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�y Mr. T ...... loves timber pie 
TET Mr. Termite set tooth to the wood in your 
L house and you'll soon be faced with expen­
sive repairs. He has a taste for timber anti his 
ability to live on it is unique among insects. 

Now, however, Shell Chemical curtails Mr. T's 
appetite with a potent insecticide, dieldrin. When 
applied to the soil around and under old and 
new houses, dieldrin creates an impregnable bar-

rier to termites ... and the houses remain termite­
proof for years. No termite can cross this "no­
bug-land" to gnaw at your home. 

The development of dieldrin for control of 
termites is another example of how Shell Chemi­
cal helps the homeowner 
p r o t e c t  his i n v e s t m e n t  
against insects. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

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

Lithimn differs in organic 
chemistry • • •  

because its organolithium compounds 
form a unique class with stability, solu· 
bility and activity characteristics inter­
mediate between those of the Group I 
and Group II organometallic compounds. 

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

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

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

Lithium differs in metallurgy ••• 

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

Lithium differs in inorganic 
chemistry • • •  

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

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

Lithium differs in heat 
transfer • • .  

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

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

... btewU akad  in �� fn IdIumn l\ITHIUM CORPORATION 
OF AMERICA, INC. 

! 2685 RAND TOWER 
MINNEAPOLIS 2, MINH. 

'MINES: Keystone. Custer. Hill City. South Oakota • Bessemer City. North Carolina • Cat Lake , Manitoba . Amos Area, Quebec. BRANCH SALES OFFICES: New York 
PittsbiJr,b • Chica,o • CH EMICAL PLANTS: St.louis Park, Minnesota . Bessemer City. North Carolina . RESEARCH LABORATORY: St. Louis Park. Minnesota 
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Two-Hundred-Nlillion-Year-Old Inertial Navigator 

EONS AGO the Ay had two sets of wings. His second set of 

wings shrivelled into the vibrating gyros entomologists 

call halteres. The Ay now Aies with his own inertial guid· 

ance system, efficient enough for his needs and marvel· 

ously compact. Our interest in the anatomy of the Ay is 

the interest of an inertial·guidance·systems Engineer. We 

construct inertial guidance systems. Those bearing the 

Litton Industries name have a simplicity of design and 

compactness unsurpassed in this complex field. They are 

designed to function at Mach Numbers that are classified. 

LITTON INDUSTRIES BEVERLY HILLS, CALIFORNIA 

Plants and Laboratories in California, Maryland, Indiana and New York 

DIGITAL COMPUTERS AND CONTROLS RADAR AND COUNTERMEASURES INERTIAL GUIDANCE PRECISION COMPONENTS 
MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING SYSTEMS SERVOMEClc\ANISMS SPACE SIMULATION RESEARCH 
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'" DIVISIONAL PLANTS 

o PORTER OFFICES 

• DIVISIONAL WAREHOUSES 

PLANTS AND WAREHOUSES FROM COAST TO COAST 

Sales Offices in Seventy Cities 

The challenge of growth-American industry continually expanding its 
industrial needs. A challenge that H. K. Porter Company, Inc. is meeting 
by growing. 

In 1955, HKP added three divisions ... developed more than 40 new 
products ... spent many millions to modernize and expand production 
facilities. 

Porter's 60 plants and warehouses in the U. S. and 2 plants in Canada 
supply industry with quality steel, non·ferrous metals, wire rope, fittings, 
cutting tools, industrial rubber products, electrical equipment, refrac· 
tories, and many other products. 

As Porter divisions grow, so does their service to industry. 

H. K. PORTER COMPANY, INC. 
Divisions: ALLOY METAL WIRE, Prospect Park, Pa • •  CONNORS STEEL, Birmingham . DELTA·STAR 

ELECTRIC, Chicago • Henry DISSTON, Philadelphia • ESECO, Joliet, III. • LACLEDE·CHRISTY, 

St. Louis • LESCHEN WIRE ROPE, St. Louis • MclAIN FIRE BRICK, Pittsburgh • QUAKER PIONEER 

RUBBER, Pittsburg, Calif • •  QUAKER RUBBER, Philadelphia • RIVERSIDE METAL, Riverside, N. J. 

VULCAN CRUCIBLE STEEL, Aliquippa, Pa . •  W·S FITTINGS, Roselle, N. J. 
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THE COVER 

The photograph on the cover is as­
sociated with "The Fuel Situation" 
by Eugene Ayres (page 43). It 
shows a corner of the great Bayway, 
N. J., refinery of the Standard Oil 
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HARDNESS AND DUCTILITY: 

T
he normal hardness as-plated (meas. 

ured at room temperature), aver­
ages about 500 Vickers hardness 

number, about 49 Rockwell C. In this 
condition the coating is non-crystalline 
and exhibits the characteristics of a super­
cooled liquid. 

Heat treatment at 752°F (400°C) for 
1 hour causes a finely dispersed precipita­
tion of nickel phosphide (Ni3P) in the nickel 
coating. The result is an increase in hard­
ness to approximately 1000 Vickers, about 
70 Rockwell C. 

Heat treatment at 1112°F (600°C) for 172 
hours in an inert atmosphere produces 
a hardness of about 650 Vickers, gives 
increased wear resistance and somewhat 
increased ductility_ 

Heat treatment at 1400°F (760°C) for 
5 hours in an inert atmosphere, followed 
by slow cooling to 392°F (200°C) in the 
cool zone of the furnace, produces' maxi­
mum ductility and resistance to impact 
and gives increased salt spray resistance. 

ELONGATION: 

As may be expected from the high hard· 
ness, Kanigen chemical nickel coatings 
have limited elongation. Tensile tests show 

1000 

900 

Kanigen is a uniform, hard, cor· 
rosion-resistant nickel-phosphorus 
coating. It can be applied to iron, 
copper, nickel or aluminum and 
the i'r alloys as well as ceramics, 
glass and thermo.setting plastics. 
This is achieved through a chem. 
ical bath witho ut the use of 
el ectric ity. The c oating (pro. 
bably a solution of nickel phos­
phide in nickel) exhibits many 
des irable properties not normal l y  
assoc iat e d  wit h' metals o r, 
metal plating. 

that Kanigen coatings will withstand a 3% 
to 6% elongation without any stress failure_ 
Tests on Kanigen coated SAE 1018 steel 
show no stress failure of the coating as 
long as the basis metal is not stressed 
beyond its elastic limit. 
ABRASION RESISTANCE: 

The hardness of the coating usually gives 
good abrasion resistance if lubrication is 
involved or if the surface temperature is 
not unduly high. Recent tests have shown 
that for maximum wear resistance the 
part should be heat treated at 1400°F 
(760°C) for 5 hours. Laboratory indices 
of abrasion resistance must be used cau­
tiously since there are many variables 
that effect abrasion or wear resistance. 

For comparative purposes, abrasion 
tests made on the Taber Abraser using a 
C310 wheel and a 1000 gram load for 
5000 cycles gave the following wear 
index numbers: 
a. Hard Chromium Plating 2.04 
b. Electrolytic Nickel (Watt bath) 14.7 
c. Kanigen Nickel-Phosphorus, 

as plated 13.7 
d. Kanigen Nickel-Phosphorus after 

heat treatment at 1000°F for one 
hour 12.3 

e. Kanigen Nickel-Phosphorus after 

heat treatment at 1200°F for one 
hour 8.3 

f. Kanigen Nickel-Phosphorus after 
heat treatment at 1400°F for one 

hour 6.1 
The lowest Taber Wear Index number 
indicates the highest resistance to wear. 
SPECIFIC GRAVITY: 

The specific gravity of the Kanigen coat­
ing, determined with an accuracy of 0.5%, 
is 7.9. The specific gravity of the trans­
formed coating after being heated for about 
one hour above 400°C was measured as 7.8. 
MELTING POINT: 1635°F (890°C) 

ELECTRICAL RESISTIVITY: 

approximately 60 micro-ohms/cm/cm2 
COEFFICIENT OF EXPANSION: 
13 x 10-6 em/em per °C or 7.22 x 10-8 
in/in per OF. 
THERMAL CONDUCTIVITY: 

in the order of 0.0105 to 0.0135 cal/cm 
sec °C. 
If you have a problem that a Kanigen 
application may solve or if you'd like 
further information, write: Kanigen Divi· 
sion, General American Transportation 
Corporation, 135 South LaSalle Street, 
Chicago 90, Illinois. 

Final 
Vickers 

Hardness 
Number 

Measured 
at Room 

Temperature 

TM curve was made by healing 
the part in an inert atmosphere to 
the specified temperature, ' th'en 
holding at the te mperature for 
one hour. At th,e expjration of the 
heatipj g period, the parts werf) 1----+-�--+--_0'<--I--�-+_-�-_+�.,--_1f_-- cooled slowly to 200°C then re

'
-

400 

moved fn:>m the oV,en . All meas­
urements of hardness were made,,; 
at room temperature. All samples 

1-----I-:.,.:;:;""---+----t-----.,--..,.---+----"-1I--..::� wen; plated o n cold rolled steel. 
Measurements I'(ere taken on t!1e 
top surface of plating 0.00$" th i ck . 

��--�----�------+------+------+-----�----�� 

100 200 500 600 

KANIGEN DIVISION, GENERAL AMERICAN TRANSPORTATION CORPORATION 135 South LaSalle Street, Chicago 90, Illinois. 
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research lllen 

STEEL DRIVE ROll 

In yarn-spinning, a loose, comparatively thick strand of fibers called a "roving" is gripped between 
revolving rear rolls and delivered to front rolls which are turning from 12 to 40 times faster. This 
difference in speed draws out the fibers, making a new, uniform strand of much smaller diameter. 
Rubber aprons control the fibers as they bridge the space between the rolls-a distance of about 
four inches. The thread continues on to a "traveler" (not shown) and spindle which turn at about 
10,000 rpm, giving the yarn the twisting it needs to lock the fibers in place. 
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t�ught rubber 

In about the time it takes to read this sentence, a set of 
rubber rolls and bands on a modern spinning frame 
can transform an inch of wispy cotton fibers into more 
than three feet of hard-to-break yarn. 

These rubber rolls and bands-textile men call them 
"cots" and "aprons"-do this exacting job by gently 
drawing out cotton fibers that naturally vary in length. 
The long and short fibers are held in place until all can 
be twisted together permanently. These rolls and 
bands look ordinary enough, but they've got some 
highly developed spinning skills built into them. 

The rolls, for example, had to "learn" to resist lap­
ups. These occur when a yarn end breaks, sticks to a 
spinning roll, and wraps tightly around it-usually so 
tightly that it must be cut loose. This takes time, and 
there's always danger that the roll will be cut, too. 

For years, the cause of lap-ups was unknown. Then 
Armstrong research chemists found that moisture lay­
ers on the fibers and rolls contain electrical charges 
that attract fibers to the rolls. After further study, 
these chemists discovered a cure. They added a spe­
cial electrolyte to the synthetic rubber used in making 
the rolls. Lap-ups ceased to be a problem! 

Armstrong research men also had to teach spinning 
rolls to resist "eyebrowing." An eyebrow is a clump 
of waste fibers that builds up on the front of the felt­
covered clearer board which rests on the spinning rolls 
and \vipes them clean. When "eyebrows" form, 
they're apt to fall onto the yarn and break it. Or they 
may be spun into the yarn, making it uneven. 

to 
• spin yarn 

This time the answer was found by adding particles 
of cork or wood fiber to the synthetic rubber mix. 
These particles act like thousands of tiny fingers, grab­
bing the waste fibers and carrying them back under 
the clearer board pads where they can do no harm. 

The rubber aprons that help control the yarn as it 
moves between the rolls also needed a few lessons. 
The outside surface must have enough friction so that 
the bottom apron will drive the top without slippage. 
Yet the inside surface must turn smoothly around a 

nose bar whose radius is Y16" or less. The Armstrong 
solution: two different rubber compounds, one for 
each surface, vulcanized together with a nonstretch 
interliner between. This "sandwich" is given a spe­
cial chemical bath which conditions the rubber sur­
faces so that their frictional properties are exactly 
right for top quality spinning. 

As a result of this research and development, yarn 
is being spun better and more economically than ever 
before. And there's a better than even chance that 
the yarn for the clothes you wear was spun on cots 
and aprons "educated" by Armstrong. 

Although originally compounded for use in textiles, Armstrong 
rubber products have found wide use in other fields. The 
rubber rolls are handling web and film materials for many 
industrial firms. And many drive and conveyor belt prob­
lems are being solved by seamless, nonstretch Armstrong 
Flat Belts which use much the same construction as that 
patented for Accotex® Aprons. For details, write to Arm­
strong Cork Company, Industrial Division, 8210 Inland 
Road, Lancaster, Pennsylvania. 

ADHESIVES 

@mstrong Industrial Produots 
CORK COMPOSITION 

CORK-AND-RUBBER 

FELT PAPERS 

FRICTION MATERIALS 
• • •  USED WHEREVER PERFORMANCE COUNTS 

If yarn breaks after being drawn under a 
spinning roll, microscopically-thin water 
film holds the broken end to the roll­
causing a lap-up. Tiny electrical charges 
in the water film actually set up an adhe­
sive force, bonding the fiber to the roll. 

As yarn is spun, flat felt-covered clearer 
boards, placed on the spinning rolls, pick 
up waste fibers. But if the spinning sur­
face of the roll is not rough enough to 
push waste back under the clearers, "eye­
brows" may form-and drop into the yarn. 

The lapping problem was solved by adding 
an electrolyte to the rubber which neutral­
izes the electrical charges in the water film. 
Eyebrowing was ended by mixing cork 
particles into the rubber. These carry 
waste fibers back under the clearers. 
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ilDlea at work .•. 

Thinner and stronger Mylar* insulating tapes 
by Dobeckmun conserve valuable space for 

Stron1berg Carlson. A thirty percent reduction in the size of telephone switchboard 

wire is one typical example of the space-saving possible with Dobeckmun insulating tapes. These 

Dobeckmun Mylar tapes used by Stromberg Carlson provide high dielectric strength with a minimum 

of material by a faster, more accurate winding operation. Whether yoU!' needs are for tapes, layer or 

slot-cell insulation-Dobeckmun is the place to go to find precisely the right material for saving 

valuable space. Mylar, acetate, paper, tri-acetate, and butyrate are a few of the materials Dobeckmun 

engineers are working 'Nith, to help you achieve superior insulation. 
*Mylar is a registered du Pont.. trademark 

ckmun Company, Cleveland 1, Ohio Berkeley 10, California 
Albuquerque ' Atlanta • Baltimore • Boslon • Charlotte • Chicago • Cincinnati • Da l las • Denver ' Detroit · IndiJnapolis • Kansas City 
Los Angeles • Memphis • Milwaukee • New Orleans • New York ' Omaha ' Philadelphia ' Phoenix ' Pittsburgh ' Portland ' Richmond 
Rochester ' Salt Lake City ' San Antonio ' Seattle ' S1. Louis ' St. Paul' Syracuse ' Tampa ' Yakima ' Havana ' London ' Amsterdam 
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TOP NAME IN TROPO SCATTER 

World leadership in the design and manufacture of radio equipment 
for tropospheric scatter systems is established by the selection 
of REL equipment for these major projects: 

THI! "IRST: POLEVAULT 

REL's patented Serrasoidl!> modulator has a six-year record of un­
equalled reliability and transmission quality. 

Combiner receivers incorporate unique REL circuits, and exploit 
to the maximum the possibilities for diversity advantage in 
scatter signalling 

The Serrasoid� the combiner, and other special circuit features en­
able REL to produce systems with toll quality transmission of 
up to 150 telephone channels. 

More kilowatt miles of Tropo equipment by REL is in use and in 
production than that of all other companies combined. 

THI! LARGEST: WH ITE ALICE 

THE NEWEST: AN/FRC-39 

� Radio Engineering 
� Laboratories 0 Inc 

36-40 37th St· Long Island City I,N. Y. 

STillwell 6-2100 • Teletype: NY 4-2816 

Canadian Representative: 

AheaTil & Soper Co., P. O. Box 715, Ottawa 

Creative careers at RE L await a few exceptional engineers. 

Address resumes to James W. Kelly, Personnel Director. 
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Now autoDlatic, accurate car checking ... 

ELECTRONICALLY 

New from Stewart-Warner Electronics­
the Ident-A-System for instant reading, 
recording and transmitting complete car 
information. 

Electronic Advantages of 
Ident-A-System 

Instantly Reads . . . o w n e r s h i p ,  ser i a l  
number, type o f  car, etc., o f  every car in 
train passing the all-weather trackside 
reading unit-at speeds up to 60 m.p.h. 
This reliable electronic reading never skips 
a car, transposes numbers, misses part of 
the information or makes other mistakes 
possible due to human error. 

Accurately Records . . .  train consist in­
formation on punched cards, punched tape, 
and teletype-in train order. Wheel reports, 
switch lists, interchange reports, traffic 
statistics and billings-all operating, ac­
counting and traffic operations are improved 
by this accuracy and speed. Here is con­
venience never before available. 

Automatically Transmits . . . this data 

from yard to yard, to general offices, car 
accountant, shipper service-wherever you 
need fast access to complete car informa­
tion. Ident-A-System can also generate 
signals that automatically control classifi­
cation yard operations. 

Speed • • .  Accuracy • • •  Reliability-as 

combined in the new Stewart-Warner 
Electronic Ident-A-System -offer the most 
valuable and versatile operating tool in 

modern railroading. Write Stewart-Warner 
Electronics, Dept. 44, 1300 N. Kostner 
Ave., Chicago 51, Ill. 

ELECTRoniCS 
a Division of Stewart-Warner Corporation 
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Are Vacuum Melted Alloys Your Answer? 
If your product must meet today's high temper­

ature requirements you will find the Utica Metals 

Division can help you. Here an expert technical staff 

is ready to service your needs and make available its 

production and testing facilities. 

For example, UTICA will test-melt a sample of your 

alloy to specifications on comparatively short notice 

for further evaluation. At UTICA you'll find the metal­

lurgical skill and experience necessary to answer your 

questions about Vacuum Melting your alloys. 

Write in detail and remember to ask for your copy 

of "Vacuum Melting by UTICA." 

UTICA can offer you properties 

like these through Vacuum Melting: 

• High·temperature corrosion resistance 
• Extreme cleanliness 
• Precise chemical control 
• Longer stress·rupture life 
• Increased tensile strength 
• Increased ductility 
• Better fatigue resistance 
• Greater yield strength 
• Greater impact resistance 
• Greater creep properties 

Offer of our facilities is subject to 
priority of national defense orders, 

��O�itht 
< ... > ALLOYS 

UTICA DROP FORGE AND TOOL CORPORATION. UTICA 4. NEW YORK 
A Subsidiary of Kelsey-Hayes Wheel Co., Detroit, Mich. 

II 
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How you can 

shock test 

with a controlled 

lO,OOO-pound thrust 
Using the HYGE shock tester, you can 
simulate actual service conditions to 
test the shock resistance of parts and 
assemblies. 

You can set up the HYGE to pro­
duce specific acceleration and/or de­
celeration wave forms for desired 
durations. 

Theoretically, the HYGE can pro­
duce a maximum build-up rate of 
200,000 g's per second from zero to 
peak acceleration. The acceleration 
pattern is free of high-frequency 
transien ts. 

The HYGE shock tester, manufactured and mar­
keted by CEC under license from the Convair 
Division of General Dynamics Corporation. 

You can also use the HYGE to de­
velop controlled impact shock

'
s from 

2,000 to 6,000 g's-with exceptional 
accuracy, 

How the HYG E works 
Essentially a free floating piston in a closed 
cylinder, the HYGE gets its punch as the result 
of differential pressures on the two faces of its 
thrust piston. (See diagram.) 

A low pressure in the top gas chamber forces 
the piston against a seal ring which seats on top 
of the orifice. Only the small piston area ex­
posed to the orifice is open to pressure from the 
lower chambers. 

By introducing compressed nitrogen into the 
lower chamber, you can equalize the forces on 
the two faces of the piston. Just a slight increase 
in pressure upsets this equilibrium, moves the 
piston up slightly, breaks the seal at the ori­
fice, exposes the entire bottom of the piston to 
the high pressure of the lower chambers, and 
shoots the piston up with a terrific thrust. 

Theoretically, the thrust will equal the differ­
ence in pressure between the upper and lower 
chambers times the net piston area exposed. 
This thrust is transmitted directly to the test 
specimen through a column. 

The shape of the metering pin at the base of 
the piston regulates acceleration. Metering pins 
of different shapes produce different shock 
patterns. 

To get controlled deceleration, add an orifice 
above the piston and another metering pin. 

Test Specimen 

Top Gas Chamber 

Thrust Column 

Deceleration / oriflce 

Deceleration 
Metering Pin 

Thrust Piston 

Seal Ring 

Acceleration 
Metering Pin 

Load Piston­
Separates gas 
from control 
fluid 

Accumulator­
Gas Chamber 

Several standard types of HYGE shock testers are available. 
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There is also a "kit" of modular components from which a vari­
ety of units can be developed. Units can be combined to develop 
enough thrust for large test specimens. 

Send for Bulletin P4-70 for a more detailed discussion of the 
HYGE shock tester. 

Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. v. 

formerly Consolidated Vacuum 
NATIONWIDE COMPANY-OWNED SALES AND SERVICE OFFICES 

LETTERS 
Sirs: 

Since Professor Julian H. Steward's 
article "Cultural Evolution" (SCIENTIFIC 
AMERICAN, � lay) concerns China in 
part, the doctrine outlined there de­
serves the attention of Sinologists. I 
should like to comment on his locating 
that country among the cultures whose 
development is supposed to illustrate the 
principle of the rise of "theocratic irri­
gation states" to "cyclical militaristic em­
pires." 

Professor Steward lists the Shang Dy­
nasty as an instance of a theocratic irri­
gation state. In fact, it would be very 
hard to prove that the Shang kings were 
more notably theocratic than the rulers 
of a thousand other primitive communi­
ties, ancient and modern, while the evi­
dence for large-scale irrigation systems 
in the second millennium B.C. is slight, 
to say the least. 

As for the alleged "militaristic em­
pire" of Chou (first millennium B.C. ) 
the description might perhaps be better 
applied to some later epochs of Chinese 
history. I do not know of any evidense 
whatever to support the notion that 
"excessive taxation, regimen�ation of 
civil life and imposition of the im­
perial religious cult over the local 
ones led the subje:::t peoples eventu­
ally to rebel." Indeed, the Chou Dy­
nasty might be said to be uniquely 
characterized by the absence of all of 
these features. 

Scientific American, October, 1956; Vol. 195, 
No. 4, Published monthly by Scientific American. 
Inc., 415 Madison Avenue, New York 17, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald I-I. Miller, Jr., vice president 
and treasurer. 

Edilol'ial COl"l"CSPfHuJCllcC should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 l\!ladison 
Avenue, New York 17, N. Y. Manuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Adv�rtising corrf!spondcncc should be addressed 
to Martin 1\1. Davidson, Advertising Manager, 
SCIF..NTIFlC Al'.IEIHCAN, 415 Madison Avenue, New 
York 17, N. Y. 

Subscription correspondence should be ad. 
dressed to Circulation Manager, SCIENTIFIC Al\IEnl. 
CAN, 415 :Madison Avenue, New York 17, N. Y. 

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

Subscl"iption rates for U.S.A. and possessions: I 
year, $5; 2 years, $9; 3 years, SI2.50. Canada and 
Latin America: 1 year, 86; 2 years, S11; 3 years, 
SIS. All other countries: I year, $8: 2 years, $14; 
::. years, S18. 

© 1956 SCIENTIFIC AMERICAN, INC



CARBON 

BISULFIDE • • • 

UNLIMITED! 

Manufacturers of VIscose rayon, 

cellophane, grain fumigants and special 

solvents can look to Stauffer for 

Carbon Bisulfide of highest purity. 

Nine plants throughout the country assure 

a steady supply of this basic chemical. 

Anticipating future needs, Stauffer has one 

new plant under construction and 

another in process of enlargement. 

For Carbon Bisulfide of highest purity 

in drums and tank cars ... talk with 

any Stauffer representative. 

STAUFFER CHEMICAL 
COMPANY 

380 Madison Avenue, New York 17, N. Y. 

Telephone: OXford 7·0600 
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HO\N 

BELL TELEPHONE 

LABORATORIES 
assure precision in 
sub-miniature assemblies 
lNith 

This transistor is enlarged 6 times. You can't 
see much detail in its actual size, like this • • •  

� That's why Bausch & Lomb Stereomicro­
scopes are built right into Bell Laboratories' 

ingenious experimental machine, "Mr. Meticulous," which auto­
matically assembles hair-thin elements in steps involving move­
ments of 1/20,000 of an inch! Without visual fatigue, technicians 
get vividly magnified views of these tiny parts and intricate oper­
ations. We're mighty proud of the part B&L Stereomicroscopes 
play in helping Bell Laboratories achieve miracles 
in electronic technology to improve 
telephone service. 

FREE! EXCLUSIVE 

3-D MICRO-VISION BOOK 

See actual stereo views! Choose exact model from 
industry's most complete line, with unique Selec­

tor-Chart! Write today 
for manual D-15. Bausch 

BAUSCH 6- LOMB 
SINCE V IS " 

& Lomb Optical Co., 
69410 St. Paul St., Roch­
ester 2, New York. 

STEREOMICROSCOPES 
Amer,(a'� only complete opTical source .. hom glas� to ton,shed p,oduCI 
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I cannot speak for the Mesopotamian, 
Egyptian and American evidence, of 
course, but Professor Steward's evolu­
tionary scheme as applied to ancient 
China seems to me to show no improve­
ment on either Toynbee or Marx. 

EDWARD H. SCHAFER 

Berkeley, California 

Sirs: 
In referring to my theory of irrigation 

civilizations as a "doctrine" and compar­
ing it with the philosophical interpreta­
tions of Toynbee and Marx, Professor 
Schafer has missed the fundamental 
point. Multilinear evolution is a con­
ceptual tool in a scientific methodology 
and not a conclusion or a faith. 

The concept of the "irrigation civiliza­
tion" is a hypothesis designed to for­
mulate causal processes in culture devel­
opment, and it is subject to revision in 
the light of new data. 

As for Professor Schafer's specific criti­
cism of my citations of Chinese history, 
it should be obvious to any reader that 
there is an almost insuperable difficulty 
in grouping any periods in history ac­
cording to neat diagnostic features. The 
question is whether expanding irrigation 
works required state-level managerial 
control, whether this control was at first 
essentially theocratic, and why it later 
became militaristic. 

During the Shang period, well-and­
ditch irrigation watered the land, while 
public hydraulic works were repre­
sented by dikes. Status burials and ap­
parent agricultural deities suggest theo­
cratic control of whatever state develop­
ment had occurred. 

At some point warfare began, and it 
culminated in a series of militaristic dy­
nasties or empires. In China, militaristic 
controls helped expand the irrigation 
system, and in time the culture center 
shifted from the Hwang Ho to the 
Yangtze Valley. The important consid­
erations with respect to the Chou king­
dom are why the small states were striv­
ing for dominance, whether pressure of 
nomads was a major factor in empire 
building, and whether each succes­
sive empire reached a population peak 
and then disintegrated because of the 
internal factors I dealt with in the 
article. 

Professor Schafer might be interested 
to know that it was another Sinoiogist, 
Karl Wittfogel of Columbia University, 
who, in his formulation of the "hydraulic 
state," provided the initial stimulus for 
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A wink built for speed I 

The speed of a wink varies, depending upon its pur­
pose . . . and its target. The femme fatale's pro­
vocative wink from the dim recesses of a cocktail 
lounge may pack the wallop of a Sabre-Jet, yet its 
speed is a languorous one-tenth of a second. 

Imagine a wink five hundred time as fast! Fairchild 
Camera and Instrument Corp. has produced a cam­
er a t h a t  d o e s  ju s t  t h a t .  I t s  s h u t t e r  s pee d 
is 1/5000th of a second ... a speed made possible 
only by using Titanium shutter leaves. Such shutter 
speeds are essential in guided missile research and 

the development of supersonic devices • 

• • • FIRST IN 

Titanium had the necessary light weight, rigidity, 
fatigue resistance, corrosion resistance and capa­
bility of being rolled to a thickness of 0.0022" with 

a tolerance of ±0.0001". 

Just one of the many jobs being done better with 

Titanium. 

TMCA is the world's major supplier of Titanium 
bar, billet, sheet, strip, wire, extrusions and tubing 
to jet engine, guided missile, atomic energy, chem­
ical processing and marine industries. 

TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 
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-Salt Lake City Mill of Vitro Uranium Company 

speaking of uranium milling. 

BIG THINGS are going on in uranium milling and 

refining on the Colorado Plateau. One of the newest is 
the use of solvent extraction to concentrate uranium salts 

from the various ores. 

For the past year Vitro Uranium Company has operated 
a pilot plant to determine the merits of solvent extraction. 
Results were so successful that Vitro will expand its mill and 

install "SX" to supplement the standard acid leaching 
process, with a marked increase in efficiency. 

Vitro's Salt Lake City mill, one of the largest independent 
custom mills in the industry, is also one of the best-thanks 
in part to Vitro Engineering Division, oldest nuclear en­
gineering firm, which designed and installed many of its 

outstanding features. 

Strategically located with respect to major ore areas, the 

Vitro mill carries a sufficient stockpile of uranium ores to 

insure a constant supply of raw material. It has substantial 
ore supply contracts with Atlas Corporation, Four Corners 

Uranium Corporation and other major miners. 

Vitro is always interested in new ore sources and potential 
suppliers are invited to contact the company. Vitro also 

offers engineering and consultation to others who desire to 
build new mills or install new processes. 

For information write VITRO URANIUM COMPANY, Salt Lake City. Utah 
A Division of 

• • 

w- Research, development, weapons systems 

$ Nuclear and process engineering, design 

a Refinery engineering, design, construction 

� Uranium mining, milling, and processing 

CORPORATION of AMERICA 

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

'\:, Thorium, rare earths, and heavy minerals 

c;. Recovery of rare metals and fine chemicals 

.?f Aircraft components and ordnance systems 

(J Ceramic colors, pigments, and chemicals 

my comparative study of the irrigation 
centers. 

JULIAN H. STEWARD 

Kyoto, Japan 

Sirs: 
You may be unpleasantly surprised to 

discover how many sonnet-writing ma­
chines there are in existence. However, 
John R. Pierce, in his book review of 
Automata Studies in your August is­
sue, proposes a difficult problem even 
for an electronic sonneteer: that its son­
net "must have the Petrarchan rhyme 
scheme, that it must be on the topic of 
the possibility of building a sonnet-writ­
ing machine and that it must be optimis­
tic in tone." It is as if a person were 
expected to write an optimistic sonnet 
on the possibility of his own birth. 

The following is the best my own ma­
chine could do: 

Sirs, you must build me, cell on 
patient cell, 

Until we reach ten billion, less 
or more; 

Then take your sonnet-information, 
store 

It bit by bit in me; arrange it well; 
I'll flash my ons and offs, I'll ring 

the bell 
When five iambic feet pile up my 

score, 
Or when I find the rhymes, two 

groups of four, 
A, B, B, A, to shut the octave's 

door. 
I'll pause, then give the sestet 

proper shape: 
I'll use two alternating rhymes, 

though three 
In sequence are an equal choice. 

(Escape 
From such dilemmas must be built 

in me.) 
In half a second, read this on my 

tape! 
The trochee? Helps avoid monotony. 

MARION H. SMITH 

Grand Rapids, Mich. 

ERRATUM 

The two photographs of Navaho 
Indians on page 29 of the July is­
sue of SCIENTIFIC AMERICAN were 
erroneously credited to David De 
Harport. The photographs were 
made by Paul J. Woolf. 
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DOWTHERM assures true color in batch after batch, uniform heat transfer and fraction-oia-degree accuracy_ 

Dowtherm eliminates off colors 
and spoiled batches 

Operating in a closed vapor 
system and at extremely low 
pressure, Dowtherm simplifies 
process operation ___ permits 
the use of more compact, 
thinner-walled equipment. 

Up goes resin and drying-oil quality ... thanks to 
precise, uniform process heating with Dowtherm 

Like other industries that require high, 
accurately controlled temperatures in 
processing products-resin and drying-oil 
processors are taking the long-range view 
of profits, costs, and product quality __ _ 
and are installing Dowtherm® heated equip­
ment. Small wonder ! For this modern heat 
transfer medium overcomes the disadvan­
tages of both direct fire and liquid phase 
heating; provides temperatures to 750°F_ 
at pressures below 160 Ibs_ p_s-i_ 

But most important - this pressure-con­
trolled heat assures completely uniform 
heating, accurate within a fraction of a 

degree_ Eliminated are fluctuations and 
local overheating of a product in process! 
No longer do off colors and spoiled batches 
reduce quality, eat up profits! 

Shouldn't your plans include a look at Dow­
therm? It operates on a closed vapor system, 
but contains no minerals to cause scale 
difficulties_ In fact, processors report 50% 
savings in maintenance! And if your process 
cycle requires alternate heating and cool­
ing, Dowtherm serves as a liquid coolant 
in the same equipment. For all the facts 
write THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Dept. D0825A-L 

you can depend on DOW CHEMICALS 
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THE RARE EARTHS - A NEW FRONTIER 
They offer a rich, new field for research and 

a challenging industrial potential 

In its restless search for knowledge, 
science has brought us to the 
threshold of space, our eyes on the 

infinity of the universe while we are 
continuing our investigation of the 
many mysteries that still exist here on 
our own planet. One of the richest, 
most exciting of these virtually unex­
plored realms lies in that little known 
group of versatile metals-the rare 
earths. 

There are 15 rare earths-atomic 
numbers 57 through 7l-and together 
they occupy about .012% of the earth's 
crust. They are remarkably alike in 
their chemical behavior because of 
their atomic structure. The main dif­
ference lies in the disposition of the 
three outermost electrons. The differ­
ence is always slight; the heavier rare 
earth atoms have a smaller radii, hence 
are denser than the lighter ones. 

This characteristic makes separation 
difficult, but it also makes the rare 
earths ideal subjects for the study of 
the magnetic properties of materials 
and to test various theories of physical 
chemistry and physics. The rare earths 
may hold the combination that will un­
lock many of the secrets of nature. 

Industry, too, is turning to the rare 
earths in a search for materials to im­
prove products and processes. And 
they have found that the rare earths of­
fer enormous potentials. Already many 
of these metals are being used in a vari­
ety of industrial fields. 

Rare earth chloride is a combination 
of the chlorides of cerium, lanthanum, 
neodymium and praseodymium with 
smaller amounts of samarium, gadolin­
ium and less common rare earth chlo­
rides. From this material comes misch 

a report by LINDSAY 

metal used in lighter flints and as an 
additive in many grades of steel. Rare 
earth chloride also serves in the pro­
duction of chrome, dentifrices, silk, alu­
minum, fertilizer and catalysts. 

Cerium, most common of the rare 
earths, is widely used, in its oxide form, 
as a polishing agent for optical and 
other forms of glass. Cerium hydrate is 
an ingredient in the production of the 
special glass used to view highly radio­
active operations. 

The rare earths have drying proper­
ties that can be useful in the produc­
tion of better paints. And, neodymium 
and praseodymium have potential 
value as colorants in the manufacture 
of ceramics. 

The petroleum industry is investigat­
i ng the use of rare earths as catalysts 
in their cracking plants. And this 
unique group of metals shows promise 
in catalytic polymerization-a problem 
in the manufacture of many synthetic 
fibers and plastics. 

Thulium, made radioactive, emits X­
rays of proper length and strength for 
diagnostic use. A pea-sized bit of thu­
lium will last a year as the source of 
rays in a small, portable X-ray unit ... 
a device which would be of great value 
to physicians and hospitals. 

Much of the interest in rare earth 
and thorium c h e m i c a l s  h a s  been 
sparked by Lindsay scientists. Since the 
days of the incandescent gas-mantle 
lamp, in the last years of the 19th Cen­
tury, Lindsay has worked and pio­
neered in this field. Expansion has 
come as researchers at Lindsay and in 
science and industry have uncovered 
new uses for the rare earths. Just re­
cently Lindsay has expanded its ion 

PLEASE ADDRESS INQUIRIES TO: 

UNDSAY CHEMICAL COMPANY 
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exchange installation and now has 100 
columns in operation at its West Chi­
cago plant for the separation of some 
of the "rarer" rare earths in commercial 
quantities and in purities up to 99.99%. 

If you think there is even a remote 
pOSSibility that the rare earths might 
have Significant applications in your in­
dustry, you may find it worthwhile to 
talk with our technical people. The 
data obtained through our years of re­
search is available to you and we can 
supply you with rare earths in quanti­
ties from a gram to a carload. 

264 ANN STREET, WEST CHICAGO, ILLINOIS 
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UNI-RING offers a tremendous saving in installation time over any previous method of tapping 
or terminating shielded or coaxial cable. As the inner ring slides under the shielded braid, the 
tap wire is held between the braid and the outer ring. Single or multiple taps, from either the 
front or back of the connector, can be accommodated ... A single crimp, using the same basic 
HYTOOLS used for installing HYRINGS, completes the uniform, secure, and insulated assembly. 

The protecting nylon insulation extends beyond both ends of the UNI-RING, eliminating metal­
to-metal contact and preventing harmful wire-chafing in tight locations. The UNI-RING is 
color-coded to indicate conductor sizes. 

UNI-RING'S one-piece design insures electrical integrity, prevents heating, and eliminates 
noises caused by isolated metal parts. 

For samples and complete details, write: OMATON DIVISION 

Norwalk, Connect. - Toronto, Canada - Other Factories: New York, Calif., Toronto - Export : Philips Export Co. 
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A good combination ... for an argument 
Laminated plastics . . .  a combination of properties that spealcs for itself! 

Many industrial applications require materials that can deliver more than 

one property and can perform more than one function. Such a material is 

Synthane laminated plastic. This widely used basic material satisfies such 

diverse property requirements as good tensile, compressive and flexural 

strengths, low moisture absorption, low dielectric constant and low power 

factor, light weight and easy machinability. Various grodes of Synthane 

are available to the designer in order to provide him with just the right 
combination of properties according to the mechanical, electrical and 

chemical requirements of his application. 

This insulation plate made of Synthane has ta take the toughest 

kinds of outdoor punishment. Used in heavy-duty generatars for 

bulldozers and tractors, it must battle all kinds of weather, road 

dust, oils, greases, and vibrations. In addition to meeting these 

tough service conditions, Synthane also possesses the necessary 

light weight, mechanical and dielectric strengths, good machining 

properties, and the ability to be post-formed to the desired shape. 

A wide choice of combined properties! Synthane offers over 

30 individual grades in sheets, rods, tubes, moldings, and com· 

pletely fabricated parts. Send for free illustrated catalog today. 

DIELECTRIC STRENGTH LIGHT WEIGHT 

WEAR RESISTANCE EASll Y MACHINED 

SYNTHANE CORPORATION, 2 RIVER ROAD, OAKS, PA. 
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Probing supersonic 
secrets! 

Control room in Lewis Flight Propulsion 
Laboratory of National Advisory Com­
mittee for Aeronautics, Cleveland, Ohio. 

BRUSH ELECTRONICS BRUSH 
3405 Per-klns Avenue. Cleveland 14, Ohio 

ELECTIORltS 

Brush Recording Systems record data 
in N. A. C. A.'s new wind tunnel 
Buffeted by air velocities upwards of Mach-2, 
aircraft models in N.A.C.A.'s new supersonic 
wind tunnel yield performance facts-put in 
writing by Brush Recording Systems. 

Transient pressures at various points, as 
well as fluctuating aerodynamic forces are 
recorded clearly, accurately, instantaneously. 
Brush systems, n o t e d  f o r  a c c u r a c y  and 
dependable performance, record variables from 
d. c. to 100 cycles per second in immediately 
usable chart f.orm. 

Brush performance features-versatility, 
wide speed range, flexibility in application­
have made these systems a standard in research 
and development work. Look to Brush for help 
in your measurement problems. 

COMPANY 
DIVISION OF 

2 1  
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about products that benefit from Vinyl Monomers 

Today, more and more industries are finding out that 
by starting with a Vinyl Monomer, they end up with 
an improved product. 

Stronger adhesives and binders for non-woven fab­
rics. Water and grease resistant coatings for paper, 
leather and cloth. Vehicles for scrubbable water-base 
paints. Efficient emulsifying agents, textile sizes and 
specialty adhesives. Tough, transparent films, protec­
tive coatings and safety glass interlays. 

Every one of these product improvements can be 
chalked up to the unusual properties and advantages 

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

Acids Functional Fluids Polyol. 

Alcohol. Gasoline Additives Plasticizers 

Aldehyde. Glycol. Salts 

Anhydrides Ketones Solvents 

Esters Oxides Vinyl Monomers 

gained through the use of Vinyl Monomers. 
Three Vinyl Monomers -- Celanese currently sup­
plies industry with three basic vinyl monomers: Vinyl 
Acetate ... Vinyl Propionate ... and Methyl Isopropenyl 
Ketone. This versatile Celanese trio is already provid­
ing a rich source of product improvements and produc­
tion economies. Additional Celanese monomers are 
under development. Perhaps we can help you make 
your product better. Celanese Corporation of America, 
Chemical Division, Dept. 582-J, 180 Madison Avenue, 
New York 16. Celanese® 

. ........ lor improved products 

Agricultural, automotive, 

aviation, building, 

electrical, paper, 

pharmaceutical, plastics, 

surface coatings, textile. 
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You trust your life to COPPER 
You are relying on copper, anytime you undergo 
surgery in a hospital. 

You may not realize it, but you are practically 
surrounded by copper. 

The tubing for oxygen lines and anaesthetic 
gases ... the vital valves on the several pressure 
tanks ... many of the surgeon's instruments . . •  

even the closely-spaced, spark-proofing strips in 
the terrazzo floors or the metallic flakes in other 
conductive floorings-all these are of copper or 
one of its many alloys. 

Similarly, when the product you make must 
perform without fail . . . trust copper! 

Whether the product be an electronic computer 
• . . an air conditioner . • .  electric motor . . . heat 
exchanger ... control instrument-you can endow 
it with copper's unmatched characteristics. No 
substitute can do so much for your product! 

And today you have a choice of scores of 
different copper-base alloys . . . each offering 
special characteristics ... to make your product 
of today a product with a future! 

COPPER & BRASS 
RESEARCH ASSOCIATION 

420 Lexington Avenue, New York 17, N. Y . 

. . .  AN INDUSTRY SOURCE OF TECHNOLOGICAL AID. INCLUDING A LIBRARY OF TECHNICAL LITERATURE AND A COUNCIL OF SPECIALISTS 

COPPER OR ITS ALLOYS PROVIDE THESE ADVANTAGES. 

Best conductor of � 
electricity commercially (: It :\ 

available � 
high corrosion agent of all form, draw, stamp, 

Does nof rust . • •  � Best heat transfer �WP Easy to machine, � 
resistance \"-.j commercial metals polish, plate, etc. 

Welds readily. • • �� 
excellent for � II �J 

soldering and brazing - '--'" 
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"DRAWING BOARD FOR FAT DRAF TS MAN" 
The HComfy-Contour" drawing board was in­

vented by my uncle Claude, an obese but brilliant 
man. He once had a fat commission to design new 
camel troughs for the Turkish govern'ment, and 
was rewarded with the honorary title of Emir Bey 
'Vindeau. Claude was very good-natured, and 
never beefed when we kids used his cummerbund 
for a pup tent. But, like all us talented people, he 
was sensitive, too. Like the time he thought his 
boss called him "clod". Claude up and belly. 
bunted him right over the ollice Coke machine. It 
wasn't a wise thing to do, but you had to admire 
his guts. 

Another big .development that wins admiration 
is the ever-increasing use of Jones &. Lamson 
Optical Comparators. These precision-built in­
struments are being used throughout industry for 
measuring and inspecting all sorts of parts and 
objects. The J & L Comparator is accurate to 
.0001", and its versatility makes it equally suitable 
for both production·line and job·shop work. With 
a Jones &. Lamson Comparator in your shop, you'll 
find you can perform inspections that just can't be 
done by other methods. Available in eleven bench 
and pedestal models. For complete information, 
write Dept. 710 today. 

JONES & LAMSON OPTICAL COMPARATORS On the Job. 

Checking gages to close tolerances at 
Winslow Mfg. Co., Cleveland, Ohio 

��:E��te
:o

us
��:��n�e

a
s
n�t

c:Ot���. 
p
S��:�� 

Guillotine gages are d uplicated from these 
U masters", for use by leading jet-engine 
makers in checking airfoils. 

Multiple inspections at a glance at 
Zag ora Gears, Inc., Charlotte, N. C. 

Lar�e capacity and ease of operation allow 
the Inspection of oil grooves, shoulder lengths, 
several diameters; lead, pitch diameter and 
threa'd angle of thread and worm on these pre .. 
cision gear shafts in one simple operation. 

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

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

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

name title 

company 

street 

city zone state 
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50 AND tOO 
YEARS l�GO 

OCTOBER, 1906: "Drs. Calmette 
and Guerin of the Pasteur Institute of 
Lille have finally discovered a vaccine 
which will render humanity immune 
from the dreadful scourge of tubercu­
losis. Dr. C. Guerin, with regard to in­
fection from tuberculosis and its remedy, 
says: 'Many experiments having demon­
strated that tuberculosis bacilli de­
stroyed by heat or other agents pass 
through the walls of the intestines as 
readily as living bacilli and are found 
in the mesenteric ganglions and lungs, 
we experimented with the object of dis­
covering whether young animals, such as 
calves and kids, that had been made to 
swallow two doses, the second forty-five 
days after the first, of from five to 25 
grammes of dead bacilli or bacilli whose 
virulence had been modified, could en­
dure with impunity the injections of a 
meal of five centigrammes of fresh tuber­
culous matter taken from a cow, matter 
which would be surely infectious under 
ordinary conditions.' " 

"In Norway Birkeland and Eyde have 
attacked the problem of fixing atmos­
pheric nitrogen for fertilizer with such 
success that their plant at Notodden, 
started in May, 1905, may be destined 
to endure. The high-tension arc in this 
Norwegian process is prodnced between 
water-cooled electrodes of copper tub­
ing, which electrodes are held in the 
middle of an electro-magnetic field and 
are connected with a high-tension alter­
nator. With a working potential of 5,000 
volts and an alternating current of 50 
periods per second, disk-flames are pro­
duced which are inclosed in furnaces. 
By means of blowers, 2,649 cubic feet of 
air are gently forced through each fur­
nace every minute, which amount of air 
after leaving the furnace is charged with 
about 1 per cent of nitric oxide. The 
temperature of the hot air is reduced 
from 1,292 deg. Fahrenheit to 122 deg. 
F. by sending it first through a steam 
boiler (the steam from which is used in 
making calcium nitrate) and then 
through a special cooler. After convert­
ing the nitric oxide into nitrogen per-
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Bell Laboratories' Dr. J. W. Fitzwilliam adjusts a wave· 
guide feed to a parabolic dish reflector. Dr. Fitzwilliam, 
who has a Ph.D. in physics from Massachusetts Institute 

of Technology, leads the practical development of Bell's 
new 1l,OOO-mc. system. Components had to be developed 
to operate in a frequency band not previously utilized. 

The giant microwave highway that 

carries your TV programs along with 

telephone conversations from coast to 

coast has a versatile new partner - an 

entirely new microwave system which 

was created, and is now being de­

veloped, at Bell Laboratories. The new 

system operates at 11,000 megacycles 

- a much higher frequency than ever 

before used in telephone service. 

Bell's present microwave systems -

operating at 4000 megacycles - were 

designed for heavy traffic and long 

distances. The new system is designed 

especially for lighter traffic and shorter 

distances-up to 200 miles. Its traffic 

capacity is extremely flexible. De­

pending on traffic needs, the system 

can provide only one one-way or as 

many as three two-way broadband 

channels. Each two-way channel can 

carry 200 telephone conversations si­

multaneously or one television pro­

gram in color or black and white in 
each direction along a route. The new 

microwave system, which is already 

being operated experimentally, will be 

valuable in providing additional tele­

phone service and television programs 

for cities in remote areas. 

This is another example of how re­

search and development work at Bell 

Telephone Laboratories help the Bell 

Telephone System to serve you better. 

Mr. L. C. Tillotson, who originated the new 
system, adjusts the klystron-isolator combi­
nation which made the system feasible. 
Mr. Tillotson, an M.S. from the University 
of Missouri, is in charge of research in 
microwave applications. 

BELL TELEPHONE LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Newest lighting development for 

low-vision landing conditions 

You're a pilot. Irs pouring rain. You've 
got 40 tons of plane and passengers on 
the final approach of a runway you can't 
even see! ... Speed's 110 mph .... should 
you try to set her down or "pour on the 
coal" and go around again? .. You've 
got 10 seconds to decide ... 

Suddenly, there's a streak of light cut­
ting through the gray murk and rain, 
pointing again and again to your run­
way! Quick! . .. line her up . . .  cut 
power . , . and drop in to a perfect 
centerline landing. Thanks, EFAS! 

EFAS is Sylvania's new Electronic 
Flashing Approach System of 24 ultra­
vivid, non-blinding strobeacons showing 
you the way. Already installed by the 
CAA at Idlewild, N. Y. and Newark, 
N. J., the Airline Pilots Association and 
the Air Transport Association approve 
of EFAS heartily. As one leading airline 
pilot puts it: "Irs the greatest contri-

bution to air navigation since the radio 
range." 

Sylvania engineers met the challenge 
for a better landing system with EFAS, 
Whatever your lighting problem may be, 
Sylvania engineering and forward-think­
ing "electronic lighting" can solve it for 
you. For the answers to ANY light 
source problem, write to Dept. 5610, 

Sylvania Electric Products Inc., 1740 
Broadway, New York 19, New York. 

Concentrated Arc-Lamps, Fl ashtllbes, 

Strobotrol1s, Glow Modlilators, RF Lamps 

alld Projection Lamps. 

�SYLVANIA 
SYLVANIA ELECTRIC PRODUCTS INC. 

1740 Broadway, New York 19, N. Y. 
111 Canada: Syll'Gl1ia Electric (Canada) Ltd. 

Shell Tower Building, Montreal 

fastest growing name in sight 
LIGHTING RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY 
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oxide, nitric acid is formed by sending 
the gases through towers filled with 
broken quartz over which water trickles. 
The solution is conveyed to tanks con­
taining limestone, with which it reacts 
and produces neutral calcium nitrate. 
After evaporation, concentration and 
solidification the nitrate is obtained in 
marketable form," 

"The fundamental value of tungsten 
for incandescent lamps lies in its 
enormously high point of melting, or vol­
atilization. The specific resistance ap­
pears to be quite low as compared, for 
instance, with osmium or tantalum, so 
that the filament in a tungsten lamp is 
both long, requiring several loops in 
series, and extraordinarily slender. Like 
the osmium filament it seems rather 
plastic when hot and must, so far, be 
burned in a vertical position. The in­
trinsic brilliancy is very great as com­
pared with any other incandescent lamp 
and the light is probably as nearly pure 
white as can be obtained. The extreme 
fineness of filament required for lamps of 
ordinary power suggests that the best 
use of the material at present is for lamps 
of large candle power, which would 
prove invaluable in replacing the blue 
flickering arcs of small amperage. A 
final result of this condition may be the 
displacement of the present inadequate 
16-c.p. unit by 25 or even 40 c.p., thus 
placing the electric lamp in a better po­
sition with respect to the Welsbach. In 
any event, the carbon filament may soon 
be a thing of the past." 

"Few papers read before the British 
Association for the Advancement of Sci­
ence have attracted such wide attention 
or aroused such warm discussion among 
physiCists as the address delivered by 
Mr. R. J. Strutt on 'Radio-Activity and 
the Internal Structure of the Earth.' 
Strutt's calculations are certainly plausi­
ble, even though we may not be ready 
to accept his radium theories entirely. 
The poorest igneous rock which he ex­
amined, namely, Greenland basalt, con­
tains more than 10 times the propor­
tionate quantity necessary to uphold the 
assumption that the earth's heat is due 
to radium alone. Because there is too 
much radium in the earth, Strutt has 
been forced to the conclusion that the 
interior of the globe does not contain 
radium. Curiously enough, Strutt's theo­
ry necessitates an assumption of the in­
ternal structure of the earth that is quite 
in harmony with the prevailing views of 
geologists. Strutt finds that the inside 
nucleus, heated by the crust of radium­
containing material, must be at a uni-
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Crystal-gazing with Electrons 
A NEW LOOK at-and into-the different tiny crystals or 
particles of metallic compounds which are found in the fine 
microstructure of steels is one way in which research teams 
at United States Steel are obtaining a more exact under­
standing of the elusive factors affecting steel quality and 
performance. 

For this closer examination of steel's make-up, these in­
vestigators are using a variety of electron optical systems 
that are far in advance of ordinary laboratory procedure. 
For example, the delicately formed row of crystals (actually 
about 5 hundred thousandths of an inch in length) shown 
in the micrograph below were extracted from a polished and 
etched surface of steel containing 17% chromium and 0.34% 
titanium after prolonged heating at 2300 F. 
Photographed by an electron microscope 
they were identified as particles of tita­
nium carbide by the electron diffraction 
pattern taken from these same extracted 
crystals. 

From information obtained in this man­
ner, the metallurgist is able to chart more 
intelligently his heat treating and proces­
sing procedures to obtain optimum prop­
erties in a steel of given composition. 

above, is the X-ray point probe microanalyzer. It is shown in 
operation at United States Steel's Fundamental Research 
Laboratory, Monroeville, Pa. 

With this ultra-modern equipment, fine precipitate par­
ticles, grain boundary areas or other microscopic regions of 
the "microstructure" in a steel sample can be bombarded 
with a beam of electrons focused to probe a minute area only 
a few hundred thousandths of an inch in cross section. By 
this means, even microscopic local variations in alloy con­
tent-for example, across the edge of a razor blade-can be 
observed. 

As a result of electron bombardment the selected area 
emits X-rays which are characteristic of the elements it con­

tains. These radiations are picked up and 
recorded by an X-ray detector enabling 
the investigator to determine quantita­
tively the composition of the tiny particle 
or area under investigation. 

Precise laboratory measurements such 
as this are typical of the painstaking steps 
in the field of fundamental research by 
which United States Steel is proceeding to 
its goal of producing ever better, more 
uniform, high quality steels to meet the 

When it is not feasible to remove such 
crystals from the metal, their composition 
can be determined by a novel instrument, 
so far the only one of its kind in this 
country. This unique apparatus, shown 

At this magnification, the head of a pin would 

increasingly stringent demands 
of today and tomorrow. United 
States Steel Corporation, 525 
William Penn Place, Pittsburgh 
30, Pennsylvania. appear about 47 feet across. \ 
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CLEARER 

VISION 

IN 

THE 

MICROSCOPIC 

WORLD 

ORTHOLUX-One of the many outstanding L E ITZ instruments-o microscope that 
.I fills every research requirement. Known for its versatility, image quality, unique 

operational features. Bvilt-in incident or tronsrnitted illumination; dual controls; ball­
bearing stage movement. Focusing without alteration of eyepiece height; fingertip 

control, fatigue·free operation. Combined binocular-monocular-photographic body 
provides instant changeover from visual observation to photography, projection, etc. 

For more than a hundred years, LEITZ precision optics have given 

the scientist a clearer vision of the microscopic world. A heritage in 

the rare craft of optical designing, skills that can only be handed 

down from father to son, and pioneering manufacturing tech­

niques place the name LEITZ foremost in the minds of research 

scientists all over the world. In the diverse line of LEITZ instru­

ments, undoubtedly there is one that will fill your specific needs. 

Write to us about your requirements. Our experienced technical 

staff welcomes the opportunity of assisting you. 

first in preCision optiCS 

r----------------------------------------------
I E. LEITZ, INC., DEPARTMENT SC-10 

I 468 FOURTH AVENUE, NEW YORK 16, N. Y. 

o Please give the attached requirements your special attention 

o Please send me the Leitz ORTHOLUX brochure· 

NAME ______________________________________________ _ 

STREET ________________________________________________ _ 

CITY _________________ ______ ZONE __ STA TE __________ _ 

L _____________________________________________ � 

E. LEITZ. INC., 4GB FOU�TH AVENUE, NEVJ YORK 16, N. V. 

Dis t rib u to r s  of th e vvorld - f a mo u s p ro d u c t s of 

Ernst Leitz G. tTL b. H .. Wetzlar. Germany-Ernst Leitz Canada Ltd. 

LEICA CAMERAS · LENSES · MICROSCOPES · BINOCULARS 
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form temperature of 1,500 deg. centi­
grade throughout, just as a loaf of bread, 
which has been in an oven long enough, 
acquires a steady temperature equal to 
that of the walls of the oven. Strutt's 
crust would contain about one thirtieth 
of the earth's volume." 

OCTOBER, 1856: "It is a remarkable 
fact in the history of the useful arts that 
asphalt, which was once so generally 
employed as a durable cement, should 
have almost fallen into disuse for thou­
sands of years. Some attempts have been 
made in this city to make a concrete 
pavement of it, but for this purpose it is 
evidently not equal to stone flags, be­
cause it has had to be relaid, and now 
huge cracks are again seen in different 
parts of it. On the other hand some 
beautiful mosaic asphalt pavement has 
been laid down in the streets of Paris, 
and is said to be perfectly successful. It 
is our opinion that iron pipes, coated in­
side and out with hot bitumen, especial­
ly the elastic kind, will prevent incrus­
tation and render them very durable." 

"A method of protecting stone with a 
solution of silicate of potash is now ex­
tensively carried out in Paris. It has been 
tested at the Louvre, Notre Dame, and 
other important works, and with success, 
it is stated. This solution is manufactured 
by fusing two and one-quarter parts of 
clean white sand with one part of potash 
by weight, then dissolving the product 
in about eight times its weight of boiling 
water. The stone work of the buildings 
to which it is to be applied is first 
cleaned, then troughs hugged with clay 
are placed against the part of the build­
ing intended to be silica ted, so as to col­
lect the solution, which is applied with 
a syringe at intervals of three or four 
hours for about four days, or till the 
stone (when dry) ceases to absorb. The 
phenomena of induration are thus ex­
plained: -The carbonic acid of the at­
mosphere separates the silica from the 
potash, leaving it deposited in the pores 
of the stone, when, should the carbonate 
of lime be present (as in limestone) , it 
combines with it, and forms the silicate 
of lime, while the soluble salt-viz., the 
potash-is removed by the rain or other 
means. This solution was tried on the 
new Houses of Parliament, in London, 
but without that success, it is stated, 
which has attended the French artists." 
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You can draw 
and form them 

LlnLE 

• • • • • • • • • • • • • • • • • 

or fabricate them 

BIG 

with the new A·L low-nickel STAINLESS GRADES 

WRITE FOR THE 
ASSISTANCE 
YOU NEED 

1. "TECHNICAL STumES #3" 
• • .  essential information on 
the composition, properties, 
fabricating methods and appli­
cations of AL chromium-man­
ganese, low-nickel stainless 
steels. Write for your copy. 

2. TEST SAMPLES 
• • .  We'll be glad to supply 
engineering assistance, and ac­
tual samples of these 200-Series 
steels for testing under your 
processes and conditions. 

ADDRESS DEPT. SC-S2 

In the rop phorograph, the fabrications 
you see are a mixing bowl, a tea-kettle 
base, a lock case and a patented shoe 
fastener: all made of A-L Type 201 or 202 
chrome-manganese low-nickel stainless. 
The finish is good, the steel handled the 
same in the presses as Types 301 or 302, 
and similar drawing, buffing and polish­
ing procedures were followed. 

As in the lower illustration, the chrome­
manganese low-nickel grades are being 
used also for fabrications as large as truck 
trailers and railroad coaches. Again, 
forming qualities and weldability present 

no problems, and results are entirely 
satisfacrory. 

Sum it all up and this is the answer: 
you won't encounter any particular differ­
ences in fabricating the 200-series of 
stainless steels . . .  you will find some 
advantage in price, and a very important 
facror of much greater availability in 
times of nickel shortage. • Why not 
take advantage of our pioneering experi­
ence with the low-nickel grades-let us 
help you use them. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 

wsw 6060 

For Stainless Steel in All Forms-calf 
-

Allegheny Ludlum 
Warehouse stocks carried by all Ryerson Steel plants 

29 

© 1956 SCIENTIFIC AMERICAN, INC



WHY DE VEL 0 PAtE N T E.N GIN E E R 5 F A V 0 R A LL E N - BRA D LEY At 0 TOR CON T R 0 L 5 

No Contact 
Maintenance 

you can install them 

and forget them! 

