muscles are doing negative work. 
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to the work of ralSlng a three-pound 
weight about one foot. Thus in an hour's 
flying a two-gram locust expends enough 
energy to raise a three-pound weight to 
a height of more than 27 feet! 

O ne might think that it should now be 
simple to compute the efficiency 

with which a locust uses its available 
muscular energy. By adding up its dif­
ferent forms of energy production or by 
measuring its rate of metabolism we can 
estimate that on the average a flying 
locust produces a total of about 70 
calories of energy per gram of body 
weight per hour. Part of this energy goes 
into mechanical work, part into body 
heat and part into evaporating water. 
However, we cannot determine the 
muscles' mechanical efficiency simply by 
calculating the ratio of the work done to 
the total energy produced. The difficulty 
is that in flapping its wings a locust does 
two kinds of work-positive and nega­
tive-and the efficiencies in the two kinds 
differ. 

Negative work here means mainly the 
work done in slowing down the wings at 
the end of the upstroke or downstroke 
before they start in the opposite direc­
tion. This work is so considerable that 
the total inertial work may be greater 
than the aerodynamic work of producing 
lift. However, the inertial work is not 
so large a drain on the locust's energy 
as the aerodynamic, partly because 
negative work is less expensive than 
positive work; it is performed at a lower' 
cost to metabolism. Human muscle, ac­
cording to some studies, needs only 
about one fourth as much energy pro­
duction for negative work as for positive 
work; that is, it is about four times as 
efficient in negative work. 

Of the total power a locust uses in fly­
ing-13.7 calories per gram per hour-
8.9 calories goes into positive work and 
4.8 calories into negative. If the relative 
efficiencies for the two kinds of work are 
the same as in human muscle, the over­
all efficiency of a locust's flight muscles is 
about 14 per cent. If negative work is as 
expensive as positive work, then the 
locust's muscle efficiency is 20 per cent. 

Either figure is astonishing. Some 
estimates have put the muscular efficien­
cy of flying insects as low as 2 per cent. 
It appears now that the mechanical ef­
ficiency of the locust's muscles is as great 
as that of human leg muscles, although 
the insect's rate of metabolism is 10 to 
20 times faster than man's. In other 
words, the muscles of a flying insect per­
form about 10 to 20 times more work, in 
proportion to size, than those of a human 
being working at top speed. 

© 1956 SCIENTIFIC AMERICAN, INC



vvhat helps an engineer grovv? 

"Freedom from routine, an atmosphere of inquiry, and technically sophisti­

cated assignments are all important to an engineer 's growth. But possibly 

the most important factor of all is the mental stimulation provided by able 

associates. It 's important at all levels ... it's essential to a young engineer.'� 

. For outstanding engineers at all levels, Avco's 
long-range expansion-in missiles and in all the 
physical sciences-offers unprecedented opportu­
nity. Write: Dr. E. R. Piore, Vice-President in 
charge of Research, Room 405, Avco Advanced 
Development Division, Stratford, Conn., or Phone 
Bridgeport, Conn., DRexel 8-0431. 

avco 

WANTED 
Leaders in the exploitation of new areas of Science 

Physical Scientists 
advanced degree preferred in-Physics · Aerodynamics 

Electronics· Metallurgy· Physical Chemistry. Mathematics 

Engineers 
Electronic · Mechanical . Aeronautical . Chemical 

Advanced Development Division 
avco defense and industrial products 

combine the scientific skills, and production facilities of 3 great divisions of Aveo Manufacturing Corp.: Aveo Advanced Devel­

opment; Crosley; Lycoming-which currently produce power plants, electronics, air-frame components, and precision pans. 

© 1956 SCIENTIFIC AMERICAN, INC



PlIblished 
by University of 

Chicago Press at $11.00 
Now available for the first time in book 
form, the Encyclopedia demonstrates the 
logical structure common to all the sci­
ences, and integrates the knowledge and 
methodology of every major scientific dis­
cipline within a single philosophical frame­
work. Among the noted contributors are 
Niels Bohr, Bertrand Russell, Rudolf Car­
nap, Ernest Nagel, Philipp Frank, Egon 
Brunswik and Felix Mainx. 

Free to You on Joining the 
LIBRARY OF SCIENCE 

Invites You to Receive as a Membership GIFT 
the Monumental New Two-Volume 

INTERNATIONAL ENCYCLOPEDIA 
OF UNIFIED SCIENCE 

IN :HESE vo!umes, thirteen of the most �istinguished scientific figures of our 

time provide what The New York Times has called "the foundation on 
which may be built the bridges that are to connect the sciences." 

Because these volumes may be so important to the work and thinking of 

readers of this publication, the LIBRARY OF SCIENCE has arranged to send you 

the Encyclopedia entirely without charge to demonstrate the benefits of mem­

bership. For the LIBRARY OF SCIENCE brings its members, at substantial savings, 

the books destined to play an important role in their thinking-authoritative 

works from the individual disciplines, books pointing up the unity of science, 
special translations and importations. Reduced Member's Prices and free books 

of your choice with every fourth Selection taken effect savings up to 40%. 

You are invited to enroll in the LIBRARY OF SCIENCE and choose your first 

Selection below. With it you will receive the two volumes of the International 
Encyclopedia of Unified Science entirely free, as much as $16.00 worth of 

books for as little as $3.95. Your only obligation is to take as few as three 

more Selections (at reduced Member's Prices) in the next 24 months-out of 
approximately 30 fine volumes available. If you wish, you may substitute any 

of the Selections des
·
cribed below as your free membership Gift. 

- -
Choose your first Membership Selection from these outstanding volumes in the LIBRARY OF SCIENCE 

5 SCIENTIFIC AMERICAN BOOKS 
5 voillmes, 1082 pages, paperbollnd* 

87 noted contributors to Scientific American 
highlight the latest research and problems 
on the frontiers of scientific knowledge today 
-Atomic Power; Alltomatic COlltrol; First 
Book of Animals; Physics and Chemistry of 
Life; The New Astronomy. 

List price $5.00, Member's price $4.50 
*(Five volllmes cOllnt as ·one Seleclion) 

PHYSICS & MICROPHYSICS 
by Louis De Broglie 

Just translated. HA unique book .. . The 
presentation of molecular physics of the last 
decades should broaden and deepen the scope 
of every reader." -Albert Einstein 

List price $4.50, Member's price $3.95 
-------------------------, 

LIBRARY OF SCIENCE 381 
59 Fourth Avenue, New York 3, N. Y. 

Please enroll me as a member and send the 
books indicated below, one without charge 
as my free GIFT BOOK and the other as my 
initial Selection to be billed at the special 
Member's Price plus a few cents charge for 
postage. I agree to take as few as 3 more 
Selections in the next 24 months, and ma·y 
canceL membership any time after taking my 
first 4 Selections. 

FREE BOOK 

FIRST SELECTION 

NAME ________________________ __ 

ADDRESS ________________________ _ 

CITY __________ ZONE_STATE __ 

�-------------------------

126 

EVOLUTION, GENETICS AND MAN 
By Theodosius Dobzhansky 

The new book by one of the world's leading 
geneticists, presenting the findings of modern 
biological science on the evolution of man 
and other species. Contents include: Gene as 
the Basis of Evolution; Heredity, Environ­
ment, Mutation; Organic Evolution; Natural 
Selection; Origin of Life. 

List price $5.50, Member's price $4.50 
MATHEMATICS & PLAUSIBLE REASONING 
(2 vols.)* 
by George Polya 

Analyzes the methods of mathematical prob­
lem-solving to demonstrate their usefulness 

,in all scientific investigation. "The material 
is fresh and highly original ... stimulating, 
informal and occasionally humorous." 

-Scientific American 

List price $9.00, Member's price $6.50 
*(Two volumes COlill/ as aile SelectiOn) 

PATTERNS OF SEXUAL BEHAVIOR 
By Clellan S. Ford & Frank A. Beach 

An anthropologist and a psychologist present 
the most complete study available of sexual 
behavior in humans and animals. HI know of 
no other place in which so much or so ac­
curate information on sexual behavior has 
been brought together." -Ralph Linton 

List price $5.00. Member's price $4.25 

A HISTORY OF SCIENCE 
Throllgh the Golden Age 0/ Greece 

by George Sarton 

The panorama of ancient science from the 
beginnings of writing to the flowering of 

Greek mathematics, astronomy, medicine, bi­
ology, geography, engineering. "Remarkably 
readable ... a work of the greatest scholar­
ship." -The Yale Review 

List price $10.00, Member's price $6.95 
FRONTIERS OF ASTRONOMY 
by Fred Hoyle 

"New ideas about the structure of the earth, 
cause of the ice ages, formation of the moon's 
craters, the origins of the planets (and) an 
account of the directions in which thought is 
leading on the frontiers of astronomy." 

-The London Times 

List price $5.00, Member's price $3.95 
ANTHROPOLOGY TODAY 
Edited by A. L Kroeber 

966 pages. 52 contributors. "Scientists in 
neighboring disciplines . . . can for the first 
time find within the covers of one book a 
trustworthy survey of the present position of 
anthropological studies." 

-Clyde Klllckhohn, Ph.D. 

List price $9.00, Member's price $6.95 
TWO MAJOR WORKS 
by J. ROBERT OPPENHEIMER* 

The Open Mind (just published) and Science 
and Ihe COllllllon Understanding-embodying 
Oppenheimer's view of the educational, social 
and ethical problems posed by the rapid 
advances in atomic physics and atomic 
armaments. 

List price $5.50, Member's price $4.50 
"(Two volllllles COllnt as one Selection) 

THE LIBRARY OF SCIENCE, 59 Fourth Ave., N. Y. 3, N. Y. 

© 1956 SCIENTIFIC AMERICAN, INC



by Harrison Brown 

EARTH IN UPHEAVAL, by Immanuel 
Velikovsky. Doubleday & Company, 
Inc. ($3.95 ) . 

T

he third in the series of Immanuel 
Velikovsky's unconventional rein­
terpretations of earth history has 

now been published, and it is not neces­
sary to read many pages to find that it is 
as generously packed with nonsense as 
were its predecessors. Ordinarily a book 
so obviously ridiculous as this would 
merit no notice, except perhaps to be 
cited as an outstanding example of what 
the scientific attitude is not. But the 
widespread publicity that attended the 
publication of the first of these books, 
Worlds in Collision, in 1950, has caused 
Velikovsky's theories to receive consid­
erable attention in both scientific and 
nonscientific circles . Emotions have run 
high; the scientists have said that Veli­
kovsky is crazy; the publishers have said 
that the scientists are intolerant; Veli­
kovsky has written statements implying 
that he is a martyred genius; the public­
at-large is confused-or at least should 
be. Indeed, the case of Velikovsky, his 
theories, his critics, his publishers and 
his public is an outstanding case of lack 
of communication between scientists 
and nonscientists. It illustrates dra­
matically the extent to which intelligent 
and otherwise highly educated nonscien­
tists may fail to understand the scientific 
method and scientific discipline. For 
these reasons it is perhaps worthwhile to 
examine the Velikovsky case once again. 

In Worlds in Collision Velikovsky at­
tempted to correlate various accounts of 
happenings in ancient writings and folk­
lore in terms of a single physical theory. 
He concluded that a comet originating 
from the planet Jupiter passed near the 
earth about 1500 B .C. and again about 
1450 B .C. During its travels the comet 
stopped the earth's rotation for a time 
and precipitated various phenomena re­
corded in legend, such as the "raining 
of blood," the "hail of stones, "  the "rain-

BOOKS 
A geochemist (Jlews Immanuel Veliko(Jsky's 

uncon()entional theory of the earth's history 

ing of naphtha" and the "fall of manna," 
together with a startling variety of other 
events and catastrophes. Electrical dis­
charges between the earth and other 
planets caused the earth's magnetic poles 
to change. Planets exchanged orbits . The 
comet finally ended its messy spree and 
became the planet Venus. 

Velikovsky followed this with a sec­
ond book in 1952, Ages in Chaos, which 
was a reconstruction of history from the 
Exodus to the Egyptian king Akhnaton. 
Now in the third volume, Earth in Up­
heaval, he attempts to marshal the geo­
logical evidence for his general theory. 
He sees in practically every geological 
event a confirmation of his views. He dis­
cusses mountain formation, age-dating, 
vertebrate paleontology, petroleum geo­
logy, meteorite craters and numerous 
other topics. He quotes some data which 
we know to be true, some which we 
know to be dubious and some which we 
know to be false. He quotes interpreta­
tions of facts which are correct and in­
terpretations of facts which are wrong­
and impartially he gives equal weight 
to each. He concludes that "whenever 
we investigate the geological and pale­
ontological records of this earth we find 
signs of catastrophes and upheavals old 
and recent. "  And somehow this mass of 
information and misinformation is sup­
posed to show that two great series of 
catastrophes have taken place in historic 
times, the first in the 15th century B.C. 
and the other (of lesser intensity ) in the 
eighth century. 

The launching of the Velikovsky theo­
ry was fully as remarkable as the theory 
itself. It was first brought to public at­
tention by the late John J. O'Neill, sci­
ence editor of the New York Herald 
Tribune. Sensational articles about the 
theory subsequently appeared in Harp­
er's, Collier's and The Reader's Digest. 
By the time competent scientists were 
given the opportunity of evaluating the 
theory, it had been widely discussed and 
praised by a variety of nonscientists, in­
cluding Fulton Oursler, Clifton Fadiman 
and Harold L. Ickes. 

When evaluating a new theory, a sci­
entist attempts to divorce himself from 

prejudice and to test the various facets 
of the theory against the facts in his 
possession. He asks himself: "What does 
the theory explain? What is left unex­
plained? Does the theory contradict 
reputable observations?" In the anti­
authoritarian, individualistic world of 
science each person must sift through a 
theory and see for himself whether or 
not it fits the facts . 

When I first read Worlds in Collision 
I, like many of my colleagues, put Veli­
kovsky's theory to the foregoing tests . I 
made an itemized list of contradictions 
and errors. The list quickly grew to un­
wieldy proportions, and it became amply 
clear that the theory was nonsense. I 
stated this emphatically in a published 
review. Quite independently numerous 
scientists reached the same conclusion. 
The unanimity of scientists led nonscien­
tists to suspect a conspiracy. Scientists 
were accused of being "prejudiced, "  
"blinded by orthodoxy," "dogmatic. "  

Several scientists, notably Cecilia 
Payne-Gaposchkin of the Harvard Ob­
servatory, carefully pulled Velikovsky's 
statements to pieces, point by point. The 
scientific critics were prejudiced, ortho­
dox and dogmatic only to the extent of 
insisting that important facts not be ig­
nored or distorted. To this day I have 
not seen a single defense of Velikovsky's 
theory by a competent scientist. All the 
defenses of Velikovsky's views that have 
come to my attention have been written 
by nonscientists unfamiliar with the 
facts . Many of the defenders appear to 
believe that scientific arguments can be 
won with rhetoric or by taking a public 
opinion poll and assessing how many 
persons are "for" and how many are 
"against" the theory. 

We conclude with an unusually high 
degree of safety that Velikovsky's theo­
ries are pseudoscientific nonsense. In the 
light of this, let us now examine some 
of the developments which followed the 
publication of W01·1ds in Collision. 

