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INVENIEMUS VIAM AUT FACIEMUS: "We shall fllld a way or we shall make one," 
-j\lemorial Gate, University of Pennsylvania 

Investing in young America . . .  a progress report 

"To HELP deserving young men and women obtain a 

college education, , , to give financial support to a cross­
section of American colleges ... " 

FOUR YEARS AGO, the Union Carbide Scholarship 
Plan was established with those objectives. 

Today, the plan provides the complete cost of tuition 
and fees for 400 four-year scholarships at colleges and 
universities throughout the country. As an important 
part of their education, the scholars are encouraged to 
gain valuable experience in their chosen fields by ob­
taining jobs in industry during summer vacation. 

50 TECHNICAL SCHOLARSHIPS are also available 
in specific fields of study. They cover the student's tui­
tion and fees for the senior year. In addition, to assist 
graduate students and to support academic research, 

Union Carbide offers 66 fellowships and grants-in-aid 
to universities. 

THE PEOPLE OF UNION CARBIDE regard these schol­
arships as an important contribution to the future and 
to two of America's priceless assets-its educational sys­
tern ... and its youth. 

TO LEARN MORE abol�t the Union Carbide undergraduate 
scholarships and the colleges and universities in which they 

have been established, write jor Scholarship Plan booklet f. 

UNION CARBIDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET 00 NEW YORK 17, N. Y. 

In Cannda: UNION CARBIDE CANADA LIMITED, Toronto 

UCC's Trade-marked Products include 

LINDE Oxygen EVEREADY Flashli�hts and Batteries 

PYROFAX Gas SYNTHETIC ORGANIC CHEMICALS 

PREST-O-LITE Acetylene ELECTROMET Alloys and Metals 

NATIONAL Carbons ACHESON Electrodes UNION CARBIDE Silicones 
PRESTONE Anti-Freeze UNION Carbide Dynel Textile Fibers 

HAYNES STELLITE Alloys BAKELITE, VINYLITE, and KRENE Plastics 
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How many sides to Surface? 

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

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

that Surface is a builder of heat process equipment for glass x and ceramics. Steel producers know 

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

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

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

as well. The brochure "Heat in Harness" describes the many-sidedness of Surface. Ask for it today. Surface 

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

SlIT/ace" Heat Treat, Steel Mill, and Glass Divisions f6"J,;,'Ii"" Air Conditioning Division 

,fIudtzol"Aircraft-Automotive Division ,fItnltzol"Heating and A ir Conditioning Division 
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ill )Iea at work ... 

Why Dobeckmun's Dobar-M® is blue. When Dobar-M (made with 

Mylar* ) was first introduced by Dobeckmun, customers were so impressed 'with this superior insu­

lation material they wanted to be able to recognize it instantly, anywhere . Because of Dobeckmun's 

extensive manufacturing facilities, it was a simple matter to color Dobar-M a bright, electric blue. 

This new blue color tells you you are achieving maximum dielectric strength in a minimum of space 

in slot cell insulation for integral and fractional horsepower motors. The development of Dobar-M 

is typical of Dobeckmun engineering which takes ideas and puts them to work for you. Whether 

you need tapes, layer or slot cell insulation materials, the next step is to call Dobeckmun ... today. 

*Du Pont Trademark Reg. Pat.. OIL 

,ckmun Company, Cleveland 1, Ohio • Berkeley 10, California 
' A lbUqUerque . At la nta • Baltimore • Boston · Char lotte • Chicago ' Cincinnati · Dallas ' Denver . Detroit " Indianapolis • Ka �sas City:

. 
Los Angeles • Memphis • Milwauk.ee • New Orleans .. New York • Omaha • Philadelphia • Phoenix • Pitt$bufgh • Portland ' RIchmond 
RochestE'r • Salt Lake City ' San Antonio ' Seattle ' St. louis ' S1. Paul ' Syracuse ' Tampa ' Yuhirna .. Havana ' London ' Amslerdam 

___ "";""'_./i.6 • l 
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KILOWATT 
svvitching 

on 
MILLIWATT 

signals 

Two Sigma relays, while far from the sma1lest, lightest or 

most sensitive, now provide a1l or nearly a1l the answers to switching 

loads in the 1 to 2 KW range on limited amounts of control power. 

By eliminating the need for a pilot and slave relay combination, 

either the Sigma 51 or 61, although perhaps more expensive 

individually, can save in total cost and space. 

The first of these, Series 51, was developed for a photoelectric 

lighting control to switch loads of the order of 10 amperes, 

with an inrush ratio of 10 to I. Contact arrangement is 

SPST, normally closed, sensitivity 100 milliwatts D.C. 

Series 51 

0.2 rna, 10,000 ohm coil). Since a coil circuit 

signal failure will close the circuit, Series 

51 also has application in fail-safe alarms. 

The Series 61 is a polarized latching 

20 ampere contactor, requiring only 

a momentary 1/4 to 1/2 watt 

signal to latch firmly in 

either of two positions. 

Permanent magnetic 

instead of mechanical latching 

forestalls the life-shortening wear 

of triggers and catches. Each /I throw /I of the 

61 opens two circuits and closes two others. It may 

be wired DPDT. When operated not more than once per 

second. Series 61 has a minimum rated life of 100,000 cycles 

on 20 ampere resistive loads at 28 VDC or 115 VAC. 

The advantages of such a pulse-operated sensitive 

contactor are apparent in battery-energized 

supervisory control systems, as well as in controls for 
production machinery where contactors must be 

immune to vibration and the effects of wear. 

Further information available on request. 

SIGMA INSTRUMENTS, INC., 

40 Pearl Street, So. Braintree, Boston 85, Massachusetts 

S.ri •• 61 

THE COVER 

The painting on the cover depicts a 
laboratory study at Princeton Uni­
versity of how mushrooms are able 
to grow with almost explosive ra­
pidity (see page 97). When the 
mushroom in the center and the one 
at lower left first pushed above 
ground, they were painted with a 
vertical row of carmine spots the 
same size and the same distance 
apart. As the mushrooms grew, the 
size of the spots and the distance 
between them changed, reflecting 
the pattern of growth. The right 
side of the painting is cut away to 
show the structure of the mature 
and immature mushroom, and to re­
veal threads of the mycelium just 
below the surface of the soil. At low­
er right is the foundation of the "flat" 
in which the mushrooms are grown. 

THE ILLUSTRATIONS 

Cover painting 
by John Langley Howard 
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of Technology 
Armed Forces Institute 
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Gernsheim Collection 
Roger Hayward 
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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 1 112°F (600°C) for B2 
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 

Number 3 In A Series 
Kanigen is a uniform, hard, cor­
rosion-resistant nickel-phosphorus 
coating. It can be applied to iron, 
copper, nickel or aluminum and 
their alloys as well as ceramics, 
glass and thermo-setting plastics. 
This is achieved through a chem­
ical bath without the u s e  of 
electricity. The coating (pro­
bably a solution of nickel phos­
phide in nickel) exhibits many 
desirable properties not normally 
a s s o ciat e d  IV i t h met a l s  0 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 
b. Electrolytic Nickel (Watt bath) 
c. Kanigen Nickel-Phosphorus, 

as plated 
d. Kanigen Nickel-Phosphorus after 

heat treatment at 1000°F for one 
hour 

e. Kanigen Nickel-Phosphorus after 

2.04 
14.7 

13.7 

12.3 

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 cm/em per °C or 7.22 x 10-6 
in/in per OF. 
THERMAL CONDUCTIVITY: 

in the order of 0.0105 to 0.0135 cal/cm 
sec DC. 

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. 

HEAT TREATMENT CURVE OF KANIGEN CHEMICAL NICKEL COATiNG 
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were p lated on cold rolled sle "=. Measurements were taken on t he 

k . top surface of plating 0.005" thic 
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KANIGEN DIVISION, GENERAL AMERICAN TRANSPORTATION CORPORATION 135 South LaSalle Street, Chicago 90, Illinois. 
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AIR-TO-GROUND 
TV SYSTEM 

'Transmits Combat 

Pictures on FM 

Airborne military television crams a self-contained 
transmitting station into a small reconnaissance 
plane, then flies this ever-moving station over 
unpredictable terrain. Taking these adverse con­
ditions into account, Admiral developed an ex­
tremely compact television system which uses FM 
transmission for the picture. It is now in produc­
tion for the U.S. Army Signal Corps. Even under 
difficult conditions, this equipment provides ex­
cellent definition. 

The transmitting plane, flying at approximately 
1,000 feet, would have a line-of-sight range of 25 
or 30 miles. This would enable a battle commander 
aided by a panel of TV screens, each screen show­
ing a different sector, to coordinate military 
operations over a wide area. 

In addition, a mobile ground-to-ground TV 
system is under development. Inquire about 
Admiral's exceptional capabilities in the field of 
military electronics. Address inquiries to: 

Aclmiral® 
CORPORATION 

Government Laboratories Di v ision, Chicago 47 

L OOK TO Admiral FOR 

RESEARCH • DEVELOPMENT • PRODUCTION 
IN THE FIELDS OF: 

COMMUNICATIONS UHF AND VHF. MILITARY TelEVISION 
RADAR. RADAR BEACONS AND IFF. RADIAC 

TELEMETERING • DISTANCE MEASURING 
MISSILE GUIDANCE. CODERS AND DECODERS 

CONSTANT DelAY LINES • TEST EQUIPMENT 

Faciliti es Brochure d e s c r ibin g  
Admiral plants, equipment and ex­
perience sent on request. 

ENGINEERS: The wide scope of work in progress at 
Admiral creates challenging opportunities in the field of 
your choice. Write Director of Engineering and Research, 
Admiral Corporation, Chicago 47, Illinois. 

Note: NEW COLOR SOUND FILM on Admiral Automation available for showing to technical or business groups. Address Public Relations Director, Admiral Corporation, Chicago 47. 
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powerful Rlastic 

Bright yellow HIGH VOLTAGE cigns molded of 

Tenite Butyrate now provide a highly visible warn· 

ing on crossarms carrying high·power lines. Ex· 

tremely weather·resistant, these signs stand up 

indefinitely under outdoor exposure. T hey won't 

rust or corrode, and never need refinishing since 

the brilliant color is a permanent part of the 

Butyrate material. 

Lettering and nail or screw holes are molded in 

the lightweight sign plates. T he signs are easy to 

transport and install. and have good insulating 

properties as well as inherent toughness. 

Weather·resistant Tenite Butyrate is also used 

today in many other outdoor products-such as 

illuminated display signs, oil·field pipe, sports 

equipment. tool and instrument housings. 

What about the products you make? Could the 

bright colors. light weight or rugged strength of 

the versatile Tenite plastics add more sales ap· 

peal. better performance or longer life? We will 

be glad to help you or your molder evaluate Tenite 

Butyrate, Tenite Acetate or Tenite Polyethylene for 

any use. For more information, write EASTMAN 

CHEMICAL PRODUCTS. INC .. subsidiary of Eastman 

Kodak Company, KINGSPORT. TENNESSEE. 

/�CETATE.BUTYRATE.POLYETHYLEN 
plastics by Eastman 

II 
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"ON-LOCATION" 

OXYGEN 

GENERATORS 

quicken the pul 
• 

any In 

B 

Oxygen may well be called "The Great Accel­
erator" in many chemical reactions. This char­
acteristic is responsible for the employment of 
oxygen in steel production, where it offers a 
practical solution to a difficult problem. 

Mounting steel shortages present the Industry 
with two alternatives: (1) add new steel produc­
ing facilities at near prohibitive costs or, (2) in­
crease the output of existing facilities through 
improved technology. 

The latter course is made practical by "Oxygen 
Steel-Making". Abundant oxygen can accelerate 
the "through-put" in blast furnaces, oxygen 
converters and open-hearths thus substantially 
increasing ingot production. 

To provide the large quantities of oxygen neces-

sary for the application of these technological 

advances we install "On-Location" Oxygen Gen­

erating Stations to suit the customer's present 

and expanding requirements. This can be done 

on a lease basis without capital investment by 
the consumer. Operation and maintenance can 

be performed by Air Products or by the lessee­

at the latter's option-with price guaranteed at all 

levels of consumption. We design and manufac­

ture generators for unlimited quantities of oxygen 

and nitrogen, regardless of size, purity or cycle. 

Send us information regarding your present and 

contemplated uses of oxygen and nitrogen. We 

will give you an accurate estimate of the savings 

y�u can accrue with Air Products equipment in­

stalled in your plant. 

LOW COST 

OXYGEN·NITROGEN 

q/.ir ProJuctl More tha" 700 
successful installations INCORPORATED 

Dept. R , Box 538, Allentown, Pa. 
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NEW G-E FEATURES SAVE TIME 
General Electric's new general-purpose 
oscillograph, the PM-20, is uniquely de­
signed for easier, time-saving operation and 
convenient maintenance. 

UNIQUE 71-GALVANOMETER CAPACITY 
in two banks gives you new versatility 
in measuring and recording many variables 
simultaneously. A wide range of frequen­
cies-from d.c. to 6000 cps - can be 
recorded at speeds from 0.8 to 100 inches 
per second with the new oscillograph. 

HERE'S HOW GENERAl ElECTRIC'S 

New PM-20 Oscillograph 
Helps Reduce Costs 
NEW EASY-ACCESS DESIGN, MANY CONVENIENCE FEATURES MAKE 
OPERATION AND MAINTENANCE EASIER, SAVE TIME AND MONEY 

EASY-ACCESS DESIGN permits reaching all 
parts easily through hinged doors. For 
complete access, simply turn 3 fasteners 
and entire cover may be quickly removed. 

SEPARATE VIEWING LAMP permits viewing 
without disturbing the recording lamp 
adjustment. Both lamp holders swing out 
for easy lamp removal and replacement. 

ONL Y TWO IDLER GEARS TO CHANGE 
for entire speed range, and both are always 
in use, eliminating storage and the chance 
of loss. No tools are needed for changing 
idler gears to get new ranges. 

MAGNETIC SPOOLS in the record holder 
reduce loading time. No fumbling-the 
spools automatically position themselves 
correctly in the record holder. 

AUTOMA TIC SHUTTER on record holder 
closes as the record holder is removed, pre­
venting fogging of records. 

AUTOMATIC RECORD NUMBERING, tim­

ing lines, the trace interruption for identifi­

cation, and automatic record-length control 

are additional features which give you 

easy, reliable operation. 

FOR MORE INFORMATION, contact your 

nearest G-E Apparatus Sales Office or 

write for Bulletin GEA-6348 to Section 

585-36 , G e n e r a l  E l e c t r i c  Co m p a n y, 

Schenectady 5, New York. 

�gress Is Ovr Mosf /mporfqnf Pmtlvcf 

GENERAL. ELECTRIC 
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AMF nuclear engineering brings you advanced . • •  

RADIATION 
The mass-irradiation of foodstuffs 
for the prevention of spoilage and 
infestation is one of the most excit­
ing and promising applications of 
atomic energy. 

And AMF ATOMICS is in the fore­
front of the field, applying its nucIear 
engineering skills and experience to 
the development of practical irradia­
tion equipment to serve food proces­
sors throughout the nation. 

• Radiation Process Equipment 

PROCESS 
AMF ATOMICS introduced the first 

conceptual designs for low-dose irra­
diation equipment, and is currently 
playing an important role in the 
Army Quartermaster Corps' bulk· 
food irradiation program. 

AMF equipment now being de­
veloped includes a mobile bulk 
food irradiator, a portable irradiator 
for university and industrial use in 
e�perimental genetics and food pre· 

EQUIPMENT 
servation, and a low-level "bench" 
irradiator for laboratory studies in 
agricultural, chemical, pharmaceuti­
cal, and medical fields of irradiation. 

AMF ATOMICS will be glad to assist 
you in your irradiation program ... 
from process evaluation, through 
equipment design and manufacture, 
to complete program management. 
Let us know of your plans or inter­
ests. Perhaps we can help you . 

AMF ATOMICS Inc . • Power and Research Reactors 
• Reactor Control Systems 

• Radio-active Materials Handling 
• EngIneering and Manu'acturing Service 

ATOMICS AMF Building. 261 Madison Ave . •  New York 16, N. Y . 

Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
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DYNAMIC SUSPENSION 

this quality 

is working for you 

In the new ... 

REK-O-KUT TURNTABLE ARM 

So free and effortless is the motion of this 
arm, so sensitive its suspension, that in a state of perfect 

balance, a mere feather can tip the scale. 

This wonderful quality has been put 
to work in a most useful and in­
genious manner. With a cartridge 
mounted in the shell, and the shell 
secured to the arm, the counter­
weight is adjusted until the arm is 
suspended in perfect balance. Natu­
rally, the stylus pressure is now zero. 

By rotating the counterweight so 
that it moves towards the pivot, the 
cartridge dips downward and the 
stylus begins to develop pressure­

at the rate of 1 gram for every tt,.� 
turns. Thus, a cartridge calling for 
operation at 8 grams would require 
10 complete turns of the counter-

* 1 � turDS per gram applies to Model 120 arms 
2 turns per gram applies to Model 160 arms. 

For complete details, write Dept. UE-9 

weight to arrive at optimum stylus 
pressure.* 

The Rek-O-Kut turntable arm is well 
nigh the perfect unit-truly passive 

-following and responding to every 
movement of the cartridge without 
antici pating or res isting . This is 
poise -dynamic balance. 

Model 120 for records up to 12" __ $26.95 
Model 160 for records up to 16". __ . 29.95 

Additional Cartridge Heads 
Model PA-20_.... . ............... .. __ ._ each $4.95 
Slightly higher West of Ro&kies 

REK-O-KUT COM PANY. 38-01llueens Blvd., Long Island City 1, N. Y. 
EXPORT: Morhan Exporting Corp., 458 8roadway, New York 13, N.Y. 
CANADA: Atlas Radio Corp., 50 Wingold Ave. , Toront9 10. Ontario 

II 
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Photo courtesy of Hughes Aircraft Company, 
Culver City, California 

Billions of operations­
with Bristol Syncroverter 

High-speed Relays 
How do you build reliability into a fire 

control system for interceptor planes-a sys­
tem containing as many components as 200 
TV sets, but occupying only 29 cubic feet? 

The obvious solution is to use reliable 
components, so the design engineers at the 
Hughes Aircraft Company selected Bristol 
Syncroverter High-Speed Relays for the 
hIgh-speed relay requirements of the Hughes 
Fire Control System. 

Their operation is unaffected during shock 
up to 3�Gs,

. 
and vibration (l0-55 cps) of 

l�<? Tlus h�gh-speed relay, which meets 
�mhtary specIfications, is completely reliable 
m dry-circuit applications as well as in low­
power applications. 

TYPICAL PERFORMANCE CHARACTERISTICS: 
Temperature range: 55°C to 100°C . . . •  Operating 
shock: 30G; 11 milliseconds duration ... . Vibra­
tion: (10-55 cps): lOG . .. .  Contact ratings: up to 
28v, 200 mao . . .  Stray contact capacitance: less 
than 15 mmfd . . .. Pull-in time (including bounce): 
as low as 200 microseconds . . . . Drop-out time: 
300 microseconds . . • .  Life: At least 1000 hours at 
400 operations per second .. .. Mounting: Octal 
tube socket. 

VERSATILE RELAYS meet a 

wide variety of requirements. 
Your applications of high-speed relays in 

�uch equipment as air-to-ground telemeter­
mg, analog and digital computers, aircraft 
or missile

. 
control, carrier current switching 

and the like may call for different specifica­
tions from the above. Y?U'1i find the high­
speed relays you need-mcluding miniature 
(70 gra�) rela�s-in Bristol's broad syncro­
verter lme. WrIte us. The Bristol Company 
133 Bristol Road, Waterbury 20, Conn. 6.1; 

B RISTOL :�:!!_;=!'��!E�N INSTRUMENTATION 
AUTOMATIC CONTROtLlNG. RECORDING 

AND TELEMETERING INSTRUMENTS 
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LETTERS 
Sirs: 

I should like to comment on Harrison 
Brown's account [SCIENTIFIC AMERI­

CAN, March] of the Velikovsky contro­
versy, inasmuch as I was the author of 
one of the magazine articles he describes 
as "sensational " and have not withdrawn 
from the position I then took (Harper's, 
January, 1950; see also Science, August 
7, 1953). His imputation, in his conclud­
ing sentence, that such a continuing in­
terest as mine could be based only on 
commercial motives is gratuitously in­
sulting and fully representative of the 
attitudes among scientists which he then 
seeks to justify. 

The question at issue here is how to 
handle iconoclasm-how the iconoclast 
is to behave, how those confronted with 
him are to behave. As one who has par­
ticipated in this affair from an early 
stage, I am of the opinion that Dr. Veli­
kovsky has behaved better than his de­
tractors, and Dr. Brown does not con­
vince me otherwise. His account of the 
Macmillan Company's action in aban­
doning Wodds in Collision is disingenu­
ous in the extreme, since he does not 
mention the main reason for it-the 
threat of boycott, clearly expressed both 
in word and act by individual scientists. 
He later describes this pressure as "un­
fortunate, " which is an inadequate term. 
It was a disgrace to American science, 
and will so remain long after the sub­
stance of the dispute has been contained 
and dissolved in the flow of the scientific 
process. 
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I also find evasive his statement that 
the major reason for the over-emotional­
ism of scientists about Velikovsky is the 
amount and nature of the publicity re­
ceived, since highly adverse opinions 
were fully publicized before the book 
appeared in journals that scientists could 
be expected to read, such as Time or 
The Reporter. A more illuminating rea­
son seems to me to lie in the nature of 
the challenge Velikovsky offered-in the 
fact that, unlike the run-of-the-mill 
heretic, he was scholarly and in earnest. 
I am glad to see that Dr. Brown is finally 
willing to concede Velikovsky's motives, 
since many of his colleagues have not 
always been this generous-and have 
permitted themselves the use of intem­
perate language they would do well to 
repudiate. 

For my own part, after receiving my 
share of academic ill-temper and abuse, 
I can only say that I was shocked to dis­
cover how slender is the faith of many 
scientists in the open testing of ideas 
and how many of them tend to suppose 
their own beliefs and "science " to be 
identical. Respect for scientific method 
fortunately does not require blanket ac­
ceptance of all the current orthodoxies 
even where they are not in conflict, and 
I share with Dr. Brown the hope that 
this respect will generally tend to in­
crease. If, however, as he suggests, the 
Velikovsky controversy is "an outstand­
ing case of lack of communication be­
tween scientists and nonscientists " 
then there are other lessons in it th;n 
the ones he draws. 

For one thing, despite their repeated 
assertions that he will soon be forgotten, 
scientists seem unable to leave Velikov­
sky alone; and each new position they 
take is a retreat from the previous one. 
Dr. Brown is far more restrained in his 
remarks this time than he was previous­
ly, and I respect his determination to be 
as fair as he can. He does not, on the oth­
er hand, review the new Velikovsky 
book, Earth in Upheaval; instead he of­
fers us a description of his own mental 
processes plus a tendentious account of 
events he knows only at hearsay. If this 
is science, you at:e welcome to it. 