� • ALL ��:,�,�j LEY 

MOTOR CONTROL 

Also Manufacturers of Quality 

Fixed and Variable Composition 

Resistors, Ceramic Capacitors 

and Ferrite Parts 
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All Allen-Bradley solenoid starters have double break, 
silver alloy contacts, which need no cleaning, filing, 
dressing, or service attention of any kind. You just leave 
them alone during their entire life. They are always in 
first class operating condition. 

Another important feature of Allen-Bradley motor 
starters is the simple solenoid mechanism ... with only 
one moving part. There are no pivots, pins, linkages, or 
bearings to cause trouble. That's why they will give you 
millions of trouble free operations. 

Write for the Allen-Bradley Handy Catalog-an 
encyclopedia of information on the many items in the 
Allen-Bradley quality control line. 

Allen-Bradley Co. 
134 W. Greenfield Ave., Milwaukee 4, Wis. 

In Canada-Allen-Bradley Canada Ltd., Galt, Ont. 

Bullelin 709 

across-the .. line solenoid 

starters are available 

in eight sixes. Maximum 

ralings: 300 hp, 220 volls; 

600 hp, 440-550 volls. 
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planes that need never get lost 

-anyvvhere 

GPL - in conjunction with Air Force vVeapons 
Guidance Laboratory - has produced the most ad­
vanccd automatic air navigation systcm in operational 
use - AN / APN-66. 

This GPL systcm guides an airplane to its dcstina­
tion under any conceivable conditions. It is completely 
self-contained; needs no ground guidance, no search 
radar, no optical observation. It works equally well any­
where in the worlcl. Virtually instantancously, and 
with unprecedented accuracy and speed, AN/APN-66 
will always tell exactly where a plane is and where it 
must go to reach its goal. 

The military application of a systcm of such capa­
bilities is far reaching. To achieve these capabilities, 
GPL mobilized scientific manpower and facilitics on a 
large scale. Four other GPE companies took part. Even 
so, development of AN / APN-66 took 8 ycars, for it 
rcquired a seemingly impossible engincering achicve­
ment: the harnessing of the "Doppler effect." 

The Doppler effect is the shift in the frcquency 
of waves, sound or electrical, transmitted from a mov­
ing object to a stationary one. It is most familiar as the 
shift in the pitch of a train whistle as it approaches and 
passes. AN / APN-66 measures a similar shift in the 
frequency of electro-magnetic waves it bounces off the 
earth's surface below. From the difference in frcquency 
between the original wave and its echo, the system 
computes the plane's speed and direction, then uses 
this data to keep continual track of the plane's position. 

AN/APN-66 and its variations, AN/APN-81, 82 
and 89, have flown millions of opcrational miles in 
transports, hurricane hunters, patrol craft, bombers. 
They are steadily going into more types of aircraft as 
standard equipment. \'\Then put to civilian use, thcy 
will guide air liners to the remote corners of the world. 

The skills and resourccs that made AN / APN-66 a 

rcality are at your service. To learn how GPL products 
and engineering can help you, write: 

tivityis responsiblefor thisoutstandingachieve- • G ENE R ALP R E ( I S ION LAB 0 RAT 0 R Y INCORPORATEO 

ENGINEERS -- Join the group whose crea· 

_ mente Send resume to Personnel Manager. p L. E A SAN T V I '- L. E .  NEW V 0 R K 

A SUBSIDIARY OF GENERAL. PRECISION EQUIPMENT CORPORATION 
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(Advertisement) 

Mr. P. Argyle Wigglesby. Boord Chairman of Conglomeroted Figleaf Enterprises, seen examining 

new SIGMA CDS PHOTO RelAY. Although olmost speechleu, Mr. W. did flnolly manage the comment, 

"This is iust greatl" 

and right you are, Mr. Wigglesby! 

Now that commercial development of cadmium sulflde 
photocells has settled down a little and production lots 
arrive accompanied only by the less troublesome types of 
bugs, it seems reasonable to think about the useful applica­
tions these cells may have. To help such thinking and 
thinkers, Sigma has put together a 41 relay and a CdS 
cell in a neat, manageable and low-cost package. The CdS 
Photorelay-Model I, now in production,offers these specs: 

Operate: 5 foot-candles (max.); drop-out 0.1 f-c (min.) 

Speed: 2 operations per sec., guaranteed minimum 

Coil voltage: 115 AC 
Temperature range: -400 C. to +950 C. 
Mounting & enclosure: 5� pin base, dust-can cover. 

Price: $12.00 each (quan. 1·19); $7.20 each (1000 and up). 

The Series 41 relay used in this device 
was hailed (by us) about a year ago as 
"probably the best, low cost AC relay 
available with sufficient sensitivity (0.10-
0.15 v-a) for such use." To date we 
haven't seen any reason to alter our ego. 
concerning the 41. 

Likely prospects include, in addition to 
Mr. Wigglesby, manufacturers of furnace 
flame-out controls, pinball machines*, 
elevators, conveyors, weighing equipment, 
etc. The Photorelay has already been 
incorporated in automatic bottle washing 
and bagging equipment designs. (Special 
models are pending, awaiting further word 
from Conglomerated Figleaf.) 

So far Photorelays have been shipped 
only in limited numbers to various in­
terested manufacturers, but repeat orders 
seem to indicate we may really have some­
thing (or more accurately, tbey have 
something that needs the Photo relay ). 

* Pi" ball macbi"" 

The easiest way to see how you might 
use such a compact, low-cost, AC photo­
electric control in your equipment, is to 
buy a sample and try it. 

SIGMA INSTRUMENTS, INC. 
40 Pearl Street, So. Braintree, Boston 85, Mass. 
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THE AUTHORS 
EUGENE AYRES ("The Fuel Situa­

tion") was manager of research for the 
Gulf Oil Corporation until he retired 
this year. He graduated from Swarth­
more College in 1912 and began his ca­
reer as a research chemist for Du Pont. 
After 1916 he was associated with P. T. 
Sharples, first in the Sharples Specialty 
Company and later (as partner) in the 
Sharples Solvents Corporation, before 
joining Gulf in 1929. A leading expert 
on energy sources and their utilization, 
Ayres is the holder of 41 patents. Among 
other achievements, he developed the 
first American processes for �anufactur­
ing diphenylamine, lanolin, amorphous 
petroleum wax, alcohols from alkyl 
chlorides, and for chlorination of hydro­
carbons, esterification of mixed alcohols 
and resolution of industrial emulsions. 
He is co-author (with C. A. Scm'lott) of 
Energy Sources-The Wealth of the 
World. In retirement Ayres is devoting 
his efforts to writing, including a book on 
the history of inventions, and (when 
time permits) to composing fugues. Mr. 
Ayres has written several articles for 
SCIENTIFIC AMERICAN. 

JOHN J. BIESELE ("Tissue Culture 
and Cancer") is a professor of biology 
at the Cornell University Graduate 
School of Medical Science and a mem­
ber of the Sloan-Kettering Institute for 
Cancer Research. Cells and cancer have 
interested him from the beginning of 
his professional career. After receiving a 
B. A. with highest honors from the Uni­
versity of Texas in 1939, he took his 
Ph.D. there in 1942 under T. S. Painter, 
writing his thesis on "The Karyology of 
Mouse Cancer." In his leisure time he 
enjoys swimming in Long Island Sound, 
gathering driftwood and indulging him­
self in what he describes as "an ama­
teurish nature study including, among 
other things, the autocatalytic reproduc­
tion of boulders in Connecticut soil." 

BART J. BOK ("A National Radio 
Observatory") left the Harvard Observ­
atory last month for Australia, where he 
has been appointed director of the Com­
monwealth Observatory and professor of 
astronomy at the National University. 
Bok has been Robert Wheeler Willson 
professor of astronomy and codirector 
of the Radio Astronomy Project at the 
Agassiz Station at Harvard. Born in 
Hoorn, in the Netherlands, Bok studied 
astronomy at the universities of Leyden 
and Groningen. He came to Harvard in 
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A caliper survey was made to detect corrosion of oil-well tubing. Erratic "blips" on the survey chart 
indicate corrosion in well using ordinary inhibitor. Parts of two corroded tubes are shown at right. 

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

Sunaptic Acid's king-size molecules 

give twice the efficiency of fatty, rosin, 

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

COSTS • • •  GIVES GREATER PROTECTION TO OIL WELLS 

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

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

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

INDUSTRIAL PRODUCTS DEPARTMENT 

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

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

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

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

WS (water-soluble sulfonate) • Sulfur' Anhydrous Ammonia � "SUNOILCO. 

SUN OIL COMPANY PHILA. 3, PA. .�Dc 
IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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This is how Western Electric assures 

perfection of undersea repeaters for 

the new Transatlantic Cable 

Even minute imperfections, visible only under the 
microscope, can disqualify repeater parts jor use 

51 repeaters in each of the two one-way cables 
make the new Transatlantic undersea telephone 
system possible. Designed to withstand shocks 
of laying and recovery, and the pressure of 
water at a two-mile depth, it is no wonder that 
Western Electric Company takes extreme care 
in manufacturing components. 

A very low moisture content is required to 
obtain maximum stability and life of paper 
capacitors used in these repeaters. Paper, 
selected only after extensive life tests, is first 
stored in a room held below 20% relative 

Type CH air-conditioning 
Lectrodryer 

humidity to assure that its moisture content has been reduced to that 
DRYness. Then the winding and assembly are done in this same room. 

A Lectrodryer':' maintains this room at the constant low humidity. The 
DRY atmosphere also reduces the perspiration from workers' hands, thereby 

avoiding contamination and degrading of quality. Pittsburgh Lectrodryer 
Co., 336 32nd Street, Pittsburgh 30, Pa. (A McGraw Electric Co. Division). 

Ii 4 

LECTRODRYER 
* RECISTEREO TRAOEMARK U, S. PAT. OFF. 

LECTRODRYERS DRY WITH A CTIV A TED A LUMIN A S  

{II 5 hl H Pit ¥4 titt¥c ?*dIWc&li&n 55 &k 
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1929 as a fellow in astronomy and was 
appointed to the faculty in 1933. While 
Bok's research has dealt with many as­
pects of astronomy, his major interest 
lies in the structure of the Milky Way. 
Since the center of this galaxy can best 
be seen from the Southern Hemisphere, 
Bok undertook the planning and re­
sponsibility for installing the Baker­
Schmidt telescope in South Africa, and 
in 1950-51 spent 18 months there in 
study [see his article "The Southern 
Sky," SCIENTIFIC AMERICAN, July, 1952]. 
It was primarily through his leadership 
that Harvard recently built the 60-foot 
radio telescope at Agassiz Station. Bok's 
wife also is an astronomer, and they have 
collaborated on a book on the Milky 
Way and in other writings. 

NORMAN H. HOROWITZ ("The 
Gene") is professor of biology at the 
California Institute of Technology, 
where he took his Ph.D. in 1939. He has 
long been associated with George W. 
Beadle, first at Stanford and then at Cal 
Tech, in research on the biochemical 
genetics of Neurospora. Last year he 
worked at the institut de Biologie of the 
University of Paris as a Fulbright and 
Guggenheim fellow. 

SERGIO DEBENEDETTI ("Meson­
ic Atoms") is professor of physics at the 
Carnegie Institute of Technology. He 
was born in Florence in 1912, and stud­
ied in the Laboratory of Arcetri, near the 
hill where Galileo died. He took his 
Ph.D. at Florence, where he was associ­
ated with Bruno Rossi, the cosmic ray 
expert. In 1938 he left Italy for the 
Curie Laboratory in Paris, and there de­
veloped an interest in positrons. DeBene­
detti has been in the U. S. since 1940; 
in 1946-1948 he was principal physicist 
at the Clinton Laboratories in Oak 
Ridge. His interest in elementary parti­
cles has led him to the special, and en­
joyable, occupation of making atoms 
with new particles. As for hobbies, he 
says: "The thing I really like is to see the 
world, and with the excuse of physics 
and of cosmic rays I have touched all 
continents but Asia and Australia, a situ­
ation which I intend to remedy before 
too long. Of course I am interested in 
world affairs. I also like to draw and 
paint." DeBenedetti has been at Car­
negie since 1949; he spent this summer 
working with the Cosmotron at the 
Brookhaven National Laboratory. 

JAMES OLDS ("Pleasure Centers in 
the Brain") is engaged in physiological 
and behavioral studies at the University 
of California at Los Angeles. He was 
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U. S. Army Photo 
Firing of 280 mm Atomic Shell at Las Vegas Proving Ground in May, 1953. This shell 
was designed jointly by Picatinny Arsenal and Los Alamos engineers and scientists. 

ARMY ATOMIC MUNITIONS ARE BORN 
AT PICATINNY ARSENAL 

Picatinny Arsenal at Dover, N. J., is composed of a group 
of Ammunition Development Laboratories responsible for 
Army ammunition technical development. Its responsibili­
ties include research and development of ammunition for 
artillery, mortars, and recoiless rifles, mines, grenades, war­
heads for bombs and guided missiles, and rocket propellants. 

One of Picatinny's principal laboratories is the Atomic 
Applications Laboratoi'y, which is responsible for Army 
research and development of atomic munitions. This Atomic 
Applications group operates as the nerve center for all activi­
ties in atomic development for the Department of the Army. 

To execute its mission responsibility, the Atomic Applica­
tions Laboratory draws not only on its "in-house" capa­
bilities, but on the facilities of other Army arsenals, proving 
grounds, and on industry. Its "in-house" capabilities include 

This is one of a series of ads on the technical 
,lctivities of the Department of Defense. 

an engineering technical organization that uses the full facili­
ties and capabilities of the arsenal. 

As well equipped as it is to solve the multitude of com­
plex technical problems which confront it, Picatinny Arsenal 
has no greater asset than the long years of accumulated 
experience and unfailing loyalty of its career government 
employees. A recent example of its effectiveness is the crash 
program which resulted in the 280 mm Atomic Shell. 

Picatinny's technical capabilities are utilized basically in 
expanding the frontier of mechanical, electrical and explo­
sive development. 

The scientific personnel in organizations such as the 
Atomic Applications Laboratory will determine America's 
ability to meet potential aggressors with the most effective 
Atomic Weapons possible. 

108 
FORD INSTRUMENT COMPANY 

DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 

Beverly Hills, Cal. Dayton, Ohio 

ENGINEERS In Ford Instrument Company shops, equip-

of unusual abilities can find a future at FORO INSTRUMENT COMPANY. Write for information. ment being made under contract with the 
Army Ordnance Corps is precision machined. 
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UA111.....-0_ F_S_C_I_E_N_T_ I_F_I_C_E_Q_U_I P_M_E_N_T---I! 

T HE RA Y·A C TOR 

First Model Nuclear Reactor 

THE A TOM OT R ON 

o 111y 
$14.95 
Postpaid 

_ A working replica of the /afIJolIS Aquarium 
Reactor and 4 baJic course in Reactor Theory _ 
Halt-in-one," Simulated nelltroll /lux, con-
trolled by Ray-Actor's analog com/)/I/or, is 
rcad directly on the microdmmcler. Bille 
light glow! in tank in proporlio1l to reaction 
imcn!;!y and control rod moves ifl (lnd Ollt to 
c6ntrol reaction speed. Safety rod "jcramsH 
Ray-Actor if reaction reaches too high a level. 
Nuclear reactor syllab1tJ and experiment 
mamtal included. Operates entirely on 110 
volt A. C. Special imrod1tctory price $295. 

See Corona discbarge, make artificial light­
ning witb first miniatltre high-voltage ma· 
chine. Only 7" high. Produces 75,000 volts 
on. 2-inch diameter sphere_ Operated by 
sturdy 110 volt A.C. motor. ComeJ" complete 
with Jlnog control Precipitron, gravity-dely­
ing paper Jtrands and pith balt, field reaction, 
rotor, neon light wand, electric windmaker, 
experiment manflal. An enduring, emertain­
ing and highly instructive precision instYlf,­
m.ent lor school and home. 

THE B ROWER M ULT I PLE 

SCATTERING MICROSC OPE 

RAYMA STER 

CLOUD CHA MBE R 

-

-
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For 
Nuclear 
Emulsion 
Research 

This famous microJCope designed for the 
Univ. of Calif. and Naval Research Lab.-the 
same precision inJlrUment which confirmed 
the diJeovery of the anti·proton- is now 
at/ailable to other col/eges and .resean:h cen­
ters. Stage noise of leu than 1 micron guar­
anteed in X, Y and Z Jrat/erses. Hydrauli­
cally controlled Z traverse. Binocular head 
and basic optics included. A1tIomatic pro­
grammer optional. Price $5,500. 

T H E  RAYOTR ON 

First Low-Cost 
Electrostatic 
Generator and 
Particle 
Accelerator 

Gene'rator with beam tube removed prodllcCI 
o mil/ion va/II, 16-inch sparks lor high­
voltage experiments. lVith beam tube insert­
ed, Rayotron produces diffwe high-energy 
X-ray beam lor all baJic X·ray experiments. 
Height 2!;2 It. Comes with manual 01 8 
lascinating experiments and newly published 
Accelerator Syllabus.  Rfl)'Otron, complete 
with beam tube, 5295,' Genera/ora/one, S 175. 
Small fluoroscopic screen and X-ray film, 
$20. Optional instrumefJIation, $25.00. 

See Cosmic, Alpha, Beta Rays 

Now in use in 650 leading universities 
and high schools. Ideal for nuclear physics 
experiments at home. _ Unconditionally guaranteed to register all 
tracks c01J{illtt01lJIy. FltIed silver electrodes. 
Optical-grade COver glaJI permits overhead 
viewing and photography. Comes complete 
with Alpha and Beta sources, clearing field 
battery, manual of experiments, nuclear phys­
ics Jyllab1ls. Only dry ice and alcohol must 
be proClired locally. Price. S32.50. 

THE RAYOMET E R  

New Self-Calibrating 
1011 Chamber 

_ New fioating grid electrometer makes it pos. 
Jible /0 produce a precision io"ization ins/rtt­
menf at ball the previolls cost. ,'feasl(reJ beta 
rays, gamma rays and X-rays-rtrdiation in­
te'lJilies Irom. 5 MR to 50 R. Bt/ill-in Aloha 
source lor self-calibration. Designed to AF.C 
specificat;om. Unconditional one-year gl/ar. 
nntee. Special introdllctory price, $119.50. 
tIIelal stand, $2.00. 

RAY-ALARM CRYSTAL RADIATION DETECTOR $30.00 
SCIENTIFIC GLASSBLOWER'S SET $149.50 
21-LESSON GLASSBLOWING COURSE. REDUCED TO $4.50 POSTPAID 

All prices fob Berkeley. unless otherwise specified 

:���...... ........... . ................ . .... . � ........ ::.< . ..... � ..... . 
.A.TOlY.l:IC 
LABORA.TORIES 

P. O. Box 343 • Berkeley. California 

born in Chicago in 1922, attended the 
University of Wisconsin, St. Johns Col­
lege at Annapolis, and Amherst College, 
with three years out for the U. S. Army, 
and went to Harvard for his Ph.D. in 
social psychology. His wife received a 
doctorate in philosophy at Radcliffe in 
the same year. Olds later studied physi­
ological psychology for two years with 
D. O. Hebb at McGill University. There 
he began the series of experiments dis­
cussed in his article. 

EDWARD F. MOORE ("Artificial 
Living Plants") is a mathematician in 
the swi!::lling research department of 
the Bell Telephone Laboratories at Mur­
ray Hill, N.J. He attended Virginia Poly­
technic Institute and received a Ph.D. in 
mathematics at Brown University in 
1950. After working on digital computer 
programming at the National Bureau of 
Standards and the University of Illinois, 
he joined the staff of Bell Telephone 
Laboratories in 1951. Moore has done 
research on a wide variety of computers, 
ranging from game-playing machines to 
machines for designing relay circuits. 
His chief present interest is in the theo­
retical capabilities and limitations of 
automata. 

W. H. THORPE ("The Language of 
Birds") is director of studies at Jesus 
College and a university lecturer in en­
tomology at the University of Cam­
bridge, from which he holds the degrees 
of Ph.D. and Sc.D. Born at Hastings in 
1902, he developed his interest in bird 
behavior after a long and varied career 
studying the behavior of insect parasites, 
which has taken him to many parts of 
the world. He was a research fellow of 
the Rockefeller International Education 
Board at the University of California in 
1927-29 and Prather Lecturer in biology 
at Harvard in 1951-52. Among the other 
places in which he has conducted re­
search are Hawaii, Panama, Trinidad, 
Tanganyika, Kenya, Southern Rhodesia 
and the Yerkes Laboratory in Florida. 
Thorpe is now investigating bird song as 
a means of exploring the general relation 
between learned and inborn behavior. 
The Ornithological Field Station at 
Madingley, near Cambridge, where he 
is working, was established five years 
ago. Thorpe is president of the Zoologi­
cal Section of the British Association for 
the Advancement of Science and presi­
dent of the British Ornithologists' Union. 
He was elected a Fellow of the Royal 
Society in 1951. His book on Learning 
and 1nstinct in Animals will be published 
in the U. S. shortly by the Harvard Uni­
versity Press. 
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Looking for 
sOll1ething sQecial 

• materials? In 
Norton high-purity, high-stability materials 

aid in solving many industrial problems 

In Supersonic Flight. Marquardt Aircraft Company of Van Nuys, Cal., uses Norton 
ROKIDE* protective coating in its new, highly advanced ramjet engines for supersonic 
missiles. The flame-sprayed ROKIDE aluminum oxide coating greatly increases the tail­
pipe's resistance to excessive heat and erosion. Other ROKIDE coatings for high tem­
perature applications include "ZS" zirconium silicate and "Z" stabilized zirconia. 

In Concentrated Light. After inventing their outstanding new RF induction lamp, 
Sylvania Electric Products Inc. turned to Norton Company as a dependable source of 
high-melting, stable materials. Norton tantalum carbide was selected as the light­
emitting source. Heated to a much higher temperature than tungsten filaments can 
stand, this material becomes the most uniform concentrated light source ever de­
veloped. 

If lack of suitable materials is de­
laying development or improvement 
of your products, remember this: 

Norton high-melting, Jusion­
stabilized materials have helped 
solve many such problems Jor man­
uJacturers, in applications ranging 
Jrom home appliances to guided 
missiles and atomic energy equip­
ment� 

Here is a partial list of Norton re­
fractory materials: ALUNDUM* fused 
alumina, CRYSTOLON* silicon carbide, 
MAGNORITE* fused magnesia, NOR­
BIDE* boron carbide, fused stabilized 
zirconia, special fused oxides, refrac­
tory carbides and borides. 

Another point to remember: these 
materials offer you combinations oj 
thermal, electrical and physical 
characteristics not available in the 
usual reJractory substances. Melt­
ing points range up to 6400° F. 
Electrical resistance and thermal 
conductivity run Jrom low to very 
high. NORBIDE boron carbide, 
with a Knoop hardness oj 2800, is 
the hardest commercial material 
made by man. 

Norton high-melting materials are 
the basic ingredient of the famous 
Norton Refractory Irs - refractor­
ies engineered and prescribed for the 
widest range of industrial uses. 
Norton Company supplies them in 
crude, processed or fabricated form, 
and will work with you in engineering 
them to your requirements. For fur­
ther information, write to NORTON 
COMPANY, Refractories Division, 549 
New Bond Street, Worcester 6, Mass. 

(NORTON) 
REFRACTORIES 

Engineered . . . It . . .  Prescribed 

�ldn, 6effer prodfICfs . . . . 

frJ mt1ke your protium 66fN 

NORTON PRODUCTS: Abrasives • Grinding Wheels 
Grinding Machines • Refractories 

BEHR·MANNING PRODUCTS, Cooted Abrosives 
Sharpening Stones • Behr-cat Topes 

-Trade-Marks Reg. U.S. Pot.Off. and Foreign Countries 
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• � CROWN ZELLERBACH CORPORATION 
)'o;w�{i!, 

NAllqN,AL BISCUIT, COMPANY 

These outstanding companies have achieved success through the years by dlert far-sighted management. 

Today in their offices figure work is speeded with automation for figures. Today businesses 

large and small rely on Monro-Matic desk calculators. 

The new Monro-Matic Duplex Calculator actually speeds the answers to several problems simultaneously. 

It adds as it multiplies, adds as it divides, and by storing individual answers automatically 

eliminates addition or 

subtraction of results when 

the final answer is needed. 

Apply this to your business. 

See the MAN from MONROE 
Write or telephone Monroe Calculating Machine Company, Inc. 

General offices: Orange, N. J. Offices throughout the world. 
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for CALCULATING 

ADDING 

ACCOUNTING 

DATA PROCESSING 
MACHINES 
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Economizer diaphragm (shown in red) functions automatically to control 
the correct amount of fuel for the fuel-air mixture. Du Pont "Fairprene" 
diaphragm resists aging-remains sensitive even in the presence of 
gasoline vapors at engine operating temperatures. 

Secondary throttle diaphragm (shown in red) regulates fuel on the four­
barrel carburetor. This diaphragm must be sensitive and resist permanent 
set and drift. Dependable performance of Du Pont "Fairprene" helps 
explain the successful operation of the Holley carburetor. 

The acceleration pump diaphragm (shown in red) prevents backfiring 
or slowdown during sudden acceleration. Diaphragm must withstand 
severe flexing in the presence of gasoline vapor. "Fairprene" with­
stands this service with no flex cracking or deterioration. 

For maximum efficiency Holley carburetors are diaphragm- rather than 
piston-operated. Precise control under severe operating conditions is 
assured by use of diaphragms of Du Pont "Fairprene." 

Designers at Holley Carburetor Co. find. 

Diaphragms of Du Pont "Fairprene"® assure 
lasting resistance to fuel and flex cracking 

� 
DU PONT INDUSTRIAL 

COATED FABRICS 
COATING MEDIUMS 

Neoprene Buna-N Silicone Polyacrylate 

Chlorosulfonated Polyethylene Tetrafluoroethylene 

Collon 
"0rlon"** 

Metal 

Butyl Acrylic Polyamide 
Polyethylene Polysulfide 

SUBSTRATES 
Fabrics 

Nylon 
Asbestos 

Rayon 

UDacron"* 
Glass 

IITeflonu*** 

Felts or Non-Woven 
"T eflon" Felts 

Wool Felts 

Also elastomer sheet stocks without 

fabric inserts and cements 

*H Dacron" is Du Pont's registered trademark for its polyester fiber 
**" Orion" is Du Pont's registered trademark for its acrylic fiber 
***"Teflon" is Du Pont's trademark/or its tetrafluoroethylenefiber 

<[OpotID 
UG. u. s. PAT. oH 

BETTER THINGS FOR BETTER LIVING • • •  THRO U G H  CHEMISTRY 

Holley Carburetor Company must have reliable performance from 
their diaphragm-operated carburetors. That's why they specified 
Du Pont "Fairprene" coated fabrics for the diaphragm parts. Holley 
requirements for diaphragms of "Fairprene" were sensitivity, resist­
ance to gasoline and fuel additives, flex resistance and long life. 
Du Pont "Fairprene" proved to be just right for the job. 

This is just one application in which Du Pont "Fairprene" has proved 
its effectiveness. Used in diaphragms, gaskets, washers, packings, in­
sulating pads, sealing tape or tarpaulins, "Fairprene" shows excep­
tional resistance to deterioration. Oils, greases, solvents, chemicals, 
abrasion and flexing in extremes of temperatures from -60°F. to 200°F. 
do not affect its performance or reduce its long life. It may pay you to 
investigate possible uses of Du Pont "Fairprene" coated fabrics in 
your product. For more information and technical data on uses of 
Du Pont "Fairprene" fill out and mail the coupon. It's free-mail 
the coupon today. 

1
--;�.-;;:-P:n:-d:;e::':-�:.�:�------------ l 

I Fabrics Division, Dept. S-610,Wilmington 98, Delaware I 
I Please send me your bulletin on technical data and uses of Du Pont I I "Fairprene" coated fabrics. I 

I Name Position I 
I Company I 
I I 
I �� I 
I City State I 
L__ ____________ J 
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DR. J. A. HUTCHESON DR. CLARENCE ZENER Pictured in front of new Westinghouse Research 
laboratories are these key men: Westinghouse vice president He discovered how to develop new olloys by 

in charge of engineering mathematics rather thon by aimless trial-and-error. 

WESTINGHOUSE OPENS 
-A MAMMOTH NEW 

Company investing $103 million in research and development this year; 

employs 6,000 scientists, engineers and technicians 

The greatest decade in research and engineering prog­
ress in the history of Westinghouse came to a climax 
last month with the dedication of new Westinghouse 
Research Laboratories, just outside Pittsburgh. This 
huge research center is the largest and most complete­
ly equipped of the 200 laboratories that Westinghouse 
operates. 

Here several hundred of the country's top scientists 
and engineers are conducting a broad search for knowl-

edge. Some are engaged in fundamental research; 
others in developing such practical things as a new 
concept in refrigeration, a light source that needs no 
fixtures, and superstrong metals to meet the needs of 
the atomic age. 

But this is just part of the new story of research at 
Westinghouse, where 6,000 people are making new 
discoveries or improving many of the things you use. 

The company has just opened or soon will open: 
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DR. DANiEl ALPERT DR. C. R. HANNA DR. AARON WEXLER 
"Expert on absolutely nothing"-because he has Inventor of tank gun turret stabilizers and One of the nation's leading scientists 

in the field of low temperatures. created the world's most nearly perfect vacuum. world-renowned expert on gyroscopic controls. 

ITS 200'H LABORATORY 
RESEARCH CENTER 

At Waltz Mills, Pa., the first test reactor for nuclear 
materials ever owned by a private company. 

At South Philadelphia, a research and development 
laboratory for steam turbines and gas turbines. 

At Kansas City, a huge research and development 
laboratory for new types of jet engines. 

At Baltimore, new manufacturing, engineering, and 
laboratory facilities for military electronics operations. 

At Sharon, Pa., new test facilities for transformers, 
including an "echo-less" laboratory. 

At Youngwood, Pa., and Blairsville, Pa., plants for the 
development of new semi-conductors and metals. 

WATCH WESTINGHOUSE 
where BIG things are happening in RESEARCH 
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Bond plastic laminates quickly 
with this high-strength adhesive 

With Armstrong D-253 Adhesive, you can bond 
plastic laminates on an assembly-line basis-and 
bond them for keeps. 

This easy-to-use themoplastic adhesive combines 
great heat resistance with unusually high dead-load 
and shear strength. 

That extra dead-load strength is particularly val­
uable because it resists the laminate's tendency to 
"fight back." And whether used on flat or curved 
surfaces, D-253 resists constant dead load year after 
year, holding plastic laminates with a grip you'd ex­
pect only from harder-to-use thermosetting cements. 

D-253 is exceptionally fast acting, too. Spray it 
on cores and skins; dry it in seconds under heat 
lamps; assemble the sandwich and pass it through a 
pinch roll. It all takes less than three minutes! No 
time-consuming curing. No jigs, clamps, or presses, 
either. And the finished laminate can be drilled, cut, 
or shipped immediately. 

For the whole story on D-253-and other Arm­
strong adhesives-write today to Armstrong Cork 
Company, Industrial Division, 8010 Inland Road, 
Lancaster, Pennsylvania. In Canada, 6911 Decarie 
Boulevard, Montreal. 

@mstrong 
ADHESIVES • COATINGS • SEALERS 

... used wherever performance counts 

, 
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SCIENTIFIC 
Established 1845 .AMERICAN October, 1956 Volume 195 Number 4 

The Fuel Situation 

Earth's finite reserves of petroleU172, natural gas and coal cannot 
continue to supply lnuch longer the rising delnand for energy. The 
developm�ent of new sources of energy must now have high priority 

E
very hour of the day and night 

three quarters of a million barrels 
of petroleum are being pumped 

into the fuel-burning devices of the 
world. The U. S. consumes about half 
of this torrent, most of it in the internal­
combustion engines that have so radical­
ly transformed the American landscape 
and way of life during the past two gen­
erations. The consumption of liquid fuel 

by Eugene Ayres 

continues to rise so fast that the world 
will be burning a full million barrels per 
hour within three years or so. It is draw­
ing ever more rapidly upon the finite 
supply of oil in the earth. How do we 
stand today; how much longer shall we 
have oil to burn? Seven years ago, in an 
article here [see "The Fuel Problem," by 
Eugene Ayres; SCIENTIFIC AMERICAN, 
December, 1949], the author expressed 

the opinion that "allowing for all possi­
ble postponements, the day of petroleum 
shortages cannot be very far away." 
That day is now almost upon us. 

Since 1949 the picture of the trends 
in petroleum demand and supply has be­
come clearer. We can now forecast re­
liably that production of oil will begin 
to decline in the U. S. in 10 or 15 years 
and in the rest of the world not very 

OIL WELL RIG in the Mississippi delta country of Louisiana taps 

one of the richest reserves of the U. S. The fields of the Gulf States 

extend offshore under the waters of the Gulf, where an estimated 

but unproved 20 billion barrels of petroleum may yet be recovered. 
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WORLD OIL PRODUCTION (black curve), assuming a total 1,220·billion.barrel reserve 

(colored rectangle), will reach its peak before the end of this century and then fall away. 
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U. S. OIL PRODUCTION will reach its peak during the next decade, if the present rate of 

increase continues and if the geologi'cal estimate of reserves at 87 billion barrels is sustained. 

4 

v � 
/ '" 

I I': 
/ " 

" 

3 
U) 

w '" '" 
« 
co 

0 2 
U) 
Z 
0 
::: 
co 

�. "j' ......... 

. '� , 

long afterward. It seems certain that the 
world's annual production of petroleum 
will have fallen far behind demand by 
1965. No conceivable new find of re­
serves could long postpone the evil day. 
We would be pleasantly excited by the 
discovery of a new 100-million-barrel oil 
field in the U. S., but such a field would 
amount to only a 12-days' supply at our 
current rate of consumption. 

Nor can we take much comfort in 
other sources of fossil fuels. Natural gas 
will probably begin to decline in pro­
duction by 1970. Oil shales and tar sands 
cannot possibly yield more than a brief 
supply of oil. As for coal, the bituminous 
beds of the eastern U. S. will be so de­
pleted by 1970 that we shall either have 
to pay higher costs or find ways to use 
coals of poorer quality. It is doubtful 
that we have enough economically min­
able bituminous coal to justify the in­
vestment in plants necessary to convert 
it into liquid fuel. 

In short, all the signs indicate we are 
within sight of the end of the fossil fuel 
era on our planet. Our technology must 
press rapidly ahead to the development 
of other sources of energy. And we must 
exercise the full ingenuity of modern re­
search and invention to utilize our re­
maining resources of fossil fuels with 
maximum efficiency and economy. 

What is the basis of these forecasts? 
It is instructive to look at the situ­

ation in some detail. 
Even if the world had unlimited re­

serves of petroleum, it would still face a 
temporary shortage in the near future. 
U. S. domestic production began to run 
seriously behind consumption in 1948. 
To make up for this we have had to de­
pend upon imports. Our imports have 
been increasing at the rate of 70 million 
barrels a year and this year will come to 
nearly 500 million barrels. Meanwhile 
the consumption of oil abroad has been 
increasing at the rate of 10 per cent per 
year. Germany, because of its domestic 
coal shortages, is increasing its consump­
tion of petroleum at the rate of 20 per 
cent per year. Recently Great Britain has 
given up hope of improving its coal out­
put and is committing its technological 
future to liquid fuel. By 1959, if present 
trends continue, the demand for petro­
leum outside the U. S. will reach 3.9 
billion barrels. Foreign production now 
stands at 3.2 billion barrels and has been 
increasing at an average annual rate of 
230 million barrels. Few technologists 

1940 1960 1980 2000 2020 2040 2060 believe that this rate of increase can be 
HYPOTHETICAL CURVE for U. S. oil production is based on an assumed 250·billion· 

barrel reserve, three times the geological estimate. This figure would only postpone decline. 
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improved upon during the next three 
years. If it can be maintained, produc-
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tion in the rest of the world will just 
equal its demand, at 3.9 billion barrels, 
in 1959. On the other hand, by 1959 we 
shall probably need no less than 700 mil­
lion barrels in imports from foreign 
fields. That 700 million barrels is a meas­
ure of the world shortage now in imme­
dia te prospect. 

This calculation, of course, assumes 
continuation of present trends. The U. S. 
could ameliorate the pinch by stepping 
up domestic production closer to its po­
tential capacity, but the need for a mili­
tary reserve makes this undesirable. The 
rate of increase in oil consumption might 
be slowed by a world-wide economic 
slump, or production might be accele­
rated by an increase in investment. But 
no such drastic shifts in trends seem to 
be indicated. The best guess for the next 
three years, therefore, indicates a world­
wide shortage of nearly 250 million bar­
rels in 1957, rising to 700 million barrels 
in 1959. Of course this shortage is not 
apparent, for it is masked by economy 
in fuel use and substitution of other 
fuels. But it is reBected in the rising 
price of liquid fuel and in the sharpen­
ing tensions of political contest for con­
trol of the world's oil fields. 

We are misled by the fact that the 
curve of petroleum production is still 
rising sharply in the U. S. and abroad. 
But it is in the nature of such a curve 
that things look better and better until 
they begin to look worse and worse. The 
curves of oil production for individual 
oil wells, oil fields, states and countries 
all follow much the same pattern: they 
rise to a peak and then fall gradually. All 
the important oil fields in the U. S. 
opened before 1940 and nearly all those 
tapped before 1945 have now passed 
their peak; so too has oil production in 
nine states of the U. S. and eight entire 
oil-producing countries abroad. 

�t us use the available data to project 
the curves of supply and demand for 

the U. S. and for the world as a whole. 
Nearly all current discussion of U. S. and 
world petroleum reserves is based upon 
the scholarly work of Lewis G. Weeks, 
chief geologist of the Standard Oil Com­
pany of New Jersey. Experience since 
1940, when he first began to publish, has 
sustained the soundness of his estimates. 
Long before the major centers of the 
Near East and western Canada came 
under exploitation, Weeks had correctly 
predicted their potential. No good rea­
sons have been advanced for drastic 
modification of Weeks's figures for the 

Using estimates published by Weeks 
in 1950 and deducting production since 
then, we get 67 billion barrels as the 
remaining onshore reserve of the U. S. 
About half of this has been proved by 
drilling. The Weeks figure for the rest of 
the world is 600 billion barrels. Of this 
about one fifth has been proved; Weeks 
believes that the total foreign reserves 
may be as much as 50 per cent larger 
than his estimate. 

Offshore oil-in the continental shelves 
extending from fruitful fields on land­
will not add a great deal. U. S. offshore 
reserves, mostly in the Gulf of Mexico, 
have been estimated by geologists be­
tween 10 and 20 billion barrels. In the 
rest of the world they have been esti­
mated around 300 billion barrels-mostly 
under the Mediterranean Sea. Here we 
are in an area of wide divergence of 
opinion. Apart from the uncertainty of 
offshore geology, obstacles to production 
put the reserves in doubt. It is generally 
believed that most of this oil cannot be 
produced until new engineering methods 
are developed. 

Taking the largest reasonable esti­
mates, we get 87 billion barrels for the 
total U. S. onshore and offshore reserves 

and 1,280 billion barrels for the rest of 
the world. The accompanying charts 
[opposite pagel forecast the curves that 
U. S. and world production from these 
reserves are likely to follow, on the basis 
of a set of assumptions derived from ex­
perience. Providing that new discovery­
the proving of reserves-keeps pace with 
rising demand, we may expect that pro­
duction will continue to rise for a few 
years at the present rate, then Batten out 
gradually before it turns downward. The 
curves thus drawn reach their peak 
around 1965 for U. S. production and 
around 1980 for the rest of the world. 

The date of these peaks cannot be 
much affected either way by changes in 
the assumptions. If the rate of discovery 
should lag, for example, the dates of the 
production peaks would be postponed 
for a few years, but the shortage during 
the intervening years would be greater. 
If discovery runs ahead, it may speed 
production, but in that case the reserves 
will be exhausted sooner. The dating of 
the peaks of production is not affected 
much if we assume that the total reserve 
is greater than estimated. Because con­
sumption is rising so rapidly, even a 50 
per cent increase in reserves would post-

onshore reserves of the U. S. and the COMPRESSOR STATION in Oklahoma gathers natural gas from the great Hugoton field 
rest of the world. and pumps it to market centers. Loops in pipes p"ovide slack for expansion and contraction. 
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WORKED·OUT COAL MINE in Ohio is graded by bulldozers in first step toward reclama· 

tion of land. This strip mine was worked by power shovels. Grading will reduce erosion. 

pone the peak dates only a few years, 
though it would increase the height of 
the peaks. 

From this analysis it is apparent that 
the shortages indicated for the next few 
years by current trends in supply and de­
mand are of minor consequence com­
pared to the shortages to be expected a 
few years later. Demand will still be on 
the rise when production begins its in­
exorable decline. If we projected de· 
mand forward at its present rate of in­
crease, by 1975 the U. S. would want 
twice as much oil as it is likely to be able 
to produce from its own wells, and the 
rest of the world would itself fall short 
of its own demand. There are important 
political and economic implications in 
the prospect that serious shortages will 
come to the U. S. before they are felt 
abroad. 

Before we consider the various paths 
that technology may take around 

this impasse, let us look briefly at the 
prospects that the other fossil fuels af­
ford. Some of the burden of demand for 
petroleum during the past 20 years has 
been taken over by natural gas. It is the 
most convenient of all fuels for furnaces 
and stationary engines. Since 1940 na­
tural gas production in the U. S. has 
been climbing faster than that of petro­
leum; its average annual increase has 
been 8 per cent. How long can this go 
on? A number of uncertainties make it 
difficult to estimate gas reserves as defi­
nitely as oil. Some gas is produced with 
oil and some from wells that yield gas 
but no oil. Almost 70 per cent of our 
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present proved reserve is made up of the 
great stores of nonassociated gas first 
discovered about 30 years ago. Relative­
ly little non associated gas has been 
found in this country or abroad since the 
1920s, and most experts doubt the pos­
sibility of future strikes like the Carthage 
field in Texas or Hugoton in Kansas. The 
discovery of gas associated with oil has 
provided almost all of our recent addi­
tions to proved reserves. Because drillers 
have been going deeper for oil, the ratio 
of gas found with oil has been increas­
ing. Very deep wells may yield gas un­
der extremely high pressure. This and 
other complicating factors make it diffi­
cult to estimate volume. In the case of 
one gas field three experts appearing be­
fore the Federal Power Commission pre­
sented three different estimates of 865, 
1,600 and 3,200 billion cubic feet, re­
spectively. 

The total reserve in the explored fields 
of the U. S. is estimated at 250 trillion 
cubic feet, which represents a compro­
mise among experts rather than a firm 
figure. To predict the date of peak pro­
duction we need a figure for unproved 
along with proved reserves. Geological 
estimates range from a low figure of 150 
trillion cubic feet to a high of 350 tril­
lion. Taking the larger figure we get 600 
trillion cubic feet as the total area to be 
brought under the production curve. 
The curve [see opposite pagel is pro­
jected on the conservative assumption 
that production will increase at 4 per 
cent, half the present rate, over the next 
few years. The peak is further flattened 
by consideration of the fact that gas pro-

duction requires considerable invest­
ment in pipelines. As we get closer to 
the peak, entrepreneurs will hesitate to 
build new lines if they are not assured 
that the gas will last long enough to 
amortize their investment. With these 
assumptions, the peak of gas production 
may be predicted to occur between 1965 
and 1970, at around 13 trillion cubic feet 
per year. 

Let us consider next the reserves of 
oil shale, of which the U. S. has an esti­
mated 55 per cent of the world supply. 
If we could exploit our entire oil-shale 
resource, we could reckon it as equiva­
lent to 1,000 billion barrels of petroleum. 
But most of the material assays at five 
gallons of oil or less per ton of shale and 
may never prove economic for extraction 
of fuel. Our richest deposit is in Colo­
rado, where the Bureau of Mines esti­
mates that 1,000 square miles might be 
amenable to commercial development. 
But most of this deposit is believed to 
assay at no more than 15 gallons per ton. 
Recovery of oil from this material would 
run quite a bit higher than the pilot plant 
figures that bring shale oil in sight as a 
substitute for petroleum. Realistic specu­
lation must be restricted to the part of 
the 1,000 square miles that appears to 
assay around 30 gallons per ton. This 
rich shale, in the famous Mahogany 
Ledge, is estimated to contain 126 bil­
lion barrels of oil. The Bureau of Mines 
has calculated that from one to two mil­
lion barrels of oil per day could be de­
veloped from Colorado oil shale in about 
20 years. The limiting factors would be 
the availability of water in that arid re­
gion for processing the material and the 
problem of disposing of the oil-shale ash. 
Even from rich shale a million barrels of 
oil per day would mean a million tons of 
ash per day. 

If the Bureau of Mines estimate is 
realistic, the peak of production for this 
lower-cost shale oil would probably 
come to an annual rate of about 1.5 bil­
lion barrels at the end of the century. 
This projection is beset by such uncer­
tainty that it should not be taken too 
seriously. But it probably represents the 
best that can be expected. It shows that 
shale oil can make at best only a tiny 
dent in the oil-shortage problem. 

Tar sands seem even less promising. 
Estimates of the recoverable oil in the 
tar sand beds of Athabasca in northern 
Alberta range from 100 to 300 billion 
barrels. But nearly all of this lies from 
50 to 250 feet underground. The oil 
could be produced, but at rather fan­
tastic cost. About one billion barrels 
could be recovered from the Athabasca 

© 1956 SCIENTIFIC AMERICAN, INC



tar sands accessible to surface mmmg. 
Some of this mav be recovered before 
the end of the c�ntury and will extend 
the world's supply of liquid fuel a month 
or two. An additional one or two months' 
supply may eventually be obtained from 
tar sand deposits in several states in our 
country. 

IT ntil recently concern about future 
fuel supplies could be relieved by 

.he notion that we had enough coal to 
last us for "thousands of years." The 
U. S. Geological Survey early in the cen­
tury had estimated our coal reserve at 
3.4

' 
trillion tons. This total included the 

immense deposits of lignite and sub­
bituminous coals in the western states. 
During the past decade the size of the 
('oal reserve has shrunk to a supply for 
"hundreds of years." A reappraisal by 
the U. S. Geological Survey now under 
way has scaled down the total to 1.9 
lrillion tons, with further reductions "in 
prospect." At the same time, mining en­
gineers have been arriving at a consen­
sus that the economically recoverable 
coal may amount only to about one 
tenth of the geological estimate. The 
readily accessible coal-beds 28 inches 
or more thick at depths of no more than 
1,000 feet-totals less than 100 million 
tons. Another 400 billion tons are esti­
mated to lie in beds of adequate thick­
ness at depths between 1,000 and 2,000 
feet. Some authorities project a figure of 
250 billion tons as our total producible 
reserve. 

If we are talking about coal as we 
mine it and use it today in our industrial 
system, we must cut this figure even fur­
ther. The grades of bituminous coal im­
portant in the. manufacture of coke for 
the blast furnaces of our steel industry 
will amount to only a few hundred mil­
lion tons until we dig deeper than 1,000 
feet. We can figure that we have about 
27 billion tons of fuel-grade bituminous 
coal that can be produced at something 
like present costs. 

The pressure of our economy on this 
reserve of "cheap" bituminous coal has 
been reduced during the past 25 years 
by heavy replacement with oil and gas. 
W'e can expect to see a much heavier de­
mand for coal during the second half of 
this century. Oil, which has replaced 100 
million tons of coal per annum in house­
hold and industrial furnaces, now is on 
its way out as a coal competitor, for the 
obvious reason that it is becoming more 
profitable to convert it to motor fuel. 
Electric power production, which con­
sumes an important fraction of our an­
nual output of 500 million tons of coal, 

u 
� 
;:) 
U 

o 
(j) 

Z 
o 
::: 
Q2 
t-

16 

12 

8 

4 

1950 1960 1970 1980 1990 2000 2010 2020 

NATURAL GAS reserve of the U. S. is estimated at 600 trillion cubic feet (colored rectan­
gle) _ Production of tbis reserve at present rate of increase will reach its peak before 1970_ 

2 

1.5 

� 
w 

"" 
"" 
« 
co 

0 
(j) 

Z 
0 
::: 
� 

.5 

1960 1980 2000 2020 2040 2060 2080 2100 2120 
OIL SHALE of the U. S. is estimated at 126 billion barrels recoverable from high-grade 

shale. Rising price of oil may soon make exploitation of this reserve economically feasible_ 

800 

600 
(j) 
Z 
0 
t-

O 400 
(j) 
Z 
0 
::: 
� 

200 

1950 1960 1970 1980 1990 2000 20 10 2020 
COAL reserve of the U. S. comprises 27 billion tons of present commercial quality and cost. 

Production of this coal, now increasing at accelerating rate, will reach its peak around 1970. 

47 

© 1956 SCIENTIFIC AMERICAN, INC



OIL·SHALE MINING methods were developed by Bureau of Mines 

engineers at Rifle, Colorado. The picture shows mobile platform 

used for charging blast holes in the working face of the mine. 

OIL·SHALE ASH, making a dust cloud at foot of the retorting 

plant, presents a major problem of disposal. Even rich oil shale, 

assaying at 30 gallons per ton, yields a ton of ash per barrel. 

is nsmg at the rate of 8 per cent per 
year. Taking account of these demands, 
and making no allowance for conversion 
to liquid fuel, coal production should be­
gin to rise at about 3 per cent per year 
around 1960. On this basis production 
from our bituminous coal reserve will 
pass its peak around 1970, and the pinch 
of shortage should be felt before 1965. 

The shortage can be made up, of 
course, by mining coal of good quality 
at higher cost and by using coals of 
poorer quality. But it now seems clear 
that if we are to use coal to make liquid 
fuel, we shall have to convert sub-bi­
tuminous coal and lignite. This will re­
quire the development of cheaper and 
less wasteful processes than those that 
have been employed so far. An estimated 
21 billion tons of sub-bituminous coal 
and lignite can be mined economically. 
Some of this contains too much moisture 
and ash to be used efficiently as boiler 
fuel. Low-temperature carbonization, 
however, yields a char which is often an 
excellent boiler fuel and a tar which can 
be converted to motor fuel. This has al­
ready started on a moderate commercial 
scale. Engineering concerns are promot­
ing the idea and the process has high 
priority in several industrial laboratories. 
The time may come when the burning 
of bituminous coal instead of char will be 
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considered as wasteful as the old bee­
hive coke oven. 

In sum, the production curves for the 
fossil fuels projected in this discussion 
all indicate that the peak of the fossil fuel 
era will come before the end of this cen­
tury. The weight of this prediction is in­
creased by the fact that we cannot ex­
pect to recover all of the reserves within 
the economic framework to which our 
present technology and habits of use are 
adjusted. This applies especially to pe­
troleum. It is possible that only about 
one third of the world's remaining oil 
can be produced at anywhere near the 
present cost range. 

Of course, increase in cost is a spur to 
invention. Since invention cannot be pre­
dicted, there is no way to guess how 
much of the now inaccessible and expen­
sive fossil fuels may yet be produced for 
use. For example, it may be possible to 
apply nuclear heat in some form to the 
underground retorting of oil shales-a 
development which might greatly ex­
tend the volume of practicably recover­
able oil from this resource. The same de· 
velopment might give us the benefit of 
the deeper deposits of tar and sand and 
make it possible to recover useful energy 
from the 1,425 billion tons of deep and 
scattered coal reserve. Such develop­
ments may extend our exploitation of the 

fossil fuels and may even reduce the cost 
of energy extracted. But they cannot in­
crease the world's total reserves. 

The fuel situation, it is clear, requires 
a considerable speed-up of research and 
invention. It is not only a question of de­
veloping new sources of energy. We 
must also find more efficient ways to ap­
ply energy in its two major uses: the 
heating of indoor space and vehicular 
transportation. 

A t present, nuclear power offers the 
ft most promising alternative to fossil 
fuels. However, progress in this field so 
far scarcely touches the heart of the 
problem. We speak of nuclear "power," 
but what we are really working on is 
nuclear heat. We are proposing to hook 
up the nuclear reactor to the steam tur­
bine, an only modestly efficient inven­
tion of the 19th century, and to throw 
away three quarters of the energy of the 
nuclear reaction. It seems improvident 
to waste precious nuclear fuel in this 
fashion, not to mention the tons of fossil 
fuel that go into its manufacture. Elec­
tric power is destined to play an ever 
increasing role in our total energy pic­
ture. Clearly the next step in power gen­
eration must be the elimination of the 
steam cycle and the direct conversion of 
radiation to electricity. 
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TAR SAND OIL is skimmed from surface of hot water by rotating 

paddles in separation cell at Alberta plant. Tar is separated from 

sand by heating it to melting point and floating it off on waler. 

WORKED·OUT SAND is removed from separation cell by screw 

conveyors. Water and oil froth, lifted along with the sand tailings, 

flow back into separation cell as the sand is dumped out at right. 

Nonetheless, the burning of nuclear 
fuel will cut down the rapid spending of 
our fossil fuel reserve. If all of our pres­
ent elech'ical power were generated by 
nuclear reactors, this would save only 
12 per cent of our fossil fuel. Where nu­
clear fuel would help most is in space 
heating, which now consumes nearly 
half of our fuel energy. Heat from nu­
clear reactors might be used directly for 
central steam heating in large concen­
trated centers of population, but for most 
heating the only feasible way to use the 
energy would be in the form of electric 
power. Electric heating systems, sup­
plemented by heat pumps, are already 
coming into use. With such application 
of electricity in prospect we cannot long 
wait for really revolutionary develop­
ments in the generation and distribution 
of electric power. 

The second largest use of energy is 
for land transportation. The internal­
combustion engine is making the U. S. a 
nation of suburbs. In tractors, bulldozers, 
scrapers, motor graders, cultivators, har­
vesters and many other devices, it builds 
our highways, constructs our buildings 
and produces our overabundant food. 
The bus is superseding electric cars, 
trucks are taking railway freight, and 
the Diesel electric has made the steam 
locomotive obsolete. We use four times 

as much fuel for internal combustion as 
for the generation of electric power, and 
we pay 14 times as much for the fuel. 
We have based a major part of our ex­
istence on liquid fuel. And yet we must 
face the prospect that supplies will soon 
be inadequate even for our present pop­
ulation. We can look forward to a pro­
found revolution in automotive trans­
portation within the next two decades. 

The eminent physicist Sir George 
Thomson, in his book The Foreseeable 
Future, pronounces the internal-combus­
tion engine an anachronism and predicts 
that it will become wholly obsolete as 
soon as a satisfactory "electrical accu­
mulator" has been devised. Meanwhile, 
it looks as if we shall soon have the in­
jection engine and the automotive gas 
turbine. These two engines will still 
leave us dependent upon liquid fuel, but 
at least they will eliminate the wasteful 
conversion of petroleum to high-octane 
gasoline. With motor fuel almost as 
cheap as bottled water up to now, we 
have preferred performance to economy. 
But radical developments are now in or­
der. It seems that the reciprocating inter­
nal-combustion engine has nearly com­
pleted its term of usefulness and must be 
replaced by something of a very different 
character. 

We may take it for granted that the 

necessary inventions will be made. The 
U. S. will have to give this technological 
advance first priority if the mobility of 
our people is to be maintained. And au­
tomotive transportation will not be per­
manently denied to the majority of the 
world's population merely because they 
failed to consummate their industrial de­
velopment before the supply of petro­
leum became inadequate. 

T he outlook on the fossil fuel situation 
given here is dark. Perhaps it is too 

dark. Geologists may be wrong in their 
ideas about reserves. Economists may be 
wrong about costs. Technologists may 
have some cheerful surprises to spring in 
the art of fossil fuel production. Engi­
neers may find ways to multiply fuel­
power efficiencies manyfold. But we cer­
tainly cannot ignore present indications. 
Even if present estimates of reserves turn 
out to be wide of the mark, the time­
tables of fossil fuel production will be 
extended only a few years. 

The technical decades ahead are sure 
to be tumultuous. The inventive genius 
of our own country, in particular, will 
have to turn away a little from the pres­
ent overemphasis on entertainment, con­
venience, comfort, thrill and appearance 
to the more bread-and-butter subject of 
the raw need for energy 
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TISSUE CULTURE AND CANCER 

Anirnal tissue cells can be grown in almost completely synthetic 

media and whole colonies of such cells grown from a single cell. 

These cultures provide convenient subjects for testing new drugs 

J
ust half a century ago Ross G. Har­

rison, a young biologist at Yale 
University, cultivated some bits of 

nerve tissue from frog embryos in a glass 
flask and succeeded for the first time in 
growing animal cells outside the living 
body. His elegant experiment yielded 

by John 1. Biesele 

something much more important than 
frog nerve cells. It was the beginning of 
the modern technique of tissue culture. 
Already this great tool has produced 
richer benefits for mankind than Dr. 
Harrison and other pioneers could have 
foreseen. Tissue culture of the poliomye-

litis virus made possible the Salk vac­
cine: The cultivation of living cells in 
glass is adding steadily to our knowl­
edge of the basic chemistry, machinery 
and genetics of the cell. And it is our 
most valuable instrument in the quest 
for a solution to the problem of cancer. 

INITIAL PLANTING of tissue culture involves the transfer of a 

mouse's sarcoma 180 tumor onto a glass cover·slip (center) with 
control specimens of normal tissue on either side. The culture is 

now ready for insertion in a roller tube (shown on opposite page). 
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We shall consider here how it is being 
used to test chemicals against this 
disease. 

Techniques of tissue culture have ad­
vanced remarkably in recent decades. 
When Harrison began his work, it was 
possible only to keep tissues of a lower 
animal embryo alive for a few days. To­
day many kinds of cells can be cultured 
and multiplied indefinitely. Cells of 
mammals, including the human, are 'cul­
tivated in the test tube in much the same 
fashion as colonies of bacteria. Progress 
is being made toward the goal of grow­
ing them in completely synthetic media, 
so that the effects of any ingredient can 
be measured precisely. All this has come 
about through a series of improvements 
in techniques developed in many labora­
tories-in universities, medical schools, 
research institutes and pharmaceutical 
houses-in the U. S. and abroad. 

We can describe these improvements, 
in a way, as meeting two living needs: 
shelter and food. The first covers the 
mechanics of the abode in which the 
cells grow. As a foundation for their 
growth the experimenters long used 
clotted blood plasma-a jelly-like medi­
um in which the cells can get a footing, 
so to speak. The plasma clot has two 
drawbacks: the composition of the plas­
ma varies, and it is difficult to cut the 
jelly into absolutely uniform pieces when 
the population of cells has to be di­
vided for further experiments. Wilton R. 
Earle and his co-workers at the National 
Cancer Institute in Bethesda solved 
these problems by eliminating the plas­
ma clot. The cells are grown on per­
forated cellophane or on the walls of the 
glass vessel itself. When the cells are to 
be separated for transplanting to other 
vessels, they are dislodged from the 
cellophane or glass wall by shaking or 
by a mild chemical treatment; the cells 
in suspension are then divided into 
counted groups, so that the starting num­
ber in each new population is accurately 
known. Sometimes the cells are grown 
in agitated suspension in the nutrient 
fluid, rather than on a fixed foundation. 
Whether the cells grow on the glass wall 
or in suspension, it is desirable to keep 
the medium in motion, in order to speed 
the delivery of nutrients to the cells and 
the removal of wastes from them. For 
this purpose laboratories commonly use 
so-called "roller tubes" -test tubes turn­
ing in a rotating drum [see upper photo­
graph at 1·jghtl. 

Tissue cultures must be rigorously 
protected against contamination by bac­
teria, for microorganisms will quickly 
take over and kill off a population of 

ROLLER TUBES containing cultures in a nutrient medium are revolved six times per hour 

in a drum. The bottle above them contains a microlayer of tissue in a stationary medium. 

SHELTER AND FOOD for the tissue cultures are provided in a roller tube of ultrathin 

glass suitable for use under the microscope. The cultures face inward toward the medium. 
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FORMATION OF A CLONE is displayed in these cultures by 

W. R. Earle. Above are three stages in a culture inside a capillary 

tube whose inside diameter is one millimeter. At top the tube 

contains a single cell. After 87 hours (middle) and 125 hours (bot-

cells. The test tubes are therefore tightly 
stoppered, and nowadays penicillin or 
some other antibiotic is often added to 
the medium to stop any bacteria that 
may invade the culture. 

On what meat do living cells feed? 
The pioneers in tissue culture had 

to begin with a broth of natural materials 
whose ingredients were not exactly 
known. It included salt solutions, ex­
tracts from living embryo tissue, serum 
and other body fluids. One of the first 
to try to standardize the nutrient medi­
um was Alexis Carrel, the famous cuI­
turist of chicken heart tissue (whose 
technicians wore black gowns from head 
to toe when they planted their cultures). 
The B vitamins, then just becoming 
known, were added to the medium, and 
later amino acids and other known bio­
logical substances. More than a decade 
ago Philip R. White of the Institute for 
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Cancer Research worked out a synthetic 
medium in which he succeeded in keep­
ing tissues alive for some weeks [see 
"Plant Tissue Cultures," by Philip R. 
White; SCIENTIFIC AMERICAN, March, 
1950]. Advances in biochemistry and in 
the understanding of nutrition have now 
brought tissue culturists to the verge of 
complete identification of all the nu­
trients needed for growth by some 
strains of mammalian cells. 