In the world of science the individual 
research worker usually subjects his re­
sults and theories to his fellow scientists 
for searching criticism and checking be­
fore making his results known to the 
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n ATOM S  AND E N E RGY by Professor H. S. W. 
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the major developments of recent years in naval 
architecture. $4.75 

o F O U N DAT I O N  E N G I N E E R I N G  by Rolt Ham­
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tion problems and their solution, this volume covers 
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o ELECTRO-MAGNETIC MAC H I N E S  by R. Lallg­
lots-Berthelot_ We believe this book will establish 
itself as a standard work on the subject of electro· 
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book of photographs corers the monuments and splendors of 
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o THE W I SDOM OF THE TORAH edited and a1l-
1Jl)tated by Dagobert D. R1HlCS. A concise anthology of the 
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the books of the Torah and the Apocrypha. 

Oloth BOlmd Library Edition $5.00 
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public. If he is at a university he first 
solicits the criticisms of his local col­
leagues, following which he shows his 
results to scientists in other institutions. 
When he has thus satisfied himself that 
his results or ideas make sense, he sub­
mits a paper to a scientific journal. The 
paper is sent to anonymous referees for 
criticism, and if they judge it worth pub­
lishing it is published in that journal. 

The strong feelings expressed by sci­
entists following the publication of 
Worlds in Collision stemmed in large 
part from the fact that an inordinate 
amount of publicity and a surprising 
amount of credence had been given to 
the theory by magazines, newspapers 
and the book's publishers without any 
attempt being made to ask whether or 
not the theory made sense. The disci­
pline normally imposed by scientists up­
on themselves had been bypassed. 

The Macmillan Company, whose 
trade book division published Worlds in 
Collision, is of course a highly reputable 
publishing house. Its technical and text­
book division usually is extremely care­
ful in its choice and editing of scientific 
treatises . Apparently in this case the 
technical-book division didn't know what 
the trade-book division was up to. Some 
scientists who were particularly peeved 
about Velikovsky's theories wrote to 
Macmillan and implied strongly that 
Worlds in Collision reflected rather bad­
ly upon the technical judgment of the 
publishing house. The Macmillan Com­
pany naturally became concerned, for 
scientists account for a substantial frac­
tion of technical-book purchases and in 
addition they comprise a good propor­
tion of technical-book authors. The net 
result was that Macmillan decided to dis­
continue publication of Worlds in Colli­
sion. Doubleday & Company, which 
does not publish scientific textbooks, 
took over the publication of the book and 
Velikovsky's subsequent works. 

The incident between the scientists 
and the publishers caused Newsweek to 
comment : "One of the most cherished 
rights of the nation's teaching profession 
is academic freedom, . . . yet a small 
group of professors themselves stood ac­
cused of a major assault on academic 
freedom."  The words of the newspaper 
columnist George E. Sokol sky were even 
harsher : "Of course, what the learned 
and liberal professors wanted was the 
total suppression of a book which op­
poses their dogma. Scientists tend to be­
come dogmatic like theologians, whom 
they denounce as dogmatic."  

Velikovsky wrote in the foreword to 
Ages in Chaos: "Should I have heeded 
the abuse with which a group of scien-

tists condemned Worlds in Collision and 
its author? Unable to prove the book or 
any part of it wrong or any quoted docu­
ment spurious, the members of that 
group indulged in outbursts of unscien­
tific fury . . . .  The guardians of dogma 
were, and still are, alert to stamp out the 
new teaching by exorcism and not by 
argument, degrading the learned guild 
in the eyes of the broad public, which 
does not believe that censorship and sup­
pression are necessary to defend the 
truth . "  

Velikovsky apparently looks upon 
himself as an original thinker whose 
truths so contradict "orthodox" scientific 
thought that the members of the scien­
tific community are taking every possible 
measure to keep the new heretical ideas 
from spreading. The scientists, he be­
lieves, have organized themselves into a 
sort of anti-Velikovsky club which is ex­
tremely powerful and which cajoles or 
threatens all persons who look favorably 
upon Velikovsky's theories . They "thus 
drove many members of academic facul­
ties into clandestine reading of Worlds 
in Collision and correspondence with its 
author, " he says . 

Velikovsky is a master of implication 
and innuendo. He is able to mention the 
names of certain scientists in such a way 
that at first reading readers are led to be­
lieve that the scientists mentioned agree 
generally with his conclusions . He even 
attempts to make the reader believe that 
an unmitigating critic such as Mrs. 
Payne-Gaposchkin is conceding points 
to him. 

Perhaps the most flagrant use of in­
nuendo is revealed in the "Acknowl­
edgments" section of Em·th in Up­
heaval. Here Velikovsky implies strongly 
that Albert Einstein was beginning to 
understand Velikovsky's views and that 
the two men were close to agreement : 
"The late Dr. Albert Einstein during the 
last eighteen months of his life ( Novem­
ber, 1953-April, 1955 ) , gave me much 
of his time and thought . . . . We started 
at opposite points ; the area of disagree­
ment, as reflected in our correspondence 
grew ever smaller, and though at his 
death ( our last meeting was nine days 
before his passing ) there remained 
clearly defined points of disagreement, 
his stand then demonstrated the evolu­
tion of his opinion in the space of eight­
een months . "  

This carefully worded statement, up­
on close analysis, clearly says nothing 
definite or significant-but it creates an 
impression upon the casual reader. 

It is difficult to condemn a man who 
is searching for the truth, and in spite 
of his unfortunate approach to scholar-
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Iy inquiry, Velikovsky is clearly such a 
man, He, like most of us, wonders about 
the how and the why of our universe. 
Even though his conclusions may be as 
wrong as wrong can be, it is certainly 
not wrong for him to publish his theories 
and his viewpOints-provided, of course, 
that he is willing to subject himself to 
ruthless criticism. 

It seems to me that the major culprits 
in the Velikovsky affair are the publish­
ers-not because they publish Velikov­
sky's books but because of the way in 
which they publicize the books. They 
pretend first of all that Worlds in Colli­
sion precipitated a major scientific con­
troversy. On the jacket of Ages in Chaos 
they state : "As the most controversial 
book in many decades, it was the sub­
ject of more than 3000 reviews, and de­
fenders and opponents debated it with 
such fervor as is reserved only for books 
that lay bare new fundamentals . "  

Who were the defenders in  this 
debate? Doubleday & Company has 
kindly given us as an appendix to Ages 
in Chaos a number of excerpts from 
favorable reviews. The staunch defend­
ers include anonymous editorial writers 
of the New York Sunday News, The Sat­
lInlay Evening Post, Colliel.'s, Every­
body's Digest, Newsweek, Pathfinder 
and The American Mercury. A number 
of literary critics are listed as endorSing 
the book. But a scientific controversy im­
plies that scientists argue with scientists, 
not that scientists argue with editorial 
writers, literary critics and copy writers 
for book-jacket blurbs .  

On the jacket of Earth in Upheaval 
the publishers write: "Dr. Immanuel 
Velikovsky's monumental first work . . .  
created a furor of controversy unknown 
since Darwin's debate ninety years 
earlier . "  And they conclude : "Here is 
evidence, assembled from mountains 
and oceans, deserts and tundras, polar 
regions and jungles, to establish the 
Velikovsky theory as one of unshakable 
solidity . . .. With the numerous facts as­
sembled in this book the great contro­
versy between Velikovsky and his op­
ponents turns clearly in his favor. "  

When the hucksters attempt t o  sell 
scientific theories as they hawk canned 
goods, automobiles and cigarettes, a sci­
entist boils . And his boiling point is 
reached even more quickly when he 
realizes that the hucksters in this case 
don't have the fuzziest understanding of 
what they are attempting to sell. 

Each of us probably has his own 
views concerning the ethical principles 
involved in the Velikovsky affair. I offer 
mine for what they are worth. 

First, I believe that Velikovsky had 
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every right to write his book, and in­
deed he was morally obligated to bring 
his theories to the attention of other 
scholars. 

Second, I believe that the Macmillan 
Company had cvery right to publish 
Worlds in Collision, although the com­
pany would have profited greatly from 
some trustworthy scientific refereeing in 
valuating the book. 

Third, I believe that pressures which 
were brought to bear upon the Macmil­
lan Company by some scientists were 
unfortunate. Complaints and criticisms 
were very much in order, but threats 
even by innuendo should not have been 
made. 

Fourth, I believe that periodicals such 
as Harper's, Collier's and The Reader's 
Digest erred in pushing a scientific theo­
ry without obtaining adequate scientific 
counsel. 

Fifth, I believe that literary critics 
who review books pertaining to science 
should know something about science. 

Sixth, I believe that Velikovsky has 
behaved badly in that he has not really 
answered his critics in a way that befits 
a true scholar. He has relied far too 
heavily upon selected data, upon innu­
endo, upon rhetoric. 

Seventh, I believe that the persons 
who write advertisements which are de­
signed to sell Velikovsky's books are the 
worst offenders in the entire affair. Five 
years ago I wrote that in 10 years Veli­
kovsky's book would be forgotten. Al­
though I still hope that this will be true, 
the power of the huckster is such that I 
doubt it. Where there are dollars to be 
made, there will always be persons vol­
unteering services. 

Short Reviews 

M AMMALS OF THE WORLD, by Fran-
crois Bourliere. Alfred A. Knopf 

($12 .50 ) .  LIVING MAMMALS OF THE 
WORLD, by Ivan T. Sanderson. Hanover 
House ($9 .95) . Both of these attractive, 
large-format monographs present popu­
lar, illustrated surveys of the world's 
mammals from the monotremes to the 
ungulates . Bourliere's book, a companion 
to his The Natural History of Mammals, 
is arranged by natural habitats. A final 
chapter deals with the adaptation of 
mammals to aerial and aquatic life. The 
text is too crowded with facts and too 
hurried to be entertaining, but the pic­
tures, many in color, are with few ex­
ceptions first-rate. With the help of the 
electronic flash, powerful telephoto 
lenses, superfast film and other modern 
tools of photography, the author has 
caught the animals in their natural pos-
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A massive anthology of man'. entire 
universe of knowledge, with selected 
writings of all the great scientists from 
Galileo to Einstein. Retail p,jce $5.95 

LEONARDO DA VINCI 
By ANTONINA VALLENTIN 

A truly definitive and absorbing biog­
raphy of the immortal genius wh� 5.00 
years ago, laid the foundation for half 
a dozen sciences. Ret.ail Pr;c. $5.00 

APES, ANGELS, AND 

VICTORIANS 
By WILLIAM IRVINE 

ANIMALS, MEN, AND MYTHS 
By RICHARD LEWINSOHN 

Written by one of the most brilliant 
scientists of our time, this is a unique 
account of man's knowledge of the ani­
mal world down through the ages. 

Re,ail P,/co $5.00 

IDEAS AND OPINIONS OF 

ALBERT EINSTEIN 
Assembled under the supervision of 
Einstein himself. this is the most com­
plete collection of his popular writings 
ever published. R.tail Pric. $4.00 

MEN, ROCKETS, AND 

SPACE RATS 
By LLOYD MALLAN 

The st�rt1ing story of today's achieve­
ments in the exploration of outer space 
and miraculous advances in rocket de­
velopment. Reveals formerly secret in­
formation. R.tai' Pr;ce $6.00 

SALAMANDERS AND 

OTHER WONDERS 
By WILLY LEY 

Marvelous scientific truths about little­
known and extinct species. A fabulous 
collection of scientific wonders by a 
famous writer in the field of science. 

R.'aj/ Price $3.95 

ATOMS FOR PEACE 
By DAVID O. WOODBURY 

Does the "peace atom" offer man un­
limited riches? A competent authority 
explains the possibilities and estimates 
when we can expect changes to begin. 

R.'ail Prjce $3.50 

VALUES 
UPTO $1695 

BENEFITS YOU ENJOY 
AS A MEMBER 

THIS NEW KIND OF BOOK CLUB 

is for people interested in Science • . •  

who want to keep abreast of scientific 

discoveries, inventions and develop· 

ments of all kinds the world over. 

Each month the Club's edit.rs select an 

outstanding book. This and other signi­

ficant works in the same field are de­

scribed in The Science Report which 

you receive free. 

By joining NOW, you receive ANY 

TWO of the books shown here as a 
GIFT and will be billed for the third 

at the special introductory rate of only 

$3.95 plus a nominal charge for packing 

and postage. For every four additional 

selections you take after joining, you 

receive a valuable Bonus Book FREE. 

You do not have to accept every selec­
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the member's special reduced price, plus 

a small fixed mailing charge, alter you 

have received them. 

It costs you nothing to join and you 

may cancel your membership at any 

time after accepting four selections. 

Send no money. Just mail coupon now 

to: Science Book Club, Dept. 2147, 11 
East 36th Street, New York 16, N. Y. 

The story of Darwin and his discoveries 
in Evolution, their effect on science and 
religion, and -of eloquent Huxley who 
championed him in an antagonistic 
world. Re,ail p,jce $5.00 

11 East 36th Street, New York 16, N. Y. 

OUR AMERICAN WEATHER 
By GEORGE F. KIMBLE 

Explains the whys and wherefores of 
our exceptional weather and the pat­
terns that affect our daily lives. A 
of wit, wisdom, and scientific 

Retail 
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CAM BR I D G E  
U N I V E R S ITY PRESS 

N U CLEAR MAGNETIC RESONANCE. E .  R .  Andrew 
An up-to-date treatment for all physicists ,  particularly 
nuclear phYsicists and those interested in the solid stale. 
Of growing importance to chemists, metallurgists and 
electrical engineers also. $ 6 . 5 0  

T H E  T H E O R Y  OF G A M E S  AS A T O O L  FOR T H E  
M O RAL P H I LOSOPHER. R.  B .  BraithwaIte 

By practical example it Is shown that in any two-party 
dispute, where the ratio of preferences can be determined, 
the theory of gallles can dispense exact justice. $ 1 . 2 5  

T H E  REAL PROJECTIVE PLAN E ,  Second Edition. 
H. S .  M .  Coxeter 

An introduction to projectil'c geometry, including a 
thorough treatment of conics and a rigorous presentation 
of the synthetic approach to coordinates. Illustrates the 
development of a logical system from primitive concepts 
and sImple axiom s.  $ 4 . 7 5  

P R I N C I PLES OF CHEM ICAL E9U I L I B R I U M .  
K.  Denbigh 

An account of the laws of thermodynamics and the vatl· 
ous thermodynamic functions and their transformation 
formulae ; the main applications to reaction- and phase­
equilibria and the theory of ideal and non-ideal solution.s ; 
and a short introduction to statistical mechanics, with 
applications to gases, perfect crystals. the third law, 
adsorption and regular solutions .  $ 7 . 5 0  

STATISTICAL M E C H A N I C S .  S I r  R. H .  Fowler 
A reissue of the Second Edition. An authoritative and 
detailed treatment of the theory of the properties of 
matter in equilibrium. $ 1 5 . 0 0  

GLOSSARY OF THE B R I T I SH FLORA, 
Second Edition. H .  Gilbert-Carter 

A new edition of this alphabetical glossary which gives 
the meaning, pronunciation and derivation of the generic, 
trivial. and varietal names of plants mentioned in cur­
rent British Floras .  $ 3 . 0 0  

V ITAM I N S  I N  THEORY A N D  PRACT ICE,  
Fourth Edition. L.  J.  Harris 

"Highly entertaining while remaining ·scientiftc' . "-The 
American J01lnwl of Clinical N1dritwn. Up-to-date 
m aterial on Vitamin K (the blood-clotting factor) ; two 
anti- anemia vitamins (B12 and foUc acid ) ; three addi­
tional \'itamins of the 'n' group ; and other newly dis­
cO\'ered \'ltamins. $ 6 . 5 0  

T H E  C H E M I STRY A N D  FERT I L ITY O F  SEA-WATER.  
H .  W .  Harvey 

'1'ile book considers : the composition of sea-water ; mixing 
and lateral transport ; changes in composition due to 
plants, animals and bacteria ; factors influencing the 
growth of plants ; interrelations between plants and ani­
mals ; salinity and chlorinity ; the major and minor con­
stituents ; the carbon- dioxide system ; and dissolved oxy­
gen. $ 5 . 5 0  

ANTI-COMPOSITION TABLES FOR C A R B O N  C O M ­
PO U N DS. H .  H .  Hatt, T. Pearcey and A .  Z. Szumer 

Includes all formulae containing up to 50 carbon atoms in 
the hydrocarbon group and up to 50 carbon atoms in 
compounds containing en and O. About 40,000 com­
pounds are tabulated. $ 4 . 0 0  

THE PHYSI OLOGY O F  D IAPAUSE I N  ARTH RO­
PODS. A. D. Lees 

Research on diapause shows that it is controlled by hor­
mones and yet linked to definite external stimuli such as 
temperature and length of day. Metabolic and biochemical 
adj ustments im'ohed are also discussed. $ 2 . 5 0  

THE T H EORY O F  HYDRODYNAM I C  STABI LITY. 
C .  C .  Lin 

The ft rst survey of the problems of the stability of steady 
fluid flow that hears in mind both the phYSical and 
mathematical aspects. Special attention is given to the 
case of plane paraliel flow of a viscous fluid. $ 4 . 2 5  

B I R D  NAVIGAT I O N .  G. V. T. Matthews 
The facts and experiments relating to the ability of  birds 
to return home after long mIgrations or experimental 
displacement . $ 2 . 5 0  

STAT I C  A N D  DYNAM I C  ELECTRO N OPTICS. 
P. A .  Sturrock 

About focusing in lens, deflector and accelerator. Import­
ant for designers of electron microscopes, beta-ray spec­
trom eters, mass spectrometers and cathode- ray tubes. Also 
for those engaged in design studies of particle accelera­
tors  and those applying the new ' strong focusing' prin­
ciple to accelerators or other branches of electron physics. 