Harper's Magazine 
New York, N. Y. 

Sirs: 

ERIC LARRABEE 

As a long-time subscriber to Harper's 
Magazine I have often admired Mr. 
Larrabee's intelligence and his ability. 
His first piece concerning Worlds in Col-
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ELGIN can miniaturize and 

mass produce your assemblies 

There's bigger profit in smaller products these days! 

When conserving space is vital (as in time and 

control devices, small actuators and other electro­

mechanical devices) call on Elgin for creative 

engineering and specialized assembly facilities. 

Elgin's broad experience and skill can help you in 

the design of miniaturized components and in 

putting them into mass assembly on a low-cost basis. 

We will work with you on all phases of your 

miniaturization program. 

READ HOW elGIN'S "PRACTICAL MINIATURIZATION" 
CAN HelP YOU NOW 

This booklet will open your 
eyes to new opportunities and 
profits through Elgin's 
"Practical Miniaturization". 
It tells how Elgin has helped 
others ... how Elgin can 
help you. Write today for the 
"M iniaturization" booklet. 

ELGIN NATIONAL WATCH COMPANY .. MICRONICS DIVISION . ELGIN, IlliNOIS 
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How serves industry 

fly as a circular saw shears the end of a hot bar 

at Connors Steel Division plant, Birmingham, Alabama. 

Carbon steels -Alloy steels -Special steels -Tool steels 
Today's America uses over 1 17 million net tons of steel a year. A vital industrial 
segment of this huge production is made up of fine tool steels; steel reinforcing 
bars and merchant bars; structural angles and bulb tees; hot rolling strip; and 
special shapes in alloy, carbon, tool and stainless steel. These are products of 
three of the 13 divisions of H. K. Porter Company, Inc: Connors Steel in 
Birmingham, Disston in Philadelphia and. Vulcan Crucible Steel in Aliquippa, Pa. 

Believing in "growth through service," Porter constantly increases its divisions' 
ability to serve. At Connors alone over $2% million for new equipment and 
plant modernization has, been spent to expand and increase its steel service 
to industry. 

As Porter divisions grow so does their service to industry. 

H. K. PORTER COMPANY, INC. 
ALCOA BUILDING, PITTSBURGH, PA. 

Divisions oj H. K. Porter Company, Inc. 
ALLOY METAL WIRE, PROSPECT PARK, PA • •  CONNORS STEEL, BIRMINGHAM, ALA • •  DELTA-STAR ELECTRIC, 

CHICAGO, ILL • •  Henry DISSTON, PHILADELPHIA, PA • •  ESECO, JOLIET, ILL • •  LACLEDE-CHRISTY, ST. LOUIS, MO. 

LESCHEN WIRE ROPE, ST. LOUIS, MO. • McLAIN FIRE BRICK, PITTSBURGH, PA. • QUAKER PIONEER RUBBER, 

SAN FRANCISCO, CAL • •  QUAKER RUBBER, PHILADELPHIA, PA • •  RIVERSIDE METAL, RIVERSIDE, N. J • •  VULCAN 

CRUCIBLE STEEL, ALIQUIPPA, PA • •  W-S FITTINGS. ROSELLE, N. J. 
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lision puzzled me and at the time I was 
convinced that he had ''been taken. " But 
his continued blind faith in the validity 
of a nonsensical theory, which he ob­
viously does not understand, puzzles me 
even more. During the last few years 
Mr. Larrabee has, I believe deservedly, 
been pressed into a corner. My only 
regret is that he has now become so 
angry about it. 

With the appearance of Earth in Up­
heaval I took the opportunity of review­
ing the Velikovsky affair to the best of 
my ability, with the information avail­
able to me. I believe strongly that all of 
us-magazine editor, scientist and book 
publisher alike-have much to learn from 
the episode, and I attempted to draw 
the lessons as I saw them. 

So far as I am concerned my discus­
sion of the Velikovsky matter stands. 
But for the record I would like to make 
one point absolutely clear. Mr. Larrabee 
states that "scientists seem unable to 
leave Velikovsky alone; and each new 
position they take is a retreat from the 
previous one. Dr. Brown is far more 
restrained in his remarks this time than 
he was previously . . . .  " This implies that 
during the last few years I have modified 
my views concerning Velikovsky's theo­
ries. I would like to stress that I consid­
ered these notions nonsense when I first 
read them. I have read each of Velikov­
sky's subsequent books carefully. I con­
sider his theories to be fully as non­
sensical today as they were yesterday. 

As to our being unable to leave Veli­
kovsky alone-he continues to write 
books, and this in effect compels us not 
to leave him alone. As Mr. Larrabee 
knows so well, books are meant to be 
read, discussed and criticized or praised, 
as the case may be. 

I believe that scientists have a moral 
obligation to combat pseudo science 
whenever it arises. In my own case, when 
I see the public being fed distorted facts 

ERRATUM 

In the article "World Popula­
tion," by Julian Huxley (SCIEN­

TIFIC AMERICAN, March) , two 
charts were incorrectly labeled. 
The second of four charts on pages 
70 and 71 was described as show­
ing the birth and death rates of 
England and Wales. The third of 
the four charts was described as 
showing the birth and death rates 
of the U. S. Actually the second 
chart refers to the U. S., and the 
third to England and Wales. 
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UT'Cf:\ DROP fORG'- & TOOL 

CORf'ORflTIOH 

To the man responsible for product 

development and improvement: 

Th' p,obl,ms of vacuum •• 1tin< in p,odu,tion qu.ntiti'S h'V' b.·n 

solv,d. The" ." ,onsid."bl. dat, ,v,il,bl' on tho p,op"ti.s of 

variouS alloyS. 

Th'" , ... in manY un.xpl0,.d p,o.,s,ng us.s fo' v.,uW' .. ,t,d ,lloys 

But the work has j�§i �gu� 

__ .nd th'S' us.s .ust b' ,xpl0"d bY p,adu,t .. nuf.,tu,,'s. To th" 

v. off., 0", knowl ..... ou' faciliti.s .... vithin ou' .... 5. 

our purse . 

• ,in< us you' p,obl.ms• you' id.'S. yoU' questions. If you'" 100kin, 

to the future yOU need a supplier who is too. 

SincerelY, 

f.fJ;2?� 
Metals Division 

p.5. Uti" , .. off.' yOU p,op"ti'S lik' th.s. th'oU" V.,uW' •• 1tin,' 

• 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 
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speaking of 
systems engineering .. 
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OFFICIAL U. S. NAVY PHOTOGRAPH 

THE USS Boston, recently commissioned as the first 

guided missiles warship in history, carries the newest 

and most powerful weapons afloat. 
Vitro Laboratories takes pride in the Navy's "well done" 

for its part in the systems engineering of the missiles instal­

lation and launching system on the Boston. 

Another first in the important new field of systems engi­
neering is the comprehensive mUltiple-range timing system 
conceived, developed, installed and operated by Vitro for 
armament testing at the Air Force Armament Center in 
Florida. By means of pulse electronics, a time signal generator 

establishes base "central" time measured in lO,OOOths of a 

second. The system transmits time signals to remote ground 

and airborne stations for precision command timing and 
time identification of action photographs. 

These are but two of many examples of Vitro's role in 
systems engineering of the most advanced kind. They are 
forerunners of significant new systems applicable across 
a broad industrial spectrum. 

Vitro Laboratories is now building a million-dollar labo­

ratory to make its staff and facilities available for new 
industrial and governmental projects. 

Write for detailed information to 
VITRO LABORATORIES, 962 Wayne Avenue, Silver Spring, Md. 

A Division of 

-w� CORPORATION of AMERICA � r'2., M".I;M"A� •• N_Y,""'.N.Y. 

� Research, development, weapons systems � Uranium mining, milling, processing, refining 

* Nuclear and process engineering, design � Rare metals, heavY minerals, fine chemicals 

A Refinery engineering, design, construction @ Ceramic colors, pigments, chemical products 

, and exaggerations and when I see it 
being fed glamorous and sensational 
theories which can be proved wrong, I 
am compelled to speak up. As long as 
Velikovsky continues to write what my 
colleagues and I believe to be nonsense, 
I shall continue to say publicly that I be­
lieve he is writing nonsense. I fear that 
Mr. Larrabee will continue to be un­
happy. 

HARRISON BROWN 

California Institute of Technology 
Pasadena, Calif. 

Sirs: 
Julian Huxley presents an excellent 

scientific study of population trends 
["vVorld Population," SCIENTIFIC AM­

ERICAN, March]. But his interpretation 
of the data seems to surpass the scope of 
natural sciences, yielding value judg­
ments as conclusions. From statistics on 
population distribution, average daily 
calorie consumption, birth and death 
rates, a scientist cannot detelmine the 
quality of (human) lives (page 66), 
man's ultimate satisfactions (page 67), 
and modern standards of art and cere­
monials (page 71). 

If we follow Dr. Huxley's suggestion 
and seek a more rational view of the 
population problem, we must recognize 
taboos which transcend various cultures 
and religious forms as being most prob­
ably rooted in human nature. Civilized 
society is conditioned by these drives 
and restraints. If any one of these con­
duct patterns is habitually transgressed, 
the individual's personality has lost its 
integrity, tending to compromise all the 
other accepted norms of conduct. It 
seems contradictory that people "could 
be encouraged to retain faith in the 
essential validity of their indigenous arts 
and ceremonials, and helped in the task 
of adapting them to modern standards 
(page 71)." The psychological analysis 
of Gandhi's solution to the problem, be­
gins: "As a result of his disgust at his 
own indulgence ... (page 70)." The 
disgust is a datum; its existence is a fac­
tor making the whole problem more 
than a laboratory exercise. As a scientist 
I can share the author's regret that "this 
enormous human ant heap ... is so un­
controllable (page 69);" but as a hu­
man, I cherish that uncontrollable ele­
ment. 

ROBERT Y. O'BRIEN, S. J. 

Woodstock College 
Woodstock, Md. 
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CHROMIUM-MANGANESE 

LOII'-M«Ei. STAINLESS GRADES 
= 

WRITE FOR THE 
ASSISTANCE 
YOU NEED 

1. "TECHNICAL STUDIES #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.n 

a 

Here is a direct answer to the recurring prob­
lem of nickel shortage. For many users of 
chromium-nickel austenitic stainless steels, 
the new AISI 200-series of chromium-man­
ganese low-nickel austenitic grades can be 
a source of immediate relief-and an avenue 
to the reduction and possible avoidance of 
nickel shortage problems in the future. 

In many cases, you can switch directly 
from the older Type 301 and 302 grades ro 
the new AL Stainless Type 201 and 202 
steels, using the same fabricating processes 
and securing about the same resllits. There's 
nothing new to learn, and no loss in per­
formance in practically all applications. In 

certain respects, these steels have better 
properties than the older materials and may 
be used to actual advantage in some cases. 

We also produce low carbon grades of 
these chrome-manganese steels, arbitrarily 
designated Types 204 and 204L (similar to 
the older grades 304 and 304L) ... as well as 
a lower-chromium, higher-manganese grade 
designated Type eM, which contains only 
1% nickel. Allegheny Ludlum has pioneered 
in the development and application of these 
low-nickel stainless steels. We know what 
the new grades will do ... let us help you 
put them to use. Allegheny Ludlum Steel 
Corporation, Oliver Bldg., Pittsburgh 22, Pa. 

For Stainless Steel in AI! Forms-call 

Allegheny Ludlum 
WSW !!I738 B Warehouse stocks carried by all Ryerson Steel plants 
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A TECHNICAL REPORT 
from DuPont 

• New opportunities for increasing 

product efficiency ... simplifying design 

with Du Pont Zytel® nylon resin 

The applications shown here are typical of the 

product improvements that have been made by 

an imaginative use of versatile "Zytel" nylon 

resin. 

"Zytel" offers you superior 
• Toughness 
• Abrasion resistance 
• Form stability at high temperatures 
• Strength in thin sections 
• Chemical resistance. 

I t will pay you to check the more detailed 

property information on the opposite page. Per­

haps you can replace a component part with one 

of "Zytel" ... lower your production costs and 

gain new selling points. Perhaps these unusual 

properties of "Zytel" will suggest a profitable 

new product for you. 

SEND FOR FREE DETAILS 

Complete property and application data on 

"Zytel" nylon resin is available to you without 

cost or obligation. Clip and mail the coupon and 

all the facts will be on the way to you. 

ZYTEL® ALATHON® 
Nylon Resin Polyethylene Resin 

Tough, Abrasion·Resistant Dielectric Properties 
Strong in Thin Sections Flexibility and Toughness 

form Sta bilily Tasteless, Odorless, Non-Toxic 
Excellent Water Resistance 

BETTER THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 

Blood-donor and receiver needles 
as they come from the mold illus­
trate how Du Pont "Zytel" is read­
ily molded around metol inserts. 

Coil forms of "Zytel" 
offer on excellent ex­
ample of the molding 
of thin and intricate yet 
tough sections. Du Pont 
"Zytel" nylon resin has 
good dielectric proper­
ties for electrical appli­
cations. 

This complex molding is the tension 
pulley on a yarn-tension brake for 
textile machinery. Du Pont "Zytel" 
nylon resin provides resiliency and 
strength in thin sections. 

LU�ITE® 
Acrylic Resin 

Clear, Transparent 
Outdoor Dura bility 

Unlimited Range of Colors 
Ability to Pipe Light 

Ge ars m o l d  ed f r o m  Du Pont 
"Zytel" have excellent resistance 
to abrasion, provide quiet opera­
tion, and may be produced eco­
nomically by iniection molding. 

Counter dials with i n­
tegral gear, and other 
ports of this calculating 
machine are molded of 
Du Pont "Zyte'''. The 
parts of "Zyte'" nylon 
resin cost much less thon 
parts replaced • • •  give 
quiet, smooth operation. 

Du Pont "Zytel" is an ideal mate­
rial for translucent lenses, such as 
this one. "Zytel" nylon resin is heat­
resistant, won't discolor, eliminates 
breakage during assembly and use. 

TEFLON® 
Tetrafluoroethylene Resin 

Heat Resistance 

Chemical Inertness 

Excellent Dielectric Properties 

Non-Sticky Characteristics 
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TYPICAL PROPERTIES* OF DU PONT ZYTEL® 

MECHANICAL METHOD 

Tensile Strength -lO"F. 15,700 p.s.i. 0-638-46T 

73'F. 10,500 p.s.i. 0-638-46T 

170'F. 7,600 p.s.i. 0-638-46T 

Elongation -70'F. 1.6% 0-638-46T 

73'F. 90% 0-638-46T 

170'F. 320% 0-63846T 

Modulus of elasticity 73'F. 400,000 p.s.i. 0-63846T 

Shear strength 9,600 p.s.i. 0-73246 

Impact strength, Izod -40'F. 0.4 ft.-Ib./in. 0- 256-47T 

73'F. 1.0 ft.-Ib./in. 0-25647T 

Stiffness 73'F. 200,000 p.s.i. 0-74748T 

Flexural strength 73'F. 13,800 p.s.i. 0-790-45T 

Compressive stress 

at 1 % deformation 4,900 p.s.i. 0-695-44T 

Creep in flexure 90 

Hardness, Rockw&ll R 118 0-785-48T 

THERMAL 

Flow temperature 480'F. 0-569-48 

ELECTRICAL 

Dielectric strength, short-time 385 V/MIL 

step by step 340 V/MIL 

Volume resistivity 4 .5xlO ' ] OHM-eM. 

Dielectric constant, 60 cycles 4.1 

10] cycles 4.0 

10' cycles 3.4 

Power factor, 60 cycles 0.014 

10] cycles 0.02 

10' cycles 0.04 

1.5% 

MISCELLANEOUS 

Water absorption 

Flammability self-exti ngu ishing 

Specific gravity 1.14 

0.015 in./in. 

METHOD 

0-149-44 

0-14944 

0-25746 

0-15047T 

0-15047T 

0-15047T 

0-15047T 

0-15047T 

0-15047T 

0-570·42 

0-635-44 

0-79248T 

Coefficient of linear thermal 

expansion per 'F. 5.5x10-' 0-69644 

Average mold shrinkage 

Compression ratio 

Resistance to weathering 

Basic color 

2.1 0·392-38 

Thermal conductivity l. 7 B.T.U./hr./sq.ft.! 

'F./in. 

good 

light cream, translucent -
Specific heat 

Deformation under load at 122'F. 

and 2000 Ib./sq.in. 

Heat-distortion temperature 

264Ib./sq.in. 

66 Ib./sq.in. 

0.4 

1.4% 

150'F. 

360'F. 

0-621-48T 

0-648-45T 

0-648·45T 

Resistant to: 

Not resistant to: 

{ esters, ketones, 

common solvents, 

alkalies, weak acids { phenol, formic acid, 

concentrated mineral acids 

*Some of the physical properties are dependent on the moisture content of the nylon which may be as 

high as 2-2.5% under normal exposure. 

**Term "creep in flexure" is a measure of the deformation under a prolonged standard load. Results here 
represent mils deflection in 24 hrs. of a Ys"x Ih" bar, 4" span, center-loaded flatwise to 1,000 lb./sq. in. 
minus the initial deflection. 

Note: This table shows the typical property data for Du Pont "Zytel" 101 nylon resin. 

r---------------------------------------------------. 
E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Department, 
Room 765, Du Pont Bldg., Wilmington 98, Delaware. 

Please send me more informa­

tion on Du Pont "Zytel" nylon 
resins: 

USES . . . . . . . . . . . . • . . . . . . . . . . . . .  0 

PROPERTIES . . . . . . . . . . . . . . . .. . .  .0 

PROCESSING TECHNIQUES ..... . ·O 

lVame' ______________________ _____ ___ 

Title� ____________________ _ 

FirmlVame' ____________________ _ 

S��tAddIT�: __________________ _ 

Cuy, _____ ________________ _ 

State' ______________________ _ 

Type of Business _________________ _ 

L __________________________________________________ � 
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Ano ther example of Farns­
worth's pioneering achieve­
ments in the field of infrared. 

Originally developed for the 

military this compact, light 
weight Viewer is proving 
equally useful in industry and 
science, wherever there is a 
need to see in the dark. 

For complete details on the 
Infrared Viewer write Dept. 
V-56. 

LETS YOU 

SEE 
IN THE DARK 

FARNSWORTH ELECTRONICS CO.· FORT WAYNE, INDIANA 
a division of International Telephone and Telegraph Corporation 
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50 AND iOO 

YEARS AGO 

MAY, 1906: "In the immediate pres­
ence of the great catastrophe of the San 
Francisco earthquake of April 18, in 
which hundreds of lives have been lost 
and the city has been almost entirely 
destroyed, it is not to be expected that 
much of scientific value should be re­
corded. All that is here possible is to 
describe briefly the course of events. The 
first and greatest shock was heralded by 
no warning tremors or earth sounds. It 
occurred at 5:13 A.M. (that is, 1:13 
P.M. Greenwich mean time); perhaps, 
as the seismographic evidence would 
imply, a few minutes earlier. The dura­
tion of the shock was considerable, not 
less than two or three minutes, and it 
was in this time that the chief part of 
the destruction, so far as it was directly 
due to the earthquake, was accom­
plished. Five minutes later another and 
less violent shock was felt, and, in the 
midst of almost continuous tremors, a 
third prominent shock took place at 
8: 15 A.M., and others shortly before 
10 A.M., and about 1:30 and 7 P.M. 
Soon after the first shock, fires broke ou t 
in several parts of the city and spread 
rapidly, the water mains having been 
injured. Attempts, on the whole success­
ful, were made to limit their extension 
by blowing up passages through the 
crowded parts, with the result that about 
one quarter of the city may be ultimately 
saved. That San Francisco was situated 
within or close to the epicentral area is 
shown by the continuous aftershocks, 
and by the effects of the shock. Ob­
servers in the open air state that the 
streets could be seen to bulge and wave 
as if about to crack open. The absence 
of news from neighboring places, and 
especially from the Lick Observatory, is 
disquieting; the extent of the disturbed 
area will remain unknown until inquir­
ies have been made, but it is curious 
how few details on the subject have been 
published. If the line drawn so as to 
bound the known area of destruction be 
even approximately correct, there can 
be no doubt that the epicenter was sub­
marine and situated some little distance 
from the coast. In all parts of the world 
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Physicist G. K. Farney checks the frequency of Bell's new klystron, which is located at far right. Tube's output is about 20 milliwatts. 

Sixty billion vibrations per second 

A great new giant of communica­

tions-a waveguide system for carry­

ing hundreds of thousands of voices 
at once, as well as television programs 

-is being investigated at Bell Tele­

phone Laboratories. 

Such a revolutionary system calls 

for frequencies much higher than any 

now used in communications. These 

are provided by a reflex klystron tube 

that oscillates at 60,000 megacycles, 

and produces waves only 5 mm. long. 

The resonant cavity that determines 
the frequency is smaller than a pin­

head. The grid through which the 

energizing electron beam is projected 

is only seven times as wide as a human 

hair, and the grid "wires" are of tung-

sten ribbon 3/10,000 inch in width. 

G. K. Farney, University of Ken­

tucky Ph. D. in nuclear physics, is 

one of the men who successfully ex­
ecuted the development of the klys­

tron. Dr. Farney is a member of a 

Grids in new tube, enlarged 30 times, with 
human hair for comparison. Electronic beam 
passes through smaller, then larger, grid. 

team of Bell scientists whose exciting 

goal is to harness the immense band­

width that is available with milli­

meter waves ... and to make certain 
that your telephone system remains 

the best in the world. 

Wavelengths produced by the klystron tube 
are only .2 inch long- 1/1 5 that of the 
transcontinental radio relay system. 

BELL TELEPHONE LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH 
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Here's how a LEDEX 
ROTARY SOLENOID operates • • •  

The magnetic pull moves the armature along the Solenoid 
axis. This action is efficiently converted into a rotary motion by 
means of ball bearings on inclined races. The inclined ball 
races are made to compensate for the magnetic pull increase 
as the Solenoid air gap closes, thereby providing substantially 
equal starting and ending torque during the rotary stroke. The 
rotary snap-action power of the Ledex can be efficiently har­
nessed with a minimum of linkages, through the use of one 
or more standard features available on all models. 

Here's why 
LEDEX ROTARY 
SOLENOIDS are 
dependable! 

t! � 
� 

� 

o 

As can be seen from the exploded view, Ledex Rotary Sole­
noids are simply constructed with few moving parts. All parts 
are manufactured to exacting tolerances and are carefully in­
spected and assembled. The copper wire coil, the heart of the 
Solenoid, was developed especially for this product. It is wound 
by a precision winding process that puts a maximum amount of 
magnet wire into available space ... giving tremendous power 
to compact Ledex Rotary Solenoids. 

Basic sizes of LEDEX ROTARY 
SOLENOIDS to choose 

Model No. 2 3 4 5 6 7 8 

Diameter inches lYa 1�6 1Y{6 lYe 2� 2% 3% 
Torque Ib •• ·inches .4 1.0 1.7 4.0 7.5 25.0 54.0 

Torque values for normal intermittent duty and 45° stroke. 