Harry Eagle of the National Micro­
biological Institute in Bethesda has 
grown various cell strains in a nutrient 
mixture of 13 amino acids, eight vita­
mins, six inorganic salts and glucose­
supplemented by no more than 10 per 
cent of serum. The serum appears to be 
needed either for some of its proteins 
or for substances it carries in trace 
amounts. Earle's group at the National 
Cancer Institute has put together a more 
complex medium which, even without 

serum, supports the growth of at least 
one strain of mouse cells. 

With the development of closely con­
trolled culture techniques, tissue cultur­
ists have turned to more precise control 
of the cells themselves. To make sure 
that the experimental cell population is 
completely homogeneous, they seek to 
develop a colony of cells from a single 
cell as the parent: this kind of colony is 
called a clone. Here again Earle's group 
was the first to succeed. Their method 
involves trapping a single cell in a fine 
capillary tube and then placing the tube 
in a suitable nutrient medium. Their ex­
periments indicate that the cell will grow 
only in a small and confined volume of 
medium. A single mammalian cell placed 
alone in an ocean of medium will prob­
ably not proliferate, even when the me­
dium has been "conditioned" by the 
prior growth of cells in it. Apparently 
certain substances, perhaps emitted by 
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tom) the cell has proliferated into a colony; the bottom pictnre 

shows a cell dividing at right of center. The large photograph 

shows a similar clone on the 28th day. The cells, now of many 

shapes and sizes, have begun to proliferate into the outer flask. 

the cell itself, must be kept close to 
the cell if its growth is to proceed. 

A simpler and more reliable method of 
obtaining clones was devised recently 
by Theodore T. Puck of the University 
of Colorado School of Medicine. After 
bringing the cells growing on glass into 
suspension by very gentle methods (to 
avoid damaging them) , he plates out the 
suspension on a mixture of nlltrient me­
dium and semisolid agar in a Petri dish. 
Each of the separated cells then de­
velops into a small colony. Evidently the 
nonHuid agar restricts the loss of certain 
essential materials from the cells. After 
the little colony of cells has grown large 
enough, it can be placed into a new 
culture vessel and used to start a new 
clone. Puck observed that cells of a 
given clone grow at a more uniform rate 
than those of the original heterogeneous 
strain. The technique of plating out cells 
(the agar can be omitted for some 

strains) holds great potentialities not 
only for growing clones but also as an 
opening wedge for applying microbio­
logical procedures to human and other 
mammalian cells. 

Earle is showing the way to still an­
other important advance in expanding 
the usefulness of tissue culture. His 
group is developing a technique for 
growing cells of a single kind in large 
amounts-measured in grams. This will 
facilitate studies of the chemistry and 
metabolism of speCific types of cells un­
der controlled and comparatively simple 
conditions-away from the complicated 
environment of the animal body. 

�l this has given fresh interest to the 
investigation of cancer cells. For 

more than a decade workers at a num­
ber of laboratories have engaged in a 
search for chemical agents with which 
to attack cancer. As everyone knows, the 

problem is to find substances which are 
harmless to normal cells but will block 
the growth of malignant cells. Hundreds 
of candidate substances have been 
screened in this search. The usual meth­
od of screening has been to test them in 
tumorous rats and mice. Now, with the 
recent improvements in tissue culture, 
the hope arises that chemical agents may 
be screened more speedily and efficient­
ly in cultures of human cancer cells­
just as antibiotics against bacteria are 
screened in the test tube. 

But in the case of cancer such an ap­
proach raises some very difficult ques­
tions. An infecting bacterial cell is a for­
eign organism that can be attacked di­
rectly. Malignant cells formed by the 
body itself, on the other hand, are the 
product of a whole complex of chemical 
processes within the body. In an in vitro 
culture it is difficult to know whether 
the active substances are the same as 
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like adenine except for substitution of sulfur. Thioguanine is a similar analogue of guanine. 

those active in the body. or indeed 
whether the cancer cells themselves have 
the same properties as when they grow 
in the living organism. Moreover, no test 
in glass can predict how a given chemi­
cal will affect all the different types of 
normal cells in an animal. 

Some information about cancer cells 
and agents against them has been gained 
from tissue-culture studies with the old­
er techniques. The Sloan-Kettering In­
stitute for Cancer Research has conduct­
ed such studies for about 10 years. We 
have worked chiefly with mouse cells in 
culture media made up largely of natural 
materials. Several other institutions have 
done similar work. Let us review the 
findings so far. 

In test-tube cultures the only agents 
that have shown much ability to kill can­
cer cells selectively are the so-called 
antimetabolites-counterfeit chemicals 
which are very like normal cell sub­
stances but differ slightly from them in 
molecular structure and therefore act 
like monkey wrenches dropped into the 
cell's machinery. The most effective anti-
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metabolites are those that resemble sub­
stances involved in the making of nucleic 
acids. We have found certain counter­
feit purines-altered versions of adenine 
and guanine-particularly interesting. 

�t us take as an example an altered 
molecule known as 6-mercapto­

purine-in which sulfur replaces the 
amino group (NH2) normally attached 
to the carbon atom at the number 6 posi­
tion in adenine [see top diagram above]. 
If we add this counterfeit substance 
to a culture of mouse cells growing in a 
medium of "natural" materials-embryo 
extract, serum and inorganic salts-it 
inhibits division and multiplication of 
the cells. But it has a much stronger in­
hibiting effect on cancer cells than on 
normal mouse skin cells. Now if we add 
some genuine adenine to the culture, it 
blocks the inhibitory effect of the anti­
metabolite in some degree-completely 
so in the case of normal cells, slightly 
in the case of cancer cells. Certain other 
substances also display some effective­
ness in blocking 6-mercaptopurine. The 

most effective blocking agent of all, 
especially for the cancer cells, is co­
enzyme A, which contains adenine. One 
molecule of coenzyme A blocks up to 
50 molecules of 6-mercaptopurine in 
their inhibitory effect on the cancer cells 
(which here are of the type called sar­
coma 180). 

Guanine has a similar analogue called 
thioguanine, in which sulfur replaces an 
oxygen atom. Thioguanine is about 10 
times as toxic as 6-mercaptopurine. It 
inhibits normal and cancer cells alike in 
mouse tissue cultures. It is only partly 
blocked by coenzyme A, and cell divi­
sions occurring under its influence con­
tain broken chromosomes. 

One important thing these experi­
ments illustrate is that the effect of an 
antimetabolite depends to a large ex­
tent on the composition of the medium. 
This point is further emphasized by the 
fact that in a living animal thioguanine 
has a greater effect on cancer cells than 
on normal cells, though it does not dis­
criminate between them in a tissue cul­
ture. On the other hand, we must not 
forget that the cell itself is the final de­
terminer of the response, whatever the 
medium. For example, there is a variant 
strain of sarcoma 180 which resists the 
depressing effect of 6-mercaptopurine, 
both in the body of the mouse and in 
tissue culture. 

We have lately started tissue culture 
experiments with human cancer cells, 
testing the effects of antimetabolites on 
them as we do on mouse cells. In these 
tests the human cells have proved to be 
less sensitive to antimetabolites than 
mouse cells. The composition of the me­
dium again is important here. In the 
"natural" medium in which the mouse 
cells are grown, division of the cells is 
readily inhibited by adding, for exam­
ple, an antagonist to glutamine. But in 
the cultures of human cancer cells, 
grown in a semisynthetic medium, the 
glutamine antagonist has little effect un­
less we first reduce the concentration of 
glutamine in the medium. 

The experiments so far, both on mouse 
and human cells, have been devoted 

mainly to studying the effects of a few 
substances. In weighing the feasibility of 
applying the technique to screen possi­
ble agents against cancer, we have many 
difficulties to consider. First is the fact 
that a compound which stops division 
of cancer cells in a tissue culture often 
fails to do so in the whole animal. The 
animal may divert the chemical from the 
tumor, may excrete it, may change it to 
an ineffectual substance or may over-

© 1956 SCIENTIFIC AMERICAN, INC



whelm it with counteracting normal sub­
stances. Secondly, after cells have been 
cultivated for some time in a tissue cul­
ture they may change, as a result of se­
lection of the strains best able to grow 
under the conditions provided. Differing 
tumor cells may thus become uniform 
and differ in metabolism from the orig­
inal cells in the animal body. More­
over, many experimenters have observed 
that normal cells long cultivated in a 
tissue culture have a tendency to be­
come cancerous. In fact, a tissue culture, 
because it tends to favor anaerobic 
growth (without oxygen) , provides just 
the conditions needed to transform the 
metabolism of normal epithelial cells to 
that of malignant cells. 

Obviously it becomes difficult to test 
the differential effects of cell poisons 
when the investigator cannot be sure 
whether the cells in a given tissue cul­
ture are the same as the normal or tu­
morous cells originally taken from the 
animal body. The prospects for being 
able to use tissue cultures as a primary 
screen for testing chemotherapeutic 
agents against cancer are not altogether 
promising. In my opinion the technique 
will be useful only if combined with 
other test methods. But despite its im­
perfections, tissue-culture screening will 
be a very valuable help. After all, cancer 
patients do not come in triplicate, and a 
test of an anticancer agent has little 
meaning unless it can be repeated in a 
number of identical situations. 

Some of the difficulties in using tissue 
cultures can certainly be overcome. For 
example, the cells in a culture can be 
examined and tested periodically to see 
if they have changed their properties. 
Moreover, tissue-culture studies of hu­
man cancer can be checked by experi­
ments with laboratory animals, for it is 
now possible to transplant human tumor 
tissue to rats and mice that have been 
treated with cortisone. 

The aim of tissue culturists is to find 
a reliable means of comparing the re­
sponses of normal and cancerous cells to 
various chemical agents in vitro. But 
even if this should prove not to be fea­
sible, it has been suggested that tissue 
cultures might be used simply to iden­
tify substances capable of attacking can­
cer cells. Chemicals above a certain level 
of potency would then be tested further 
in animals to determine whether they are 
toxic to normal cells. Even this limited 
use of tissue cultures for screening 
would greatly increase the number of 
compounds that could be investigated 
and might bring closer the final victory 
over cancer. 

CELL COLONY is shown in phase·contrast picture at top. Middle picture shows cells of a 

type of human cancel'; bottom picture shows effect of antimetabolite on cells of same type. 
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A National Radio Observatory 

Plans for a 140-foot steerable paraboloid telescope to be located in 

West Virginia are being drawn by the National Science Foundation. 

The obser()atory lS a cooperati()e project of research institutions 

The U. S., where radio astronomy 
had its birth, has hitherto lagged 
behind other countries in facilities 

for the pursuit of this fascinating science. 
But it will soon have one of the world's 
largest and finest radio telescopes. Prep­
arations are going forward for the build­
ing of what amounts to a national radio 
observatory in the hills of West Virginia. 
Too big a project for any one university 
or institution, it will be built by the 
National Science Foundation and op­
erated by a cooperative organization. 
The main feature of the observatory will 
be a 140-foot steerable paraboloid tele­
scope which will be able to scan the en­
tire northern sky. This antenna will be 
smaller than the 250-foot dish now being 
constructed by the British at J odrell 
Bank in England, but it will be an instru­
ment of exceptionally high precision, 
and the equipment of the laboratory as 
a whole will be unequalled anywhere in 
the world. 

The National Science Foundation has 
just announced that it has selected a site 
for the observatory. The site is near the 
village of Green Bank in Pocahontas 
County, West Virginia. Congress has ap­
propriated about $4 million toward the 
purchase of the land and the design and 
construction of the telescope and sup­
plementary buildings and laboratories. 
Since the National Science Foundation 
cannot itself operate facilities, studies 
and negotiations are now under way to 
determine what group or organization 
will be best fitted to manage the observ­
atory. 

Radio astronomy (whose tremendous 
development was admirably reported in 
last month's issue of SCIENTIFIC AMERI­
CAN on cosmology) began in 1931 when 
Karl G. Jansky of the Bell Telephone 
Laboratories discovered radio static 
reaching us from outer space. In the pre-
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war and wartime years much of the 
pioneer work in this new field was done 
by U. S. investigators, notably Grote 
Reber and G. C. Southworth. But soon 
after the end of the war Great Britain, 
Australia, the Netherlands and Canada 
took the lead in radio astronomy. Ten 
years ago only one U. S. university­
Cornell-devoted major attention to such 
research. By 1951 Cornell, the Naval Re­
search Laboratory, the National Bureau 
of Standards and the Carnegie Institu­
tion of Washington had organized pro­
grams of radio study of the sun, but the 
British and the Australians had the field 
of galactic radio astronomy almost to 
themselves. 

Interest in this broader field received 
a sharp stimulus in the U. S. during 
1951 when H.!. Ewen and E. M. Purcell 
of Harvard University detected radio 
radiation at the 21-centimeter wave­
length from hydrogen in the spiral arms 
and the center of the Milky Way system. 
In the summer of 1952 the Harvard Ob­
serva tory began a radio exploration of 
hydrogen clouds in the Milky Way, and 
the Naval Research Laboratory and the 
Carnegie Institution also became active 
in this new field. At about the same time 
the Ohio State University built the first 
of its large antennas for surveying our 
own and other galaxies, and began to 
produce radio maps of the sky. 

The new National Science Founda-
tion, which began operations in 

1952, saw at once that it had an impor­
tant function to fulfill in furthering the 
cause of radio astronomy. Among its first 
substantial grants two were for radio 
projects at the Agassiz Station of Har­
vard Observatory and at Ohio State. In 
January, 1954, the Foundation spon­
sored a symposium in Washington to 
survey the future prospects for this work 

in the U. S. The symposium was well at­
tended and engendered much enthusi­
asm among astronomers, physicists and 
electronic engineers. The Foundation in­
creased its support of radio astronomy, 
and other organizations, notably the 
Office of Naval Research and the Air 
Force, entered the field. The nation now 

O BSERVATORY SITE at Green Bank, 
West Virginia, is a flat, triangular valley 
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has 10 institutions actively working in 
radio astronomy, and five more will soon 
join them. There are more than 20 pro­
fessional radio astronomers in the U. S. 
and about 20 students doing graduate 
study in the subject. 

As far as instrumentation is con­
cerned, the first big step forward came in 
1952 with the construction of the 50-
foot steerable paraboloid at the Naval 
Research Laboratory in Washington. It 
is a fine piece of equipment which has 
been admired by many air visitors to 
Washington, for it stands just across the 
Potomac from the Washington Airport. 
The instrument has already made impor­
tant contributions to radio astronomy: 
it has told us much about radio radiation 
from the sun, was the first to detect hy­
drogen in a radio star and was also the 
first to record thermal radiation from 
gaseous nebulae and from the planet 
Venus. 

The largest paraboloidal radio tele­
scope now in operation in the U. S. is 
Harvard's 50-footer. Plans for the con­
struction of several larger ones are al-

ready beyond the talking stage. Before 
long the Naval Research Laboratory will 
have an 84-foot dish, and 50-footers will 
soon arise at the Carnegie Institution in 
Washington and at the University of 
Michigan. The California Institute of 
Technology is building a pair of 90-foot 
steerable paraboloids, to be operated as 
an interferometer system. 

I need mention only a few other re­
sults to demonstrate that the U. S. is 
moving forward rapidly in radio astron­
omy. Workers at the Carnegie Institution 
have discovered radio noise from the 
planet Jupiter, presumably originating 
by a process not unlike that which pro­
duces terrestrial thunderstorms, but on a 
very much larger scale. At Ohio State 
the sky surveys have led to a precise de­
termination of the direction toward the 
center of the Milky Way system; Ohio 
State has also studied thunderstorm ef­
fects on Jupiter and Venus. At the 
Agassiz Station the Harvard radio as­
tronomers have learned much that is 
new about the fine structure of the hy­
drogen clouds in interstellar space, and 

recently David S. Heeschen detected 
21-centimeter radio waves from a very 
distant cluster of galaxies in the con­
stellation of Coma. T. K. Menon's stud­
ies of neutral hydrogen in the Orion 
Nebula and its surroundings are proving 
of considerable importance for cosmo­
logical studies of stellar evolution. 

I t is against this background of develop-
ing research experience that we must 

look at the plans for a national radio ob­
servatory. The 140-foot telescope will be 
a major advance in instrumentation of 
which U. S. radio astronomers are now 
prepared to take advantage. The big 
dish itself will be backed up by the 
latest in electronic equipment for ampli­
fying and recording signals. American 
radio astronomers have already benefited 
very much by the happy circumstance 
that they are doing their research in a 

country in which there is much em­
phasis on research and development in 
electronic engineering. 

The first suggestion for the creation of 
such an observatory came from Harvard 

at 2,700-foot altitude, sheltered by 4,000-foot mountain ridges on 

both sides_ The site was chosen to protect the observatory from 

seventIes of climate, especially tornadoes, and from man-made 

radio interference that fills the sky around large population centers_ 
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140·FOOT TELESCOPE design by D. S. Kennedy & Co. of Cohasset, Mass., mounts the reo 

flector on a rotating turret atop a concrete silo. Reflector itself rotates ab!mt a hnrizlln!a1 axis. 

DIAMETER OF REFLECTOR 

FOCAL LENGTH 

SURFACE TOLERANCE 

FOCAL POINT POSITION 

SKY COVERAGE 

TRACKING ACCURACY 

STABILITY IN WIND 

FUll PRECISION 

PARTIAL PRECISION 

SAFETY 

140 FEET 

70 FEET 

±lJ4 INCH 

±l/S INCH 

COMPLETE HEMISPHERE 

10 SECONDS OF ARC 

TO 30 MILES PER HOUR 

lO 45 MILES PER HOUR 

TO 120 MILES PER HOUR 

SPECIFICATIONS for the 140·foot antenna approach the limits of modern structural and 

control engineering. High surface tolerance is needed for work at centimeter wavelengths. 
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Observatory and the Massachusetts In­
stitute of Technology about three years 
ago. The National Science Foundation 
then requested Associated Universities, 
Inc. (the organization that has operated 
the Brookhaven National Laboratory) to 
study the proposal. After deciding that 
the project was desirable and feasible, 
the study group had to consider two 
main questions: What sort of instru­
ment, or instruments, should be built, 
and where should the observatory be 
located? 

The big, 140-foot dish was a more or 
less inevitable choice as the first instru­
ment to be constructed. For work in 
radio astronomy at this stage it is essen­
tial to have a telescope of large aperture, 
both to collect the faint radio signals and 
to give high resolving power. If three full 
moons were clustered together in the 
sky, our 24-foot radio telescope at Har­
vard would see them (at, say, the 21-
centimeter wavelength) as a single blur, 
but a 140-foot telescope would easily 
separate their radiations. 

Because of the special interests of the 
radio astronomers now active in the 
U. S., it was decided not to attempt an 
instrument as large as the 250-footer at 
Jodrell Bank but rather to concentrate 
on a good-sized antenna with a surface 
of very high precision. There is general 
agreement among U. S. radio astrono­
mers that our first really big instrument 
should be geared to very precise work 
at the short wavelengths, from about 7 
to 21 centimeters-the famous hydrogen 
line. This means that the surface of the 
140-foot reflector must not deviate from 
a true paraboloid at any point by much 
more than one centimeter, or at most half 
an inch. The precision requirements 
present a real challenge to the construc­
tion engineers, but it is already clear 
from preliminary studies that with per­
sistence and care it should be possible 
to construct the desired instrument, at a 
cost in the neighborhood of $2 million. 

The 140-foot reRector should not, of 
course, stand alone. At a well-equipped 
optical observatory the big telescope 
may be the most impressive instrument, 
but it would be much less useful if it 
were not accompanied by a coterie of 
special-purpose instruments. On Palo­
mar Mountain, for example, the 200-inch 
Hale telescope is supplemented by the 
48-inch Schmidt, a powerful survey in­
strument which helps to find fields for 
the 200-inch to probe. In the same way 
a radio observatory must think in terms 
of search equipment and various special­
purpose telescopes. Ingenious instru­
ments of great power have been built 
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ANOTHER DESIGN for the 140·fool telescope, y Jacob Feld of 

New York, nlounts the refie('tor between two towers on a cross-
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structure. The cylinder rests on rollers, permitting vertical rotation 

o£ reflector; the entire telescope rotates horizontally on tracks. 
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TORNADO MAP of the U. S. indicates that the West Virginia 

mOllntain region is cOlliparntiveJy secure fronl this hazard. Lines 
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SITE PLAN for the observatory shows tentative location of the 

140·foot telescope and of the even bigger instruments that may 
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represent direction and length of tornado tracks. The Green Bank 

site is within a half·day's travel of major Eastern universities. 

be built in the future. East·west orientation of the teles('opes will 

make it possible to operate them in pairs as interferometers. 
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or designed to search for distant sources 
and to pinpoint and study radio stars 
[see "Radio Telescopes," by John D. 
Kraus; SCIENTIFIC AMERICAN, March, 
1955]. Other types of equipment have 
been built and are being proposed for 
special studies of the radio radiation 
from the sun. 

The big arrays and interferometer 
types of telescopes, designed to work at 
the longer wavelengths, have their ad­
vantages, but when all is said and done, 
the large paraboloid remains the most 
useful type as an all-purpose instrument. 
It can receive and focus radiation over 
the entire range of accessible radio wave­
lengths, and it is adaptable for use with 
many different varieties of electronic re­
ceiving and recording equipment. The 
paraboloid reRector is therefore an ideal 
instrument for a cooperative radio ob­
servatory. Eventually larger reRectors 
might join the 140-footer at Green Bank. 
Paraboloid antennas of 250 and even 
600 feet are possibilities. 

The selection of the site for the obser-
vatory was a long and painstaking 

job, and it was decided only after a 
thorough search, headed by Richard M. 
Emberson of Associated Universities. 
The specifications for the site were that 
it should be within relatively easy reach 
of research centers in the Northeast, 
Midwest and Southeast, in a locality as 
free as possible from man-made radio 
interference, from hurricanes and high 
winds and from snowfall. All these re­
quirements pointed toward a location in 
the mountains somewhere to the south­
west or west of Washington, D.C. Opti­
cal observatories are usually built on 
mountaintops, but a radio observatory, 
in order to be shielded from earthly radio 
broadcasts, should be in a Rat, shallow 
valley, preferably cupped among moun­
tains rising 1,500 feet or more. The rath­
er remote valley in the West Virginia 
mountains at Green Bank (altitude: 
2,600 to 2,700 feet) seems to be the an­
swer to the radio astronomers' prayers. 
It has more than 15 square miles of rela­
tively Rat land, with mountains 4,500 
feet high around it. There is an airport 
at Elkins, W. Va., about 50 miles away, 
and several railroads and major high­
ways come close to the site. By plane and 
car an astronomer starting in the morn­
ing can reach Green Bank by mid after­
noon from Boston, New York, Chicago, 
Toronto or New Orleans. Radio noise at 
Green Bank appears to be more than a 
thousandfold below the level at the 
Naval Research Laboratory radio tele­
scope in Washington. The site is sur-
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rounded by a national forest, and the 
state of West Virginia has been most 
cooperative in enacting protective legis­
lation. All in all the valley looks like a 
Shangri-La for radio astronomers. 

What will the observatory study? The 
research program for the 140-foot 

reRector is not easy to define in detail, 
since many astronomers, both resident 
and visiting, will be using it for various 
purposes. But it is certain that surveys 
of interstellar hydrogen will rank high on 
the list of early projects. It lies within 
the power of a 140-foot instrument to 
take up seriously the task of unraveling 
the cloud structure of the interstellar 
gas. With a really narrow, pencil-like 
beam it should become possible to lo­
cate small and dense concentrations of 
atomic hydrogen, which may be gas 
clouds on the way to condensing into 
young stars. For studies of stellar evolu­
tion it is essential to examine all the 
known star clusters and stellar associa­
tions for associated hydrogen gas, and 
to learn to what extent certain peculiari­
ties in the atmospheres of stars are as­
sociated with nearby atomic hydrogen. 
Another topic for future research is that 
of locating the regions near the central 
plane of our Milky Way system which 
are devoid of neutral hydrogen gas. We 
want to know also how much hydrogen 
resides in the very rarified regions be­
tween the spiral arms of our Milky Way 
system. 

The 140-foot radio telescope should 
have a stimulating effect upon electronic 

development. The electronic apparatus 
now being used for 21-centimeter re­
search is remarkably good, but the big 
new telescope will call for improvements 
to make the most of it. The effectiveness 
of a large radio telescope depends on 
three elements: the quality of the me­
chanical apparatus, the quality of the 
electronic apparatus and the quality of 
the scientific personnel who plan the 
programs and operate the equipment. 
One may well defend the thesis that it 
is a wise policy to match every dollar 
spent on mechanical apparatus with a 
dollar for electronic research and de­
velopment and another dollar for scien­
tific salaries. 

Thanks to the fact that the 21-centi­
meter radiation passes undisturbed 
through dust clouds, it has already been 
possible to explore by radio parts of our 
Milky Way forever out of reach of opti­
cal telescopes. Now hydrogen is being 
examined in distant galaxies. A. E. Lilley 
and E. F. McClain at the Naval Re­
search Laboratory in Washington have 
discovered hydrogen in Cygnus A, a pair 
of colliding galaxies about 270 million 
light-years away, and as we have noted, 
Heeschen at Harvard has discovered the 
21-centimeter emission in the Coma 
cluster of galaxies [see "Colliding Gal­
axies," by Rudolph Minkowski; SCIEN­
TIFIC AMERICAN, September]. This is 
just the beginning. The Great Nebula in 
Andromeda has not yet been "seen" on 
the 21-centimeter line, but it should 
succumb very soon. There is some hope 
that our radio telescopes with apertures 
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250·FOOT TELESCOPE nears completion at lodrell Bank in Eng. 

land. At left is triangular structure of one of the supporting towers; 

REFLECTOR of 250·foot telescope will be faced with sheets of 

metal contoured to form a precise parabolic surface. Original de· 
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the other can be seen through the scaffolding at right. The whole 

structure is mounted on railroad tracks on which it will be rotated. 

sign called for woven·wire reflectiug surface; importance of 21·cen· 

timeter wavelength prompted redesign for higher surface tolerance. 
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of 60 to 100-feet may be able to detect 
it, and it will certainly be within reach 
of the 140-footer. 

Our colleagues in Austn�lia have even 
better prospects for extragalactic radio 
research. They have in their sky the 
Clouds of Magellan, the closest galaxies 
to our own Milky Way. Optical astron­
omers at the Commonwealth Observa­
tory and radio astronomers in Sydney 
have already collaborated in exploring 
these systems. The time seems to have 
arrived when optical astronomers can 
profitably go to radio astronomers for 
information to interpret their optical 
data. In other words, radio astronomy is 
not a separate science but just one of 
many techniques for the study of the 
universe. Great scientific results may be 
expected from a proper blending of the 
radio and optical techniques. 

Furthermore, the 21-centimeter ob­
servations of distant galaxies show that 
radio astronomy has important contri­
butions to make to cosmology. Studies of 
Cygnus A have disclosed a radio "red­
shift" corresponding to the red-shift of 
light, and thereby provided an impor­
tant check on the expansion of the uni­
verse. Heeschen has just obtained a con­
firming radio red-shift from the Coma 
cluster of galaxies [see "Science and the 
Citizen," page 66]. 

The 140-foot reflector, surveying the 
radio spectrum over the whole band of 
frequencies received from objects in 
space, will be able to determine the rel­
ative strength of their emissions at vari­
ous wavelengths. Because of the sim­
plicity of interpreting records obtained 
with a paraboloid, the instrument should 
also be able to pinpoint· radio sources 
quite precisely, and thus help consider­
ably in the optical identification of the 
objects. The high precision of the re­
Rector's surface will be most helpful in 
the centimeter wavelength range; the 
new radio telescope promises to open up 
the whole field of research into the ther­
mal radiation of gaseous nebulae in the 
centimeter range. 

Up to the present only one specific 
wavelength in the spectrum of radio 
radiation from celestial space has been 
recognized-the 21-centimeter line of 
neutral hydrogen. There should be nu­
merous other identifiable lines, but these 
are too weak to be singled out with pres­
ent-day equipment. The 140-foot anten­
na, together with improvements in the 
sensitivity of electronic apparatus, will 
make it possible to search hopefully for 
other radio spectrum lines. High on the 
list of possibilities are an emission of the RING GEAR for vertical rotation of the 250·foot reflector is shown here. Entire telescope 
OH molecule near a wavelength of 18 will be rotated horizontally by driving the wbeels that bear the weight of the strnctnre. 
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60·FOOT TELESCOPE of Harvard Observatory has equatorial mounting, which is preferred 

by astronomers but requires heavy counterweights, visible at left behind the reflector. 

centimeters and a spectrum line of the 
deuterium atom (heavy hydrogen) near 
90 centimeters. 

While the _major justification for a 
paraboloid antenna with an aper­

ture of 140 feet or more rests upon its 
research potential for studies of galaxies, 
an instrument of this sort also has great 
possibilities for investigation of our solar 
system. In studies of the radio radiation 
from the sun much attention is being 
paid these days to very rapid variations 
in this radiation at the time of solar out­
bursts or flares. The large paraboloid 
should assist considerably in locating 
these eruptions precisely and in connect­
ing the flare· ups of light with the bursts 
of radio energy. It should also help in 
following events as an outburst or flare 
makes its effects felt in higher and higher 
layers of the sun's atmosphere. The very 
large aperture and receiving area of the 
140-foot reflector will make possible 
ultra-high-speed recording of the result-
ing radio radiations. . 

Finally, we should not overlook the 
great potential value of the large para­
boloidal reflector for studies of the 
planets. Already we have a subject for 
follow-up investigation in tbe recent dis­
covery of radio radiation from the atmos­
pheres of tbe planets Jupiter and Venus, 
caused in part by a phenomenon re­
sembling giant thunderstorms. In the 
case of the planet Venus, thermal radia­
tion from the outer parts of the planet 
has now been detected at the Naval Re­
search Laboratory. The high angular 
resolution of the 140-foot reflector 
should assist immeasurably in isolating 
clear and undisturbed signals. Other 
planets, notably Mars and Saturn, 
should be added to the list of subjects 
for observation. 

Ever since the moon was first reached 
by radar, just 10 years ago, radio astron­
omers and electronic engineers have 
dreamed of bouncing radar signals off a 

planet, specifically Venus, Mars or 
Jupiter. Electronic techniques are not 
yet capable of producing the powerful 
signal needed to obtain an echo from 
Venus or Mars, but once electronic re­
search and the electronic industry pro­
vide us with the necessary tubes, the 
140-foot reflector looks like the ideal 
instrument for initial tests. 

�l in all, there is certainly ample scien­
tific justification for proceeding 

without delay to build the 140·foot radio 
telescope. Scientists everywhere will 
look forward to the time when the first 

50.FOOT TELESCOPE at Naval Research Laboratory in Washington, D. C., has altitude- fruits of scientific research will be pro­
azimuth mounting; i.e., mirror rotates in supporting fork and fork rotates about central axis. duced by the new instrument. 
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__ Kodak reports to laboratories on: 
how come we tout another manufacturer's camera ... a pair of replacements for the orchard 

grass around the old apple tree ... a material to coat a pattern on metal 

Out on the ghostly curve job of putting down a 56mm by business risks is worth how much 

If called upon to explain how come 
the world's best known camera 
manufacturer spends money in this 
space to tout another manufactur­
er's camera, we would argue thus: 

The new "Graphic 70" is a mili­
tary combat camera now available 
to whoever can spend $1850. Doubt­
less $1850 hand-held still cameras 
are harder to sell to civilians than 
$1850 automobiles. On the other 
hand, Graflex, Inc., has built quite a 
camera there and has done so on a 
basis more solid than to satisfy an 
occasional whim for conspicuous 
consumption. The principle is that 
when a man is trying to get some 
useful pictures at grave risk to his 
life, a thousand dollars one way or 
the other is a small price to pay for 
mechanical and optical refinements 
that may boost his chance of suc­
cess a percent or two. In non­
military affairs, where calculations 
happily involve only money instead 
of lives, situations are also encoun­
tered where good sense dictates a 
position very far out along the 
ghostly curve connecting quality of 
equipment with probability of suc­
cess. 

So Graflex builds a 5-pound cam­
era to use our new faster, finer­
grained films in the 70mm width 
that requires little enlargement. The 
most elaborate precautions are 
taken in controlling the geometrical 
relationship between the film and 
the lens. This is worth doing be­
cause of the lenses used on the 
"Graphic 70." They are the result 
of taking a generation to build up a 
strong organization in optical re­
search, design, and manufacturing, 
then handing it the assignment to 
produce a 4-inch, an 8-inch, and a 
2Y2 -inch lens that will do the best 

72mm image that the current state cash outlay. 
of knowledge in optics permits. Myvamix Vitamin E Feed Supple-

And what does it say on the ment, commercial data about it, and a 

lenses? It says Kodak Ektar. spate of scientific literature are obtall1-
able from Distillation Products indus-

Those interested in the "Graphic 70" tries, Rochester 3, N. Y. (Division of 
camera can learn more by writing Gra!- Eastman Kodak Company). Tenox 
lex, inc., Consumer Correspondence BHT, Agricultural Grade, in the form of 
Department, Rochester 8, N. Y. Those Fee-flowing, non-dusting granules of a 
who wish they had an optical organiza- particle size to assure rapid, permanent 
tion like ours to whom to hand design or blending is now on sale by Eastman 
manufacturing problems can write to Chemical Products, inc., Kingsport, 
Eastman Kodak Company, Apparatus Tenn. (Subsidiary of Eastman Kodak & Optical Division, Rochester 4, N. Y. Company). 

Chicken economics 
Even if your only relationship with 
chickens is to enjoy them fried or 
roasted, chicken economics is more 
interesting than you might think. 
No longer is the chicken the symbol 
of dietary luxury that it used to be 
when chickens lived on the crude 
scratch feed that the farmer's wife 
threw them. Maybe the chicken is 
no healthier today than it was then, 
but the chicken business is healthier, 
and people can afford to eat its 
product on weekdays. 

When the ratio of pounds of feed 
to pounds of marketable chicken is 
carried to two decimal places (as the 
ag schools do in teaching that new 
folkway, cost accounting), little 
room is left in the feed bag for cer­
tain protective substances that the 
chickens' free-running ancestors 
used to get from the orchard grass 
around the old apple tree. Such 
things the chemical industry now 
provides. Poets of pastoral bent 
may rankle, but certainly not the 
people who make the machines 
that cut the gears that go into the 
automatic transmissions that drive 
the station wagons that successful 
farmers now buy. And chicken 
sandwiches taste better than ever. 

As part of the chemical industry, 
we not only make real vitamin E for 
feed manufacturers in a form more 
than 200 times as concentrated as 
found in dried orchard grass, but 
now we have launched Tenox BHT, 
Agricultural Grade to preserve and 
extend whatever vitamin A and vi­
tamin E are already present in 
natural feed materials. This butyl­
ated hydroxy toluene has emerged 
victorious as a chemical anti-oxi­
dant of unassailable safety even in 
human food. Now it is for the feed­
men, the poultry growers, and their 
academic advisors to decide merely 
how much protection from what 

Mr. Gabler beats the glue 
You should see what a fine job Bob 
Gabler has been doing lately in 
converting the steel industry over to 
Kodak Photo Resist. Who is Bob 
Gabler? A man we keep in Pitts­
burgh to help work out any photo­
graphic ideas that come up in the 
various industries there. What is 
Kodak Photo Resist? A liquid 
which quickly hardens to a tough, 
tenacious coating on metal, but only 
in areas where bright light has hit it 
before flushing with a certain sol­
vent called Kodak Photo Resist 
Developer. 

Before Mr. Gabler showed Kodak 
Photo Resist to the men who make 
the tensile measurements on sheet 
steel, they had mostly been using 
old-fashioned bichromated glue as 
the light-sensitive substance for 
photographically printing a meas­
urement grid onto their samples 
before deformation. Bichromated 
glue is not nearly as light-sensitive 
as Kodak Photo Resist, but more 
annoying to the steel testers is its 
tendency to flake off in the test in­
stead of stretching with the metal 
the way a grid pattern of Kodak 
Photo Resist does. Bob, of course, 
had no way of knowing in advance 
that Kodak Photo Resist would 
work out so well, since the product 
is one we thought we were making 
merely for photoengravers, photo­
lithographers, and electronic-circuit 
printers. But when the steelmen 
called, he went in there pitching 
and everything turned out OK. 
That's what we pay him for. 

if you have a problem for a Kodak 
Technical Representative like Bob 
Gabler or if you just want literature on 
Kodak Photo Resist, write Eastman 
Kodak Company, Graphic Reproduc­
tion Division, Rochester 4, N. Y. 

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

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 
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Coatings of "Solution 
Ceramics" provide a thin 
insulating film relatively inert 
and highly refractory with 
excellent resistance to 
thermal shock. 

They are obtained when 
thermal decomposition of 
atomized ceramic solutions is 
completed just as the residual 
particles strike the heated 
surface to be coated. Methods 
used depend upon the shape of 
the surfaces, its heat capacity 
and thermal conductivity. 
These processes were 
developed by the technical 
staff of the Armour Research 
Foundation of Illinois 
Institute of Technology. 

RESULTS TO DATE 

Field development work, as 
per agreement with the 
Foundation, is being 
conducted by the field 
engineering staff of TAM. 
Industrial trials" to the present 
time, indicate the most likely 
and advantageous uses in the 
fields of electrical insulation 
inert casting, linings for 

' 

cartridge cases and as a plate 
surface for lithographic 
reproduction. 

HOW TO OBTAIN 
FURTHER INFORMATION 
Specific, technical or license 
information may be had upon 
request to TAM's N.Y.C. 
offices. 

-

TITANIUM ALLOY MFG. DIVISION 

66 

NATIONAL LEAD COMPANY 
Executive and Sales 0 {fices: 

III Broadway, New York City 
General 0 {fices, 

111' arks and Research Laboratories: 
Niagara Falls, New York 

Biggest Red-Shift 

A 
new red-shift measurement of 
light from a cluster of galaxies 
believed to be about 1.8 billion 

light-years away-nearly twice as far 
as any previously studied-was reported 
from Palomar Mountain last month. The 
measurement, made by William A. 
Baum of the Mount Wilson and Palomar 
Observatories, diverges from findings of 
Milton L. Humason, as discussed by 
Allan R. Sandage in the September issue 
of SCIENTIFIC AMERICAN on "The Uni­
verse." Humason, measuring the red­
shifts of distant galaxies up to about one 
billion light-years away, found that 
their speed of recession seems to increase 
faster than in direct proportion to dis­
tance. According to Baum's measure­
ment, such a trend is not borne out by 
the more distant cluster: its speed seems 
to be directly proportional to its distance. 
If his observation is confirmed, it may 
revise the California astronomers' tenta­
tive conclusion that the expansion of the 
universe is slowing down at a rate which 
indicates it is closed and finite. Baum's 
finding suggests a flat, infinitely expand­
ing universe. 

Humason measured the red-shifts of 
18 distant clusters of galaxies receding 
at velocities up to 60,000 kilometers per 
second. The relation between their 
velocity and estimated distance follows 
a curve which indicates that when the 
light left the most distant galaxies, the 
universe was expanding substantially 
faster than it is now. Humason's obser­
vations have been interpreted to support 
a model which pictures the universe as 
a cyclic system that expands, contracts 
and expands again. 

SCIENCE AND 
Baum made his measurements with 

photoelectric equipment newly installed 
at the 200-inch telescope. The apparatus 
supposedly allows more sensitive and 
more accurate observations of faint star­
light [see "Electronic Photography of 
Stars," by William A. Baum; SCIENTIFIC 
AMERICAN, March]. Focusing on an ex­
tremely faint group of galaxies known 
as Cluster 1448, Baum computed that 
the cluster is 1.8 billion light-years away 
and its red-shift amounts to a velocity of 
about 120,000 kilometers per second­
approximately 40 per cent of the speed 
of light. The cluster's velocity would 
therefore be directly proportional to its 
distance, and this would mean that space 
is Euclidean, or flat. 

Baum believes that as observations are 
extended to greater distances and the 
precision of the measurements is im­
proved, space may well turn out to have 
a "mild" curvature, but not as great as 
indicated by earlier measurements. 

Radio Red-Shift 

David s. Heeschen of the Harvard 
College Observatory has been ex­

ploring hydrogen gas in the Coma clus­
ter of galaxies with the 24-foot radio 
telescope at Harvard's Agassiz Station 
Observatory. Studying the radio radia­
tion of neutral (un-ionized) hydrogen, 
he concludes that this gas makes up a 
third or more of the total mass of the 
Coma system. He now reports that he 
has been able to measure the red-shift 
of the 21-centimeter radiation from the 
hydrogen, and it amounts to a recession 
velocity of 7,000 kilometers per second. 
Measurements of the red-shift of light 
from the Coma cluster come to 6,680 
kilometers per second. Allowing for the 
uncertainties of measurements, Hee­
schen says the radio and visual red­
shifts agree well enough to confirm that 
the red-shift is a true measure of the 
speed of recession of the Coma cluster. 
His findings are to be published in The 
Astrophysical Journal. 

Psychologists and Segregation 

T he American Psychological Associa-
tion, meeting in Chicago last month, 

decided not to hold its 1957 convention 
in Miami Beach, as it had planned to do. 
After several heated discussions, the As-
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THE CITIZEN 
MALLORY-SHARON reports on 

1f il1f LA\. � illliJ I£1] 
sociation's council of representatives 
voted 34 to 10 against meeting in the 
South because of segregation. Hotels in 
Miami Beach had assured the group that 
all their facilities would be available to 
Negroes, but most of the council mem­
bers objected to meeting there on the 
ground that Negro delegates would be 
discriminated against in the city and 
during travel through the South. 

At their Chicago meeting the psy­
chologists heard a report on a study of 
attitudes toward school segregation in a 
town of West Texas. The town has two 
separate high schools. Herbert Green­
berg of the Texas Technological College, 
who took part in the survey of the stu­
dents' attitudes, reported that more than 
three quarters of the white students 
agreed with the Supreme Court decision 
ordering desegregation in schools. The 
psychologists making the survey con­
cluded that pupils would be ready to 
accept integration but for their parents' 
attitude. 

New Surgeon General 

�roy E. Burney, a career man in pub-
lic health, has been appointed Sur­

geon General of the U. S. Public Health 
Service to succeed Leonard A. Scheele, 
who resigned in July. For the last two 
years Burney had been the Assistant 
Surgeon General. 

Burney was born in Burney, Ind., 49 
years ago and received his M.D. from 
Indiana University. Under a Rockefeller 
fellowship he did postgraduate work at 
the Johns Hopkins University School of 
Hygiene and Public Health. He joined 
the PHS in 1932. 

Shortly before the war Burney estab­
lished the first mobile venereal disease 
clinic in Brun wick, Ga. During the war 
he was assigned to the Navy and went 
to Europe to help fight the spread of 
venereal disease among U. S. service­
men. From 1945 to 1954 he was public 
health commissioner of Indiana. 

A recent act of Congress raised the 
salary of the Surgeon General to $22,626 
a year. 

New Security Regulations 

Government agencies will no longer 
deny grants for unclassified re­

search to scientists charged with being 

Now-machine titanium alloys in 
I'l'soft" condition ... 

HEAT TREAT TO HIGH STRENGTHS 

• New heat-treatable titanium 

alloys can be machined and 

formed readily, yet offer excep­

t i o n a l l y  h i g h  h e a t  t r e a t e d  

strengths in final form. 

For example, Mallory -Sharon's 

MST-6Al-4V titanium alloy is 

available in the annealed condi­

tion with typical ultimate tensile 

strengths of 140,000 psi. Here 

machineability is comparable to 

that of stainless steel. After 

machining, parts can be heat 

treated to typical ultimate ten­

sile strength of 185,000 psi. 

This is another example of the 

rapid development of titanium 

-in which Mallory-Sharon has 

played a leading role. Call us for 

the full range of titanium and 

titanium alloy mill products, and 

for engineering assistance. 

MALLORY-SHARON TITANIUM CORPORATION, NILES, OHIO 

MALLOR.Y @ SHAR.ON 
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�mall 
Motot� 

new, free catalog 

helps select exact 

motor needed 

the complete line of 
Barber-Colman motors 

includes unidirectional, synchronous, and 
reversible motors-up to 1/20 hp. With 
and without reduction gearing-open or 
enclosed types. Expert engineering serv­
ice available to help you get the exact 
motOr for your application. Write today 
for your free copy of new Catalog 
F-4271-6. 

Bat"bet"-Colman Company 
Dept. J, 1262 Rock Street, Rockford, Illinois 
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security risks, presidential assistant Sher­
man Adams announced last month. This 
change in policy follows the recom­
mendations made last April by a Na­
tional Academy of Sciences committee 
headed by DetIev W. Bronk. 

Adams said that a contract or grant 
will be awarded solely on the basis of 
whether a scientist is qualified to do 
the work. If a government official re­
ceives information questioning the scien­
tist's loyalty he will report it to a Federal 
law enforcement agency, instead of can­
celing or halting the research. 

In a letter to Bronk, Adams stated 
that the Government "recognizes that an 
atmosphere of free inquiry and protec­
tion of individual rights are prerequisite 
to sound scientific progress .... " 

The problems of individual scientists 
and engineers involved in security trou­
ble are being studied by the Scientists' 
Committee on Security, an independent 
volunteer group formed at the beginning 
of this year. The Committee, headed by 
Ernest C. Pollard of Yale University, 
says that clearance problems are keeping 
many men from appointments outside 
classified areas. The Committee is now 
surveying this problem and is also assist­
ing the Commission on Government Se­
curity in revising government regula­
tions. Pollard and his associates are 
soliciting information and suggestions. 

Thermonuclear Size 

A single thermonuclear reactor could 
produce five times as much elec­

trical power as the entire U. S. now 
uses, according to Hsue-Shen Tsien, who 
was formerly Robert H. Goddard profes­
sor of jet propulsion at the California 
Institute of Technology. 

Speculating about thermonuclear 
power in the August issue of Jet Propul­
sion, journal of the American Rocket So­
ciety, he calculates that the smallest 
workable thermonuclear reactor would 
occupy a lank 3,300 feet long and 330 
feet in diameter. This is more than 30 
times the volume of the Queen Mary. 
The reaction would generate a tempera­
ture of 10 million degrees centigrade and 
produce enough heat to quintuple the 
U. S. output of electricity in 1954. 

Fortified Fluorocarbons 

X advanced development in the con-
struction of fluorocarbons, the new 

class of tough materials created since the 
war, was announced last month. Fluoro­
carbons are compounds like hydrocar­
bons, with fluorine replacing hydrogen. 
Because fluorine has a greater affinity for 

carbon than hydrogen does, the fluoro­
carbons are more resistant to chemical 
attack and damage from high tempera­
ture. Chemical and Engineering News 
reported that John A. Young of the Uni­
versity of Florida is now synthesizing 
fluorocarbons in which some of the car­
bon is replaced by nitrogen. The strong 
chemical bond between carbon and ni­
trogen adds to the stability of the fluoro­
carbon compound. 

The chemistry of fluorocarbons forti­
fied with nitrogen is only five years old. 
But, says the journal, "it would be sur­
prising if some valuable applications 
were not found in the next five years." 

Chemical Cap for Reservoirs 

kstralian engineers have worked out 
an ingenious way to conserve water 

in reservoirs, according to Chemical and 
Engineering News. They cover it with a 
film of liquid which reduces evaporation 
by 20 to 70 per cent. 

The liquid is hexadecanol, a large­
molecule alcohol which floats on water 
and does not mix with it. The alcohol 
itself evaporates slowly. The Common­
wealth Scientific and Industrial Research 
Organization, which developed the tech­
nique, estimates the cost at less than 
three cents per 1,000 gallons saved. 

Investigators from Kenya, India and 
several other areas where water is short 
are looking into the method. Recently 
the Southwest Research Institute in San 
Antonio, Tex., allotted $25,000 for an 
18-month study to improve the process 
and make it cheaper. 

Food and Cancer 

T he International Union against Can-
cer, meeting in Rome last month, is­

sued a warning that many common food 
additives and impurities may cause can­
cer. Forty-two experts representing 21 
countries reached this conclusion on the 
basis of several reports, particularly one 
given by Wilhelm C. Hueper, chief of 
the environmental cancer section of the 
U. S. National Cancer Institute. 

Hueper listed 20 groups of hazardous 
chemicals often added to foods as dyes, 
thickeners, sweeteners, flavors, preserva­
tives, shortenings, bleaches, oils or fat 
substitutes. Among the preservatives 
used are the potent compounds thiourea, 
thioacetamide and hydroquinone. Hue­
per also cautioned that there may be 
cancer hazards in antibiotics and hor­
mones used for fattening animals, in in­
secticide residues and in certain oils and 
waxes used for coating milk cartons. 

The International Union's report par-
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C opper carries electricity and conducts heat better than any other non-precious metal. 

None is so easily formed into such variety of intricate parts. No metal combines to 

so great an extent this supreme "workability" with the enduring properties of resistance 

to rust, corrosion, and wear. No effective substitute has ever been found with 

all the qualities of copper and its alloys ... in transportation or in scores of other fields! 

.Kennecott Copper Corporation 
Fabricating Subsidiaries: Chase Brass & Copper Co . • Kennecott Wire and Cable Co. 
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Beads by the cubic foot 
Sitting here for their portrait are beads represen­
tative of several AMBERLITE® ion exchange resins. 
They and the paper on which they are posed have 
been magnified 24 times-to the detriment of the 
paper, perhaps, but not to the uniformity of 
the beads. 

Actually, Rohm & Haas Company produces over 
20 ion exchange resins, a variety large enough to 
serve such diverse uses as water conditioning, 
metals recovery, pharmaceutical production, 
sugar refining, chemical processing, and decon-

tamination of radioactive wastes. Some AMBERLITE 
ion exchange resins even act as medicinals. 

Gem-like in appearance, the AMBERLITE resins are 
nonetheless rugged and durable, serve efficiently 
for many years. They are manufactured in bulk 
and are sold by the cubic foot. 

Can these resins help you? Why not discuss your 
processes or products with our technical staff? 
Meanwhile, for a better understanding of ion 
exchange, write for "Ion Exchange with the 
AMBER LITE Resins." There's no charge. 

ROHM & HAAS COMPANY 
THE RESINOUS PRoDUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA 
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ticularly emphasized the danger of dyes. 
No food dye, it said, can be considered 
entirely safe, and the report listed 29 as 
definitely U11suitable or potentially dan­
gerous. It also questioned the use of ra­
diation for sterilizing food. 

A committee appointed by the Na­
tional Research Council to study the 
Food and Drug Administration's certifi­
cation of dyes recently came to the same 
conclusion. The committee reviewed the 
116 dyes the FDA has approved for var­
ious applications, and found that 101 
of them have not been intensively stud­
ied. "On the basis of available informa­
tion," the scientists said, "only five dyes 
have not manifested some deleterious ef­
fects on experimental animals. " They 
recommended that the FDA stipulate 
not only what dyes are permissible in 
food and cosmetics but what concen­
trations are safe. 

Hormone v. Insects 

I nsects and some related lower animals 
have a growth-control hormone which 

has long fascinated physiologists and has 
been investigated intensively by Carroll 
M. Williams of Harvard University. 
After a year of work on silkworms at the 
University of Cambridge, where he was 
a Guggenheim fellow, Williams now re­
ports success in isolating the hormone. 
His experiments with it suggest that hor­
mones may be used as a potent new type 
of insecticide. 

The substance Williams has isolated
' 

is the so-called juvenile hormone. It is 
found in the head region of insect larvae. 
While it is present there, the insect re­
mains a larva, but eventually the hor­
mone disappears and the larva promptly 
begins to metamorphose to the flying 
form of the insect. Williams isolated the 
hormone from the abdominal section of 
adult male silkworm moths. He then 
found that when he applied a tiny 
amount of the substance to the surface 
of a larva, part of the insect's body meta­
morphosed and the rest remained larval. 
The creature grew into a monster and 
soon died. 

Williams points out that such a hor­
mone, or a hormone-like chemical, might 
control insects just as plant hormones al­
ready are used to kill weeds. The advan­
tage of this approach is that an insect is 
scarcely likely to develop resistance to 
an essential hormone. 

Hormones and the Brain 

Within the last three years experi­
menters have made a major break­

through in exploring the functions of the 

Where can you use these remarkable materials. . . 

KENNAMETAL* and KENTANIUM*? 
More than 40 different standard Kennametal compositions have been 
developed to provide exceptional durability and long life under condi­
tions where any one or a combination of the following destructive 
forces are met: 

0 0 o 

• abrasion 
• corrosion 
• deflection 
• deformation 
• erosion 

• galling 
• hard impact 

or compression 
• high temperature 

(1800°F and above) 

Some of the many applications where these 
hard, strong and rigid sintered carbides are 
particularly effective in chemical processing 
include: 

• balls for milling 
• balls and seats 

for pumps 
• bushings and guides 
• compressor liners 
• crusher parts 
• mixer blades 

and parts 

• nozzles 
• pulverizing 

hammers 
• turbine blades, 

rings, wheels 
• valves, valve rings, 

valve seats 

Kennametal is available in many standard 
forms, in addition to special shapes and 
parts, such as: rectangular blanks. discs . 
rods. tubes. flats. balls. rings. extruded, 
pressed, machined, and ground forms within 
precise tolerances. 

Why not discuss your problems with your Kennametal carbide 
engineer. He can recommend the proper composition of Kennametal 
or high heat resistant Kentanium (for 1800 FO and above) to meet 
your specific requirements. Or write KENNAMETAL INC. , Dept. SA, 
Latrobe, Pa. For more data, request booklet B-ll1, Characteristics of 
Kennametal, or B-222, Designing with Kennametal. 

-Registered trademark of a series of hard 

tungsten and titanium carbides which 

have exceptionally high resistance to de­

structive forces which tend to contami­

nate chemicals, foods, paints, and other 

products during processing. 

8-5981 
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COMPLETELY 

NEW LIN E S 

BY AO SPENCER 

LABORATORY MICROSCOPES 

Outstanding Features: 
• Advanced styling and design 

• Interchangeable and reversible 
bodies 

• Rigid, well-balanced arm 

• Focusable stages . • •  Variable 
autofocus 

• Wide selection of mechanical 
stages 

• Dual cone revolving nosepieces 

• Zone of convenience 

• Built-in base illuminator 

• Top quality optics 

• New EPOXY finish 

Wide variety of accessories and 
alternate parts ... readily inter­
changeable to meet future needs. 

---------- - ----------------� 

STEREOSCOPIC MICROSCOPES' 

Outstanding Features: 
• True three-dimensional erected 

image 

• Top quality optics • • •  low reflec-
lion coated 

• Reversible and inclined body 

• Long working distance 

• Large field oC view 

• Wide range of rnagnifications 

• Broad selection of models 

• Dove-gray EPOXY finish 

• New Cyc1ospot IlluDlinator 

• LOW PRICE 
. 

Revolutionary MAGNI-Cl1ANGER 
· . . desired Inagnifications simply 
udiuled in"! 

- - - - ------------ -------- - -----, 

American 
Optical 

Dcpt. J 178 I 
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brain. They have tapped various parts of 
it electrically and located centers which 
control broad aspects of an animal's be­
havior [see article by James Olds on 
page 105]. Some investigators have now 
proceeded to inject hormones into brain 
centers. Last month Alan E. Fisher of 
the University of Wisconsin reported 
some interesting results. 

Fisher worked with rats and sex hor­
mones, which he dripped into the rats' 
brains through thin tubes inserted deep 
in the head. When he injected testoster­
one, the male hormone, into the brains 
of male rats, some showed male sexual 
reactions, others begall to behave like 
mothers. A number of them built nests, 
as the female does, and a few also ex­
hibited maternal care for the young. 
Fisher then turned to female rats and 
injected a female hormone; he succeeded 
in bringing two of them to heat. 

Fisher interprets the results to mean 
that the rat's reaction depends on the 
location where the hormone is injected. 
In other words, a hormone applied to 
different parts of the brain may cause 
different reactions. In his report on the 
experiments, published in Science, he 
expresses the hope that further work 
along this line may throw light on the 
effects of drugs and on "the dynamics 
of behavior." 

Gibberellic Growth 

A new growth-stimulating hormone of 
plants is being investigated by Ber­

nard O. Phinney, a botanist, and Charles 
A. West, a chemist, at the University of 
California at Los Angeles. It is known 
as gibberelliC acid. The two experiment­
ers obtain it from rice plant� infected by 
a fungus, and they have also extracted 
what seem to be similar substances, pro­
ducing the same growth-promoting ef­
fect, from young seeds of beans, peas, 
plums and other plants. 

They tested their substances on dwarf 
strains of corn which, because of a gene 
mutation, grow no taller than two feet. 
These plants could not be stimulated to 
grow further by treatment with the well­
known plant growth hormone indole­
acetic acid. But when Phinney applied 
gibberellic acid or the seed extract, the 
dwarf plants shot up to a height of eight 
feet. The California experimenters be­
lieve they have opened up a new field 
for study of how plants grow. 

Mental Filter 

T he human mind possesses filtering 
mechanisms which enable it to grasp 

two or more messages received simul-
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SILICONE NEWS 

Aid for Maintenance-Weary Plants 

• 
New Silicone defoamer kills 
production bug-a-boo, reduces downtime 

corrosion, seals agaInst leakage of 
process fluids. Impressed with the 
freedom-from-maintenance provided 
by Valve Seal, the Foxboro Valve 
Co. now offers its well-known 
"Stabilflo" valves equipped with a 
lubricator for injecting this versatile 
Dow Corning silicone lubricant. 
Other Valve Seal applications - flow 
meter bearings, pump packit1gs, plug 
cocks. No. 38 

Higher vacuum, lower cleaning costs 
• with Silicone diffusion pump fluid 

Motors insulated with Silicones give 
.• more mileage per maintenance dollar 

MORE MUSCLES FOR LESS MAIN­
TENANCE-New dimensions of effi­
ciency in electric motors have been KILLING A BIG HEADACHE­

Foam steals valuable production 
space, breeds costly maintenance 
problems. During the past decade, 
Dow Corning silicone defoamers have 
flattened foam during processing of 
products ranging from Fudgsicles to 
auto parts. Now are generally con­
ceded to be the most versatile and 
efficient foam killers available. 

Enter Antifoam B, a new Dow 
Corning silicone defoamer . . . kills 
foam with all the deftness of its con­
temporaries but adds a new measure 
of convenience. Speedy dispersibility 
is the important key, as illustrated by 
the underwater photo above. Other 
features-ready to use, no delays for 
diluting or mixing-excellent stability, 
long storage life-stays uniform even 
if frozen or boiled. No. 35 

CORROSION BOWS OUT -More 
and more maintenance engineers 
plagued by the high cost of finishing 
and refinishing metal surfaces are 
standardizing on protective coatings 
made with Dow Corning Silicones. 
A typical example: Reynolds Metals 
Company has found that silicone 
based aluminum paint lasts at least 8 
times longer than a conventional alu­
minum paint on diesel exhaust stacks 
where temperatures average 9500P to 
1100oP. Consumers, too, want prod­
ucts that stay good looking longer. 
That's why foresighted appliance man­
ufacturers are trending toward sili­
cone based product finishes. No. 36 

LOW COST HIGH VACUUM -
When Thomas Electronics began 
making TV picture tubes, organic oils 
were used in the 400 high vacuum dif­
fusion pumps on the production line. 
Opening and closing these pumps 5 
times every 8 hours caused rapid 
evaporation and breakdown of the 
oils. Result: Carbon deposits required 
costly, time-consuming cleanings. In 
1951 Thomas switched to Dow 
Corning silicone pump fluids. Main­
tenance costs were sharply reduced, 
because semi-inorganic silicone fluids 
do not break down to form carbon­
aceous deposits. Thomas also found 
that oil consumption dropped 30% 
with silicone fluid. No. 37 

SALVE FOR VALVES-Effective at 
temperatures from -40°F to 5000P 
and resistant to many chemicals, 
"Valve Seal," a salve-like silicone 
compound, protects valve stems from 

realized through the use of insulating 
materials made with Dow Corning 
Silicones. More power per pound 
and greater reliability are part of the 
story. Smoother production and lower 
maintenance costs are additional rea­
sons why silicone insulated electrical 
equipment is getting the nod from 
utilities like the Philip Sporn plant 
on the American Gas and Electric 
System. 