$ 5 . 5 0  
O PERATIONAL CALCULUS BASED O N  T H E  TWO­
S I D E D  LAPLACE I N TEGRAL, Second Edition. 
B .  Van der Pol a n d  H. Bremmer 

On the applications to mathematics. phYsics and engi­
neering of modern operational calculus based on the two­
sided Laplace integral. Provides basic principles, Ideas, 
theorems and many worked-out problems. $ 1 1 . 0 0  

D I FFERENTIAL GEOMETRY O F  T H R E E  D I MEN­
SIONS,  Part I .  C .  E.  Weatherburn 

A reissue of an introductory book on differential geome ·  
t r y  which shows how ,'ector methods m a y  be emploYed to 
�m� Un 

THE C O N C E PT O F  NATU RE. A .  N. Whitehead 
A reissue of one of \Yhitehead's most important contribu ­
tions to natural I)ililosophy. H i s  first concern is with the 
fundamental problems of substance, space, and tim e ;  and 
most interesting is, perhaps. his criticism of Einstein'S 
method of interpreting resuits .  $ 3 . 5 0  

E N 9 U I RY CONCE R N I N G  T H E  P R I N C I PLES OF 
NATURAL KNOWLEDGE. A .  H. Whitehead 

The companion volume to Whitehead's  The Concept of 
Nature reissued. about $ 4 . 5 0  

Order from your local bookstore 
1 3 4 

tures and settings. The Sanderson vol­
ume is more conventional but has its 
own special merit. Following the usual 
scheme of zoological classification, the 
author provides for each mammal a 
brief, ably written sketch which de­
scribes appearance, habitat, life and 
habit. He adds illuminating and amusing 
sidelights. The story that lemmings 
"patter to their doom . . . by casting 
themselves en masse into the heaving 
Atlantic Ocean" is "almost complete 
rubbish." Spiny dormice drink palm 
mimbo, a semifermented beer which 
drips from the head of certain palms 
and "intoxicates even goats." Pigs lead 
"the most orderly and cleanly of lives," 
unless degraded by man, and have an 
I.Q. second only to that of the great 
apes. The brown rat, being the "finest­
in every sense of that word and espe­
cially in efficiency-product that Nature 
has managed to create on this planet to 
date," will very likely inherit the earth 
by surviving even if men should suc­
ceed in exterminating themselves by 
profligate radioactivity. The 330 illus­
trations in this book, though mostly cap­
tivity shots, attain a pretty high average 
in quality, and some of the color photos 
(of which there are 190 ) are superb. 

SEEING AMERICA's WILDLIFE IN OUR 

NATIONAL REFUGES, by Devereux 
Butcher. The Devin-Adair Company 
($5.00 ) .  At the rate man is killing wild 
animals-except for such canny types as 
rats-there would soon be none left were 
it not for the fact that a few farsighted 
and less bloodthirsty men have estab­
lished game refuges. This book makes a 
photographic tour of the U. S. sanctu­
aries and refuges, describes them and 
their inhabitants and tells of the value 
and problems of conservation. Among 
the places visited are Aransas on the 
Blackjack Peninsula of Texas, famous 
for its tiny tribe of whooping cranes ; the 
duck hospital at Bear River, Utah, which 
saves the lives of thousands of water­
fowl stricken with botulism; the Chinco­
teague Island refuge off Maryland, an 
important way station for several lanes 
of waterfowl traffic; the Nevada and 
Arizona game ranges, where the big­
horn ("avidly sought by gunners" )  sur­
vives ; Hart Mountain in Oregon, afford­
ing protection to the swift and graceful 
pronghorn antelope, the mule deer and 
the vanishing sage hen; Laguna Atascosa 
and Santa Anna in Texas, the habitat of 
many kinds of birds not to be seen any­
where else in the U. S.; Bogoslof Island 
in the Aleutians, where sea lions can 
bully their wives in peace; Okefenokee 
in southeastern Georgia, which protects 
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a unique cypress swamp together with 
its bobcats, minks, owls and alligators ; 
Pelican Island on Florida's east coast, 
the first of our federal refuges, created 
by Theodore Roosevelt in 1903; Condor 
Refuge in California, an almost inacces­
sible mountain area where the largest of 
all North American birds is preserved. 
A readable, well-illustrated volume, per­
suasively arguing an admirable cause. 

THE NATURAL HISTORY OF NORTH 

AMERICAN AMPHIBIANS AND REP­

TILES, by James A. Oliver. D. Van Nos­
trand Company, Inc. ($6.95) . THE .REP­

TILE WORLD, by Clifford H.  Pope. Alfred 
A. Knopf ($7.50 ) . Dr. Oliver's book 
discusses the folklore of toads, turtles,  
crocodiles ,  snakes and other animals ; 
their economic value, their movements, 
food, growth, size and longevity. He 
writes clearly and simply, and is master 
of all aspects of his subject, as one would 
expect of the Curator of Reptiles of the 
New York Zoological Society. The book 
is mainly illustrated by drawings, which 
are average, but a few of the plates de­
serve notice-in particular a photograph 
of two male red diamond rattlesnakes 
addressing each other in a combat dance. 
Pope's book is more informal and covers 
a wider range of species .  The account is 
by families and provides a good deal 
more information than is usually found 
in popular natural histories. The illus­
trations consist of a h'uly superb collec­
tion of 221 photographs . Incidental 
gleanings from Oliver and Pope : Toads 
do not produce warts. Neither turtles 
nor alligators live to be as old as Methu­
selah (150 years is the record for turtles ,  
56 for alligators ) .  Hoop snakes don't roll 
about like hoops. Snake charmers can't 
charm cobras by playing the flute be­
cause cobras can't hear (the reason 
they wiggle rhythmically is that they 
imitate the snake charmer ) .  Rattlers 
don't always oblige by rattling before 
they strike. Whiskey, alas, is no good for 
snakebite . 

W ILD AMERICA, by Roger Tory Peter-
son and James Fisher. Houghton 

Mifflin Company ($5.00 ) .  Two well­
known naturalists, each of whom spe­
cializes in birds and has written many 
books about them, teamed up in the 
spring of 1953 and made a 100-day, 
30,000-mile tour of the perimeter of the 
North American continent by station 
wagon, boat and airplane . Fisher, who 
is British, had never visited the U. S . ,  
and Peterson enjoyed the opportunity of 
introducing his colleague to cities, mo­
tels, superhighways, Coca-Cola dispens­
ers, as well as to alligators, goose tundra, 
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E N G I N E E R S 

NEW 2. FOLD 
RDIREMEIT IICOME PIAN 

for Aviation and Missile Engineers 
It's natural that a long-time leader in aviation, like Republic - with many firsts to its credit ­
should be a leader, too, in providing for the welfare of its staff. Right in line with this forward­
looking policy is the remarkable new Republic Retirement Income Plan. Here is how it works : 

PART 1 is a basic Retirement Income plan paid for entirely by Republic Aviation. 

PA RT 2 is a cooperative effort. It is completely optional. But if an engineer 
wishes to increase his retirement fund, by making a small monthly payment, 
Republic will MORE THAN MATCH his contribution. 

Take the case of a hypothetical engineer who joins Republic on January 1st, 1956, averages 
$8,000 a year f01:. 1 5  years ; then retires aged 65. If he elected PART 2 of the plan, he will have 
a total monthly retirement income of $225.80, including his social security. For this he himself 
will contribute only $8.50 a month to the Republic Retirement Income Plan. 

Of course, the MORE YOU EARN, the HIGHER your Retirement Income will be. And 
Republic pays a top salary scale in the industry . 

• • •  RETlREMENT PLAN JUST ONE OF MANY PLUS FACTORS POINTING TO A REPUBLIC CAREER 
FIRST - there's the interest and prestige of 
working for a pioneer in aircraft design, cre­
ator of such famous planes as the F-84 Thun­
derjet, the F-84F Thunderstreak, RF-84F 
Thunderflash and XF-84H. ( Soon to be fol­
lowed on the production line by the new F-103, 
F-105 and RF-105.) 

SECOND -the company is expanding sharply, 
providing frequent opportunities for able men 
to advance. In fact a $12,000,000 increase in 

the Research and Development Program has 
just been announced. 

THIRD -an All-Expense-Paid Relocation Plan 
for qualified engineers living outside the New 
York City and Long Island areas, which makes 
it easy .to move to Republic. Other liberal bene­
fits : Life. Accident and Health Insurance ; 
Hospital-Surgical Benefits for the whole fam­
ily ; educational aid covering ¥.J the cost of 
collegiate and graduate study. 

Serve you r  own best interests. Make full inquiries into the many a dvantages of joining 

Republic now, not the least of which is living on Long Island -the Playg rou nd of the East. 

Important engineering positions are now open at all levels : 
STAFF ENGINEERING SYSTEMS ELECTRO·MECHANICAl STRESS 

PRELIMINARY DESIGN MATHEMATICAL 
DESIGN AIRCRAFT DESIGN 

ELECTRONICS ANALYSES FLIGHT TEST WEIGHTS 

WEAPONS SYSTEMS AERODYNAMICS RESEARCH DESIGNERS: 

PROPOSALS TECHNICAL WRITING THERMODYNAMICS 
Eledrical 
Airframe 

OPERATIONS RESEARCH DYNAMICS FlunER & VIBRATIONS Mechanical 

Please address complete resume 

• 
outlining details of YOU1' technical background to: 

AIRCRAFT MISSILES 

1 3 6 

Assistant Chief Engineer, Administration, Mr. R. t. Bortner 
Farmingdale, Long Island. N. Y. 

Administrative Engineer, Mr. Robert R. Reissig 
'
H icksville, Long Island, N. Y. 
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bison , the Everglades, sequoias, the 
Grand Canyon, limpkins, long-billed 
curlews and countless other beauties of 
wildlife and wilderness. It was an excit­
ing, marvelously varied odyssey. 

T
HE BIRDS OF THE BRITISH ISLES : 
VOLS. III AND IV, by David Armi­

tage Bannerman, with illustrations by 
George E. Lodge. Oliver and Boyd ( 45 
shillings each ) . These excellent volumes 
continue a work begun several years ago, 
the first two installments of which were 
reviewed in SCIENTIFIC AMERICAN in 
April, 1955. Volume III completes the 
account of the passerine birds, from 
chiffchaff and black chat to whinchat 
and water-ouzel. Volume IV begins the 
survey of the nonperching birds : swifts, 
night jars, bee eaters, hoopoes, wood­
peckers, cuckoos and so on. Dr. Banner­
man writes attractively, and Lodge's 
color plates are gentle, frequently lovely. 

C
ALIFORNIA GRIZZLY, by Tracy I. 

Storer and Lloyd P. Tevis, Jr. Uni­
versity of California Press ( $7.50 ) .· A 
melancholy memorial to an extinct spe­
cies. The California grizzly, once numer­
ous ( about 10,000 specimens )  and 
dominant in that state, was exterminated 
about 30 years ago. This book describes 
the animal's physical appearance and 
habits, its relations to the Indians and 
Spaniards, bear-and-bull fights and 
grizzly hunting.  It tells some stories of 
famous captive grizzlies.  Photographs, 
paintings, bibliography. 

N
Ol\IIC POWER;  AUTOMATIC CONTROL; 

A TWENTIETH CENTURY BESTIARY; 
THE NEW ASTRONOMY; THE PHYSICS AND 
CHEMISTRY OF LIFE : by the Editors of 
Scientific American. Simon and Schuster 
( $ 1 .00 each ) . Ninety of the articles that 
have appeared in this magazine since 
1948 are here assembled by topics and 
published in five paper-backed volumes. 
The original illustrations are not in­
cluded, but there are drawings, biblio­
graphies and notes on the authors of the 
articles. 

M
R. GOULD'S TROPICAL BIRDS, edited 
by Eva Mannering. Crown Publish­

ers ( $7.50 ) . This i s  a selection of 24 
plates taken from the superb bird fol ios 
of John Gould, originally published in 
the 19th century. Gould was an incred­
ibly productive ornithological artist and 
publisher. When he died in 1881, he had 
produced 41 large folio volumes con­
taining 2,999 hand-colored plates, and 
had earned a fortune from his labors. His 
plates have neither the marvelous deli­
cacy nor the lifelike grace of Audubon's 
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Make your own baby genius computers 
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N I M .  T l T · T A T . T O E. M U LT I P L Y I N G  M A C H I N E. F O X  
H E N  C O R N  A N D  H I R E D  M A N  P U ZZ L E ,  etc. Each 
G e n iac runs on one flashl i g ht battery, requires no solder i n g  
( a l l  connections w i t h  n uts and bolts) . Demonstrates i n  i n ·  
struct ive and eas i ly· put�to gether models  t h e  fasc i n at i n g  
vari ety o f  com put i n g  a n d  reason i n g  c i rcu its _ . . . . . . . . . . . . . $ 1 6 .95 
(add BOt for s h i p m ent W est of M iss. ; $ 1 .80 for  s h i pment 
outsi d e  U .S . )  

W E  W I L L  N OT B E  U N DERSO L D !  
RETURNABLE I F  NOT SAT I S FACTORY 

Also Publications on COM PUTERS. ROBOTS. etc. 
P 6: C O N ST R U CT I N G  E L ECT R I C  B R A I N S .  Reprint of 
t h i rteen p u b l i shed art i cles .  E x p l a i n s  s i m ply how an auto� 
matic  com puter is constructed ; how to make it add,  sub� 
tract, m u lti ply, d ivide,  and solve problems automat ical ly. 
us i n g  relays or  electro n i c  tubes or other devi ce.s. Conta i n s  
m a n y  exam p l-es of c i rcu its . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2 .20 
P 2 :  C O M P U T E RS & A U T O M A T I O N .  M onthly. A rt i c l ." 
papers, sc ience fict i o n ,  etc., on eom put i n g  machi nery, auto� 
m at i e  contro l ,  cybernet i cs.  robots, etc. Referenee i nform a �  
t i o n : roster of organ i zations, l i st of a utomat i e  eomputers. 
etc. Annual subser i pt i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $5. 50 
P 1 0 :  T H E  C O N ST R U C T I O N  OF L I V I N G  R O B O TS,  Re. 
port. D i scusses the properties of robots and of l i v i n g  b e i n gs, 
and out l i nes how to construct robots made out of hardware 
w h i e h  w i l l  have the essen t i a l  properties of l i v i n g  b e i n g s .  
G i ve s  c i rc u i t  d i a grams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1 . 00 
W e  are Berkeley Enterprises, Ine., m a n ufacturers, affi l i ated 
with E d m u n d  C .  Berkeley and Assoc iates, makers aild ex� 
h i b itors of small robots (Simon,  m i n iature mechan ieal  bra i n  
-construct i o n  plans,  P I .  $5. 50 ; Squee, robot s q u i rrel­
construct ion  plans. P 3, $4.00 ; ete. ) .  