Engineering data is available upon request. 
WRITE FOR DESCRIPTIVE LITERATURE TODAYI 

delicate seismographs soon afterward 
recorded the occurrence of a violent 
earthquake. The first waves reached 
Victoria, B. C. , at 1:15 P. M. ; at Wash­
ington the movement was so strong that 
the pen passed off the l'ecording sheet. 
In a quarter of an hour the seismographs 
of Great Britain took up the tale, large 
disturbances being recorded at Shide, 
Bidston, and Edinburgh; at Birming­
ham the pOinter of the Omori horizontal 
pendulum swept three times off the 
drum. The pendulums at Florence 
shared the fate of those at Washington 
and Birmingham. The seismograph at 
Cape Town also registered the move­
ment, while those in Japan were dis­
turbed by the waves proceeding in the 
opposite direction across the Pacific. 
When we consider the great area cov­
ered by the injured towns in California, 
the displacement of the superficial soil, 
the crumpling of the railway tracks, and 
the widespread registration of the unfelt 
waves, it is clear that we must give to 
the San Francisco earthquake a place 
inferior, no doubt, to the Lisbon earth­
quake of 1755 and the Indian earth­
quake of 1897, but probably one in the 
same rank as the Neapolitan earthquake 
of 1857, the Japanese earthquake of 
1891, and the Indian earthquake of 
1905." 

"A few years ago Prof. Mosso, of 
Turin, made some researches in connec­
tion with the question of asphyxiation at 
great altitudes. He came to the conclu­
sion that to enable the influence of high­
ly rarefied air to be successfully com­
batted, it was necessary to inhale oxygen 
mixed with a strong proportion of car­
bonic acid. Mr. Agazzotti, one of Prof. 
Mosso's pupils, has now had himself in­
closed in a large bell in which the air, 
by means of a pump, was gradually 
rendered more and more rarefied. The 
bell was provided with a tap, commu­
nicating with the outer air, by means of 
which the foul air was expelled. The ex­
perimenter then covered his face with a 
mask provided with valves, one of 
which permitted the inspiration of a 
mixture of 67 per cent oxygen, 13 per 
cent carbonic acid, and 20 per cent ni­
trogen. When thus equipped Mr. Agaz­
zotti entered the bell and the air was 
rarefied up to a pressure of 440 milli­
meters, almost equal to the atmospheric 
pressure prevailing on Mont Blanc. A 
few minutes after he entered (when the 
rarefaction of the air had reached 360 
millimeters), symptoms of asphyxiation 
were observed. The mixture of oxygen 
and carbonic acid was now brought into 
play, and an immediate improvement 
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Will cyanoethylation figure in your company's future? 

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 - CH.CH2CN. 
Starch which has been sufficiently modified 
is non-fermentable. 

Nothing contained herein shall be construed as 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 to 
Chemical Company, 
Pl a s t i c s  Di v i s i o n, 
Room 965, Spring­
field 2, Mass. 

Where creative chemistry works wonders for you 
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invitation to Vibration 

t 
... the Calidyne way 

The harmful, often destructive effects of vibration 
are familiar to all. They spoil product appearance, affect 
performance, impair structure and frequently cause com­
plete collapse. The basic idea behind Calidyne is to har­
ness this destructive force by constructing equipment 
that accurately produces, measures and controls vibration. 

In eight years, the successful growth of this com­
pany and the acceptance of its electrodynamic shaker 
systems has been almost phenomenal. An original staff 
of three has grown into a group of more than 150 highly 
skilled, creative people. Operations once carried out in an 
old garage are now contained in a new and modern plant, 
built expressly for Calidyne. Custom-built Calidyne 
Shakers, ranging in force output from 25 to 15,000 pounds; 
rotary and electronic power supplies; equipment for 
monitoring, measuring and cycling tests - now serve in 
laboratories . . .  on production lines . . . at proving 
grounds. Through "brute force" shaking, structural re­
sponse determination and fatigue testing, Calidyne sys­
tems have helped turn vibration from a destructive force 
into a constructive one. More reliable components and 
instruments for aircraft, missiles and mobile equipment 
have been primary benefits. Valuable data in complex 
mechanical structure design ... damping measurements, 
and mechanical noise reduction, are others. 

Today, Calidyne looks forward to new and even 
wider applications for its products. Calidyne is growing 
more and more. You are invited to grow with us. Op­
portunities now exist at Calidyne for capable, congenial 
engineers in electronics, mechanical design and sales. 
Technicians and production people are also wanted. If 
you are interested in this specialized, creatively challeng­
ing work, along with the social, civic and educational 
benefits of good suburban living in Winchester, get in 
touch with us. Address D. R. Simonds, The Calidyne 
Company, 120 Cross Street, Winchester, Mass. 

was noted in the condition of the sub­
ject in the glass bell. The pressure was 
now brought down to 122 millimeters of 
mercury. On leaving the bell 1\1r. Agaz­
zotti said to the attendants: 'I could 
have stood a still greater rarefaction.' " 

"One of the most valuable discoveries 
of the British School of Archaeology in 
Egypt during the past winter season was 
the identification of the ancient Hebrew 
Temple of Onias by Prof. Flinders 
Petrie. "Vhen the persecution of the 
Jews by Antiochus caused them to flee, 
many of the fugitives settled in the east 
of the delta, and in this sanctuary Onias 
IV, one of the high priests, erected a 
temple after the design of that at Jeru­
salem, in order that this spot might serve 
as a rallying point for those in flight. 
This temple is duly mentioned by the 
historian Josephus, who states that it was 
erected on the site of an old Egyptian 
town. Some time ago it was realized 
that the position of this settlement was 
the town of Tel el Yehudiyeh, which is 
some 18 miles north of Cairo, but it has 
been left to Prof. Petrie to prove the 
identity of the location conclUSively." 

MAY, 1856: "Alexis St. Martin, noted 
in the annals of medical science, and 
whose case is described in all our ele­
mentary works on physiology as having, 
when a soldier, shot himself accidentally 
in such a manner as to lay open his 
stomach and expose the entire process of 
digestion to scrutiny, has been in New 
York for a few weeks lately. A number 
of our physicians have been experiment­
ing upon him with different kinds of 
food with the view to ascertaining the 
time required to digest them. A ther­
mometer introduced into his stomach 
through the opening rose to 101 degrees 
Fahrenheit. The carrot is consumed in 
five to six hours. Rare roast beef will 
thoroughly digest in an hour and a half." 

"In the last number of the North 
BTitish Review it was stated-as taken 
from Dr. Wilson's work-that one person 
out of every eighteen was unable to dis­
tinguish different colors. If it be true that 
color blindness is as prevalent as Dr. 
Wilson has stated; then all the engineers 
and switchmen on our railroads, and all 
the pilots on our rivers, should be thor­
oughly examined respecting their ca­
pacity to distinguish colored signals." 
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· . .  we offer 

this factual 

tt Result Record" 

Results are the pay-off on dollars invested in product research and develop­
ment. Results in terms of cost savings ... improved performance . . .  m­

creased salability ... stronger competitive position. 
That's why we're proud to present our "result record" for typical DFI 

clients, in both the mechanical-hydraulic and electronics-instrumentation 
fields. The booklet shown above is the best answer we can offer to the of ten­
asked question, "W hy use an outside research and development organization?" 

It tells, in capsule form, how we approach specific client problems in 
varied fields, and the results achieved ... with company names and confi­
dential data omitted, of course. It points up the value of a coordinated and 
creative approach, from determination of market potential and customer 
preferences straight through to final design and production engineering. 

May we send you a copy of DFI Creative Product Development at Work? 
Or, if you have a specific development problem, we'll be glad to have a 
DFI representative call, without obligation. 

?LANN[D 

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

Production Engineering. Transition Manufacturing. Engineering Audits 

Unusual 

Diversified 

Challenging 

OPPORTU N ITI ES 

IN IICREATIVEII 

RESEARCH AND 

DEVELOPMENT 

are waiting at 

To experienced Electronic and Me­
chanical scientists and designers, or 

specialists in Automation, we offer 
challenging career opportunities. 

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

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

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

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

Personnel Director, 

Designers for Industry, Inc. 

4247 Fulton Parlcway, 

Cleveland 9, Ohio 
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Ho'\V a paper Illachine turns 

PHOTOMICROGRAPH OF NEWSPRINT 

PHOTOMICROGRAPH OF RUBBER-SATURATED GASKET MATERIAL 

As it enters the machine, paper is 99% water and 1 % wood 
pulp. In the special Armstrong materials, this 1% can in­
clude rubber latex, synthetic resins, and finely ground cork. 

Conventional paper-like that used 
in your newspaper, for example - is 
made of millions of short cellulose 
fibers matted closely together. Fine 
printing and writing papers are made 
by adding clay and other fillers to the 
mixture while the paper is in the watery 
pulp stage of manufacture. 

Resin-saturated material designed 
for filtering oil is composed of short cel­
lulose fibers that appear to lie across 
each other like matchsticks. Fibers are 
coated with a thin coat of resin which 
stiffens them and helps maintain proper 
fiber spacing. This allows maximum 
flow of the fluid to be filtered, yet traps 
a maximum of dirt particles. 

Rubber-saturated materials which 
are intended for use as gasketing are 
designed to be impervious. The fiber 
structure is somewhat tighter than 
that used for filter material, and finely 
ground cork is added to the mix. A 
patented beater-saturation process 
coats both fibers and cork with a uni­
form layer of rubber that blocks the 
passage of gases and liquids. 

The mixture moves in regulated amounts from the '"head 
box" (A) onto a moving wire screen called a Fourdrinier 
wire (B). Much of the water drains through the screen. 
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fiber, rubber, and 
• 

resIn 

into neW'" industrial ntaterials 

For over 150 years, paper-making machines have 
been fed a standard diet of water and wood pulp. 
But today, in the Armstrong Research and Develop­
ment Center, chemists feed a scaled-down paper 
machine such things as rubber latex, ground cork, 
and synthetic resins. As a result, amazing new mate­
rials have come forth ... materials you'd never sus­
pect came off a paper machine. 

For example, Armstrong chemists developed a 
sheet of material so tough a man can't tear it-and so 
impervious it will seal hot oil under pressure. They 
made this material by feeding cellulose fiber, rubber, 
and cork into their paper machine. This wasn't easy 
for it took a good deal of chemical and mechanical 
ingenuity to perfect a process (now patented) that 
would coat each tiny fiber and cork particle with a 
uniform layer of synthetic rubber-while they were 
suspended in water. 

Once this trick was accomplished, the mix was 
sent through the paper machine ... which turned out 
a highly compressible gasket material that held its 
dimensions, resisted crushing, and offered an effec­
tive barrier to most gases and fluids. 

Then, after making a material that stopped oil, the 
Armstrong chemists used their paper machine to de-

velop one that would pass oil. This time, they were 
aiming for an oil filter element-and the problem now 
was to keep the fibers apart far enough to pass oil yet 
close enough to trap dirt particles. 

From previous experience, these research men 
knew that resin-saturated fibers would do the job. 
But finding the correct fiber length, making sure the 
fibers wouldn't mat too tightly on the paper machine, 
determining the proper amount and kind of resin, all 
this took months of experimentation. Ultimately, 
though, the right combination of ingredients and 
processing method was found ... and the result was 
an efficient paper for all kinds of oil filter cartridges. 

Today, the Armstrong paper-mill-in-a-Iab is learn­
ing still more new tricks. Like a modern-day Alad­
din's Lamp, this giant research tool is helping to de­
velop a variety of highly useful industrial materials. 

Armstrong fiber sheet materials range from soft, vibration­
damping felts that quiet noise in household appliances ... 
to resilient gaskets that seal oil in heavy tractors. Armstrong 
makes a complete line of filter felts and artificial leather bases, 
too. Perhaps one of these materials can help in your business. 
For booklets on specific products, just write and tell us what 
you're interested in. Armstrong Cork Company, Industrial 
Division, 8205 Inland Road, Lancaster, Pennsylvania. 

ADHESIVES 

@mstrong Industrial Products 
CORK COMPOSITION 

CORK-AND-RUBBER 

FELT PAPERS 

FRICTION MATERIALS . . .  USED WHEREVER PERFORMANCE COUNTS 

Paper begins to form as the fibers mat on the wire. More 
water is removed by suction boxes and pressure rolls (C). 
The sheet is now strong enough to move without support. 

Heated dryer drums (D) remove nearly all remaining mois­
ture, and the paper finally moves through calender rolls (E) 
which control its caliper and give it a smooth surface. 
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Atlantic predicts 
BEHAVIOR of 
GREASES aided by 

RCA ELECTRON MICROSCOPE 

Basic studies with the RCA Electron Micro­
scope under the immediate supervision of Dr. 
Roger G. Simard, of The Atlantic Refining 
Company Research Laboratories, Philadel­
phia, have brought the grease system into 
microscopic focus. Today's high-speed pre­
cision machinery demands specialized 
greases that will withstand extremely severe 
operating conditions. An ordinary lubricat­
ing grease is a suspension of metal soap 
fibres in a lubricating oil. Distributed uni· 
formly throughout the oil, the soap fibres 
hold the oil between them, principally by 

D,. S;ma,d and m;«ascap;st. capillary attraction. By studying these soaps 
with the electron microscope, scientists are able to correlate their struc­
ture with the physical properties and behavior of the finished grease. 
Thus, it is possible to screen out defective batches and to set up standards 
of quality leading to the development of new and better greases. 

The latest word for fundamental research on crystalline structures, 
diverse solids, metallurgical and geological specimens, tissues, bacteria 
and viruses, the new RCA Electron Microscopes provide magnification 
and resolution higher than ever before possible and include many 
advanced engineering features. Why not find out more about these 
wonderful instruments? Installation supervision is supplied, and con­
tract service by RCA Service Company is available if desired. 

For further in/orUia/ion on the use 0/ the RCA Electron Microscope, write 10 Dept. £.111, 
Building 15-1, Camden, N.J. in Cotloda: RCA VICTOR' CO;IIPOI1Y Limited, Montreal. 

-� 
Electron Microscopes 
RADIO CORPORArlON of AMERICA 
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THE AUTHORS 
G. H. CARTLEDGE ("Studies in 

Corrosion") is a group leader at the Oak 
Ridge National Laboratory in Tennes­
see. He was born in Georgia, graduated 
from Davidson College in North Caro­
lina, and took a Ph. D. at the Universitv 
of Chicago in 1916. He went to Oak 

Ridge after World War II, following a 
long career as professor of chemistry at 
the Johns Hopkins University, the 
University of Buffalo and King College 
in Tennessee. His present work, he savs, 
is an outgrowth "of the application to 
corrosion inhibitors of an electrostatic 
point of view which I have found useful 
in the interpretation of various chemical 
phenomena over the past 30 years." 
"Corrosion," he adds, "is, of course, one 
of the major problems in the operation of 
certain types of nuclear reactors. It was 
almost a new field to me when I first 
came to the Oak Ridge National Lab­
oratory." Cartledge is active in the 
Presbyterian church and in 1947 de­
livered the Smyth Lectures at the 
Columbia Theological Seminary in 
Georgia on the interrelations of science 
and religion. 

HERMAN YAGODA ("The Tracks 
of Nuclear Particles") is a physical 
chemist at the National Institutes of 
Health in Bethesda, Md. A New Yorker, 
he graduated from Cooper Union in 
1929 and took his master's degree at 
New York University in 1931. Later he 
had a Baker research fellowship at Co­
lumbia UniverSity. He worked for a 
chemical company and as an assistant 
chemist in the U. S. Customs Laboratory 
in New York before joining the National 
Institutes of Health in 1942. His interest 
in cosmic rays and nuclear emulsions 
grew out of work in microchemical 
analysis. Yagoda has written a compre­
hensive book entitled Radioactive M eas­
tl1'ements with Nuclear Emulsions. He 
still considers himself a chemist: hI tell 
my friends that I have achieved the ulti­
mate goal of microchemists-the ability 
to identify a single atom of matter." 

R. W. SPERRY ("The Eye and the 
Brain") is a psychobiologist in the de­
partment of biology at the California 
Institute of Technology. He graduated 
from Oberlin College in 1935, and in 
1941 took a Ph.D. in zoology at the 
UniverSity of Chicago. He then did sev­
eral years of research at Harvard Univer­
sity and at the Yerkes Laboratories of 
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A composition that is almost twice as hard 
as the hardest steel • • •  KENNAMETAL* 
Kennametal is the registered trade­
mark of a series of hard alloys of tung­
sten, tungsten-titanium, and tantalum 
carbides. These compositions are the 
hardest practicable metals made by 
man. In scratch hardness tests, these 
hard carbide particles are between sap­
phire and diamond. On the Rockwell 
"A" Scale, different Kennametal grades 
test from 90.0 to 93.0, while that of 
HSS lS-4-1 heat-treated steel tests a 
maximum of S5.0. The Knoop Test 

"P' 
'Iii."��'-.' 

K8 Tungsten carbide 18·4·2 Steel 

gives 2100 (K100) for Kennametal and 
SOO (K100) for steel. 

Photomicrographs above show re­
sults of Knoop hardness test on Kenna­
metal KS (left) and HSS lS-4-2 steel 

(right) at 100g. Impression in the 
Kennametal is only about half of that 
on the steel. 

Photomicrographs below are of 
Knoop tests on grains of carbide in­
gredient of Kennametal. Knoop test 
numbers (at 100g) are: tungsten car­
bide, 1900; tungsten-titanium carbide, 
2200; titanium carbide, 2500. These 
,....--------, tests show those 

Tungsten carbide 

, 
Tungsten-titanium carbide 

carbides are from 
two to three times 
as hard as steel in 
the absolute scale 
of Kgs per square 
mm of area of im-
pression. 

Titanium carbide 

SEE OUR EXHIBIT 

Booth 313 

at the Design 

Engineering Exposition 

MAY 14·17 

Convention Hall 

Philadelphia, Pa. 

Extreme Hardness of KENNAMETAL Utilized by Designers 

Come in and visit us while you are 
in Philadelphia. See "live" demon­
strations that prove the many out­
standing characteristics of Kenna­
metal and Kentanium (the titanium 
carbide for application at 1800° F 
and above). See such demonstrations 
as: 

I 11"0'. 

I 

i [I 11 
� I " ,0" 

A West Coast manufacturer switched 
to solid Kennametal tungsten-titanium 
carbide tools for internal threading of 
stainless steel rings, jumped production 
from 35 to 40 pieces between grinds to 
SO to 100 pieces with Kennametal. And 
the latter showed no cratering and only 
slight edge wear requiring only light 

: grinding. 

A manufacturer of aircraft landing 
gears uses the hardest grade of Kenna­
metal cutting edges for interrupted cut­
ting of SAE-4340 steel (220,000 psi ten­
sile strength), at 1 Y2 times greater speeds 

and with over 10 times longer tool life. 
Both sides of 54 pieces are rough cut 
and finish cut between grindings. 

C-L...l...--II -----L-L--IJ� 
FINISH TUON D 
2400 to 3600 (depending on shell 

hardness) 90 mm shells are finished­
turned using the hardest grade Kenna­
metal before regrinding is required. 

Perhaps KENNAMETAL's Extreme 
Hardness Can Help You, Too 

Together with absolute hardness goes 
surprisingly greater resistance to wear 
and deformation. It is vital to innum­
erable industrial applications. Perhaps 
it is the characteristic you need to get 
YOUR idea off the drawing board and 
into production. It is worth investi­
gating. Write to KENNAMETAL INC., 
Dept. SA, Latrobe, Pennsylvania, and 
ask for Booklet B-ll1. 

• Registered Trademark 

• The Torque Test 

• The Hardness Test 

• The Deflection Test 

• The Vibration and 
Chatter Tests 

Inspect dozens of sample machine 
and processing equipment parts 
made from Kennametal and Ken­
tanium ... typical applications be­
ing used in practically every indus­
try. Our engineers will be glad to 
talk over any of your problems and 
advise how you may use these hard, 
strong metals to advantage. 

INDUSTRY AND 

KENNAWETAL 
... UJ� .fAt, (/JM?/tR.44 
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, ;-S.II;,dtK.:.rtiez if 

-Alit o VANE 
SYSTEM �,';;A'; 

CON T R 0 L L E R (W i n d , r 0 I t) 

TRANSMITTER 

INDICATOR 

... for measur'ing 
wind speed and 

direction 

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

speed and direction. Keeps a permanent log o� weather . . conditions. Used by manufacturers for testIng operatIons In 
which noise or smoke are involved. Controller actuates 

operating equipment, signals and alarms. 

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

for use with the transmitter. 

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

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

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

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

Calibrated in degrees of compass and miles per hour. 

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

reach pre-determined settings. Wind sl?ee� and wind di.rection 
dials mounted on face. AutomatIc tIme delay deVIce 

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

Write today for complete information. 'Reg. U. S. Pat. 011. tTrade.mark 

'7eno'�-�'J 
FRIEZ INSTRUMENT DIVISION . BENDIX AVIATION CORPORATION 

1422 TAYLOR AVENUE BALTIMORE 4, MARYLAND 
Export Soles and Service: Bendix International Division, 205 E. 42nd Street, New York 17, N. Y., U.S.A. 

Primate Biology. From 1946 to 1952 he 
taught anatomy at the University of 
Chicago, and from 1952 to 1954 he was 
chief of developmental neurology at the 
National Institutes of Health. Since 1954 
he has been Hixon Professor of Psycho­
biology at Cal Tech. His work has cov­
ered various aspects of the functioning 
of the central nervous system, including 
the mechanisms involved in perception, 
learning and memory. 

JULIAN H. STEWARD ("Cultural 
Evolution") is an anthropologist at the 
University of Illinois. Of his own cul­
tural evolution he gives the following 
account: "The point of view expressed 
in the article developed from an interest 
in seeing new places and peoples, a pre­
disposition toward the exact sciences 
and a social conscience. I was concerned 
that the approach in anthropology in the 
U. S. seemed to be purely particularis­
tic-immersed in a vast amount of un­
related detail. The Great Depression, I 
am sure, stimulated all social scientists 
to look for causes. About this time I be­
gan attempting to develop a methodol­
ogy for identifying cause-and-effect re­
lationships in culture change. In 1934, 
at the University of California, I made a 
preliminary effort toward developing the 
point of view expressed in my article. At 
the Smithsonian Institution, 1935 to 
1946, the approach took a more deRnite 
form. I went to Columbia University as 
professor in 1946. My study of Puerto 
Hico in 1949-1950 was the Rrst system­
atic attempt to apply this pOint of view 
to field research. Since 1952 I have been 
graduate research professor of anthro­
pology at the University of Illinois, where 
I have worked on plans for a Reid study 
of populations in Mexico, Peru, \Vest 
Africa, Uganda, and Indonesia or 
Japan." 