Philip Sporn's first silicone insu­
lated motor, a 1000 hp, 1190 rpm 
fan motor, has been operating over 4 
years in ambient temperatures up to 
120°F: Starting against cold air 4 
times a day, it is overloaded by 30% 
bringing its total rise to 250°F with 
an output of 1300 hp. Built by the 
Elliot Co., this motor has coils 
wrapped with "R Tape," made from 
Silastic*, Dow Corning's silicone 
rubber. No. 39 
*T. M. REG.U .5. PAT .OFF. 

FOR MORE INFORMATION on silicones used in these applications, circle reference nos. in coupon. 

DOW CORNING 
CORPORATION 

MIDLAND. MICHIGAN 
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In air-foil sections, strength, accuracy 
and smoothness are of primary im­
portance. These characteristics, plus a 

minimum of machining, are offered by 

this Antioch Process missile fin cast­
ing. The alloy: A-356. Tolerances of 

±.01O" in thickness and .020" T.I.R. 
on flatness are held in production. Sur­

face finish, as cast, is better than 

125RMS. Test bars machined from 
heavy hub section have minimum ulti­

mate strength of 36,000 psi and elon­
gation of 11 % . 

Morris Bean & Company specializes 

in casting parts for wave guide, fluid 

flow, and aircraft application to de­
manding standards and in volume 

production. 

If your designs call for high per­

formance aluminum parts, get ac­

quainted with Morris Bean castings. 

Send us a part print for recommenda­

tions. Technical literature on request. 
Morris Bean & Company 
Yellow Springs 5, Ohio 

a cast rocket fin? 

taneously. So reports D. E. Broadbent of 
the British Medical Research Council, 
who has been experimenting in methods 
of reducing confusion. 

As a simple illustration of his point 
Broadbent presents the following jum­
ble: "The my cat aunt sat went on into 
the the mat garden." When a single 
voice intones this series of words, no one 
can understand it. But if a basso and a 
soprano alternate in speaking the words, 
a listener can resolve them into two sepa­
rate messages: "The cat sat on the mat" 
and "My aunt went into the garden." 
The physical difference between the 
voices permits the listener to distinguish 
the two alternate series of words. 

Broadbent observes that when a lis­
tener receives two simultaneous mes­
sages both of which are rich in informa­
tion, he tends to become confused and 
to understand little of either. If, how­
ever, he decides that one message is un­
important, the "biological filter" in the 
brain allows him to disregard it and to 
concentrate on the other. 

Broadbent's experiments show that 
when two messages closely follow one 
another, the brain temporarily stores the 
second while it deals with the first. It 
can also do the same thing with two 
messages received simultaneously if they 
arrive through different senses-for ex­
ample, a flashing light and a spoken 
sentence. 

The studies have a workaday perti­
nence, Broadbent points out, for observ­
ers in airport traffic control towers and 
others who have to unravel flows of in­
formation from different sources. 

Deep Breath 

Robert w. Keast, a young San Rafael, 
Calif., anesthesiologist, recently 

broke all records for holding one's 
breath. He plunged under water and 
held his breath for almost 11 minutes. 

In preparation for his ordeal Keast 
breathed pure oxygen for 15 minutes, 
then inhaled air deeply for the next five. 
Then he slipped on a skin diver's mask 
and descended into the water. An asso­
ciate watched him through the window 
of the mask and also kept an eye on in­
struments recording his heartbeat and 
blood pressure. When Keast emerged 
from the water, after 10 minutes and 
58.9 seconds, his pulse rate was only 86 
and his blood pressure was still normal. 

He commented: "In one respect I was 
a little disappointed. I had no discom­
fort, no anoxia, no feeling of impairment 
of the senses. And yet I misjudged the 
time a little. What I was trying to do was 
to come up after 11 minutes." 
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WESTERN DIVISION 
Hawthorne, California 

EASTERN DIVISION 

Westbury, L.I .. New York 

••• AMERICAN STYLE 

supersonic McDonnell FIOI "Vood oo " is typi­
cal of the high performance aircraft for which 
Servomechanisms, Inc. designs and produces 
Central Data Computers. These reli able sub­

systems measure physical factors, transduce this 
data to com m on form, produce corrected informa­
tion, and c q mpute d esi re d  in p ut variables for all 

othe r systems in the aircraft. 

MECHATROL DIVISION 

Westbury, L.I., New York 

T h e Wind Drift Computer, con­

ceived 'by McDonnell engineers 

and developed jointly w ith 

Servomechanisms' is typical of 
ourMechatronics design philos­

ophy, which assures maximum 

reliability as well as minimum 
down-time through pull-out, 
plug-in replacement of the 
individual packaged functions. 

MECHAPONENTS DIVISION 

EI Segundo, California 
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Life 
on the Chemical Newsfront 

NEW HIGH-STYLED COLORPHONES show the unlimited 
color range and unsurpassed hardness that account for 
the expanding use of CYMEL * melamine molding com­
pounds in consumer and industrial products. Color is 
built in for lifelong beauty, in any shade, any tone you 
can imagine, from sparkling white through the spectrum 
to deep black. Since color is molded in, there are no extra 
finishing steps and no coating to drip, stain or wear off. 
Not only telephones, but fine dinnelware, 
appliance housings and other molded prod­
ucts benefit from the excellent 
resistance of CYMEL to heat, 
abrasion, staining and household 
chemicals. Many types of CYMEL 
molding compounds are avail­
able to meet various molding and 
application requirements. 
(Plastics and Resins Division) 

IT LOOKS LIKE A TOUGH SERIES for uniforms as for players. 
Hard wear, soiling, perspiration and frequent laundering take a 
lot out of the crisp flannels that start the season - but this year 
things look better. Eight major league clubs specified Cyanamid's 
LANASE-r@ Finish for their uniforms because they found that the 
built-in shrinkage control and abrasion resistance keep them 
looking and fitting better. In all types of woolens, LANASET Resin 
penetrates the wool fibers, preserves their original finish and set, 
and makes shrinkage negligible. (Orgonic Chemicols Division) 

76 

FOOTWEAR THAT LASTS LONGER and does not discolor is one 
result of the use of Antioxidant 2246®. This product is well 
known for its ability to protect natural rubber compounds against 
surface deterioration, loss of flexibility and discoloration. Now its 
use as a stabilizer in "non-staining" synthetic rubber polymers 
adds a new phase to its versatility. Improved storage stability, 
little or no gel build-up, freedom from discoloration and protection 
against oxidation of the cured product are all built into these new 
polymers stabilized with Antioxidant 2246. (Orgonic Chemicols Division) 
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NEW BI-FUNCTIONAL MONOMER is N-methylolacrylamide, offer­
ing both addition and condensation polymerization possibilities 
through the active vinyl and methylol groups. The water solubility 
of the polymerized monomer may be modified to a desired degree 
through the incorporation of suitable hydrophobic monomers. Such 
resins show promise for sizing, dye additives and similar appli­
cations. Chain polymers or copolymers may be subsequently cross­
linked through condensation, suggesting applications in adhesives, 
cements and thermosetting plastics. N-methylolacrylamide is availa­
ble in research quantities. (New Product Development Department, Dept. A) 

GROWING POPULARITY OF VINYL RAINWEAR and other vinyl 
products has increased demand for plasticizers based on phthalic 
anhydride. These and other important uses in polyester resins and 
intermediates for dyes, pigments and fine chemicals put domestic 
consumption today at 350,OOO,OOO-pound annual level. As quantity 
use grows, large-volume users are finding convenience and economy 
by switching to molten AERO' Phthalic Anhydride. Labor is reduced 
in handling, storing and charging into process equipment. Loss of 
material is minimized. Fire hazard is reduced by storage under inert 
gas. Plant housekeeping is greatly simplified. Cyanamid, one of the 
world's largest producers of phthalic anhydride, ships it in molten 
form throughout the country. (Industrial Chemicals Division, Department A) 

CONTROLLED PARTICLE SIZE is the criterion for the serics of 
new improved CALCOLOID* Vat Dyes developed by Cyanamid. 
Above, a speck test is one of many performed to insure the high 
quality of these Vat Dyes now being shipped to the textile 
industry. Application characteristics dependent on controlled 
particle size, such as reduction rates, penetration and dispersion, 
are now more predictable, leading to better dyeing and more 
consistent results with continuous and batch production. Based 
on many years' research into dye technology, new manufactur­
ing methods assure optimum particle characteristics for each 
dye for best performance. (Organic Chemicals Division) 

*Trademark 

Additional information may be 
obtained by writing on your 
letterhead to the Division of 
American Cyanamid Company 
indicated in the captions. 

Building for the Future 
Through Chemistry 
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THE GENE 

Biologists have yet to see it or to find out exactly what 

it is made of, but its role in determining the continuity 

and the variation of living things grows steadily clearer 

T
he distinguished theoretical physi­
cist Erwin Schrodinger has called 
the science of genetics "easily the 

most interesting of our days." No branch 
of science in the 20th century has con­
tributed more to man's understanding of 
himself and the living world in general. 
Genetic discoveries have provided new 
insights into such fundamental problems 
as the origin of life, the structure of liv­
ing matter and evolution; and they have 
yielded practical benefits over a broad 
range of human concerns, from plant 
and animal breeding to the investigation 
of disease. Genetics, in short, has become 
the theoretical backbone of biology. 
, The central concept of genetics is the 

CHROMOSOMES in the cells of the salivary 

glands of Drosophila, sometimes called the 

vinegar fly (opposite), are useful to geneti· 

cists because they are large and easy to 

"read." On the diagram above are marked 

the loci of certain identifiable features in 

the chromosomes which are found in asso­

ciation with heritable characteristics, espe­

cially color, in the eye of the vinegar fly. 

by Norman H. Horowitz 

gene, the elementary unit of inheritance. 
This article presents an account of the 
development of the gene concept and of 
modern researches into the nature and 
mode of action of genes. 

Almost everyone knows that the 
science of genetics was founded by a 
monk named Gregor Mendel, who car­
ried on plant breeding experiments as a 
hobby in the garden of his monastery at 
Brunn in Moravia (now Brno, Czecho­
slovakia) _ The story of how Mendel's re­
markable paper, published in 1866 in 
the proceedings of a provincial natural 
history society, was ignored by his con­
temporaries and was rescued from ob­
livion by three separate investigators in 
the year 1900, 16 years after Mendel's 
death, is one of the most dramatic inci­
dents of modern science. Many histori­
ans of biology have speculated on why 
so far-reaching an advance was dis­
regarded at the time it was made, only 
to be enthusiastically welcomed 35 years 
later. The interment of Mendel's paper 
is commonly attributed to the fact that 
he was an amateur and to the obscurity 
of the journal in which it was published. 
But Charles Darwin also was an ama­
teur, and the standing of amateurs in 
science was still strong in the 19th cen­
tury. As for the journal-the Proceedings 
of the Brunn Society for the Study of 
Natural Science-it was regularly re­
ceived by the leading research centers 
of Europe, and Mendel is known to 
have called his paper to the attention of 
Carl K. von Nageli, one of the leading 
botanists of the day. A more likely an­
swer to the puzzle is that Mendel's con­
temporaries were incapable of appreciat­
ing the significance of his discoveries. 
His conclusions were essentially of an 
abstract nature, based on numerical data 
obtained by counting the various kinds 
of offspring produced by crosses of pea 

plants_ Because chromosomes and many 
other aspects of the biology of reproduc­
tion were unknown in Mendel's day, his 
paper must have seemed to his contem­
pOl' aries arbitrary and formalistic-mere 
numerology. 

It is curious to reflect that although 
Mendel is justly entitled to acclaim for 
his discovery, the development of 
genetics would have been the same even 
if he had never lived_ His three redis­
coverers-Carl Correns in Germany, 
Hugo de Vries in Holland, Erich 
Tschermak in Austria-were led to his 
paper only after they had independent­
ly arrived at the same conclusions. 
Some geneticists believe that Correns, 
Tschennak and de Vries were greatly 
aided in the interpretation of their ex­
periments by Mendel's brilliant paper, 
but this cannot be proved by the his­
torical record. 

"The Elementary Game" 

The essence of Mendel's discovery 
was that hereditary traits-or "charac­
ters" -are independent of one another 
and each is transmitted as a separate unit 
from a parent to the offspring: in other 
words, the organism is a mosaic of dis­
tinct and independent qualities. The 
units of inheritance are distributed in 
families and populations according to 
the laws of independent events-i.e., the 
laws of chance. This view contrasts with 
the older idea that the characteristics of 
the parents are blended in the offspring, 
as one might blend two liquids by mixing 
them together (a misconception which 
still persists in the expressions "full­
blooded," "half-blood" and the like)_ 
Mendel showed that there is no blending 
or dilution of individual characters in a 
hybrid_ The expression of a given char­
acter may disappear, but the hybrid 
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GREGOR MENDEL published his first comprehensive report on 

his investigations in 1866. Copies of his paper were circulated to 

most of the university libraries of Europe and to many contempo· 

rary scientists, yet its significance went unrecognized until 1900. 

carries the character as a "recessive" 
unit, and it may emerge in later genera­
tions. Mendelian inheritance is essen­
tially atomistic, the heritable qualities of 
the organism behaving as if they were 
determined by irreducible particles (we 
now call them genes). Mendel was not 
concerned with the nature of the parti­
cles but with showing that inheritance 
can be understood in these terms and 
with working out the rules of transmis­
sion of traits. 

An individual is composed of thou­
sands of heritable characteristics. Each 
character may take one of several possi­
ble forms. For example, there are three 
principal forms, called A, B and 0, of a 
gene for human blood type. Every per­
son carries a pair of the genes, the possi­
ble combinations being AA, AO, BB, 
BO, AB and 00. A and B are "domi­
nant" and 0 is "recessive" to them, so 
that the blood of a person with the 
combination AO, for instance, shows the 
properties of the blood group A. 

Mendel's laws can be understood in 
terms of a game of chance in which the 
genes are represented by counters. 
There are two players (the parents) and 
each is provided with a pair of counters 
for each of the thousands of hereditary 
characters (e .g . ,  AA or AO or the like 
for blood group). To play the game each 
player selects at random one counter 
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from each of his pairs and puts it in a 
pile in the middle of the table. In the 
end the pile will contain just as many 
counters as were originally held by each 
player, half of them contributed by each 
player. The pile of counters represents 
the genetic endowment of an offspring 
of the two players. In principle this is all 
there is to the game of Mendelian inher­
itance. We shall call it the "elementary 
game." 

Mendel's great achievement was to 
recognize that this simple game-that is, 
the random separation and reuniting of 
pairs of inheritance determiners in the 
germ cells-would provide an orderly 
explanation of the seemingly unsys­
tematic results of his experiments. Men­
del found the evidence for the separation 
of determiners in a statistical analysis of 
pea-plant offspring: the characters tend­
ed to occur in certain orderly proportions 
among the members of successive gen­
erations as the determiners were shuffied 
and reshuffied. Nowadays the separation 
of genes (technically called "segrega­
tion") can be demonstrated in a direct 
way by experiments with some of the 
lower plants, such as the red bread mold 
Neurospora [see "The Genes of Men and 
Molds," by George W. Beadle; SCIEN­
TIFIC AMERICAN, September, 1948]. For 
example, the segregation of a certain 
gene pair results in exactly equal num-

bers of black and white spores in every 
mature set of eight spores produced by 
this fungus. The Lysenkoists in the 
U.S.S.R. used to attack Mendelian ge­
netics on the ground that it was based 
on statistics, which, for reasons not ex­
plained, they aimed to eliminate from 
biology. It was a moment of some dra­
matic interest, therefore, when, at the 
International Botanical Congress in 
Stockholm in 1950, a Portuguese scien­
tist rose to ask a Soviet speaker how he 
explained the nonstatistical demonstra­
tion of segregation in Neurospora and 
similar organisms. It appears from the 
official account of the meeting that the 
Soviet delegate was unaware of these 
demonstrations. 

Enter the Chromosome 

In the years following the rediscovery 
of Mendel's laws at the turn of the cen­
tury, the new science of genetics ad­
vanced rapidly. Investigators soon 
showed that the Mendelian rules of 
inheritance applied to animals as well 
as plants. The most important advance 
came when T. H. Morgan and his group 
at Columbia University, working with 
the vinegar fly Drosophila, discovered 
that the genes are material particles car­
ried in the chromosomes of the cell nu­
cleus. They were led to this discovery 
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by their finding that genes are not alto­
gether independent, as Mendel had 
thought, but tend to be transmitted in 
groups. In terms of the elementary game, 
we would say that the choice of counters 
is not entirely free: when one counter is 
selected, there is a tendency for certain 
other counters to be selected also, as 
if they were linked by a weak physical 
bond. Morgan and his students A. H. 
Sturtevant, C. B. Bridges and H. J. 
M uIler found that genes in the same 
chromosome (where they are arranged 
like beads on a string) are transmitted 
sometimes as an intact group, sometimes 
not. That is to say, a pair of chromosomes 
may exchange segments of their strings 
of genes, forming new chromosomes 
which consist in part of one and in part 
of the other-a process known as "cross­
ing over." By grouping genes in chromo­
somes and yet allowing them some free­
dom to change their lodgings, nature 
reconciles two conflicting requirements 
of inheritance and evolution. On the one 
hand, total disorganization of the genes 
in a cell would make the reproduction of 
cells exceedingly difficult. The tiny vine­
gar fly has something of the order of 
10,000 genes. If they were loose in the 
cell nucleus, like buckshot, the problem 
of passing them on in exactly equal num­
ber to every daughter cell would be for­
midable. The problem is reduced to 
manageable proportions by the fact that 
the genes are grouped in four pairs of 
chromosomes: thus the cell has only 
eight objects to cope with, instead of 
10,000. On the other hand, if the genes 
were forever bound in the same chromo­
somes, the organism would lack the flex­
ibility for recombination of genes which 
is essential for evolutionary develop­
ment. The situation is saved by the fact 
that genes may cross over from one 
chromosome to its partner when the 
germ cells are formed. 

The Mendelian theory led to a new 
understanding of the biological signifi­
cance of sex. It showed that the sexual 
method of reproduction provides an 
elaborate lottery which serves the func­
tion of recombining genes in new ways, 
thus permitting living things to explore 
a practically limitless range of possible 
variations. If each of 10,000 genes de­
termining the make-up of a species of 
organism existed in only two different 
forms, the number of different gene 
combinations possible would be 310,000. 
As we have seen, some genes are known 
to occur in more than two forms. The 
practically infinite number of possible 
combinations provides a vast reservoir 
of potential variability upon which the 
species can draw for its evolutionary 

BO'l'ANIQUI-:. - Sur fa lot de dujonclion des hybrides. Nole de M. OliGO 
DB VaIEI, presentee par 1\1. Gaston Bonnier. 

" J)'al'res I�s prindpes que j'ai enonces ailleurs (In/raceltulare Pange .. 
(lC'sis, 1889), les caractcres spccifiqucs des organisrnes sont composes 
<I'unites bien distinctes. On peut eluclier experimentalement ces unites 
soil dans ties phcnomenf's de variabilile et de mutabilite, soit par la pro­
fltl.clion des hybrides. Dans Ie dt>rnier cas, on choisit de preference les 
hyhridcs dont les p�rents ne se distinguent entre eux que par un seul carac. 
tCre (Ies monohybride,), ou par un petit nombre de caractere. bien 
d6ilUlitcs, et pour lesq!lcis on ne considere qu'une ou deux de ces uDites 
cn laissant les autres de cote .. 

» Orcfinairement Ie! hybrides sont decrits comme participant it la fois 
des caracteres du pere et de Ia mere. A man avis, on doit admettre, pour 
comprendre' cc fait, que les hybrides ant quelques.uns cles caracteres 
simples do pere et d'autres caracteres cgaleJ?ent simples de la mere. Mats 
quanu Ie pere et la mere ne se distingu€'nl que sur un seul point, I'hybride 
ne saul'ait tenir Ie milieu entre eux j car Ie Cal'ifctcre simple doit �tre coh ... 

'l:iid6rc camme une unile non divisible. 
:II D'autre part l'etude des caracteres simples des hybrides pent fournir 

la preuve la pillS direcle dll principe enonce. L'hybride montre toujours 
Ie caraClel'C d'un des deux,p,�renls, �t cela dilns toule sa force; jamais Ie 

HUGO DE VRIES, in Holland, discovered Mendel's paper after he had performed the same 

experiments and come to the same conclusion. His first puhlication was in March, 1900. 

19. C. Corr ens: 6. Mendel's Regel liber das Verhalten der 

Nachkommenschaft der Rassenbastarde. 

Eingcgangen am 24. Allnl 1900. 

�)j". neueste Veroffentliehuug HUGO DE VRIES': .Sur III Ioi d,· 
.lisjonction des llybrides" 1), in deren Besitz ielt gestonl du'rell clip 
];icbeuswOrdigkeit des Verfassers gelangt bin, veranlas,st mich 1..11 
der rolgenden Mittheilung. 

Auah ioh �'ar bei meinen Bastardirunglol"ersuclle'o mit Mais· und 
}�rb8enraSSell tU demse1ben Rcsnltat gelaugt, Wid DE YBIES, der mit 
Ha,.Ken tlehr verschiedener' Pflanzen, darunter auch Joit zwci �Iais 
latJsell, experimentirte. Ais ieh das gesetzmassige Y crhultcn und' dir 
��rklarung daf�r - nuf di� ieh gleich zurOckkommo - gefuuden 
lmttl', ist 8S mir gegnngcn, wje (>s DE VRIES oft'enbar jetzt geM: ieh 
hah" das aUo. fOr et",.s Xeues geh.Iten'). nan n hab.i e h  micb 
ahe r (i borzeugen miis8cn , {lass  dcr Alit OREGOR )I&NDEL in 
Hriilln in d e n  s ee hz i g e r  Jah r e n  dureh langja h rige u�d sohr 
auggede h n t e  Yorsue h e  mit Erbsen lIi e h( nur zu dem selben 
Resuttat gckommen i st; wie DE YRI'ES UlI(l iell, so nde r n  dOllS 
er auc h, gcnnu lliesellH' .Erkllrung gt'geben-'hnt, liowcit tla:ot 

CARL CORRENS, in Germany, saw de Vries' paper and wrote in April, 1900: "The same 

thing happened to me." He thought he had something new but then found Mendel's work. 

26. E. Tschermak: Ueber kUnstliche Kreuzung bel 

Pi8um sativum '). 
Einge,angclI am 2. Juni 1000. 

Angoregt tlurch oi. Ver.udw DARWIN'. ilber ,Ii .. Wirkung"n ,1,·\' 
Kreuz ... Gnti Helhatbefntchtullg- illl Pflnnzenrciche, b(l),{81111 ieh illl,Jllltrt· 
IM!lS RD PilU'1n 6atioum KrNl;'ungMvl'rsuclw anzustcllcm, weil mich bt·­
sonde ... die AU8I1nlnn·.l'illle von ,leOl allgemein aUM!(e'procltenen Sal •• 
lIboi: den Nut"effect d.r Krellzung verschiedeller huliviuuon U111' 
"ersehiedener V "rietAten gegenfiber der Selb,tbefruchtung inl<,re •• irl.,,", 
eine (;nlppe, in welche Rueh 'Puum ,ativum gehart. Wiihrt\llIl lwi 
dell moisten I-Ipecies, mit welchen DARWIN operirte (';7 gcgen i<; 
bezw. Ii), die Silmlinge au. einer Kreuzung zwischen Indiviou"n 

d,'r.elhen ioIpecies' b.innh. innner din d.r"h Selbstbefrucbtung cr­
... ugten (:oncurren!<'u nn Hoho, Uewirht, Wuch., Mufig Bueh all Frneht­
barkeit Qbertr.fen, wrhi.lt .ieh hei der �;rh.e ,Ii" H6h. ,Ier nUM ,II·. 
Kreuzung stnmme-nflen Pflanzen IU jf'nt'r tier ��r1.uugnhlJ�e von Helust­
bernlchtung wi. IIJO: 11';. \)ARWIN orblickll. ,h'n Urund ,1i,·.e8 Vcr­
bnUrn. in ,Ier dnrch viele (leneratiu"e" si,·1t wil.lerlmlolHlc)1 1-I,·lh.I.­
bernlchtung ,lor �;rh.o ill ,h'n nGr,IIi".hen J,i\lHlern. In Anbetrnchl 

ERICH TSCHERMAK, in Austria, was busy on "the second correction of my own paper" 
when he saw de Vries' and Conens' reports. His ahstract was puhlished in June, 1900. 
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NEUROSPORA SPORES reflert crossing of dark· and light.colored strains. Spore groups 
have four light and four dark spores, just as pea plants bear peas in fixed ratios (see opposite). 

progress. This is true of all species that 
reproduce sexually, from microbes to 
man. 

Self.Duplication 

Let us turn to the genes themselves. 
How are genes reproduced in the cell? 
How do they act in controlling heredity? 
What ate they made of? 

The genes are, of course, self-repro­
ducing. In this they are like the cell 
or an OJ'ganism as a whole, such as a 
bacterium. Bacteria, as we know, arise 
only from pre-existing bacteria. We can 
prepare a broth that contains all of the 
raw materials needed for the production 
of bacteria, and we can provide all the 
necessary envirohmental conditions­
acidity, temperature, oxygen supply and 
so on-but if we fail to inoculate the 
broth with at least one bacterial cell, 
then no bacteria will ever be produced 
in it. The situation is the same with re­
spect to gene production, the only dif­
ference being that we cannot prepare an 
artificial broth for growing genes: the 
only medium in which they are known 
to multiply is in the living cell itself. In­
deed, it appears that the genes are the 
only self-replicating elements in a cell; 
all the other components of cells appar­
ently are produced, directly or indirect­
ly, by the activities of genes. 

Just what is involved in the process 
of self-duplication as we have defined 
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it? One way to explore this question is 
to look into certain chemical reactions 
which seem to parallel reproduction by a 
living organism. An interesting case in 
point is pepsin, a gastric enzyme which 
is important for the digestion of proteins. 
As a catalyst, pepsin acts upon pepsino­
gen, a protein found in the wall of the 
stomach, and the product of its break­
down of pepsinogen is pepsin itself. 
Thus pepsin in the formal sense is self­
duplicating: it acts upon the appropriate 
substance to produce a molecule exactly 
like itself. Moreover, its production of 
pepsin from pepsinogen over a period 
shows a curve of increase like the growth 
curve of a population of organisms. In 
other words, the equations for the pro­
duction of pepsin and the production of 
cells are the same. The question now is: 
Does this formal similarity reflect a simi­
larity in the mechanism of duplication? 

A number of years ago Roger M. Her­
riott, Quentin R. Bartz and John H. 
Northrop at the Rockefeller Institute for 
Medical Research carried out the follow­
ing interesting experiment. They added 
pepsin obtained from chickens to pep­
sinogen prepared from pigs, and vice 
versa. Their purpose was to learn wheth­
er the pepsin produced would depend 
on the species of pepsin or on the species 
of pepsinogen. If pepsin behaved like a 
living organism, the pepsin formed 
should be the same as the pepsin added, 
regardless of the source of the pepsi no-

gen, just as the species of bacteria ob­
tained from a culture depends on the 
species inoculated, not on the nutri­
ents supplied. But the results were just 
the opposite. Swine pepsin reacting 
with chicken pepsinogen produced only 
chicken pepsin, and the mixture of 
chicken pepsin with swine pepsinogen 
yielded swine pepsin. 

It follows that pepsin is not strictly 
self-duplicating. The product is deter­
mined not by the pepsin but by the ma­
terial on which it acts. This is not the 
case with living organisms, as we have 
seen, and neither is it the case with 
genes. The reproduction of genes is a 
copying process: they copy themselves 
when they multiply, and if a gene hap­
pens to mutate to a new form, the new 
type reproduces itself in its mutant ver­
sion. No such copying process has been 
found in simple chemical reactions. 

Mutation 

The mutation of genes has been in­
vestigated very extensively by experi­
mental work with X-rays and other ra­
diations. This exploration began in 1927, 
when Muller, working with Drosophila, 
and L. J. Stadler, working independently 
with barley, discovered that treatment of 
cells with X-rays speeded up the rate of 
mutation. The alteration of the genes 
undoubtedly is due to a chemical change, 
which is caused by the ionization of 
atoms (i.e., removal of electrons) by the 
radiation. The main conclusion drawn 
from the many experiments with radia­
tion is that a single ionization, in the 
right place, suffices to cause a gene mu­
tation. This conclusion is particularly in­
teresting because it suggests that the 
gene is a single molecule. Other ideas 
have strong champions-among them the 
theory that the only real unit is the chro­
mosome, a kind of supermolecule-but 
there is little doubt that at the present 
time the gene-molecule theory provides 
the most satisfactory general account of 
the properties and behavior of genes. 

From a practical point of view this 

MENDELIAN LAWS are illustrated on the 

opposite page. At top, a plant bearing 

smooth yellow peas is mated with one bear· 

ing wrinkled green peas. In the first gen· 

eration (middle) the plants bear only 

smooth yellow peas because smooth and 

yellow are dominant. In the next generation 

(bottom) the plants bear smooth yellow, 

wrinkled yellow, smooth green and wrinkled 

green in the approximate ratios 6:3:3:1. 
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SELF-DUPLICATION OF PEPSIN, an example of autocatalytic 

reaction in the biosynthesis of proteins, is shown in three steps in 

this highly schematic diagram_ In the first stage (at left) a mole-

cnle of pepsinogen, the precursor of pepsin, appears at top and 

a molecule of pepsin below_ The beads represent the amino acid 

units out of which pepsins are made. As indicated, pepsinogen is 

interpretation has an important bearing 
on the possible harmful effects of atomic 
and other man-made radiations_ If the 
gene is a single molecule, mutable by a 
single quantum of radiation, then even 
the smallest exposure to radiation may 
produce a mutation: in other words, 
there is no "safe" dose. Experiments bear 
out this view. Over a wide range of X-ray 
dosages the frequency of mutation in 
Drosophila is directly proportional to the 
number of ionizations, with no indica­
tion of a threshold below which muta­
tions are not induced. It is possible that 
a tolerance level might be found at doses 
lower than have yet been tested, but 
such a threshold would be very difficult 
to detect, because as the dose decreases, 
we approach the natural, spontaneous 

rate of mutation, which acts as a back­
ground "noise" to obscure the small 
additional effect of the radiation. Clear­
ly it would be rash to base one's hopes 
or the national policy on the chance that 
a threshold exists. The only reasonable 
course is to assume that no amount of 
ionizing radiation, however small, is 
without an effect on the genes. Knowing 
that gene mutations are irreparable and 
for the most part harmful, we must 
weigh this hazard as best we can against 
the expected benefits of X-rays and other 
uses of ionizing radiation. 

Genes and Enzymes 

The sensitivity of genes to radiation 
brings us to our second question: How 

• 

> 

do genes act on the cell? A gene muta­
tion can sterilize the cell or permanently 
alter all of its descendants. Considering 
that this profound effect is triggered by 
an almost infinitesimal change in the 
gene-a single ionization-we must con­
clude that the genes function in a far­
reaching way. That is to say, they act 
not merely as enzymes (which them­
selves have profound effects in the cell, 
determining the rate and direction of its 
chemical activities) but as catalysts for 
the production of enzymes. 

This idea occurred to the early work­
ers in genetics, but techniques for ex­
ploring it have not been available until 
fairly recently. By now it has won strong 
support, as the result of the pioneer ex­
periments of George W. Beadle and E. 

SELF-DUPLICATION OF NUCLEIC ACID, which is thought to 

be the ultimate genetic material, is shown in three stages in this 

diagram. In the first stage (at left) the nucleic acid is seen as a 

structure of two helices coiled about one another, with four differ­

ent nucleotides (represented by cubes and spheres) arranged in 

complementary order. In the second stage (center) the structure 
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a more complex molecule, incorporating the structure of pepsin itself plus a "tail." In the 

second stage (center) the two molecules enter into reaction with one another. In the third 

stage the tail has been separated from pepsinogen and there appear two pepsin molecules. 

L. Tatum on Neurospora and of many 
other studies of microorganisms, notably 
the colon bacillus, Escherichia coli. Hun­
dreds of mutations have been produced 
in these organisms and in each case the 
effect of the mutation is to abolish the 
organism's ability to make some essen­
tial chemical, for example, a vitamin or 
an amino acid. The mutation usually 
blocks just one step in the series of re­
actions required to make the vitamin or 
amino acid. It evidently interferes with 
the production of a single specific en­
zyme: all the other enzymes involved in 
catalyzing the series of reactions are ap­
parentlv unaffected. 

In order to account for this selectivity, 
it is necessary to assume that the struc­
ture of the enzyme is related in some 

) 

way to the structure of the gene. By a 
logical extension of this idea we arrive 
at the concept that the gene is a repre­
sentation-a blueprint, so to speak-of 
the enzyme molecule, and that the func­
tion of the gene is to serve as a source of 
information regarding the structure of 
the enzyme. It seems evident that the 
synthesis of an enzyme-a giant protein 
molecule consisting of hundreds of ami­
no acid units arranged end-to-end in a 
specific and unique order-requires a 
model or set of instructions of some kind. 
These instructions must be characteris­
tic of the species; they must be auto­
matically transmitted from generation to 
generation, and they must be constant 
yet capable of evolutionary change. The 
only known entity that could perform 

uncoils, freeing the components of each helix for attachment to free nucleotide units dif. 

fused in the nearby environment. In the third stage (right) each helix has bound nucleotide 

units to itself, thus beginning the formation of two complete new nucleic acid molecules. 

• • 
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SYNTHESIS OF AMINO ACIDS may be mediated by many genes; absence of any one gene 

will stop the cycle. Each gene (G) catalyzes a specific enzyme (E) which in turn catalyzes 

one step in the reaction. Compounds boxed in red lines are stable end·product amino acids. 

such a function is the gene. There are 
many reasons for believing that it trans­
mits information by acting as a model, 
or template. 

If the template theory is correct, a 
mutant gene may produce a mutant en­
zyme-an enzyme whose structure and 
properties are changed in some way. A 
systematic search for mutations of this 
sort has been started recently, and al­
ready several interesting examples have 
been found. 

In our laboratory at the California In­
stitute of Technology we have been 
studying an enzyme of Neurospora 
which converts the amino acid tyrosine 
into melanin-a black pigment widely 
distributed in nature (it is the black pig­
ment of hair, skin and of the ink of the 
squid). We find that this enzyme, tyro­
sinase, may occur in either of two differ­
ent forms in Neurospora. The forms dif­
fer only in their stability toward heat. 
At a temperature of 138 degrees Fahren­
heit, for example, one form is reduced 
to half of its original activity in three 
minutes; the other in 70 minutes. Our 
experiments show that this difference in 
stability is inherited in a simple Men­
delian way-i.e., it is controlled by a sin­
gle gene. One form of the gene causes 
the organism to produce tyrosinase 
which is comparatively stable to heat; 
the other yields unstable tyrosinase. It is 
interesting that the forms of the enzyme 
produced by the two strains of Neuros­
pora are exactly alike in every detail, as 
far as we have tested them, except in 

stability to heat. This fact indicates that 
the genetic control of enzyme structure 
is exceedingly fine-grained, permitting 
the separate alteration, as in this case, 
of a single feature of that structure. 

Another example of a gene which in­
fluences the structure of a protein is one 
affecting the hemoglobin of human 
blood. There is a mutant which is known 
as the sickle-cell gene, because it leads 
to production of a form of hemoglobin 
that causes the red blood cells to take a 
sickle shape. Linus Pauling and a group 
of his co-workers at the California Insti­
tute of Technology found that the sickle­
cell hemoglobin molecule has a different 
electric charge from normal hemoglobin. 
A very interesting feature of the sickle­
cell mutation, from the evolutionary 
point of view, is the fact that it appar­
ently confers resistance to malaria [see 
"Sickle Cells and Evolution," by An­
thony C. Allison; SCIENTIFIC AMERICAN, 
August]. 

The discovery of structural mutations 
of proteins is gratifying but is only one 
step toward a proof of the template theo­
ry: to prove conclusively that genes do 
in fact act as templates, it would have to 
be demonstrated that every specific 
property of a protein can be modified by 
a gene mutation. Experiments along 
these lines are being pursued actively in 
several laboratories. 

DNA and RNA 
Final answers to our first two ques­

tions-how genes reproduce themselves 
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Comparison of hot strength at 1720° C and 25 psi 
shows CARBOFRAX® silicon carbide brick undeformed 
on extreme left, MULLFRAX® brick with only 1.4% 
contraction, ordinary refractories in various stages of 
deformation. The one on extreme rightfailed at 1650° C. 

fifth in a series . .. 
HOT STRENGTH 

Unusual Properties of Refractory Materials 
Hot Strength - When load is applied to a refractory its ability 
to resist heat is lessened. Increasing either load or temperature, 
or both, often causes the refractory to faiL 

As these factors are combined in most installations - large 
and small - hot strength of a refractory takes on new value. 

The effect of temperature in combination with load is shown 
by specimens pictured above. Further tests provided these data: 
In a test under 50 psi, a MULLFRAX® electric furnace mullite 
brick showed no linear contraction when held at 1500°C for 
100 hours. Ordinary brick contracted an average of 7.58% at 
1500°C but that at only 35 psi. In another typical case complete 
failure (15 % contraction) was experienced with a commonly­
used refractory at 1350°C and a load of 25 psi. 

These differences in hot strength prove this: Where refrac­
tories fail under load and temperarure, Carborundum refrac­
tories have the extra resistance needed to avoid slumping and, 
thereby, to effect less downtime, lowered maintenance COSts 
and greater output. 

Hot strength may work in another way, too. It permits use 
of thinner section refractories, thus reducing overall load. More 
insulation may be used to lower heat losses. 

Carborundum's magazine "Refractories" pinpoints many 
practical applications for these unusual products. The next issue 
carries a fearure article on "hot strength". Send for your copy 
today. 

CARBORUNDUM 
Registered Trade Mark 

VALUABLE INFORMATION FOR USERS OF: 

REFRACTORIES • CASTABLE CEMENTS • POROUS PLATES AND TUBES 

CATALYST SUPPORTS • OXIDE, BORIDE, NITRIDE AND CARBIDE 

HIGH-TEMPERATURE MATERIALS • CERAMIC FIBER 

all in the new magazine "Refractories" 
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The Carborundum Company, Perth Amboy, N. J. 

Please send me the forthcoming issue of "Refractories". 
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City, ___________ Zon. __ �tate-------
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Your nearby Diamond representative 
has the facts on DIAMOND'S 
custom production of chlorinated 
derivatives. Call him in and talk 
it over. 

Diamond 
makes the following chlorinated 
products at Newark, N. J. We 
ship promptly. 

Chloral 
2, 4-Dichlorophenol 
2, 4, 5-Trichlorophenol 
2, 4, 6-Trichlorophenol 
Ilexachlorobenzene 

More Diamond products: 
carbon tetrachloride; perchlor­
ethylene; methylene chloride; 
methyl chloride; chloroform; 
Chlorowax® (chlorinated paraf­
fin); muriatic acid; DDT; BIlC, 
15% and 40% gamma; Lindane; 
2,4-D and 2,4,5-T amine salts, 
esters and formulations; grain 
fumigants. 

like more information 
or technical help? Phone your 
DIAMOND man. DIAMOND ALKALI 
COMPANY, 300 Union Commerce 
Building, Cleveland 14, Ohio. 

Dialll.ond 
Che:rn.icals 

and how they function-will not be ob­
tained until we have found the answer 
to the third: What are they made of? 
It may seem strange, considering the 
great power of modern methods of 
chemical analysis, that the chemical 
composition of the genetic material in 
the chromosomes should still be some­
thing of a mystery. The explanation is 
quite Simple: no one has ever isolated a 
gene from any animal or higher plant­
at least so far as anyone is aware, for 
we have no way so far of recognizing 
a gene after it has been removed from 
the cell. 

Nevertheless, we do have some defi­
nite ideas about the chemical nature of 
genes. There is very good evidence that 
the genetic material of some bacteria 
and viruses consists of nucleic acid, and 
there is some reason to believe that 
this is also true in higher organisms. 
It has been known for a long time that 
desoxyribonucleic acid (DNA) is a 
prominent constituent of the chromo­
somes; this fact marked it for special 
attention as possible genic material. A 
number of studies of bacteria and viruses 
confirm that it does indeed play a 
genetic role. 

Some years ago a substance with 
gene-like properties was extracted from 
heat-killed cells of Pneumococcus, the 
pneumonia organism. Strains of Pneu­
mococcus grown in the presence of this 
substance acquired hereditary charac­
teristics of the particular strain from 
which it was derived; the characteristics 
included virulence, resistance to drugs, 
the ability to synthesize certain enzymes 
and so on. The transformations were per­
manent: they were passed on from gen­
eration to generation of the bacteria. 
Moreover, the substance appeared to be 
subject to mutation. Eventually Os­
wald T. Avery, Colin M. MacLeod 
and Maclyn McCarty of the Rocke­
feller Institute identified the transform­
ing agent as DNA. More recently a 
new series of transforming agents, also 
varieties of DNA, has been found in 
another species of bacteria, H emophUus 
influenzae. 

In the realm of the viruses, there have 
been two definite identifications of nu­
cleic acid as genetic material. A. D. 
Hershey and Martha Chase at the Cold 
Spring Harbor Biological Laboratory 
have found that DNA plays a genetic 
role in a bacterial virus which attacks 
the bacterium E. coli. Heinz Fraenkel­
Conrat at the University of California 
identified the genetic substance of the 
tobacco mosaic virus as ribonucleic acid 
(RNA). 

All the available evidence thus points 
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PNEUMOCOCCUS is genetically trans· 

formed by mixing cells of one strain with 

nucleic acid from another. The first strain 

(right) thereupon assumes the character· 

istics which mark the second strain (left). 

toward nucleic acid as the ultimate ge­
netic material. Naturally its chemical 
structure has come in for a great deal of 
attention. F. H. C. Crick and J. D. Wat­
son at the University of Cambridge have 
proposed a structure for DNA which not 
only accounts f-or many of its known 
physical and chemical properties but 
also seems capable of accounting for the 
properties of a gene [see "The Structure 
of the Hereditary Material," by F. H. C. 
Crick; SCIEKTIFIC AMERICAN, October, 
1954'j. According to their scheme DNA 
is composed of two close-fitting, comple­
mentary chains, each chain consisting of 
a long series of nucleotides in linear or­
der. There are only four kinds of nucleo­
tides in DNA, but since the number of 
nucleotide molecules per chain is of the 
order of 10,000, the number of possible 
arrangements is very large indeed. Re­
plication of the molecule is thought to 
involve separation of the two comple­
mentary chains, each of which then acts 
as a template for the synthesis of a new 
partner. 

The idea of the two-stranded structure 
seems to have a firm basis. However, it 
is not easy to see how this model can 

© 1956 SCIENTIFIC AMERICAN, INC



when should you pay 
$13.00* a pound 

for T ITAN I UM? 
The answer is when its cost/life ratio makes titanium less 
costly than other metals-as it often does. Look at it this 
way . . .  

More Meta l Per Pound- Titanium weighs only 56% as 
much as steel of the same strength. Where 50 pounds of steel 
is needed-28 pounds of titanium will do the job. 

It's Final Cost That Counts - Fabricating takes the lion's 
share of production costs on most jobs. Considering material 
and fabricating costs together usually whittles down the 
titanium price differential to 2 or 3 to 1. And, most impor­
tant . . .  

Tita n i u m  Outlasts Most Metals - even those generally con­
sidered 'corrosion-resistant,' by 10, 20, even 50 times or more. 

Added together, these facts often make titanium the most 
inexpensive material you can use. And only titanium can 
provide its exceptional combination of light-weight, high­
strength, and resistance to corrosion. Ask a REM-CRU engi­
neer to give you complete details about what titanium can 
do for you. 
*The actual cost of titanium mill products varies with the 
grade, size and quantity ordered. The $lS.00 figtlfe is repre­
sentative of today's prices for items used in commercial ap­
plications. 

To keep abreast of the latest developments on 
this vital metal, write to Dept. S-10 for the 
Rem-Cru Review-a free periodical presenting the 
latest technical data on titanium alloys. R E M - e RU 

TITAN I U M  R E M · C RU T ITAN I U M , I N C., M I D LAN D ,  P E N N S Y LVAN IA 
, Soles OlTices: 3338 South Malt Avenue, Los Angeles 22, Cal ifornia 4501 W. Cortland Street, Ch icago 39, I l l inois  405 Lexi ngton Avenue,  New York 17, N. Y. 
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sec o n d s  

• • .  y o u  c a n  read a n y  s u rfa c e  

te m p e ra t u re i n  y o u r  p l a n t  . . .  

accurately and ea sily . . .  with 

the Alnor  Porta ble Pyrocon. 

Compact i n  size, com plete in 

precis ion desig n and workma n ­

s h i p , t h i s  r u g g e d i n st r u m e n t  

assures t h e  highes, sta ndards of 

s p e e d ,  a c c u ra c y  a n d  d e p e n d ­

abi l ity. Y o u  c a n  take tem perature 

readings o n  materials in process, 

the fi n i s h ed prod uct or  the heated 

eq uipment itself - i n  as few a s  

3 seconds ! 

Alnor  Porta ble Pyrocons come 

i n  scale ra nges to 2000° F.,  with 

therm ocou ples for every applica­

ti on. You'll  find full  detai ls  on the 

Pyro c o n  exa ctly s u ited to y o u r  

operati ons i n  Bul letin 4257. Send 

for your copy n ow. Write : I l l i n ois 

Testi ng Laboratories, I nc., Room 

548. 420 N o rth L a Sa l l e  Street, 

Chicago 1 0, I l l i nois.  

account for template action by genes. 
The specificity of the Watson-Crick 
structure rests on the sequence of nu­
cleo tides in each chain, suggesting that 
the genetic information is coded on a 
linear tape in an alphabet of four sym­
bols. M utation would consist of the re­
arrangement, deletion or substitution of 
parts of this coded message. The diffi­
culty is that whereas the nucleic acid 
alphabet contains only four symbols 
( corresponding to the four different nu­
cleo tides ), the protein alphabet contains 
20 or more ( corresponding to the 20-odd 
kinds of amino acids) . There is no known 
mechanism at the present time for trans­
lating instructions from the nucleotide 
code into the amino acid code. But this 
difficulty may not be insuperable [ see 
"Information Transfer in the Living 
Cell," by George Gamow; SCIENTIFIC 
AMERICAN, October, 1955] . 

Thus for the first time we have a defi­
nite working hypothesis as to the struc­
ture of the gene. There is, however, a 
puzzling feature about the present situa­
tion. The experiments on the tobacco 
mosaic virus clearly show that RNA is 
capable of performing a genetic func­
tion. But RNA does not usually act in 
this way, as far as can be determined. It 
is found chiefly in the cytoplasm of cells 
(i .e. , outside the nucleus), and genetic 
experimentation with animals has failed 
to show any regular mechanism of inher­
itance in the cytoplasm. Hereditary 
mechanisms do exist in the cytoplasm of 
plant cells ( for example, in connection 
with the production of chlorophyll) but 
they are of minor significance compared 
to the chromosomal mechanism. 

Possibly the RNA that controls heredi­
ty in the tobacco mosaic virus ( and other 
plant viruses) is of a different kind from 
that found in the cytoplasm of animal 
cells. Such a difference could explain 
why RNA acts like a gene in one situa­
tion and apparently not in the other. But 
this possibility cannot be tested at the 
present time, because the chemistry of 
RNA is still relatively unknown. 

The O rigin of Life 

A general article on the gene ought to 
make at least some mention of what 
bearing all this may have on the problem 
of the origin of life. Probably no ques­
tion in biology has a wider appeal than 
this one-especially among nonbiolo­
gists. Historically the basic difficulty has 
been to define "life."  Up to the 1 7th 
century the most primitive forms of life 
known were worms, fleas, scorpions and 
the like, and there was a notion that 
these creatures originated spontaneously 

AB CD AD AC BA AC BD AC BA BC 

I I I I I I I I I I 
C H  R O M O S O M E  

FOUR·LETTER CODE suggests one way in 

which the four nncleotide components of 

nucleic acid, here designated as A, B, C, D, 
may control the synthesis of the 20 different 

amino acids of which proteins are made. 

from decaying organic matter. This idea 
was demolished in 1668 by the Italian 
physician Francesco Redi, when he 
showed that no maggots developed in 
meat shielded from egg-laying insects. 
But it was reborn at another level when, 
a few years later, Anton van Leeuwen­
hoek discovered bacteria. They seemed 
so small and rudimentary that many peo­
ple were convinced they must be on the 
dividing line between living and non­
living matter. Actually bacteria are just 
as complex as any cell of our own bodies, 
and their spontaneous origin from non­
living material is not much more likely 
than the spontaneous generation of 
scorpions. 

Nowadays many biologists and bio­
chemists tend to regard the question of 
how life started as essentially meaning­
less. They view living and nonliving 
matter as forming a continuum, and the 
drawing of a line between them as arbi­
trary. Life, on this view, is associated 
with the complex chemical parapherna­
lia of the cell-enzymes, membranes, 
metabolic cycles, etc.-and no one can 
say at what point it begins. Geneticists 
are apt to take a different view. If genes 
are required to produce enzymes, then 
life began only when they began. 

We can imagine the spontaneous ori­
gin of some chemical substance capable 
of reproducing itself, of mutating and of 
directing the production of specific cata­
lysts in its environment. It would not be 
long before this substance, trying out 
new molecular arrangements by blind 
mutation, began to evolve along lines 
favored by natural selection. In time all 
the complexity that is now associated 
with living matter might well develop. 

It may be objected that an unstated 
assumption is hidden in this theory: 
namely, that the gene arose in an en­
vironment which was already prepared 
to supply all the materials needed for its 
multiplication and other chemical activi­
ties. But if this is an objection, it holds 
for any theory which supposes that life 
began in some accidental combination 
of chemicals. The material of life as we 
know it could have come into being only 
in a complex chemical environment. 
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S p e c i a l  Test  Lo o p  
Testing atomic products before they're 
built is a good trick-if you can do it. 

One way General Electric engineers 

do just this is with a special test loop 

designed to simulate reactor core thermal 
conditions. Fuel element materials and 

designs can be pre -tested in this loop for 

void distribution and steam slip, steam 

blanketing, and heat transfer character­

istics - all while the reactor is still on 
the drawing board. 

Proving critical calculations like these 

in the design stage is another example 

of General Electric engineering leader­

ship in the field of atomic energy. 

Atomic Power Equipment Depart­

m e n t ,  G e n e r a l  E l e c t r i c  C o m p a n y, 

Schenectady 5 ,  New York. 196-1 
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Mesonic Atoms 
For brief instants mesons may spin like electrons on orbits around 
atomic nu clei . The X-rays they emit, as they jump from orbit to 
orbit, may illuminate the nature of the nuclear binding forces 

I
n the half century since the atom was 

opened up as a new world to explore, 
physicists have been busy taking it 

apart to see what it is made of. It has 
been a period of violent bombardment 
and assault, and experimental work in 
atomic physics has become popularly 
known as "atom smashing." But the 
study of the atom is now entering a new 
phase. Nowadays atoms are so well un­
derstood that physicists can undertake to 
build as well as destroy them. Complete­
ly artificial atoms have been forged from 
some of the newly discovered atomic 
particles, and these serve as tools for 
testing theories about the nature of the 
atomic world. 

The first such atom to be made was 
positronium [see "The Ultimate Atom," 
by H. C. Corben and S. DeBenedet­
ti; SCIENTIFIC AMERICAN, December, 
1954]. Positronium is a short-lived, 

COLOR 

LINE SPECTRUM 

INFRARED :VISIBLE i 
I I I I 

by Sergio DeBenedetti 

practically weightless atom composed 
of an electron and a pOSitron-a particle 
exactly like the electron except that its 
electric charge is positive instead of 
negative. The positronium atom is 
analogous to the simplest ordinary atom, 
hydrogen, which consists of an electron 
and a proton; we can consider that in 
positronium the positron takes the place 
of the proton. 

In this article we shall deal with an­
other type of artificial atom in which we 
replace an electron with a meson. Here 
the atom has an ordinary nucleus, con­
sisting of protons and neutrons, but a 
meson instead of an electron revolves in 
an orbit around the nucleus. Mesons, as 
is now well known, are middleweight 
particles (between the weight of an elec­
tron and a proton) which are believed to 
be connected in some way with the 
forces inside the atomic nucleus. Since 

ULTRAVIOLET 

the nature of these forces is the greatest 
unsolved problem in atomic physics, the 
mesonic atom is an object of extraor­
dinary interest. What does it tell us 
about the nucleus? 

�t us begin by making an inspection 
tour of the simplest ordinary atom, 

hydrogen, under the expert guidance of 
Niels Bohr, who gave us our first idea 
of its structure. Entering the. atom, we 
find its electron revolving around the 
heavy positive nucleus, the proton, in a 
circular orbit about 10-8 (a hundred 
millionth) of a centimeter in diameter. 
Dr. Bohr points out that if energy is 
supplied to the atom, the electron may 
leave this orbit (called the ground state) 
and jump momentarily to an orbit 
farther from the nucleus. There is a cer­
tain finite number of such orbits avail­
able to the electron. It may travel in 

I III 
i\ 
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ENERGY SPECTRA of electronic and mesonic atoms are com­

pared here. The top three bars locate the emission lines of hydro­

gen with respect to the visihle spectrum (top) and to the energy 

spectrum of hydrogen (second bar). The emission lines of e1ec-

tronic neon occur at 100 times the electron voltage of hydrogen. 

Because the pi meson is 210 times heavier than the electron, the 

lines of mesonic neon are found at 210 times tbe electron voltage of 

electronic neon or 21,000 times the electron voltage of hydrogen. 
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DEFLECTING MAGNET directs the beam of mesons from the 

synchrocyclotron to the target. The Incite window of the synchro­

cyclotron can be seen at right of center through the hole in the 

MESON TARGET instrnmentation is shown here. The meson 

beam, traveling from left to right in this picture, is detected 

first by the two counters at left. Next it is slowed by the slabs of 
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15-foot shielding. The beam travels more than 30 feet in ail' on its 

course from the window to the target. The curved metal tracks on 

the poles of the magnet indicate the deflection of the beam_ 

copper and beryllium just to left of center. Then it enters the 

target wedged between two counters at center. X-rays from the 

target material are measured in the detector, the large tank at right. 
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any one of these but is never permitted 
anywhere else within the atom. Soon 
after its leap to the higher orbit, the 
electron, being attracted by the positive 
charge of the nucleus, jumps back to the 
ground state, in one or more successive 
steps. Each jump releases energy which 
we see as light. A familiar example of 
this light emission is the tube used for 
luminous signs, where the atoms are ex­
cited to higher orbits by an electric dis­
charge. Every atom emits light of char­
acteristic colors. If we analyze with a 
spectroscope the light of a tube contain­
ing hydrogen atoms, we will see a series 
of sharp lines of different colors, each 
corresponding to an electronic jump. 

We now ask our guide what would 
happen if the electron of the hydrogen 
atom were replaced by a negatively 
charged meson. Dr. Bohr answers that 
the meson also will be permitted only 
certain orbits around the nucleus and 
will emit characteristic radiation at each 
jump. If the particle is a mu meson, 210 
times heavier than the electron, each of 
its orbits around the nucleus should be 
210 times smaller than the correspond­
ing orbit of an electron, and the wave­
length of the emitted radiation should be 
shorter in the same ratio. If the particle 
is a pi meson, 273 times heavier than the 
electron, the orbit and radiation wave­
length will be reduced by the factor 273. 

This shortening of the wavelength 
takes the radiation out of the range of 
visible light and transfers it to the realm 
of X-rays. Unfortunately the emission 
from a mesonic hydrogen atom would be 
soft (i.e., nonpenetrating) X-rays, which 
are difficult to study. But a heavier 
mesonic atom will emit shorter-wave 
(i.e., more energetic) X-rays. Let us 
take, for example, the case of neon, an 
atom containing 10 electrons. Its outer­
most electronic orbit is about as large as 
the smallest orbit of hydrogen (10-8 of a 
centimeter in diameter). But its inner­
most orbit is just 10 times smaller than 
that of hydrogen. Therefore the smallest 
orbit of a mu meson replacing an elec­
tron in the neon atom would be not 210 
but 2,100 times smaller than that of the 
electron in the unexcited hydrogen atom. 
There is a corresponding reduction in 
the wavelength of the radiation emitted: 
the wavelengths of the radiations from 
the mesonic jumps of neon should be 
210 X 10 X 10 = 21,000 times smaller 
than those of normal hydrogen. We 
should have no difficulty in detecting 
X-ray emissions of this energy. 

N ow that, with the guidance of Dr. 
Bohr, we have an idea of what to 

expect of mesonic atoms, let us see how 
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well these predictions are borne out by 
experiments. The exper;ments require a 
synchrocyclotron, to produce beams of 
negative mesons, and an instrument in 
which the mesons are captured by atoms 
and the resulting X-ray emissions are 
recorded: such an instrument was built 
by Val Fitch and James Rainwater of 
Columbia University. The fast mesons 
emerging from the synchrocyclotron are 
slowed by passage through a block of 
solid matter; then, reduced to thermal 
speed (the ordinary speed of atoms' 
motions), they enter the material whose 
atoms are to capture them [see photo­
gmph at bottom of page 94]. While 
wandering among these atoms, a meson 
feels the electrostatic attraction of an 
atom's positive nucleus and is drawn in­
to the inner part of the atom, near the 
nucleus itself. It jumps from one orbit to 
the next and emits X-rays. The X-rays 
are registered by a scintillation counter, 
and their energy, or wavelength, is found 
by measuring the size of the pulses in 
the counter. 

The experiments were first conducted 
with mu mesons. In the case of relatively 
light atoms, such as neon or carbon, ev­
erything went just as Bohr's theory had 
predicted. The wavelengths of the X­
radiation from the mesonic jumps showed 
the expected ratio to the wavelengths of 
light during electronic jumps, as com­
puted from the 2 10-fold difference in 
mass between the mu meson and the 
electron. But when it came to heavy 
atoms, this regular ratio disappeared. 
The X-rays emitted by a heavy mesonic 
atom turned out to be considerably less 
energetic than expected. 

What goes wrong? We begin to get 
some idea when we look at the dimen­
sions with which we are dealing. Let us 
take the case of an atom of lead, which 
has 82 electrons. If we substitute a 
meson for one of these electrons, then 
according to Bohr's theory the innermost 
orbit of the meson should be 82 X 2 10 
times smaller than the diameter of the 
hydrogen atom: since the hydrogen dia­
meter is 10-8 of a centimeter, the dia­
meter of this orbit is 5.8 X 10-13 of a 
centimeter. This is a small orbit indeed. 
Let us look up the diameter of the 
nucleus of the lead atom. In a table pre­
pared before the experiments of Fitch 
and Rainwater we find that the diameter 
of the lead nucleus is given as 17 X 10-13 
of a centimeter. In short, the meson's 
orbit is less than half the size of this nu­
cleus, so that according to our calcula­
tion the meson should be revolving 
within the nucleus! 

Can this be possible? We have to con­
clude that, although no such thing is 
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The Chance Vought FSV-l Crusader, newest of the Navy's 
jet fighters, is equipped with a :Marquardt ram-air emer­
gency power package_ In case of engine failure the unit 
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" and special fuels- Exemplifying the weapons 
systems concept in action, the OMAR Com­
mittee combines for the first time both chem­
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Air navigation 
made easy 

Imagine precision air navigation in all kinds 
of weather with no more trouble than tuning 
in a TV set. It's now a reality with TACAN, 
the Armed Forces new Tactical Air Naviga­
tion Device. 

The pilot in a TACAN equipped military 
aircraft gets continuous bearing and distance 
information on just two dials, very much 
like a compass and speedometer dial respec­
tively. And, there's no complicated plotting 
or figuring for him to do! 

Naturally, in such a vital system as TACAN, 
engineers check and double check the reli­
ability of every component. And, naturally, 
when they needed a chopper for use in the 
TACAN System, engineers picked Bristol's® 
Syncroverter® Switch. 

Long life is an outstanding feature of 
Bristol miniature Syncroverter Switches. 
They are unaffected during severe shock and 
vibration and are available with the typical 
operating characteristics shown below. They 
meet a wide variety of requirements-are 
ideal for Signal voltage conversion in air 
navigation as well as in computers, tele­
metering systems, fire control and missile 
control equipment, as well as many other 
electronic systems. 

Write today for the complete data on 
Bristol's Syncroverter Switch for your criti­
cal voltage conversion problems. The Bristol 
Company, 133 Bristol Road, Waterbury 20, 
Conn. 6·50 

TYPICAL OPERATION 

Driving frequency 0-2000 cps (400 cps 
range: used for these 

characteristics). 

Coil voltage: 6.3 V sine, square, 
pulse wave. 

Coil current: 55 milliamperes 

Coil resistance: 85 ohms 

*Phase lag: 550 ± 100 
*Oissymmetry: Less than 4% 
*Switching time: 150 ± 50 

Temperature: -550 C to 100 ° C 
Operating position: Any 
Mounting: Flange or plug·in -

fits 7-pin miniature 
socket. 