B U Y  Y O U R  K I T  FROM T H E  O R I G INATOR - - - - - - MAIL THIS COUPO N - - - - - _, I Berkeley Enterprises, I n c .  

I �.6p%��� Is�n�t'in:lit:�sN��c��f:k I I ,  N . Y. I 
I RETURKJABr: i�2 7 P:a�s ��r ��U refund if not I 
I (:J;rf��O��i-tt1 p��Cli��� �or"handli�� ��� t:it�ge�)� I 
I 

2. Pleus�I:e;{�m��n�e:dd����u�I�:�f���ed. I 

LINGUAPHONE 
f o r  L A N G U A G E S , 

Languag e  
Teacher for 

30 Years 
Praises 

L i n g ua phone 

. .  0 f a I I  t h e  
m e t  h o d  s I 
k n o w ,  t h  e 
L i n  9 uaphone 
C o u r s e  b e s t  
f u l f i l l s  t h e  
r e q  u i rem ents 
of real every� 
day speech." 
D r .  Venzleff 

SPAN ISH ( A m e r i can or Europ.an) 

FRENCH - GERMAN 
JAPANESE - RUSSIAN 

MODERN GREEK 
-34 languages available 

Learn at Home in 20  Minutes a Day 
Only L I N O U A P H O N E - T h e  
World ' s  Standard Conversational 
l\lethod-brings the wor J d ' s  best 
native l angll3ge teachers into your 
home. You LISTEN to modern,  l i fe· 
l i ke record i n gs ,  and LEARN a n ·  
other l a n g u a g e  in the s a m e  e a s y ,  
natural way you learned E n g l i s h  
long before YOll w e n t  to school. 

N o  Textbook Can Tea c h  You to S peak 

A'r HO�lE you hear 8 to 12 
outstanding native authorities,  
both men and women, speak about 
everyday m atters with a ] 9 56 \'ocab ­
ulary. I t ' s  like Jiving in another 
land. You l i sten-yo II understand­

YOU SPEAJ{ correctly, easily, naturally. You read 
and write. You can learn in 20 minutes a day. 

Used internationally by scienti s t s .  schools, colleges, 
Armed Services and business firms for personnel train­
ing. Over a mimon hom e · studY students vf an ages. 

STO P  W I S H I N G  START TALK I N G  

SAVE T I M E-WORK-M O N EY 
W R I T E  T O D A Y  for fascinating FREE book, " }")a8S­
port to a New World . "  Linguaphone Institute.  3036 
Hock. Plaza,  �'J. Y .  20 ,  N .  Y .  

i -� - - - - - - - - - - - - - - -
L l N GU A P H O N E  I N STITUTE I 

I 
I 

3036 Rock. Plaza . N. Y. 20,  N. Y .  

Please send m e  your FREE book. N o  ob-
ligation, of course. 
]'Iy language jnterest i s  . . .  

I : A DDRESS 

I CITY·�o�·��:·�· ·��·��·���·� ��:�r
'���i::����hOd I For Over Half a Century 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 
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A report from Sirnon and Schuster on 

the immediate success of the first 5 
SCIE NTI FIC AME R I CA N  BOOKS 

� In the February issue of 
this magazine we announced the 
launching of Scientific A merican 
Books. Now, only four weeks later, 
the series is a runaway, already in 
its second printing. 

ASIDE TO READERS WHO JUST CAME IN : 
Each Scientific American Book con­
tains articles from this magazine, 
edited to present a comprehensive 
view of  one major frontier of scien­
tific investigation. Each is paper­
bound, handsomely printed - and 
handsomely priced at only $1. 

� I t's taken less than two 
weeks to sell out the first 90,000 
books, - 18,000 of each title - to 
professionals ( like the man who 
wrote us "Excellent innovation, 
long overdue. A great boon to i m­
pecunious scholars" ) and general 
readers. 

� 65,000 more copies are 
on press as we write this report, 
and will be in stores all over the 
country as you read it. 

· � The New York Times 
Book Review has given Scientific 
A merican Books a magnificent 
send· off, with a full page review 
which reads, in part, as follows : 

� "Scientific American, in 
which the articles composing these 
books first appeared, represents a 
unique collaboration between scien· 
tists and editors," says the Times. 
"T hese articles are at once written 
for scientists in other fields and for 
the non-scientific reader. They 
[ S c i e n t i fi c  A m e r i c a n  B o o k s ] 
should be equally stimulating to 
painters and poets, philosophers 
and theologians, engineers and 
businessmen, teachers and tinkers. 
Here the ordinary reader who is 
curious to learn about himself and 
the world he lives in will find a 
stimulating source of information 
and reflection." 

� Meanwhile 
comments like these 
daily from readers : 

scores of 
are coming 

From New Orleans : "It almost lit· 
erally opened a .new world for me. 
I'm a sociologist and knew nothing 
about any of the physical sciences. 
I ntelligible, exciting. I enjoyed it to 
the full." . . .  A New York reader 
praises the attractive format-adding, 
"but I'd read this kind of writing on 
wrapping paper." . . .  From Bosto n :  
"Magnificent articles, magnificent au­
thors, magnificent presentation, mag· 
nificent price ; congratulations !" 

� Here are the first 5 
Scientific A merican Books. * 

AUTOMATIC CONTROL, a survey of 
machines equipped with nervous sys· 
terns and made to regulate themselves. 

ATOMIC POWER, its peacetime uses. 

THE PHYSICS AND CHEMISTRY OF 

LIFE, in terms of the behavior of  non· 
living atoms and molecules. 

THE NEW ASTRONOMY. The universe 
re-explored via the latest instruments. 

A TWENTIETH CENTURY BESTIARY. 

A new look at animal behavior_ ( Origi­
nally titled First Book of A nimals. ) 

� We suggest that scien· 
tists. engineers, and serious laymen 
lose no time in acquiring these mag· 
nificent books ; we noted to our 
delight that one of New York's big. 
gest bookstores has them on sale in 
the "fast traffic" section, together 
with the latest novels of romance 
and derring·do. The rush is on. 

-ESSANDESS 
·On sale at all bookstores. $1 each_ Or from 
Simon and Schuster, Publishers, Department 
S 630 Fifth Avenue, New York. ( Company 
a�d Institutional inquiries invited) 

and have occasionally been excelled by 
certain other bird painters . Yet alto­
gether the quality of Gould's work is 
very high, and some of the reproduc­
tions in this volume printed in Germany 
are second to none in richness of color 
and artistic composition. 

FAMOUS PROBLEMS AND OTHER MONO­
GRAPHS, by F .  Klein, W. F. Sheppard, 

P.  A. Macmahon and L.  J. Mordel! _ 
Chelsea Publishing Company ( $3.25 ) .  
As in a companion volume, Squaring the 
Circle, and Other Monographs, reviewed 
here two years ago, the publishers have 
assembled in a single volume several 
short books of interest to a fairly wide 
circle of mathematicians and students_ 
Felix Klein is represented by his "Fa­
mous Problems of Elementary Geome­
try," which discusses the duplication of 
the cube, the trisection of an angle, the 
squaring of the circle. The Sheppard 
monograph is an introduction to the 
tensor calculus. Major Macmahon's study 
is an elementary treatment of combina­
tory analysis. Mordell's three lectures 
deal with the celebrated "Last Theorem" 
of Fermat. 

WHAT Is SCIENCE?, edited by James 
R.  Newman. Simon and Schuster 

( $4.95 ) .  A dozen authors review and 
discuss theoretical research in the major 
scientific disciplines . The contributing 
authors are Bertrand Russell, Edmund 
Whittaker, Hermann Bondi, Edward U .  
Condon, J olm Read, Ernest Baldwin, 
W. C. Allee, Tulian Huxley, Edwin G .  
Boring Clvde 

'
Kluckhohn, Erich Fromm 

and J�cob Bronowski. There are bio­
grapl;ical notes by the editor and a bibli­
ography for further reading. 

Notes 

COMBUSTION PROCESSES, edited by 
B. Lewis, R .  N .  Pease, H. S. Taylor.  
Princeton University Press ( $ 1 2.50 ) . 
The second volume of a series called 
"High Speed Aerodynamics and Jet Pro­
pulsion." 

ASTROPHYSICAL QUANTITIES, by C .  W.  
Allen . John de  Graff, Inc. ( $ 10 .00 ) .  A 
handbook of physical constants . 

ANNUAL REVIEW OF NUCLEAR SCI­

ENCE : VOL. V , edited by J .  G .  Beckerley 
and associates. Annual Reviews, Inc_ 
( $7 .00 ) . The 1 955 volume contains 14 
articles covering topics such as electro­
magnetic transitions in nuclei, radiation 
chemistry, radiobiology, shielding, par­
ticle detection, radioautography, mass 
spectrometry. 
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/ � . IN,�ODAY'S ELECTRON IC ACH I EVEMENTS 

tiE TOMORROW'S CAREERS 
Your work in advanced guidance and control systems and 

components at AUTONETICS today is excellent assurance 
of long- range opportunity. Problems like heat resistance, 

weight reduction and sub-miniaturization in electro·mechan­
ical devices for missiles and manned aircraft have a direct 
application to non-military industry. 

In developing and designing precision electro-mechanical 
equipment, you will use the finest digital and analog com­
puters and other advanced research and test facilities at 
AUTONETICS. 

The work at AUTONETICS is challenging and profession. 

ally rewarding. Nearly 100 proj ects are now underway-most 
of which have not yet been printed in j ournals or texts. This 
diversity means good opportunity to find the field that is  

best for your particular talent, training and desires. 

In addition to all the physical advantages at AUTO­
NETICS, you wil l  welcome the professional attitude of  your 
colleagues here. You can expect to be informed about your 
personal progress, have your ideas listened to. 

If  you are interested, AUTONETICS welcomes your in­
quiry. All replies will be held in the strictest confidence. 

Choice openings for :  
Computer Specialists Electro-Mechanical Designers Environmental Test Engineers 

Electronic Component Evaluators Instrumentation Engineers Fire Control Sysiems Engineers 

Flight Control Systems Engineers Electronics Research Specialists Computer Programmers 

Computer Application Engineers Automatic Controls Engineers Electronic Engineering Writers 

Inertial Instrument Development Engineers Preliminary Analysis and Design Engineers 

Contact : 

Also Openings for Draftsmen and Technicians 

M r. D. S. Grant, Engineering Personnel Office 
Autonetics, Dept. 991 -20SA, 1 221 4 Lakewood Blvd., Downey, Calif. 

You are cordially invited to visit our booth number 59 at the 
I .  R. E .  Convention, and North American's r .  R. E. Convention 
Headquarters at the Waldorf·Astoria Hotel for a showing of 
technical films on the remarkable growth and development of 
the Company's Missile  and Control Equipment Operations. 

A U T O M A T I C  C O N T R O L S M A N  H A S  N E V E R  B U I L T B E F O R E  
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New missile marches 
with the infantry 
Modern foot soldiers do more riding than 
walking. Trucks, tanks and parachutes give 
the infantry high-speed mobility that calls 
for equally mobile support weapons. 

One such weapon is Honest John. Developed 
by Douglas in co-operation with Army Ord­
nance, this new missile is a free-flight rocket 
without complicated guidance system. It moves 
quickly into position on a special truck that 
serves both as transport and launcher. Highly 
accurate, Honest John can handle either a 
nuclear warhead or a single explosive round 
of enormous power. 

. 

The U .S .  Army's Doug las- Desig ned HON EST J O H N  Arti l l e ry Rocket 

Defense is everybody's business. Development of Honest John 

by Douglas is an example of industry's role in U.S.  defense. But 

weapons need people to make them work . The Army needs young 

men and women who agree that "defense is everybody's  business. "  

Depend on D O UGLA S First in Aviation 
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THE AMATEUR SCIENTIST 

A
ext door neighbor who normally 
makes a fetish of getting a full 
night's sleep rang our telephone 

at the outlandish hour of 2:00 a.m. the 
other morning. "My angel is laying 
eggs!" he exclaimed. "What should I 
do?" Our friend was referring, of course, 
to Ptel'Ophyllum sealare, otherwise 
known as the angelfish. We advised him 
to go to bed and let nature play midwife. 
As experienced keepers of tropical fish 
know, there was nothing else he could 
do. When conditions in the aquarium are 
proper for spawning-when the tank is 
clean, slightly warmer than usual and 
free of competing species-well-fed 
angelfish do not eat their eggs as a rule. 
If these requirements have not been met 
by the time the eggs arrive, you may as 
well relax and observe how nature dis­
poses of potential weaklings. 

Tropical-fish keeping does not involve 
much work-which is a major reason why 
it has become the third most popular 
hobby in the U. S. According to Leonard 
Berkitz of the Aquarium Stock Com­
pany in New York City, only photogra­
phy and stamp collecting outrank tropi­
cal fish in popularity. About 20 million 
persons in this country have home 
aquariums. They spend �ome $70 mil­
lion a year on their hobby and support a 
billion-dollar industry. Hundreds of 
commercial collectors search the tropical 
streams and pools of the earth for 
marketable specimens. One South 
American exporter maintains a large 
twin-engined airplane for the exclusive 
purpose of transporting miniature fish to 
New York City. The investment of in­
dividual fans ranges from as little as $5 
(which the novice next door had laid 
out for his small tank and lone pair of 
angels) to as much as $35,000, which 
a New York businessman spent last year 
to decorate his Park Avenue duplex in 
a motif of recessed tanks filled with hun­
dreds of rare specimens. 

The average fan devotes about 10 
minutes a day to his fish, but you may 

On the scientific study of tropical fish 
and a sundial for the ceiling of a room 

invest a great deal more time (and in­
genuity), particularly if you enjoy the 
biological sciences. For $15 or $20 you 
can buy a dozen fish along with a hand­
some tank, plants, food, sand, an auto­
matic filter, an aerator and a complete 
assortment of gadgets for handling the 
fish and keeping the tank clean. This fits 
you out with all you need for studying 
these fascinating bits of life in endless 
ways as they emerge from the egg and 
progress through courting, fighting, 
mating and old age. 