DENIS 1. DUVEEN ("Lavoisier") is 
the president of a Long Island soap 
company. A chemist, he was born in 
London in 1910, graduated from Ox­
ford University in 1929 and did research 
in organiC chemistry at the College de 
France. He came to the U. S. in 1948, 
having been during World War II tech­
nical assistant to the director of an ex­
plosives factory run by the British 
Ministry of Supply. Duveen maintains 
a scholarly interest in the history of 
chemistry. A general collection of 
alchemical and early chemical works 
which he assembled is now at the Uni­
versity of Wisconsin. Duveen has what 
is probably the most extensive collection 
of Lavoisier's printed works and manu­
scripts and recently collaborated in pub-
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RADAN* 

THE PIN··POINT NAVIGATION SYSTEM 

.JET LINERS NEED anoth •• GPL 'Irst 

A billion dollars worth of jet air liners 
are building-tremendeusly fast, fuel-hungry 
air liners. 

The vital navigation problems these jets 
pose-problems affecting both the safety and 
economy of commercial jet operations-have 
been solved by GPL's RADAN Navigation 
Systems. 

RADAN Systems are the most accurate 
airborne navigation systems an air line can 
buy. They are completely self-contained: 
need neither ground aids nor celestial fixes. 
They will work anywhere in the world, under 
any conceivable conditions. 

RADAN Systems enable a pilot always 
to pick the quickest route to his destination 

-and stay on it. RADAN-equipped planes will 
keep safely in their air lanes, require less air 
space, come in on-the-dot. Thus, by reducing 
airport congestion and delays, RADAN will 
add to passenger comfort and satisfaction. 
Moreover, RADAN Systems cut flying time to 
a minimum-and every second trimmed from 
air time saves air lines many dollars. 

RADAN Navigation Systems are typical 
of the many notable components, equipments 
and systems that have resulted from GPL's 
advanced technological resources and engi­
neering skills. 

For further information, or help with a 
specific technological development problem, 
write to: 

. 

GENERAL PRECISION LABORATORY lNCOAPOAATEO 

PLEASANTVIl.L.E. NEW YORK 

aCINEERS-Join the CPL group whose activity i. responsible for 
... outstanding achievement. Send resume to Personnel Manager. 

·Trade Marlc 

A SUBS10lARV OF GENERAL PRECISION EQUIPMENT C
"
ORF"ORATION 

© 1956 SCIENTIFIC AMERICAN, INC



32 

Instrumentation laboratory 

At Ramo-Wooldridge today there 
exists a wide range of projects 
intended to aid aircraft in navigating 
to the vicinity of targets, finding the 
targets, destroying them, and 
returning safely to base. Work is 
under way in such fields as infrared 
and microwave detection, 
information display, communication 
and navigation, and analog and 
digital computing. Some projects 
are in the laboratory development 
stage, some in the flight test stage, 
some in pilot production. 

Good progress is being made in the 
establishment of facilities and 
operational patterns that are well 
tailored to the unique requirements 
of advanced electronic systems work. 

AIRBORNE 

ELECTRONICS AND 

WEAPON CONTROL 

SYSTEMS 

Simulators in (omputing cent�t 

Positions are available for 
scientists and engineers in these 
fields of current activity: 

Communications Systems 
Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
Electronic Instrumentation and Test Equipment 
Guided Missile Research and Development 
Automation and Data Processing 
Basic Electronic and Aeronautical Research 

The Ramo-Wooldridge Corporation 
8730 ARBOR VITAE STREET. 1.09 ANGELES 4S. CALtP'ORNIA 

lishing a full bibliography of the great 
chemist's writings. His nonscientific 
hobby is big-game fishing. 

JOHN TYLER BONNER ("The 
Growth of Mushrooms") is a Princeton 
University biologist who specializes in 
studying very simple organisms, espe­
cially slime molds, about which he has 
written for SCIENTIFIC AMEHICAN ("The 
Social Amoebae"; June, 1949). He was 
a junior fellow at Harvard University 
qnd for his Ph.D. he did research on 
fungi under William H. Weston. Since 
1947 he has been teaching at Princeton 
as an associate professor of biology. His 
most recent article in SCIENTIFIC AMEHI­

CAN was an account of the work of 
D'Arcy \Ventworth Thompson, in the 
issue of August, 1952. 

ERNEST RABINOWICZ ("Stick and 
Slip") is an assistant professor of me­
chanical engineering at the Massachu­
setts Institute of Technology. He was 
born in Berlin in 19�6, went to England 
at the age of 10, studied physics as an 
undergraduate and graduate student at 
the University of Cambridge, and has 
been at �1.I.T. since 1950, as a worker 
in the Lubrication Laboratory and a 
member of the Division of Industrial Co­
operation. He started his studies of fric­
tion, using radioactive tracer methods, 
in the research laboratory of the depart­
ment of physical chemistry at the Uni­
versity of Cambridge. 

VICTOR A. McKUSICK ("Heart 
Sounds") is assistant professor of medi­
cine at the Johns Hopkins University 
School of Medicine. He was educated at 
Tufts College and Johns Hopki�s Medi­
cal School, and took his hospital train­
ing in the Osler Medica1 Clinic of the 
Johns Hopkins Hospital. His fields of 
interest have been internal medicine, 
cardiology and diseases of connective 
tissue. He has an identical twin brother­
a lawyer in Maine. Intrigued by human 
genetics, Dr. McKusick has made a 
clinical study of hereditary disease 
which will be published this spring un­
der the title Heritable Disorders of Con­
nective Tissue. 

JAMES R. NEWMAN, who reviews 
The History of Photography in this issue, 
conducts the book department and is a 
member of the Board of Editors of 
SCIENTIFIC AMERICAN. He edited two 
recently published books: What Is 
Science? and a new edition of The Com­
mon Sense of the Exact Sciences, by 
William Kingdon Clifford. 
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Solar skills help produce 
guided missiles in quantity 

INFORMATION 
BOOKLET 

New brochure on Solar 
missile production capa .. 
bilities-write for a cOllY 
today. 

GUIDED MISSILES REQUIRE imaginative engineering 

and precision fabrication with unending emphasis 

on quality. Solar has stressed these attributes for 

decades in designing and building aircraft compo­

nents of tough alloys for use under stringent service 

conditions. In addition, Solar's direct activity in 

missile programs extends from research and develop­

ment work through to volume manufacture of com­

ponents-such as current fabrication of fuselages for 

the air-to-air Hughes Falcon. For more information 

on Solar's missile production capabilities, write Dept. 

C -14, Solar Aircraft Company, San Diego 12, Calif. 

SOLAR 
AIRCRAFT COMPANY 

Oesi2ners, developers and manufacturers of a:as ILIfbines� 
lira-aft and missile components- bellows- controls-hlih 

temper.ture co.tines- metal alloy produels 
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Dry, pre-coated adhesive 
speeds rubber-to-metal bonding 

To get the instant "grab" you need for economically bonding 
rubber parts to metal on fast-moving assembly lines, follow this 
simple procedure. 

First, have the cushioning pads or other parts pre-coated with 
Armstrong D-2S0 Adhesive. When dry, this adhesive is inert; pre­
coated parts will not "block" or stick to each other even under 
pressure of 15 psi at temperatures up to 1200 F. 

The next step is equally simple. At the assembly point, apply 
fresh adhesive to the metal surface and press the rubber part 
firmly into place. Solvent from the fresh adhesive instantly re­
activates the dry D-2S0 film. The result is an immediate bond that 
holds the part exactly where it's placed. The final bond usually is 
stronger than the rubber itself. 

For a data sheet on D-2S0 or information about other Arm­
strong Adhesives, write Armstrong Cork Company, Industrial 
Division, S005 Inland Road, Lancaster, Pennsylvania. In Canada, 
address 6911 Decarie Boulevard, Montreal 29, Quebec. 

@mstrong 
ADHESIVES • COATINGS • SEALERS 

... used wherever performance counts 
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Studies in Corrosion 

Technetium, the synthetic element found in the products of uranium, 

fission, strongly inhibits the oxidation of iron. This phenolnenon 

suggests a new explanation for the action of corrosion inhibitors 

A
l the apparatus of our industrial age, 

from egg beaters to nuclear power 
plants, is marching inexorably to­

ward the junk heap. Today's gleaming 
machines are tomorrow's rusty scrap. As 
the world supply of raw materials 
shrinks, we must be increasingly con­
cerned about finding ways to prevent the 
corrosion and decay of our metal. 

Like many other natural phenomena, 
corrosion is a subtle process which has 
been a stubborn problem for those who 
seek to understand it at the basic level. 
Chemists have, to be sure, devised some 
methods of combatting it. But the fa­
miliar rust inhibitor that you put in the 
radiator of your car is an empirical prod-

by G. H. Cartledge 

uct: there are differing theories as to 
just how it operates to retard corrosion. 
It has been difficult to test these theories, 
or to discover principles which might 
lead to more effective solutions of the 
manifold corrosion problem. 

Now such tests and studies have been 
facilitated by a new substance whose 
birth is itself a remarkable story. The 
substance is technetium-the element 
which man had never seen until he made 
it himself. Technetium has proved to be 
a corrosion inhibitor par excellence, and 
though it is still one of the rarest of all 
the elements on earth, the precious 
material is serving to unravel some 
of the unsolved mysteries of corrosion. 

The story of technetium really goes 
back to Dmitri Mendeleyev and his 
construction of the table of elements in 
1869 to 1871. In the column headed by 
manganese Mendeleyev left blank spaces 
for two elements which had never been 
found but which he was sure must exist. 
He called them eka-manganese and dvi­
manganese. The second of these was 
identified in minerals in 1925 and named 
rhenium. But eka-manganese could not 
be found in nature. It is a radioactive 
element (radioactivity was unknown, of 
course, in Mendeleyev's day) whose 
most abundant isotope has a half-life of 
220,000 years. Since the earth is billions 
of years old, the primordial technetium 

FOUR DROPS of tap water, three of which contained corrosion 

inhibitors, were placed on this strip of very pure electrolytic iron. 

The first drop contained about 40 parts per million of technetium; 

the second, about 20 parts per million of technetium. The third 

drop contained potassium chromate. The fourth was plain tap 

water. After it had evaporated, the drop of plain water left a de· 

posit of rust. The other drops inhibited the corrosion of the iron. 

The stains left by the first three drops are due not to corrosion but 

to thin deposits of unchanged inhibitor. The technetium stains are 

comparatively colorless; the potassium chromate stain is yellow. 
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PER IODIC TABLE shows the relationship of technetium (Tc) and the other elements up 
to xenon (Xe). At the end of each horizontal row in the table a shell of electrons is filled 
(see drawing below). The brackets beneath the rows denote the filling of electron subshells. 
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ELECTRON STRUCTURE of technetium gives it seven valence electrons (colored dots). 
The letters K, L, M, N and 0 schematically represent the shells of electrons in the techne· 
tium atom. The shells are also numbered (upper right) and divided into the subshells s, p 
and d. The last number in each subshell indicates the number of electrons needed to fill it. 
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must have virtually disappeared from 
our planet long ago. 

Eka-manganese in Mendeleyev's table 
stood just after molybdenum. In 1937 
C. Perrier and Emilio Segre reported 
that they had bombarded molybdenum 
with deuterons and succeeded in trans­
muting molybdenum into the long­
sought eka-manganese-element 43. In 
honor of man's Rrst creation of an ele­
ment it was named technetium. 

Had technetium been limited to the 
inRnitesimal amounts that could be pro­
duced in a cyclotron, it would have re­
mained an element in name only. But it 
was to make a new and dramatic ap­
pearance in another arena. Examining 
the many Rssion products from the 
splitting of uranium in nuclear reactors, 
chemists came upon a product which 
was unmistakably technetium. George 
W. Parker and Willard J. �1aJtin at the 
Oak Ridge National Laboratory have 
since extracted several grams of the 
element: technetium amounts to roughly 
6 per cent of uranium's Rssion products. 
This material has been immensely useful 
in studying corrosion because of two 
fortunate properties: not only is it a 
powerful inhibitor of corrosion but, 
thanks to its radioactivity, it can be 
traced and measured in very tiny quanti­
ties-a considerable help in experimental 
work. 

O ur account of the technetium re-
search must be introduced by a 

brief review of the questions raised by 
corrosion. The problem arises in the Rrst 
instance from the unfortunate fact that 
metals as a rule are chemically unstable 
in the environments in which we wish 
to use them (e.g., steel ships in salt 
water). To protect the metal we must 
somehow block the corrosive chemical 
reaction between the metal and the en­
vironment. A metal such as aluminum 
may provide its own protection by form­
ing a nonporous Rlm of oxide on its sur­
face. Certain artiRcial rust inhibitors act 
in just this way: they form a Rlm which 
interposes a physical barrier between 
the metal and the solution. 

Our study is concerned with what 
may be another type of protection: 
chemical alteration of the metal surface 
itself to make it inactive. The most com­
monly used inhibitor of this kind is a 
chromate compound. In a solution of 
potassium chromate, for example, iron 
will remain rust free indeRnitely. 

How does the chromate change iron's 
behavior? U. R. Evans and T. P. Hoar 
of the University of Cambridge sug­
gested that it assists iron to form an im-
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pervious coat. Iron, they assumed, nor­
mally is covered with an oxide film with 
many pores or cracks. Through these 
openings iron atoms which have given 
up two electrons, thus becoming ferrous 
ions (Fe+ +), pass into solution. How­
ever, when chromate ions (Cr04--) are 
present, they remove a third electron 
from the emerging ferrous ions, convert­
ing them to ferric ions (Fe+ + +). Ferric 
ions react with water to form an insolu­
ble oxide. This plugs the pores or cracks 
and seals the iron surface against further 
reaction. 

Herbert H. Uhlig of the Massachu­
setts Institute of Technology has another 
view. He argues that chromate ions ad­
sorbed on a metal surface simply share 
electrons with its atoms, thus immo-

bilizing the electrons and reducing the 
chemical activity of the metal. 

Both theories, however, stumble on 
the fact that ions similar to chromate do 
not always behave as expected. The 
Evans-Hoar theory attributes chro­
mate's anticorrosion effect to its property 
as a strong oxidizer, but some other 
strong oxidizing agents do not inhibit 
corrosion, while there are weak oxidizers 
that do inhibit. The adsorption theory 
fails to account for the fact that the sul­
fate ion (S04 --) is a poor inhibitor of 
corrosion. 

The chromate and sulfate ions are so 
alike in their external features-size, 
shape and charge-that we were 
prompted to look into their internal char­
acteristics for an explanation of the dif-

ference in their inhibitory property. Like 
all ions of this type, they have a tetra­
hedral structure, with a cage of four 
oxygen atoms surrounding the central 
atom-chromium in one case, sulfur in 
the other [see diagram on page 39]. Now 
there are good reasons for believing that 
the valence electrons between the cen­
tral atom and the oxygens are dis­
tributed differently in the two ions. In 
the sulfate ion the electrons are probably 
shared between the sulfur and surround­
ing oxygen atoms in covalent bonds. As 
a result the central region of the ion is 
electrically nearly neutral. In the chro­
mate ion, on the other hand, some of the 
chromium atom's electrons probably are 
detached from it and transferred to the 
oxygens. Thus the center of the ion 

TECHNETIUM SOLUTIONS produced the effects 
demonstrated in these two photographs. The bottle 
in the photograph at left contains a solution of potas· 
sium pertechnetate and" specimen of mild steel. AI· 
though the steel has been in the solution since Janu· 

ary 7, 1953, it is still bright. Tbe bottle at left in the photograph at right 
contains a solution of potassium pertechnetate that was heated with a speci. 
men of steel for 92 hours at a temperature of 450 degrees Fahrenheit. The 
bottle at right contains plain water that was heated to 450 degrees with an· 
other specimen. The first bottle is clear; the second is beclouded with rust. 

37 

© 1956 SCIENTIFIC AMERICAN, INC



ONE THEORY of how the chromate ion (Cr04--) inhihits the corrosion of iron is 
schematically presented. Aluminum (top drawing) is resistant to corrosion because its 
atoms (open circles) are protected by a coating of aluminum oxide (crosshatched circles). 

The oxide coating of iron (second drawing) may be broken by cracks or pores. This leads 
to the formation of a ferrous ion (black disk), which tends to leave the metal lattice (third 

drawing). If a chromate ion (upper black disk) is present, it will react with the ferrous ion 
to form an insoluble oxide (fourth drawing). In doing so it removes one of the electrons 
from the ferrous ion. The oxide precipitates, forming a plug which prevents corrosion. 
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should have a high positive charge. By 
virtue of this charge, a chromate ion ad­
sorbed on a metal or oxide surface might 
well attract and engulf any free electrons 
in the surface. This would account for 
the ability of chromates to inactivate a 
metal chemically and protect it against 
corrosion. 

If our hypothesis is correct, the effec­
tiveness of an ion of this type in inhibit­
ing corrosion should depend on the 
amount of the central positive charge. 
The chromium atom has six electrons to 
give up in its outermost shells; hence the 
maximum possible charge of the chro­
mate ion's interior is six positive units. 
Any ion with a higher central charge 
should be an even better corrosion in­
hibitor than chromate, provided it is a 
sufficiently weak oxidizing agent to keep 
its integrity as an ion. 

T
his line of thought pointed straight 
to technetium. It has seven electrons 

in its outer shells. It forms with oxygen 
an ion of the chromate type-pertechne­
tate (Tc04-). And the ion is only a mild 
oxidizing agent. Plainly an experiment 
with pertechnetate was indicated. 

Technetium was available to us at 
Oak Ridge in milligram quantities. We 
made a very dilute solution of the com­
pound potassium pertechnetate. Then we 
placed on a piece of clean iron a drop of 
this solution, a drop of ordinary tap wa­
ter and other test drops for comparison. 
The tap water on evaporation left a little 
mound of rust. But the iron under the 
pertechnetate drop did not corrode at 
all. Further experiments demonstrated 
that pertechnetate is a more powerful 
corrosion inhibitor than chromate. It is 
effective at temperatures as high as 450 
degrees Fahrenheit and at concentra­
tions as low as five parts per million­
an improvement on the performance of 
chromate in both respects. 

Now the radioactivity of the techne­
tium atom made it possible to carry out 
some specific tests of the various hypoth­
eses about the mechanism of corrosion 
inhibition. The chemical reaction 
theory supposes that the inhibiting ions 
(chromate or pertechnetate) react with 
the iron and are precipitated in a film 
on the metal surface. This implies that 
if iron is exposed to a pertechnetate solu­
tion, an appreciable amount of techne­
tium should become deposited on the 
iron surface as technetium dioxide. Tech­
netium's radioactivity enabled us to 
measure precisely the amount of any 
such precipitation. We found that some 
technetium was precipitated. But the 
amount varied considerably from one 
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trial to another without affecting the de­
gree of corrosion inhibition. Indeed, 
corrosion was inhibited even when 
the precipitated technetium dioxide 
amounted to far less than would have 
been needed to form a film only one 
molecule thick over the metal surface. 
We found further that the amount of 
the deposit did not increase with time, 
as would be expected on the chemical­
reaction hypothesis. Pieces of metal 
kept in pertechnetate solutions for as 
long as three years have not shown any 
detectable increase in deposited radio­
activity during that time. 

What of Uhlig's hypothesis that the 
inhibiting ions form electronic (i.e., 
chemical) bonds with the atoms on the 
metal surface? Our experiments indicate 
that the force holding these ions to the 
surface is actually much weaker than a 
chemical bond. Pertechnetate ions, for 
example, are easily displaced from the 
surface by sulfate ions, which do not in­
hibit corrosion, when the latter are add­
ed to the solution. By measurements of 
changes in the electric potential of the 
metal we have demonstrated that these 
exchanges take place rapidly and in an 
oscillating manner, as if the two ions are 
competing with each other for places on 
the metal surface. As the concentration 
of sulfate ions increases, they pre-empt 
the positions on the metal, and corrosion 
begins. It is hard to escape the conclu­
sion that the adsorption between per­
technetate ions and the metal is due not 
to a chemical bond but to a considerably 
weaker force of attraction. That is to say, 
the evidence supports the idea that the 
adsorbing force is an electrostatic attrac­
tion between the positively charged in­
terior of the pertechnetate ion and elec­
trons in the metal or its oxide. 

Rhenium, the other cousin of man­
ganese whose discovery Mendeleyev 
predicted, is an atom very like techne­
tium. It has seven removable electrons 
in its outer shells and it forms a per­
rhenate ion (Re04 -). Since this ion is 
almost a twin of the pertechnetate ion, 
it might be expected to be an equally 
powerful corrosion inhibitor. But when 
tested in a similar way, it failed to in­
hibit. One obvious difference between 
the ions is that natural rhenium is not 
radioactive. This raised the novel, and 
rather incredible, possibility that techne­
tium's radioactivity might play a part in 
its inhibitory action. The possibility was 
quickly ruled out by experiments with 
rhenium artificially made radioactive 
by bombardment with neutrons. It 
showed no change in behavior. The only 
plausible explanation left is that the in-

terior of the perrhenate ion does not 
have as strong a positive charge as the 
pertechnetate ion. Rhenium is known to 
give up electrons less readily than tech­
netium; it may have covalent bonds 
with the oxygen atoms in the ion instead 
of transferring its electrons. 

T
he experiments with technetium 
have opened a wide new avenue of 

inquiry into the problem of corrosion. 

Technetium itself will never be plentiful 
enough for general use as a rust inhibi­
tor, though it may be employed for spe­
cial purposes such as protecting the 
plumbing in nuclear reactors. But as 
more of it becomes available, through 
recovery from the fission products of 
power reactors, it will grow in useful­
ness as a tool of research, not only in 
corrosion but also in other problems in­
volving the properties of metals. 

0--

ANOTHER THEORY of inhibition is partly based on the architectme of the pertechnetate 
ion ( Tc04-). This consists of a technetium atom ( Tc) with four oxygen atoms ( 0) arrayed 
around it iu a tetrahedron. ( The chromate and sulfate ions have the same structure.) The 
valence electrons of the technetium atom give it seven positive charges (7 +) ; the valence 
electrons of the oxygen atom give it two negative charges (--). The distribution of these 
charges may be such that the core of the ion is positive and attracts negative electrons on the 
surface of iron. This would immohilize the electrons to some extent and hlock corrosion_ 

R ADIOAUTOGRAPH was made by putting a piece of corroding iron in a solution of tech­
netium, then washing it and placing it in contact with a sheet of photographic film. The 
radioactivity of the technetium exposes the film, showing where the technetium has adhered 
to the iron. In this print the exposed areas appear as bright spots. Technetium will inhibit 
the corrosion of iron in amounts insufficient to cover the metal with a layer one molecule 
thick. A pparently a stable oxide film can form when the inhibitor is present with oxygen. 
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GIANT SHOWER OF MESONS is recorded in this photomicro. 

graph of a small section of nuclear emulsion carried to a height of 

]06,000 feet by a Navy "Skyhook" balloon. At the top of the photo· 

micrograph is the heavy track of an enormously energetic iron nu· 

40 

cleus in the primary cosmic radiation. Above the nucleus is a "star" 

resulting from the collision of the iron nucleus and a nucleus in the 

emulsion. Below the star is a jet of about 40 pi mesons. To the left 

and right of the star are heavier fragments of the target nucleus. 
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THE TRACKS OF NUCLEAR PARTICLES 

Each constituent of the atom IS characterized by its trajectory 

through matter. Here these signatures are discussed with special 

reference to their visualization in thick photographic emulsions 

A 
nuclear physicist studying the 
elementary particles of nature is 
in much the same position as an 

explorer trying to picture unknown ani­
mals from their tracks. The physicist 
never can see the particles themselves­
only their footprints in a cloud chamber 
or a photographic plate. But from these 
tracks he deduces a particle's mass, 
movements, speed, lifetime and social 
impact on its fellows. By now the tracks 
of some members of the nuclear family 
are almost as familiar and readable as 
the footprints of a domestic animal. In­
teresting new tracks keep turning up, 
some strange, some predictable-the lat­
est to make its appearance is that of the 
long-sought antiproton. It seems a time­
ly moment to survey the scene and re­
view the gallery of footprints that iden­
tify the members of the strange popula­
tion in the nucleus of the atom. 