*These characteristics based on sine-wave 
excitation. 

BRISTOL 
Automatic Controls· Recorders· Telemeters 

Socket Screws· Choppers and High·Speed Relays 
Aircraft Pressure· Operated Devices 
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conceivable in normal atomic phYSiCS, 
it is a possibility in the case of a mesonic 
atom. While the nucleus of an atom is 
very dense, density does not necessarily 
mean opacity, and it is not excluded that 
the meson may travel freely within the 
nucleus. The idea of the impenetrability 
of matter is a macroscopic concept. At 
the atomic and subatomic level, any· 
thing can happen. 

And, indeed, it does. The mu meson 
actually circulates freely within the 
nucleus (though the pi meson, as we 
shall see, does not). It makes an enor­
mous number of revolutions-millions of 
millions-within the nucleus of lead. But 
all this happens in a hundredth of a mil­
lionth of a second, and the meson is then 
absorbed by the nuclear matter. Upon its 
absorption the mass of the meson is 
transformed into energy and the nucleus 
undergoes a violent explosion. 

From the wavelengths of the radia­
tions emitted by mesonic atoms, Fitch 
and Rainwater were able to calculate the 
sizes of atomic nuclei. The computations 
are complex and we need not go into 
them here, but we can say a few words 
about the assumptions used. The nu­
cleus is pictured as a cloud of charge­
dense but nevertheless perfectly fluid, so 
that it opposes no resistance to the mo­
tion of the meson. For the meson we 
must use a somewhat more refined model 
than the old theory of Bohr: it is neces­
sary to take into account the uncertainty 
principle, according to which a particle 
cannot be localized as a point moving in 
a definite orbit but is spread out as if it 
were a diffuse, jelly-like object of finite 
extent. When the cloud and the jelly­
together with a few more ingredients 
such as relativity and a spin-are intro­
duced in the Los Alamos electronic com­
puter, out comes the result: the depend­
ence of the wavelength of the X-rays on 
the size of the nucleus. 

About ilie only thing nuclear physi· 

cists thought they knew for sure con­
cerning the nucleus of the atom was its 
size. But the experiments of Fitch and 
Rainwater proved that they were wrong 
even in that. According to their meas­
urements, the nucleus of an atom is only 
about one half as large in volume as had 
been thought. This is the first very sig­
nificant contribution of mesonic atoms to 
our knowledge of nuclei. 

�t us now see what results have been 
. obtained with pi mesons. The pi 
meson, in contrast to the mu, reacts with 
nuclear matter very rapidly and much 
more violently. In a mesonic atom of 
hydrogen, for instance, the mu meson 
will revolve peacefully in its orbit around 
the proton for the comparatively long 
time (on the atomic scale) of several 
microseconds; then it decays of its own 
accord into an electron and neutrinos, 
just as if the proton were not there at all. 
On the other hand, a pi meson in such 
an atom barely reaches the lowest orbit 
before it is gobbled up by the proton. 
Its lifetime in the atom is a million times 
shorter than that of a mu meson. When 
the negative pi meson reacts with the 
positive proton, they neutralize each 
other's electric charge and become neu­
tral particles. 

In a heavier atom the phenomenon is 
even more spectacular. In neon the pi 
meson does not reach the lowest orbit: it 
is eaten up by the nucleus. when it ar­
rives at the next-to-lowest. The greedi­
ness of nuclei for the pi meson is almost 
incredible. In a heavy atom such as lead 
-in which the mu meson can travel al­
most undisturbed within the nucleus­
the pi is captured when still in the fifth 
or sixth orbit away from the nucleus­
orbits whose diameter is at least 10 times 
larger than the nucleus itself. The ex­
perimental evidence for this behavior is 
the absence of the last X-ray lines. 

After a pi meson is captured by the 

Cu Pb 

INNERMOST MESONIC ORBITS of carbon, copper and lead are shown here. The nuclei 

are shown in proportion to size. The innermost orbit of lead is inside the nucleus. 
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@ PDWERGRIP "TIMING" BELTS 

Making 

one motor 

do the ' job 
of five 

This is one more example of the U.S. PowerGrip "Tim­

ing"@ Belt's ability to simplify and improve a power 

transmission unit ... one of the reasons why the inven­

tion of U. S. PowerGrip "Timing" Belt was recently 

awarded the Franklin Institute's Edward Longstreth 

Medal for "Invention of High Order." 

Whether it's for the design of hand tools, lathes, drill 

presses, saws, electric typewriters - from flea power to 

horsepower-U.S. PowerGrip offers all these advantages: 

Mechanical Goods Division 

• no slippage, no take-up-allows short centers, high ratios. 
• absence of metal-to-metal contact - eliminates need for 
lubrication and housing devices. 

• handles speeds up to 16,000 F.P.M. or so slow as to be 
imperceptible to the eye. 
• close to 100% efficiency. 
• imbedded with steel cables for high tensile strength 
• constant angular velocity. 

These belts - pl,us expert engineering service - are ob­
tainable at "u. S." power transmission distributors, at 
any of the 28 "U.S." District Offices, or by writing us at 
Rockefeller Center, New York 20, N. Y. 
Watch NCAA football, Saturday afternoons, NBC·TV 

United States Rubber 
99 
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Title page of Faraday's 

beautifully illustrated set 

of notes that filled 386 
manuscript pages. He sent 

the notes (which may 

still be seen in the Royal 

Institution Library) to 

Davy with a letter asking 

for a job as a laboratory 

assistant. (He got the job.) 

The application letter that 
ELECTRIfIED 

THE WORLD' 

A set of tickets given young 
Michael Faraday, book binder's 
apprentice, not only admitted 
him to a series of lectures by 
Davy but opened the door to 
the Age of Electricity through his 
discoveries of the principles of 
the dynamo and the electric 
motor. 

To men like Faraday who would like to associate 
themselves with eminent scientists, physicists and 
engineers, Farnsworth's doors are wide open. The 
genius that created electronic television continues to 
lead advances in radar; counter-measures; missile 
guidance; controt and test systems; industrial elec­
tronics; special purpose tubes; infra-red systems; solid 
state physics; electronic research, and production • • .  

ENOUGH HERE TO CHALLENGE 
A HUNDRED fARADAYS 
Your resume (it needn't be 386 pages) 
will receive prompt, confidential attention. 

Addre88 Technical Employment Director 
FARNSWORTH ELECTRONICS COMPANY, FORT WAYNE, INDIANA 

A Division 0/ International Telephone and Telegraph Corporation 

, . 

MESON STAR caused by disruption of an 

atom by a primary cosmic ray appears above 

center. A pi meson tt'ack, traced diagonally 

to right, terminates in a secondary star. 

nucleus, it disappears entirely. As in the 
- case of the mu meson, its mass is trans­

formed into energy: the nucleus explodes 
and breaks into many pieces. In a photo­
graphic emulsion the pieces flying away 
leave a developable image in the char­
acteristic form of a star. 

The fact that the nucleus captures the 
meson from a faraway orbit does not 
necessarily mean that they are brought 
together by a force of attraction. As we 
have mentioned before, the whole pic­
ture of orbits is a convenient oversimpli­
fication: the particle which in Bohr's 
theory is supposed to travel in an orbit 
is really smeared out over most of the 
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Memo on plastic 
To all executives seeking a material for a new 

product or a way to improve an existing product: 

As a case in point, consider the advantages Dictaphone Corporation 

finds in manufacturing its Dictabelt records of Tenite Butyrate. This 

versatile Eastman plastic provides a flexible, lightweight recording 

material that can be folded, mailed or filed, without damage. It's 

easily extruded as a seamless, thin-wall tube, and cut into bands­

providing a smooth surface for accurate reproduction. Its clear, pure 

color is modern and attractive. And its low manufacturing cost permits 

users to record an average day's dictation for just four cents. 

You'll meet Tenite Butyrate in many different forms. It is used for 

oil field pipe ... for outdoor signs ... for typewriter keys. Chances 

are you touch it daily, for auto steering wheels and the new color 

telephones are made of this versatile plastic. 

Whether you're seeking a material for demanding duty or lasting 

beauty, consider the hard-to-find combination of properties offered 

by Tenite plastics. We'll be glad to help you or your molder evaluate 

Tenite Acetate, Tenite Butyrate and Tenite Polyethylene for any use. 

For more information, write to EASTMAN CHEMICAL PRODUCTS, INC., 
subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE. 

T 
ACETATE . BUTYRATE • POLYETHYLENE 

plastics by Eastman 
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... The Second in a Series of Announce­

". ments on Progressive Expansion of 

Program and Facilities in Mathematics 

at the Knolls Atomic Power Laboratory: 

102 

GENERAL ELECTRIC·S 

KNOLLS ATOMIC POWER LABORATORY 

IT IS NOW DOUBLING 

THE STAFF OF MATHEMATICIANS FOR ITS 

MODERN MATHEMATICAL CENTER 

The steadily advancing nuclear program at Knolls Atomic 
Power Laboratory calls for new and imaginative departures 
in mathematics - ranging from the most abstruse formulations 
of fundamental problems to the digital solution of physical 
problems. To meet the consequent expansion of its Mathe­
matical Analysis Program, the Laboratory plans to increase 
significantly the number of qualified mathematicians now at 
work here - enough new openings have been created, in fact, 
to more than double the present mathematical staff. Mathe­
maticians at all degree levels are invited to join this expanding 
program. 

As previously announced, a modern building is now under 
construction, principally for the use of mathematicians and 
physicists. This Center will be equipped with the finest of 
facilities, including digital computers that rank among the 
most powerful available. Here mathematicians, working both 
independently and in association with theoretical and experi­
mental physicists, will enjoy an atmosphere in which the cre­
ative mind may find its full fruition. 

As members of the Mathematical Analysis Unit, they will par­
ticipate in the formulation of theories to describe new physical 
situations now being encountered, in evaluating these theories 
and adapting them to numerical solution by digital computers, 
and in evaluating reactor designs. Design evaluations will fo­
cus on the calculated behavior of mathematical models and 
will employ the most modern techniques in computer pro­
gramming. The nature and complexity of these operations call 
for creatively new approaches and fundamental advances in 
these techniques. These mathematicians will also have the 
opportunity to deal with basic 

'
research in physics, chemistry, 

metallurgy and many other aspects of nuclear science. 

The program at the Knolls offers the atmosphere, the equip­
ment, the richness of subject matter and the material benefits 
conducive to a satisfying career in applications of mathematics. 

A LETTER TO DR. S. R. ACKER. EXPRESSING YOUR INTEREST. 

WILL RECEIVE IMMEDIATE ATTENTION. 

K�A�P�L� 
OPERATED FOR A. E,C, BY 

GENERAL . ELECTRIC 
SCHENECTADY. N. Y. 

atom, and in a sense it touches th�­
nucleus. Thus no special forces are need­
ed to get the meson to the nucleus. 

What light can mesonic atoms throw 
on our main problem-the forces 

that hold the protons and neutrons to­
gether in the nucleus of an atom? Most 
nuclear physicists now believe that the 
key to this puzzle lies in the pi meson 
(which goes under the name of "nuclear 
glue" even in the daily press). It seems 
evident that there are strong forces, oth­
er than electrostatic, between pi mesons 
and atomic nuclei. For one thing, a beam 
of pi mesons behaves differently from 
one of mu mesons when it bombards 
matter. The pi mesons will change their 
direction and scatter much more than 
the mu: since the electric forces are the 
same in the two cases, the difference is 
attributed to specific nuclear forces act­
ing on the pi meson. 

The scattering of pi mesons was first 
studied with some care by the late 
Enrico Fermi and his collaborators at the 
University of Chicago. One of the points 
they could not determine was the sign 
of the force: whether it was a force of 
attraction or repulsion. Now, with the 
mesonic atom, it has been possible to 
test this question. If the force is attrac­
tive, we should expect the pi meson to 
be brought closer to the nucleus than if 
it were repulsive, and the issue should 
be decidable by examination of the 
wavelengths of X-ray emission. With 
this in mind, a careful measurement of 
the X-rays from pi-mesonic atoms was 
performed at the Carnegie Institute of 
Technology by Martin and Mary Stearns, 
Larry Leipuner and the author. The re­
sults showed that the nuclear force on 
the pi meson is repulsive. This conclu­
sion, which has since been verified by 
certain detailed features of the scatter­
ing, need not upset our ideas about the 
nucleus itself. The forces between the 
neutron and the proton can still be at­
tractive, and there is no danger that 
atomic nuclei will come apart! 

In spite of its obvious involvement, no 
quantitative relation between the be­
havior of the pi meson and the nuclear 
forces proper has yet been found. Per­
haps other mesons and new particles 
which are continually turning up have 
something to do with these forces. At 
any rate, the mesonic atom offers a new 
approach which is full of promise. As 
soon as sufficiently intense beams of the 
newer mesons (tau, k, etc.) become 
available from the bigger accelerators, 
we may hope to build new atoms with 
them and perhaps learn more about the 
properties of the nucleus. 
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Checking an electroplated copper printing surface as an issue of TV Guide is readied for press. 

Fine gravure starts with a paper-thin shell of copper 

Three of Triangle Publications' leading magazines 

THE PROBLEM: Each week, colorful 
magazines by the million pour from the 
huge rotogravure presses of Triangle 
Publications, Philadelphia. Their high 
quality depends on thin shells of copper 
electroplated on the printing cylinders 
-shells only 5/1000" thick, very accu­
rately engraved with up to 22,500 ink­
holding cells per square inch. It was 
difficult for Triangle to maintain the 

precise qualities-uniformity, density, 
hardness-needed in these vital copper 
printing surfaces. Their laboratory 
looked for a simpler way. 
TH E SOLUTION:. Learning of the new 
phosphorized copper anodes developed 
by The American Brass Company, Tri­
angle ran tests in their electroplating 
tanks. They found that these ANACONDA 
"Plus-4" Anodes gave them the excep­
tionally smooth, dense copper deposits 
they needed-with substantial savings 
in time, labor, and material. Corrections 
in the plating solution, for example, 
were cut about 80%. Copper was trans­
ferred from the anodes so uniformly 
that scrap 19S5 was reduced 80%. 
THE FUTURE: Across the entire field 

of aCid-copper electroplating, these 
ANACONDA "Plus-4" Anodes are saving 
�oney, improving products. They 
Illustrate the way Anaconda and its 
fabricating companies-The American 
Brass Company and Anaconda Wire & 
Cable Company-constantly seek better 
ways of doing things with the world's 
most extensive line of nonferrous met­
als. Whether you need a special alloy 
or shape in copper, brass, or bronze; 
copper or aluminum electrical conduc­
tors, see the Man from Anaconda. The 
Anaconda Company, 25 Broadway, 
New York 4, N. Y. 66$4 

ANACONoJJ\ 
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What's in this cuboctahedron for you? 

Archimedes didn't realize how appropriate this solid 

would be for illustrating the engineering versatility of 

Surface Combustion Corporation. But here's the proof: 

The world's largest slab furnaces (with TV controls 

in the pulpit) heat 200 tons of steel an hour. 

A new method of high speed convection changes a 

conventional curve into an almost vertical zoom! 

Traditionally wet fermentation cellars stay dry all 

year with new, frost-free air conditioning. 

A little hot fuel priming unit, less than 18 inches long 

and weighing under 16 pounds, enables an aircraft 

engine to start within three minutes after being cold­

soaked for three days at _65°P. 
A glass annealing lehr is built in individually-con­

trolled sections, which fit together like toy blocks to 

reproduce any time-temperature curve. 

This is only a hint of what's in Surface for you, if 
you look at all of its many sides. 

Write for further information. Surface Combustion 
Corporation, 2391 Dorr St., Toledo 1, Ohio. 

Surface® Heat Treat. Steel Mill, Glass Divisions . Kathabar® Air Conditioning Division . Janitrol® Aircraft-Automotive 

Division • Janitrol.® Heating & Air Conditioning Division • Webster Engineering Company: Boiler Burner Division -
104 
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Pleasure Centers in the Brain 

Rats r;an be made to gratify the drives of hunger, thirst and sex 

by self-stinndation of their brains with electricity. It appears 

that motivation, like sensation, has local centers In the brain 

T
he brain has been mapped in vari­
ous ways by modern physiologists. 
They have located the sensory and 

motor systems and the seats of many 
kinds of behavior-centers where mes­
sages of sight, sound, touch and action 
are received and interpreted. Where, 
then, dwell the "higher feelings," such 
as love, fear, pain and pleasure? Up to 
three years ago the notion that the emo­
tions had specific seats in the brain 
might have been dismissed as naive-

by James Olds 

akin perhaps to medieval anatomy or 
phrenology. But recent research has 
brought a surprising turn of affairs. The 
brain does seem to have definite loci of 
pleasure and pain, and we shall review 
here the experiments which have led to 
this conclusion. 

The classical mapping exploration of 
the brain ranged mainly over its broad, 
fissured roof-the cortex-and there local­
ized the sensory and motor systems and 
other areas which seemed to control 

most overt behavior. Other areas of the 
brain remained mostly unexplored, and 
comparatively little was known about 
their functions. Particularly mysteriOUS 
was the series of structures lying along 
the mid-line of the brain from the roof 
down to the spinal cord, structures 
which include the hypothalamus and 
parts of the thalamus [see diagram on 

page 107]. It was believed that gener­
al functions of the brain might reside in 
these structures. But they were difficult 

IMPLANTED ELECTRODES in the brain of a rat are shown in 

this X-ray photograph. The electrodes are held in a plastic carrier 

screwed to the sknll. They can be used to give an electrical stimulus 

to the brain or to record electrical impulses generated by the brain. 
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RAT'S BRAIN in a photomicrographic cross section shows a black 

spot to left of center, marking the point where electrical stimulus 

was applied. Such cross sections make it possible to tell exactly 

which center in the brain was involved in the anitnal's response. 

to investigate, for two reasons. First, the 
structures were hard to get at. Most of 
them lie deep in the brain and could not 
be reached without damaging the brain, 
whereas the cortex could be explored by 
electrical stimulators and recording in­
struments touching the surface. Sec­
ondly, there was a lack of psychological 
tools for measuring the more general re­
sponses of an animal. It is easy to test an 
animal's reaction to stimulation of a 
motor center in the brain, for it takes 
the simple form of flexing a muscle, but 
how is one to measure an animal's feel­
ing of pleasure? 

The first difficulty was overcome by 
the development of an instrument for 
probing the brain. Basically the instru­
ment is a very fine needle electrode 
which can be inserted to any point of the 
brain without damage. In the early ex­
periments the brain of an animal could 
be probed only with some of its skull 
removed and while it was under anes­
thesia. But W. R. Hess in Zurich devel­
oped a method of studying the brain for 
longer periods and under more normal 
circumstances. The electrodes were in­
serted through the skull, fixed in position 

106 

and left there; after the skin healed over 
the wound, the animal could be studied 
in its ordinary activities. 

Using the earlier technique, H. \V. 
Magoun and his collaborators at North­
western University explored the region 
known as the "reticular system" in the 
lower part of the mid-brain [see opposite 
pagel. They showed that this system 
controls the sleep and wakefulness of 
animals. Stimulation of the system pro­
duced an "alert" electrical pattern, even 
from an anesthetized animal, and injury 
to nerve cells there produced more or 
less continuous sleep. 

Hess, with his new technique, ex­
amined the hypothalamus and the region 
around the septum (the dividing mem­
brane at the mid-line), which lie for­
ward of the reticular system. He found 
that these parts of the brain play an im­
portant part in an animal's automatic 
protective behavior. In the rear section 
of the hypothalamus is a system which 
controls emergency responses that pre­
pare the animal for fight or flight. An­
other system in the front part of the 
hypothalamus and in the septal area ap­
parently controls rest, recovery, diges-

tion and elimination. In short, these 
studies seemed to localize the animal's 
brain responses in situations provoking 
fear, rage, escape or certain needs. 

There remained an important part of 
the mid-line region of the brain which 
had not been explored and whose func­
tions were still almost completely un­
known. This area, comprising the upper 
po�tion of the middle system, seemed 
to be connected with smell, and to this 
day it is called the rhinencephalon, or 
"smell-brain." But the area appeared to 
receive messages from many organs of 
the body, and there were various other 
reasons to believe it was not concerned 
exclusively or even primarily with smell. 
As early as 1937 James W. Papez of 
Cornell University suggested that the 
rhinencephalon might control emotional 
experience and behavior. He based this 
speculation partly on the observation 
that rabies, which produces profound 
emotional upset, seems to attack parts of 
the rhinencephalon. 

Such observations, then, constituted 
our knowledge of the areas of the 

brain until recently. Certain areas had 
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been found to be involved i:l vanous 
kinds of emotional behavior, but the 
evidence was only of a general nature. 
The prevailing view still held that the 
basic motivations-pain, pleasure and 
so on-probably involved excitation or 
activity of the whole brain. 

Investigation of these matters in more 
detail became possible only after psy­
chologists had developed methods for 
detecting and measuring positive emo­
tional behavior-pleasure and the satis­
faction of specific "wants." It was B. F. 
Skinner, the Harvard University experi­
mental psychologist, who produced the 
needed reRnement. He worked out a 
technique for measuring the rewarding 
effect of a stimulus (or the degree of 
satisfaction) in terms of the frequency 
with which an animal would perform an 
act which led to the reward. For exam­
ple, the animal was placed in a bare box 
containing a lever it could manipulate. 
If it received no reward when it pressed 
the lever, the animal might perform this 
act perhaps Rve to 10 times an hour. But 
if it was rewarded with a pellet of food 
every time it worked the lever, then its 
rate of performing the act would rise to 
100 or more times per hour. This in­
crease in response frequency from Rve or 
10 to 100 per hour provided a measure 
of the rewarding effect of the food. Other 
stimuli produce different response rates, 
and in each case the rise in rate seems to 
be a quite accurate measure of the re­
ward value of the given stimulus. 

With the help of Hess's technique for 
probing the brain and Skinner's for 
measuring motivation, we have been en­
gaged in a series of experiments which 
began three years ago under the guid­
ance of the psychologist D. O. Hebb at 
McGill University. At the beginning we 
planned to explore particularly the mid­
brain reticular system-the sleep-control 
area that had been investigated by 
Magoun. 

Just before we began our own work, 
H. R. Delgado, W. W. Roberts and N. E. 
Miller at Yale University had under­
taken a similar study. They had located 
an area in the lower part of the mid-line 
system where stimulation caused the 
animal to avoid the behavior that pro­
voked the electrical stimulus. We wished 
to investigate positive as well as nega­
tive effects-that is, to learn whether 
stimulation of some areas might be 
sought rather than avoided by the ani­
mal. 

We were not at Rrst concerned to hit 
very speciRc points in the brain, and in 
fact in our early tests the electrodes did 
nat always go to the particular areas in 

SEPTUM 

HYPOTHALAMUS 

MIDBRAIN 
RETICULAR 
SYSTEM 

FORNIX 

TEMPORAL 
LOBE 

LOCATIONS OF FUNCTION in the human brain are mapped in these two diagrams. The 

white areas in both diagrams comprise the motor system; the black crosshatched areas, the 

sensory system. Crosshatched in color are the "nonspecific" regions now found to be in­

volved in motivation of behavior_ The diagram at bottom shows the brain from behind, 

dissected along the heavy dashed line at top. The labels here identify the centers which 

correspond to those investigated in the rat. The fornix and parts of the temporal lobes, plus 

associated structures not labeled, together constitute the rhinencephalon or "smell-brain." 

107 

© 1956 SCIENTIFIC AMERICAN, INC



NOW AVAILABLE IN 

1 �OCf( SlZ£§ 
Ai!J SHOWN IN ACTUAL SIZE 
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1-3/4" x 13/32" 

If you want a compact, 
wire-wound resistor for your 
tough jobs, specify Ohmite 
axial-lead resistors. These 
power-type units are designed 
to stand up under high tem­
peratures. All parts-core, 
resistance wire, vitreous-en­
amel coating, and terminal 
b a nds - a r e  "th e r m a l ly 
balanced" to expand and con­
tr act as a unit. Terminals 
r e m a i n  fir mly a n chored, 
cracking is eliminated, and 
moisture cannot enter the 
resistor. 

OHMITE MFG. CO. 
3609 h'oward St., Skokie, III. 
(Suburb of Chicago) 
Write for Bulletin 147 

SELF·STIMULATION CIRCUIT is diagrammed here. When the rat presses on treadle it 
triggers an electric stimulus to its brain and simultaneously records action via wire at left. 

the mid-line system at which they were 
aimed. Our lack of aim turned out to be 
a fortunate happening for us. In one 
animal the electrode missed its target 
and landed not in the mid-brain reticular 
system but in a nerve pathway from the 
rhinencephalon. This led to an unex­
pected discovery. 

In the test experiment we were using, 
the animal was placed in a large box 
with corners labeled A, B, C and D. 
Whenever the animal went to corner A, 
its brain was given a mild electric shock 
by the experimenter. When the test was 
performed on the animal with the elec­
trode in the rhinencephalic nerve, it kept 
returning to corner A. After several such 
returns on the first day, it finally went to 
a different place and fell asleep. The 
next day, however, it seemed even more 
interested in corner A. 

At this pOint we assumed that the 

stimulus must provoke curiosity; we did 
not yet think of it as a reward. Further 
experimentation on the same animal 
soon indicated, to our surprise, that its 
response to the stimulus was more than 
curiosity. On the second day, after the 
animal had acquired the habit of return­
ing to corner A to be stimulated, we be­
gan trying to draw it away to corner B, 
giving it an electric shock whenever it 
took a step in that direction. Within a 
matter of five minutes the animal was in 
corner B. After this, the animal could 
be directed to almost any spot in the box 
at the will of the experimenter. Every 
step in the right direction was paid with 
a small shock; on arrival at the appoint­
ed place the animal received a longer 
series of shocks. 

Next the animal was put on a 
T-shaped platform and stimulated if it 
turned right at the crossing of the T but 
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Will cyanoethylationjigure in your company'sjuture? 

The improvement of certain products 
through cyanoethylation continues to en­
gage chemists in countless fields. 

It has been well established that acryloni­
trile will react with virtually any organic 
or inorganic compound containing a labile 
hydrogen atom. But no one can foresee just 
what all the chemical transformations will 
be. 

The possibilities are challenging. By re­
acting acrylonitrile with starch, all or part 
of the original hydroxyl hydrogens can be 
replaced with the group - CH2CH2CN. 
Starch which has been sufficiently modified 
is non-fermentable. 

Nothing contained herein shall be con8trued dS a recommendation 
to produce or use any product in conflict with existing patents. 

Will a non-fermentable starch be useful 
in your product? Will the reaction of acry­
lonitrile with certain amines create other 
interesting products? 

The answers to these questions are being 
sought by chemists all over the world. 

TECHNICAL LITERATURE on acrylonitrile 
and laboratory - size samples are available. 
Write on your letter­
h e a d  t o  Mo n s a n t o  
Chemical Company, 
Pl a s t i c s  Di v i s i o n ,  
Room 969, Spring­
field 2, Mass. 

Where creative chemistry works wonders for you 
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Examine! 
2· Nitropropane 

CH3CHN02CH3 

Samples of many Nitro. 
paraffins and derivatives 
available for study. 

2-Nitropropane is one of many versatile 
Nitroparaffins and derivatives now avail­
able in commercial quantity for industry. 
2·Nitropropane has been found useful as 
a solvent, raw material, and fuel additive 
in many industries including chemical 
manufacturing, rubber products, and 
paints, varnishes and lacquers. Learn how 
the NP's and derivatives may be of help in 
improving your present product or in cre­
ating new products. 

I �n��t�I����!�m��NS I • COMMERCIAL SOLVENTS CORP. I 260 Mad iso n Ave., N. Y. 16, N. Y. 

Please send me a detailed data sheet I and sample of 2-Nitropropane plus • information on other Nitroparaffins. 

I :: I 
I COMPANY I STREET: __________ _ 

I ___ ';;A;' .. I 
1 10 

not if it turned left. It soon learned to 
turn right every time. At this point we 
reversed the procedure, and the animal 
had to turn left in order to get a shock. 
With some guidance from the experi­
menter it eventually switched from the 
right to the left. We followed up with a 
test of the animal's response when it was 
hungry. Food was withheld for 24 hours. 
Then the animal was placed in a T both 
arms of which were baited with mash. 
The animal would receive the electric 
stimulus at a point halfway down the 
right arm. It learned to go there, and it 
always stopped at this point, never go­
ing on to the food at all! 

}\fter confirming this powerful effect of 
stimulation of brain areas by exper­

iments with a series of animals, we set 
out to map the places in the brain where 

such an effect could be obtained. We 
wanted to measure the strength of the 
effect in each place. Here Skinner's tech­
nique provided the means. By putting 
the animal in the "do-it-yourself" situ­
ation (i.e., pressing a lever to stimulate 
its own brain) we could translate the 
animal's strength of "desire" into re­
sponse frequency, which can be seen 
and measured. 

The first animal in the Skinner box 
ended all doubts in our minds that elec­
tric stimulation applied to some parts of 
the brain could indeed provide reward 
for behavior. The test displayed the 
phenomenon in bold relief where any­
one who wanted to look could see it. Left 
to itself in the apparatus, the animal 
(after about two to five minutes of learn­
ing) stimulated its own brain regularly 
about once every five seconds, taking a 

RAT IS CONNECTED to electrical circuit by a plug which can be disconnected to free the 

animal during rest periods. Presence of electrodes does not pain or discommode the rat. 
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Dr. Robert L. Fullman, B. Eng., D. 
Eng., Yale University, joined the 
staff of the General Electric Re­
search Laboratory in 1948. His 
fields of specialization include 
studies of microstructure in met­
als and alloys, recrystallization, 
and grain growth. Since 1955 he 
has been manager of the M ateri­
als and P.·ocesses Studies Section. 

Better ways to make modern metals 
Dr. Robert L. Fullman of General Electric applies 

basic studies to improve the properties of materials 

The most direct way to make a metal object in a de­

sired shape is simply to melt the metal and then 

"freeze" it in a mold. And scientists now believe there 

is no fundamental reason why castings should not be 

as strong and ductile as wrought metal. 

Dr. Robert L. Fullman of the General Electric 

Research Laboratory is the leader of a group that is 

relating microstructure to the properties of metals­

and then seeking processing methods to produce the 

desired structure. The basic mechanism by which 

molten metals begin to "freeze" - nucleation - has 

been modified through the application of recently de­

veloped theories; work in this area already has re­

sulted in practical new materials whose improved 

properties are attributed to smaller grain size. 

Dr. Fullman believes that when it is possible to control 

the growth as well as the nucleation of crystals, many 

of tomorrow's superior metals - for applications 

ranging from appliances to aircraft - will be made 

by methods as simple as those now used for cast iron. 

As we see it, providing scientists with freedom and 

incentive to extend the frontiers of knowledge is fun­

damental to the creation of better products, better 

jobs, and more opportunities for human satisfactions. 

Progress Is Ovr Most Imporfanf Pror/vcJ 

GEN ERAL e ELECTRIC 
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GLOBE GI R DLI NG D UST! How far can dust 
particles travel? More than a quarter of the 
way around the earth with only a gentle 10-
mile per hour breeze blowing. But stopping 
the same dust cold and getting rid of it is an 
easy job for Air-Maze filters. 

DOUBLE TROUBLE FOR D UST! A rotating, double 
barrier of panel filters in the Automaze stops 
nuisance dust! These panels continuously 
pass through a cleaning tank where Air-Maze's 
"pulse-type" action washes out the accumu­
lated dirt-automatically! 

FtLTER LA UNDERS At R IN OtL! Dirt-laden air is 
literally scrubbed clean in a pool of oil by 
Air-Maze oil bath filters. Abrasive dirt and 
dust can't get through to damage precision 
parts in engines, compressors, blowers. Your 
equipment lasts longei, costs less for upkeep. 

IF YOU BUtLD OR USE engines, compressors, 
air-conditioning and ventilating equipment, 
or any device using air or liquids-the chances 
are there is an Air·Maze filter engineered to 
serve you better. Representatives in all prin. 
cipal cities. For condensed product catalog, 
write Air-l\faze Corporation, 25000 Miles Rd., 
Cleveland 28, Ohio. 

AlllsMAZI 
The Filter Engineers 

AtR fllTERS • SPARK ARRESTORS. lIQUtD FtLTERS 

StLENCERS • OIL SEPARATORS. GREASE fllTERS 
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RAT FEELS STIMULUS as it presses on treadle. Pulse lasts less than a second; the current is 

less than .0005 ampere. The animal must release lever and press again to renew the stimulus. 

stimulus of a second or so every time. 
After 30 minutes the experimenter 
turned off the current, so that the ani­
mal's pressing of the lever no longer 
stimulated the brain. Under these condi­
tions the animal pressed it about seven 
times and then went to sleep. We found 
that the test was repeatable as often as 
we cared to apply it. When the current 

was turned on and the animal was given 
one shock as an hoI'S d'oeuvre, it would 
begin stimulating its brain again. When 
the electricity was turned off, it would 
try a few times and then go to sleep. 

The current used to stimulate was 
ordinary house current reduced by a 

small transformer and then regulated 
between one and five volts by means of 
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Research, Development, 
Production ;n these fields: 

• Armament 

• Ballistics 
• Rador Antennae 

• Guided Missile 
Support Equipment 

• Auxiliary Power Supplies 

In underwater ordnance, too 

AMF has experience you can use 
• From the development and production of complete underwater ordnance systems, both conven­

tional and atomic-to the design and manufacture of underwater vessels to withstand crushing 

hydrostatic pressures at great depths-AMF is daily engaged in hundreds of complex engineering 

tasks . •  The highly specialized, yet widely diversified activities of some 35 engineering and pro­

duction facilities provide AMF with a wealth of experience that covers nearly every field of 

industry. And it is immediately available to you . •  Call upon AMF with your problem. See for 

yourself why this all-around experience in answering the needs of government and industry alike 

has made AMF the "can do" company. 

DEFENSE 
PRODUCTS 

AMERICAN MACHINE & FOUNDRY COMPANY 1 
. ) 

• Control Systems ========= 

Defense Products Group �; noo ..... h a.,.".-. Al.�"d_ Yo. �. • 
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_VISTEX_Reg. Trade-mark of American Felt Company 

--TEFLON-Reg. Trade·mark or DU PONT for Its Tetra­
fluoroethylene resin. 

NOWI 

Thermal stability up to 420F, Vistex 
with Teflon eliminates undesirable lat­
eral plastic flow with excellent stability 
to corrosive gases,liquids and virtually 
all chemicals. Tensile strength of 5,000 
psi. Excellent cutting properties. 

American felt 

�, 
GENERAL OFFICES, 58 GLENVILLE ROAD, GLENVILLE, CONN. 

SALES OfFICES: New York, 90ston, Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. Louis, Atlanta, Greenville, 
S. C., Dallas, San francisco, los Angeles, Portland, San Diego, Seattle, Montreal.-PlANTS: Glenville, Conn.; franklin, 
Moss.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R .. I.-ENGINEERING AND RESEARCH LABORATORIES: Glenville, Conn. 

NEW BOOKLET DESCRIBES 
LATEST USES FOR STRAITS 
TIN IN MAJOR INDUSTRIES 

Send for your free copy now* 
New booklet contains up-to-the-minute 
information about one of our most useful 
metals-Straits Tin from Malaya. Explains 
how tin's properties help each major in­
dustry, gives specific examples of new ap­
plications solving manufacturing problems. 

* Prepared especially for busy execllti"es, 
materials selectors, design and productioll 
engineers. Your copy awaits YOllr request. 

-----------------, 

The Malayan Tin Bureau, Dept. 15K 
1028 Connecticut Avenue, Washington 6, D.C. 

Please send me a free copy of the new booklet, 
"STRAITS TIN FROM MALAYA, Its New 
Importance to American Industry." 

Name _____________ ___ 

Position _____________ _ 

Company ____________ ___ 

Street _____________ _ 

City ______________ _ 

Zone State __ ______ _ 

L _________________ _ 
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a potentiometer (a radio volume con­
trol). As the resistance in the brain was 
approximately 12,000 ohms, the current 
ranged from about .000083 to .000420 
of an ampere. The shock lasted up to 
about a second, and the animal had to 
release the lever and press again to get 
more. 

We now started to localize and quanti­
fy the rewarding effect in the brain by 
planting electrodes in all parts of the 
brain in large numbers of rats. Each rat 
had a pair of electrodes consisting of in­
sulated silver wires a hundredth of an 
inch in diameter. The two stimulating 
tips were only about one 500th of an 
inch apart. During a test the animal was 
placed in a Skinner box designed to pro­
duce a chance response rate of about 10 
to 25 bar-presses per hour. Each animal 
was given about six hours of testing with 
the electric current turned on and one 
hour with the current off. All responses 
were recorded automatically, and the 
animal was given a score on the basis of 
the amount of time it spent stimulating 
its brain. 

\Vhen electrodes were implanted in 
the classical sensory and motor systems, 
response rates stayed at the chance level 
of 10 to 25 an hour. In most parts of the 
mid-line system, the response rates rose 
to levels of from 200 to 5,000 an hour, 
definitely indicative of a rewarding effect 
of the electric stimulus. But in some of 
the lower parts of the mid-line system 
there was an opposite effect: the animal 
would press the lever once and never go 
back. This indicated a punishing effect 
in those areas. They appeared to be the 
same areas where Delgado, Roberts and 
Miller at Yale also had discovered the 
avoidance effect-and where Hess and 
others had found responses of rage and 
escape. 

The animals seemed to experience the 
strongest reward, or pleasure, from stim­
ulation of areas of the hypothalamus and 
certain mid-brain nuclei-regions which 
Hess and others had found to be centers 
for control of digestive, sexual, excretory 
and similar processes. Animals with elec­
trodes in these areas would stimulate 
themselves from 500 to 5,000 times per 
hour. In the rhinencephalon the effects 
were milder, producing self-stimulation 
at rates around 200 times per hour. 

Electric stimulation in some of these 
regions actually appeared to be far 
more rewarding to the animals than an 
ordinary satisfier such as food. For ex­
ample, hungry rats ran faster to reach 
an electric stimulator than they did to 
reach food. Indeed, a hungry animal 
often ignored available food in favor of 
the pleasure of stimulating itself elec-
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Spot welding titanium aircraft assembly at Solar-Des Moines 

Solar's skill tames titanium to meet 
tomorrow's production demands 

DESIGNERS OF TOMORROW'S nuclear 
and chemical processes, aircraft and 
missiles, require high performance com­
ponents that demand new fabricating 
techniques. Today, Solar is producing 
major titanium components for six tur­
bojet engines and has become one of the 
largest users of titanium in the aircraft 
industry. 

The successful use of titanium is an 
example of Solar's broad skill and expe­
rience with difficult-to-handle metals ... 
a history of achievement beginning with 
the development of the first stainless 

steel exhaust manifold for aircraft more 
than 25 years ago. Today, in addition to 
"hot parts" for missiles and aircraft, Solar 
products include small gas turbine 
engines, intricate ducting and pneumatic 
control devices, industrial expansion 
joints of Monel and stainless steel, as well 
as protective coatings and all-metal 
honeycomb structures. 

Cal! upon Solar's engineering and pro­
duction skills to help meet the require­
ments of tomorrow's difficult service 
conditions. Write to Dept. C-76, Solar 
Aircraft Co., San Diego 12, Calif. 

SOLAR 
AI�CRAFT COMPANY 

ENGINEERS WANTED. Unlimited oppor. 
tunities in Solar's expanding gas turbine 
program I Write today, giving experience. 
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the challenge 
01 the 

unknolNn 

Watch the sky! 

Within months, Martin will open a new 

chapter in world history with the launching of 

the first of a series of earth satellites. 

If you are interested in the challenge of the 

unknown, remember this: 

No other engineering group in the world will 

learn more, sooner, about this final frontier of sci­

entific exploration. 

If you think you'd like to go along, contact J. 

M. Hollyday,Dept.SA-lO, The Martin Company, 

Baltimore 3, Maryland. 

l1l'i-'1..1 » 

trically. Some rats with electrodes in 
these places stimulated their brains more 
than 2,000 times per hour for 24 con­
secutive hours! 

Why is the electric stimulation so re-
warding? We are currently explor­

ing this question, working on the hy­
pothesis that brain stimulation in these 
regions must excite some of the nerve 
cells that would be excited by satisfac­
tion of the basic drives-hunger, sex, 
thirst and so forth. We have looked to 
see whether some parts of the "reward 
system" of the brain are specialized; that 
is, there may be one part for the hunger 
drive, another for the sex drive, etc. 

In experiments on hunger, we have 
found that an animal's appetite for elec­
tric stimulation in some brain regions in­
creases as hunger increases: the animal 
will respond much faster when hungry 
than when full. We are performing sim­
ilar tests in other places in the brain with 
variations of thirst and sex hormones. 
We have already found that there are 
areas where the rewarding effects of a 
brain stimulus can be abolished by cas­
tration and restored by injections of 
testosterone. 

Our present tentative conclusion is 
that emotional and motivational mech­
anisms can indeed be localized in the 
brain; that certain portions of the brain 
are sensitive to each of the basic drives. 
Strong electrical stimulation of these 
areas seems to be even more satisfying 
than the usual rewards of food, etc. This 
finding contradicts the long-held theory 
that strong excitation in the brain means 
punishment. In some areas of the brain 
it means reward. 

The main question for future research 
is to determine how the excited "re­
ward" cells act upon the specific sensory­
motor systems to intensify the rewarded 
behavior. 

At the moment we are using the self­
stimulating technique to learn whether 
drugs will selectively affect the various 
motivational centers of the brain. We 
hope, for example, that we may eventu­
ally find one drug that will raise or lower 
thresholds in the hunger system, another 
for the sex-drive system, and so forth. 
Such drugs would allow control of psy­
chological disorders caused by surfeits 
or deficits in motivational conditions. 

Enough of the brain-stimulating work 
has been repeated on monkeys by J. V. 
Brady and J. C. Lilly (who work in 
different laboratories in Washington, 
D. C.) to indicate that our general con­
clusions can very likely be generalized 
eventually to human beings-with modi­
fications, of course. 
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COMPL E TE DEV IC E S  AND SYSTEM S 
Critical wide angle photographic lenses 

(l1 elements) 

Binoculars 
large 7 x 50 for marine use 

Sma II 6 x 20 for sportsmen 

Large 6 x 42 wide angle for 
aircraft and marine use 

Drift Sights 

Sextants 
Periscopic • Hand held • Photoelectric 

Periscopes used on anti·aircraft Skysweepers
· 

Telescopes used in radar bombing 
and navigation systems 

Astrocompasses • Photoelectric Trackers 

Sky Compasses 

COMPONENTS 
lenses, windows and mirrors, diameters IA inch 

to 3 feet, flatness 1/10 wavelength parallelism 
fractions of a second 

Aspherical objectives and mirrors 

Collimating objectives 

Cones and rods for ranging devices ' 

Hyper· and hypo·hemispherical sighting domes 

Prisms: Roof, Retro, Porr.o, Dove, Amici, leman, 
Abbe, penta, rhomb, etc., of high resolution 
and minimal pyramidal and angular errors 

Annular prismatic scales • Special reticles 

"No unit can be seen simultaneously 
in its entirety." 
Euclid; 1st. theorem of optics. 

2076 eyes 

custom optics 
quantity 

• 

In 
It doubtless took ages to develop the Dragonfly's many 

faceted eye. Today, at Kollsman, highly complex optical 

systems such as photoelectric trackers, periscopic sextants, 

telescopes for radar bombing systems, and others, are not 

only designed expeditiously, but are produced in quantity. 

Kollsman represents something new in optics. This is be­

cause the Kollsman Optical Department, established in 

1940, grew up within a company devoted for over 28 years 

to designing and producing some of the most complex 

instruments and controls in the aviation industry. Aviation 

moves as fast as tomorrow's guided missile. It is this quality 

of up-to-dateness you will find in our entire optical 

operation. 

Here we have the finest talents and tools to be found any­

where for the solution of your optical problems. Consult us 

without obligation on any or all phases of 

DESIGNIN G • DEVELOPING • TESTING • PRODUCING MO DERN OP TICS 

kollsman 

WRITE for brochure 
"2076 Eyes" 

INSTRUMENT CORPORATION 

80·OS 45th AVE., ELMHURST, NEW YORK. GLENDALE, CALIFORNIA 

" SUBSIDIARY OF $� COIL PRODUCTS CO. INC. 
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ARTIFICIAL LIVING PLANTS 

Proposed here is a design for self-reproducing machines that would 

be harvested for the materials frolll which they construct themselves. 

They might prove more feasible than spaceships and lllore profitable 

I
n the growing profession of designers 

of automatic machines, discussion 
goes on at two levels. One is the im­

mediate business of building machines 
for given purposes. The other is the more 
theoretical, but in some ways more en­
joyable, occupation of speculating about 
machines of the future. These visions 
sometimes seem fantastic, but they rest 
on something more solid than fantasy. 
Engineers join with philosophers in the 
speculation. Even practical men know 
that it is from such dreams that the ma­
chines of tomorrow will spring. 

Several years ago the mathematician 
John Von Neumann, who has been a 
pioneer in designing computers, dem­
onstrated as a proposition in logic that 
it would be possible to build a machine 
which could reproduce itself [see ".\1an 
Viewed as a Machine," by John C. 
Kemeny; SCIENTIFIC AMERICAK, April, 
1955]. Von Neumann's machine would 
be made of wires, relays, batteries, de­
vices for doing mechanical manipula­
tion, and so on. Set up in a stock room 
well supplied with these parts, the ma­
chine would assemble them into a copy 
of itself. The machine and its offspring 
could go on building duplicates as long 
as the supply of parts lasted. 

It is unlikely that the machine Von 
Neumann described will ever actually be . 
built, because it would have no useful 
purpose except as a demonstration. I 
would like to propose another type of 
self-reproducing machine, more com 
plicated and more expensive than Von 
Neumann's, which could be of con.­
siderable economic value. It would make 
copies of itself not from artificial parts in 
a stock room but from materials in 
nature. I call it an artificial living plm t. 
Like a botanical plant, the machine 
would have the ability to extract its own 
raw materials from the air, water and 
soil. It would obtain energy from sun-

I 18 

by Edward F. Moore 

light-probably by a solar battery or a 
steam engine. It would use this energy 
to refine and purify the materials and to 
manufacture them into parts. Then, like 
Von Neumann's self-reproducing ma­
chine, it would assemble these parts to 
make a duplicate of itself. 

For the first model of such a machine, 
a good location would be the seashore, 
where it could draw on a large variety of 
available materials. The air would pro­
vide nitrogen, oxygen and argon; the sea 
water would provide hydrogen, chlorine, 
sodium, magnesium, sulfur, calcium, 

This artificial living plant is jet·propelled, on Ihe model of the squid. 
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potassium, bromine and carbon; the 
beach would provide silicon and possibly 
aluminum and iron. Other elements 
would be available in smaller quantities. 
From these elements the machine would 
make wires, solenoids, gears, screws, re­
lays, pipes, tanks and other parts, and 
then assemble them into a machine like 
itself, which in turn could make more 
copies. If the model designed for the 
seashore proved a success, the next step 
would be to tackle the harder problems 
of designing artificial living plants for 
the ocean surface, for desert regions or 
for any other locality having much sun­
light but not now under cultivation. 
Even the unused continent of Antarctica 
might be brought into production. 

It is easy to see that a plant of this 
kind could have considerable economic 
value. It could be harvested for a ma­
terial it extracted or synthesized, just as 
cotton, mahogany and sugar cane are 
now harvested from plants in nature. 
Thus an artificial plant which used mag-

nesium as its chief structural material 
could be harvested for its magnesium. 

The problems to be solved in the de-
sign of such a plant would be prob­

lems in logic, electrical engineering, me­
chanical engineering, chemistry and 
chemical engineering. The main prob­
lem in logic has already been solved by 
Von Neumann, and the additional tasks 
in logic posed by this machine would be 
no more difficult than those solved reg­
ularly by the designers of digital com­
puters, automatic elevator controls and 
telephone central offices. In electrical 
and mechanical engineering the prob­
lems would be somewhat more complex 
than those handled so far in automatic 
factories, but they could certainly be 
solved by the expenditure of enough 
time and money. Most difficult of all 
would be the problems in chemistry and 
chemical engineering; their solution 
might not be possible without advances 
over present-day technology. 

When securely moored, it will hegin the process of reproduction. 

The first chemical problem is to de­
cide what materials would be required 
for the plant. For the electrical part of 
the machine they would have to include 
a conducting material, an insulating ma­
terial and a ferromagnetic material. For 
containers in which to carry out the nec­
essary chemical operations and process­
es, the machine would need refractory 
materials-to line a smelter if metal 
smelting is one of the operations, or to 
resist sulfuric acid if the manufacture of 
sulfuric acid is one of the processes. 

Once the list of needed materials was 
chosen, engineers would have to design 
a flow scheme for the automatic manu­
facture of all of them. It would be very 
desirable to keep the list of materials as 
short as possible, and the manufacturing 
operations and processes as simple as 
possible. Since not all the materials 
would have to be made at once, much 
of the apparatus could be used for dif­
ferent purposes at different stages. 

The operations chosen would not 

119 

© 1956 SCIENTIFIC AMERICAN, INC



Like lemmings, a school 0/ artificial living plants swims into the maw of the harvesting factory, 
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necessarily be the most economical ones 
available, for it might be advisable to use 
somewhat inefficient methods to cut 
down the complexity of the machine and 
maximize its over-all effectiveness. In de­
signing such a machine it would simpli­
fy matters to adopt some criterion as a 
general guide for choosing between pos­
sible processes or materials. The most 
reasonable general criterion is the time 
factor-how long it would take, say, for 
a population of artificial living plants to 
double itself. If this time could be made 
as short as six months or a year, the arti­
ncial living plants would be very success­
ful, but if it were as long as the time it 
takes for money to double at compound 
interest, the machine would be a poor 
;nvestment. 

The calculation of net reproduction 
time of course would have to take ac­
count of mortality among the artificial 
living plants: a certain fraction of each 
generation would "die" because of in­
ternal failures, degeneration or natural 
catastrophes such as earthquakes or 
hurricanes. 

To use energy effectively and repro­
duce itself in a reasonable time the ma­
chine should be small, or at least very 
thin. The energy required to manufac­
ture materials would be proportional to 
their mass (i.e., roughly the cube of the 
linear dimension), but the machine 
would receive energy from sunlight only 
in proportion to area, or the square of 
linear dimension. A population of algae, 
spread on the surface of a pond or tank, 
takes less than a week to double itself, 
but a sequoia tree may take centuries. 

Why make an artificial plant out of 
ferromagnetic materials, electric 

motors, machine tools, gears, screws, 
wires, valves and lubricating oil? Why 
not make it of organiC materials, such as 
amino acids and chlorophyll? The an­
swer, of course, is that we do not yet 
understand organic chemistry well 
enough. Biochemists have not even iden­
tified all of the chemical' substances in 
the simple blue-green alga. They are 
still far from being able to synthesize 
substances such as chlorophyll. On the 
other hand, the chemistry of electrical 
insulators, ferromagnetic materials, lu­
bricating oils and so on are so well 
known that they can easily be synthe­
sized from materials in nature. More­
over, engineers are on familiar ground 
in operating machinery by electrical and 
mechanical methods, but we would not 
know how to begin to design a system 
operated by hormones and enzymes. 

Similarly we would have to be con-

ENGINEERS 
A"AlA announces 

INERTIAL NAVIGATION 
develO/Jment 'pr(J,?ram.for an advanced Air ..fIOrce misstle 
Inertial Navigation offers the most advanced concept in guidance. 
requiring no terrestrial source of energy or information. no earth­
bound direction once the ultimate destination is selected. It offers 
the most promising solution of the guidance problem for the long .. 
range missile. 

Immediate openings 
for Supervisory and 
Staff positions as 
well as for 
Senior Engineers, 
Engineers, and 
Associate Engineers. 
experienced in: 

While the principles are simple. the realization involves advanced 
creative engineering. ARMA's many successes in the creation of 
precision instruments and systems for navigation and-fire control, 
especially precision gyroscopic reference systems for all applica· 
tions, fit it uniquely for a major role in this advanced area. 

Systems Evaluation 
Gyroscopics 

The height of imaginative resourcefulness and engineering skill 
are required to create the degree of precision-hitherto unattained 
-in the components essential to the guidance of advanced missile 
systems-the gyros, accelerometers, and computer elements. Minia· 
turization must be coupled with extraordinary ability to provide 
utmost accuracy under conditions of extreme velocities, tempera .. 
tures, and accelerations. 

Digital Computers 
Accelerometers 
Telemetry 
Guidance Systems 
Reliability 
Stabilizing Devices 
Servomechanisms 
Automatic Controls 
Thermodynamics 
Environmental 

There's significant scientific progress to be achieved at this leader. 
ship company and individual renown to be won, by engineers 
associated with ARMA's Inertial Navigation Program. Many sup .. 
plementary benefits make a career here doubly attractive. 

. 

Moving allowances arranged. 

Fm'ward confidential reswne. No reference contact 
without your p.l!-1·mission. 

Research 
Transformers 
Production 

Test Equipment 
Standards Manager of Technical Personnel, Dept. 674 

4RAlA 
Division of American Bosch Arma Corporation 

Roosevelt Field. Garden City. Long Island. N. Y. 

Data Reduction 
& An�lysis 

Ground Support 
Equipment 

Make your own tiny genius computers 
TYNIACS ($9.95) & GENIACS ($16.95) 

the improved kits made by Berkeley 
K 3: TYNIAC® ELECTRIC BRAIN CONSTRUCTION 
KIT: Complete set of over 300 parts, including versatile multi­
ple switches and new improved wipers (patent applied for) 
that make all contacts effective; manual of instructions; tem­
plates; introduction to the Boolean algebra of switching. 
Makes 13 entirely NEW arithmetical, logical, computing, 
puzzle-solving (BLACK MATCH, SUNDORRA 21) and 
game-playing machines and also 20 Geniacs including NUl. 
TIT-TAT-TOE Machines. Each Tyniac runs on one flash­
light battery. requires no soldering (aU connections with 
nuts and bolts), is completely safe. Demonstrates in instruc· 
tive and easily-put-together models the fascinating variety 
and power of computing and reasoning circuits ............ $9.95 
(for shipment, add 60, west of Mississippi; $1.40 outside 
U.S.). Returnable. 
K I: GENIAC® ELECTRIC BRAIN CONSTRUCTION 
KIT: More advanced set, with more materials. for making 
33 Geniacs and 13 Tyniacs... . ...................... $16.95 

(for shipment. add 80, west of Mississippi; $1.80 outside 
U.S.). p 38: Tyniac Manual.. .. $2.00 P 30: Geniac Manual.. . . $3.00 

K 4: Set of Wipers for Geniac Kit ............ $I.OO. Returnable. 

LETTERS FOR FUN ($3.88) 
K 7: LETTERS FOR FUN: Supply (over 100 sheets) of 
hollow outline letters, numerals, sounds, signs. etc., for 
Johnny and other chUdren to color, paint. cut out, play with, 

�n
a�u:�j?=i;r��g 

i�C:�;�t���r 
IC�WJre�cl�d�:aJ4

fo�r¥��� 
Guide for Parents"; etc. Materials, ideas. assistance and 
references for intelligent parents to help teach their 'Chil­
dren the alphabet, phonics, spelling. and reading for fun. 
Ages 3 uP. Returnable if not satisfactory . .... .......... .. $3.88 

GREENARIUM 
G REENA RI U M®: 4 CUbic-foot automatic greenhouse ror 
an indoor window, for grOwing orchids, etc., with redwood 
frame .. sheet plastic covering, transparent front, automatic 
waterIng system, full instructions, and "Guide to Growing 
Plants in an Indoor Greenhouse". by E. C. Berkeley. 
K 5: Kit ................................ ......... .... ....... ........................ ... $12.95 

K 6: Assembled Greenarium ............ ............... ................. $18.95 

Shipped Ezpre88 Collect. Returnable. 
'Ve are Berkeley Enterprises, Inc. (amUate of Edmund C. 
Berkeley and Associates)' producers of scientific kits mak­
ers and exhibitors of small robots (Simon, Squee,

' 
etc.), 

publishers (the monthly Computers and Automation P 2 
$5.50, annual subscription), etc. 

' , 

r------MAIL THIS COUPON-----, I Berkeley Enterprises, Inc •• 
815 Washington St., R 174, Newtonville 60. Mass. 

I 
I 1: : I;as� �en= 3'se i:e:os c�r�led� 7 K 5 KG P 2 I I Returnable in 7 days for full refund if not satisfactory. I 
I � .

e�c�::s� .. .. ���·�····;;,� .. i;r::11 :na:o:::;""ents of kits, I 
I PUbli�a:i���e C!�'

d addrcss are attached. I 

For FREE 
With LINGUAPHONE-The World's Standard Conversa­
tional Method - You Start to SPEAK another language 
TOMORROW-<lr IT COSTS YOU NOTHING! 
By listening to Llnguaphone's tine, life-like, con­
versational recordings for just 20 minutes a day, 
you can learn another language AT HOME-the 
same, easy, natural way you learned to speak 
Engllsh long before you went to school. 

Only LINGUAPHONE brings 8 to 12 of the world's 
best native languag� teachers into your home. You 
hear both men and women converse about up-to­
date. everyday matters in their native tongue. YOU 
listen-YOU understand-YOU SPEAK correctly 
as they do. It's like living In another land. 

That's why Linguaphone is used 'round the world 
by scientists, educators, governments and business 
firms. Over a million home-study students of all 
ages have learned to speak another language this 
ideal way. 

Send today for Free booklet that fully describes the 
Conversational Method: also details on how you may 
obtain a COMPLETE Course-unit in the language 
you choose on FREE TRIAL. Linguaphone Institute, 
T·310b Rock. Plaza. N. Y. 20. r-----------------
I LlNGUAPHONE INSTITUTE CI 7·0830 I 
I T·3106 Rock. Plaza. New York 20. N. Y. I 

Please send me: 0 FREE Book. I I 0 Detalls on FREE Trial. No obligation, or course. 

I My language interest is ............................... . ....... I 
I Name .. ...... ..................... . .......... I 

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

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

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

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

Ingots or Cast Billets 
• • •  for rolling, forging or extruding in indi· 

vidual weights up to 250 Ibs. 

For full particulars write for 

our New Bulletin on Vacuo 

um Melting and Air Melting 

facilities and products. 

CANNON-MUSKEGON 
CORPORATION 

2891 Lincoln Street MUlkeqon, Michigan. U. S. A. 
METALL URGICAL SPECIALIST S 

122 

tent with a plant that reproduced itself 
from the same blueprints, or "genes," in 
every generation. We have a somewhat 
better understanding of theoretical ge­
netics and evolution than we do of bio­
chemistry, but it is still not complete 
enough to enable us to endow a machine 
with evolutionary abilities. In any case, 
the ability to mutate would be a doubtful 
benefit: it seems safer, at least at the be­
ginning, to let the plant reproduce itself 
exactly in successive generations, lest it 
take on undesirable characteristics. 

If the object is to manufacture a spe­
cific product, would it not be much sim­
pler to design an automatic factory to 
make it, rather than to go to all the 
trouble of creating an artificial living 
plant? It would indeed be simpler, but 
obviously the returns would not be as 
great. Where a factory turns out prod­
ucts at a constant rate, the production 
of the artificial living plant would grow 
exponentially. If its net reproduction 
time were one year, after 30 years there 
would be more than a billion of these 

L. J!'r J!;�t:U"r "i:"£� �£ r .cea/Pz. 

a ��e .Pr'�d� 

Feedback circuits (double·pointed a .... ows) ensure coordination of principal organs. 
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Depend on DOUGLA 

Sprints from 
deck to stratosphere 
His beat is the oceans of the world. His job, 

to challenge unknown intruders on our de­

fense perimeters. A Navy pilot is a seagoing 

sentry on 24-hour duty. 

A major role in this job of positive inter­
ception-and as far from our shores as possible 

-is being assigned to the Douglas F4D Sky­

ray. Less than a minute after leaving the 

deck, Skyray can soar past the 10,000-ft. 
mark. Seconds later it's hissing through the 

stratosphere ... 35,000 feet up ... at the 

ready with rockets and cannons. 

This rate of climb comes as no surprise. 

Skyray also holds the world's official F.A.1. 
sea level speed records for the 3- and 100-

kilometre courses. 

D 

Douglas F4D Skyray-fastest carrier-based 
interceptor. Performance of agile Skyray continues 

the Douglas tradition of "faster and farther with 
a bigger payload." Yet performance figures are 

meaningless without a skilled pilot at the controls. 
If you are interested in a career as a Naval Aviator, 

write Nav. Cad. Washington 25, D. C. 