With tens of millions of enthusiasts 
exploring the ways of tropical fish, one 
might -suppose there is not much to find 
out that is not already known and pub­
lished in reference books. Actually the 
books don't begin to answer all the ques­
tions that a curious amateur scientist 
will ask as soon as he becomes acc[tJaint­
ed with his aquarium. The study of be­
havior alone can be a lifetime avocation, 
particularly if you go in for unusual fish. 
How, for example, does the weatherfish 
sense approaching storms? Just before a 
downpour it rushes around the aquarium 
in a frenzy. Experiments indicate that 
its agitation is triggered by changes in 
barometric pressure. If so, what part of 
the fish's body acts as the sensor and 
what advantage does the adaptation give 
the species? An aquarium fitted with an 
apparatus for varying the air pressure on 
the water might lead to interesting re-

suits. Then there is the archerfish, which 
shoots pellets of water with rifle-like ac­
curacy at flying insects. It can score a 
bull's-eye on an insect a foot or more 
above the aquarium, although its eyes 
are below the water smface. How does 
the archer compensate for the refraction 
of light at the surface? That this is an 
important problem is shown by the fact 
that one species, an Anableps, is speCial­
ly equipped with eyes divided into two 
parts, of which the upper part can ad­
just to seeing in air and the lower part 
to seeing in water. Other species of fish 
have periscopes, and at least one fish 
possesses a telescopic eye which should 
fascinate amateur astronomers. 

Not many amateurs can afford these 
odd and comparatively scarce speci­
mens. Most start off with guppies-the 
humble commoners of the tropical-fish 
world. In the past two decades geneti­
cists have transformed the once-drab 
guppy into one of the most colorful 
creatures in the aquarium while using it 
as a subject for experiments in heredity. 
They have produced a number of attrac­
tive hybrid strains, particularly the 
platy-swordtails which appeared as by­
products of Myron Gordon's researches 
into the genetic aspects of cancer at the 
New York Aquarium. 

That amateurs can do successful re­
search in heredity was shown by the ex­
periments of Marita Mullan with mice, 

Male and female guppies. One male is at the top; two females are at the bottom 
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OPTICAL BARGAINS 
See the Stars. Moon. Planets Close Up! 

BUILD A BIG 100 POWER, 3" REFLECTING TELESCOPE 
• • •  with This Complete 87 Piece "Do-It-Yourself" Kit 
Everything you need! Ko 
machlninf:'! Easily assembled! 
\Ve furnish complete, simple 
instructions. Kit includes: 3" f/l0 Aluminized vel'-
con ted Spherical 60X 
Eyepiecc and 10 low 
Lens. Crossline Fin rdy 
40" Tripod. Fork Qua-
101'ial :Mount with on 
both axes, Ventilated 3" Mir­
ror Mount, heavy w311, black 
Telescope Tube. All nuts :md 
holts supplied. Nothing extra 
to buy. Our 3" spherical mir­
ror (30'" f.I.) is guaranteed to 
resolve dt:'tail right up to the­
oretical limit. Your finIshed 
scope can also be used ter­
restrially. Money back guarantee. Shipping weight-tO lbs. 
Stock No. 85.0 25-5 .............. $2 9.50 f.o.b. Barrington, N. J. 

50-150-300-power MICROSCOPE 
Low Price Yet Suitable for Classroom Use! 

gnIXc�;O���lC Objective Lenses on Revolving 
Turret! 

A terrific value because It's imported! The 
color-corrected, cemented achromatic lenses 
in the objecth'es give you superior results. 
sur.J:\�i����' 

a
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light, adjustable mirror. Square stage (23/4" 
x 25/8") with slide clamps. Pack in sturdy. 
finished hardwood case. 

This is the greatest microscope bargain on 
the market! Try it for 10 days • • •  if you're 
not completely satisfied. we'll refUnd your 
money in full! 

No. 70.008.5 ...•........•....................... $14.95 postpaid 

NEW! ��I�P,pgg. book "Hunting W
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c
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ASTRONOMICAL TELESCOPE KIT �t��::'��; 
worth up to $500.00. Grind your own mirror. Contains: 
mirror blank. eye-piece lenses. diagonal. abrasives, etc. 
Stock #70,00 4-5.. . ..... Size 6 .................. $11.40 Pstpd. 

SPITZ JR_ PLANETARIUM :" " 

Latest Model . • .  Fascinating! :it/!j/!ij.' : 
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ness. About 14" hl�h on a 7"x7" base. PrO­
jection sphel'(� 7" diameter. Included FREE: 
1�}����N�� bg��TER • • •  also 32 page ��;"::J � :1 
Stock No. 70.040·S S14.95 Pstpd. " 
SKY ZOO PROJECTOR fits abo,'e planetarium. 
Stock No. 70 .059-5 ........ · ................................ $3.98 Pstpd. 

Order by Stock No. Selld check or 111.0. (Open acct. to Tated /inns.) MOllell back guarantee. 
We have Literally M illions of WAR SURPLUS 
LENSES AND PRISMS AT BARGAIN PRICES 

Write for Catalog "S"-SENT FREE! 

EDMUND SCIENTIFIC CORP. 
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In its modern 

plant Ferson has 

facilities for 

prodUCing high 
precision optics 
under efficient 

economical 

Ferson Optical 

Company, Inc., 

Ocean Springs, 

Mississippi. 

Experimental aquariums for the study of pollution 

which are far less convenient to work 
with than fish [see "The Amateur Scien­
tist;" SCIENTIFIC AMERICAN, December, 
19,52]. Miss Mullan produced hairless 
mice, bushy mice and mice with coats 
of various colors, All bred true in suc­
ceeding generations, Her work differed 
from conventional breeding in that she 
used the laws of heredity, instead of 
merely following the classical rule of 
thumb that "like produces like," What 
Miss Mullan accomplished with mice 
other amateurs can do with fish, and 
with much less effort Fish are not so 
messy nor do they eat as much, 

What is the best diet for fish? This is 
another area of great interest among fish 
fans. The cliche among ichthyologists 
is that "the best food for fish is fish." 
Doubtless the rule holds for fish in the 
wild state. But most authorities now 
agree that it breaks down when fish are 
confined to an aquarium, Conditions in 
a tank are so different from those in trop­
ical streams and pools that only a few 
hundred of the most hardy specimens 
survive shipment, 

Leon F. \Vhitney, a veterinarian and 
authority on the guppy, recently made a 
start on the food question by measuring 
the proportion of water to dry matter in 
eight types of food usually given to 

tropicals, He found a great variation in 
the solid content of these foods-as much 
as 20-fold. The dry matter in Tubifex 
worms, Daphnia, bloodworms and brine 
shrimp ranges from about 4 per cent to 
14 per cent; white worms average 23 
per cent; commercial preparations (such 
as crushed dog biscuit) go as high as 93 
per cent These figures indicate why it 
is easy to kill fish by overfeeding when 
you give them dried preparations. 
Furthermore, there are many other 
things to consider besides the amount of 
solid content Fish need certain per­
centages of fats, carbohydrates, pro­
teins, vitamins and minerals. To keep 
them healthy, they should also have live 
food occasionally: dead worms, even if 
relatively fresh, fail to supply as much 
of some mysterious something as do 
worms that go into the tank alive. What 
element vanishes with the worm's 
death? Here is a challenging problem for 
an amateur with a background in bio­
chemistry. 

Equally subtle is the relationship be­
tween the fish and the water in which it 
swims, Christopher Coates, curator and 
aquarist of the New York Aquarium, 
has pointed out that fish tend to estab­
lish a chemical harmony between the 
fluids in their bodies and those in the 
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to the Engineer who seeks 

a wide variety of assignments 

An unparalleled variety of assignments await you at 

Lockheed's Engineering Flight Test Division. 

Lockheed diversification is the reason. This year alone 
flight tests must be conducted on new turbo-compound and 
prop-jet transports, extremely high-speed fighters, 
new types of jet trainers, patrol bombers, radar search planes 
and aerological aircraft. In development are jet 
transports and nuclear applications to aircraft and a 
large number of completely classif4:d aircraft. 

You not only work on many types of aircraft in Lockheed 
Flight Test, your work within each plane varies widely. 
Each flight test presents new problems, frequently requires 
new approaches. 

Because of this, personal initiative is welcomed and 
rewarded at Lockheed. 

Positions are open for: Assignments are in fields of: 

To non-aircraft 
engineers: 
Aircraft experience is 
not necessary to join 
Lockheed. It's your engi­
neering training and 
experience that count. 
Lockheed trains you for 
aircraft engineering-
at full pay. 

AERONAUTICAL ENGINEERS 

MECHANICAL ENGINEERS 

ELECTRICAL ENGINEERS 

PHYSICISTS 

POWER PLANT: engine and after-burner; fuel systems; oil, fire 
extinguishing and air conditioning systems. 

ELECTRONIC ENGINEERS 

CIVIL ENGINEERS 

with and without 
aircraft experience 

California Division 

FLIGHT ANALYSIS: CAA certification, aerodynamic performance, 
data processing. 

STRUCTURAL FLIGHT MEASUREMENT 

INSTRUMENTATION: systems design, calibration and maintenance. 

WEAPONS: fire control systems, ordnance, rocket sleds. 

RADIO AND RADAR: communications, search radar, 
magnatometers ranging and sighting gear. 

DYNAMICS: flutter, sound, vibration, autopilot and approach systems. 

Brief resume form at right 
is for your convenience 

in contacting Lockheed. 

E. W. Des Lauriers, Dept. Y A-12-3 
Lockheed Aircraft Corporation 
Burbank, California 

Name 

Lockheed Field of engineering 

Lockheed Aircraft Corporation 

Burbank, California 

Home Address 

Home Phone 

Where employed 
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2 engineers 
for Aircraft 

Nuclear Power Plant Design 
To engineers with creathe mir1ds and 
an interest in unusual design prob­
lems, the two positions open offer ex· 
ceptional opportunity in a highly 
promising new field . . . Aircraft 
Nuclear Propulsion. And General 
Electric can offer the qualified men 
excellent prospects for a long-range, 
well-paid career. 

Job One, with the Advanced Design 
Group, calls for an engineering degree, 
several years diversified experience in 
analysis and design of power plant 
components, including design of nu­
clear reactors. The job carries re­
sponsibility for preliminary design 
analysis of power plants, and direct­
ing completed scale design and layout 
drawings of power plants and equip­
ment. 

The second opening requires a B.S. 
or ad\·anced degree in M.E. or E.E., 
plus familiarity with fluid flow, heat 
transfer, stress, etc. Some Imowledge 
of fabrication processes and tech­
niques Is preferable. 

Publication of research results in the 
appropriate classified or open litera­
ture is encouraged. 

OpcIli11gS in Ci11cimlOti, Ohio, 
and Idaho Falls, Idaho 

Address Reply to location You Prefer 
Aircraft Nuclear Propulsion Dept. 

GENERAL e ELECTRIC 
Au: ·W. J. Kelly Au: L. A. Munther 

P.O. Box 132 P.O. Box 535 
Cincinnati, Ohio Idaho Falls. Idaho 

How good are your lenses? 

i-5611 
_ 40 11111111111 
_ 2811111111 -
- = -

1511 
2XoIIIIII 3.5 

� 14 1111 1 1  
== 10 III 

NBS PATTeRN = 7 II 
2S x 

GURL.ey 
TROY. N.Y. 

Test Camera or Telescope Optics 
Precisely with Gurley 

Resolution Targets on Glass 
It's easy to test camera and other optics, com­

pare resolving power of lenses with Gurley 

Resolution Targets. Gurley precision patterns 

on glaSf are provided for back illumination. 

Photographs of patterns reveal optics' image­

forming qualities. Four basic patterns available, 

including National Bureau of Standards, Air 

Force patterns. 

Full details and prices in Bulletin 8000·S 

W. & L. E. GURLEY, TROY, N. Y. 
Scientific Instrument Makers Sinc.e 1845 
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tank. By a kind of osmotic interchange 
the water in the tank becomes increas­
ingly like that in the fish and vice versa. 
Thus each fish conditions its aqumium, 
so that in time you wind up with "guppy­
water" or "swordtail-water," depending 
upon the species in the tank. 

The fluids of most species of tropical 
fish kept in aquariums differ only slight­
ly, so they can inhabit the same tank. But 
some are antagonistic to one another. 

. You can observe this by watching a tank 
with a mixed population, at the same 
time keeping individuals of these species 
in separate tanks for comparison. The 
fish in the separate tanks will grow faster 
and do better generally. In the mixed 
community, after a time, some fish will 
lose their vigor, some will lose color, 
some will fail to reproduce. As the ex­
periment progresses, it becomes clear 
that certain species are gaining the as-

cendancy, while others are dying out. 
Eventually you may be left with only 
one kind of fish in the tank. 

The fish are also in competition with 
microorganisms that drop in from the 
air, arrive with the food, and so on. 
Some microbes infect them with disease. 
Others may be helpful, but recent ex­
periments indicate that on the whole the 
fish would have the best chance of sur­
vival if they could live in an aseptic 
aquarium. Experimenters have raised 
fish of remarkable size and vigor by sup­
plying antibiotics to the water con­
tinuously from the egg stage to maturity. 
How much of the result is due to the 
suppression of microorganisms and how 
much to the influence of the drugs on 
the organic processes of the fish has not 
been determined. The answer may come 
from an experiment now under way at 
several research institutions. Fish are be-
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Boeing engineers find rewarding iobs in Wichita, Seattle 

This model of a supersonic airplane de­
sign was dropped at extreme altitude from 
a B-47 Stratojet. Telemetered data re­
vealed the characteristics of its supersonic 
flight to destruction at the earth's surface. 
This is just one example of Boeing­
Wichita's continuing development of ad­
vanced aircraft and associated system 
components. 

At Wichita research and development 
programs are expanding rapidly. Labora­
tory space has been quadrupled and many 
other new engineering facilities have 
been added to keep pace with increasing 
emphasis on technical development. At 
both of the company's plants, Seattle and 
Wichita, the increased scope and magni­
tude of this development effort is creating 
additional and excellent career opportu­
nities for all types of engineers. 

This means that if you are an electrical 
engineer, a mechanical engineer, a civil 

or an aeronautical engineer or a physicist 
or mathematician with an advanced de­
gree there is a real challenge for you in 
one of Boeing's design research or pro­
duction engineering programs. You would 
work in a tight-knit team where there is 
plenty of room for self-expression and 
recognition. 

Boeing engineers are working now on 
future airplanes and missiles that will 
maintain the standard of technical su­
periority established by the B-47 medium 
bomber, the B-52 intercontinental 
bomber, the BOMARC JM-99 pilotless 
interceptor, the 707 jet transport and the 
KC- 13 5 jet tanker-transport. 

Recognition of professional growth is 
coupled with career stability at Boeing -
twice as many engineers are now em­
ployed by the company as at the peak of 
World War II. They enjoy a most liberal 
retirement plan. How would you like a 

satisfying, creative job with the pick of 
the engineering profession? There may 
be one waiting for you in the progressive 
communities of Wichita or Seattle. 

• R. J. B. HOFFMAN, Administrative Engineer 

• Boeing Airplane Co., Dept. B·49, Wichita, Kansas 

• 
JOHN C. SANDERS, Stall Engineer - Personnel 

• Boeing Airplane Co., Dept. B-49, Seattle 14, W ash. 