\Ve shall consider the tracks as they 
are recorded in photographic emulsions. 
It was in this medium that the existence 
of particles in the nucleus of the atom 
was first detected-through the fact that 
Henri Becquerel left some uranium near 
photographic film in a drawer. Becquerel 
noted simply that radioactive emana­
tions from the uranium had fogged his 
film. That the "fog" might consist of a 
network of tracks was not discovered un­
till3 years later. In 1909 Otto Miigge of 
Germany exposed some film to tiny crys­
tals of zircon, a feebly radioactive miner­
aI. To study the faintly developed image 
he had to use a microscope, and he then 
noticed that there were fine linear tracks 
radiating from the crystals. Not long 
afterward the tracks of alpha particles 
emitted by radium were recorded in fine­
grained emulsions at Lord Rutherford's 
famous laboratory in England. 

When a charged particle travels 
through a photographic emulsion, it 

by Herman Yagoda 

forms a latent image in the silver bro­
mide grains, just as light does. In the case 
of the moving particle, the latent image 
results from ionization by the particle 
along its path. This image, marking the 
track of the particle, is then made visi­
ble by development of the emulsion in 
the usual way. So that fast particles may 
be brought to a stop within the emulsion, 
it is usually made as thick as possible. 
Emulsions used to track cosmic rays 
and high-energy particles from accelera­
tors are often more than one millimeter 
thick-about 100 times thicker than in 
ordinary photographic film. The length 
of a particle's track in the emulsion must 
be measured precisely to determine its 
kinetic energy. Since the path slants into 
the emulsion, its length cannot be meas­
ured directly: it is computed by means 
of the Pythagorean theorem from the 
two measurable distances-the depth at 
which the particle comes to rest in the 
emulsion and the horizontal distance 
along the emulsion surface from the 
point of entry to the point directly 
above the end of the track. 

At best the search for particle tracks 
in emulsions is slow, tedious work. It 
takes many hours or days of poring over 
the photographic plate with a micro­
scope to find and trace the faint lines of 
silver grains. For this reason physiCists 
long preferred to use cloud chambers 
for particle detection work. But the pho­
tographic plate has an obvious advan­
tage over a cloud chamber. Particles 
traveling through this denser medium 
are more likely to collide with atomic 
nuclei and produce interesting develop­
ments. A great deal of work has been 
done to improve nuclear emulsions. In 
1947 Pierre Demers of the University of 
Montreal found a way to prepare stable 
emulsions containing 90 per cent silver 
bromide, instead of the usual 30 per 

cent, and in these more concentrated 
emulsions particles produce more robust 
tracks. 

�t us proceed to examine some of the 
identifying tracks. We shall begin 

by immersing a photographic plate in a 
very dilute solution of a soluble com­
pound of the radioactive element radi­
um. After leaving it for a time (days, 
weeks or months) in a dark place, we 
remove the plate, develop it and inspect 
it under a microscope. Here and there 
on the plate we see starlike sets of short 
heavy tracks, each set radiating like 
spokes from a hub point. The tracks 
identify the particles as slow alpha par­
ticles, and the formation is known as an 
alpha star. At the center of the star a 
radium atom has emitted a series of al­
pha particles. The radium atom decays 
first to radon, then to other unstable de­
scendants and finally to lead. In this 
spontaneous transmutation from radium 
to lead a total of five alpha particles 
(plus several beta particles) is emitted. 
Each in the series comes out with a 
characteristic kinetic energy, and the 
different energies (ranging up to 7.7 
million electron volts) cause the tracks 
in a star to be of different lengths. 

OccaSionally the star seen in a pho­
tographic plate may represent the disin­
tegration of not one but many radium 
atoms. This was made clear by an exper­
iment performed by Mlle. C. Chamie at 
the Curie Institute in Paris. She exposed 
a plate in an extremely dilute solution of 
polonium, the last alpha-emitting de­
scendant of radium in the transition to 
lead. It was supposed that single tracks 
of alpha particles, from separate atoms 
of polonium, would appear in the emul­
sion. Instead Mlle. Chamie found stars 
consisting of several hundred alpha 
tracks from a common center. All the 

41 

© 1956 SCIENTIFIC AMERICAN, INC



tracks were of the same length, corre­
sponding to the energy of alpha-emis­
sion from polonium. Evidently even in 
an extremely dilute solution the po­
lonium atoms are not completely disso­
ciated into individual ions but may 
cluster in groups of several thousand 
atoms. The collections have been named 
radiocolloids. 

All matter contains traces of radio­
active substances, and their energy fields 
have been pulsating in minerals since 
the earth's crust solidified eons ago. Na­
ture strews the investigator's path with 
clues-if we could only see. Long before 
the discovery of radioactivity, geologists 
had observed that grains in certain min­
erals, such as mica, were sometimes sur­
rounded with halos of colored material. 
They could find no way to explain how 
these colored bands might be formed. 
In 1907, when radioactivity was a topic 
of growing interest, John Joly in Ireland 
noted that the distance from the center 
of each tiny sphere to the halo around 
it was about the same as the range of an 
alpha particle emitted by radium or tho­
rium. He suggested what is now taken to 
be the correct solution of the mystery: 
that alpha particles radiating from radio­
active atoms at the center ionize iron 
atoms in the mica near the end of their 
path, cause the iron to become oxidized 
and thereby produce the colored bands. 

Just as familiar, and as ubiquitous, as 

the footprints of alpha particles are the 
footprints of beta particles, or electrons. 
These light particles make very faint, 
highly scattered tracks in an emulsion. 
Originating from radioactive substances 
and from cosmic ray showers, flying elec­
trons record their presence in emulsions 
wherever placed or however carefully 
shielded. Even at great depths under­
ground a photographic plate will show 
about one million electron tracks per 
cubic centimeter for each day of its 
underground exposure. 

N° footprints are more fascinating 
than those of the sh'ange particles 

known as mesons. Had present emul­
sions been in use in the 1920s, their 
tracks would have been discovered first 
and "explained" afterward; as it was, 
the particles were predicted by the theo­
retician Hideki Yukawa two years before 
they were actually found. Yukawa in­
vented the meson to account for the 
binding force that holds particles to­
gether in the atomic nucleus. Tracks of 
a particle such as he had predicted­
about 200 times heavier than the elec­
tron-were first discovered in 1937 in 
cloud chambers monitoring the products 
of cosmic rays. A mystery soon devel­
oped: the theory said that these palti­
cles should interact strongly with atomic 
nuclei, but experiments proved that they 
were rarely absorbed by nuclei. 

SPECIAL MICROSCOPE is used to scan nuclear emulsions. The large stage enables the 

viewer to follow long tracks. Here the emulsion is a disk embedded in a rectangular Lucile 

frame fitted with a cover glass. The depth of the track is read on the wheel at upper right. 
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While the theoreticians were ponder­
ing this hiatus between theory and ex­
periment, the younger physicists were 
busy climbing mountains and exposing 
photographic plates to the intense cos­
mic radiation high in ¢e ahnosphere. 
By 1947 they had discovered a second, 
heavier meson which did react strongly 
with matter [see "The Multiplicity of 
Particles," by Robert E. Marshak; SCI­
ENTIFIC AMERICAN, January, 1952]. A 
Bristol University team of investigators 
headed by C. F. Powell obtained photo­
graphs showing that when the heavy pi 
meson came to rest it promptly decayed 
into the lighter mu meson. 

A year later the young Brazili-an C. M. 
G. Lattes, a member of the Bristol cos­
mic ray group, came to the University of 
California and in cooperation with Eu­
gene Gardner succeeded in detecting 
mesons from nuclei attacked by a 400-
million-electron-volt beam of alpha par­
ticles from the Berkeley cyclotron. Two, 
types of pi meson tracks were then 
identified. Positively charged pi mesons 
decayed into mu mesons. Negatively 
charged pi mesons reacted with atomic 
nuclei, and the disintegration of the 
capturing nucleus produced a star. 

Meanwhile the European investiga­
tors, lacking funds for the construction 
of expensive accelerators, continued to 
study mesons in the cosmic radiation­
the poor man's cyclotron. These simple 
experiments gave birth to a perplexing 
number of new particles. 

Their first addition to the growing 
fraternity of Greek-lettered mesons was 
the tau particle. The Bristol University 
investigators found its track in an elec­
tron-sensitive plate exposed beneath a 
12-inch-thick block of lead at the Jung­
fraujoch High Altitude Research Station. 
The particle, heavier than a pi meson, 
produced an unusual three-pronged star 
on coming to rest. All three prongs 
could be identified as the tracks of pi 
mesons. From the available evidence 
Powell came to the conclusion that the 
tau meson was an unstable, singly 
charged particle about 1,000 times 
heavier than the electron. Powell's bril­
liant deductions tempt one to finish off 
his description with the admiring excla­
mation: "A new particle-elementary, 
my dear �Tatson!" 

The heavy tau meson is very rare, 
but an extensive vigil has now detected 
a number of these events and established 
the particle's properties. Recent con­
trolled experiments with the six-billion­
electron-volt Bevatron at Berkeley indi­
cate that the tau particle and certain 
other heavy mesons (known as K mes-
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ALPHA PARTICLES made the image in this dark·field photomi. 

crograph. The emulsion itself contains tiny colloid particles of radio 

ALPHA STARS emerged from thorium atoms in this emulsion. 

The stars at left and right represent the serial decay of single thor· 

urn, one of which is at the center of the image. The tracks were made 

hy alpha particles emitted hy radium and its daughter elements.. 

ium atoms. First the thorium atom emitted an alpha particle, then 

the daughter isotope emitted another alpha particle, and so on. 
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ons) probably are all the same particle 
showing alternate modes of decay. 

emulsion may collide head on with a 
hydrogen atom, rip away the latter's 
electron and cause the proton to recoil 
and make a track that tells the story of 
the collision. Neutral particles unfortunately leave 

no footprints in an emulsion or 
cloud chamber. They may, however, sig­
nal their presence indirectly. For exam­
ple, a fast neutron charging through an 

At Berkeley all eyes are focused just 
now on the footprints of the antiproton, 
which at long last was generated by the 

GROUP MEMBERS SYMBOL 

PROTON p+ 

NUCLEONS ANTIPROTON p-

NEUTRON n
O 

ELECTRON e-

LEPTONS POSITRON e+ 

NEUTRINO v 

NEGATIVE PI MESON 'It-

POSITIVE PI MESON 'It + 

LIGHT MESONS NEUTRAL PI MESON 'itO 

NEGATIVE MU MESON 11-

POSITIVE MU MESON 11+ 

TAU MESON '[+ 

THETA MESON eO 

CHI MESON X (K'lt2) 
HEAVY MESONS 

(K112 ) 

KAPPA MESON K (K113) 

( Ke3) 

LAMBDA PARTICLE 
1\.0 

POSITIVE SIGMA PARTICLE �+ 
HYPERONS 

NEGATIVE SIGMA PARTICLE �-

CASCADE PARTICLE 
- -

Bevatron a few months ago. The anti­
proton-the negatively charged counter­
part of the positive proton-has only a 
fleeting life, but it makes its existence 
unmistakably known by the spectacular 
manner of its death. When the particle 
comes to rest in an emulsion, there is an 
explosion which generates a large star. 

REST MASS 

(ELECTRON MASSES) 

1 836.1 3 

1 840 ± 90 

1 838.65 

1 

1 

0 

272.8 ± 0.3 

273.3 i: 0.2 

263.7 ± 0.7 

207.::!: 0.5 

206.9 ± 0.4 

965.5 .::!: 0.7 

965.± 1 0  

963.± 9 

960 ± 7 

955 ± 9 

� 960 

21 82 ± 2 

2327 ± 4 

2325 

2582 ± 1 0  

MEAN LIFE 

(SECONDS) 

STABLE 

�5xlO-8 

750 

STABLE 

ANNIHILATES 

2.44 x 1 0  - 8 

2.53 x 1 0  -8 

5 x 1 0  -15 

2.1 5xlO-6 

�5xlO-8 

1 .6 x 1 0  -10 

lxlO-8 

lxlO-8 

lxlO-8 

3.7 x 1 0-10 

� 1 0-10 

� 1 0-10 

_1 0-10 

FUNDAMENTAL PARTICLES are listed, together with their 

characteristic tracks in nuclear emulsions. The photon and gravi­

ton are omitted to simplify the organization of the chart. The light 

mesons are called L particles; the heavy mesons, K particles; the 

hyperons, Y particles. The chi and kappa mesons have dual sym­

bols, the second of which segregates them according to their mode 
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The particles emerging from the explo­
sion, among which are several pi mesons, 
have a large kinetic energy; the total 
energy released is about that predicted 
by the theory that the antiproton and a 
proton combine and annihilate each 
other, converting mass into energy. 

The Bevatron produces antiprotons 

when a beam of high-energy protons (at 
6.2 billion electron volts) hits a copper 
target. The fast protons attacking the 
nuclei of the copper atoms generate 
large numbers of heavy mesons and an 
occasional antiproton: the yield is about 
one antiproton per 62,000 mesons . The 
theory suggests that a high-energy pro-

DECAY SCHEME 

"" p+ @ ---- .. _ . . __ . --- ._--------.. , . 
. ' 

'-v- e-

e+ . - .. .... . . . '1 ...... '" '" - ... , " .. , ....... e I\f\f\1"1 

�1 

./7 'Jt+ ... .' ..... ' .. .. .
. .. .... ... ......................... ,.' /-.;--... . . . . ... . .... ...... ..... .. ... . 

e+ 

'Jt+ 
K'Jt2 ...

.
.. .
.

. . ..... .. . .. . . . .... .. ___ . __ ._"'?'Jto 
(.-..' ... ' .

... .. �..... 
<'-...... 'Jt+ .... .... . . ' .... f·� •••• 

•••••••• 
" 0  ,0_ • ••••••• 

...... ....... ',o �. .. ... ..
... 0' 

...•. . 
...... '0 . . . ��� .•. _ ... .. ... ..•. 

...... S'" 'Jt+ Y'Jt- .. "" 
....... -.-....... r'" -.... ..... . � .. . . .. .. .. . 

... 
:� 
.

. �-::-..................... - ..... ... . _ ... .. ..... ... T+ 
....... n+ .. ...... .... . . ........ / 

e+···· · ..... .......,/··Il + 

of decay. K,,2, for example, indicates that this K (not kappa) particle decays into two pi 

mesons. The decay schemes may be followed by beginning with the particle in that group. 

The wavy lines (gamma rays), circles and arrows denote particles that do not make tracks. 

ton interacts with a neutron to form an 
antiproton-proton pair. 

The antiproton has the same mass as 
a proton. One would therefore expect 
that it should have about the same prob­
ability of collision with atomic nuclei as 
it travels through matter. But experi­
ments with the new particle show 
that the antiproton actually has about 
twice as great a collision probability, 
or cross section, as the proton. This 
surpnsmg property has presented 
nuclear physicists with an intriguing 
problem. 

E nlightening as the work with atom-
smashing machines has been, the 

investigators of particles have not by 
any means lost interest in the wild as­
sortment of nuclei and nuclear debris 
that rains into our atmosphere from the 
bombardment of the cosmic radiation. 
Of the primary cosmic radiation itself, 
little reaches ground level, fQr the at­
mosphere absorbs it as effectively as 
would a three-foot-thick layer of lead 
completely surrounding the earth. But 
physicists are capturing the footprints of 
primary particles coming in from space 
by floating their instruments and photo­
graphic plates to the top of the air ocean 
in balloons. Great impetus was given to 
this work by the U. S. Navy's develop­
ment of the plastic "Skyhook" balloon. 
Unlike rubber balloons, the plastic vehi­
cles can be held at a fixed, preset eleva­
tion. Stacks of emulsions have been 
flown to 100,000 feet-almost at the bor­
ders of empty space, for the weight of 
the overlying air there is only 13 grams 
per square centimeter, as against 1,030 
grams at sea level. 

As the primary cosmic rays smash ni­
trogen and oxygen atoms in the air, they 
generate a fallout of secondary and ter­
tiary particles. The footprints of these 
fragments are being recorded at moun­
taintop stations all over the world. Men 
who risk their lives to climb a mountain 
simply "because it is there" are usually 
very cooperative with the cosmic ray 
physicists. A light package of photo­
graphic plates does not add appreciably 
to the burden of the climb, and it may 
add incentive as a form of applied moun­
taineering. In the ascent of Mt. EVelT'( 
Sir Edmund Hillary took a small pack­
age of plates (given him by Professor 
Eugster of Zurich University) to the 
25,850-foot camp site. Unfortunately, in 
the excitement of the triumphant de­
scent from the peak the plates were 
overlooked. Sir John Hunt, the leader of 
the expedition, apologized in his book, 
The Conquest of Everest: "I very much 
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SLOW NEUTRON gave rise to this track in an emulsion contain­

ing lithium horate. The neutron encountered a lithium atom at the 

lower end of the short, heavy line at the top. The track was then 

made hy two fragments of the nucleus recoiling from each other. 

ELECTRONS made the faint, wavy tracks in this emulsion, which 

was aged for 50 days hefore it was developed. The heavy track at 

the bottom was made by an oxygen nucleus in primary cosmic radio 

ation. The electron tracks along this image are called delta rays. 

regret to say that the plates have re­
mained on the South Col, where they 
must by now have made a very definite 
recording of . . .  cosmic ray phenomena." 

kong the first to get a recording of 
these phenomena was Marietta Blau 

of the University of Vienna. Nineteen 
years ago she exposed a series of photo­
graphic plates for four months on a 
mountaintop at Innsbruck. When she 
developed them, she found not only the 
familiar alpha stars from radioactive 
substances but also a number of bigger 
stars with much longer, less dense 
prongs. The tracks evidently were pro­
duced chiefly by protons. Dr. Blau sur-

mised correctly that they were the de­
bris of nuclei disrupted by cosmic rays; 
she followed up this finding and today 
is studying nuclear disruptions produced 
by the Cosmotron at the Brookhaven 
National Laboratory. 

The smashing of nuclei by cosmic rays 
increases rapidly with altitude. At sea 
level in northern latitudes the rate of 
star production in photographic plates 
is about one per cubic centimeter of 
emulsion per day of exposure; at 14,260 
feet on Mt. Evans in Colorado the rate 
is 20 times that; and in balloons near the 
top of the atmosphere, 2,500 times. 

The b'acks of the primary cosmic par­
ticles that arrive there from space are 

often extremely robust. These thick 
tracks are made by heavy nuclei, much 
larger than the nuclei of hydrogen 
atoms. The track is covered with a fur 
of spurs projecting from its sides-sec­
ondary ionizations which are known as 
delta rays. Since the amount of ioniza­
tion by a particle along its path is pro­
portional to the square of its charge, the 
amount of delta-ray ionization identifies 
the particle. The primary cosmic parti­
cles have been found to include the 
nuclei of almost all the elements from 
hydrogen to nickel. Iron nuclei often 
produce tracks heavy enough to be seen 
with the naked eye. 

Sometimes the incoming heavy nu-

IRON NUCLEUS in primary cosmic radiation entered this picture 

from the left. Escaping catastrophic collision with nuclei in 

the emulsion, it finally came to rest at the right. Its energy was dis­

sipated by a series of encounters in which it removed electrons 
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NEGATIVE PI MESON made the track between these two stars. At 

the top is a nucleus disrupted by a primary cosmic ray. At the bot· 

tom is a second nucleus disrupted by the pi meson. Negative mesons 

are readily absorbed hy nuclei because of their opposite charge. 

PROTON in primary cosmic radiation made the nearly vertical 

track at the top of this emulsion. The tracks produced by its en­

counter with a nucleus in the center of the emulsion are character­

istic of fragments andlor particles with a single electric charge. 

cleus is partly sheared off by a glancing 
collision in the air, and the separated 
bundles of nucleons diverge from the 
point of collision. Sometimes the cosmic 
primary hits an atom head on and dis­
integrates it, emitting a shower of heavy 
mesons: as many as 200 charged mesons 
have been seen in a single star. Many of 
the pi mesons decay during flight into 
mu mesons; the latter, nearly immune to 
capture by atoms, zip through the at­
mosphere and often plunge deep into the 
earth. 

A small proportion of the heavy nu­
clei from space escape catastrophic col­
lisions and are eventually slowed down 
by ionization processes in the atmos-

phere. When these particles are caught 
in an emulsion, they produce very spec­
tacular tracks. The track is first thick and 
furry; then as the heavy nucleus slows 
down and begins to pick up electrons, 
the reduction of its positive charge di­
minishes the ionization it produces, so 
that its track tapers down to a needle 
point at the end of its flight. 

The last grain at the rest point of a 

heavy primary cosmic particle is a 
thing to marvel at. Embedded within 
the grain of silver in the emulsion is an 
atom with a history unlike that of its 
neighbors. It is an atom which may have 
been blown out of a star in our galaxy 

millions of years ago. It was accelerated 
through interstellar space by magneto­
hydrodynamic fields. For millions of 
years it escaped collision with cosmic 
dust. Finally it plowed into the earth's 
atmosphere, and in a single moment lost 
its store of energy accumulated since 
birth. Such is the ever-increasing en­
tropy of the universe, of which Swin­
burne wrote: 

We thank with brief thanksgiving 
Whatever gods may be 

That no man lives forever, 
That dead men rise tip never; 
That even the weariest river 

Winds somewhere safe to sea. 

from atoms in the emulsion. These electrons made the wavy tracks 

along the path of the iron nucleus. The track is about a 16th of an 

inch in length, too long to be shown in a single photomicrograph. 

It has accordingly been depicted in a mosaic of photomicrographs. 
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The Eye and the Brain 
If the optic nerve of a newt is cut and its eye lS turned through 180 

degrees, the nerve regenerates and the animal sees upside down. Such 

results deeply affect our picture of how the nervous system develops 

P
robably no question about the be­
havior of living things holds great­
er general interest than the age-old 

issue: Heredity versus Learning. And 
none perhaps is more difficult to investi­
gate in any clear-cut way. Most behavior 
has elements of both inheritance and 
training; yet each must make a distinct 
contribution. The problem is to separate 
the contributions. We can take vision as 
a case in point. An animal, it is often 
said, must learn to see. It is born with 
eyes, but it matures in the use of them. 
The question is: Just where does its in­
born seeing ability end and learning be­
gin? To put the matter another way: Ex­
actly what equipment and instinctive 
skills are we born with? 