First in Aviation 
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NOW! 
Low-Cost Backing Material 

Cuts Upholstery and 
Backing Costs 

AIiFab is a revolutionary fabric of cardable 

fibers like wool, rayon, cotton, dynel, nylon 

and dacron combined with a resin binder. 

This thermoplastic binder has two big ad· 

vantages: (1) AIiFab will hold and give di· 

mension to any embossed pattern, and (2) 
it is possible to electronic "stitch" or heat 

seal, eliminating sewing. 

Result: A felt·like fabric with a tremendous 

range of fiber combinations, using selec· 

tions of diameters, lengths and gravities to 

meet your own specifications. 

Find out about this brand new all purpose, 

non·woven fabric NOW. Put its special 

properties to use as a low·cost filler and 

backing material. Call sales office nearest 

you, or send coupon below to: The Felters 

Co., 242 South St., Boston 11, Mass. 

Properties 
Can use almost any cardable fiber or 
combination 

Vary resin content from 15-45% 

Thickness from Yl6" to 1", specialties to 2" 
Weight from 4 oz. to 16 oz. and up 

Width from 16" to 80" but 72" preferred 

Color within mix limits. natural shades 

Another Fabric: First in ... 

'MHf!.!3A'-%&� 
I Send for FREE Sample I I and descriptive bulletin I I Name............................................ I I (Please Print) I I Company.......... ................... ........... I 

l �:;:;�··�··· ·· ·· ·· ·· ·· ·· ·· ·· ·· ·�·0�·i:��:�J 
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Cj.E'NERATIONS 
In six generations one plant would have 63 descendants and 1,048,575 in 20. 

plants! Needless to say, they could not 
be allowed to reproduce indefinitely, for 
they would soon fill up the oceans and 
the continents. And the artificial plant 
would have to be provided with a means 
of locomotion to move out of the way as 
it was produced; if not, the multiplying 
population would cut off sunlight and 
choke itself to death. As the counter· 
part of the seed·dispersing mechanisms 

whereby plants are distributed in nature, 
the artificial plant would need wheels 
or a propeller. It might be worth while 
to build into these plants a tendency to 
migrate, like lemmings, to preassigned 
locations where they could be harvested 
conveniently. 

Clearly there would be need for inter­
national controls and allocation of areas 
for production and harvesting. This 
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Scientist at Ballelle Memorial Institute observe. reactor core prior to startup. Control console 
at left includes Honeywell EleclroniK strip chart instruments to record nuclear radiations 
and power level; and Honeywell .afety amplifler for simplifled emergency shutdown of reactor. 

Honeywell packaged control console 
operates new swimming pool reactor 

A new nuclear reactor, key part of the 
nation's first complete, privately-operated 
atomic research center, features a Honeywell 
control system. This new swimming pool 
type reactor at the Battelle Memorial Insti­
tute's Atomic Energy Research Center, Co­

lumbus, Ohio, was built by American Ma­
chine and Foundry Company. Honeywell 
engineered the electronic control portion of 

the console to AMF specifications, and de­

livered the console to the site completely 
assembled, ready for immediate installation. 

The system features the new Honeywell­
developed safety amplifier which provides 

simplified emergency shutdown of the reactor. 

Extra fuses and fast-acting relays overcome 
the dangers of locked magnets, snagged 

contacts and short circuits. Included in the 
system are a low-level period amplifier, which 

differentiates the log count rate meter output 
to give a period signal for safety during start­
up, and a log N and period amplifier with two 

functions combined in a single unit for extra 
convenience and economy. 

Honeywell's specialized staff of nuclear con­

trol engineers have been active in the atomic 
research program since its inception. Whether 
you're working with nuclear reactors for 

research, power or production, you'll find it 

advantageous to call on Honeywell for full 
control engineering service . . . including 

assistance with installation, testing and 

follow-up. Call your nearby Honeywell 

field engineer. He's as near as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., 

Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.-in Canada, 

Toronto 17, Ontario. 

H 
IOIUJWUl 

Honeywell 
B ROWN INST R U MENTS 
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Scientists ... Engineers 

A suggestion from 
Dr. Robert J. Creagan, ProJect Manager 

Westinghouse 
Commercial 
Atomic Power 
"The physicist's role in the development of nuclear reactors 

is in analytical and experimental reactor physics, studying the 

problems of steady state reactivity and of reactor kinetics. 

"In addition, reactor control problems with respect to tran­
sients are important. The reactor control must be integrated 

with the transient response of the entire power plant. Mathe­

matical analysis using analog and digital computers is an im­

portant part of the work. We'd welcome an opportunity to 

discuss these interesting phases of our work with you." 

An Experienced, Young, Fast-Growing Team 
CAPA-Commercial Atomic Power Activity-is the most dy­

namic new division at Westinghouse. We're "fluid," not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep-as electric power de­
mand and atomic power production pyramid sharply. We're 

entirely commercial-not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 

on the "industry of tomorrow" today-at Westinghouse CAPA. 

Immediate Openings for professionally established men and 
those just starting their careers: Physicists • Physical Chem­

ists • Chemical Engineers· Mechanical Engineers • Electrical 
Engineers • Designers. Metallurgists. 

';V��% 

,;� Send: J'puh 
" 

0�" ' " "  

• ":y: resume " ,. , 
. 

. ' 

Please mail resume of your professional and 

business background to: C. S. Southard, West­

inghouse Commercial Atomic Power, Box 355, 
Dept. 103, Pittsburgh 30, Pennsylvania. 

WESTINGHOUSE 
FIRST IN ATOMIC POWER 

would involve not only the political 
rights of nations but also questions of 
natural conservation. Ecologists would 
be concerned about the artificial plant's 
competition with natural plants for sun­
light and the possibility that it might 
upset the balance of nature in the areas 
where it was allowed to multiply. 

Social problems would also arise in 
connection with the selection of prod­
ucts to be manufactured. An artificial 
plant might be designed to make a prod­
uct which was not useful to the plant 
itself. For instance, it might extract gold 
from sea water, refine it and cast it into 
an ingot, which would be harvested as 
the crop from the plant. But it would 
certainly be shortsighted to select this 
crop for manufacture. Multiplying at an 
exponential rate, the gold-making plant 
would soon produce so much of it that 
gold would lose its scarcity value and 
probably end up being worth very little, 
for gold does not directly fulfill any es­
sential human need. On the other hand, 
an example of an excellent candidate for 
production by an artificial plant is fresh 
water, which is needed in great quanti­
ties in various parts of the world. 

I n short, the artificial living plant has 
tremendous possibilities, if we can 

solve the problems in designing it. Such 
machines would free mankind's agricul­
ture from dependence on the natural 
characteristics of plants. They would 
make it possible to produce any desired 
crop, instead of only those that nature 
happens to have provided. They would 
be a long step forward in man's control 
of his environment. 

How much would such a project cost, 
and how soon could it be successful? 
That depends on the difficulties en­
countered in chemistry and chemical 
engineering. My guess is that if, on the 
basis of present-day chemical knowl­
edge, a scheme could be found for a ma­
chine to reproduce itself from a short 
list of materials made by simple and ef­
ficient processes, the whole design prob­
lem could probably be solved in five or 
10 years, for as little as $50 million to 
$75 million. But if new chemical process­
es must first be found, and if the machine 
would require a long list of materials 
producible only at low yield in compli­
cated fashion, it might cost hundreds of 
millions of dollars and take decades to 
develop such a machine. I think the 
achievement would be more easily at­
tainable than human Bight to other plan­
ets in a spaceship, but it is obviously not 
going to be accomplished by a lone in­
ventor working in his basement. 
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HOW 
TO IMPROVE 

A MISSILE'S 

IQ 
Today's guided missile is an amazingly sophisticated and 
intelligent instrument, capable of complex thought and 
precise action. Tomorrow's must have an even higher IQ. 

To improve a missile's intelligence, Fairchild Guided 
Missiles Division engineers and scientists have developed 
radical new concepts for guidance and control, transfer­
ring their intelligence into the missile's guidance center. 

Through sound research, inventiveness and imagina­
tion, FGMD engineers and scientists continue to make 
great strides in all fields of missile development ... putting 
more brain-power into more missile power" 

� 
FAIRCHILD 
GUIDED MISSILES DIVISION · WYANDANCH. LONG ISLAND. N. Y. 
A Division of Fairchild Engine and Airplane Corpora/ion 

... WHERE THE FUTURE IS MEASURED IN I.IGHT-YEARSI 
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DEFENSE ACTION of small birds against a predator takes two 

forms, which require different types of audible message. Wben the 

enemy is perched in a tree (upper drawing) the small birds may 

practice "mobbing." They swarm around the larger bird, uttering 

128 

sharp, easily located "chinks" to advertise its presence. Against a 
hawk on tbe wing (lower drawing) the little birds take cover under 

foliage, and their warning cry is now the high-pitched, drawn-out 

"seeet" which is difficult to trace (see diagrams on opposite page). 

© 1956 SCIENTIFIC AMERICAN, INC



The Language of Birds 

The songs and other calls of birds are not merely joyous 

outbursts. They make up a complex communications system, 

with the various sounds suited to various types of message 

I
f birds were suddenly eliminated 

from the world, the absence of their 
song would at once change the 

whole aspect of nature out of doors. The 
reasons why we appreciate bird song so 
keenly are several. We are attracted by 
its beauty, by its association with spring 
and all the promise which that time of 
the year suggests. Perhaps strongest of 
all is the feeling expressed by W. H. 
Davies in the lines: 

I could not sleep again, for such 
wild cties, 

And went out early -into their green 
wotld: 

And then I saw what set their little 
tongues 

To scream for ioy-they saw the 
East in gold. 

The idea that bird song is often an ex­
pression of irrepressible joy actually has 
some scientific justification. But we are 
apt to overlook the fact that bird songs 
and calls are not merely a spontaneous 
emotional outlet, that they are in fact 
the language in which the chirpers com­
municate with one another. 

The sounds that birds make have two 
main functions: to arouse an emotional 
state (by way of warning, wooing, etc.) 
and to convey precise information. The 
sounds themselves can conveniently be 
divided into two categories: call notes 
and true song. In general the character­
istic call notes of a species are inherited, 
whereas the true songs may be either 
entirely inherited, partly inherited and 
partly learned or almost entirely learned. 

We have been making a detailed 
study of bird songs and calls for several 
years at the Madingley Ornithological 
Field Station of the University of Cam­
bridge. In this investigation we have en­
listed the help of tape recorders and 

by W. H. Thorpe 

electronic equipment for analyzing 
sound. The chief bird partner in our 
study has been the common English 
chaffinch (Fringilla coelebs). The calls 
and the songs of the chaffinch illustrate 
very beautifully some of the chief gen­
eralizations we are now able to draw 

0 8-
z 
0 u 

concerning the musical language of birds. 
A bird's call note, in contrast to its 

song, is a brief sound with a relatively 
simple acoustic structure. Its main func­
tion, in the case of small birds, is to 
sound a warning of the presence of a 
dangerous enemy, such as a hawk or 
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WARNING CALLS differ according to the circumstances of their use (see drawing oppo­

site). "Chink" (top oscillogram) is easy to locate because of its long wavelength, brief dura­

tion and abrupt beginning and end. "Seeet" (bottom oscillogram) has short wavelength, 

long duration and begins and ends imperceptibly, making its direction difficult to trace. 
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CALLS OF DIFFERENT SPECIES are sometimes remarkably alike. Above are sketches of 

three small birds (the blue tit, a close relative of the American chickadee, top, the bunting, 

center, and the chaffinch, bottom) together with oscillograms of their "seeet" calls. The oscil· 

lograms show time in seconds horizontally and kilocycles per second on the vertical axis. 
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owl. If the bird of prey is perched con­
spicuously in a tree, the small birds will 
often make themselves conspicuous too 
by behavior known as "mobbing." They 
set up a chorus of cries which pOints out 
the predator, so to speak, to all and 
sundry. If the bird of prey is in flight, 
on the other hand, the small birds race 
to the nearest bush or other cover, and 
utter their warning cries from that 
haven. Now the calls are very different 
in the two cases. Chaffinches mobbing a 
perched predator give forth relatively 
low-pitched sounds known as "chink" 
calls. But when they have fled to cover, 
the males give a high, thin note desig­
nated as the "seeet" call, the effect of 
which is to cause other chaffinches also 
to dash for the nearest shelter, and to 
peer cautiously upward looking for the 
hawk in the sky. 

The significant difference between the 
two calls is that the "chink" note is easy 
to locate whereas the "seeet" is extreme­
ly difficult. The low frequencies of the 
"chink" sound are of a wavelength which 
allows the two ears of a hawk (or a man) 
to detect phase differences; the call also 
gives clues to its direction in the form 
of intensity and time of arrival of the 
sound at the two ears-the latter because 
the sound comes as c1icklike pulses. On 
the other hand, the "seeet" call is com­
posed of certain high frequencies which 
probably permit no clues to its location 
by phase or intensity difference, and it 
probably also fails to give a time clue, 
because it begins and ends impercep­
tibly, instead of coming as a sharp click 
[see spectrogmms on page 129]. So it 
seems that the "seeet" call is admirably 
adjusted to avoid giving positional clues 
of any kind to predators. Yet it is just as 
effective as any other sound would be 
in warning neighboring chaffinches. 

The full song of the male chaffinch 
performs the function of keeping other 
males from its territory and attracting 
unmated females. It is not too inade­
quately described by the mnemonic jin­
gle chip-chip-chip; tell-tell-tell; cherry­
e1'l'y-erry; tissy-chee-wee-oo. As sound 
spectrograms show [see page 132], the 
chaffinch song is sufficiently complex not 
only to identify the species but also to 
allow wide individual variation, so that 
individual birds are recognizable, even 
by human beings, by their personal sig­
nature tune . 

Stud)' of these songs is extremel), in� 
teresting from the standpoint of 

heredit), and learning. We have f011nd 
evidence that even complex songs ma), 
depend primaril), on the inherited make­
up of a bird. For example, the spectro-
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A LOW-POROSITY, WEAR-RESISTANT ALUMINUM OXIDE COATING 

LINDE'S Flame-Plating method 
of coating metal surfaces now 

provides extra wear resistance for parts subject to ex­
tremely hard wear and high temperatures. This new 
high-purity aluminum oxide coating, blasted from 
the Flame-Plating gun, builds up on the workpiece 
in desired thicknesses from .002 to .040 inch. With 
a porosity of less than 1 per cent, the aluminum 
oxide coating can be used at temperatures up to 
1750 degrees F. 

The hardness of aluminum oxide coatings, Flame­
Plated by LINDE, ranges from 1000 to 1200 VPN. 
Metallurgical properties of the base metal are not 
modified by the Flame-Plating process because the 
part being plated always remains at a temperature 

In LINDE's Flame.Plating process, particles of the coat· 

ing material are literally blasted onto the workpiece. 

of 4000 F. or below. The bond between coating and 
base metal is exceptionally strong with aluminum. 

Aluminum oxide coatings can be used in as-coated 
condition (approximately 120 micro inches rms), or 
finished to better than 1 micro inch rms. 

Flame-Plated coatings of aluminum oxide pro­
vide resistance to wear, and to chemical action in 
high temperature applications. Applications are 

found in thrust bearings, pump plungers, thermo­
couple tubes, gas turbines, guided missiles, and 
other devices. Either aluminum oxide or tungsten 
carbide can be Flame-Plated on most metals. If you 

have a special wear problem, LINDE's Flame-Plating 
Department will gladly help you to reach a solution. 
Write to "Flame-Plating Department R-I0." 

LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 

30 East 42nd Street [!]]! New York 17, New York 

In. Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto 
The term "Linde" is a registered trade·mark of Union Carbide and Carbon Corporation. 
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• . .  Electrical 
... Mechanical 

CHALLENGING OPPORTUNITIES 
To men with a degree and 

an interest in 

GYRO 
ASSEMBLY 
and TEST 

Engineers who have a personal interest in 
precision mechanisms, where a high degree 
of accuracy is required ... men with pride 
in the precision of the product they help 
build. 

You will constantly be doing development 
work and testing in one of the most versa· 
tile Laboratories in the country ... working 
with the top men in the field and with the 
finest test, research and development facili· 
ties. We are in the process of a Major, Per· 
manent, Expansion Program. New plant 
facilities being added in suburban Milwau· 
kee area. 

To aid you in your professional advance· 
ment AC will provide financial assistance 
toward your Master's degree. A Graduate 
Program is available evenings at the Uni· 
versity of Wisconsin, Milwaukee. 

GM's Electronics Division aggressive posi­
tion in the field of manufacture and GM's 
long-standing policy of decentralization 
creates individual opportunity and recog­
nition for each Engineer hired. 

Recent EE,ME 
Graduate Inquiries 

Also Invited 
• 

Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern W isconsin where swimming, boat­
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 

To arrange personal, confidential interview 
in your locality send full facts about your­
self today to 

• 
Mr. John f. Heffinger 

Supervisor of Salaried Personnel 
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grams of the songs of the European 
wren and of the American winter wren 
are remarkably alike. It appears that the 
song pattern of some birds must rest 
upon an inborn pattern of activity in the 
central nervous system. 

the nest and reared separately out of 
hearing of all chaffinch song, its song 
development is greatly restricted. The 
bird eventually produces a song of about 
the normal length (two to three sec­
onds), but it fails to divide the first part 
of the song into phrases, as a nOlmally 
reared chaffinch does, or to end its song 
with the elaborate flourish-the tissy­
chee-wee-oo-which is one of the most 
striking characteristics of the chaffinch 
song in the wild. 

On the other hand, everyone who has 
listened to bird songs attentively and 
with a trained ear has detected indi­
vidual differences. We have lately 
proved, by experiments with chaffinches, 
that these individual differences are not 
the expression of genetic differences but 
develop by learning during the early life 
of the bird. This problem fascinated field 
ornithologists in England and Germany 
as far back as the early 18th century, but 
its precise study has become possible 
only within the last few years, when ap­
paratus for the accurate analysis of 
sounds became available. 

When a young chaffinch is taken from 

The simple, restricted song of the iso­
lated bird can be taken to represent the 
inherited basis of a chaffinch's perform­
ance. Now if after babyhood two or 
more such birds are put together in a 
room, but still with no opportunity to 
hear experienced chaffinches, they de­
velop more complex songs. The attempt 
to sing in company provides mutual 
stimulation which encourages the pro-
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SONGS OF DIFFERENT BIRDS of the same species have similar over-all patterns but may 

show striking individual differences. Above are oscillograms of the songs of three different 

chaffinches. The phrases into which the songs are divided are marked off by dotted lines. 
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CORNING GLASS BULLETIN 
FOR PEOPLE WHO MAKE TH I NGS 

Microwaves in the kitchen 
Tappan's latest electronic range lets you 
cook a 5-pound roast in 30 minutes, bake 
a potato in 4, broil bacon in 1 Yz, heat a 
jar of baby food in 45 seconds. 

Key to this microwave magic is a 
magnetron supplied by Raytheon. It 
generates waves of 2450 megacycles, a 
frequency that requires licensing by the 
Federal Communications Commission. 

These waves do the cooking. They are 
fed into the oven cavity by a guide 
mounted at the top and properly diffused 
by a slowly revolving fan and a sheet of 
glass. 

This glass, as you might imagine, is no 
ordinary piece of window pane. It has to 
pass the high-frequency waves and help 
in their even distribution. It also must 
protect the electronic elemen ts and fan 
from hot, spattering grease. 

Handling the task nicely is Corning's 
VYCOR brand glass No. 7900, one of a 
group of 96% silica glasses exhibiting 
some quite unusual performance charac­
teristics. 

Tubing below VYCOR glass shield (arrow) is 
an infrared unit to give a pleasant "brown· 
ing" effect to food. 

For example, you can heat an object 
made of No. 7900 glass to 9000 C., then 
plunge it into ice water. You'll get no 
cracking, crazing, breaking, or changing 
in shape or structure even after such 
terrific thermal shocks. 

Continuous use at 9000 C. is standard 
operation; and intermittent use to 12000 
C. is both possible and practical. 

VYCOR brand glass also does a fine job 
of transmitting ultraviolet at wave lengths 
of 365 millimicrons and higher, and 
short-wave infrared up to 3.5 microns. 

Details on seven of the VYCOR brand 
glasses (including facts on manufactur­
ing, physical properties, uses and forms) 
are summed up in B-91: "VYCOR brand 
Industrial Glassware by Corning." A 
copy awaits your request. 

Lachrymal lesson 
Legend has it that ancient Romans 
grieving their departed collected their 
tears in small vases and buried the vases 

with the deceased. 
Such vases go 

back to the Rome 
of about 300 A.D. 
Yet, despite this 
antiquity, so many 
are still in such 
perfect shape that 
a tourist can own 
one for the ou t1ay 
of a mere 50 cents. 

Lesson? Oh, yes, 
-these long-last­

ing vessels for lachrymal liquid were 
made of glass. And glass, as made today, 
offers the designer a host of useful quali­
ties, in addition to durability. 

Take as a starter, PYREX brand glass 
No. 7740. It's the choice of those whose 
products must cope with corrosive en­
vironments, thermal shock, and rough 
handling in general. 

Among the literally thousands of useful 
items fashioned from this particular 
Corning glass you'll find precision lab­
ware; piping for the food, chemical and 
drug industries; broiler shields; oven 
windows; oven cooking ware; dental and 
medical products; vapor chambers; coffee 
makers and servers; and sundry lamp 
globes. 

No. 7740 is just one of a wide array of 
glasses by Corning available in commer­
cial quantities . .. which brings us to a 
standing offer: 

You can tap the data files on some 
50,000-odd formulas for glass in quest of 
an answer to your materials problems. 
What we've learned about the advan­
tages (and limitations) of glass we'd like 
to share with you. 

Or, if more background data on what 
you can do with today's engineered glasses 

seems in order, send for any or all of the 
free literature listed in the coupon. 

Look, no gasket! 
Troubles-that's what most of us have 
come to expect with sight glasses used in 
pipelines or other strategic locations. 

Causes are not hard to pinpoint-inno­
cent tampering, heat and vibration that 
cause failure in soldered joints, various 
forces that result in gaskets degenerating. 

'Til now most of us have quietly ac­
cepted the inevitable disruptions. But, 
there's no need to any longer. 

Working with a prominent supplier 
of refrigeration equipment, we've come 
up with a real innovation-a gasketless, 
solderless, sight-glass assembly. 

Glass fused directly to metal provides unu­
sually rugged service in these sight gloss 
assemblies. 

In this new Corning development, the 
glass and metal are fused directly to­
gether. Result? A hermetically-sealed, 
tamper proof arrangement that stands up 
to moderate heats and high pressures. 

A number of variations are available, 
with diameters ranging from foil to 1", 
with glasses from to" to 7;1" thick. 

Typical performance- %" diameter 
and a Ys"-thick glass withstood pressures 
in excess of 5,000 p.s.i. 

If you need to see what goes on in a 
closed system, why not look into these 
windows? l!I----��� Ve t:7&.t.,-------------1 . ' 

CORNING GLASS WORKS, 49-10 Crystal Street, Corning, N. Y. 
I 

I 
I 
I 
I I 
I 
I 
I 
I 
I 

Please send me the following material: Bulletin B-91, "VYCOR brand Industrial Glass­

ware by Corning" 0; Bulletin IZ·', "Gloss ... its increasing importance in product de­

sign" Oi Bulletin 8·84, "Manufacturing and Design of Commercial Glass" Oi Illustrated 

booklet, "Gloss and You" 0; Information on sight glasses O. 
Name ___________________ Title' _________ _ 

Company' _____________________________ _ 

Street ______________________________ _ 

City ___________________ Zone ___ State _____ _ 

L __________________________________ _ 
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An industrial periscope is very 
often the answer to hard-to-get­
at, underwater, hazardous loca­
tion or Hot-Spot remote control 
observation. Ideal for use where 
heat, pressure or Hot Cell radia­
tion are problems ... the peri· 
scope offers unsurpassed clanty 

, and definition, true color, and a 
long, maintenance -free service 
life. Attachments are available 
for photo recording all viewed 
material. 
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With our wide experience in 
this field, we probably have 
a design to fit your viewing 
problem. Send for Bulletin 301 

NORTHAMPTON, MASSACHUSETTS 

DIRECTION from which a sound is coming 

may be judged in varions ways. Wavelengths 

comparable to the width of the bird's head 

give phase differences at its two ears (top). 

Shorter waves may be blocked by the head 

so that the more distant ear is in a "sound 

shadow" and receives little energy (bottom) . 

duction of complexity. The group of 
birds will, by mutual imitation, build up 
a distinctive community pattern. The 
members of the group conform so closely 
to this pattern that it is barely possible 
to distinguish the songs one from an­
other, even by the most minute elec­
tronic analysis. Their song may be quite 
as complex as that of a normal wild chaf­
finch. But it bears practically no resem­
blance to the characteristic chaffinch 
song! 

There is a short and critical six-week 
period, at about the lIth month of life, 
during which the chaffinch develops its 
song pattern. Once this critical learning 
period is over, the song is fixed for life: 
no matter how much a bird is exposed 
to other chaffinch songs afterward, it 
continues year after year to sing onlv 
the song or songs it worked out as a 
youngster. 

Such experiments make clear what is 
happening in the wild. In nature young 
chaffinches must certainly learn some 

ENGINEER 
of high 
abUI.y 

Through the 

efforts of engineers 

The Garrett Corporation 

has become a leader in many 

outstanding aircraft component 

and system fields. 

Among them are: 

air·conditioning 

pressurization 

heat transfer 

pneumatic valves and 
controls 

electronic computers 
and controls 

turbomachinery 

The Garrett Corporation is also 

applying this engineering skill to the 

vitally important missile system 

fields, and has made important 

advances in prime engine 

development and in design of 

turbochargers and other 

industrial products. 

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 

... mathematicians ... specialists in 

engineering mechanics ... electrical 

engineers ... electronics engineers. 

For further information regarding 

opportunities in the Los Angeles, 

Phoenix and New York areas, 

write today, including a resume 

of your education and experience. 

Address Mr. G. D. Bradley 

CORPORATION 

9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 

DIVISIONS 
AiResearch Manufacturing, 

Los Angeles 
AiResearch Manufacturing, 

Phoenix 
AiResearch Industrial 

Rex - Aero Engineering 
Airsupply - Air Cruisers 

AiResearch Aviation 
Service 
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FOR EVERY AIRCRAFT APPLICATION 
AiResearch oil temperature regulators 

Exclusive design featuring 
mechanically-bonded, re­
placeable tubes allows for 

easy repair in the field 
AiResearch is the largest manufac­

turer of aircraft oil temperature 

regulators in America_ High effi­

ciency, easy repair, long life and 

normal operation under extreme 

THE 

sub-zero temperatures has estab­

lished industry-wide preference for 

AiResearch units_ They are manu­

factured to rigid specifications, and 

their appearance and reliability re­

flect the most careful craftsmanship_ 

AiResearch has been building oil 

temperature regulators of the 

highest quality since 1940_ Many 

have had more than 20,000 hours of 

operating service and are still per­

forming with complete efficiency_ 

Let us discuss your .oil cooling 

problems with you_ After analysis, 

our engineers will suggest a solu­

tion which will stand up on the 

basis of both present need and 

f uture dependability_ 

Qualified engineers are needed 
now. Write for information_ 

CORPORATION 

?IiResearch 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 EQUIPMENT • ELECTRONIC COMPUTERS AND CONTROLS 
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• COMPLETELY SELF CONTAINED 
• NO ACCESSORIES REQUIRED 
• POWERED FROM 115 VOLT 50/60 

CYCLE A.C. LINE 
• HIGH DEGREE OF FLEXIBILITY 

Set of laboratory equipments suitable for 
elementary as well as graduate level servo 
and automatic control courses. Furnished 
with instrument. 

TYPICAL EXPERIMENTS 
'O P E N  L O O P  E X P E RIME N TS 

STEADY STATE; D.C. SIGNAL 
• SINUSOIDAL RESPONSE 
• TRANSIENT RESPONSE 
• REPETITIVE TRANSIENTS 
• EXPERIMENTS WITH STATISTI· 

CALLY DESCRIBED SIGNALS 

Magnetic Amplifiers . Inc 
632 TINTON AVENUE, NEW YORK 55, N.Y.-CYpress 2-6610 

West Coast Division 
136 WASHINGTON ST., EL SEGUNDO, CAL.- EAstgate 2-2056 

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 g/aJS 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. 

Pull details and prices in Bulletin 8000·S 

W. & L. E. GURLEY, TROY, N. Y. 
Scientific Instrument Makers Since 1845 
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you must have 

, the PROFILOMETER" 
Here's why: 

--1 The Profilometer measures rough. 
ness in micro inch "nits. It eliminates 
the errors and uncertainties of in· 
spection by touch or sight. 

2 It is accurate and dependable, even 
below 3 micro inches. Cannot be set 
to give wrong readings. 

3 It is a rugged, portable shop tool­
simple to use, and versatile. 

4 It's been thoroughly proven in 
thousands of production and inspec. 
tion departments-since 1936. 

FREE BU LLETI N LT14 gives details on 
these and other features; describes 
cost-saviug applications. May we send 
you a copy? 

Profilometer is a regislered trade mark. 

MICROMETRICAL 
MANUFACTURING COMPANY 

337 5. MAIN ST. ANN ARBOR, MICH. 

INNER EAR of a bird contains the cochlea 

(A), or organ of hearing, and the highly de· 

veloped semicircular canals (B) which pro· 

vide acute sense of balance needed for flight. 

details of song from their parents or 
from other adults in the first few weeks 
of life. At this stage a young bird ab­
sorbs the general pattern of division of 
the song into two or three phrases with 
a flourish at the end. But not until the 
critical learning period, during the fol­
lowing spring, does the bird develop the 
finer details of its song. This is the time 
when the young wild chaffinch first 
sings in a territory in competition with 
neighboring birds of the same species, 
and there is good evidence that it learns 
details of song from these neighbors. It 
may learn two or three different songs, 
sometimes even more, from neighbors on 
different sides of its territory. Many field 
naturalists have observed local dialects 
of the song of a given species. 

So the full chaffinch song is a simple 
integration of inborn and learned song 
patterns, the former constituting the 
basis for the latter. While isolated chaf­
finches can, as we have seen, work out 
for themselves very strange songs, those 
in the wild are circumscribed by the 
general pattern of the chaffinch song 
characteristic of the locality, though 
they may develop individual variations 
in detail. 

T he chaffinch, like many other small 
birds, has a subsong consisting of an 

-irregular sequence of chirps and mttles. 
This subsong, in contrast to the full 
song, is usually uttered from dense cover 
and appears to have little or no commu­
nicatory function. Heard in the early 
spring, it seems to be associated in some 
degree with rising production of sex 
hormones by the gonads. The subsong 
in a sense constitutes the raw material 
out of which the true song is constructed. 
It contains a much bigger range of fre­
quencies than does the full song, and the 
bird drops some of these frequencies in 
the full song. This suggests a similarity 
with the way in which human children 
learn to speak. A baby will produce at 
random almost every conceivable sound 
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about people who 

apply scientific 

IIDEAS I for I IBM I 

Robert W. DeSio 

Meet Bob DeSio-an IBM District Ap­
plied Science Representative. After doing 
graduate work in Physics, Bob joined 
IBM in 1953 and is already responsible 
for coordinating all of IBM's Applied 
Science activity in New York State. 
Even in this broad capacity, however, he 
is still faced with a personal and exciting 
challenge of formulating and adapting a 
wide variety of new problems to elec­
tronic computers. 

Applied Science in IBM 

Bob is typical of the top-rated group 
of specialists who consult with leading 
organizations in applying mathematics 
and scientific methods to management 
problems, and he applies such IBM 
computers as the latest, RAMAC, to 
engineering and scientific research. 

• There's an opportunity for you in Ap­
plied Science at IBM. Requirements are 
high, rewards great. Young mathemati­
cians, physicists and science majors are 
invited to apply. Write full details of edu­
cation and interests to Dr. C. R. De Carlo, 
Director, Applied Science Division, Inter­
national Business Machines Corporation, 
590 Madison Avenue, New York 22, N. Y. 
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its vocal mechanisms are capable of mak­
ing, but as it grows it ceases to produce 
those sounds which it does not hear ut­
tered by its parents and others around it. 

Everyone knows that many birds are 
good mimics: besides the proverbial par­
rot there are the mockingbird in the 
U. S. and the starling and other species 
in Europe. To its own innate song such 
a bird adds notes and phrases from a 
wide variety of other species, and some­
times even sounds of inanimate origin. 
(The biological function of this imita­
tion is still obscure: if the song of the 
starling, for instance, is a territorial 
proclamation like that of the chaffinch, 
to imitate many other species would 
seem merely to lead to confusion.) We 
have recently found that a chaffinch 
caged with, say, canaries may introduce 
a very good imitation of a phrase of 
canary song into its subsong, but never 
into its full song. How this restriction is 
maintained, we do not know. It is being 
studied, however, and we hope that its 
investigation will in due course throw 
light on the relationship between sub­
songs and full songs. 

We have just commenced a very in­
teresting study of the songs of hybrid 
birds-born of two different species. A 
curious and puzzling first result is that 
the hybrid is sometimes more imitative 
than either parent bird. For example, the 
song of a hybrid offspring from a gold­
finch and a greenfinch is a virtually per­
fect imitation of a chaffinch song which 
the bird heard in its aviary. 

I t was said at the beginning that most 
people tend to think of bird song as a 

sort of emotional release rather than the 
process of communication that it usually 
is. Actually the possibility of birds sing­
ing for pleasure is by no means ruled 
out. The evidence is far from negligible 
that the songs of some thrushes, the 
warblers and the nightingale exhibit 
elaborate esthetic improvement far be­
yond what strict biological necessity reo 
quires. To be sure, the purity of tone 
which characterizes the best singers is 
potentially advantageous to them, for it 
helps to provide an additional dimension 
for distinctiveness. On the other hand, 
we have seen that in birds' imitation of 
song there seems to be no immediate or 
obvious biological reward, and that often 
the matching of sound patterns must it­
self constitute the reward. Much of it, 
of course, may be merely part of the 
trial-and-error process of learning, but in 
those cases of vocal imitation where new 
phrases are produced only after long de­
lay and apparently without specific prac­
tice, another influence must be at work. 

about the people 

who research the 

IIDEAS I at IBM 

Wesley E. Dickinson 

Wes Dickinson holds a B.S.E.E. from 
North Dakota State College, 1940. He 
received his Master's Degree in Elec­
trical Engineering from M.l.T. in 1945. 
After graduation, Wes went into aircraft 
electrical systems and guided missiles. 
Joining IBM in 1952 as an associate 
engineer, he worked on analog and digital 
computers and on electronic printers. In 
1954 he was assigned to the Random 
Access Memory project. Only one year 
later, Wes was promoted to Project 
Engineer for RAM. 

Trigg Noyes 

Trigg Noyes is a graduate of M.LT., 
class of 1946, with a B.S. M.E. He became 
a design engineer and then joined IBM, 
San Jose, as a technical engineer in 1953. 
Here he did research on several account­
ing machine projects and became a mem­
ber of the team working on RAM. 
Within a year, he was promoted to 
Project Engineer. 

• If you are a Creative Engineer who 
would like to put ideas to work at IBM, 
write, describing your background and 
interests, to William Hoyt, Room 1110, 
IBM,590MadisonAve.,New York22,N. Y. 
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putting IIDEAS I to work-research at \IBM \ 

• Random Access Memory Accounting: RAMAC®, magnetic-disk 
memory storage, gives fast access to 5,000,000 characters. IBM 
Bulletin No. 400. 

• Slanting Rain: "Shadows" created on a surface by its irregularities and 
discontinuities magnified 200,000 times through electron microscopy. 

Random Access Memory Accounting 
RAMAC, IBM's newest data processing 
system, needed a unique memory storage 
system. Ordinary methods of memory 
storage-magnetic tape, drums, ferrite 
cores-couldn't store enough "bits" of 
information. It took a research team of 
ours, withTriggNoyes and WesDickinson 
as key men at IBM's San Jose Research 
Labs, to find the answer. The heart of 
this new idea: magnetic disks, played 
and replayed like the records in coin­
operated music machines! 

Here's how it works: Information is 
stored, magnetically, on fifty disks which 
rotate at 1200 rpm. These disks are 
mounted so as to rotate about a vertical 
axis, with a spacing of three tenths of an 
inch between disks. This spacing permits 
two magnetic heads to be positioned to 
any one of the 100 concentric tracks 
which are available on each side of each 
disk. Each track contains 500 alpha­
numeric characters. Total storage ca­
pacity: 5,000,000 characters. The two 
recording heads are mounted in a pair 
of arms which are moved, by a feed-back 
control system, in a radial direction to 
straddle a selected disk. 

RAMAC's memory 

This new system promises memory 
storage possibilities never before accom­
plished. If you'd like to read more about 
the engineering design of this magnetic­
disk, random access memory system, 
write for IBM Bulletin No. 400. 

Slanting Rain 
All of us have stood on a tall building on 
a cloudy day and looked down at the 
street-pretty difficult to judge relative 
heights of objects that far belo,";", wasn't 
it? But during late afternoon on a sunny 
day the lengths of shadows made your 
estimates of height as easy as apple pie. 

Blown-up shadows 
The 1 OO,OOO-volt Electron Microscope at 
our Poughkeepsie Research Laboratory 
allows us to study the topography of sur­
faces in just the same way. Instead of 
relying upon the obstruction of light by 
objects on a surface, we cause them to 
obstruct a slanting rain of metal vapor. 
Where the rain falls on a thin collodion 

coating previously put on the surface, the 
transmissibility of electrons through the 
coating is altered when it is put into the 
Electron Microscope; the "shadows" can 
be magnified and recorded on photo­
graphic film. A photographic enlarge­
ment made from the film can result 
in magnification of 200,000 times, thus 
making it possible to clearly observe an 
object less than one ten-millionth of an 
inch in diameter; or, this dash, -, mag­
nified to the extent that it would appear 
to be about IA mile long. This magnifi­
cation is about 200 times greater than 
practical in light microscopy, primarily 
because of the greater resolution possible 
in the EM, due to the short effective 
wave length of electrons. 

Poughkeepsie's EM 
We regard the electron microscope as 

one of our most important research tools. 
It has in some cases provided the missing 
data needed to understand the inter­
relation of the variables in a problem; 
has in other cases allowed us to confirm 
a proposed new theory. 

• RESEARCH at IBM means IDEAS 
at work. For bulletins mentioned above, 
write International Business Machines 
Corp., Dept. SA-lO, 590 Madison Ave., 
New York 22, N.Y. 

I H ij ���E8SING 
DATA PROCESSING . ELECTRIC TYPEWRITERS . TIME EQUIPMENT • MILITARY PRODUCTS 
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Salaries for 

An engineer's salary 
is determined by more 
than just his ability 

All too often, ability and salary are shack­

led by lack of opportunity for promotion. 

For that reason, you'll be interested in 

Lockheed's diversified expansion program. 

Forty to fifty major projects are in progress 

continuously. Commercial and military ac­

tivities cover virtually all phases of aero­

nautical endeavor. 

The breadth and scope of this program 

means engineers have exceptional oppor­

tunity for promotion at Lockheed-simply 

because there are more supervisory posi­

tions to be filled with so many projects con­

stantly in motion. 

If your salary reflects lack of opportunity 

for promotion, why not look into opportu­

nities presented by Lockheed diversifica­

tion. It's worth discussing. Write or phone 

collect, if you possess an engineering de­

gree or actual engineering experience. 

Address written inquiries to E. W. Des 

Lauriers or use the brief resume form be­

low. If you phone, call STanley 7-1241, 

Extension 6-2134. 

E. W. Des Lauriers, Dept. SE-12-10 

Lockheed Aircraft Corporation, Burbank, California 

Dear Sir: 

Please send me 

your brochure 

detailing life 

and work 

at Lockheed. 

Name 

you are an engineer, please state your field of engineering 

and State 

Engineers 

To engineers who lack aircraft experience: 
Aircraft experience is not necessary to join Lockheed. 
It's your engineering training and experience that count. 

Lockheed trains you for aircraft engineering-at full pay. 

Advanced education program for engineers: 
You can expand your technical knowledge and achieve 
advanced degrees through a variety of Lockheed-sponsored 
university programs that cost you little or nothing. 

Positions are open on virtually all levels in fields 0/: 
AERODYNAMICS DESIGN 
FLIGHT TEST ENGINEERING 
MATHEMATICAL ANALYSIS 
OPERATIONS RESEARCH 
STRUCTURES 
THERMODYNAMICS 
WEIGHT 

in controls, electrical, 
hydraulics, mechanical, 
power plant and 
structures areas. 

ELECTRONIC SYSTEMS 
in communications, counter­
measures, fire control, 
navigation, radar and 
antenna design. 

Lockheed 
Salary Facts 

In the last three-and-a-half years 
Lockheed engineers have received 
blanket increases totaling 19 %. 
This is in addition to merit increases 
granted engineers for individual 
achievement ar.d promotion. 

Lockheed 
AIRCRAFT CORPORATION 

California Division 
BURBANK, CALIFORNIA 
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by James R. Newman 

THE PURSUIT OF SCIENCE IN REVOLU­

TIONARY AMERICA, by Brooke Hindle. 
The University of North Carolina 
Press ($7.50). 

B
rooke Hindle's highly informative 

chronicle of the beginnings of sci­
ence in this country opens with 

the period around 1735, when a climate 
in which science could flourish began to 
be established in the New World. It was 
the period in which the influence of the 
Age of Enlightenment, whose apostles 
were Isaac Newton and John Locke, 
"flooded into the colonies," and Benja­
min Franklin voiced "exalted aspira­
tions" for science in America. "The first 
drudgery of settling new colonies which 
confines the attention of people to mere 
necessaries," he announced, "is now 
pretty well over; and there are many in 
every province in circumstances that set 
them at ease, and afford leisure to culti­
vate the finer arts and improve the com­
mon stock of knowledge." Franklin out­
lined a plan for the "cooperative promo­
tion of science on an intercolonial basis." 
With the methods of the new science, 
the spirit of the new philosophy, the lib­
erty of the new society, who could assign 
limits to the achievements of the new 
civilization? A book appeared in Con­
stantinople with a picture of the Ameri­
can "wakwak" tree, which "bore women 
rather than the more usual type of fruit." 
The wonders of the land were incalcula­
ble; imagination soared; the future was 
bright. 

Franklin was a practical man but in­
clined to optimism. The fact was the 
future had not yet arrived. The con­
certed effort necessary for the advance­
ment of science in the colonies did not 
blossom overnight. The intellectual at­
mosphere was favorable in New Eng­
land, in Philadelphia, in Charleston and 
in a few other centers, but the general 
picture was less promising. The colonies 
were divided and sprawled over a large 
territory. The effects of physical isola-

BOOKS 
The natural philosophers 
of 18th-century America 

tion were aggravated by jealousies and 
rivalries. The population was small. For 
the support of scientific work both 
wealth and leisure were needed, but 
these were so widely distributed "that 
there were only a few to act in the ca­
pacity of patrons even if they would." 
The botanist John Bartram wrote in 
1745: "I sometimes observe that the ma­
jor part of our inhabitants may be ranked 
in three Classes, the first Class are those 
whose thought and study is intirely upon 
getting and laying up large estates and 
any other attainment that dont turn im­
mediately upon that hinge they think is 
not worth thair notice, the second class 
are those that are for spending in Luxury 
all they can come at and are often the 
children of avaritious Parents, the third 
class are those that nessesity obliges to 
hard labour and Cares for a moderate 
and happy maintenance of thair family 
and these are many times the most cu­
rious tho deprived mostly of time and 
matereals to pursue thair . . .  inclina­
tions." 

But ties among the colonies were be­
ing strengthened by trade, correspond­
ence, improved roads, more dependable 
postal service and the circulation of 
newspapers. The colonists had a com­
mon bond in being Englishmen, but they 
also had a common bond in being 
Americans. While their institutions were 
basicallv European in conception, the 
circumstances of the new country de-

David Bushnell's 1776 submarine 

manded modifications of the European 
heritage. The end result was a "variant 
of European civilization" in which men 
shared both their legacy and their exer­
tions to adapt it to new problems and 
conditions. Military exertions played 
their part in promoting rapport among 
the colonists. The capture of the French 
fortress of Louisburg by a New England 
force in 1745 "provided occasion for the 
most unrestrained celebration of a com­
mon patriotism in Maryland as well as 
Massachusetts." Patriotism spurred a 
cultural nationalism, which was bound 
to stimulate the pursuit of science. It is 
not often in history that one can see 
so clearly the interdependence of a 
growing interest in knowledge and social 
change, of the life of science and the life 
of the community. Dr. Hindle's book en­
riches our understanding of this inter­
dependency. 

The first part of his survey deals with 
the years 1735 to 1765. Three groups 
during this period contributed to scien­
tific knowledge: naturalists, physicians 
and college teachers. America was a 
paradise for those who followed botany 
or zoology, who collected stones, who 
were passionate classifiers, who culti­
vated exquisite gardens or were grub­
bily concerned with seeds and crops. 
Venturesome Europeans made the trip 
across the Atlantic to sample the won­
ders of natural history. Sea captains and 
itinerants brought back to Europe speci­
mens of flowers, trees, animals, birds and 
minerals that had never been seen in the 
Old World. Among the foremost collec­
tors and patrons was Sir Hans Sloane, a 
wealthy physician and president of the 
Royal Society of London, whose collec­
tion of books and curiosities was to be­
come the nucleus of the British Museum. 
With financial backing provided by him 
and others, regional studies of flora and 
fauna were made in America: one of the 
products was Mark Catesby's influential 
Natural History of Carolina, Florida and 
the Bahama Islands. 

By the middle of the 18th century, 
says Hindle, an international circle oc­
cupied with natural history had been 
formed among the naturalists of Ameri-
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ca, England, France, Holland, Sweden, 
Germany and Italy. The American part­
nership in this effort owed a great deal 
to a London Quaker merchant, Peter 
Collinson. Collinson was not a scientist, 
but he loved flowers, trees and rare 
plants and he wanted to be remembered 
for the many species he had introduced 
into England. His great counting house 
in London became a "clearing house 
from which specimens and communica­
tions received from America were redi­
rected to Linnaeus in Sweden, Dillenius 
at Oxford, Gronovius at Leyden, and 
other members of the circle." He was a 
leading member of the Royal Society 
and was on friendly terms with scientists 
throughout Europe. His enthusiasm and 
intelligent patronage gave "coherence 
and direction" to the labors of American 
naturalists. 

Among the Americans who benefited 
most from Collinson's patronage was the 
botanist Bartram. Described by a con­
temporary as a "down right plain Coun­
try Man," Bartram had little formal edu­
cation, but he made up for this lack in 
zeal and natural skill. His work in botany 
attracted the support of James Logan, a 
wealthy Pennsylvania Quaker merchant 
who made important contributions of his 
own to science: Hindle credits him with 
being the first to demonstrate the func­
tions of the various organs in sexual re­
production of plants by experiments with 
corn. With Logan's help, and later Col­
linson's, Bartram was able to travel the 
colonies from New England to Florida 
collecting specimens and broadening his 
knowledge. For the Philosophical Trans­
actions of the Royal Society he wrote 
papers on insects, aurora borealis, snake 
teeth and mollusks; he also worked out 
a plan for a geological survey of the colo­
nies to uncover their mineral wealth. 
Bartram remained throughout his long 
life "basically a noble nurseryman," but 
he was a remarkable observer and gave 
substantial impetus to the development 
of American science. 

John Clayton, a Virginian, was an­
other devoted collector who became 
widely known. His collections formed 
the b�sis of Gronovius' Flora Virginica, 
-,vhich for many years was the best sys­
tematic treatise on American botany. 
Among others who promoted the science 
of plants were Abraham Redwood of 
Rhode Island, Henry Laurens of South 
Carolina, William Byrd of Virginia, 
Charles Read of New Jersey, William 
Allen of Pennsylvania and even several 
governors of the colonies. 

Amid all this activity, it is striking how 
little concentrated effort was expended 
on the improvement of agriculture. Jared 

Eliot of Connecticut recorded observa­
tions on cultivation, plowing, use of fer­
tilizers and other techniques. A few gen­
tlemen farmers shared this interest. But 
the preponderant motive of the early 
students was curiosity about the flora 
and fauna of the New World, rather than 
improvement in the arts of husbandry. 

In America, as in England and on the 
Continent, physicians played a promi­
nent part in the pursuit of natural his­
tory. American doctors trained at the 
University of Edinburgh, a leading med-

A /lower named for Franklin 

ical center of the time, returned to the 
colonies imbued with the lore of vege­
table remedies and ardently devoted to 
botany. Cadwallader Colden of New 
York and Alexander Garden of Charles­
ton were pre-eminent in this group. 
Colden, a man with a widely ranging 
mind, composed The History of the Five 
I-ndian Nations, had a plant named after 
him by Linnaeus, wrote articles on yel­
low fever, pokeweed and cancer, and 
was the author of a grandiose pamphlet 
on matter, motion, ether and gravity. 
Colden firmly believed in his theories, 
but admitted that he had applied "him­
self to Physics and Mathematics, only by 
way of amusement, to fill up a vacant 
hour." 

Garden discovered many new genera 
of plants which Linnaeus incorporated 
in his Systema Naturae. He also col­
lected specimens of Carolinian fish, rep­
tiles and insects, and experimented with 
the electric eel, thus elegantly wedding 
physics to zoology. Other physicians de­
serving mention are William Douglass of 
Boston, who pursued botany, minerology 
and meteorology (recording the state of 
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the weather in Boston as well as he could 
without a thermometer or barometer); 
John Lining of Charleston, who did 
work in botany, studied the relation of 
weather to disease and performed expe­
riments in metabolism, weighing the in­
take and outgo of his body for one year; 
John Mitchell of Virginia, a botanist, 
zoologist and author of an essay which 
ascribed the "Different Colours of Peo­
ple in Different Climates" to environ­
mental factors. 

Gradually the "thinness of the intel­
lectual environment" in America began 
to be enriched by libraries, publica­
tions and scientific societies, where the 
learned could foregather and converse 
amiably as well as peck at each other. 
The Library Company of Philadelphia 
was one of the first. Financed on the sub­
scription principle, it soon held the finest 
collection of scientific books in the coun­
try. The Library was also a museum and 
repository of scientific apparatus. Col­
lectors were given shares in the com­
pany for contributions of curiosities: 
stuffed snakes, a dead pelican, Indian 
chiefs' robes, a set of fossils. John Penn, 
a proprietor of Pennsylvania, presented 
a "costly Air-Pump"; his family also do­
nated a pair of I6-inch globes, a tele­
scope and an electric machine. 

Philadelphia's growing population 
and wealth were the underpinning for a 
steady increase in cultural activities. Ben 
Franklin had retired from his printing 
business with a fortune and turned his 
overflowing energy to everything from 
organizing fire companies and inventing 
a fireplace to experimenting with elec­
tricity. Bartram, to whom he always dis-

r:-..t::� .. 
. . .... , .... 
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played warm affection, interested Frank­
lin in establishing a scientific academy. 
Franklin drew the plan for the American 
Philosophical Society, which was to 
concern itself with botany, medicine, 
geology, geography, agriculture, mathe­
matics, chemistry and the crafts. But the 
initial enthusiasm soon flagged, and by 
1747 the Society was quite dead. Scien­
tific societies need patrons and yearners 
as well as scientists. In its first incarna­
tion the American Philosophical Society 
was short of merchants and gentlemen; 
it failed while the Royal Society, which 
had the support of the London mercan­
tile community, succeeded. The Ameri­
can Society, however, was to have a 
rebirth under more favorable auspices 
in 1767. 

Shortly after the collapse of the So­
ciety, Collinson sent to the Library Com­
pany of Philadelphia a glass tube for 
conducting electrical experiments and 
directions for repeating certain German 
work in electriCity. Under the spur of 
these gifts Franklin became "totally en­
grossed" in the subject. The famous 
"Philadelphia experiments" followed. 
Franklin communicated his results in let­
ters to Collinson, some of which found 
their way into the Philosophical Trans­
actions, some into the Gentleman's Mag­
azine of London. Then in 1751 a collec­
tion of the letters were published under 
the title Experiments and Obsel'vations 
on ElectTicity. 

Franklin's work in electricity was the 
supreme scientific achievement in Amer­
ica during the colonial period. The re­
sponse to it was overwhelming. The book 
passed through five English and three 
French editions and was translated into 
German and Italian. The Royal Society 
awarded Franklin its highest honor, the 
Copley medal, and went to unheard-of 
lengths in admitting him to fellowship 
without payment of the usual fees. "Mr. 
Franklin of Pennsylvania" received the 
personal thanks of the King of France, 
membership in the Academie des Sci­
ences and honorary degrees from Har­
vard, Yale and William and Mary. He 
passed "from the little world of Phila­
delphia to the great world of London 
and Paris." His literary, political and sci­
entific reputation steadily rose, until he 
became, Hindle observes, the very sym­
bol of the learned philosopher. 

Franklin's electrical researches gave 
an immense stimulus to American sci­
ence. Except for astronomy, the physical 
sciences and mathematics had not been 
pursued with anything like the vigor de­
voted to natural history. But thanks to 
Franklin's achievements and to the work 
of a few gifted teachers-notably John 
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'Ninthrop, Hollis professor of mathe­
matics and natural philosoph v at Har­
vard-interest in natural philosophy and 
mathematics grew among students, and 
by the 1760s these subjects were chosen 
for the majority of college theses. 

As the colonies grew and took up com­
mon cause against England, their emerg­
ing nationalism took form in cultural as 
well as political activities. Learned 
academies and societies for the encour­
agement of the arts, manufacture and 
commerce sprang up in profusion. Prizes 
were offered for inventions. "Buy-Amer­
ican" movements got under way. Physi­
cians organized to raise the standards of 
the profession. The American Philo­
sophical Society was reborn. Hindle de­
votes a chapter to its rebirth and an­
other to the colonies' first major 
cooperative project in science-observa­
tion of the transit of Venus in 1769. A 
new generation of scientists and inven­
tors began to appear on the American 
scene, among them David Rittenhouse, 
the gifted Pennsylvania clockmaker who 
built a famous orrery which represented 
the motions of the planets about the sun 
with unprecedented accuracy; young 
Benjamin Thompson of Concord (later 
Count Rumford); Benjamin Rush, the 
noted physician and vigorous supporter 
of science in all its branches; David 
Bushnell, the Yale student who built an 
oak-cask submarine to "pulverize the 
British Navy"; John Fitch, the Connec­
ticut craftsman who dreamed of building 
a steamboat and turned his dream into a 
successful reality. 

The Revolution brought first a sharp 
decline and then an even sharper re­
covery in the affairs of learning. By the 
early 1780s the vigorous new cultural 
flowering was producing books in un­
precedented numbers, new societies, col­
leges and universities, new daily news­
papers, libraries, museums and hospitals. 
Researches were pursued in subjects 
ranging from agriculture and optics to 
ballooning and statistics. Inventions 
proliferated. Great canals were planned 
and fine bridges built. 

Yet all was not light and glory. There 
was a tremendous huffing and puffing 
and patriotic self-inflation. The intel­
lectual environment was still thin, and 
the practice of the basic sciences in the 
new republic was not in a class with 
that of Western Europe. It was perhaps 
true that America was the greatest the­
ater for the improvement of mankind 
and for the realization of the highest 
hopes of the Enlightenment, but the 
actors were still novices. Nevertheless, 
the men who made the American Revo­
lution were justified, as Hindle says, in 

their confidence that the pursuit of sci­
ence would flourish in the U. S. When 
the Continental Congress assembled, 
Rittenhouse declared that to it were en­
trusted "the Future Liberties, and Con­
sequently the Virtue, Improvement in 
Science and Happiness, of America." 
Today we may be less certain that 
a legislative body can be depended 
upon to assure these blessings, or 
that improvement in science and hap­
piness are inseparable twins, but it will 
not be denied that the material well­
being of the U. S. vindicates "the faith 
of the Revolutionary generation" in 
what science. beneficently used, can 
achieve. 

Dr. Hindle has made an able contri­
bution to scholarship. His book is not 
always lively; at times the details are 
burdensome and one feels one is reading 
a learned catalogue. Interpretation of 
facts is no less important than the facts 
themselves. Where Hindle offers his 
views they are invariably enlightening 
and the story moves; too often, however, 
he dwells on minutiae and restricts his 
function to scrupulous reporting. But his 
study, for all its long-windedness and 
other academic faults, is a pioneering 
achievement-a solid entry into an im­
pOltant phase of the history of science 
and its relation to social and political 
events. 

Short Reviews 

T HE CHAKGING Ul\IVEHSE, by John 
Pfeiffer. Random House ($4.75) . 

Twenty-five years ago a young Bell 
Telephone Laboratories radio engineer, 
Karl Jansky, erected on what had once 
been a potato farm in New Jersey a ra­

dio aerial which was 100 feet long, re­
sem bled the skeleton of a large airplane 
wing and, driven by a motor at the cen­
ter, rotated slowly on four wheels taken 
from a Model-T Ford. This ungainly 
contraption was the first research in­
strument to investigate the celestial 
sources of radio static. It served to found 
the science of radio astronomy. In the 
quarter century that has elapsed since 
Jansky, with earphones clamped to his 
head, first heard the distant universe 
hissing at him, much progress has been 
made in identifying the radiations emit­
ted by the sun, by far-off stars, by the 
spiral arms of the Milky Way, by remote 
galaxies. Radio astronomy has vindi­
cated Kepler's vision of the music of the 
spheres-though not quite as he would 
have expected. In England, the Nether­
lands, France, Australia and the U. S. 
radi� telescopes of many designs have 
been built, some so sensitive that they 
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REPUBLIC KNOWS HOW 
TO FIT AN ENGINEER 
WITH AN OPPORTUNITY 
• • .  how to select an advanced aircraft assignment 

that utilizes an individual engineer's 

professional know·how and creative talents 

to the best advantage of the man and the company 

... AT REPUBLIC AVIATION we don't shove an engi. 

neer into a particular "slot," just because an opening 

exists, without regard for his individual interests and 

capacities. 

· . . when a project is completed, we never push the pro· 

fessional staff "on to the street." Instead, we plan ahead 

and have jobs ready for them. In fact, in the last decade, 

not a single engineer or scientist has been dropped at 

this company for lack of a suitable assignment. 

· .. when we hire a man at Republic, we like to think 

it's "for keeps" if his work equals our expectations. 

Republic Aviation can follow this policy because we've 

been expanding for 25 years, not only in the design, 

development and production of advanced aircraft, but 

in the missiles field as well. A growth record like this is 

the best assurance of job permanence an able man can 

have. 

Proud as Republic men are of our many pioneering 

achievements in aircraft design, such as the F-84 Thun­

derjet, F·84F Thunderstreak, RF-84F Thunderflash­

and the incredible new F-I05 and F.I03, there's no 

temptation to rest on past laurels here. In the highly 

competitive aircraft industry, it's always the future that 

counts. 

This means that new openings are continually being 

created at Republic for professional men with sound 

technical knowledge and creative ideas. 

And Republic has a salary scale and benefits program 

that is a model for the industry. 

POSITIONS OPEN AT ALL LEVELS IN: 

Aerodynamics • Systems • Propulsion • Operations Research • Dynamics 

• Stress . Controls • Electronics • Staff Engineering • Electromechanics • 

Flight Test • Research • Thermodynamics • Flutter & Vibrations • Weights 

Weapons Systems Analysis Servo Airframe & Mechanical Design 

Analog Computers Antennae Controls Systems Instrumentation 

An important adjunct to a Republic job is life on long Island, fabulous playground of the East Coast. 

Please address complete resume outlining details of your technical background to: 

AIRCRAFT: 
Enginee1'ing Personnel Manage?' 

Mr. D. G. Reid 
Fcwmingdale, Long Island, N. y, 

MISSILES: 

Administ1'ative Engineer 

Mr. R. R. Reissig 
Hicksville, Long Island, N. Y. 
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PHYSICIST, PhD 
Seveml years expel-iencc 

LONG RANGE RESEARCH 
IN ASTROPHYSICS 

A s  a port of its work on adranced 

m i s s i l e  weapon system s ,  the Special De­

fense Projects Department of General 

Electric h a s  set up a long range resea rch 

program in both the experimental and 

theoretical aspects of a s t rophys ics.  

We have an opening for an astro­

physicist  able t o  cont ribute t o  tills IJfO­

gram i n  such fields as  electrom agnetic 

radiat ion of gases,  upper atmospherics . 

spectroscopy and radiatirc transfer. 

If you are interested i n  work in these 

arcas,  General El ectric can make available 

t o  YOll  the most ad\'anced laboratory facil­

ities  DIllS  a strong group of sliPporting 

sen-ices. 