• If you want further i nformation on the advan-
• tages of a career with Boei ng, please send cou-
• pon to either of the above addresses. 

Name ____________________________ _ 

College(s) __________ Degree(s)_ Year(s)_ 
• Address __________________________ _ 

Cily ____________ Zone State ______ _ 

BOEING 
Aviation leadership since 1916 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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MOUNTED AIR SPACED OBJECTIVES 
We offer the lowest priced ail' spaced hand-cor­
rected American made astronomical objectives 
Mounted in Black Anodized Aluminum Cells. 
DIA. F.L. PRICE 

3V4" 48" Not Coated ......... ... . .... ...... $28.00 
3V4" 48" Coated....... 32.00 
4y,," 62" Not Coated ....... 60.00 
4Vs" 62" Coated.... 69.00 
"BIG" lenses. Our selection of diameters and focal 
lengths Is the largest In the United States available 
for immediate deli'fery. Perfect magnesium fluoride 
coated and cemented achromatic telescope objec-
tires. *Not Coated 

Diameter Focal Length Each 

54m/m (2'18') 254m/m (10") .. . .... ...... . .  $12.50 
54m/m (2".") 390m/m (15.356") .... . . .. . . $ 9.75 
54m/m (2".") 622m/m (24%") ............. $12.50 
54m/m (2".") I016m/m (40") ... . ............. $12.50 
78m/m (3".") 381m/m (15") ............ ..... $21.00 
8lm/m (3",") 622m/m (24%") ............. $22.50 
83m/m (3�") 1016m/m (40") ...... .. ....... $30.00 

IIOm/m (4%")' I069m/m (42".") ............. $60.00 
IIOm/m (4%") I069m/m (42".") .... $67.00 
128m/m (5".")· 628m/m (24*") ... , ......... $75.00 
128m/m (5".") 628m/m (24*") ..... ........ $85.00 

Aluminum 
Telescope 

Tubing 

Aluminum 
Lens Cells 

0.0. 1.0. Price Per Ft. 

21Ja," 2%" $1.20 Pod. 
3%" 3%" 1.75 PDd. 
4,," 4%" 2.75 PDd. 
5" 4%" 2.75 Pod. 
Cell for Lenses Cell Fits Tubing Price 

54 mm Dlam. 21,4" D.D. $ 3.50 
78 mill " 3%" " 6.50 
81 mm 3%" " 6.50 
83 mm 3%" ,. 6.50 

110 mm 4%" ., 10.50 
Focusing Eyepiece Mounts, Rack & Pinion Type. 
The aluminum body casting is finished in bIad: 
craclde paint and is machined to flt all our 
aluminum tubing. Has a chrome-pIa ted brass 
focusing tube, which accommodates standard 1%" 
eyepieces. 

:g� �:Z:: t�: i�:�:�� Postp,ald $12.95 12.95 12.95 9.95 For 4%" I.D. Tubing 
Reflector type for all size tubing ... 

Free Catalogue •• M I LLIO NS" of Lenses. etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 

A. J AEGERS tV�B�O'liK� ���� 
Engineers 

& 
Physicists 

Inquiries are 
invited regarding 
openings on our Staff in 
the fields listed below: 

Scientific 
Staff 
Relations 

Ground and Airborne 
Radar 

Fire Control Systems 

Guided Missile Systems 

Airborne Digital 
Computers 

Electronic Business 
Systems 

Hughes Miniaturization and 
Advanced Packaging 

RESEARCH 
AND 

DEVELOPMENT 
LABORATORIES 

Communication 
Systems 

Microwave Ferrite 
Devices 

Antennas and Radomes 

Indicator and 
Microwave Tubes 

Semiconductor Devices 

Culver City, Los Allgeles COt/llty, California 

146 

Assurance is required that 
relocation of the applicant 
will not cause disruption of 
an urgent military project. 

-.! 

image 
5un 

An amateur's indoor sundial 

ing reared under sterile conditions. Eggs 
taken from the female by Caesarean sec­
tion are sterilized in a solution of forma­
lin and incubated in water hot enough 
to kill microorganisms. All the fish food 
is similarly sterilized. Preliminary reports 
indicate that giants are emerging from 
the experiment-fish twice the normal 
length and four times the weight! 

Joel Rodney, a Brooklyn high-school 
boy who makes a hobby of chemistry, 
undertook a series of experiments in the 
opposite direction. He tested fish in 
water polluted by industrial wastes. 

"Two years ago," he writes, "I came 
across an article in the New York Times 
which discussed the seriousness of pollu­
tion in Lake Michigan, particularly in 
the region of Chicago. 1 asked a friend 
who lives on the North Shore to bottle a 
sample of the lake water for me. Subse­
quent analysis showed a high concen­
tration of magnesium chloride. 1 won­
dered whether the concentration was 
strong enough to kill fish native to Lake 
Michigan, but since 1 was a thousand 
miles from the scene, 1 had to settle for 
experiments that could be tackled in my 
bedroom. 

"My subjects were guppies, which 
bear their young live, and the African 
mouthbreeder (Tilapia macrocephala), 
a species that lays eggs. Starting with six 
pairs of ordinary guppies, 1 bred several 
hundred within a few months, and from 
this stock 1 selected 108, ranging in age 
from two weeks to three and a half 
months. 1 divided them into 18 groups 
and placed each group of six fish in a 
glass jar containing three pints of water 
with a certain concentration of mag­
nesium chloride. As a control, 1 also had· 
two jars of guppies with uncontaminated 

water. All the fish were kept at a uniform 
temperature of 72 degrees by means of 
a 60-watt lamp bulb a few inches above 
each jar, which precisely compensated 
for the 10-degree nighttime drop in our 
thermostatically-controlled apartment. 1 
raised some Tilapia in the same way; 
since they did not reproduce nearly so 
rapidly as the guppies, 1 had only five 
jars of them for the experiment, plus one 
as a control. 

"I dried magnesium chloride over an 
open flame and then introduced a 
measured amount, weighed on an analyt­
ical balance, into each experimental jar, 
first dissolving the salt in a little water. 
1 started with a concentration of 100 
parts per million in the first jar, watched 
for the reaction of the fish, and succes­
sively increased the dose in the follow­
ing jars, up to 50,000 parts per million. 
For the guppies the minimum lethal dose 
proved to be 8,000 p.p.m. The 50 per 
cent lethal dose (killing half the fish) 
was 20,000 p.p.m. For Tilapia the mini­
mum lethal dose was 1,000 p.p.m. and 
the 50 per cent lethal 4,000 p.p.m. Tol­
erance for the poison increased with age: 
the oldest fish could withstand six times 
as high a concentration as the youngest 
[see chal'ts on page 144]. 

"After the experiment had been run­
ning a few weeks, 1 learned to predict 
probable mortality by observing the be­
havior of the fish when the poison en­
tered the water. Hardy specimens tend­
ed to swim around the tank, at a slightly 
faster than normal rate. Those more af­
fected swam in a figure 8. The most in­
jured darted up and down between the 
surface and the bottom of the tank. You 
often note erratic behavior like this on 
transferring fish from one tank to an-

© 1956 SCIENTIFIC AMERICAN, INC



E. D. McArthur, M.S., Union College, 

joined the General Electric Company 
in 1925 and for many years was in 

charge of advanced development for 

the vacuum-tube engineering depart­

ment. During World War II he was 

on special assignment with the U. S. 

Navy. receiving a Certificate of Com­

mendation. Since 1950 he has been at 

the G-E Research Laboratory as man­

ager of the Electron Tube Section. In 

1954 he won a National Electronic 
Conference award, adding to the hon­

ors he has received in connection with 
develop men t of "Lighthouse tubes/' 

Advances in tube design 
E. D. McArthur leads General Electric development of 

disk-seal tubes using cavity-resonator principle 

. "Lighthouse tubes," the famous World War II radar 
tubes which got their name from their appearance, 
truly have lighted the way to a revolution in elec­
tronic devices. E. D. McArthur created them by com­
bining his cavity-resonator concept, which made 
tubes virtually self-shielding, with the unique disk­
seal design, in which simple disks and cylinders served 
as conducting elements and tube envelope. "The disk 
tube," in McArthur's words, "was an embodiment of 
the principle that in the microwave field we could no 
longer speak of tubes and circuits as two distinct en­
tities ... but rather as a single electrical system." 
Over the years, disk tubes have become essential to 
coast-to-coast TV transmission and have lengthened 

the arm of radar defense. Using new materials and 
methods, the men in McArthur's Electron Tube Sec­
tion at the G-E Research Laboratory have developed 
microminiature ceramic tubes, now finding their first 
use in TV receivers. These tubes reflect the functional 
simplicity and superior electrical performance he 
envisioned nearly 20 years ago when he made a 
"dummy" model to show how the cavity-resonator. 
principle could be applied to triodes. 

Progress Is Otlr Most Imporft1nf Prot/tiel 

GENERAL fi ELECTRIC 
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liMy daddy 
wants to keep mell 

Motherless little Klaus - so sad-eyed 
,amI pensive - has known much misery 
since his family was forced to flee East 
Germany with only the clothes on their 
backs. After months of weary wandering, 
they found refuge in a West German vil-
lage. Then his mother died. , 

Klaus' father, a fine, industrious man, 
is recuperating from a serious operation 
and can only do odd jobs. There is little 
money, and often a shortage of food. The 
father is fighting valiantly to keep Klaus 
and to bring him up to be a good citizen. 
When Klaus' father recovers and re­
sumes regular work, he can provide a 
better home and nourishing food. Until 
then, you can help keep them together, 
help make Klaus' future secure. 

How You Can Help Klaus 
You can help Klaus or another needy 

child through the Child Sponsorship 
Plan of Save the Children Federation. By 
undertaking a sponsorship, you will pro­
vide funds to purchase food, warm cloth­
ing, bedding, school supplies-and other 
necessities -for "your" child in West 
Germany or in Finland, France, Greece' 
or Korea. The cost is only $120 a year, 
just $10 a month. Full information about 
the child you sponsor and a photograph 
will be sent to you. You may correspond 
with "your" child and his family, so that 
your generous material aid becomes part 
of a larger gift of understanding and, 
friendship. 

Your contribution in any amount 
will help. Send what you can today! 

SCF NATIONAL SPONSORS (a partial list) 
Faith Baldwin, Mrs. Dwight D. Eisenhower, 

Herbert Hoover, Rabbi Edgar F. Magnin, 
Dr. Ralph W. Sockman, Thomas J. Watson. r----------------, 

Founded 1932 
SAVE THE children FEDERATION 

CARNEGIE ENDOWMENT INTERNATIONAL CENTER 
UNITED NATIONS PLAZA, NEW YORK 17, N. Y. 

'�The hope 0/ fomorrow is the child 0/ today" 
I would like to sponsor a child in ............................................. _. 
(Greece, Korea, Finland, West Germany, France, or 
where the need is greatest). I will pay $120 for one 
yeor, $30 per quarter, or $10 a month. 

Enclosed is payment for the full year 0, lst quar­
ter 0, first month D. 

Please send me my child's name, story and picture. 

I· cannot sponsor a child, but I want to help . by 
giving $ . .... ..... ... ... ........................... _ .. _ ......• 

NAME... . . . . , ... ,.,.,.",.,., ..... ,.,., .. ".,., ...•. _." .. _,.' .. , 

ADDRESS"." .. 
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An analemma, with offset for daylight.saving time 

other. When I commenced working with 
fish, I supposed they behaved that way 
because of fright aroused by the han­
dling. Now I wonder whether chemical 
differences in the water may not ac­
count for it, at least in part." 

Rodney's paper describing this work 
won a Westinghouse Science Talent 
Search award, landed a summer job for 
him with the American Museum of 
Natural History and helped win a 
scholarship under which he is now 
studying at Brandeis University. 

A design for an unusual indoor sun-
dial has been submitted to this de­

partment by Rear Admiral Garret L. 
Schuyler, U.S.N. (Ret.) of Washington, 
D. C. His dial also serves as a calendar, 
occasionally as a wind vane and as a 
novel decorative scheme for your den, 
should your taste run to abstract art [see 
drawing on page 146]. 

"First select a window sill which gets 
direct sunshine for a couple of hours 
each day," says Admiral Schuyler. "In­
side the window, and well back on the 
horizontal sill-surface so as to avoid the 

shadow of the bottom of the window 
frame when the sun is low in winter, 
stick a 5/8-inch-square mirror face up­
ward, using Duco cement. The sun's 
rays will be reflected upward from this 
small mirror and, even if they should 
have to pass through a light rayon cur­
tain, they will make a small, roundish 
spot of light which travels across the 
ceiling as the sun's position shifts. 

"At some selected time of day, say 
noon, mark the position of the image on 
the ceiling with a tack or an inconspicu­
ous cross. Record the date with this 
mark. Repeat the process at weekly in­
tervals as the seasons change and the 
sun travels north or south. Now if you 
draw a smooth curve on· the ceiling 
through all the marked points, you will 
be able to tell noon of each day as the 
moment when the sun's image touches a 
point on this line. If you also mark its 
position on the curve on the first day of 
each month, you can closely estimate the 
day of the month from the image's cross­
ing on any day. 

"Such a curve, labeled 'analemma' 
and marked with the months of the 

, .... , 

Dial for 
South-facing 

Window 

Hour and date lines for un indoor sundial 
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B U 

WHY ENGINEERS 

FEEL AT HOME 

AT ROCKETDYNE 

First and foremost, ROCKETDYNE talks your lan­
guage - and understands it too. Your associates 
and supervisors here are professional people like 
you. They respect your status, your thinking, your 
ideas and your interest in technical advancement. 

ROCKETDYNE will encourage you to choose the 
field that is most satisfying and rewarding ... truly 
best for you. This is possible because its activity 
includes the full range of rocket engine development 
from preliminary design to field testing and pro­
duction ... because its programs include develop­
ment of the largest liquid-propellant rocket engIne 
in the Western World ... because it has contracts 
with all branches of the Armed Services and the 
guided missile industry for broad variety of rocket 
engine types and sizes. 

It may surprise you to know you can qualify for 
a career at ROCKETDYNE with or without specific 
rocket engine experience! Engineering experience 
in heating and ventilating, hydraulics, pumps, 

turbines, combustion devices, controls, dynamics, 
structures and instrumentation are just a few of 
the related fields that could open your future at 
ROCKETDYNE. 

ROCKETDYNE'S design and manufacturing center 
and its nearby test laboratory house complete, 
advanced facilities ... the vital tools you need to 
meet the challenges of rocket engine development. 

ROCKETDYNE is North American's rocket engine 
division. It has just moved into new ultra-modern 
headquarters in Canoga Park, located in the beauti­
ful West San Fernando Valley of Los Angeles. This 
area is famous for its fine residential sections, 
modern shopping-center convenience, varied recrea­
tional and entertainment facilities. Any point in the 
San Fernando Valley is just minutes drive from the 
beaches, and the weather is pleasant all year around. 
Many engineers are interested in advanced courses 
offered by fine schools like UCLA, USC, and Cal 
Tech, all within a short drive from our headquarters. 

THESE POSITIONS NOW OPEN AT ROCKETDYNE: 
DESIGN & DEVELOPMENT ENGINEERS 

Mechanical, Chemical, Electrical, Aeronautical, Stand­
ards, Structural and Stress. For rocket engine com­
ponents and systems design or development. Turbine, 
pump, controls and combustion device experience pre­
ferred. 

TEST ENGINEERS 

Experienced on engine systems, combustion devices, 
turbines, pumps and engine instrumentation. 