This article is an account of experi­
ments which have given some new in­
sight into the heredity-learning ques­
tion. The behavior studied is vision, and 
the story begins 31 years ago. 

In 1925 Robert Matthey, a zoologist 
of the University of Geneva, delivered 
to the Society of Biology in Paris an 
astonishing report. He had severed the 

A 

by R W. Sperry 

optic nerve in adult newts, or salaman­
ders, and they had later recovered their 
vision! New nerve fibers had sprouted 
from the cut stump and had managed to 
grow back to the visual centers of the 
brain. That an adult animal could re­
generate the optic nerve (and even, as 
Y1atthey reported later, the retina of the 
eye) was surprising enough, but that it 
could also re-establish the complex net­
work of nerve-fiber connections between 
the eye and a multitude of precisely lo­
cated pOints in the brain seemed to 
border on the incredible. And yet this 
was the only possible explanation, for 
without question the newts had regained 
normal vision. They would stalk a mov­
ing worm separated from them by a glass 
wall in their aquarium; they were able to 
see a small object distinctly and follow 
its movements accurately. 

A long series of confirmations of 
Matthey's discovery followed. He trans­
planted an eyeball from one newt to an­
other, with good recovery of vision. 
Leon S. Stone and his co-workers at Yale 
University transplanted eyes successful-

B c 

Iy from one species of salamander to an­
other, and grafted the same eye in four 
successive individuals in turn, each of 
which was able to use the eye to regain 
its VISIOn. Eventually experimenters 
found that fishes, frogs and toads (but 
not mammals) also could regenerate the 
optic nerve and recover vision if the 
nerve was cut carefully without damage 
to the main artery to the retina. 

The optic nerve of a fish has tens of 
thousands of fibers, most or all of which 
must connect with a specific part of the 
visual area of the brain if the image on 
the retina is to be projected accurately 
to the brain. The newt, whose retina is 
less fine-grained than a fish's, has fewer 
optic fibers, but still a great many. The 
system is analogous to a distributor's 
map with thousands of strings leading 
from a focal point to thousands of spe­
cific spots on the map. How can an 
animal whose optic fibers have all been 
cut near the focal point re-establish this 
intricate and precisely patterned system 
of connections? Matthey found that the 
regenerating fibers wound back into the 

D 

EYE OF THE NEWT was turned in various ways by the experi­

ments described in this article. In A the normal position of the eye 

is marked with crosses. In B the eye has been turned so that its 

front.hack and up·down axes are inverted. In C the eye on the op-

po site side of the head has been transplanted to the side shown 

with its up-down axis inverted. In 0 the eye on the opposite side 

of the head has been transplanted to the side shown with its front­

hack axis inverted. In each case the operation is done on both eyes. 
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brain in what looked like a hopelessly 
mixed up snarl. Yet somehow, from this 
chaos, the original orderly system of 
communications was restored. 

Two possible explanations have been 
considered. The one that was long re­
garded as the more plausible is that the 
connections are formed again by some 
kind of learning process. According to 
this theory, as the cut nerve regenerates 
a host of new fibers, branching and 
crawling all over the brain, the animal 
learns through experience to make use 
of the fiber linkages that happen to be 
established correctly, and any worthless 
connections atrophy from disuse. 

The second theory is that each fiber 
is actually specific and somehow man­
ages to arrive at its proper destination in 
the brain and reform the connection. 
This implies some kind of affinity, pre­
sumably chemical, between each indi­
vidual optic fiber and matching nerve 
cells in the brain's visual lobe. The idea 
that each of the many thousands of nerve 
fibers involved has a different character 
seemed so fantastic that it was not very 
widely accepted. 

These were the questions we under­
took to test: Does the newt relearn to 
see, or does its heredity, forming and or­
ganizing its regenerated fibers accord­
ing to a genetic pattern, automatically 
restore orderly vision? 

O
ur first experiment was to turn the 

eye of the newt upside down-to 
find out whether this rotation of the eye­
ball would produce upside-down vision, 
and if so, whether the inverted vision 
could be corrected by experience and 
training. We cut the eyeball free of the 
eyelids and muscles, leaving the optic 
nerve and main blood vessels intact, 
then turned the eyeball by 180 degrees. 
The tissues rapidly healed and the eye­
ball stayed fixed in the new position. 

The vision of animals operated on this 
way was then tested. Their responses 
showed very clearly that their vision was 
reversed. When a piece of bait was held 
above the newt's head, it would begin 
digging into the pebbles and sand on 
the bottom of the aquarium. When the 
lure was presented in front of its head, 
it would turn around and start searching 
in the rear; when the bait was behind it, 
the animal would lunge forward. (Since 
its eyes are on the side of the head, a 
newt can see objects behind it.) As color­
adapting animals, the newts with up­
side-down eyes even adjusted their color 
to the brightness above them instead of 
to the dark background of the aquarium 
bottom. Besides seeing everything up-

A 

RESPONSE OF THE NEWT to moving objects varies with the operations depicted on the 

opposite page. The first newt in each of the three pairs of animals on this page is normaL 

When an object (thick arrows ) is moved past the newt , the animal turns its head in the same 

direction (thin arrows ) . The second newt in each pair represents the behavior of the animal 

after one or more of the operations. The response of the second newt in A corresponds to 

operations B and D on the opposite page; in B ,  to operations B and C; in C, to C and D. 
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A 

B 

SAME OPERATIONS ON A FROG produce these effects when the animal strikes at a fly. 
In A the fly is above and behind a frog whose eyes have been turned by operation D on page 

48; the animal strikes in the direction shown by the thick arrow. In B the eyes of the frog 

have been turned by operation C. In C the eyes of the frog have been turned by operation B. 
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side down and backward, the animals 
kept turning in circles, as if the whole 
visual field appeared to be whirling 
about them. Human subjects who have 
worn experimental lenses that invert the 
visual field have reported that any move­
ment of the head or eyes tends to make 
everything seem to whirl around them. 

The operated newts never relearned 
to see normally during the experiment. 
Some were kept with their eyes inverted 
for as long as two years, but showed no 
significant improvement. However, when 
rotated eyes were turned back to the 
normal position by surgery, the animals 
at once resumed normal behavior. There 
was no evidence that their long expe­
rience with inverted vision had brought 
about any change in the functioning of 
the central nervous system. 

A second experiment bore out further 
the now growing suspicion that learning 
probably was not responsible for the re­
covery of vision by newts whose optic 
nerves had been cut. This time we ro­
tated the eyeball and severed the optic 
nerve as well. The object was to find out 
whether the regenerating nerve fibers 
would give the newt normal vision, in­
verted vision or just a confused blur. 

During the period of nerve regenera­
tion the animals were blind. The first 
visual responses began to reappear about 
25 to 30 days after the nerve had been 
cut. From the beginning these responses 
were systematically reversed in the same 
way as those produced by eye rotation 
alone. In other words, the animals again 
responded as if everything was seen up­
side down and backward. In these ani­
mals also the reversed vision remained 
permanently uncorrected by experience. 

In another series of experiments we 
cut the optic nerves of the two eyes and 
switched their connections to the brain. 
Normally each optic nerve crosses to the 
side of the brain opposite the eye. We 
connected the cut nerve to the brain 
lobe on the same side. The result was to 
make the animals behave after regenera­
tion as if the right and left halves of the 
visual field were reversed. That is, the 
animals responded to anything seen 
through one eye as if it were being 
viewed through the other eye. This 
switch too was permanent, uncorrected 
by experience. Frogs and toads respond­
ed to the experiment in the same way as 
newts. 

By rotating the eyeball less than 180 
degrees (e.g., a 90-degree turn) , 

and by combining eye transplantation 
from one side to the other with various 
degrees of rotation, we produced many 
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other forms of abnormal spatial percep­
tion. But every experiment had the same 
basic outcome: the animal-newt, frog, 
toad or fish-always regenerated an or­
ganized pattern of vision. The visual 
field as a whole might be turned upside 
down, or inverted on another axis, or 
displaced from the left to the right side, 
but always the spatial organization with­
in the visual field itself was restored in 
the normal pattern. Evidently the indi­
vidual nerve fibers from the retina, after 
regeneration, all regained their original 
relative spatial functions in projecting 
the picture to the brain. 

This orderly restoration of the spatial 
relations could hardly be based on any 
kind of learning or adaptation, under the 
conditions of our experiments. Animals 
don't learn to see things upside down 
and backward or reversed from left to 
right: reversed vision is more disad­
vantageous than no vision at all. The re­
sults clearly demenstrated that the or­
derly recovery of correct functional 
relations on the part of the ingrowing 
fibers was not achieved through func­
tion and experience, but rather was 
predetermined in the growth process 
itself. 

Apparently the tangle of regenerating 
fibers was sorted out in the brain so as 
to restore the orderly maplike projection 
of the retina upon the optic lobe. If 
we destroyed a small part of the optic 
lobe after such regeneration, the animal 
had a blind spot in the corresponding 
part of its visual field, just as would be 
the case in normal animals. It was as if 
each regenerated fiber did indeed make 
a connection with a spot in the brain 
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OPERATION ON THE OPTIC NERVES of a frog produced the effect shown at the lower 

right. At upper left the eyes of the frog are joined to the brain by the optic nerves. In the 

operation, which is depicted at top center , the nerves were cut and rejoined so that they did 

not cross. When a fly was at X, the frog struck at X'; when it was at Y, the frog struck at Y'. 

matching a corresponding spot in the 
retina. 

It follows that optic fibers arising from 
different points in the retina must differ 
from one another in some way. If the 
ingrowing optic fibers were indistin­
guishable from one another, there would 
be no way in which they could re-estab­
Iish their different functional connections 
in an orderly pattern. Each optic fiber 
must be endowed with some quality, 
presumably chemical, that marks it as 
having Originated from a particular spot 
of the retinal field. And the matching 
spot at its terminus in the brain must 
have an exactly complementary quality. 
Presumably an ingrowing fiber will at­
tach itself only to the particular brain 
cells that match its chemical flavor, so to 
speak. This chemical specificity seems 
to lie, as certain further experiments in­
dicate, in a biaxial type of differentiation 
which produces unique arrays of chemi­
cal properties at the junction places. 

Such chemical matching would ac­
count for recognition on contact, but 
how does a fiber find its way to its des­
tination? There is good reason to believe 
that the regenerating fibers employ a 
shotgun approach. Each fiber puts forth 
many branches as it grows into the brain, 
and the brain cells likewise have wide­
spreading branches. Thus the chances 
are exceedingly good that a given fiber 
will eventually make contact with its 
partner cells. We can picture the ad­
vancing tip of a fiber making a host of 
contacts as it invades the dense tangle 
of brain cells and their treelike expan­
sions. The great majority of these con­
tacts come to nothing, but eventually the 
growing tip encounters a type of cell 
surface for which it has a specific chemi­
cal affinity and to which it adheres. A 
chemical reaction then causes the fiber 
tip to stop advancing and to form a last­
ing functional union with the group of 
cells, presumably roughly circular in 
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OPTIC NERVE of Bathygobius soporator, a fish of the goby family, was cut and allowed to 

regenerate. The regenerated nerve is shown in these three photomicrographic sections. In 

each photograph the eye is toward the right and the Herve runs from right to left. The top 

photograph shows a section of one nerve; the bottom two photographs show different sec· 

tions of the same nerve. In all tbree sections the nerve fibers are tangled. Despite this ap· 

parent disorganization the fishes [rom which the sections were taken could see normally. 
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formation, which constitutes the spot in 
the brain matching the fiber's source 
spot in the retina. 

The experiments on vision have been 
found to apply equally to other parts of 
the central nervous system. Normal 
function can be recovered through re­
generation by general sensory nerves in 
the spinal cord, by the vestibular nerve 
in the ear mediating the sense of equi­
librium and by other sensory and motor 
nerve circuits. 

All the experiments point to one con­
clusion: the theory of inherent chemical 
affinities among the nerve fibers and cells 
is able to account for the kinds of be­
havior tested better than any hypotheti­
cal mechanism based on experience and 
learning. There is no direct proof of the 
theory, for no one has yet seen evidence 
of the chemical affinity type of reaction 
among nerves under the microscope. But 
an ever-growing accumulation of experi­
mental findings continues to add sup­
port to the chemical theory. 

We return to our original question: 
How big a role does heredity play 

in behavior? The experiments cited here 
show that in the lower vertebrates, at 
least, many features of ViSt41l percep­
tion-the sense of direction and location 
in space, the organization of patterns, 
the sense of position of the visual field 
as a whole, the perception of motion, 
and the like-are built into the organism 
and do not have to be learned. More 
general experiments suggest that the or­
ganization of pathways and associations 
in the central nervous system must be 
ascribed for the most part to inherent 
developmental patterning, not to expe­
rience. Of the thousands of circuit con­
nections in the brain that have been de­
scribed, not one can demonstrably be 
attributed to learning. Whatever the 
neural changes induced in the brain by 
experience, they are extremely incon­
spicuous. In the higher animals they are 
probably located mainly in the more re­
mote byways of the cerebral cortex. In 
any case they are superimposed upon an 
already elaborate innate organization. 

The whole idea of instincts and the 
inheritance of behavior traits is becom­
ing much more pal<ltable than it was 15 
years ago, when we lacked a satisfactory 
basis for explaining the organization of 
inborn behavior. Today we can give 
more weight to heredity than we did 
then. Every animal comes into the world 
with inherited behavior patterns of its 
species. Much of its behavior is a prod­
uct of evolution, just as its biological 
structure is. 
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Kodak reports to laboratories on: 
not jarring the radiographer's delicately tuned sensibilities ... a movie camera 
for high altitudes and latitudes ... how goodly the body of microprint literature is 

A new x-ray film 
Monotonous is the word. Looking 
at radiographs of castings and weld­
ments, which are what go on most 
Kodak Industrial X-ray Film, can 
be monotonous unto distraction. 
Fortunately for public safety, ra­
diographers are able to stand it and 
even to keep themselves alert for 
certain occasional small signs that 
signal danger. Rarely would the 
signs attract the attention of the un­
initiated. Only after long familiarity 
with the radiographic appearance of 
sound metal does the sight of the 
unsound set off the alarm. It is easy 
to see why changes that would alter 
the appearance of radiographs are 
resisted. 

Nevertheless, progress ought not 
be barred, so long as it does not jar 
the radiographer's delicately tuned 
sensibilities. Right now progress 
takes the form of displacing his 
favorite Kodak Industrial X-ray 
Film, Type A, with Type AA. His 
radiographs look the same, but the 
speed is up 30% for low-voltage 
x-rays, 70 % for medium-voltage, 
130 % for high-voltage x-rays and 
gamma-rays such as the boys are 
now getting from C060 and CsJ34. 
If he wants the same film density as 
before, he can now get it with less 
milliamperage or shorter exposure 
time. If he cares to adjust himself to 
looking at higher densities, he can 
give the same exposure as he used 
to and see more detail, since the 
contrast continues to increase as 
density increases. As a third alterna­
tive, he can consider that insofar as 
the greater mass of metal he can 
get through is concerned, we have 
in effect bumped up the capacity of 
his equipment for him. 

There are many interesting facts 
about film and x-rays that Eastman 
Kodak Company, X-ray Division, Roch­
ester 4, N. Y., can tell you, if you call 
ollly ask the right questions. 

K- 100 in the (old 
"Walt Disney Productions' Ant­
arctic film will soon be shown on 
the Disneyland and Mickey Mouse 
Club TV Shows and will be released 
as a full-length movie which can be 
seen at your local movie theatre." 

Printing the above sentence seems 
a fair price to pay for the privilege 
of saying that the Cine-Kodak K-JOO 
Cameras of the Disney crews in 

Antarctica are functioning properly 
at -45F without the electric blan­
kets which far costlier 16mm movie 
cameras require. 

Actually, nowadays, smart out­
fits like the Disney organization 
find out from an environmental 
chamber test in advance just what 
they can or cannot expect from 
equipment being considered for 
strenuous duty. Then you hear from 
them only if the equipment failed 
to perform as in the test, in which 
case you hear plenty. 

We could attribute the low-tem­
perature performance of this cam­
era to the extra care lavished by 
aging craftsmen on each K-IOO that 
leaves their devoted hands. A more 
credible explanation is afforded by 
the nylon gears, nylon pulldown 
cam, and the ball-bearing pulldown 
mechanism. The pre-stressed spring 
motor is also of some pertinence to 
the matter. 

The K-IOO is now made in a tur­
ret model like this: 

Those smaller tubes opposite 
each of the three Kodak Cine-Ektar 
Lenses contain their respective view­
finder telescope objectives. No Dis­
ney tie-in, unfortunately, because 
this model came out months after the 
Mickey Mouse emissaries shoved 
off. 

Performance of the K-IOO in the cold 
should be just as exploitable at high alti­
tudes as at high latitudes. Data record­
ing, for example? A Kodak dealer is 
nearby. 

A snowball rolling 
Somewhere your librarian has to 
draw the line. Some books and 
bound volumes simply cost too 
much in money and space for the 
good a given organization is likely 
to get from them. These words are 
promotion for the microprint idea. 
It pushes the line which your li­
brarian has to draw about as far as 

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 

anyone could want it pushed. 
A microprint card * is a piece of 

stiff paper, generally 3" x 5" or 
larger, on which can appear as many 
as 60 greatly reduced book pages. 
These cards are read with the aid 
of optical devices. Of these we are 
prejudiced in favor of the Koda­
graph Microprint Reader as the most 
comfortable to use. 

A goodly body of the technical 
literature in the sciences, the hu­
manities, and even the law and fi­
nance is now on sale in this form. 
To illustrate just how goodly is the 
body, we have just published a 
booklet entitled "What's Available 
on Microprint Cards." It is an at­
tempt at a condensed consolidated 
catalog of the output of all micro­
print card publishers known to us 
and willing that we publicize their 
offerings. We alone are footing the 
bill for this project. 

Our motives, of course, are self­
ish. Our scheme with the booklet is 
to convince a lot more scholars, li­
brarians, and librarians' bosses that 
there is enough microprint litera­
ture around to justify the acquisi­
�ion of microprint readers. Then, 
Just as surely as the telephone, ra­
dio, and television industries grew, 
microprint grows. The publisher's 
market grows. The number of titles 
grows. The need for microprint 
readers where researchers foregather 
becomes more obvious. It even oc­
curs to more large companies that 
since their research people already 
have readers for the open micro­
print literature, the companies' own 
internal reports might be more effi­
ciently circulated in microprint form. 

Since, as all this comes to pass, we 
shall sell more and more photographic 
materials with which to make microprint 
cards, there is no reason to hesitate 
about writing for a free copy of" What's 
Available on Microprint Cards" to East­
man Kodak Company, Graphic Repro­
duction Division, Rochester 4, N. Y. 

Erratum: In an advertisement appear­
mg some months ago in this publica­
tion, it was indicated that the natural 
compound cantharidin (with which we 
were comparing one of the Eastman 
Organic Chemicals) possesses a double 
bond in the ring structure. It does not. 

*The term "Microcard" is applied only 
to_certain makes of microprint cards. 
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ZIRCONIUM compounds are being 

used to advantage in many commercial 

applications. Notably - water repel­

lents, deodorants, pharmaceuticals, dyes, 

latex emulsion paints, textile and leather 

finishing and catalysts - among others. 

For 
information 

• 

uonuermng 
ZIRCONIUM 
CHEMICALS 
write or 
pbone-

IT MAKES sense to come to TAM for 

facts on Zirconium Chemicals. Our 

experience covers not only development 

and production of these compounds, 

but also practical experience in their 

commercial application. Today we are 

equipped to produce any Zirconium 

compound and supply information 

relating to their use in your operation. 

Please contact our N.Y. C. office. 

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

111 Broadway, New York City 
General Offices, 

Works and Research Laboratories: 
Niagara Falls, New York 

Emergency 

T
o deal with the nation's shortage 
of technical manpower President 
Eisenhower last month appointed 

a National Committee for the Develop­
ment of Scientists and Engineers. It is to 
develop programs for training and re­
cruitment and to stimulate public inter­
est in the problem. The Chairman of the 
Committee is Howard L. Bevis, presi­
dent of Ohio State University. A sub­
committee on scientists is headed by 
Detlev W. Bronk, president of the Na­
tional Academy of Sciences, and one on 
engineers by Thomas H. Chilton, presi­
dent of the Engineering JOint Council. 

Wooing the Graduates 

This year's college senior is a hunted 
man, espeCially if he is technically 

trained. George N. P. Leetch, placement 
director at Pennsylvania State Univer­
sity, reports that the average engineering 
graduate has received 10 to 12 job offers. 
Teachers can choose among 8 to 10 
offers and business administration stu­
dents from 5 or 6. 

Starting salaries offered to engineers 
average about $410 per month; to other 
graduates, about $375 per month. 

Arithmetic Rejected 

A possible clue to the U. S. shortage 
of scientists and engineers is offered 

by a psychological test conducted simul­
taneously among school children in this 
country and in Japan. The results indi­
cate that U. S. pupils develop a growing 
distaste for arithmetic, whereas Japanese 
youngsters incline to it more and more. 

SCIENCE AND 
George M. Haslerud of the University 

of New Hampshire and Takao Umemoto 
of the University of Kyoto gave some 
900 children a choice of arithmetic or 
verbal problems. Among the fifth-grad­
ers in the American group only 43 per 
cent selected arithmetic, as compared 
with 52 per cent of their Japanese con­
temporaries. By the ninth grade the dis­
crepancy was much greater: 31 per cent 
of the Americans chose arithmetic, 
against 69 per cent of the Japanese . 

Haslerud believes that U. S. children 
reject mathematics because they are 
taught to treat numbers as abstractions. 
He deplores the tendency to ridicule 
children who give concrete meaning to 
numbers by counting on their fingers. 
The Japanese start using the abacus or 
soroban in the fourth grade and develop 
a concrete familiarity with numbers. 

Loyalty and Competence 

�st year President Eisenhower asked 
Detlev W. Bronk, president of the 

National Academy of Sciences, to look 
into the question whether scientists ac­
cused of disloyalty should be allowed to 
do unclassified research under Govern­
ment grants-in-aid or contracts. Bronk 
appointed a committee, which delivered 
its report last month. Its conclusion was: 
"An allegation of disloyalty should not 
by itself be grounds for adverse admin­
istrative action on a grant or contract for 
unclassified research by scientifically 
competent investigators." 

The committee held that scientific re­
search should be judged on its own 
merits: a contribution to the cure of 
cancer "would be no less beneficial to all 
humanity for having been made by a 
Communist." It recommended that the 
test in awards of grants should be the 
scientific integrity and competence of 
the investigator and the merits of his re­
search program. Accusations of criminal 
disloyalty should be dealt with by law 
enforcement agencies, not through the 
acministration of research grants, said 
the committee. 