A ttributes of the position include 

liberal salary and benefits, 1)lcasant and 

collHnlent s u b u rb a n  Bring conditions, a 

strictly profeSSional cmironment and the 

opportunity to m a k e  a s ignificant 11ersonal 

contribution to an extremely important 

research program . 

TVrite ill cOHjid(,11ce (not Hcccssar)' 
to Hame present  cmplo),cr) to : 

MI". W. B i llingsley 

SPECI  AL  DEFENSE PROJ ECTS D EPT. 

G E N E R A L . E L E C T R I C  
3 1 98 Chestnut Street, Room l 0 3 - B  

Phi ladelphia 4 ,  Pennsylvania 

a t  h o m e  
NOW Y O U  can prepare yourself for 
the limitless opportunities offered by 
the nation's fastest growing industry 
- atom ic energy ! 

Get complete, basic n uclear energy 
t r a i n i n g ,  q u i c k l y ,  e a s i ly - t h e  ISS  
home study way. Y o u  a r e  taught by 
a group of educators and scientists 
now active i n  atomic research and 
d e v e l o p m e n t .  Higher m a th e m a t i c s  
a voided- a  high school education quali­
fies you for study .  

YOU W I L L  NEED A WORKING KNOWLEDGE OF 
NUCLEAR SCIENCE SOON I F  YOU ARE • .  

• A practicing engineer • A technician 
• A supervisor . An engineering assistant 
• A member 01 a management group 
Low Cost 39 lesson course . Pay-as­
you-learn installment plan available . 

PERFECT FOR C O M P A N Y  TR A I N ·  
I N G  P R O G R A M S - d i s c o u n t s  fo r 
grou ps of six or more . 

ft�� S E N D  TODAY FOR FREE 

VUU-?!!�L!.?������ 
I INSTITtlTE OF SCIENTIFIC STtlDIES I 
I Dept . 5-1 0 , 248 A r l i n gton Ave . ,  E l m h u rst ,  I I I .  I 
I N A M E  ___________ I I A D D R E S S  I 
I C I T Y  I 
I S T A T E  I 
I 0 S e n d  i n f o r m a t i o n  o n  I S S  G r o u p  Study Plan I 
L _ _ __________ _ _ _ _ _  J 
1 48 

can pick up the radio signals from a 
man's stomach more than four miles 
away. The cooperative assault of radio 
and optical astronomy promises to deep­
en our understanding of the structure of 
the sky, of the dimensions of the uni­
verse, of the processes by which stars are 
made. A popular account of what has 
already been achieved and of future 
programs of research is presented in this 
book. The author, who spent two years 
visiting radio astronomy installations and 
interviewing investigators in the U. S. 
and abroad, presents his information 
clearly and unpretentiously. 

PHRENOLOGY : FAD AKD SCIENCE, by 
John D. Davies. Yale University Press 

($3 .75). Phrenology today is only a 
boardwalk and carnival discipline, but it 
once stood higher in the world. In the 
19th century, according to this interest­
ing book, it was a dignified science, a hu­
manitarian philosophy, a cult, a crusade, 
a popular system of psychology "hailed 
as a panacea for social ills." Its found­
er was the German physiCian Franz 
Joseph Gall, still remembered for his 
many discoveries in cerebral physiology. 
His first disciple was Johann Gaspar 
Spurzheim, who gave a great impetus to 
the popularization of phrenology. After 
Spurzheim's death (during a U. S. lec­
ture tour), his mantle fell upon a bril­
liant young Edinburgh barrister, George 
Combe, who wrote the best known and 
most inspirational of all phrenological 
books, The Constitution of Man (1828). 
Combe spent three years in the U. S. 
spreading the gospel among the learned 
and the fashionable. As Gall conceived 
it, phrenology was an experimental sci­
ence reared on the assumption that men­
tal phenomena are linked to anatomical 
and physiological features of the brain. 
His theory postulated four basic physio­
logical types: the "nervous" (large brain, 
delicate health, emaciation), the "bili­
ous" (harsh features and firm muscles), 
the "sanguine" (large chest and mod­
erate plumpness), the "lymphatic" 
(rounded form and heavy countenance) . 
The mind is composed of 37 independ­
ent and ascertainable faculties, each oc­
cupying a little plot in the head. De­
structiveness is over the left ear-border­
ing, most appropriately, on secretive­
ness, alimentiveness and combativeness. 
Behind this ear are evitativeness, ama­
tiveness and conjugality. Sublimity, cau­
tiousness and adhesiveness are well in­
side the skull. There is a small lozenge 
for murder; this is better developed in 
some men than in others. Self-esteem is 
on top of the head and obviously vulner­
able unless the bone is thick. Mirthful-

ness is over the sinuses, and among its 
neighbors are causality, time, tune, lo­
cality and imitation. These various facul­
ties compete for space and affect the size 
and contour of the cranium. Thus a 
trained person can make a character 
analysis by studying the shape of a sub­
ject's head in conjunction with his tem­
perament. W. S. Gilbert's policeman 
sang of his captured felon : 

Observe his various bumps 
His head as I uncover it 

His morals lie in lumps 
All round about and over it. 

But even a criminal can be reformed, 
for it is basic phrenological doctrine that 
while faculties and propensities are in­
herited, they can be altered and im­
proved by methods ranging from hy­
gienic living to kind treatment. PI1rE'­
nology found its first roots in the U. S. 
among the educated classes and the 
medical profession. Spurzheim's and 
Combe's lectures were spectacularly suc­
cessful. Newspapers and magazines were 
full of the subject; phrenological asso­
ciations sprang up in many cities; in 
Philadelphia, a Biddle added the essen­
tial "eclat" to the enterprise; at Yale, 
Professor Benjamin Silliman conferred 
his enthusiastic bleSSing. There were, of 
course, those who regarded the whole 
business as a fraud and trumpery. But 
controversy helped to spread the doc­
trine. When the interest of the upper 
classes waned, clever men took over 
phrenology as a nostrum for the crowd. 
Orson Squire Fowler, a brilliant pro­
moter, peddled phrenology to the 
masses, made a fortune and built him­
self an octagonal house. Phrenological 
books, charts and manuals were sold by 
the hundreds of thousands; phrenolog­
ical readings were obtainable by mail if 
one sent in a daguerrotype; employers 
advertised for apprentices who carried 
good phrenological recommendations. 
The craze lasted through the 1840s; by 
the Civil War it was dead. Davies' lively 
and thoughtful study assesses the in­
fluence of phrenology on education, the 
treatment of the insane, penology, 
health, literature, medicine, religion. 
Notwithstanding its absurdities and 
racketeering aspects, phrenology as a 
philosophy was humane and idealistic. 
Alexis de Tocqueville, seeking to ex­
plain its special popularity in America, 
suggested that it appealed to some of 
the best qualities of a young and grow­
ing democratic society. E. G. Boring, the 
Harv.ard psychologist, observes that "it 
is almost correct to say that scientific 
psychology was born out of phrenology, 
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L O O K  

Wi l l  you r  i ncome 
and locat ion a l low 

you to l ive i n  a 
home l i ke  this . . .  

spend you r  l e is u re 
t im e  I i  ke t h i s ? 

A N A L O G  COMP U T I N G  
Those with degrees in mathemat­
ics, physics and engineering are 
needed to solve interesting prob­
lems on direct analo g computers 
and differential analyzers. 

Knowledge of or experience in 
dynamics,  stress analysis,  servo­
mechanisms, heat flow and circuit 
analysis or non·linear mechanics 
is  helpful. 

T E N Y E A R S  A H E A D ! 

They can . . .  if you start your career 
now at Douglas ! 

Take that ten year ahead look. There's a fine career 

opportnnity in the engineering field you like best waiting 

for you at Douglas. 

And what about the Douglas Aircraft Company ? It's the 

biggest, most successful, most stable unit in one of the fastest 

growing industries in the world. It has giant military 

contracts involving some of the most exciting projects ever 

conceived . . .  yet its commercial business is greater than that of 

any other aviation company. 

The Douglas Company's size and variety mean that you'll be in 

the work you like best - side by side with the men who have 

engineered the finest aircraft and missiles on the American scene 

today. And you'll have every prospect that ten years from 

now you'll be where you want to he career-wise, money-wise 

and location-wise. 

For further information ahout opportunities with Douglas in 

Santa Monica, EI Segundo and Long Beach, California divisions 

and Tulsa, Oklahoma, write today to : 

D O  U G L A S  A I R e  R A F T  C O M  P A  N Y, I N C .  
C. C. La Vene, 3000 Ocean Park Blvd., Santa Monica, California 
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H Y P E R S P E E D  R E A D I N G  
• . .  for me meant increasing: my n"uding speed from 600 to 1800 'words per m inute. enough to finish a novel in 

half an hour. to triple the number of technical journals and 
reports I read. Much to Illy surprise Illy comprehension went 
up and stud:"ing became cas iCI' as I enjoyed reading morc. 
o I "�' ent (,'om norn")-al rCH.ding sp�ed to hypel'sPeed I'ending 
III t h Ll'ty hours of IntenSive reading pract i s e  at a leading 
reading clinic. and immediately thought how wandel'ful it 
would be fOl" yeople who don ' t  have the time or opportunity 
to take such Improvement \Val'k to do it at hom<.>, for several 
hOUl s a  uay, 

F,vCI' sirycc then I have gathered materia l s  wh ich are 
proven, ,:; tdely used and t i m e  tested in c l i n i c s .  schools 
and readmg centers .but are adi\ptablc lO use by adults 
w.ol·klng . li t  home Without superv i s i o n .  You w i l l  imme­
dlat"!ly InCI' �'a se yow' reading speed with thcm if your ��;��:��. hab its are correct but can be accelcrated, w ith 

oulf h;o�h�laJi'hg���a
s

(t:�g
l'e�im��l t::�t 

t!!.V i�\�V�d�C 
a�dO��n} 

analyze �vlt.h recommcndations at no CXlI'a cost to you. 
The k i t  Includes II r e a d i n g  I'ate accclerator w i t h  cards. 

two books Of . practise matel'ials with tcchnical exercises 
that. test reading speed and compl·chension. and a hooklet 
on hypcrspeed read ing'. 

Price of k i t  including reading rute accelerator hasic 
manW\I. technical reading manual ,  and d iscussion

' 
of hv­

pel'speed reading p l u s  d iagnostic reading test with i\nalys(s .  
K i t  R l  . . . . . . . . . . . .  $ 2 4 . 0 0  postpai d 

Digital  Computer Course, C2. 
O u r  course i s  des igned to pro­
vide a l l  the i n s truction mate­
rials. lists of parts, tcxts nnd 
d i agrams to set up and build 
a s i m p l e  01' complex d igital 
computer and expel'iment with 
pulses, storage, gates. ft. i p  
ft. o p s ,  adding, subtracting, 
multiplying and appl ications 
of Boolean Algebra to circuit 
design. You get an introduc­
tion to programming of ad­
vanced machincs and hundreds 
of pages of actual w iring' din· 

gr��l�'l f76u�d�������d 
c�n;;gll�tr� L-"'A-m-O-d-U�I O-2�C-O U-"-te-,-. -.J 

pagc text. 'Vc . Show you how and whel'e to buy your COin­
ponents to build a computing unit at home. \Ve havc a ��:�S��t�t ��('

u�eJli�aJ�Is
a
r

.
nd advanced quest.ion answering 

Price o� course w ith a l l  texts, manual s ,  wiring: d i a grams 
100d tutOl' w l  . . . . . . . . .  C2 postpaid . . . . . . . . . . . . . . . . . . . . $ 2 8 . 0 0  

Analog Computer Course,  C3 .  
Analo� computel'S aI'e widely 
used III engineering and scien­
tific research to dupl icate ac­
tual physical cond itions and to 
Integrate and d ifferentiate d i _  
rectly. O u r  Analog course d e ­
scribcs h o w  y o u  c a n  b u i l d  a 
computci' that w i l l  handle 

�e���t �;�:��n
t
t��:l $(hu;Ji��,� a�� 

xc ' I I - A):;� tl � . ro, XI !��1,I��h���:db!�;;t�ilfsg�r�:�� 
ing d i a grams of actual analog 

S i m p l e  I n teg rat i n g  C i r c u i t .  ��n�g�}f�:ti����l
s�o'�,}��;:;r���� 

they add, multiply,  integrate, d itferentinte. You w i l l  bc 
I.Ible to practise calculating scale factors, choice of timc 
scales. machine equations llnd block d i agrams, a s  w e l l  as 
use ,Phase Inverting ampllficrs, use of parallel inputs, and 
solvmg of simple d ifferential e9uations. This i s  thc best 
comprehc.nsive course introductiOn to nnalog computers .  

Price of course w ith a l l  texts. manua l s .  w iring d i a grams 
and tutoria l . .  . . . . . . . . . . . . . . . . . . .  postpald . . . . . . . . . . .  $ 2 8 . 0 0  - - - - - - - - C O U PON - - - - - - - -
O L I V E R  G A R F i E l D  C o . ,  Dept.  SA· I 06 
31 B roadway, N ew H aven , C o n n e c t i c u t .  

P l e a s e  s e n d  me the course circled below. 
H I  C 2  C3 

I hllVC cnclosed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  in full paymcnt. 
My name and address are attached . 

., s!."����� 
are In YOUR favor . . .  

D E C I S I O N / I NC-nationwide specialists in re­
cruitment of engineering personnel-have an 
active and enviable record in developing job 
o pportunities for men who want bigger sal­
a r i e s  and a c h a n c e f o r g r e a t e r p e r s o n a l  
achievement. 

D E C I S ION / I N C  is  retained by m o re top­

ranking firms thruout the nation than 

any o ther organization to find rhe righ r. 
man for each j o b .  This confidential serv. 

ice costs you no thing. 

It takes TIME-MONEY-EFFORT to im­
prove your job situation. If you are an en­
gineer or scientist. particularly in the ELEC­
TRONIC-AERO-NAUTICAL or GUIDED­
MISSILE field. DECISION IINC will do this 
quickly. effectively at no cost to you. 

HOW? Our placement specialist de­
velops a plan "tailor-made" for you 
-which includes a resume of your 
experience _ . . and then a review by 
selected com panies leading to confi­
dential interviews at your conveni­
ence and our client' s expense. 

NOW i$ the time for DECISION ! 
All you do Now is . . . send us your 
name. home address . job interest or 
title. We take it from there. 

Write or phone : 

O L I V E R  P. BARDES, 
Pres iden f ­

D E C I S I O N / INC 

1 439 F I RST NATI ONAL 
BANK BLDG.  
C I N C I NNATI 2,  O H I O  

GArfle ld  1 -1 700 

Publishers of  t h e  authoritative Engineers' Job D irectory 
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out of wedlock with science." Davies' 
book is a most readable and instructive 
essay. 

ENGINEERING IN HISTORY, by Richard 
Shelton Kirby, Sidney Withington, 

Arthur Burr Darling and Frederick 
Gridley Kilgour. McGraw-Hili Book 
Company, Inc. ($8.50). Two engineers 
and two historians have collaborated to 
produce this attractive introduction to 
engineering history. They begin their ac­
count with building in Mesopotamia, an­
cient hydraulic and sanitary engineer­
ing, the construction of roads, bridges, 
ships, pyramids and temples, and carry 
it up to modern times in the develop­
ment of certain principal branches of 
civil, mechanical, electrical and metal­
lurgical engineering. The presentation 
is clear and nontechnical, and an at­
tempt is made to relate engineering 
achievements to the underlying ad­
vances in basic science and to tell their 
impact on civilization. However, the 
latter, an enormous subject in itself, is 
given little more than perfunctory treat­
ment in this book. Moreover, the his­
torical account is more satisfying for cer­
tain periods and topics than for others. 
Architecture, the raising of great struc­
tures, the building of canals and bridges, 
the evolution of steam power are very 
ably discussed, while electrical en­
gineering and transportation are treated 
more hurriedly. The authors have en­
riched their history with many colorful 
asides and vivid details. Among the 
absorbing episodes are those dealing 
with the Brooklyn Bridge, with Tames 
B. Eads's famous ferrous span acr�ss the 
Mississippi at St. Louis and with Do­
menico Fontana's celebrated removal in 
1586 of Caligula's obelisk from the 
Circus of Nero in Rome to the plaza be­
fore St. Peter's. During this hair-raising 
operation punishment by death was 
threatened for anyone who should 
"speak, spit, or make any loud noise." 
As a sound, well-written chronicle of 
engineering for the student and general 
reader, this book is most welcome. 

V OYAGE TO THE AMOROUS ISLANDS, by 
Newton A. Rowe. Essential Books, 

Inc. ( $5). In 1766 Captain Samuel 
Wallis set sail from Plymouth in a 511-
ton, copper-bottomed ship called the 
Dolphin. His orders from the Admiralty 
were to enter the Pacific through the 
Straits of Magellan and, if possible, find 
the "Southern Continent." Geographers 
of the time believed there must be an 
enormous land mass in the southern 
hemisphere to balance the northern land 
masses; otherwise, it seemed clear, the 

E N G I N E E R S , P H Y S I C I S T S  

Honeywell's  Aeronautical Division is  
c o n d u c t i n g  a d v a nc e d  r e s e a r c h  and 
development projects in  the areas of 
a i r b o r n e  d i gi t a l  c o m p uters , inertial  
guidance, stabilized platforms and inlet 
geometry control. 

• Several unusual positions are open 
in our Aeronautical Research Depart­
ment for engineers, physicists and math­
ematicians. Experience or interest is 
desirable i n  the development of digilal 
and analog computers, inertial guidance 
-both from a physical equipment and 
m athematical  analysis  s t a n d p o i n t ­
supersonic aerophysics a n d  numerical 
analysis. 

• These are permanent positions in 
both basic and applied research in a 
group reporting d i rectly to d i v i s i o n  
management. Y o u  will take professional 
responsibility for your project and its 
translation into the desired goals. 

CONSIDER THESE ADVANTAGES 
• Minneapolis, t h e  city of lakes and 
parks, offers you metropolitan living in 
a suburban atmosphere. No commuting. 

• Your travel and family moving ex­
penses paid. 

• S a l a r i e s ,  i n s u r a n c e - p e n s i o n  p r o ­
grams, plant and technical facilities are 
all first-rate. 

If you are interested in a career with a 
company whose sound growth is based 
on research, call collect or send your 
r e s u m e  to B r u c e  Wo o d ,  T e c h n i c a l  
Director,  D e p t .  T - l 2 ,  A e r o n a u t i c a l  
Division, 1 4 3 3  Stinson Boulevard, N.E.,  
Minneapolis 1 3 .  

Honeywell 
AERONAUTICAL DIVI S ION 

CHESS PLAYERS I 

PLA Y A GAME BY 

MAI L  WITH A FAMO U S  

CHESS MASTER I 

Yes,  for the first time it is possible for you 
-or a group of  your friends-to enjoy the 
excitement of  playing a complete game with 
a champion chess master. \Ve encom-agc 
groups of  two or three players, or evell a ll 
(, Il tire la b or ell /b,  to play a game or several 
simultaneous games with these renowned 
masters .  If you win or  draw, yOUI" game will 
be listed in a j ournal di stl-ibuted to all 
players, alld )'0 11'1'  [lame H·ill be a bsol u tely 
h-ec ! 

T R Y  TO A N T I C I P A T E  T H E  M AS T E R ' S  
M O V E S ! T h i s ,  of  course, \\· i l l  be t h e  real 
challenge. because win or lose, each game 
i s  an education i n  chess with the great chess 
minds of  Olll" century as teachers.  And re­
member-yonr game FREE i f  you win o r  
draw. 

P A R T I C I P A T I N G  M A ST E R S :  LARRY 
EVAN S ,  formerly U . S .  champion. a1 ld 
ARTH U R  B l S G U I E R. curreutly U . S .  
Champion. Both a r e  I nternational :Masters 
who have won tournaments all  ovel' the 
world. 

One game either b ro u g ht to mate or 
conceded in twenty moves o r  less. .  . .  $ 1 0  

One game of any length . . . . . . . . . . . . . . . . . . . . . . .  $ 1 5  

Two simu ltaneous games o f  twenty 
moves o r  less . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 8  

Two simu ltaneous games o f  any length 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $25 

Send your check o r  money order for your first 
twenty moves ( $ 1 0 )  to 

CH ESS M ASTER. BOX 45  
MANHASSET, N. Y .  

and w e  will g e t  you started o n  the most chal ­
lenging and memorable chess game of your l ife ! 
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world would turn upside down. This 
Terra Australis Incognita (not Australia, 
whose existence was already known) 
had for centuries roused the appetites 
and ambitions of the major European 
powers, which dreamed of gold and oth­
er treasures to be gained from seizing it. 
En route to the unknown continent Cap­
tain Wallis planned to stop at Patagonia, 
whose southern coast was reported to 
be inhabited by a race of giants; the 
captain, a practical man, took along a 

measuring rod. The Patagonians turned 
out to be not quite 11 feet tall, as cer­
tain European navigators had averred. 
And the Dolphin sighted no Southern 
Continent. But after much dangerous 
and wfiarisome wandering the voyagers 
did discover a delightful and enchanting 
land-Tahiti. The natives were first un­
friendly, but after some sharp skirmishes 
in which the ship replied to their stones 
with musket fire and grapeshot, hostili­
ties came to a quick end. The weary 
sailors found the island a "paradise­
Calypso's Island, the Hesperides, the 
Fortunate Isle, the Isle of the Blessed, 
the Happy Island, the Amorous Island­
where nearly all their dreams came 
true." The climate was alluring, the 
harbor snug; there were firewood, fresh 
water, meat, fruit and beautiful "and 
accessible" girls. The Dolphin's five­
week stay at Tahiti came as close to a 
sojourn in Heaven as the crew, or anyone 
for that matter, would ever experience. 
The author of this book has captivatingly 
reconstructed the voyage and visit of the 
Dolphin from many accounts and jour­
nals, published and unpublished. Rowe 
describes the habits, customs, legends 
and fascinating ceremonials of the Ta­
hitians. The aristocratic ruling cult of 
the island practiced free love and stran­
gled at birth any child who lacked a 
male sponsor. Rowe portrays vividly 
the handsome Queen Purea, a middle­
aged lady of enormous stature, whose 
name means the "Wished-for." She 
wished for Captain Wallis, but in vain. 
The Polynesian girls were happy to 
2:rant their favors to the Dolphin's crew. 
They acted out of love, without wan­
ton�ess or vulgarity, but in a communal 
spirit felt they should be paid in nails­
a coin which the men of the island could 
convert to useful tools. (The author 
remarks that in the 20th century South 
Sea Island girls prefer to be paid with 
dynamite, with which "fish can be killed 
in the shallow lagoons for the benefit of 
the whole community.") Rowe's book, 
"largely compiled from the actual 
words" of the visitors to Tahiti, is a con­
tribution to the history of discovery and 
an admirable description of a people 

Has your child 
ever gone hungry? 

Francesca's mother watches helplessly as her 
frail little baby grows weaker every day. 

Francesca's father is  a shoemaker. He works 
hard but cannot earn enough to feed his large 
family. They all live i n  a one-room hut without 
heat, without light, without plumbing. There is 
never enough to eat. 

Francesca needs more food-. Her mother is  
desperate. She wants her baby to grow u p  
straight a n d  strong. H e r  heart cries o u t  f o r  your 
help, now. 

HOW YOU CAN HELP FRANCESCA 
YOU can help Francesca or another needy baby 
through the Baby Sponsorship plan of Save 
The Children Federation. For $60 a year, 
just $5 a month, SCF will send "your" baby 
food, clothing, warm bedding, 
and many other essential items .- - - ­
- i n  your name, i n  Austria, Fin­
land, France, Western Germany, 
Greece, Italy or Korea. Full in­
formation about "your" baby and. 
a photograph will be sent to you. 
You may correspond with the 
family to add understanding and 
warm friendship to your gener­
ous gift. The cost of an SCF 
Baby Sponsorship is so small ­
the good is so great. 

S AV E  T H E  c h i l d r e n  F E D E R AT I O N  
Carnegie Endowment I nternational (enter 
United Notions Plaza, New York 1 7, N .  Y.  

"The hope 0/ tomorrow is the child 0/ today" 
would like to sponsor a needy baby like Francesca i n  

••••••••••••••••••••••••••• H .... . . . ... . . .. ... .............. {Austria. Finland, France.  Western 
Germany, Greece, Italy or Korea ) .  I will pay $60 for o n e  year. 
E n closed i s  payment for the full year D .  S15 for t h e  first 
quarter D .  55 for the ]st month D .  Please send me " m y "  
b a b y ' s  name� s t o r y  a n d  pict ure. 

SCI' NATIONAL SPONSORS 
(a p artial ]ist ) 

I cannot  sponsor a baby, but I would like to help by enclosing 
my gift o f  S ... 

Faith Baldwin NAME 
1\ ... s.  Dwight D .  Eisenhower 

James A .  Farley 
Herbert H o over 

Rabbi Edgar F. l\l agnin 
Mrs. Spencer Tracy 

ADDRESS . . . .  . 

CITy ................ . . . ..................... SfATE ........................................... SAI5 

Contributions  are deductible  (or Income Tax p urposes. 
Dr. Ralph '",<T .  Sockman L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
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The Stars by Clock and Fist 
by HENRY M, NEELY 

" Rej oice if you would identify many 
stars, just for fun or to help an eager 
scout earn a badge, and yet have found 
most guides too confusing or limited . . . .  
Mr. Neely, who lectures at the Hayd�n 
Planetarium, explains his method simply 
and lucidly-the clock ( an imaginary one 
such as aviators use, true north being 1 2  
o'clock) ,  the fist ( your own a t  arm's 
length at horizon level) . , , . Choosing a 
star or a constellation from the list of 
those visible in the northern [or south­
ern] hemisphere the particular evening 
you have selected, you are told in which 
direction on 'the clock' to face and j ust 
how many 'fists' . . .  above the horizon it 
is. This "ery ignorant and inept star­
gazer had wonderful success immediate­
ly. It is hard to imagine a better book of 
this kind for families to own. and surely 
it will be the first 'finding tool' hence­
forth in libraries of all sorts for use by 
anyone over eleven. A sturdy, substantial 
book . " '-New York Herald Trib/!"e 

60 sky maps • 24 sIal' lisIJ • 12 lime 
cha" IS • diagrams $4,00 

THE V I K I NG PR ESS, 625 Madison Avenue, N. Y.  22,  N .  Y.  

New "Mechanica l  Educator" to  
IMPROVE M E MO RY 

Inability to recall names, places, facts quicl{ly is a 
common, often costly, shortcoming that can now he 
easily overeorne with the aid of a new device for 
self-instruction, memory and concentration train­
ing. This versatile new educational tool can also be 
used eft'ecth7ely in language learning, speech ('01"­
rection and improvemen t ,  i n  mastering tables,  for­
m u l a e--anything t o  b e  memo rized-fa ster than ever.  

D O R M I P H O N E  Memory Tra iner 
• Speeds up learn ing processes 
• A i ds Concentrat ion  

USing a new recording 
prinC ip le ,  �Jemory 
Trainer records, in­
stantly plays back. and 
automatically repeats 
speech, music, or allY 
spoken or broadcast 
mate r ia l  thro u g h  a 
built - in speaker. �o 
reels of tape to wind 
and rewind. Complete­
ly portable-I3" x i % "  
:.: 6" and weighs only 
9 lbs. Ideal for home, 
school. industrial safe­
t-8 training l!Se. So 
simple. children bene­
f i t-so helpfu l  and 
practical. it is used 
by educators. psychol­
ogists, people of all 
agcs and professions. 

E a s i  l y  removed.  Can 
be stored o r  " e rase d "  
i n stantly a n d  re- used 
repeated ly. J u st re­
cord . f1 i ll  a s w i tc h­
l i sten-and Jearn ! 

Write TODAY for FREE fo l de r  
w ith  comp lete informat i o n .  

Modernophone, I n c. 
220-106 Rock. Pl aza 

New York 20, N. Y. r - - - - - - - - - - - - - - - - - -
I M O D E R N O P H O N E ,  I N C. C i rc l e  7-0 8 3 0  I 

220- 1 06 R o c k .  P l aza. N ew York 20. N .  Y .  I 
I Gentlemen : !'Iease send me your FRKE Rooklet. I am I 
I �',��fr\���e� i�I�.��a��i?�. �l\�I:e���l�\i���i�I\�I��ys;:i�����I;· I 
I ",111 call. I 
I N a m e . . .  I 
I 

A d d ress . . . I I I I �li:Y�;ain int.mt i� ;i;� ��:I�I�r; ;i·�:��:; is for : I I 0 Learmng a Language 0 Speech Improvement I 
I 0 l\lemollzatJOn � Sleep Inducement. I o 11 abl t CorrectIOn L _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _  � 
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COU NT DOWN 
o n  t h e  B I G  e n g i n e e r i n g 

c h a l l e n ge o f  a l l  t i m e !  
Rock-anchored into the crags of the Santa Susana 
Mountains near Los Angeles crouch the massive test-stands 
of ROCKETDYNE - the most gigantic rocket engine workshop 
in the Western Hemisphere. The privileged men who tend 
these great power plants are a select group indeed. 
For no matter what their specialty, they are working at 
the most advanced state of their art. 

The scientist or engineer who enters the field of large, 
liquid-propellant rockets at ROCKETDYNE can expect 
to encounter more phases of his profession in one day 
than in a year of conventional practice. 

Here at ROCKETDYNE men use units no bigger than a 
small sports car to generate power outputs greater than 
Hoover Dam - power that is precisely delivered during 
a period measured in minutes. Inside the engines, 
materials and mechanisms must function perfectly under 
extreme stress and vibration, yet temperatures range 
from minus 250 ° F  to 5000 0 F  in close juxtaposition. 
Valve action must be so close to instantaneous that 
the expression "split-second" is completely unimpres­
sive; we are dealing with conditions in which the 
term "steady state" is applied to a millisecond. 

Day by day the tests go on, and every day produces 
its two miles of information on oscillograph tape ­
fascinatingly new information, far in advance of 
available texts . This is one of the newer industries 
with an assured future. The methods now being 
developed here for producing effective power 
to the attainable limits of mechanical stress will 
have wide application. Such experience is 
practically unobtainable anywhere else. 

The only way you can appreciate the 
far-reaching significance of such a 
program is to be a part of it. 
Will you accept the challenge ? 

Here are the fields of 
opportunity at ROCKETDYNE : 
FOR ENGIN EERING GRADUATES : Aeronautical, Chemical, Structural, Elec­
trical, Electronic, Metallurgical, Mechanical ; qu alified for Analytical, 
Research, Development or Design responsibility. 

FOR SCIENCE GRADUATES : Physics,  Chemistry, Mathematics.  

I NTERESTING B O O K L E T .  Facts a bo u t  rocket e n g i n e s  a n d  e n g i n e e r i n g. S e n d  for y o u r  
perso n a l  c o p y  of "The B i g  C h a l l enge." W r i te : A. W .  J a m i e s o n ,  Rocketdyne E n g i n e e r i n g  
Perso n n e l  D e pt.  . iO:SA. 6 6 3 3  C a n oga Ave n u e, C a n oga Pa rk, C a l if .  

ROCKETDYN E II 
A D I V I S I O N  OF NORTH A M E R ICAN AV I AT I O N .  I N C .  

B U I 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 

whose innate goodness matched the 
beauty of their land. 

E C01\Oi\lIC NEEDS OF OLDER PEOPLE , 

by John J. Corson and John W. 
McConnell. The Twentieth Century 
Fund ($4.50). Since 1900 the number 
of persons 65 and over in the U. S. has 
quadrupled, while the total population 
has doubled. In 1900 only one person in 
25 was aged 65 years or older; in 1950, 
one in 12. This study deals with the 
economic problems resulting from the 
change in the nation's age structure. It 
draws the broad picture of the aged in 
our SOciety : how many can work, their 
health and the medical and nursing care 
they get, where and how they live, wha� 
they live on, the ways of life among re­
tired old people. The survey then con­
siders in detail such matters as employ­
ment and retirement, savings in relation 
to old age, the political aspects of se­
curity programs, old age assistance and 
social insurance, private and public pen­
sion plans. The volume concludes with a 
report of the Fund's Committee on the 
Economic Needs of Older People. 

OXFORD REGIONAL ECONOMIC ATLAS : 

THE U.S.S.R. AND E ASTERN Eu­
HOPE . Oxford University Press ( $10) . 
This is the first atlas of what promises to 
be an excellent series. The maps are 
clear and well executed; together with 
the supporting text and statistical tables 
they convey an immense amount of in­
formation about a region of the world 
regarding which even well-read persons 
are usually ignorant. 

T HE FEARS MEN LIVE By, by Selma C.  
Hirsh. Harper & Brothers ($2.75). 

In the early 1940s the American Jewish 
Committee undertook to support a series 
of investigations into racial and religious 
prejudice. The findings have been re­
ported in detail in five volumes, of which 
the best known is The Authoritarian Per­
sonality. This book is a popular summary 
and interpretation of them. Prejudice, 
like delinquency, is an especially perni­
cious kind of social pathology. People 
who suffer from it tend to look upon the 
world as cruel and threatening, to fear 
individuality in themselves and others 
and to find safety in subservience to au­
thority. These personality patterns were 
common among all highly prejudiced 
persons examined in the study-includ­
ing Jewish anti-Semites. It is good to 
have the studies of the specialists pre­
sented in a nontechnical way, but the 
author has a tendency to lapse into a 
kind of singing prose which more often 
obscures than illuminates the facts. 
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An Open Interview 

with an Engineer 

at Westinghouse Electronic 

Tube Division, Elmira, N. Y. 

Today's engineering applicants are inter­
ested not only in their opportunities for 
growth and adv ancement in thei r  chosen 
fields, but they also carefully consider the 
community and its facilities for pleasant 
living. 

M ost young engineers today are married 
. . .  many w ith small families already estab­
lished. They usually ask about housing, 
schools, churches, community organizations 
and outdoor activities. Almost always they 
want to look the town over to make sure it's 
an attractive healthful place to raise a 
family. 

Here is  part of a typical interview as we 
see i t  at the Westi nghouse E lectronic Tube 
D i v ision, Elmira, N. Y. 

( I nterviewer ) "\Ye're glad you could ar­
range to come to Elmira to talk over our 
professional openings." 

( Appl icant ) "I'ye enj oyed i t  so far." 

( 1 . )  "Good ! Looking over your resume, 
see that you',·e been primarily concerned 

w i th circuit design problems since you got 
your degree in '52." 

( A . )  "That's right. \Yhile the work has 
been quite interesting, I feel that I 'd like 
to get into something a little d i fferent­
something that w ill make use of my circuit 
experience and also broaden my back­
ground." 

( 1 . )  "Do you want to stay in the equip­
ment design field ? "  

( A . )  "'Yell, n o ,  n o t  necessarily. I'd like 
to explore some aspects of tube design if  
you think I might fit in." 

( 1 . )  " I  think so. It's been our experience 
that anyone w ith an E . E .  degree has the 
background for learning design rapidly. 
Thi s i s  even more true of those engineers 
who have taken our fundamentals of vac­
uum tubes course, here in Elmira. This,  
along ,,· ith your experience, should make 
you highly competent rather quickly." 

( A . )  "Where would I fit into the Tube 

D i v isi on, then ?" 

( 1 . )  "There's a possibi lity i n  each of sev­
eral sections-Camera Tube Design, Appli­
cation Engineering, Receiving Tube Design, 
and Equipment Development where our 
own manufacturing and test equipment is 
des igned, to mention only a few. We will  
arrange interviews with the heads o f  those 
sections so you can go into detail of our 
work in each. Is that okay ?" 

( A . )  "Sounds good." 

( 1 . )  "Do you have any other questions 
that can be answered while the interviews 
are being arranged ?" 

( A . )  " I s  therc a Pcnsion and Insurance 
p l a n ? "  

( 1 . )  " Y o u  bet ! T w o  of t h e  b e s t  p l a n s  I've 
seen. Here are short, quickly read booklets 
describing them. You w i ll find that they 
cover most every contingency. Incidentally, 
the life insurance and pension plan goes 
i nto e ffect the day you start to work." 

( A . )  " How about housin g ? "  

( 1 . )  "It's pretty good. \Ye've b e e n  able 
to find suitable quarters fairly quickly in 
the past year or so. To help you get located, 
we'll run an ad in the local papers for you­
Elmirans have found that \Yesti nghouse en­
gineers make desirable tenants. There are 

some good real estate buys avai lable too. 
Do you go i n  for outdoor activities ?" 

( A . )  "Whenever possible. Fishing and 
golf are my favorites. H aven't had much 
time for either since living i n  the big c ity." 

( 1 . )  "There's good trout and bass fishing 
here-both i n  the streams and the lakes. 
And $30 pays your annual greens fees at 
the 18 hole course about a mile from the 
plant. There are lots of other activities that 
might be of i nterest-chess, little theatre, 
hiking, bridge, soft ball teams, management 
club, bowling, bird watching, sailing, com­
munity concerts, and others-lot of choice." 

( A . )  " H ow about churches ?" 

( 1 . )  " I  don't know your choice, but I 'll 

bet you'll find it ! \Ve have more than 50 
churches within a radius of 5 miles. There 
are excellent Sunday Schools, too." 

( A . )  "How about the schools here ?" 

( 1 . )  "Several beautiful schools have been 
completed recently to take care of the in­
creasing school population. Your young­
sters would get the benefit o f  fine modern 
schools-and both the public and parochial 
schools maintain high scholastic standards." 

( A . )  "Sounds good so far-now about 
pay." 

( 1 . )  "A ,·ery important item ! After you 
have had your inteniews, I'll get together 
w ith those men you talked with and the 
Wage and Salary Administrator. The con­
tributions we can expect from you, your 
estimated potential and your relative spot 
in the organization w il l  be translated into 
a monthly salary. That will be included in 
our offer-letter which you will  receive soon 
after your visit. You w i ll find our salaries 
are very competitive." 

( A . )  "Any reasonable chance of getting 
more ?" 

( 1 . )  " N aturally . There'll be at least a 
30/0 general increase each Fall for the next 
three years, quarterly cost of J iving ad­
j ustments and periodic performance re­
views to determine merit i ncreases. There 
i s  nothing 'hit or miss' about our salary 
program. Promotions are ,·ery possible too, 
in a growing', dynamic organization l ike 
\Yestinghouse." 

( A . )  "\Vell-that sounds encouraging­
and quite challenging too. It seems to 
me you've covered all my questions very 
welL" 

( 1 . )  " Here, let me pin this identification 
badge on your lapel-and we'll go through 
the plant and offices on the way to your 
talks w ith each of the men w ith whom ap­
pointments have been made. I'll take you 
to the first one, and he'll 'pass you along' 
the chain. A fter the last interview, you will 
come back to my office for any further ques­
tions. We're aware of your travel arrange­
ments-so w e  shall see that you make your 
plane home. Let's go meet the Engi neering 
M anager." 

--- e ---

If you are interested in advancing your 
career in the electronics field, we invite you 
to submit information which may lead to 
an interview with us at our Tube Divis ion.  
Our rapidly expanding plants i n  both El­
mira and B ath, :-<. Y., will give you an op­
portunity to find satisfaction and challenge 

in important branches of engineering. 

The Elmira-B ath area i s  a beauty-spot in 
upstate New York, located at the gateway 
to the F inger Lakes . . .  j ust the kind of a 
community you and your family will enjoy. 

At present we have opportunities for en­
gineers in Tube Design and Development 
for :M icrowave Tubes, Receiving Tubes, 
Pickup Devices, Power Tubes, Cathode R ay 
Tubes ; Application E ngineering, E lectrical  
E quipment Design, M anufacturing En­
gi neering, and in Glass E ngineering. 

I n  submitting information concerning 

your background, phone collect to 'Yesting­
house E lectronic Tube DiviSion, E lmira 
9-361 1  and ask for Robert M. J arrett in De­
partment W21 .  ( A fter 5 p.m. or weekends 
phone collect E lmira 9-2360. ) I f  you prefer, 
write a letter attention above person and 
Dept., giving basic information, and ask 
any questions you w i sh.  

1 5 3 

© 1956 SCIENTIFIC AMERICAN, INC



• 

an nou ncmg 
, 

HARVARD 

M. l. T. 

RAYTH EO N 

G RA D UATE  

P RO G RA M 
F O R  STUDY AT HARVA R D  

A N D  M .  I .  T. I N  1 957- 58 

The Raytheon Graduate Program has been established 
to contribute to the technical development of scientists 
and engineers at Raytheon. It provides the opportunity 
to selected persons employed by Raytheon, who are 
accepted as graduate students by Harvard or M .LT.,  
to pursue, at Raytheon's expense, regular courses of 
study leading to a master's degree in science or engi­
neering in the institution of their choice. 

The Program requires, in general, two or three semes­
ters of study, depending on circumstances, with the 
summer months spent in the Company's research, en­
gineering, or manufacturing divisions. It includes full 
tuition, fees, book allowances and a salary while at 
school. Students also receive health, accident, retire­
ment and life insurance benefits as well as annual 
vacation and other privileges of full-time Raytheon 
employees. 

To be considered for the Program, applicants must have 
a bachelor's degree in science or engineering, and should 
have outstanding student records, show technical prom­
ise, and possess mature personal characteristics. They 
must be under 30 years of age on September 15 of the 
year admitted to the Program. They may apply for 
admission to the Program in anticipation of becoming 
employees of Raytheon. 

YOU ARE INVITED TO ADDRESS YOUR INQUIRY 
to Dr. Ivan A. Getting, Vice President, Engineering 
and Research, outlining your technical background , 
academic record, school preference, and field of interest, 

prior to December 1 ,  1956. 

Excel/en,e fn Elee/ronf" _ RAYTHEON MANUFACTURING COMPANY 

� 
WALTHAM 54, MASSACHU S ETTS 

1 54 
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THE AMATEUR SCIENTIST 

T ong after bookworms have devoured 

L the last trace of Blue Boy, the 
wonder hog of Phil Stong's State 

Fair, the fame of certain other native 
animals of Iowa will live on in museums 
all over the world. And they will give a 
touch of immortality to a small village 
whose name is unknown even to most 
Iowans, as well as to a farmer whose 
name is similarly unsung in his own 
state, though it is already recognized in 
museums of London, Paris, New York 

Fossil Starfish from Iowa 

and a British Van de Graaff 

and Capetown. The village is LeGrand, 
population 396. The farmer is B. H .  
Beane, an  amateur paleontologist. His 
distinction is that from a rock quarry 
near LeGrand he has unearthed fossils 
of echinoderms, 300 million veal's old, 
which constitute one of the world's 
prized collections of ancient sea animals. 

Echinoderms flourish in warm, shal­
low seas. They include sea urchins, star­
fish, sea lilies, sand dollars and related 
animals with external skeletons com­
posed of small, limy plates held to­
gether by soft tissue. Echinoderms 
evolved some 400 million years ago and 
reached the zenith of their biological 
vigor about 100 million years later. 

During that period Iowa was an ooze 
at the bottom of a vast inland sea. The 
sea has washed over much of the U. S. 
midwest on at least eight occasions dur­
ing the past billion years. Geologists do 
not agree on the precise cause of the 
periodic flooding. But many details con­
cerning its frequency, extent, duration 
and associated climate have been ex­
plained by analysis of the sediments laid 
down by the water and fossils trapped 
in the resulting rock. 

In general each period of flooding 
followed an interval of crustal unrest 
during which the earth was disturbed by 
volcanic action and mountain building 
accompanied by the accumulation of 

Limestone slab from Iowa quarry cOlllains fossil crinoids of several varieties 
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OPTICAL BARGAINS 
See the S tars .  Moon, Planets Close Un! 

ASSEMBLE 100 POWER, 3" REFLECTING TElESCOPE 
. . .  with This Complete 87 Piece "Do-It-Yourself" Kit 
Ever'yth in:.:' you need: :\"0 
nJilclLininl.!-: ]';nsil,v ns_,",elllhl('d� 
\Ve f\WI1 ish COlnp\('te. simple 
instructions. Kit includes: 3" 
"' 10 Ah11ninizcd nnd OV('I" 
coated Spherical ;\'lirrol'. 60X 
Eyepiece nnd 10QX Bn!'low 
Lens, Crossline Finder, Sturdy 
40" TI'ipod, Furk type Equa­
tor'inl l\lount with locks on 
hoth axes, \'entil;tted 3" 1\1ir-
1'01' l\lount, heavy wall, black 
Teic:,cope 'fuhe. All nuts and 
holts supplied. 1\"othing- extl'a 
to buy. OUI' 3" spherical mil" 
1'01' (3n" £.1,) il'; �"uanU1teed to 
rcsolve detail I'i�ht up to the­
Ol'etical I im it. YOUI' finished 
scope cfln rllso he used tel'­
l·estl·inl1y. MOlle.\' hnck g"ual'fllltec. Stllpl'lll� wel�ht_ln Ihs. 
FHEE with Kit:-Valuable STAH CHAin' and 13G·page 
book. " DISCOVER THE STARS"! 
Stock No. 85,025·S . . $29.50 f.o.b. Barrington, N. J. 

SO·lSO·300·power MICROSCOPE 
Low Price Yet Suitable for Classroom USl'! 
only $14.95 
a Achromatic Objective Lenses on He\'oivillg 
Turret! 

.'\ terrific value hecaUl>c it's impol'ted! The 
coLol'-corrected, ccmentcd achromatic lenses 
in the objectives g:iYe you superior I·e.sults. 

:';1I1�:�1�i:;��� a�l�a� i��(r ����s
.
inN�v�f�\I��iO

d�S�� 
� ���i8 ,,�d�;'i1�'l�\1d�1 �1'���ps�Qp:��edt��e 

st\iril'y: 
finished hardwood casc. 

This is t'1e g"reatest microscope bar�aln on 
the mtwket! Try It for 10 day.'; . . .  if you're 
not completely satisfied, we'll rerund YOll!' 
mllne.\' in full: 

Stock No. 10,008-S $14.95 Postpaid 

M O UNTED 500 POWER OBJECTIVE 
. . . Threaded for CflBY attac�lmcnt O l} al>o\ c mIcrO scope. 
AC]U'omatic lenses fOI' fine vlcwing. 3mm. focal length. 

Stock #30,191-S ...................................................... $5.00 Pstpd. 

NEW! �1�;;;Po1fg hook "Hunting WJ;�
e
�h;

t
:��c#��6D.;:� 

ASTRONOMICAL TELESCOPE KIT �,�::'';.�::; 
worth up to $;;00.0.0. Gl"ind yow', own mit'J"vl". ConLHill"; 
mirrol' blank, cye-plcce lenses, diagonal, abrasives, elc. 

Stock #10,004-8..... . . .. Size 6" .................. $11.40 Postpaid 

NEW! STATIC 
ELECTRICITY GENERATOR 

See a thrilling spark display as you 
sel off a miniature bolt of lightning. 
Ahsolutely safe and harmless. Sturdi· 
ly made-stands 14" high. 'rurn tile 
handle and two 9" plastic discs rotate 
in opposite directions. Metal collcrtor 
brushes pick up the static elertricity. 
store it in the Leyden jar type CUIl­
denser until discharged by the J UII1P­
ing sJ)ark. Countless tricks and ex­
J)eriments. Instruction booklet tn­
cluded. 

A precision· made 32 power reflect­
ing telcscope-by the makers of Spitz 
Planetarium, Clearly reveals the cra­
ters of the moon, shows Saturn, ,Jupi-
ter, other wonders of the heavens. 
Based on same principles as wOI'ld's giant 
telescopes. Stands 36" high on removable 
legs. Adjustable 3'" polished and corrected 
mirror. Fork type Alt-Azimuth rotates on 
full 3600 circle-swings to any location in 
the sky, Fascinating 1S-page instruction 
book is included. Instrument packed in 
stUl'dy carrying case. 
Stock No. 10,068-S ............. $14.95 Postpaid 

flUiLO A SOLAR ENERGY FURNACE! 
. A fascinating new field. You can LuUd 
, your own Solar Furnace for experimenta-

. Uon-man� .. pl'actical uses. It's easy-inex· 
pensive. We furnish instruction sheet. 
This sun powered furnace will generate 
terrific heat-produces many unusual fus­
ing effects. Sets paper aOame in seconds. 

" \ I Order these components: 

Sto ck #80,040-8 . .  Fresnel Lens, 

6" 

C o m p l e t e  
w i t h  h e a v y  
duty equator­
ial mounting 
and t r i p o d .  
E q u a t o r i al 
Mount has 1" 
d i a m e t e r  
s h a f t s  w i t h  
B 0 s t o n  

size 1 1%"x I 6Y2"-f. I, 19", $3.50 Postpaid 

Bronze Bearings. 5 lb. counter­
weight for pCI'fect balaJ:lce. Tele· 

��� ����eTa��is�f 0�1U�i�y�: 
Hack and pinion focusing eye­
piece mount. 7X Achromatic 
finder with crossline reticle. 6" 
Pyrex Parabolic mil' ror-4B" F.L. 
(fIB) • • •  aluminized and o\'er­
coated-guaranteed to give theo­
retical limit of resolution. Mir­
ror mount machined cast alumi. 

��� '
ie��I����s 

c�'Wit'i.�d
gIY�b,t.

Q � ���h�W G?��s 
C?s

m���1���d 
to give 15QX and 300X. Shipping weight 75 Ibs. 
Stock No. 85.024·5 ........................................... $245.00 f.o.b. 

BE S U R E  TO GET FREE CATALOG "S" 
Fantastic variety-never before have so many lenses, 
pris ms, optical instruments. and components been of­
fered from one source. Positively the greatest assembly 
of bargains in all America. Imported! War Surplus! 
Hundreds of other hard-to-get optical items. Write 
for Free Catalog "S." 

Order by Stock No. Send check or M.O, (Open acct. to rated 
/inns.) Money back guarantee. 

EDMUND SCIENTIFIC CORP. 
BARRINGTON, NEW JERSEY 
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glacial ice on the land. In the period of 
upheaval the midwest stood above sea 
level. Gradually the crust settled down, 
erosion rounded off the mountains, the 
glacial belt retreated to the north and 
eventually the planed-down midwest 
area fell below the sea level again. 
Then for millions of years life teemed in 
the balmy climate. So each of these 
cyclic periods in the history of our con­
tinent is marked in the rocks by the fossil 
remains of plants and animals which rose 
to dominance and flourished until buried 
by a new upheaval. 

Half a billion years ago trilobites, 
primitive three-lobed marine animals re­
sembling the modern horseshoe crab, 
populated the waters on Iowa in im­
mense numbers . The fishes followed 200 
million years later. Another 200 million 
years saw the rise of dinosaurs . Other 
organisms similarly held the center of 
the stage at other periods. One of these 
was a representative of Mr. Beane's 
echinoderms: the sea lily, or crinoid. 
The echinoderms, immediate successors 
in the evolutionary chain to the coe­
lenterates (which include jellyfish, sea 
anemones and hydra), developed a re­
markable skeleton, a nervous system, a 

vascular system, a digestive tube dis­
tinct from the body cavity and a sexual 
mode of reproduction. 

Echinoderms typically have a radial­
ly symmetrical form, as in the starfish. 
In addition to the rayed structure, sea 
lilies are provided with a stalk which ex­
tends down from the center of the body 
to a rootlike structure at the lower end 
which enables the animal to grasp the 
bottom. Its petal-like arms wave con­
tinuously in search of food, and any 
particles encountered are conveyed 
down a groove to the mouth at the center. 

After death the soft tissues binding 
the skeleton disintegrate, and water cur­
rents scatter the minute plates over the 
bottom, where they are usually crushed 
beyond recognition by the weight of ac­
cumulating debris . During the mid­
Mississippian period some 300 million 
years ago, often called "the age of 
echinoderms," a great deal of limestone 
was formed by this process, and in some 
midwestern localities the beds are nearly 
half a mile thick, interrupted only occa­
sionally by veins of shale or sandstone 
marking intervals when the inland sea 
temporarily withdrew. 

Until the discovery of the LeGrand 

B. H. Beane's prize discovery: The largest colony of fossil echinoderms ever found 
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UNIVERSITY OF CALIFORNIA RADIATION LABORATORY' Berkeley, , ,Livennore 

Could you contribute 
new ideas to these new fields? 

Nuclear 11Jeapons 

Nuclear Rocket Propulsion 

Controlled thermo-nuclear energy 

Particle accelerators 

High-speed digital computers 

Critical assembly and reactor research 

These are six of the challenging projects now underway 

at the University of California Radiation Laboratory­

managed and directed by some of America's foremost 

scientists and engineers. 
the requisite imaginativeness to solve 
a broad scope of consistently unfamiliar 
and novel problems. You are invited to join them ... share their pioneering 

And for your family-there's pleas­
ant living to be had in Northern Cali­
fornia's sunny, smog - free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac­
tions of the San Francisco Bay Area. 

knowledge in nuclear research ... use their expansive facilities 

... and help to do what has never been done before. 

IF YOU are a PHYSICIST or MATHEMA­

TICIAN you may be involved in such 
fields of theoretical and experimental 

physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydro-dynamics), 
reaction history, nuclear physics, criti­
cal assembly, high current linear ac­
celerator research, and the controlled 
release of thermo-nuclear energy. 

If you are a CHEMIST or CHEMICAL 

ENGINEER, you will work on investiga­
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob­
lems of nuclear rocket propulsion, 
weapons and reactors. 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. 

You can help develop 
If you are a MECHANICAL or ELEC­

TRONICS ENGINEER, you may be in­
volved in a project in any one of these 
fields, as a basic member of the task 
force assigned each research problem. 
Your major contribution will be to de­
sign and test the necessary equipment, 
which calls for skill at improvising and 

tomorrow-today at UCRL 
Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. 

DIRECTOR OF PROFESSIONAL PERSONNEL 
UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 
LIVERMORE, CALIFORNIA 

Please send me complete information describing UCRL facilities, 
projects and opportunities. 

My fields of interest are 

6501·1 

Name' ________ ____________________ _ 

Address' ___________________________ _ 

City _______________ Zone __ State _______ _ 
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I 
PROTOTYPE OPTICS 

AND COMPLETED 
INSTRUMENTS 

YVe have expanded our 

operations to allow us to 

produce complete, tested 

instr u ments of complex 

and exacting design. YVe 

continue to offer our 

services in ,the produc-

�,.... 

tion of highly difficult, 

special optics for instru­

ments to be made in your 

o wn p l a nt. YVhatever 

your problem, you may 

be sure of our enthusi-

astic cooperation. 

PERSON OPTICAL CO., Inc. 
OCEAN SPRINGS, MISSISSIPPI 

•" 'J'��Y���i��"eEa��t�,�.����g 
- Perfect war-surplus lenses set in black v anodized �tandilrd aluminullI 1%" O.D. 

mOllnts. 
F.L. TYPE PRICE* 

: �.�:�� TI)") �;\�ftl�1l1��ii�: 1 
a·'lg:ie)·::·:······ · · · · · · · · · · · · · · ·$l � :gg 

16 mm (%") Triplet ..... ... ... 12.50 
18 mm (%") Symmetrical. 6.00 
22 mm (2,/32") Kellner .... .... 6.00 
32 mm (11,4") O rthoscopic ...... 12.50 
35 mm (1%") Symmetrical. 8.00 
55 mm (2111:") Kellnel' 6.00 

*COATEO 75 cents extra. (8 WIDE ANGLE ERFLE (68' }'Ield) 

- ' � EYEPIECE Brand new coated 1%" 

� E.F.L. Focusing mount, 3 perfect 

achromats, 10/16" apcrtul'c ...... $12.50 

W4" DIA. ADAPTOR for abO\·e eyeplece . ..... $ 3.95 

MOUNTED AIR SPACED OBJECTIVES 
'Vc offer the lowest pl'iced a ir spa ced hand-cor­
rected American made a stronomical objecti\'es 
Mounted in Black Anodized Aluminum Cells. 

DIA. F.L. PRICE PRICE 
3'14" 48" Coated 532.00 Not Coated 528.00 
4'18" 62" Coated 569.00 Xot Coated 560.00 
We can supply ALUMINUM TUBING for the above lenses. 

"BIG" LENSES 0", selectio" of diam�-
ters and focal lengths IS 
the largest in the L'nited 

States a\'ailable for immediate delivery. Perfect magnesium 
fluoride coated and cemented achromatic telescope object j\·Cl'. 
Aluminum tubing and cells available for lenses listed below. 
Send for complete list of other diameter and focal lengths, 

Diameter 

54m/m (2'At") 
54m/m (2'At") 
54m/m (2'At") 
54m/m (2'At") 
54m/m (2'At") 
78m/m (3r.(') 
8lm/m (3N') 
83m/m (3'4") 

Il0m/m (40/0")' 
Il0m/m (40/0") 

128m/m (5.".")' 
128m/m (5",,") 
(t ...... ot Coated 

Focal Length Each 

254m/m (10") ..... .... .. $12.50 
390m/", (15.37,G") ... .... 5 9.75 
622m/m (24'/,") . .. .. .. ... . $12.50 

1016m/m (40") .... .. $12.50 
1270m/m (50") ............ 512.50 

381 m/m (15") ... . ......... 521.00 
622m/m (24%") .. .. $22.50 

1016m/m (40") . ..... ......... 530.00 
1069m/m (42.".") ..... ...... . $60.00 
1069m/m (42.".").... $67.00 

628m/m (24')4") ............ $75.00 
628m/m (24')4") .... ....... 585.00 

�l Free Catalogue "MILLIONS" of Lenses. etc. 

We pay the POSTAGE-C.O.Oo's you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 

A. J AEGERS t9� �B�OOi�� �o�� 
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A complete fossil crinoid, one of the rarest specimens of its kind 

fossils, few paleontologists had ever 
seen a complete fossil specimen of a 
crinoid. But under certain conditions­
e.g., quick burial under a thin layer of 
silt which excludes oxygen and bacterial 
invasion-the soft tissue of a crinoid may 
be replaced by deposits of calcium and 
magnesium compounds. These condi­
tions were met in a remarkable way in a 
small area of what is now a rock quarry 
about a half-mile north of LeGrand. 
There the first major deposit of crinoids 
was discovered 75 years ago. 

"This quarry," writes Beane, "has 
served for more than a century as a 
major source of stone used in the con­
struction of the Iowa buildings and high­
ways. The Kinderhook beds at LeGrand 
are an outcrop of the Hampton forma­
tion. Descriptions of crinoid fossils dis­
covered here have appeared in geologi­
cal literature since 1890. Fragments of 
individual fossils were discovered in the 
vicinity by James Hall, a New Yol'k State 
geologist, in 1858. But the first really 
productive deposit was uncovered 40 
years later, when workmen operating on 
one of the rock ledges near the Iowa 
River in the south half of the quarry 
came upon a circular colony of echino­
derms, mostly crinoids, at a depth of 
about 20 feet. Crinoids are gregarious 
animals, and hundreds were recovered 
from the deposit in excellent preserva­
tion. Evidently the colony was killed 
fluickly-perhaps a slide of some sort 
roiled the bottom and they suffocated­
because all of the specimens are found 

in a single zone of the rock. The stems 
lie in random directions, indicating that 
the colony lived in still water. 

"This discovery created quite a stir 
among scientists of the day, and during 
the next decade several of the nation's 
foremost paleontologists and geologists 
visited LeGrand. They were the idols of 
my boyhood. I pestered them with end­
less questions and they answered with 
inexhaustible patience. I became a fossil 
collector and have been at it ever since." 

After the first deposit was picked 
clean of fossils, pickings were lean for 
40 years. "You locate crinoids," says 
Beane, "by examining the edge of the 
rock for a fossil outcrop. From the turn 
of the century until 1931 I must have ex­
amined a thousand tons of loose rock as 
well as keeping a close eye on the entire 
quarry face. About one rock in 500 
would turn out to be fossiliferous, and 
not more than 1 or 2 per cent of these 
yielded interesting specimens. 

"Then one day in 1931 a blast uncov­
ered the edge of a spectacular colony of 
crinoids about 100 feet from the initial 
find. It was somewhat smaller, a lens­
shaped deposit about 15 feet across, but 
the specimens were in a state of almost 
perfect preservation. Doubtless many 
choice fragments loosened by the blast 
went to the rock crusher before I got on 
the job. But even so, scores of museums 
now own beautiful specimens from this 
deposit. From then on I kept continuo liS 

watch of every square inch of quarry 
face in the near vicinity as it was un-
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JOs Alamos Secret Disclosed by Tr 
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lTOMIC 

rltra-}i'a!!lt Camera 
�eveloped On Hill 
I AL.A:-'!<:'5_A rr'" .. .-mtla,· . :. . 1IO"�r«l ' • .�- ,� ... � ¢! j .... ��� 

+ + + + 

BOMBS DROP ON JJ 
GRADUATE RESIDENCE 
CENTER ESTABLISHED AT 
LOS ALAMOS 
Los Aiamos Scientific Laboratory has 
completed arrangements with the 
University of New Mexico for the 
establishment of a Graduate Resi­
dence Center at Los Alamos. This 
program will provide the opportunity 
for employees and residents to meet 
a l l  of the requirements for the 
master's degree i n  the physical  

""  sciences and engineering (including 
Nuclear Engineering) by attendance 
at evening classes. Some of these 
courses are taught by Laboratory 
personnel outstanding in their fields. 