DYNAMICS ENGINEERS 

To analyze rocket engine control systems utilizing 
electronic analog and digital computers, B.S., M.E., 
or B.S.E.E. necessary. Prefer advanced degree. Experi­
ence in servomechanisms, systems anaylsis desired. 

THERMODYNAMICIST 

To analyze, design and develop high speed subsonic 
and supersonic turbines. Jet engine or industrial 
stearn turbine experience desired. 

WEIGHT ENGINEERS 
EQUIPMENT DESIGN ENGINEERS 

ELECTRONICS TECHNICIANS 

Electrical, mechanical, structural, industrial. Fordesign SPECIFICATIONS ENGINEERS 

of facilities, specialized test, and handling equipment. ENGINEERING DRAWING CHECKERS 

Write MI'. Grant Baldwin, Rocketdyne Engineering Person­

nel, Dept. 596·SA, 6633 Canoga Ave., Canoga Park, Calif. ROCKETDYNE It 
A DIVI SION OF NO RTH A ME RICAN AVIATION, INC. 

L D E R S o F P O W E R F O R  O U T  E R S P A C E 
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Sc ient i f i c  Enc l o s u res 
Q u i c k l y  A s s e m b l e d ! 

BRITISH INO USTRIES CORPORATION 

PORT W ASHINGTON, N, Y. 

LITCHFI ELD PARK 
PHOEN IX,  ARIZONA 
N EW ELECTRO N I C  

LABORATORY NOW 
BEI N G  STAFFED 

T h i s  modern laboratory is a k e y  part 
of the larger well·established, and pro· 
gressive AEROPHYSICS DEPART· 
MENTS at GOO DYEAR AIR CRAFT 
CORPORATION in Akron, Ohio ; a 
division of the world·wide GOODYEAR 
TIRE AND RUBBER COMPANY. 

Positions are open at all levels of 
experience in : 

E L E CTRON I C  SYSTEM ANALYSIS,  
M I C ROWAVE a n d  S E RVOMECHA­
NISMS,  A I R CRAFT INSTRUM ENTA­

TION,  RADAR 
Design of complete radar including reo 
ceiver sections, wave guides, antennas, 
mo dulators, display circuitry. 

Long.range, interesting work. Inex· 
pensive modern housing. 

WESTERN L IV I NG AT ITS BEST 
" I N  THE VALLEY OF THE SUN" 

GOODIi'EAR AI R€:RAFT 

1 50 

Send resume to: 

A .  E .  M a nning 
Engineering P e rsonnel 

Goodyea r Ai rcraft Corpo ration 
litchfie ld  Park, Arizona 

S i m i l a r  opportunities a re open 
in our Akron,  Ohio P l a nt 

year, is often reproduced on geographi­
cal globes in the conveniently open area 
of the Pacific Ocean, Our curve on the 
ceiling is this same analemma-reversed 
by reflection, distorted by oblique pro­
jection on the ceiling, and modified by 
two sudden displacements where the 
time changes from 'Standard Time' to 
'Daylight Time' and vice versa. But even 
though the mirror is canted and the ceil­
ing may be somewhat irregular, the 
method described will establish a time­
of-day curve without resort to mathe­
matics or the usual correction devices 
required by sundials. 

"A single line is perhaps all that many 
persons will want, but by constructing a 
series of lines corresponding to the hours 
and quarter-hour intervals one can read­
ily make a complete sundial. Care must 
be taken, however, to distinguish the 
parts of the lines which are traced when 
the sun is traveling south (June to De­
cember) from those when it is traveling 
north (December to June) . One set of 
markings may be traced by solid lines 
and the other by dotted lines. In prac­
tice it is convenient to use Scotch tape 
for marking the lines, one set in red tape 
and the other in black. The resulting de­
sign is both attractive and easy to read. 
The design's interest can be heightened 
and its utility doubled by making two 
sundials: one from a south window and 
one from a west window of the same 
room with the lines crossing. 

"The traveling spot corresponds to the 
sun's image in a pinhole camera, the 
'pinhole orifice' being replaced by the 
small mirror. At close range the spot is 
somewhat rounded but the same size as 
the mirror. Farther away the width is ap­
proximately equal to the diameter of the 
mirror multiplied by ,009 times its dis­
tance from the mirror, At 10 feet the 
1 5-minute lines will be spaced about 10 
inches apart. Time can easily be esti­
mated to the nearest minute. 

"If you watch carefully, cloud forma­
tions can often be seen drifting across the 
sun's disk. Thus the indoor sundial acts 
as a vane showing the direction of the 
wind. This effect could doubtless be 
heightened by inserting a spectacle lens 
of appropriate focal length in the beam 
-but I have not added this refinement, 

"For a shut-in person, or for anyone 
persistent enough to pursue the project 
for a whole year, we can think of no 
easier or cheaper hobby than construct­
ing time-of-day lines for sundials of this 
sort. And between the convenience and 
comfort of reading an outdoor sundial in 
wintry weather and reading one on the 
ceiling, we submit that there can be 
hardly any comparison." 

A D M I RA L  C O R P O RAT I O N ,  GOVERN M EN T  
LABO RATO R I ES D I V I S I O N  . . . . . . . . . . . . . . .  � 5  

Agency : Cruttenden & Eger Associates 

A L L EG H E N Y  L U D L U M  STEEL C O R P O RAT I O N  1 7  
Agenc y :  W .  S .  Walk.er Advertising, Inc.  

A L L E N · B RA D L EY CO • . . . .  103  
Agency :  The Fensholt Advertising Agency, I n c .  

A M E R I CA N  CYA N A M I D  C O M P A N y  . . . . . . . . . . . . .  28,  2 �  
Agency : Hazard Advertising Company 

A M P EX C O R P O RAT I O N  .. . . . .  . 
Agen c y : Boland Associates 

ANACON DA C O M P A N Y ,  T H E. . . . . . . .  77 
Agen c y : Kenyon & Eckhardt, I n c .  

A N G I E R P R O D U CTS, I N C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
Agen c y : The Eddy-Rucker-Nickels Company 

ARMA D I V I S I O N  O F  A M E R I CA N  BOSCH 
ARM A C O R P O RAT I O N  . . . .  �8 

Agen c y : Deutsch & S h e a ,  I n c .  

A RM O U R  AND C O M P A N Y ,  A R M O U R  C H EM I -
C A L  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 ,  1 3  

Agency : Foote, Cone & Belding 

A R M ST R O N G  CORK C O M P A N Y ,  I N D U ST R I A L  
D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 , 62, 63 

Agen c y : Batten, Barton, D urstinc & Osborn , I n c .  

ATO M I C  DEVELO P M E N T  S EC U R I T I ES C O . ,  
I N C .  . . . .  1 1 2 

Agenc y : Molesworth Associates 

ATO M I C  LABO RATO R I ES,  I N C. . . . . . . .  1 06 
Agen c y : Vernor Advertising Agency 

AVCO D E F E N S E  A N D  I N D U ST R I A L  P RO D. 
U CTS, ADVANCED D EV E LO P M E N T  D I V I -
S I O N  . . . .  1 25 

Agen c y : Benton & B owles, I n c .  

A V C O  D E F E N S E  A N D  I N D U ST R I A L  P R O D ·  
UCTS,  LYC O M I N G  D I V I S I O N . . .  80  

Agency : B e n t o n  & Bowles, I n c .  

BAUSCH & L O M B O P T I C A L  C O  • . . .  
Agency : Ed W o l ff  & Associates 

B E H AV I O RAL SC i E N C E. . . . . . . .  1 30 
B E L L  A I RCRAFT C O R P O RAT I O N . . . . . .  1 09 

Agency : Comstock & Company 

BELL T E L E P H O N E  LABO RATO R I ES . . . . . . . . . . . . .  1 5  
Agen c y : N .  W .  A y e r  & Son, Incorporated 

B E N D I X  A V I AT I O N  C O R PO RAT I O N . . . . . . . .  ��  
Agen c y : MacManus, John & Adams, I n c .  

B E N D I X  AV I AT I O N  C O R P O RAT I O N ,  FR I EZ 
I N ST R U M E N T  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . .  1 6  

Agency : IHacManlls, John & Adams, J n c .  

B E R K E LEY E N T E R P R I S ES ,  I N C. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 
Agenc y : Battistone, Bruce and Donigcr, l ll c .  

B E RYLL I U M  C O R P O RAT I O N ,  TH E . . . . . . .  . 
Agen c y : Gray & Rogers 

BLACK L I G H T  C O R P O RAT I O N  OF A M E R I CA 86 
Agency : Edward S.  Kellogg Company 

BO E I N G  A I R P L A N E  C O M P A N y. . . . . . . . . . . . . . . .  145 
Agen c y : N .  W. Ayer & Son, Incorporated 

BOOK F I N D  C L U B ,  T H E. . . . . . . . . . . . . . .  1 2� 
Agency : Roeding & Arnold, I n c .  

B R I ST O L  C O M P A N Y ,  TH E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 08 
Agen c y : James Thomas Chirurg Company 

B R I T I S H  I N D U ST R I ES C O R P O RAT I O N . . .  1 50 
Agen c y : The Kaplan Agency 

B R U S H  E L ECTRON I C S  CO . . . . . . . . . . . . .  l n s ide  Back Cover 
Agency : The Griswold · Eshleman Co. 

CAL I DY N E  C O M PANY,  THE . . .  14  
Agency : Meissner & C ulver, Inc.  

CAM B R I D G E  T H E R M I O N I C  C O R P O R AT I O N  . . .  1 1 4 
Agency : James Thomas Chirurg Company 

CAM B R I D G E  U N I V ERS ITY P RESS. . . . . . . . .  1 34 
Agen c y : Sussman & Sugar, Inc.  

C A R B O LOY D E PA RTM E N T  O F  G E N ERAL 
E L ECT R I C  COMPANy .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 3 

Agency : Brooke, Smith, French & Dorrance,  I n c .  

CLEVELA N D  P N E U M AT I C  T O O L  C O M PA N y  . . . . 5 9  
Agency : Meldrum & Fewsmith, I n c .  

C O N � I N ENTAL FELT C O M P A N Y ,  I N C . . . . .  88 
Agen c y : Ritter. Sanford & Price, I n c .  

COOPER A L LOY C O R P O RAT I O N  . . . . . . . .  . 1 20 
Agency : Mahool Advertising, Inc.  

C O P P E R  AND BRASS RESEARCH ASSOC I A-

Ag!�?y� i : ·�i . H;�k�;;�·�·I�;. 
85 

© 1956 SCIENTIFIC AMERICAN, INC



I N DEX  O F  ADVE RTI S E R S  
MARCH, 1 956 

D EC I S I O N  I N C .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  84, 1 1 2 
Agency : Farson,  H u ff  & Northlich 

D O U G LAS A I RCRAFT C O M P A N Y ,  I N C . . . . . 1 40 
Agency : J. Walter Thompson Company 

DOW C O R N I N G  C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . 49 
Agency :  Church and Guisewite Advertising, I n c .  

D U  P O N T .  E. I . ,  D E  N E M O U RS & C O . ,  I N C . ,  
I N D U S T R I A L  C O A T E D  FA B R I C S  D I V I S I O N  

Agency : Batten, Barton, Durstine & Osborn, Inc.  

D U R EZ PLAST I CS D I V I S I O N ,  H O O K E R  E L EC-
TROCH E M I C A L  C O M PA N y .. . . . . . . . . . .  60 

Agen c y : Comstock & Company 

EAST M A N  C H E M I C A L  P R O D U CTS,  I N C . ,  S U B­
S I D I A RY O F  EAST M A N  K O D A K  C O M PA N Y  5 1  

Agency :  Fred Wittner Advertising 

EASTM A N  K O D A K  C O M PANY . . . . . . . . . . . . . . . . ... . . .......... 47 
Agency : Charlcs L. Rumrill & Co., I n c .  

E D M U N D  SCI E N T I F I C  C O R P  . . . . . . . . . . . . . . . . . . .. .. .. ....... .... 142 
Agency :  Walter S .  Chittick Company 

E LG I N  N AT I O N A L  WATCH C O M PANY, 
O R D N A N C E  D I V I S I O N  25 

Agen c y : Waldie and Briggs, I n c .  

E N CYCLO P A E D I A  B R I T A N N I CA, I N C. . .  1 35 
Agenc y : United States Advertising C orporation 

ENJAY C O M PA N Y ,  I N C. . . . . . . . . . . . .  27 
Agency :  A'JcCunD·Erickson, Inc.  

FA I RC H I L D  E N G I N E  AND A I RPLAN E C O R-
P O R AT I O N ,  A I RCRAFT D i V i S i O N . . . . .  . . 1 9 , 54 

Agency :  Gaynor Colman Prcntis & Varley, I n c .  

FA R N SW O RT H  E L ECTRO N I CS C O M PA N Y ,  A 
D I V I S I O N  O F  I N T E R N AT I O N A L  T E L E­
P H O N E  A N D  T E L E G R A P H  C O R PO RAT I O N  1 54 

Agen c y : Chamberlin.Junk Advertising. Inc.  

FERSON OPTICAL C O M PA N Y ,  INC . . . . . . . . . . . . . .. .. . 142 
Agenc y : Godwin Advertising Agency 

FORD I N ST R U M E N T  C O M P A N Y ,  D I V I S I O N  OF 
·S P E R RY RA N D  C O R P O RAT I O N  6 1  

Agency : G .  1\'1. Basford Company 

G A R R ETT C O R P O RAT I O N ,  T H E ,  A I R ES E A RCH 
M A N U FACT U R I N G  D I V I S I O N S  . . . . . . . . . . 82, 83 

Agency : J. Walter Thompson Company 

G E N E R A L  A M E R I CA N  TRAN S P O RTAT I O N  
C O R P O RAT I O N ,  KAN I G E N  D I V I S I O N  

Agency :  Weiss and Geller, I n c .  

G E N ERAL ELECT R I C  C O M PA N Y  . . .  
Agen c y : Batten, Barton,  Durstine & Osborn, Inc.  

G E N E R A L  E L ECT R I C  CO . .  A I RCRAFT N U-

147 

C L E A R  P R O P U LS I O N  D E PARTM E N T . . .  1 44 
Agenc y : Deutsch & Shea, I n c .  

G E N E RA L  E L ECT R I C  C O M P A N Y ,  X- RAY D E-
P A RTM E N T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9 

Agen c y : Klau-Van P ietersom -Dunlap, I n c .  

G E N ERAL M OT O R S  C O R P O RAT I O N ,  N EW 
D E P A RT U R E  D I V I S I O N  . . . . . .  . .  . . . . . . . . . . . .  B.ck  Cover 

Agency : D. P _ Brother & Company 

G E N ERAL M OTORS C O R PO RAT I O N ,  SAG I -
NAW STEER I N G  G E A R  D I V I S I O N  . . . . . . . . . . . . . . .  55 

Agen c y : D .  P .  Brother & Company 

G E N E R A L  P R EC I S I O N  EQ U I P M E NT CO R P O-
RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 2 1  

Agenc y :  Geer, D u Bois & Company, I n c .  

G E N ERAL P R EC I S I O N  LABO RATO RY I N C O R­
P O RAT E D ,  A S U B S I D I A RY O F  G E N ERAL 
P R EC I S I O N  E Q U I P M E N T  C O R P O RAT I O N  .. 20 

Agency :  G e e r ,  D u Bois & Company, I n c .  