Chairman of the committee was J. A. 
Stratton, vice president and provost of 
the Massachusetts Institute of Tech­
nology. Other members were Robert F. 
Bacher, professor of physics at the Cali­
fornia Institute of Technology; Laird 
Bell, Chicago attorney; Wallace O. 
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THE CITIZEN 
Fenn, professor of physiology at the 
University of Rochester; Robert F. Loeb, 
professor of medicine at Harvard Uni­
versity, and Henry M. Wriston, presi­
dent emeritus of Brown University. 

In accepting the report, Sherman 
Adams, assistant to President Eisen­
hower, wrote Dr. Bronk : "It is gratify­
ing that such an able group, made up of 
men with broad experience in a number 
of Relds, was able to give the Govern­
ment the beneRt of its judgment on this 
important subject." 

Atomic Power Package 

A scheme for a relatively small and 
extremely hot atomic power plant 

which was rejected by the Atomic Ener­
gy Commission in 1947 is now being re­
vived, the journal Nucleonics reports. It 
is a gas-cooled type, as opposed to the 
current models using liquid coolants. 
The reactor heats pure helium above 
1,200 degrees Fahrenheit and uses it to 
drive a gas turbine. The difficulty of con­
taining such intense heat and the uncer­
tainties of gas turbines caused the design 
to be dropped when Rrst considered. But 
now technological progress has made it 
feasible, Nucleonics asserts. 

The main features and advantages of 
the power plant are described by Far­
rington Daniels of the University of 
Wisconsin, who originally sponsored the 
idea at Oak Ridge National Laboratory 
back in 1944. 

The Daniels pile could operate effi­
ciently at only 5,000 or 10,000 kilowatts. 
Being small, it is much easier to trans­
port and assemble in isolated places. 
And since it requires no water for cool­
ing, it can be operated in a desert. 

To withstand its high temperatures 
the reactor would be built entirely of 
ceramics. Even the fuel would be in 
ceramic form-uranium carbide. The 
moderator would be graphite, which 
withstands heat well so long as no oxy­
gen is allowed to attack it. Daniels points 
out that ceramic fuel is much easier to 
process than conventional uranium rods 
encased in aluminum cans. 

Heavy Water Sale 

The Atomic Energy Commission last 
month approved the sale of 129 tons 

of heavy water abroad. Sixteen tons have 

Silicones Are Effective Salesmen 
Dow Corning Silicones have helped many manufacturers add 
new sales appeal to their products or cut production costs. 
Industrial buyers and end consumers alike have learned that 
silicones save time and money by increasing life and improving 
performance of products ranging from aircraft to shoes. Here 
are a few examples of competitive advantages gained through 
the use of silicones. Return coupon for additional information. 

Silicone RUBBER increases meter capacity 400%. By using 
coil insulation made of Silastic*, Dow Corning's silicone 
rubber, Duncan Electric Mfg. Co. is able to offer 50-amp 
current and watt hour demand meters that can handle 
loads as high as 200 amps in units no larger than stand­
ard meters. With this built-in provision for future 
expansion-average household power requirements are 
doubling every 8 to 10 years-Duncan enjoys the im­
portant competitive advantages of extra capacity plus 
the all-weather reliability of Silastic insulation. No. 18 

Silicone PAINT cuts cost of putting beauty in trailer tubs. 

Porcelain enamel was expensive to apply, easily damaged 
in handling, and added 25 pounds to the weight of 
housetrailer bath tubs made by Sherer-Gillett. By using 
a silicone-based paint, this manufacturer is now able to 
offer a lighter, more durable tub with excellent resistance 
to alkali, acids, humidity and salt spray. Moreover, this 
finish can be applied in the S-G plant to permit a more 
integrated operation and to cut production costs. No. 19 

Silicone INSULATION saves $3000 on Tidelands motor. This 
open-type 300 hp "Sil-Clad" motor, built by Electric 
Machinery Mfg. Co., operates in the most severe Gulf 
weather. Windings are insulated with Dow Corning's 
silicone resins and a tape made with Silastic. Manufac­
turer states this motor costs up to $3000 less; gives more 
reliable service, provides greater resistance to corrosion 
than Class A or B totally enclosed, fan cooled motors 
of the same rating. No. 20 

Silicone TREATMENT makes glass containers more durable. 

Faster bottling, less breakage, more attractive appear­
ance-these are competitive advantages enjoyed by 
packers using glass containers treated with a new Dow 
Corning silicone. This silicone surface treatment reduces 
most impacts to harmless glancing blows. Treated glass 
surfaces also have far greater resistance to scratching 
during filling, packing and shipping. Thus, products go 
to market looking better and returnable bottles retain 
their original attractiveness much longer. No. 21 
-T. M. REG. U. S. PAT. OFF. 

Dow Corning Silicones Mean Business! 
MAIL THIS COUPON TODAY 

r------------------------� 
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I 

Dow Corning Corporation, Dept. 9805, Midland, Michigan 
Please send me more information on: 18 0 19 0 20 0 21 0 
o "What's a Silicone", 32 poge illustrated booklet 

o 1956 reference guide to Dow Corning silicone products 

I Nome 

I 
I Compony 

I 
I Address 

I 
�------------------------� 

DOW CORNING 

CORPORATION 
MIDLAND. MICHIGAN 

ATLANTA CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON, D.C. 
CANAOA: DOW CORNING SILICONES LTD .• TORONTO GREAT BRITAIN; MIDLAND SILICONES LTD .• LONDON FRANCE: ST. GOBAIN. PARIS 

55 

© 1956 SCIENTIFIC AMERICAN, INC



ENGINEERS, 

Electronic & Mechanical 

PHYSICISTS: 

Top Grade Openings 

At Melpar Leader in 

Electronic Research &; Development 
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Due to our continuing expansion program, a number of top grade open­

ings exist in our new laboratories suburban to \Vashington, D. c. \Ve urge 

you to consider the following: 

1. At Melpar the engincer is not tied to a pre-arranged schedule of ad­

vancemcnt. Instead, promotion and advancement are based on individual 

recognition, where skill and ability are the paramount factors of de­

termination. 

2. Melpar has doubled in size every 18 months for the past 10 years. New 

openings occur constantly. This enables the engineer to advance to posi­

tions of increased responsibility as soon as he is ready. 

3. Our unique "project team" basis of organization gives the engineer an 

opportunity to participate in enth·e problems from conception to comple­

tion of prototype, and thus experience the "over-all" approach to engineer­

ing problems, necessary to eventual directorship responsibility. 

4. Our new air-conditioned laboratories encompass over 285,000 square 

feet and offcr COmlJ/ete facilities for creative research and design. In ad­

dition to our central Model Shop, supplementary facilities, personnel and 

test equipment are available for immediate use within each project group. 

5. The Northern Virginia Arca, suburban to \Vashington, D. C., in which 

Melpar is located, offers excellent living conditions, enjoys the Nation's 

highest per capita income, fine homes and schools. Recreational, cultural 

and educational facilities abound. Fully-accredited graduate courses are 

offered at the Melpar laboratories and at 5 universities in the Area. 

Top Grade Openings Exist in These Fields: 
Network Theory. Systems Evaluation. Microwave Technique. UHF, VHF, or SHF Re­

ceivers • Analog Computers. Magnetic Tape Handling . Digital Computers. Radar 

and Countermeasures. Packaging Electronic Equipment. Pulse Circuitry. Microwave 

Filters · Flight Simulators. Servomechanisms. Subminiaturilation • Electro·Mechanical 

Design. Small Mechanisms. Quality Control and Test Engineering 

\Vrite for fuller information. Qualificd engineers and physicists will be 
invited to visit Melpar at Company expense. 

lVI·de: Technical Personnel Representative 

MELPAR Incorporated 
A Subsidiary of Westinghouse Air Brake Company 

3054 Arlington Boulevard, Falls Church, Virginia 

Positions also available at our laboratories in: 

Cambridge, Mass., 99 First St., Watertown, Mass., II Galen St. 

already been shipped at the current 
price of $56,000 per ton. 

India is receiving 1 1  tons for use in a 
research reactor donated by Canada. 
Other countries sharing in the heavy 
water allotment are: Great Britain, 50 
tons; France, 30 tons; Australia, 11 tons; 
Italy,. 10 tons; and Switzerland, up to 
7 tons. The Swiss order will go to Re­
actor, Ltd., a private firm which pur­
chased from the U. S. the swimming pool 
reactor exhibited at the Geneva Atoms­
for-Peace Conference last August. 

Man-made Nova 

About 2 a.m. on the night of March 14 
a new star seemed suddenly to shine 

forth brighter than the planet Venus. 
Seen in the sky above New Mexico, it 
swelled to a disk four times the diameter 
of the moon and about half as brilliant. 
Then gradually it diffused, and by morn­
ing it had disappeared entirely. 

The temporary nova was created by 
an Air Force Aerobee rocket shot from 
the Holloman Air Force Base. The mis­
sile released 20 pounds of compressed 
nitric oxide gas in the ionosphere. At its 
height of 60 miles the nitric oxide acted 
as a catalyst to recombine dissociated 
oxygen atoms into molecules. This reac­
tion gives off enormous energy in the 
form of light. 

The result of the test was no surprise 
to a team of Air Force scientists headed 
by chemist Murray Zelikoff. It merely 
duplicated on a vast scale some experi­
ments they had carried out in the labora­
tory. But it did serve to demonstrate 
dramatically an idea previously sug­
gested by other scientists: that the iono­
sphere may contain enough available 
chemical energy to power a fuelless 
rocket. 

Pluto 

Gerard P. Kuiper, the well-known ex-
pert on the planetary system, has 

concluded that the planet Pluto was 
once a satellite of Neptune. He presents 
this theory in the Journal of the Royal 
Astronomical SOCiety of Canada. 

Kuiper points out that Pluto is excep­
tional among the outer planets. It is small 
and rotates relatively slowly. Further­
more, its orbit is an elongated ellipse in­
tersecting the nearly circular pathway 
of Neptune. He believes that it escaped 
from an orbit around Neptune itself as 
the big planet solidified and lost much 
of its gravitational mass by evaporation. 
Recent measurements show that Pluto 
rotates once every 6.39 days. This is 
about as long as a moon of Neptune 
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Avco Defense and Industrial Products combine the scientific and engineer­
ing skills. and production facilities of three great divisions of Avco Man­
ufacturing Corp.: Lycoming; Advanced Development; Crosley-to pro­
duce power plants, electronics, airframe components, and precision parts. 

Avco' Lycoming 
lifts America 
into a 
new era of flight 
A few tomorrows from now, giant 

whirlybirds will whisk you aloft, speed 

you hundreds of miles away, and deliver 

you-minutes later-a few steps from 
your destination. 

To give America this new get-up-and-go, 

A vco's Lycoming division is readying sure, 

dependable power in unprecedented 

volume. Today, engines built by Lycoming 

drive more 'copters than any other engines 

in the world. And Lycoming scientists, 

who recently created the first gas turbine 

for 'copters (the 825-hp. T-53 for the Army's 

new utility Bell XH-40), continually explore 

new sources of 'copter power. 

Helicopter travel-like private business 

flight-is one of the great American 

possibilities being hastened toward 

practical reality by the surging 

power of Lycoming. 

For booklet, "Helicopter Power Plants," 

or for help on any problem involving power­

wire, phone or write to Avco Defense 

and Industrial Products, Stratford, Conn. 

ENGINEERS WANTED: Rewarding careers for 

outstanding men. Write to Vice President, 

Industrial Relations, Stratford, Conn. 

FOR A COPY OF THIS PHilLIP HARRISON HAYS ILLUSTRATION. SUITABLE FOR FRAMING, 

WRITE TO PUBLIC RELATIONS DEPT .. Aveo DEFENSE AND INDUSTRIAL PRODUCTS. 

STRATfORD, CONN. 

defense and industrial products 
IODAY'S MILITARY SERVICES, WITH THEIR TREMENDOUS TECHNOLOGICAL AD­

VANCES MADE POSSIBLE THROUGH SCIENCE, OffER A VITAL REWARDING CAREER 
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Laboratory motor is run at elevated temperatures to test heat· resistant characteristics of new magnet wire insulations. 

Heat that fries eggs won't hurt this Anaconda wire 

Anaconda magnet wire 
with high-temperature insulation. 

THE PROBLEM: Today smaller, light­
er motors are needed - for aircraft, 
automatic machinery, portable tools, 
and many other uses. To accomplish 
this-and add muscle, too-manufac­
turers make motor windings work 
harder by carrying more current. 

Result: motors run hotter. And hot­
ter motors require new wire insula­
tions that can withstand sizzling tem­
peratures. 

THE SOLUTION: Anaconda produces 
a number of high-temperature insu­
lations. And the laboratory test mo­
tor you see above is wound with mag­
net wire using one of still other heat­
resistant insulations now under de­
velopment by Anaconda engineers. 
It has run continuously for seven 
months under extreme conditions -
at temperatures so hot you can actu­
ally fry eggs on it. 

Improved insulations like this with­
stand heat far above temperatures 
normally encountered on the job to­
day. As motor makers design smaller, 
lighter, harder working motors, they 
can rely on Anaconda for the heat­
resistant insulated wire they need. 

THE FUTURE: In co u n t l e s s  o t h e r  
ways - with scores of nonferrous 
metals - Anaconda and its fabricat­
ing companies, The American Brass 
Company and Anaconda Wire & 
Cable Company, stand ready and 
eager to serve you. 

Whether you need a special alloy 
or shape in copper, brass or bronze­
or an electrical conductor of copper 
or aluminum, get in touch with the 
Man from Anaconda for practical 
solutions to your metal problems. 
The Anaconda Company, 25 Broad­
way, New York 4, New York. 56247 

ANACONO.A: 
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should take to oircle the planet and 
make a complete turn on its own axis. 

Gamma Detector 

Gamma rays are one of the most elu-
sive of nuclear radiations. Being 

uncharged, they leave no track in a 
cloud chamber or a liquid bubble cham­
ber. Occasionally while passing through 
a bubble chamber a gamma ray creates 
secondary electrons, which are evident 
as a string of bubbles. But it cannot be 
depended upon to do so, for the light 
liquids usually used in bubble chambers 
-liquid hydrogen or pentane-are almost 
transparent to gamma rays. 

Physicists at the University of Michi­
gan, where the bubble chamber was in­
vented, have now modified it so that it 
can detect gamma rays with a high de­
gree of regularity. Their innovation is to 
fill the chamber with the liquefied form 
of the noble gas xenon. The relatively 
heavy xenon atoms have a good chance 
of intercepting and reacting with gamma 
rays. While passing through 3.1 centi­
meters of liquid xenon, three out of four 
gamma rays will create a pair of elec­
trons-one negative, the other positive. 
From the diverging paths of the elec­
trons it is possible to calculate the energy 
and the path of the original gamma ray. 
No other instrument can trace the com­
plete history of a gamma ray. 

The first experiments with the xenon 
bubble chamber were unsuccessful, J. L. 
Brown, Donald A. Glaser and M. L. Perl 
report in an article in The Physical Re­
view. Puzzled as to why particles failed 
to produce tracks in the liquid, the re­
searchers recalled that radiation causes 
scintillations in gaseous xenon. Appar­
ently the flying particles were dissipating 
their energy in the form of light instead 
of producing ionization. The experiment­
ers added a little hydrocarbon to the 
xenon to quench the scintillations, and 
the tracks began to appear. They hope 
that by adjusting the amount of hydro­
carbon they will be able to make a liquid 
xenon chamber display particles both as 
bubble trails and as flashes of light. 

Xenon is costly: pure gaseous xenon 
distilled from liquid air now sells for 
$30 a liter. But since the element does 
not deteriorate, the new bubble cham­
ber should prove no more expensive in 
the long run than photographic plates. 

Radio Divining Rod 

The classic radio method for finding 
the height of the ionosphere layers 

has been adapted to measure the depth 
of the water table beneath the Egyptian 
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/ ENGINEERS and PHYSICISTS are going 
one direction, at MOTOROLA • • •  UP! 

" . " \ -
'" We, at Mototola, know where we're going-and 

we're confident about getting there. If you, too, 
believe there's plenty of room at the very top­
why not join us? You'll be teaming up with men of 
vision in an organization that respects creative­
ness as well as hard work. We think you'll grow 
with the challenging assignments at Motorola­
missile guidance, radar, microwave, and the many 
other pioneering projects. 

Motorola's continuing expansion program offers 
excellent opportunity for advancement to match 
your abilities. But, just as important to an engi­
neer or physicist, the daily challenge to the im­
aginationwill bring the strong sense of accom­
plishment you seek. 

If you're on electricol engineer, mechanical engineer, or physicist (senior or iunlor level), 
and looking for more important assignments in: 

CHICAGO, ILLINOIS 
Two-Way Communications Military Communications 

• Receivers and Transmitters • Receiver and Transmitter Design 
• Power Supply • Circuit Design 
• Antenna design • Antenna Design 
• Systems Engineering • Radar Design 

Microwave Field Engineers 
• Pulse Circuit Design • Microwave Maintenance 
• Systems Design • Airborne Radar 
• Circuit Design 

PHOENIX, ARIZONA 
• Microwave Antennas 0 Radar Systems Design 
• Transmitters and Receivers • Logical Circuitry 
o Modulators • Servo Mechanisms 
• Pulse and Video Circuitry • Transistor Applications 
• Environmental Test • Electro-Mechanical Devices 
o Packaging of Missile Borne Electronic Equipment 

RIVERSIDE, CALIFORNIA (65 miles 'rom Los Angeles) 

• Military Operation Analysis • Circuit Design 
• Dynamics Analysis • Microwave Systems 
• Analog Computor Flight Simulation • Servo Mechanisms 
• Digital Computor Analysis • Missile Systems 
• Digital Computor Design • Aerophysics 

For A ssignments with a FUTURE UNLIMITED write: 

MOTOROLA, INC. 

Engineering Personnel Mgr., 4501 W. Augu sta Blvd., Chicago 51, Illinois 
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povver in the 

small economy size 
Harnessing the atom with the development of 

transportable nuclear power is probably the greatest 

of all impending events. 

Today, a top Martin team of scientists and engi­

neers is attacking that problem. T heir goal: develop­

ment within two years of a fully integrated system 

of portable power for military and industrial uses. 

Already forseeable is a reactor capable of deliver­

ing 2,000 kw for a year and a half from a single fuel 

bundle occupying less than 8 cubic feet of space. 

Such an advancement may soon usher in a new age 

of power surpassing even the ages of steam and elec­

tricity in hastening the development of this world's 

unexplored resources. 

This immense field of research and development 
offers one of the great engineering opportunities in 

the world today. If you are interested, contact J. M. 
Hollyday, Dept. SA-OS, The Martin Company, Balti­
more 3, Maryland. 

desert. M. A. H. EI-Said of Cairo Uui­
versity has worked out a way to find 
water by transmitting a radio wave 
through the ground. Part of the wave 
travels along the surface; another part 
goes downward until it strikes water, 
which completely reflects the energy. 
Thus two distinct waves, slightly out of 
phase, are picked up by an antenna 
placed on the ground several hundred 
feet from the transmitter. By moving the 
antenna or varying the transmitting fre­
q uency, EI-Said can regulate the degree 
of interference of the waves and locate 
the depth of the layer of water. 

Describing his technique in the Pro­
ceedings of the institute of Radio Engi­
neers, EI-Said said it will work best 
where the ground is fairly level and the 
water is not more than 500 meters be­
neath the surface. 

T B Vaccine Test 

S ince 1949 the Medical Research 
Council of Great Britain has been 

making a large-scale test of the contro­
versial tuberculosis vaccine BCG (bacil­
lus Calmette-Gm\rin, named for its 
French originators). The Council's test­
ing committee now reports in the British 
Medical Journal that BCG has proved 
safe and beneficial. So, too, is another 
TB vaccine tested-the so-called vole 
bacillus vaccine. 

A total of 34, 100 British adolescents 
took part in the test: 14, 100 were vacci­
nated with BCG, 6,700 with the vole 
bacillus vaccine and 13,300.left unvac­
cinated for comparison. In the unvac­
cinated group the TB disease rate 
proved to be 1.94 per thousand per 
year. Incomplete reports indicate that 
the vaccinations may be effective for at 
least four years. Unfavorable reactions 
to the vaccines were few. 

Summing up the results, the commit­
tee said: "If none of the tuberculin­
negative entrants had been vaccinated, 
165 cases of tuberculosis would have 
been expected among them within 30 
months of entry. If all of them had re­
ceived BCG vaccine, 30 cases would 
have been expected. The difference of 
135 cases represents a reduction of 82 
per cent in the incidence of tu ber­
culosis." 

Live Polio Vaccine 

Despite the success of the Salk polio-
myelitis vaccine, efforts continue to 

develop a usable live-virus vaccine. The 
Journal of the American Medical Asso­
ciation reports some encouraging experi­
ments by a group including workers 
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Cannon-Muskegon high temperature alloys 
produced in new Stokes Vacuum Furnace 

F
AMILIAR METALS are gaining superior qualities of 

high temperature strength, by new techniques of 

vacuum melting and casting. Excluding air's oxygen, 

nitrogen and water vapor from molten metal eliminates 

strength-sapping inclusions ... makes possible alloys 

that withstand jet engine heat. 

Notable among the "new" metals are "MasterMet" 
alloys, produced by Cannon-Muskegon: Corporation, 

in the Stokes vacuum furnace shown here. Designed by 

Stokes in close cooperation with Cannon-Muskegon 

� metallurgists, the furnace has a capacity of 500 pounds 

per heat ... for the production of ingots for invest­
ment casting. It readily meets specifications for holding 
vacuum to 10 microns, and leak rates less than 8 mi­
crons per hour. Due to the unique Stokes vacuum lock, 
operators can manipulate the melt during the heating 
cycle, without breaking vacuum. 

The leading developer and supplier of high vacuum 
furnaces, Stokes is the place to go when you plan to 
investigate the potential of vacuum metallurgy. For a 
consultation on your specific application, write to F. ]. 
STOKES MACHINE COMPANY, Vacuum Furnace 
Division, 5506 Tabor Road, Philadelphia 20, Pa. 
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FUTURES 
FOR CREATIVE ENGINEERS 

Today, there are innumerable openings for engineers. 

But, if you are an ambitious, creative technical man, 

you want more than just a job. You want opportu­
nity - an opportunity to build a real future. 

At Pratt & Whitney Aircraft, we are doing work on 

an atomic engine for aircraft. The degree of progress is 

classified, however, you may be sure that there are 

still challenging problems where you can demonstrate 

your creative abilities. 

Ours is a progressive organization - quick to recog­

nize and reward professional achievement. Thus, if you 

can qualify, you will have a rare opportunity to build 

toward a fine future in this new engineering field. 

If you are looking toward "tomorrow" - send your 

complete resume immediately to Mr. P. R. Smith, 

Office 11, Employment Department. 