In addition, there are extensive course 
offerings in the undergraduate and 
technician training fields for those 
wishing to pur8ue academic training 
related to their jobs or for their own 
development. 

Complete information about career 
opportunities and the academic 
training programs can be had by 
writing, 
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Dcfriv: a simulated map war game 

i n v o l ving defensive operations 

along a river line under conditions 

of simulated atomic warfare. Map 

battles, fought by groups of field­

experienced officers, evaluated by 

a team of scientists and officers, 

improve our Army's ability to wage 

modern war-a typical example of 

the work of Combat Operations 

Research Group. 

� PHYSICISTS 
� MATHEMATICIANS 
� and other SCI E N TIS T S 

will find in CORG a small but 

growing research group, with free­

dom to think and limitless creative 

opportunity. Varied scientific dis­

ciplines, good living conditions, 

and all usual benefits, make CORG 

a "good place to work." Find out 

for yourself. 

for information, write to: 
Dr. F. C. Brooks, Director 

COMBAT OPERATIONS RESEARCH GROUP 

Fort Monroe, Virginia 

TECHNICAL 
OPERATIONS 

INCORPORATED 

Van de GraaU generator built by F. J. Hedley of Lancaster, England 

covered. The scrutiny paid off in 1933 
with a truly big discovery. Evidence of 
specimens appeared in the familiar 
zone at a point about 50 feet from the 
colony discovered in 1931. 

"The quarry owner generously agreed 
to work out the slab by hand, which 
proved to be an expensive undertaking 
because the fossiliferous zone was sit­
uated 25 feet below the surface of the 
ledge. The overburden was carefully 
drilled and shot away, after which the 
slab was removed in sections of various 
sizes about two feet thick. The colony 
measured more than 20 feet in diameter, 
and its full removal took four years. 

"The sections were transported to my 
back yard, where I have an open-air 
shop equipped with a strong bench, 

block and tackle and a low stool. The 
preparation of the specimens for display 
is as simple as the tools with which the 
work is accomplished. In addition to the 
workbench, you need only a geologist's 
or a stonemason's hammer, a toothbrush 
and a fine needle gripped in a pin vise. 

"Examination of the edge shows the 
thin horizon, or bedding plane, in which 
the fossils are located. After the section 
is worked down to within a few inches 
of the fossils on each side, the slab is 
split at the critical horizon by tapping 
the edge with the sharp face of the ham­
mer. Eventually the tapping will open a 
small crack. A magnifying glass is useful 
for locating the cleavage zone, and some 
workers mark it with a lead pencil line 
before attempting to make the split. The 
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Operating room conditions for 

Inertial Instrunlent Development En��ineering 
T h e wor k  in t h i s  5000 s q u a r e·f o o t  room a t  
AUTONETICS i s  surgical i n  its precision, clinical i n  its 
standards of cleanliness. Here are assembled the pre· 
cise mechanisms devised by the engineers and physi. 
cists engaged in the new field of INERTIAL NAVIGA· 
TION SYSTEMS. Among the units are highly·specialized 
types of Gyros and Accelerometers as delicate as a 

living organism. 

Each cubic inch of air in this room contains fewer 
than 6 dust particles whose diameter exceeds 0.3 
micron. Temperature variation is held to plus or minus 
10; humidity to less than 50%. AUTONETICS provides 
these ideal conditions, comparable with the standards 
attained in primary laboratory instrument work, to 
insure optimum results in the function of the tiny com· 
ponents, so painstakingly designed. The men who create 
them are reaching the highest levels of professional 
skill, as they obtain definitive answers to the problems 
of miniaturization and reliability under environmen­
tal extremes. 

T his facility is soon to be doubled. The hitherto 
unpublicized program is already ahead of the rest of 
the field. Prime need of the current expansion is for 

men who can make a creative contribution. 

You Can Participate In This Work. Act Now: 
Here are the fields in which your individual contribu· 
tion can bring you distinction in your profession: 

Mechanical Engineering: Analysis, Development, 
Design and Test of ultra· precision inertial sensing and 
measuring instruments. 

Physics: Solution of unique instrumentation problems 
far beyond the scope of routine design or mere extrap· 
olation from existing knowledge. 

Electrical Engineering : Design and development of 
miniature, continuously.rotating and servo motors, and 
special transducers of extreme precision. 

Electronic Engineering: Development of transistor 
and vacuum tube circuits as integral parts of instru· 
ment systems, and the electronic equipment for the 
unique and elaborate testing demanded by inertial 
systems. 

Response to your inquiry will be prompt. 
Wr

i
te: Mr. A. Brunetti, Autonetics Engineering 

Personnel, Dept. 991-10SA, P.O. Box AN, Bell-

;�'t:
i
�

r

:�iCS rl/!j) 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 

AUTOMATIC CO N TROLS MA N HAS N E VE R  B UILT B E F ORE 
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WE DON'T NEED 
ENGINEERS 

• • •  but they write to us dailv to order 
our GENIAC Electric: Brain Construc­
tian Kits. 

So do 'j'EACTIERS. SCIENTIFIC' A"�lA'l'EUnS, IX­
DUS'fUIAL E'IRi\IS and schools.(See Jist below.) 

THOUSANDS OF SATISFIED CUS­
TOMERS have bought GENIACS on a 
7 DAY REFUND guarantee. 

We are proud to offer our 1956 Model, with up 
to the minute improvements for the thousands of 
new customers who can use them. 

Here is a picture of the 1956 Model GENIAC in the 
display rack ($3.00 separately) which comes with every 
kit (from August 1. on). 

GE�JAC f>tands for Gellius Semi-Automatic Com­
puter. A kit of specially designed switch decks and 
racks which permit the user to construct morc than 
thirty different machines (following directions and wir­
ing diagrams) and as many more as he is able to de­
Sign himselr. 'fhese machines demonstrate the applica­
tions of electric circuitry. 

APPLICATIONS OF GENIAC 
SIMPLE COMPUTER CIRCUITS (or binary. decimal 

adding, subtracting, dividing, multiplying machines. 
PUOBLF.MS in symbolic logiC, reasoning. comparing. 
PSYCHOLOGICAL TES'lTXG and EXPEnnIENT. 
GAME PLAYING CIRf'UI'l'S for tit-tat-toe and nim. 
ACTUARIAL AKALYSIS. 

WHO ARE OUR CUSTOMERS? 
A partial list of industrial and institutional pur­

chllsers. 
Allis-Chalmers • Remington-Rand • International 
Business Machines • Wheeldex Mfg. Co . •  Manuel 
Missionary College • Walter V. Clarke Associates • 
Barnard College . Westinghouse Electric • Phi lli ps 
Laboratories . G eneral Insurance Co. of America • 
Lafayette Radio. Rohr Aircraft Co_ • S outhwest Mi s­
souri State College. Albert Einstein Mediral College 
• Naval Rer·earch Laboratories. Board of Education, 
Tecumseh, Nebraska • Marshfield Public Schools • 
Los Angeles Public Schools . Jefferson Uni on High 
School. Oklahoma A & M • Kansas State University 
• Duke University. Coral G ables Senior High School 
• Courtland Jr. Hi gh School. Bell Telephone Labora­
tories. 

What Comes with the Kit? 
BOOKS 
1. SIMPLE: ELECTRIC BRAINS, AND HOW TO MAKE 

THEM . . .  64 pag-co cxpel'imcont manual. 
NEW! 2. MINDS AND MACHINES . . . 200 page text 

011 t..-omp"'te"s. nutomation and cybernetics. 
NEW! 3. WIRING DIAGRAMS fOl' basic GENIAC 

c"·cuits. 
NE\V! 4, Beginners Manual for the person who has 

little or no familiarity with electric circuits. 
NEW! 5. GENIAC study guide . . .  the equivalent of 

a full cout'se In computer fundamentals, lists addi­
tion;ll I'eadings, 

PARTS 
NEW! PANELS (in beautiful metallic finish). 
NEW! DISCS. 
NEW! RACK (for easy assembly and display). 
lim'dwul'e, wll"e, tools, battery, holder etc, for 

than thirty machines. 
NEW! PARTS TRAY, made of plastiC, keeps small 

pieces f)'om straying, 
SE�D for your GENIAC now, At only $19.95, a bar­
gain. comes complete with over 400 parts and com­
ponents. [) books and manuals. 'Ve guarantee that if 
you do not want to keep GENIAC after two weeks you 
can return it for full refund. 

Model of the HUMAN BRAIN 
With this three dimen­

sional cut Ollt model of the 
brain you can \'isuallze the 
brain and get a clear idea of 
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Can you locate the differ­
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or trace the pyramidal tracts, 
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to follow articles on experi­
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radiating pathways for cor­
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[Ol iver Garfield Co •• Dept. SA·1I6 
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art of hitting accurately with the ham­
mer is easily mastered with practice. 
Fine nails, which serve as wedges, are 
then driven partly into the crack every 
hall inch around the slab. Successively 
heavier nails are used to widen it until 
the slab parts. With luck you get a clean 
separation. Most of the fossils will cling 
to one slab, the opposite half showing 
matching depressions. Invariably frag­
ments of the limestone matrix cling to 
some specimens, obscuring the fine de­
tail or even large portions of the body. 
Removing the matrix can be a long and 
tedious job. Fortunately it is usually 
softer than the specimen, and some of it 
can be scrubbed away with a moistened 
toothbrush. When the toothbrush has 
done its work, the remaining part of the 
matrix is picked away with the sewing 
needle. Depending on the size of the 
slab and how cleanly it split, the needle 
job will require from three hours to three 
months. I have been working on one ex­
ceptionally large specimen off and on 
during the past 30 years. 

"It is evident that echinoderm fossils 
are not easily come by, and until 20 
years ago I kept every specimen I found. 
I was under the illusion that the satis-

ill 1 
�!� 

=-if' �l§. 
Ltube socket 

Van de Craan malor assembly 

faction one derived from the hobby in­
creased in proportion to the size of his 
collection. Then, at a geologist's sugges­
tion, I visited the Morrill Hall Museum 
at the University of Nebraska. There I 
met Dr. Erwin H. Barbour, the curator, 
and showed him a couple of my crinoids. 
After examining them, he asked if I 
would make some specimens available 
to the University. He listened patiently 
as I explained how I felt about my col­
lection and then said: 'Mr. Beane, we 
should have a heart-to-heart talk. You 
own hundreds of exceedingly rare fossils, 
and it is wrong for you to keep them in 
your little village. They should be widely 
distributed to universities and museums 
for students to study and for the public 
to admire.' By the time our discussion 
ended I understood, for the first time, 
the obligation under which the amateur 
collector works and the contribution he 
can make to science. 

"Shortly afterward I presented Dr. 
Barbour's museum with some items in 
my collection, including a slab which 
measured two by three feet and con­
tained more than 200 crinoids and stems. 
He was delighted, and within a short 
time published an illustrated description 
of the fossils, in which I received credit 
as the collector. My mail was soon full 
of requests for collections from various 
institutions. About half of the universi­
ties in the U. S. and many museums 
abroad now own LeGrand crinoids. 

"I must confess that the resulting ex­
pressions of gratitude have far out­
weighed the satisfaction which came 
with owning a ton or so of rock. Ray­
mond C. Moore, the state geologist of 
Kansas and head of the geology depart­
ment of the State University, visited me 
a few years ago and after examining my 
remaining specimens said: 'Mr. Beane, 
I must hand you a bouquet. You have 
put the little town of LeGrand on the 
map of the world where many larger 
communities will never appear.' 

"Perhaps the greatest thrill of my col­
lecting career came in 1930. I split a slab 
measuring approximately three by five 
feet. To my astonishment I counted 183 
perfect starfish, along with 12 sea 
urchins, two trilobites and a sea lily! 
According to Charles Schuchert of Yale 
University, it was the greatest find of fos­
sil starfish ever made. This is the speci­
men on which I have worked so long. 

"I must mention one example of the 
privileges that open to an amateur who 
learns to share the fruits of his hobby. 
In 1937 I was invited to collaborate with 
Lowell R. Laudon of the University of 
Tulsa in a study of LeGrand crinoids 
and to publish with him a comprehen-
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ENGINEERS AND SCIENTISTS 

The Aircraft Nuclear Propulsion Department of General Electric invites 

you to join our professional staff currently engaged in advancing the state 

of the art, both in Cincinnati and Idaho Falls. Nuclear experience, 

though desirable, is not necessary. 

Conventional training and experience can help solve the many 

unconventional problems met in atom· powered flight. Equipment has expressly 

been built to test out the original contributions of our staff, and some 

of the foremost men in atomic development are available 

for constructive group·thinking. 

General Electric will promote your personal progress in all the ways for which 

it is famous throughout industry. Excellent starting salary. 

Positions Open In Cincinnati, Ohio or Idaho Falls, Idaho 
(at all levels of experience) 

STRUCTURAL· REACTOR· REACTOR DESIGN • 

NUCLEAR· NUCLEAR POWER PLANT. ELECTRICAL· MECHANICAL. 
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. to the location you prefer 

Mr. oJ. R. Rosselot. P.O. Box 132. Cincinnati, Ohio 
MI". L. A. Munther • P. O. Box 535 • Idaho Falls, Idaho 
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Engineering Writers 
Opportunities For 

Project Responsibilities 
Do you desire a position of responsi­
bility which involves association 
with top engineering talent i n  tbe 
electronic field and commensurate 
op portunity for growt b ?  

A r e  y o u  capable of discussing com­
plex electronic systems on an en­
gineering level ? 

Can you plan and prepare reports 
and instruction manuals from ad­
vanced electronic design informa­
tio n ?  

If  s o ,  then fi n d  o u t  all about these 
excellent positions at the Ligbt 
Military Electronic Equipment De­
partment of General Electric. 

Education requirement : Degree in 
engineering, physics or matbematics. 

Publication experience is desirable 
but not required. 

SALARY COMMENSURATE WITH EXPER I ENCE.  

U. S. Citizenship required 
Write in complete confidence to : 

Mr. J ohn Sternberg, Dept.  822 
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C A L C U L A T I O N S  
of all kinds can be easily solved on the 

BINARY CIRCULAR S LIDE RULE 
This rule will  quickly solve the simplest as well  as the 
lUore difficult problems 1molvIng calculations i n  Arlth­
I n e t i c ,  Algebra alld '.rr l golloHi e try. A llY n u m ber or rac­
IUrs can be bandIed i n  long aud difficuit calculations. 
The C scalp or the Binary i s 25 illciles long with grathl ­
ations 2 5 %  further apart than thoso of a �W- ln(;h s l i d e  
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o n  white coated aluminum. Perm anently accurate. Dla.  
8 % "'. Price $8.50 i n  case, with instructions. Approved 
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a straight rule 50 ft. long and gives answers to 5 

t i gcfl�flmlsts, Physicists and Engineers hare round this  
nde imaluable for its great Ilccur al'Y. D l a .  8 1,6 ". Easlly 
p o r table.  White coated aluminum w i t h  leF" i h l e  black no(l 
\'p l low scales. Price $ 1 1 . 0 0  !n case w i t h  t m tructlon s .  
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sive description of all our local species . 
I was given the additional honor of nam­
ing 11 new species in recognition of 
friends . I named one of them for George 
F. Kirby, owner of the LeGrand quarry, 
whose generosity enabled me to enjoy a 
lifelong hobby." 

F J. Hedley, of Lancaster in England, 
• submits an interesting version of the 

Van de Graaff electrostatic generator 
that was described in this department in 
April, 1955. His machine demonstrates 
that a resourceful amateur can some­
times improve on the performance of a 
design by substituting his own materials . 

The version of the Van de Graaff ma­
chine described here last year has a rub­
ber belt which runs between a pair of 
pulleys, one made of metal and the other 
of polyethylene. They are enclosed in 
insulated housings that serve as high­
voltage terminals . Static electricity, gen­
erated frictionally between the belt and 
the polyethylene pulley, is transported 
by the belt to the metal pulley, where 
the charge is transferred to the terminal 
by a comb of metal points . The work ex­
pended in moving the charge up the belt 
increases the voltage. Machines of this 
type employing belts an inch wide and a 
foot or so long can generate a continuous 
current of several microamperes at po­
tentials up to 100,000 volts. They per­
mit scores of fascinating experiments, 
particularly those involving gas dis­
charge tubes . 

A number of amateurs have requested 
more specific information about the con­
struction details of the "baby" Van de 
Graaff. Hedley writes the following re­
port on his machine. 

"I have now made two Van de 
Graaffs, the first substantially the same 
as the one described in The Amateur 
Scientist: The second machine is twice 
as large [see photograph on page 160] . 
It performs quite satisfactorily, giving 
bright intermittent sparks about four 
inches long and weaker ones six inches 
or more in length when one's hand is 
brought near the underside of the 
terminal. 

"The machine is supported by a hous­
ing which encloses the motor and lower 
comb assembly. The housing consists of 
1/16-inch sheet steel welded to form a 
rectangular box measuring six inches 
high, six inches wide and eleven inches 
long, the base being of 3/ 16-inch steel. 
A detachable cover at one end provides 
access to the motor. One side can also be 
removed for exposing the pulley, comb 
assembly and belt. 

"The belt is powered by a series­
wound motor ( Royal Air Force war sur-

plastic 
col lar  t o  
carry uppe.r e lectrode 

�(< braz� S � \\'J 
corh I spring washer 
was h e r  

Upper terminal o f  V an d e  GraafJ 

plus ) which runs under full load at a 
speed of 6,000 revolutions per minute. 
This is fitted with a pulley machined 
from polyethylene, one and a quarter 
inches in diameter and one and three 
quarters inches long. It is crowned 
slightly and makes a driven fit with the 
shaft. A wooden pulley of the same size 
with a jacket of polyethylene would 
work equally well. The jacket could be 
covered with a layer of polyethylene 
friction tape of the kind now sold by 
dealers in elech-ical supplies, or it could 
be made of a cylindrical section cut from 
one of the small polyethylene bottles in 
which cosmetic preparations are com­
monly sold. 

"The lower comb assembly consists of 
a bracket made of 1/16-inch sheet cop­
per, an inch and five eighths wide, to 
which six tufts of number 36 copper wire 
are soldered at one end. The wires are 
spread out to form an even row and 
clipped straight at the ends [see drawing 
on page 1 62 ] .  The brush assembly is 
bolted to the base plate and adjusted to 
bring the wire comb slightly above the 
center of the pulley. 

"A switch for operating the motor and 
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Exakta is the world ' s  most outstanding 
camera for scientific,  industri a l ,  and 
technical photography! With the Exakta 
y o u  c a n  p h o t o g r a p h  an i n f i n i t e s i m a l  
M icrobe under a m i c roscope o r  a n  Eagle 
atop a mountain-with the one and same 
camera. You will have the perfect assur· 
ance of absolute accuracy with a n  Auto· 
matic Exakta VX-because the same lens 
that i s  used for viewing also takes the 
p i cture. This very same viewing system 
serves for all types of photography with 
a n  Exakta, from m i croscope to telescope, 
and everything which i s  between includ· 
ing close-ups. Of course, you can also 
use the Exakta for personal photography. 
sports, portraits. copywork, etc. FREE!­
Write Dept.  502 for Free Descriptive 
Booklet "0" on- Camera & Accessories 
and Brochure on Close·up Technique with 
Automatic Exakt. VX. 

EXAKTA CAMERA COMPANY 
705 Bronx River Rd., Bronxvi l le  8, N .  Y. 

Famous for Its CI  i mate 
and for Western L iv ing  

G O O D Y E A R  
A I R C R A F T 

C O R P O R A T I O N  
ELECTRO N I C  LABORATORY 

A r i zona D iv is ion  
L i tchfield Park,  Ar izona 

Modern schools a nd ho usi n g 
ava i l a b l e . O utdoor rec reat ion  

the yea r ' ro u n d .  

This modern laboratory is  t h e  'Vestern 
Division of the well-established Aero­
physics Department of the Goodyear Air­
craft Corporation of Akron, Ohio. 

A Subsidiary of the 
GOODYEAR TIRE & R U B B E R  CO. 

Openings are available for experienced 
llersonnel and recent college graduates. 

COMPLETE M I SS I LE AND ELECTRON IC  SYSTEMS, 
M ICROWAVES, SERVOMECHAN I SMS, 

RADARS AND STAB I LI ZED ANTENNAS. 
TRAN S I STOR APP LICATION, 
E LECTRO N I C  PACKAGI N G, 

E L ECTRONIC GROUND 
SUPPORT EQUI PMENT 

Long range research and 
development projects. 

University of Arizona gradua te studies 
arailable under the Goodyear Fellowship 
Program, or company financed evening ('ourses. 
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WESTERN LI VING A T  I TS B E S T  
" I N  T H E  VA LLE Y OF T H E  S UN"' 

Modern hlCXpcllsive HOHsing 

Send resume to:  
A. E. Manning 

Engineering a n d  Seientific Personnel 

GOODYEAR A I RCRAFT 
Lit�hfi eld Park 

Phoenix, Arizona 

Similar opportunities available in our 
A kron, Ohio Laboratory 

a small neon bulb are mO!lnted in the 
fixed side of the housing. The lamp 
glows when the machine is operating 
properly. Originally I mounted it on top 
of the housing but lost several bulbs 
when they were perforated by high­
voltage sparks!  

"A tube of clear plastic, three inches 
in diameter and 18 inches long, which 
makes a push fit with a polished pipe 
flange bolted to the housing, supports 
the upper terminal. The inner threads 
are filed from the flange prior to assem­
bly. The upper end of the tubing is 
beveled, and two holes are drilled on the 
diameter to receive a pair of ball bear­
ings . A J�-inch shaft turns in these and 
supports a crowned brass pulley which 
matches the size of the lower pulley. 
The pulley makes a sliding fit with the 
shaft and is anchored with a set screw. 
This arrangement provides for easy dis­
assembly when changing the belt. 

"The high-voltage terminal consists of 
a nine-inch spherical copper float of the 
type commonly used in industrial plumb­
ing. It is split on the diameter by means 
of a thin hack-saw blade. A flat, narrow 
ring is soldered to the inner edge of the 
lower half, on which the upper half 
makes a snug fit and clean joint. A two­
inch hole is cut in the center of the lower 
hemisphere and the metal is worked into 
a doughnut shape by means of a rawhide 
hammer and rounded anvil. A cylindri­
cal collar is then soldered to the inner 
face of the re-entrant edge for an easy 
fit with the plastic tubing. The upper 
collecting comb is bolted to a lug 
soldered to the inner surface of the lower 
hemisphere. A kink in the bracket pro­
vides for final adjustment relative to the 
center of the upper pulley. 

"A disk of l4-inch plastic, six inches 
in diameter, serves as a platform for sup­
porting the upper terminal. A hole is cut 
in the center for admitting the plastic 
tube, to which the disk is fastened by one 
of the quick-drying plastic cements . In 
addition to supporting the terminal, the 
disk minimizes corona discharge from 
the bottom of the terminal. A discharge 
gap is provided at the side of the ma­
chine, as shown in the drawings . 

"These machines are sensitive to the 
high humidity prevalent in England, and 
for reliable operation I found it neces­
sary to install a 50-watt heating element 
inside the motor housing. My next proj­
ect will be a Van de Graaff of the type 
in which the charge is sprayed onto the 
belt at the lower pulley by a high-voltage 
source. I should appreciate any construc­
tional tips that amateurs who have built 
such machines would care to pass 
along." 
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D I V I S I O N  . . . . . .  87 

Agen c y : G. M. Basford Company 

C E LA N ES E  C O R P O RAT I O N  OF A M E R I C A .  
C H E M I C A L  D I V I S I O N . . 22 

Agenc y : Ellington & Company, I n c .  

C H ESS M ASTER. . .  . . . . . . . . . . .  150 

C O M M E RC I A L  S O L V E N T S  C O R P . .  I N D U S -
T R I A L  CH E M I CA L S  D E P A RTM E N T  . . . . . . . . . . . . . . . .  1 1 0  

Agency : Fuller & S m i t h  & Ross I n c .  

C O N S O L I DATED E L ECTRO D Y N A M  I CS C O R -
P O R AT I O N .  R O C H EST E R  D I V I S I O N  1 2  

Agency : Charles L .  Rumrill & C o . ,  I n c .  

C O P P E R  A N D  B RASS RES E A R C H  ASSOC I A-
T I O N . . . . . . . . . . . . . . . . . . .  23 

Agency : J .  M .  H ickerson I n c _  

C O R N I N G  G LASS W O R K S  . . . . ... . . . . . . . . . . ... . . . . . . . . .  1 3 3  
Agency : Charles L .  Rumrill & C o . ,  I n c .  

D EC I S I O N  I N C  . . . . .  . . . . 1 5 0  
Agency : Perry - Brown , I n c .  

D I A M O N D  A L K A L I  C O M P A N y  . . . . . 88 
Agency : Fuller & Smith & R oss I n c .  

D O B E C K M U N  C O M P A N Y  . . . . 
Agency :  Anderson & Cairns, I n c . 

D O U G LAS A I R C R A FT C O M P A N Y .  I N C  • . . . . .  1 2 3 . 149 
Agency : J. Walter Thompson Company 

D O W  C H E M I CA L  C O M P A N Y ,  T H E. . .  1 7  
Agency : MacManus, J olm & Adams, I n c .  

D O W  C O R N I N G  C O R P O RAT I O N . . 73 
Agency : Church and Guisewile Advertising. I n c .  

D U  P O N T .  E.  I . .  D E  N E M O U RS & CO . .  I N C  . •  
F A B R I C S  D I V I S I O N .  39 

Agency : Ballen, Barton, Durstine & Osborn, I n c .  
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EAST M A N  C H E M I C A L  P R O D U CT S .  I N C . •  S U B­
S I D I A R Y  O F  EAST M A N  K O D A K  C O M -
P A N Y  . . . . . . .  1 0 1  

Agency : Fred W i t t n e r  Advertising 

EAST M A N  K O D A K  C O M P A N Y  . . .  . . . . .  65 
Agen c y : C h arles L .  R u mrill  & Co.,  I n c .  

E D M U N D  SC I E N T I F I C  C O R P  . . . . .  1 5 6  
Agenc y : Walter S .  C h i t t i c k  C o m p a n y  

EXA KTA CAMERA C O M P A N y . . . . .  . . . . . . . . . . . . . . . . .  1 66 
Agenc y : The B U f s t i n  C o m p a n y ,  I n c .  

FA I RCH I L D  E N G I N E  A N D  A I R P LA N E  C O R­
P O RAT I O N .  G U I D E D  M I SS I L E S  D I V I S I O N  1 27 

Agenc y : Gaynor C o l m a n  Prentis  & Varley, I n c .  

FA R N S W O RTH E L EC T R O N I CS C O M P A 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 P O RAT I O N  100 

Agency : Chamberl i n · J u n k  A d vertising,  I n c .  

F E L T E R S  C O  . .  TH E . . . . .  . . . . . . . .  124 
Agen c y : Sutherland -Abbott  

FERSON O P T I C A L  C O  . •  I N C . .  . . . . . . . 158 
Agenc y : Godwin Adverti s i n g  Agency 

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 RY RA N D  C O R P O RA T I O N . . . 35 

Agency : C. :M. Basford C o m p a n y  

G A R F I E L D .  O L I V E R .  C O M P A N Y  . .  . . .  150 .  162 
Agency : IJcllaul Associates  

G A R R ETT C O R P O R AT I O N .  T H E .  A I R E S E A R C H  
M A N U FACTU R I N G  D I V I S I O N S . . . . . . . . .  134. 135 

Agency : J .  Walter T h o m p s o n  C o m p a n y  

G E N E R A L  A M E R I C A N  T R A N S P O RTAT I O N  
C O R P O RAT I O N .  KA N I G E N  D I V I S I O N  . . . 

A gcu c y : \,reiss a n d  Geller,  I n c .  

G E N E R A L  D Y N A M I C S  C O R P O RAT l O N  . .  B A C K  COVER 
Agency : G o t h a m .  Vladimir  A tlvert is ing,  I n c .  

G E N E R A L  E L E CT R I C  C O M P A N Y .  1 1 1  
Agency : Balle n ,  B a r t o n ,  D U f s t i n c  & O s b o r n , I n c .  

G E N E R A L  E L ECT R I C  C O  . •  A I R C R A FT G A S  
T U R B I N E  D i V i S i O N . . . .  146 

Agency : Deutsch & S h e a .  I n c .  

G E N E R A L  E L E CT R I C  C O  . .  A I R C R A FT N U C L E -
A R  P R O P U LS I O N  D E P A RT M E N T  . . . . . . . . . . . . . . . . . . . . . .  163 

Agency : D e u t s c h  & Shea. I n (' . 

G E N E R A L  E L ECT R I C  C O M PA N Y .  AT O M I C  
P O W E R  E Q U I P M E N T  D E PA R T M E N T . . .  92 

AgCll f' Y : G. 1\1 . B asford C o m p a n y  

G E N E R A L  E L ECT R I C  C O  . .  K N O L LS AT O M I C  
P O W E R  L A B O RATO RY . 102 

A g c n e y : Deutsch & Shea. I n c .  

G E N E R A L  E L ECT R I C  C O  . .  L I G H T  M I L I TA RY 
E L EC T R O N I C  E Q U I P M E N T  D E P T . .  1 64 

Agency : Deutsch & Shea,  J n c .  

G E N E R A L  E L ECT R I C  C O M PA N Y .  S P EC I A L  
D E F E N S E  P R OJ ECTS D E P A RT M E N T .  148 

Age n c y : D e u t s c h  & Shea. I n c .  

G E N E R A L  M OT O R S  C O R P  . .  AC· E L EC T R O N -
I CS D i V i S i O N . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 2  

A g e n c y : E .  H .  B r o w n  ..... t l vert : s : ng Agen c y 
G E N E R A L  P R EC I S I O N  L A B O R A T O R Y  I N C O R­

P O RA T E D .  A S U B S I D I A RY O F  G E N E R A L  
P R EC I S I O N  EQ U I P M E N T  C O R P O R AT I O N  3 1  

A J,! e .) ( · y : Geer.  D u B o i s  l":. C o m p a n y ,  I n c .  

G I LS O N  S L I D E  R U L E  C O .  . 164 

G O O D Y E A R  A I R C R A FT C O R P O R AT I O N .  A 
S U B S I D I A RY O F  T H E G O O D Y E A R  T I R E  & 
R U B B E R  C O . .  166 

G U R L E Y .  W. & L. E . . . . 136 
A g- t' n c y : F r e d  W i t t n e .  A d verti s i n g-

H U G H E S P R O D U CT S .  A D I V I S I O N  O F  
H U G H ES A I R C R A F T  C O M P A N Y  

I N S I D E  B A C K  COVER 
Agenc y : Foote,  C o n e  & B el d i n :! 

I L L I N O I S  T E ST I N G  L A B O RATO R I ES .  I N C . .  9 0  
Agency : The B u c h e n  C o m p a n y  

I N ST I T U T E  O F  SC I E N T I F I C  S T U D I ES . . .  . . 148 
A g e n c y : R o b e r t  C h r i s t o p h e r  Agcll t · y 

I N T E R N A T I O N A L  B U S I N E S S  M A C H I N ES C O R -
P O R AT I O N  . . . . . . . . . .  1 38 . 139 

Age n c y : Benton & Bowles,  I n c .  

J A E G E R S .  A . .  1 5 8  
Agen c y : Carol  Advert ising A g e n c y  

J O N ES & L A M S O N  M A C H I N E  C O M P A N Y . .  2 4  
Agen c y : H e n r y  A .  l o u d o n ·Advert i s i n g ,  I n c .  

K E N N A M ET A L  I N C O R P O RA T E D . 71  
Agen c y : K e t c h u m ,  � l a c L e o d  & Grove,  I n c .  

K E N N ECOTT C O P P E R  C O R P O RAT I O N . .  . 69 
Agency : C u n n i ngham & Walsh I n c .  

K O L L M O R G E N  O P T I C A L  C O R P O RAT I O N  . . . . . . 1 34 
Agency : Sanger.  F u n nell ,  I ncorporated 

K O L L S M A N  I N ST R U M E N T  C O R P O R AT I O N .  
S U B S I D I A R Y  O F  STA N D A R D  C O I L  P R O D-
UCTS C O .  I N C . . .  . .. 1 1 7  

Agen c y : Schaefer  & Favre, A dvertising 

L E I TZ .  E . • I N C . . .  28 
Agen c y : L .  W. Frohlich & C o m p a n y ,  I n c .  

L I N D E  A I R  P R O D U CTS C O M P A N Y .  A D I V I ­
S I O N  O F  U N I O N  CA R B I D E  A N D  CAR-
B O N  C O R P O RAT I O N . . .. 1 31 

Agency : 1. 1\L Mathes, I ncorporated 

L I N D SAY C H E M I CA L  C O M P A N Y  . . .  
Agency : C .  Franklin Brown,  Inc.  

L l N G U A P H O N E  I N ST I T U T E  . . . . 

1 8  

1 2 1  
A g e nc y : The K aplan Agency,  I n c . ,  D i v .  of  L e w i n ,  

Will iams & S a y l o r ,  I n c .  

L I TH I U M  C O R PO RAT I O N  O F  A M E R I CA .  I N C .  
Agency : K e ystone Advertising,  I n c .  

L I TT O N  I N D U ST R I ES .  I N C  . . . . .  Age n t· y :  Calkins  & H o l d e n , I n c orporated 

L O C K H E E D  A I R C R A FT C O R P O R AT I O N .  C A L I -
FO R N I A  D I V I S I O N . .  1 40 

A gf' IIC ': Y : Hal  Stebbins,  I n c .  

L O C K H E E D  A I R C R A FT C O R P O R AT I O N .  
G E O RG I A  D I V I S I O N . . . . 165 

Agency : D o n a h u e  & Coe, I n c .  

L O S  A L A M O S  SC I E N T I F I C  L A B O 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 . . . . . 159 

Agenc y : Ward Hicks Advertis ing 

M A G N ET I C  A M P L I F I E R S .  I N C . . . . .  1 3 6  
Agen c y : G eorge H o m e r  l\ I a r t i n  Associates 

M A LA Y A N  T I N  B U R EA U .  T H E . . . . .  1 1 4  
A gen..- y : Gray & Rogers 

M A L L O RY-S H A R O N  T I TA N I U M  C O R P O RA-
T I O N  67 

Agency : The Griswold·Eshleman C O .  

M A R Q U A RDT A I R C R A FT C O M P A N y  . . . . . . . . . . . . . . 96 . 9 7  
Agell(' Y : D o y l e ,  K i tc h e n  & �lcCormick,  I n c .  

M A RT I N  C O M P A N Y .  T H E . . . . .  . . . .  1 1 6  
A g e n c y :  Va n Sa n t ,  D u g d a l e  & C o m p a n y ,  I n c orporated 

M I T L I N C O L N  L A B O R A T O R y  . . . . .  . 95 
Agell c y : R a n d ol p h  A s s o c i a t e s  

M E I. P A R  I N C O R P O RA T E D .  S U B S I D I A RY O F  
W E ST I N G H O U S E  A I R  B R A K E  C O M P A N Y  168 

Ag:cll c y : 1\1 . Belmont  V e l' Stan dig, I n c .  

M I C R O M ET R I C A L  M A N U FA C T U R I N G  C O M -
P A N Y  136 

!\ gen e y : Carl C O llnable A d v e r t i s i n g  

M I N N EA P O L l S· H O N EY W E L L  R E G U L A T O R  
C O  . •  A E R O N A U T I C A L  D I V I S I O N . .  . 1 5 0  

A g c n t' Y : F o o t e ,  C o n e  & B e l d i n g  

M I N N EA P O L I S - H O N EYW E L L  R E G U LAT O R  
C O  . .  I N D U S T R I A L  D I V I S I O N . .  . . . . . . . . . . . . . .  125  

Agent ')  : The Aitki n . K y n e t t  C o .  

M O D E R N O P H O N E .  I N C . .  1 51 
Agency : T h e  K ap l a n  A ge n c y ,  I n c . ,  D i v .  of lewin,  

\"\' i l l i a ll ls  &. S a y l o r ,  I n c .  

M O N R O E  C A LC U LAT I N G  M A C H I N E  C O M -
P A N Y .  I N C .  38 

Agen c y : C h arles W .  H o y t  Company.  I n c .  

M O N SA N T O  C H E M I C A L  C O M P A N Y .  P L A S -
T I CS D I V I S I O N  109 

Agel"' Y :  Needham, L o u i s  & Brorby,  I n c .  

M O O G  V A L V E  C O  . .  I N C .  8 6  
A g e IH ' Y : \'\f a r m a n .  R o b i n s  & G o r h a m ,  I n c .  

N O RT H R O P  A I R C R A F T .  I N C  . . . . 169 
A g f' l l e y : W e s t · l\larquis ,  I n c .  

N O RT O N  C O M P A N Y .  R E F RACTO R I ES D I V I -
S I O N  37 

A gc Ill' Y : J a m e s  Thomas Chirurg C o m p a n y  

O H M I T E  M A N U FACT U R I N G  C O . .  1 08 
� g e n (' y : T h e  Fensholt  Advertising A g c n e y .  I n c .  

O L I N  M AT H I ES O N  C H E M I C A L  C O R P O RA-
T I O N  . . . . . .  96 . 97 

A g e n c y : D o y l e ,  K i tc h e n  & 1\Ic C o r m i c k ,  I n c .  

P H I L O S O P H I CA L  L I B R A R Y .  P U B L I S H E R S  . . . . . . . . 1 42 
A g e ll e y : lester Loeb Advert is ing 

P I TTS B U R G H  L EC T R O [l R Y E R  C O M P A N y . . . .  3 4  
�gent' Y : T h e  Griswold · Eshleman C o .  

P O R T E R .  H .  K . •  C O M P A N Y .  I N C .  
Agenc y : S I .  Georges & Keyes,  I n c . 

P RATT & W H I T N EY A I R C R A FT .  D I V I S I O N  O F  
U N I T E D  A I R C R A FT C O R P O RAT I O N . . . .  170 

AgenC' y : G. F. Sweet & Co.,  I n c .  

RA D I O  C O R P O RAT I O N  O F  A M E R I C A .  E M -
P L OY M E N T  D I V I S I O N  1 7 2  

""ge n e y : A I  Paul  L e f t o n  C o m p a n y ,  I n c .  

R A D I O  E N G I N E E R I N G  L A B O RATO R I ES .  I N C .  
Agenc y : H a r r y  W .  G r a ff ,  I n c .  

RAYTH E O N  M A N U FACT U R I N G  C O M P A N y  . . . . . 1 54 
Agenc y : D o n a h u e  & C o e ,  I n c .  

R EACT I O N  M OT O R S .  I N C . . .  . . . . . . . . .  96 . 97 
A.gene y : Doyle,  K i t c h e n  & M c C ormick,  I n c .  

R E M - C R U  T I TA N I U M .  I N C . . .  . 8' 
Agen c y : C. J\L Basford C o m p a n y  

R E P U B L I C  AV I AT I O N  C O R P O R AT I O N . . 147 
.o\ gen c y : Deutsch & Shea.  Inc.  

R O C K ET D Y N E .  A D I V I S I O N  OF N O RT H  
A M E R I C A N  AV I AT I O N .  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 52 

Agen c y : Batten,  B a r t o n ,  Durst ine  & Osborn , I n c .  

R O H M  & H A A S  C O M P A N Y .  TH E R ES I N O U S 
P R O D UCTS D I V I S I O N . .  . 70 

Agen c y : A r n d t · Prest o n · Chapi n · La m b  & K e e n . I n c .  

S A V E  T H E  C H I L D R E N  F E D E R AT I O N  . . . . . . . . . . . . . . . . . . 1 5 1  
Agency : E s m o n d  Associates,  I n c .  

SC I E N C E  B O O K  C L U B .  I N C  . . . . . . . . . . .  . . ... 1 43 
Agen c y : \Vaterston a n d  �ri s c h ,  I n c .  

S E R V O M EC H A N I S M S .  I N C . . . . . . . . . . . . . . . . . . . . . . . .  75 
Agen c y : S a n g e r ·  F u n n e l l ,  I n corporated 

S H E L L  C H E M I C A L  C O R P O RAT I O N  
It'-!SI D E  FRONT COVER  

Agency : 1 .  Walter Thompson C o m p a n y  

S I G M A  I N ST R U M E N T S .  I N C . . . . . . . . . .  32 
Agency : Culver Advertising,  I n c .  

S O L A R  A I R C R A FT C O M PA N y. . . . . . . . . . . . . . . . . . .  1 1 5  
Agen c y : T h e  P h i l l i p s ·  R a m s e y  C o m p a n y  

STA U F F E R  C H E M I C A L  C O M PA N y. . . . . . . . . . .  1 3  
Agen c y : J o h n  M a t h e r  l u p t o n  C o m p a n y .  I n c .  

S T EWA RT-WA R N E R  E L EC T R O N I C S .  A D I V I ­
S I O N  O F  STEWA RT-WA R N E R  C O R P O RA -
T I O N  10 

Agen c y : T h e  B u chen COlll p a n y  

S U N  O I L  C O M PA N Y .  I N D U S T R I A L  P R O D UCTS 
D E P A R T M E N T  3 3  

Agenc y :  R u th r a u ff  & H ) a n , I n c .  

S U R FA C E  C O M B U S T I O N  C O R P O RAT I O N . 104 
A g e n c y : Odiorne I n d us t r i a l  A d v e r t i s i n g  

S Y L����
M

�L6TJI
�liE)� R�D U�TS I N� . P H O -

26 
Agenc y :  J. Walter Th o m p son C o m p a n y  

S Y N T H A N E  C O R P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . 20 
AgCJI C Y : A r ll d t . P r e s t o ll · C h a p i n . La m b  & K e e n · I n c .  

T EC H N I CA L  O P E R AT I O N S  I N C O R P O RA T E D  . . . .  160 
A g e n t' )  : B y w o r d s  

T I TA N I U M  A L L OY M FG .  D I V I S I O N .  N AT I O N -
A L  L E A D  C O M P A N Y . .  66 

Age n l'}' :  Comstock & C om p an y  
T I T A N I U M  M ET A L S  C O R P O RAT I O N  O F  

A M E R I CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  
Age n c y : \V .  L .  TOWi ll'  A { l v e rt i s i n g  

U N I�'i.PA N
S;g'1cS

G
���B

S
E�

I V
����� N Y .  M E-

9 9  
:\ g e l l q  : F l e t c h e r  D .  H i ch a r d s ,  I n c .  

.� geJl c y :  F l e t c h e r  D .  H i dl 1IHJ s , I n c .  

U N I T E D  S T A T E S  S T E E L  C O R P O RAT I O N .  27 
Agen c y : Batten,  Barton.  D u r s t i n e  & Osborn,  [ n c o  

U N I V E R S I TY O F  C A L I FO R N I A  P R ES S . .  146 
.... �e.H· y : S u s s m a ll & S li g a r ,  I n c .  

U N I V E R S I TY O F  CA L I FO R N I A  RA D I AT I O N  
L A B O R A T O R Y  _ _  I g  

Agen c y : J .  \V a l t e r  T h o m p s o n  C o m p a n y  

U T I CA D R O P  F O R G E  A N D  T O O L  C O R P O RA ­
T I O N .  U T I CA M ET A L S  D I V I S I O N .  A S U B­
S I D I A R Y  O F  K E L S EY - H A Y E S  W H E E L  C O . .  1 1  

Agent' Y : Wilson . H a i g h t ,  W e l c h  & Grover,  I n c .  

V A N  N O S T RA N D .  D . .  C O M P A N Y .  I N C  . . . . . .  . 1 44 
_� geJlC} : .\lbNt Fran k · C ue n t h e r  law,  I n c .  

V I K I N G  P R ES S .  T H E . .  1 5 1  
Agency : Lewin.  W i l l i a m s  & S a y l o r ,  I n c .  

V I T R O  C O R P O RAT I O N  O F  A M E R I CA .  1 6  
A ge n t ' }, : .\ / o l eswort h A s s o t ' i a t e s  

W E ST I N G H O U S E  E L ECT R I C  C O R P O R A T I O N  40.  41 
"\ge n c y : K e t c h u m .  l\laeleod & Crav e ,  I n c . 

W E ST 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  P L A N T . . .  1 7 1  

Agency : K e t (' h u lTl . M a c l e o d  & Gro'\'e ,  I n c .  

W E ST I N G H O U S E  E L ECT R I C  C O R P O RAT I O N .  
C O M M E RC I A L  ATO M I C  P O W E R  D I V I -
S I O N  126 

A g e n c y : Fuller & S m i t h  & Hoss I n c .  

W E S T I N G H O U S E  E L ECT R I C  C O R P O RAT I O N .  
E L EC T R O N I C  T U B E  D I V I S I O N . .  153 

Agen c y : H uwe l l  A { lve r t i s i ng Agen c y 

1 6 7 
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ENGINEERS: Electronic & Mechanical 

Physicists: 

Work where 

PERFORMANCE pays off 

Men of talent and drive can move ahead without delay or red 
tape at Melpar because skill, ability and performance are the 
primary factors governing advancement. Due to the fact that 
we've doubled in size every 18 months since our beginnings in 
1945, middle and top level positions open up constantly. 

Melpar believes that the engineer deserves an 
organization and facilities that can enhance his 
creative abilities. For this reason our labora­
tories were designed and built to specifications 
prepared by Melpar engineers. A wealth of equip­
ment is available. Our project group system 
enables the engineer to participate in all phases 
of development problems and thus quickly ac­
quire greater technical and administrative know­
how, essential to eventual managerial responsi­
bility. The system also enables us to more 
accurately evaluate the individual's contribution 
and more rapidly justify promotions. 

Live Where You LIKE It 
Living-for the whole family-is immensely rich 
in the two locales where Melpar's R&D activities 
are centered. Our 265,000 sq. ft. main laboratory 
near Washington, D. C., enables you to live in an 
area enjoying incomparable cultural and recrea­
tional advantages. The climate allows outdoor 
recreation 215 days of the year. Fine homes and 
apartments are available in all price ranges. 
Our Watertown and Boston, Mass. laboratories 
offer the unique advantages of cosmopolitan Bos­
ton with its theatres, concerts, art galleries, mu­
seums, universities and schools which are second 
to none. Nearby are seaside and mountain re­
sorts offering a variety of winter and summer 
sports. 

Openings Exist in These Fields: 
Flight Simulatars • Radar and Countermeasures • Network 
Theory • Systems Evaluation • Microwave Techniques • Ana· 
log & Digital Computers • Magnetic Tape Handling • UHF, 
VHF, or SHF Receivers • Packaging Electronic Equipment 
• Pulse Circuitry • Microwave Filters • Servomechanisms 
• Subminiaturization • Electro·Mechanical Design • Small 
Mechanisms • Quality Control & Test Engineering 

Write for complete information. Qualified candidates will 

® 
be invited to visit Melpar at Company expense. 

Write: Technical Personnel Representative 

MELPAR,In� . ....... ��� 
A Subsidiary of Westinghouse 
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Air Brake Company J�0t� 
#.%."'.!! � 

3160 Arlington Blvd., FaUs Church, Va. 
10 miles from Washington D. C. 

Openings also available at our laboratories in Watertown and 80slon, MaSSe 

BIBLIOGRAPHY 
Readers interested in further reading 

on the subjects covered by articles in thi3 
issue may find the lists below helpful. 

THE FUEL SITUATION 

COAL RESOURCES OF THE UNITED STATES. 

U. S. Geological Survey Circular 293, 
November, 1953. 

CONCERNING ESTIMATES OF POTENTIAL 

OIL RESERVES. L. G. Weeks in Bul­
letin of the Association of Petroleum 
Geologists, Vol. 34, No. 10, pages 
1,947-1,953; October, 1950. 

TISSUE CULTURE AND CANCER 

THE CULTIVATION OF ANIMAL AND 

PLAKT CELLS. Philip R. White. The 
Ronald Press Company, 1954. 

METHODS OF TISSUE CULTURES. Ray­
mond C. Parker. Paul B. Hoeber, Inc., 
1950. 

TISSUE CULTURE TECHNIQUE IN PHAR­

MACOLOGY. Edited by Roy Waldo 
Miner in Annals of the New York 
Academy of Sciences, Vol. 58, Article 
7, pages 971-1,326; 1954. 

A NATIONAL RADIO 

OBSERVATORY 

AN INTRODUCTION TO ASTRONOMY. Rob­
ert H. Baker. D. Van Nostrand Co., 
Inc., 1952. 

HARVARD'S NEW RADIO TELESCOPE. 

David S. Heeschen in Sky and Tele­
scope, Vol. 15, No. 9, pages 388-390; 
July, 1956. 

RADIO ASTRONOMY. Bernard Lovell and 
J. A. Clegg. John Wiley & Sons, Inc., 
1952. 

THE GENE 

LIFE OF MENDEL. Hugo litis. W. W. 
Norton & Company, Inc., 1932. 

ON THE EVOLUTION OF BIOCHEMICAL 

SYNTHESES. N. H. Horowitz in Pro­
ceedings of the National Academy of 
Sciences, Vol. 31, pages 153-157; 
June, 1945. 

WHAT Is LIFE? Erwin Schrodinger. 
Cambridge University Press, 1948. 

MESONIC ATOMS 

ATOMIC AND NUCLEAR PHYSICS. Robert 
S. Shankland. The Macmillan Co., 
1955. 

MESONS, VOLUME II. H. Bethe and F. 
deHoffmann. Row, Peterson & Com­
pany, 1955. 
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NORTHROP 

WIND 

TUNNEL 
New Unit Installed 

at Hawthorne, Calif. 
(HAWTHORNE, CALIF,) Climaxing many 

months of planning and construction, 

Northrop Aircraft's high-performance 

wind tunnel has been installed in the 

company's new engineering and science 

center at Hawthorne, California. The 

immense rectangular shaped structure 

is 200 feet long by 65 feet wide, and is 

33 feet in diameter in the settling cham­

ber. Steel components alone weigh 

over 300 tons. 

A slow speed wind tunnel, the new 

installation will be used for testing re­

actions of supersonic aircraft in take­

offs and landings. Specifically planned 

and designed by Northrop engineers 

for the exacting functions it is to per­

form, the tunnel is a valuable addition 

to the company's first-line test facilities, 

and is one of the many scientific fea­

tures that distinguish Northrop's new 

multi-million dollar engineering and 

science center. The new buildings are 

progressing rapidly and when finished 

will house advanced installations and 

equipment that are unexcelled any­

where in the entire industry. 

In this modern engineering center, 

personnel will be important, too. Every 

convenience and facility will be pro­

vided for human well-being and effi­

ciency. Air-conditioning and scientific 

lighting and heating are among the 

many innovations that will contribute 

to the health and comfort of every 

worker. This regard for personnel wel­

fare is in full keeping with the fact that 

"Northrop is a good place to work." 

CAREERS FOR 

ENGINEERS 

At Northrop Aircraft in Hawthorne, Southern Cali­

fornia, many fine engineering positions are avail­

able in electrical design, dynamics, electronics, 

computing, weapon systems, mechanical design, 

and structures. 

Here are many challengin� opportunities, with 

attractive salaries on fast-growing programs in jet 

aircraft and guided missile research and develop­

ment. You'll be on the engineering team of a com­

pany that has pioneered for over seventeen years 

in these fields where continued expansion 

promises to be fantastic. 

At Northrop Aircraft, the progress of personnel 

is as important as the progress of projects. Your 

initiative and ambition will be respected. Con­

stantly fresh assignments will be yours. You'll be 

among friendly people of your own caliber, and 

you'll be living in sunny Southern California where 

you and your family can enjoy life at its best, the 

year 'round. 

At Northrop you will find the success you are 

seeking. For complete information about the many 

career positions now available, we invite you to 

contact the Manager of Engineering Industrial 

Relations, Northrop Aircraft, Inc., ORegon 8-9111, 
Extension 1893, or write to: 1015 East Broadway, 

Department 4600-A2, Hawthorne, California. 

NORTHROP 
NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 
Producers of Scorpion F·89 Interceptors and Snark SM·62 Intercontinental Missiles 
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NuelEAR 

eHAllENGE 

There are still a lot of problems to be 

solved in the design of any reactor. But the 

difficulties are multiplied many fold when it 

comes to developing a practical nuclear 

aIrcraft engine. Shielding, weight limitations, 

other factors make it one of the toughest 

engineering problems of today. 

Are you the type of engineer who wants 

a challenge to his mental abilities? Are you 

looking for an opportunity to do original, 

creative thinking on an outstanding 

engineering team where new ideas are 

encouraged? Then we may have an 

interesting, profitable future for you here, 

particularly if you are an ... 

AERONAUTICAL ENGINEER 

CHEMICAL ENGINEER 

MECHANICAL ENGINEER 

ENGINEERING PHYSICIST 

METALLURGIST 

A few of the many 
persona' &enefits . • • 

• New higher salary 
levels 

• A$$ociation with 
engineers and scientists 

of recognized ability 

• Nearby R.P.I. graduate 
school for advanced study 

• Suburban living in 

central Connecticut 

• The prestige of an 
internationally known 
growth corporation 

* * * 

Please send your 
resume to M1" P. R. Smith, 
Office 11, Employment 
Department 

PRATT & WHITNEY AIRCRAFT 
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DIVISION OF UNITED AIRCRAFT CORPORATION, EAST HARTFORD 8, CONNECTICUT 

World's foremost designer and builder of aircraft engines .... 

PLEASURE CENTERS 

IN THE BRAIN 

THE BEHAVIOR OF ORGANISMS: AN Ex­
PERIMENTAL ANALYSIS. B. F. Skin­
ner. Appleton-Century-Crofts, Inc., 
1938. 

DIENCEPHALON. Walter Rudolf Hess. 
Grune & Stratton, Inc., 1954. 

PSYCHOSOMATIC DISEASE AND THE "VIS­

CERAL BRAIN": RECENT DEVELOP­

MENTS BEARING ON THE P APEZ THEO­

RY OF EMOTION. Paul D. MacLean in 
Psychosomatic Medicine, Vol. 11, 
pages 338-353; 1949. 

ARTIFICIAL LIVING PLANTS 

AUTOMATA STUDIES. Edited by C. E. 
Shannon and J. McCarthy. Princeton 
University Press, 1956. 

THE GENERAL AND LOGICAL THEORY OF 

AUTOMATA. John Von Neumann in 
Cerebral Mechanisms in Behavior: 
The Hixon Symposium, edited by 
L. A. Jeffress. John Wiley & Sons, Inc., 
1951. 

MAN VIEWED AS A MACHINE. John G. 
Kemeny in SCientific American, Vol. 
192, No. 4, pages 58-67; April, 1955. 

THE LANGUAGE OF BIRDS 

CHARACTERISTICS OF SOME ANIMAL 

CALLS. P. Marler in Nature, Vol. 
176, No. 4470, pages 6-8; July, 1955. 

COMMENTS ON 'THE BIRD F ANCYER'S 

DELIGHT': TOGETHER WITH NOTES ON 

IMITATION IN THE SUB-SONG OF THE 

CHAFFINCH. W. H. Thorpe in Ibis, 
Vol. 97, No. 2, pages 247-251; April, 
1955. 

THE PROCESS OF SONG LEARNING IN THE 

CHAFFINCH AS STUDIED BY MEANS OF 

THE SOUND SPECTROGRAPH. W. H. 
Thorpe in Nature, Vol. 173, No. 4402, 
pages 465-469; March, 1954. 

THE AMATEUR SCIENTIST 

THE CRINOID FAUNA OF THE HAMPTON 

FORMATION AT LEGRAND, IOWA. L. 
R. Laudon and B. H. Beane in Uni­
versity of Iowa Studies: Studies in 
Natural History, Vol. 17, No. 6; De­

cember, 1937. 
MODERNITY IN PALEOZOIC STARFISHES. 

Charles Keyes and B. H. Beane in The 
Pan-American Geologist, Vol. 62, No. 
3, pages 197-212; October, 1934. 

ELECTROSTATIC SOURCES OF IONIZING 

ENERGY. J. G. Trump in Tmnsactions 
of the American Institute of Electrical 
Engineers, Vol. 70, Part 1, pages 
1,021-1,027; 1951. 
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ENGINEERS, SCIENTISTS ... 

Help develop the world's first 

nuclear powered fleet 
Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited--even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the. 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country's largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
in many areas are necessary. 

These include: the development of new uranium 
alloys for use in reactor cores; greater understanding 
of reactor physics, of heat transfer, and of the effects 
of radiation on materials; development of new and 
improved components such as valves, pumps, heat 

exchangers, and instruments to meet the new severe 
requirements. 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 
What's more, Bettis Plant is in Pittsburgh's 

South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conven­
ient to one of the nation's most progressive metro­
politan areas. 

Educational opportunities are exceptional. West­
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 

Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address 
Mr. A. M. Johnston, Westinghouse 
Bettis Plant, Dept. A 77, P.O. Box 1468, 
Pittsburgh 30, Pa. 

BETTIS PLANT 

�stinghouse 
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YOU CAN SELECT AT RCA! 
• • • NEW OPPORTUNITIES ... 17 + LOCATIONS 

• . .  ONE BEST FOR YOU AND YOUR FAMILY 

FIELDS OF ENGlNEERING ACTIVITY 

Mechanical and Electrical-Automatic or Semi·Automatic Machines 

L L 
Y Y 

L 

Z Z 
C C 

Locations: C-Camden, N.J. F-Cocoa Beach, Fla. H-Harrison, N.J. I-International Div. L-Lancaster, Pa. M-Moorestown, N.J. S-RCA Service Co. (Cherry Hill, N.J.; 
Alexandria, Va.; Tucson, Ariz.; San Diego, Sacramento, San Francisco, Calil.; Foreign Assignments). W-Wallham, Mass. X-Los Angeles, Calil.Y-Marion, Ind. Z-Findlay, Ohio 

.. 
1I1i.,.'enellt, p"lrlm .,. rallcitlolllp.m, ,ali Mr. John R, Weld, Employment Manager 

� 
Dept. A-1K. Radio Corporation of America u· ® 

PRlease

A
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O
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A
ocatioTn prlelOerredN, to: 

0 f AM E R I CA
' Y 30 Rockefeller Plaza, New York 20, N, • 

Copyright 1956 Radio Corporation 01 America 
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CREATING A NEW WORLD WITH ELECTRONICS 

How soon can you enjoy on-the-waH television? 
Chances are, it will be here in a relatively short time. 

One of several important requirements will be the 
development of a special miniaturized circuit. And tiny, 
compact Hughes TRANSISTORS will be ideally engineered for 
use in such circuits to replace relatively large vacuum tubes. 

The high performance characteristics of Hughes TRAN­

SISTORS represent only one example of Hughes Products 
leadership in research and development of electronic ad­
vances. That is why you can expect Hughes semiconductors, 
electron tubes, and other electronic products to play a vital 
role in countless wonders of the electronics era. 

As one of the country's largest electronics research and 

manufacturing firms, Hughes backs its semiconductors, 
electron tubes, and industrial systems and controls with a 
long record of technical accomplishments. These include 
the "thinking" FALCON air-to-air missile, and the self­
directing Hughes Automatic Armament Control which is 
standard equipment on all Air Force interceptors. 

There are probably many ways by which you can effect 
savings or product improvements in your own business 
through application of Hughes electronic products. A 
Hughes Products sales engineer will gladly work with 
your staff Please write: Hughes Products, Los Angeles 45, 
California. 

HUGHES TRANSISTOR 
,-------------------------------------, 

RELY ON HUGHES FOR ELECTRON TUBES 
... SEMICONDUCTORS ... INDUSTRIAL 

SYSTEMS AND CONTROLS 

© 1956. H.A.C. 

i HUGHES PRODUCTS i 
�--------------------------------______ I 
I : 

A DIVISION OF HUGHES AIRCRAFT COMPANY I 
I 

----------------------------------� 

1/ you are a Scientist or Engineer- write Hughes abollf a new, challenging carter. 
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Power lor Peace. For the United States Navy: the world's first atomic�powered submarine, 
USS Nautilus· the world's second atomic· powered submarine, "Seawol£" • the world's third, fourth 
and fifth atomic�powered submarines, "Skate", "Skipjack" and "Triton" • and the guided missile "Terrier" 
For the United States Air Force: the B-36 intercontinental bomber' the B-SS supersonic 
bomber· the F·I02A delta·wing supersonic interceptor· the world's first airborne atomic research 
reactor· the world's first atomic-powered aircraft· and "Atlas", the intercontinental ballistic missile 

GENERAL DYNAMICS CORPORATION . 445 PARK AVE N ue. NEW YORK 22 . N .  Y. 
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