G O O DYEAR A I RCRAFT C O R P O RAT I O N  150 

G R A P H I C  SYST E M S. . .  1 1 0 
Agency : Diener & Dorski nd Incorporated 

G U R L EY , W. & L.  E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. 144 
Agency :  Fred Wittner Advertising 

H U G H ES RESEARCH A N D  DEVELO P M E N T  
LABO RAT O R I ES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. . .. 146  

Agen c y : F o o t e ,  Cone & Belding 

I N T E R N AT I O N A L  B U S I N ESS M AC H I N ES 
C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 , 1 56 

Agency : Benton & Bowles, I n c _  

J A E G E R S ,  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  146  
Agen c y : Carol Advertising Agency 

K E N N A M ETAL I N C O R PO RATED . . . . .. . . . . . .. .. ... ... .. ... 6 
Agency : Ketchum, MacLeod & Grove, I n c _  

KO L
S
L3�s��A��S6�U

s� 1�1Af� r��A ;�g�: 
U CTS CO. I N C . .  7 

Agency : Schaefer & Favre, Advertising 

L E FAX P U B L I S H ERS . . . . . . . . . . . . . . . .. .. . . . . .. .. ... ... . . .. . . .. .... .. ... .. 1 30 
Agency :  H. Lesseraux 

L E I TZ,  E . ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I  
Agency : L.  \V .  Frohlich & Company, I n c .  

L I B R A RY O F  S C I  E N C E ,  T H E.. . . .  1 26 
Agency : B. L. :Mazel, I n c .  

L I N G U A P H O N E  I N S T I T U T E  
Agen c y : The Kaplan Agcncy 

L I V I N G  LAN G U A G E  CO U RS E ,  TH E . . . . . .  
Agen c y : Maxwell  Sackheim & C o . ,  Inc.  

LOC K H E E D  A I RCRAFT C O R P O RAT I O N ,  CA L I -

1 37 

1 3 1  

FO R N I A  D I V I S I O N  . . . . . . . .  1 43 
Agency : Hal Stebbins, I n c .  

LOC K H E E D  A I RCRAFT C O R P O RATI O N ,  M I S-
S I L E  SYST E M S  D i V i S i O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1  

Agcn c y : Hal Stebbins, I n c .  

LOS A L A M O S  SC I E N T I F I C  LABO RATORY O F  
T H E  U N I V E R S I TY O F  C A L I FO R N I A  1 00 

Agency : Ward Hicks Advertising 

M A LAYAN T I N  B U R EA U ,  TH E 92 
Agcn c y : Gray & Rogers 

M A R Q U ARDT A I RCRAFT C O M P A N y.. . . . . . . . . . . .  23 
Agency : Doyle, Kitchen & McCormick, I n c .  

M A RT I N C O M P A N Y ,  TH E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 2  
Agency : VanSant, D ugdale & Company, I n corporated 

M . I .T. L I N CO L N  LABO RATO Ry.. . . . . . . . . .  1 52 
Agen c y : Chambers and Wiswell, I n c .  

M E L P A R ,  I N C . ,  S U BS I D I A RY O F  WEST I N G -
H O U S E  A I R  B R A K E  C O M PA Ny. . . . .  1 37 

Agenc y : Equity Advertising Agency 

M I N I A T U R E  P R EC I S I O N  B EA R I N G S ,  I N -
C O R P O RATED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 

Agen c y : Henry A .  Loudon-Advertising, I n c .  

M I N N EA P O L I S- H O N EYW E L L  R E G U LATO R 
C O . ,  I N D U ST R I A L  D I V I S I O N . . . 1 0 1  

Agenc y : The Aitki n . K ynett C o .  

M O N S A N T O  C H E M I C A L  C O M P A N Y ,  P LAS-
T I CS D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

Agen c y : Needham, Louis and Brorby, I n c .  

M OT O R O L A ,  I N C .  . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 02 
Agenc y : Kolb & Abraham Advertising 

N O R D E N - K ETAY C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . .  1 22 , 1 23 
Agency :  Hicks & Greist, I n c .  

N O RT H  A M E R I CA N  AV I AT I O N ,  I N C  . . . . .  58.  87, I I I  
Agency : Battcn, Barton, Durstine & Osborn, I n c .  

N O RT H  A M E R I CA N  AV I AT I O N ,  I N C . ,  A U TO-
N ET I C S  D I V I S I O N  . 1 39  

Agency :  Batten, Barton, D�·���·i·��"&· ·O�·b��·�· : · 'i',�·�·� 
N O RT H  A M E R I CA N  AV I AT I O N ,  I N C . ,  

Ag��c; � �!?t!I� EB���� � bC:�ti
'�� "&' ·6�·b��·�:· ·i·,�·�·: 1 49 

O L I N MATH I ES O N  C H E M I CA L  C O R PO-
RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

Agen c y : Doyle, Kitchcn & McC ormick, I n c .  

P A N E L L l T ,  I N C .  . . . .. . . . ..... . ......... . . . ..... 8 
Agen c y : Sidney Clayton & Associates 

P H I LO S O P H I C A L  L I B RA RY ,  P U B L I S H ERS. . . .  1 28 
Agency : Lester Loeb _4.dvertisillg 

POTTER & B R U M F I E L D  M FG .  CO .• I N C .•  S U B­
S I D I A RY O F  A M E R I CA N  M AC H I N E  & 
FO U N D RY C O M PANY.. . 1 8  

Agency : Fletcher D .  Richards, Inc.  

P RATT & W H I T N EY A I RCRAFT .  D I V I S I O N  OF 
U N I T E D  A I RCRAFT C O R P O RAT I O N .  1 32 

Agency : G. F. Sweet & C o . ,  I n c .  

R A D I O  C O R PO RAT I O N  O F  A M E R I CA ,  EM-
P LOYM E N T  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53  

Agen c y : Al  Paul Lefton Company, I n c .  

R A D I O  C O R P O RAT I O N  O F  A M E R I CA .  E N G I -
N E E R I N G  P R O D U CTS D E PARTM E N T  1 0  

Agenc y : A l  Paul Lefton Company, I n c .  

R A M O - W O O L D R I D G E  C O R P O RAT I O N ,  TH E 50  
Agenc y :  The Mc Carty C o .  

R EACT I O N  M OT O R S .  I N C . . .  . . . . . . . . . . . . . . . .  23  
Agen c y : D o y l e ,  Kitchen & M c C ormick, I n c .  

R E M I N G T O N  RAN D U N IVAC, D I V I S I O N  OF 
S P E R RY R A N D  C O R P O RAT I O N . . . . . . . . . . . .  . .  . . .  1 07 

Agency : Leeford Advertising Agency, I n c .  

R E P U B L I C  A V I AT I O N  C O R P O RAT I O N  136  
Agenc y : Deutsch & S h e a ,  I n c .  

R E V E R E  C O P P E R  A N D  BRASS I N CO RPO-
RAT ED . . . . . . . . . . . . . . . . . . . . . . .  78 , 79 

Agency : S t .  Georgcs & K e y e s ,  I n c .  

SAVE T H E  C H I L D R E N  F E D ERAT I O N .  148 
Agency : Esmond Associates, I n c .  

SC I E N C E  BOOK C L U B .  I N C . . .  . .  . . . . . . . . . . . . . . . . . . . . .  1 3 3  
Agenc y : Waterston a n d  Frisch, I n c .  

S H E L L  D EV E L O P M E N T  C O M PANY.  EXPLO RA­
T I O N  A N D  P R O D U CT I O N  RESEARCH D I -
V I S I O N  . . . . .. . . .  1 1 4 

S I G M A  I N ST R U M E N T S ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Agency : Meissner & C ulvcr, I n c .  

S I M O N A N D  SCH U ST E R ,  P U B L I S H ERS. . .  1 38 
Agency : Sussman & Sugar, I n c .  

S I M P S O N  E L ECT R I C  CO. . .  1 1 0 
Agency : The F ensholt Advertising Agency,  I nd:" 

SM I T H .  A. 0 . . C O R P O RAT I O N . .  . .  . . . . . .  56,  57 
Agenc y :  Klau- Van Pietersom-Dunlap, I n c .  

S O L A R  A I RC RAFT C O M PA N y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 91  
Agency : The Phillips·Ramsey Company 

S P E R RY GYROSCO P E  C O M PANY.  D I V I S I O N  
O F  S P E RRY R A N D  C O R P O RAT I O N ......... . . 58 

Agency : Equity Advertising Agency 

SYLVA N I A  E L ECT R I C  P R O D U CTS I N C O R P O -
RAT E D .  ATO M I C E N E RGY D I V I S I O N  2 4  

Agency : J .  \Valter Thompson Company 

S Y N TH A N E  C O R PORAT I O N . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .. . 97 
Agency : Arndt-Preston-Chap i n - Lamb & Keen-Inc.  

T EC H N I C A L  C H A RTS I N C O R P O RATED. .  98 
Agen c y : Lloyd Mansfield Company, I n c .  

T I C K L E .  ARTH U R .  E N G I N E E R I N G  W O R KS ,  
I N C .  86 

Agenc y :  Ritter, Sanford & Price, I n c .  

T I TA N I U M  A L LOY M FG .  D I V I S I O N .  NA-
T I O N A L  LEAD C O M PA N y  . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . 48 

Agcn c y : Comstock & Company 

U N I O N  C A R B I D E  A N D  C A R B O N  C O R P O -
RAT I O N  .. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . I n s i d e  F ront Cover 

Agency : J.  M .  Mathes, Incorporated 

U N I T E D  STATES R U B B E R  C O M P A N Y .  
ROYA L I T E  D I V I S I O N  75 

Agency : Fletcher D. Richards, I n c .  

U T I CA D R O P  F O R G E  AND T O O L  CORPO-
RAT I O N .  U T I CA M ETALS D I V I S I O N . . .  89 

Agenc y :  Wilson, H aight, W e l c h  & Grover, I n c .  

W E L L I N GT O N  SEARS CO . .  A S U B S I D I A RY O F  
W EST P O I N T  M A N U FACTU R I N G  C O .  1 1 5 

Agen c y : Ellington & Company, I n c .  

WEST I N G H O U S E  E L ECT R I C  C O R P O RAT I O N ,  
B ETT I S  PLANT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I SS 

Agency : Ketchum, MacLeod & Grove, I n c .  

1 5 1  

© 1956 SCIENTIFIC AMERICAN, INC



MIT 
LINCOLN 

LABORATORY 

II ilL Jill 

• Electrical Engineers 

• Physicists 

• Mathematicians 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

• 

SAGE (semi-automatic ground environment) 

AE W (air-borne early warning) 

WHIRLWIND COMPUTER 

SOLID STATE 

HEA VY RADARS 

MEMORY DEVICES 

SCATTER COMMUNICATIONS 

TRANSISTORIZED DIGITAL 

COMPUTERS 

• • • 

• 

• 
• 
• 
• 
• 

• 
• 
• 

• 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

152 

If you are interested in participating 
in any of these programs address: 

Dr. M. G. Holloway, Director 

M.I.T. Lincoln Laboratory 

Lexington 73, Mass. 
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Like to join this session on atomic-powered ships? 
This is a working session of some of the country's 
best scientific and engineering minds. Their assign­
ment: develop, design and construct atomic power 
plants for a fleet of ships. Where are they? At 
Bettis Plant, Pittsburgh, operated by Westinghouse 
for the AEC. This is the largest design and engineer­
ing center for atomic power plants in the country. 
Here the power plants for an atomic fleet are 
actually being designed and built. 

You can join them if you are a competent physicist, 
mathematician, metallurgist, mechanical or electrical 

engineer. The work is fascinating-anything but 
routine-because so many of the important things 
being done at Bettis are being done for the first time. 

Activity at Bettis Plant is expanding because 
more power reactors are being built here than at 
any other place. 

Atomic experience is not required. Write for a 
descriptive brochure describing opportunities in 
your field. Be sure to indicate your specific interests. 
Mr. A. M. Johnston, Westinghouse Bettis Plant, 
P. O. Box 1468, Dept. A-H, Pittsburgh 30, Pa. 

�stinghouse 
BETTIS PLANT 

First in atomic power 
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Associates 

and your 
growth 

• 

as an engineer 

During the IRE Convention, visit 
the IBM Suite at the Waldorf­
Astoria Hotel to discuss career 
opportunities with members of 
our professional staff. Also see 
the IBM Exhibit-Booth Nos. 
77-79-at the Kingsbridge Palace. 

IBM 
® 
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• Do your associates stimulate your thinking? Are your 
managers receptive to your original ideas? At IBM, an engineer 
can answer these basic questions with an unqualified "yes." 

In IBM's modern labs, engineers sense the professional excitement 
that stems from a continual interchange of original ideas. Their 
contributions-even on proiects not specifically their own - receive 

sympathetic hearing from men whose management positions 
were attained by outstanding engineering achievement. 

IBM's world-wide reputation for digital computer design 
and development confirms our belief that a talented engineer 
should be actively encouraged to grow-without resb'ictions 
-to the fullest limit of his ability. 

If you have a degree in E.E., M.E., or Physics, or equivalent 
experience, find out what IBM's tradition of engineering excellence 
can mean in terms of your own future growth and achievement. 
Write to Wm. M. Hoyt, Room 1103, International Business Machines 
Corp., 590 Madison Avenue, New York 22, N. Y. 

INTERNATIONAL 

BUSINESS MACHINES 

CORPORATION 

DATA PROCESSING 

ELECTRIC TYPEWRITERS 

TIME EQUIPMENT 

MILITARY PRODUCTS 
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Fish Ahoy! 
Piezoelectric materials by Brush help launch 

cost instrument, is 

designed for sport and /ishing 

craft. It is made by Raytheon 

Manufacturing Company, 

Waltham, Massachusetts. 

DIVISION OF 

CLEVITE CORPORATION 

n 
--
- --
_. -
-- ..-

. mm:mm 

another new product 

This feminine angler holds a big advantage over 

the poor fish. Her boat is equipped with a new type echo 

sounder which instantaneously shows depth of water 

underneath. It helps locate banks where the "big ones" 

are, and even reports schools of fish passing below. 

Brush piezoelectric materials are used in the 

sending-receiving transducer. These materials, which 

convert electrical impulses into acoustic signals and vice 

versa, are vital components in depth sounders, sonar 

systems and weapons systems, dictating equipment, 

computers and so on. Will they help in your new product? 

For complete information call your Brush 
representative. Or write Brush Electronics Company, 

Dept. B-3, 3405 Perkins Avenue, Cleveland 14, Ohio. 
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NEW DE PARTURES OF TOMORROW 

TOMORROW: A floating fishery to locate, attract, catch, process, package and freeze fish ... manufacture by-products ... even conserve the spawn. 

TODA V: New Departure Sealed - for -life ball 
bearings are safeguarded against dirt and moisture 

... protect all types of conveyors a�oinst "down­

time" and costly maintenance. 

From catch to "quick-freeze" in minutes • • .  that's the trawler of 

tomorrow-a floating fishery to locate, attract, catch, process, 

package and freeze fish • . .  manufacture by-products and conserve 

spawn. Imaginary? Sure! But it's coming. And look for New 

Departure ball bearings, many self-sealed and lubricated-far-life, 

on the job. New Departures simplify design, require little or no 

maintenance, assure long-life performance of working parts under 

extreme conditions. Today, as in the future, it's New Departure 

for the finest in quality and engineering service. 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • BRISTOL, CONNECTICUT 

� 
EPARTURE 

BALL BEARINGS 

NOTHlt�C ROLLS LikE A 8ALL 
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