* * * 
CAREER OPPORTUNITIES FOR • • • 

AERONAUTICAL ENGINEERS METALLURGISTS 
MECHANICAL ENGINEERS • CHEMICAL ENGINEERS 

ENGINEERING PHYSICISTS 

PRATT & WHITNEY AIRCRAFT 
DIVISION OF UNITED AIRCRAFT CORPORATION • EAST HARTFORD 8. CONNECTICUT 

• New, Higher Salary levels. New, Advanced Educational Program: A 
nearby graduate center, established, in conjunction with Rensselaer 
Poly tech nic I nstitute, offers trainingtowa rd adva nced tech nical degrees. 
All employees accepted for courses are eligible for tuition assistance. 
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from Lederle Laboratories, the health 
departments of New York and Califor­
nia, and the University of California 
School of Medicine. 

They tested vaccines made with weak­
ened live viruses in 225 child volunteers 
(in an unidentified mental institution). 
One third of the children got type 1 
virus in capsules. The other two thirds 
were given type 2 virus mixed with milk. 
All developed antibodies against the re­
spective viruses. They showed signs of 
infection in their alimentary tracts, but 
none seemed to suffer ill effects. The 
artificially induced disease was con­
tagious, but playmates who caught it did 
not show symptoms of sickness. 

The researchers are quietly optimistic. 
They believe that the future of live-virus 
vaccination is "bright from the point of 
view of scientific developments." 

The Geometry of Viruses 

Why are almost all small viruses 
either rods or spheres, never any 

other shape? F. H. C. Crick and J. D. 
Watson of the Cavendish Laboratory at 
the University of Cambridge believe 
they have the answer. 

Examining crystallized viruses, they 
find that every virus particle has a shell 
of small or moderate-sized protein mole­
cules, packed in a completely regular ar­
ray around a core of nucleic acid. Since 
in any given virus all the protein mole­
cules are identical, they can be arranged 
only in a limited number of ways. Like 
atoms in a salt crystal, they must assume 
the same shape every time a virus is 
formed. In this sense, the researchers 
write in Nature, a small virus can be 
considered a single molecule. 

Faster Mushrooms 

A new way of growing mushrooms 
promises to produce them so cheap­

ly and plentifully that they may become 
a staple foodstuff rather than a luxury 
garnish. At a meeting of the American 
Chemical Society in Dallas last month 
Seymour S. Block, associate professor of 
chemical engineering at the University 
of Florida, reported successful experi­
ments in rapid culture of the fungus. 

Block found that sawdust laced with 
oatmeal makes a much better "soil" for 
mushroom farming than the usual mix­
ture of compost and straw [see "The 
Growth of Mushrooms," by John Tyler 
Bonner, page 97]. On a ton of his mix­
ture Block has grown 500 pounds of 
mushrooms in 1 1  days. Conventional 
methods give only two or three crops a 
year; sawdust beds will yield about a 
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Enjay Butyl rubber-
vital artery in newest airliners 

Douglas chooses Enjay Butyl for rubber components of the hydraulic 
systems in many of its famous DC-7 airliners. These components, which 
help assure the dependable operation of everything from wing :£laps to 
landing gear, are proving over millions of air miles their durability 
and resistance to wear. 

Versatile Enjay Butyl rubber may well have a place in your operation. 
It will pay you to investigate the many technical advantages it has 
over other types of rubber. Its price and ready availability are advan­
tages, too. For full information, and for technical assistance in the uses 
of Enjay Butyl, contact the Enjay Company today. 

Pioneer in Petrochemicals 

ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Other offices: Akron' Boston· Chicago' Los Angeles. Tulsa 

BUTYL 

Enjay Butyl is the super-durable rubber 

with outstanding resistance to aging • 

abrasion • tear • chipping • cracking • 

ozone and corona • chemicals • gases 

• heat • cold • sunlight • moisture. 
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Protects 
Safety Record 

anel Reeluces 
Operating Costs 

with ... 

Micro-Vision 
At the world's largest commercial air­
craft maintenance base, in South San 
Francisco, Bausch & Lomb Stereomicro­
scopes play an important part in insur­
ing the safety and efficiency of United 
Air Lines planes. For 15 years inspectors 
have been using these optical aids for 
quick, sure identification of defects in 
carns, bearings, gear teeth, plating, con­
necting rods, and many other engine 
parts. Cracks, plating inclusions, rough 
surfaces which might cause wear-they 
all show up vividly in natural 3-dimen­
sional detail. These critical inspections, 
made during regularly scheduled engine 
overhauls, catch failures before they 
happen. The result: dependable 

safety ... lower operating cost. 

STEREOMICROSCOPES 

64 

FREE! GET THIS EXCLUSIVE 

3-D MICRO-VISION BOOK 

• See actual stereo 

vIews! 

• Know how and 

where to· use 

Stereomicroscopes! 

• Fit exact model to job needs with 

unique Selector-Chart! 

w� TODAY for Manual 0-15. 
Bausch & Lomb Optical Co., 69405 
St. Paul St., Rochester 2, N. Y. 

Amenca's only complete optical source 
• • •  from glass to finished product 

dozen. Mushrooms will sprout from saw­
dust at temperatures as high as 78 de­
grees, whereas compost beds must be 
kept cooler than 60 degrees. 

Block pointed out that mushrooms 
contain "all the amino acids required by 
the body and a lot of B vitamins." 

Fatherless Turkeys 

The hatching of an undersized and 
malformed turkey poult created ex­

citement recently at the U. S. Depart­
ment of Agriculture's research head­
quarters in Beltsville, Md. The most 
remarkable feature of the birth was that 
the chick had come from an egg which 
had not been fertilized. 

Parthenogenesis, or virgin birth, is 
common among insects but rare among 
higher forms of life. During the last three 
years Marlow W. Olsen at Beltsville has 
incubated more than 13,000 unfertilized 
turkey eggs. A large number of embryos 
have developed, but only five have 
hatched alive. The bird hatched on 
Ylarch 10 was the first to have lived 
more than a day. Hampered by the lack 
of a fully formed tongue, it found eat­
ing difficult and died in 22 days. 

Olsen's research is aimed at one of 
the turkey industry's chief problems: the 
infertility of eggs. He would like to raise 
one of his spontaneously fertilized poults 
to maturity and use it as a breeder in the 
hope that its extraordinary hatchability 
might be inheritable. In any case, par­
thenogenic poults would be excellent 
material for genetic studies, since they 
are completely inbred. 

Ancient Ant 

A tiny yellow ant surviving from an in-
sect family that ranged the world 

50 million years ago has been found in 
Ceylon and ensconced in the Harvard 
University Museum of Comparative 
Zoology. It was discovered during a 10-
month ant hunt in the Southwest Pacific 
by Edward O. Wilson. 

The primitive ant, Aneuretus simoni 
Emery, is only an eighth of an inch long 
and has two small spines jutting from 
its back. It lives in rain forests and feeds 
on small insects, which it stabs with a 
stinger in its tail. This stinger is signifi­
cant, for it demonstrates the common 
ancestry of modern ants and wasps, ac­
cording to Wilson and his co-investigator 
William L. Brown, Jr. 

Caught Napping 

T azy lovers of culture have sometimes 
L tried the experiment of playing ed­
ucational records to themselves while 
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CERIUM OXIDE 
-a rare earth that sparked a revolution 

in a long established art in the glass industry 

S
OME twenty years ago in Switzer­

land, two technicians discovered 
the amazing glass polishing 

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

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

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

Lindsay, the nation's largest proces­
sor of monazite (the chief source of rare 
earths), undertook in 1942 the chal­
lenging task of producing Cerium Ox­
ide. Day after day, Lindsay technicians 
worked with patience and speed to solve 
the inevitable production problems and 
in a remarkably short time, Cerium 
Oxide was being refined with the prop­
erties· that met the demanding stand­
ards of the optical and glass industries. 
At about the same time, Barnesite, a 
rare earth oxide for ultra-high precision 
work, was developed and a few years 
late.r Lindsay .took over exclusive 
production. 

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

a report by LINDSAY 

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

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

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

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

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

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

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

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

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

��!!!ti' 
V 

III VI:' 

PLEASE ADDRESS INQUIRIES TO. UNDSAY CHEMICAL COMPANY 
264 ANN STREET, WEST CHICAGO, ILLINOIS 
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asleep. Psychologists at the Rand Cor­
poration in California now affirm that 
they have either been disturbing their 
slumbers or wasting electricity. 

Charles W. Simon and William H. 
Emmons gave tape-recorded, nocturnal 
lessons to 21 subjects of above-average 
intelligence. At five-minute intervals 
through the night a loudspeaker in each 
subject's room would announce a ques­
tion and give the answer : e.g. ,  "In what 
kind of store did Ulysses S. Grant work 
before the war? Before the war Ulysses 
S. Grant worked in a hardware store." 
The pupils' level of sleep was checked 
by a continuous recording of the elec­
trical activity of their brains on an elec­
troencephalograph. In the morning they 
took a multiple choice test on the ma­
terial they had "studied." 

So long as the subjects' electroen­
cephalograms showed the so-called 
alpha rhythm ( which waking persons 
have and sleepers do not ) ,  they ab­
sorbed the lessons more or less well. But 
their performance fell off as the degree 
of drowsiness at the time of hearing the 
answer increased. When the alpha 
rhythm had disappeared, they learned, 
or at least remembered, nothing :  the 
test scores were no better than chance 
or the scores of a control group which 
had not heard the recordings. 

Simon and Emmons published their 
report in the Journal of Experimental 
Psychology. 

Art and Superfluity 

Which, in telms of information theo­
ry, is more redundant-a painter or 

a musician? An engineer who has looked 
into the matter contends that the palm 
goes to painters by a wide margin. 

In his article, "Information Theory 
and Melody," in SCIENTIFIC AMERICAN 
for February, Richard C. Pinkerton esti­
mated that simple nursery tunes are 
somewhat more than 50 per cent re­
dundant. That is, the "information" they 
contain could be conveyed with some­
thing less than half the notes. 

Now an estimate of the redundancy of 
pictures has been made by W. J. Cun­
ningham,  a professor of electrical engi­
neering at Yale University, and he con­
cludes that the best paintings are 98 per 
cent redundant. Presenting this view at 
a meeting of the Princeton Graduate 
School Alumni, Cunningham was 
promptly challenged by S. Lane Faison, 
professor of art at Williams College. 
Painting is redundant, he admitted, but 
not that redundant. He cited Paul Ce­
zanne as an artist who conveyed infor­
mation with great economy. 
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NUCLEAR N EWS FROM ATOM I CS INTE RNATIONAL 

Principal Technical 

Details of the Sodium 
Reactor Experiment 
in California 
The Sodium Reactor Experiment is 
an important contribution to the 
Atomic Energy Commission's pro­
gram to develop economical power 
from nuclear energy. Interest in the 
SRE approach is high. The Atomic 
Energy Commission has authorized 
ATOMICS INTERNATIONAL and the 
Southern California Edison Company 
to enter into an agreement for Edison 
to install electrical generating equip­
ment with a capacity of 7 ,500 kilo­
watts adjacent to the SRE to convert 
the reactor's 20,000 kilowatts of heat 
into electricity which will be fed into 
t h e  u t i l i ty's  p o w e r  g r i d  s y s t e m .  
ATOMICS INTERNATIONAL and the 

S R E  reactor core is l owered i nto p loce 

deep i n  the Sa nta Susa na Mounta ins  

Consumers Public Power District of 
Nebraska are negotiating for the con­
struction of a 75 ,000 kilowatt nuclear 
power plant utilizing a sodium graph­
ite reactor based on SRE experience. 

T h e  S o d i u m - C o o l e d ,  graphite­
moderated reactor design has many 
advantages . The use of sodium per­
m its high temperature operation, 

good steam conditions and high ther­
mal efficiency of power conversion 
without pressurization of the reactor 
and coolant circuit. The high thermal 
conductivity of sodium makes it an 
e x c e l l e nt h e at transfer m e d i u m .  
Sodium boils a t  1 620°F. -is liquid at 
2 0 8°F.  This permits high coolant 

vents abs orption of sodium into 
graphite. Much less costly than beryl­
lium - graphite is also comparatively 
easy to handle. 

Capital and Power Costs in Ful l  
Scale Power Stations - At present, 
with Uranium fuel,  c apital costs/ 

Sod i u m  F l ow D i a g r a m  For  SRE C o o l i ng System 

temperatures with the system at installed Kw. are expected to total 
atmospheric pressure, creating a low- $ 3 00. With Thorium, costs may be 
pressure heat extraction system which $ 2 6 5 / installed Kw. Power costs  
simplifies reactor construction. Fur- ( based on 8 0 %  load factor and 1 5 %  
ther, the sodium design m inimizes ann.ual  fixed charge s )  m ay be 1 1  
chemical reaction between fuel ele- mills/kwh with Uranium, 9 mills with 
ments, coolants and structural mate- Thorium. Future costs with Thorium 
rials-increases safety-allows the use fuel are expected to be $ 2 0 0 / Kw 
of a variety of steels  and alloys i n  capital cost and 6 . 5  mills/kwh total 
construction. power costs. 

Nominally Rated Output of SRE 
with Uranium fuel ( enriched with 
2 . 8 0  atom percent U2 3 5 ) is 20 Ther­
mal Megawatts . The reactor core is 
made up of fuel rods, moderator cans 
and control elements interspersed and 
immersed in sodium coolant. The fuel 
is composed of 6 inch slugs, 0 . 7 5 0  
inches i n  diameter, formed i n  6 foot 
columns tied in clusters of seven. The 
graphite moderator elements are 
canned in Zirconium, fabricated with 
an axial coolant channel. This pre-

Atomics I nternational is a major 
reactor builder - experienced in the 
design, construction and operation of 
nuclear n�actors for research and the 
production of power. If you are inter­
ested in any phase of our activities ,  
ATOMICS INTERNATIONAL is staffed 
and equipped to help you. Please 
write : A p p l i c atio ns E n g i n e ering 
S e r v i c e ,  D e p t .  S A -N 2 ,  A T O M I C S  
IN T E R N A T I O N A L, P. O. B o x  3 0 9 ,  
C a n o g a  P a rk, C a l i f ornia.  C ab l e  
address : ATOMICS .  

ATOMICS IN TER NATIONAL 
A D I V I S I O N  O F  N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  

P I O N E E R S  I N  T H E  C R E A T I V E  U S E  O F  T H E  A T O M  
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Nevv I rend s and developmenls 
in designing eleclrical prod u cls • • • 

W h y  G e n e ra l  E l e c t r i c M ag n et s  c l a d i n  d i e - c ast a l u m i n u m  

s h e at h s  offe r i m p o rta n t  d e s i g n  a n d  c o st a d v a n tag e s  ove r 

t h e  c o n v e nti o n al m eth o d s  of fab ri c ati n g  m ag n et i c  asse m b l i e s  

THE MAN i n  the picture below is 
removing a section of a radar 

magnetron tube magnet from a piece 
of equipment that goes by the im­
posing title of "Lester-Phoenix Hori­
zontal Cold Chamber H-HP-3X 
400-Ton Die-Casting Machine." 

This machine is in our Edmore, 
Michigan, magnet plant, and its sole 
function is to cast aluminum sheaths 
on General Electric Alnico Perma­
nent Magnets. 

These alclad magnets offer design­
ers seven maj or advantages over 
conventional methods of fabricating 
magnetic assemblies. 

1 .  Die casting strengthens the mag­
net structurally. 

2. Whole assemblies can be de­
signed and built as a single 
"package," speeding the final as­
sembly j ob at the plant. 

3. Design of mounting arrangements 
is simplified because pins, holes, 
and screws can be cast into the 
sheath, instead of the magnet. 

4. Responsibility for the entire as­
sembly is centered in a single 
source, simplifying purchasing 
procedures, and eliminating costly 
in-plant assembly operations. 

5. Complete magnetic assemblies 
can be purchased premagnetized 
and/ or pretested. 

6. Die casting provides a consistent, 
more attractive finish for appli­
cations where appearance is im­
portant. 

7. Die casting is a convenient, low­
cost mass-production technique 
for magnetic assemblies that 
eliminates the problem of attach­
ing crystalline cast magnets to 
other components. 

The following examples will illus­
trate how these advantages can be 
turned to practical use. 

Figure 1 is a relay drag magnet 
assembly, typical of those used in the 
meter and instrument industry. Be­
fore the manufacturer switched to 
this casting, it was necessary to cast 
a magnet against a piece of steel, 
bend the steel into the proper shape, 
and weld the ends together. 

F i g u re 1 

Now, however, magnet, mounting 
pin, and steel return path are as­
sembled in a single operation -
eliminating the difficult 3-stage fab­
rication j ob. This assembly - one of 
the most complex handled by the 
die-casting machine - illustrates the 
equipment's tremendous versatility. 

Figure 2 is a generator rotor, con­
sisting of eight G-E Alnico magnets 
held in position on a camshaft by 
the cast-aluminum matrix. 

Figure 2 
The casting supplements the strength 
of the magnets (which are subj ected 
to high rotary speeds) . And it elimi­
nates difficult grinding, assembly, 
and banding operations. 

The four radar magnetron tube 
magnets in Figure 3 give some idea 
of the wide range of sizes the 
machine is capable of handling. The 
smallest magnet (bottom, right) 
weighs only 1 lb., while a quarter 
section of the largest magnet weighs 
more than 11 lbs. 

Figure 3 
Here, the aluminum sheath improves 
magnetic stability by preventing 
direct contact between magnet sur­
faces and steel obj ects. In addition, 
the mounting brackets cast in the 
sheaths eliminate inserts normally 
cast in the magnets which would 
weaken its energy and structure. 

Aluminum-sheathed magnets are 
often far less expensive than con­
ventional magnets . . .  especially on 
long production runs. And, in many 
of the cases where the unit cost of 
alclad magnets is higher, the tre ­
mendous advantages gained by die 
casting have more than offset the 
price difference. 

The one best way to find out 
whether or not die casting is feasible 
on your application, is to check with 
a General Electric Magnet Engineer. 

You can do this - or obtain in­
formation on any other problem in 
the realm of permanent magnets ­
by dropping a note to: Carboloy 
D epartment of G e n e r a l  E l e ctric 

Company, 1 1 199 E. 8 Mile Blvd., 
Detroit 32, Michigan. 

Progress /s Ovr Mos! /mporftl"" Ptot/vt;f 

G E N E R A L  e E L E C T R I C  
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CULTURAL EVOLUTION 
/' 

The 19th-century idea that cultures evolve In the same way as plants 

and animals ,vas abandoned when anthropologists found that it did not 

jibe \vith their observations. Now the evolutionary approach is revived 

I t is almost 100 years since evolution 
became a powerful word in science. 
The concept of evolution, which 

Charles Darwin set forth so clearly and 
convincingly in his Origin of Species in 
1859, came like a burst of light that 
seemed to illuminate all of nature-not 
only the development of the myriad 
forms of life but also the history of the 
planet earth, of the universe and of man 
and his civilization. It offered a scheme 
which made it possible to explain, rather 
than merely describe, man's world. 

In biology the theory of evolution to­
day is more powerfully established than 
ever. In cosmology it has become the 
primary generator of men's thinking 
about the universe. But the idea of evo-

by Julian H. Steward 

lution in the cultural history of man­
kind itself has had a frustrating career 
of ups and downs. It was warmly em­
braced in Darwin's time, left for dead 
at the turn of our century and is just 
now coming back to life and vigor. To­
day a completely new approach to the 
question has once more given us hope of 
achieving an understanding of the de­
velopment of human cultures in evolu­
tionary terms. 

Before considering these new at­
tempts to explain the evolutionary 
processes operating in human affairs, 
we need to review the attempts that 
failed. By the latter part of the 19th cen­
tury Dmwin's theory of biological evolu­
tion had profoundly changed scientists' 

views of human history. Once it was con­
ceded that all forms of life, including 
man, had evolved from lower forms, it 
necessarily followed that at some point 
in evolution man's ancestors had been 
completely without culture. Human cul­
ture must therefore have started from 
simple beginnings and grown more com­
plex. The 19th-century school of cultural 
evolutionists-mainly British-reasoned 
that man had progressed from a condi­
tion of simple, amoral savagery to a 

civilized state whose ultimate achieve­
ment was the Victorian Englishman, liv­
ing in an industrial society and political 
democracy, believing in the Empire and 
belonging to the Church of England. 
The evolutionists assumed that the 

CHINESE BAS·RELIEF of the second century A.D., here repro· 

duced from a rubbing of the original stone, depicts a battle scene 

on a bridge. Organized combat of this sort is characteristic of one 

stage in the evolution of cultures based on irrigation farming. The 

development of irrigation farming led to the specialization oj 

labor, the centralization of authority and, when agricultural pro­

duction had leveled off, to aggressive warfare of the state against 

its neighbors. In China such warfare began around 1000 B.C. 
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universe was designed to produce man 
and civilization, that cultural evolution 
everywhere must be governed by the 
same principles and follow the same line, 
and that all mankind would progress 
toward a civilization like that of Europe. 

Among the leading proponents of this 
theory were Edward B. Tylor, the Eng­
lishman who has been called the father 
of anthropology; Lewis H. Morgan, an 
American banker and lawyer who de­
voted many years to studying the 
Iroquois Indians; Edward Westermarck, 
a Finnish philosopher famed for his 
studies of the family; John Ferguson 
McLennan, a Scottish lawyer who con­
cerned himself with the development of 
social organization, and James Frazer, 
the Scottish anthropologist, historian of 
religion and author of The Golden 
Bough. Their general pOint of view was 
developed by Morgan in his book An­
cient Society, in which he declared: "It 
can now be asserted upon convincing 
evidence that savagery preceded barbar­
ism in all the tribes of mankind, as bar­
barism is known to have preceded civili­
zation." Morgan divided man's cultural 
development into stages of "savagery," 
"barbarism" and "civilization"- each of 
which was ushered in by a single inven­
tion. 

These 19th-century scholars were 
highly competent men, and some of their 
inSights were extraordinarily acute. But 
their scheme was erected on such flimsy 
theoretical foundations and such faulty 
observation that the entire structure col­
lapsed as soon as it was seriously tested. 
Their principal undoing was, of course, 
the notion that progress (i.e., toward the 
goal of European civilization) was the 
guiding principle in human develop­
ment. In this they were following the 
thought of the biological evolutionists, 
who traced a progression from the sim­
plest forms of life to Homo sapiens. Few 
students of evolution today, however, 
would argue that the universe has any 
design making progress inevitable, 
either in the biological or the cultural 
realm. Certainly there is nothing in the 
evolutionary process which preordained 
the particular developments that have 
occurred on our planet. From the prin­
ciples operating in biological evolution­
heredity, mutation, natural selection and 
so on-an observer who visited the 
earth some half a billion years ago, 
when the algae represented the highest 
existing form of life, could not pOSSibly 
have predicted the evolution of fishes, 
let alone man. Likewise, no known 
principle of cultural development could 
ever have predicted specific inventions 
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such as the bow, iron smelting, writing, 
tribal clans, states or cities. 

The Facts 

When, at the turn of the century, 
anthropologists began to study primitive 
cultures in detail, they found that the 
cultural evolutionists' information had 
been as wrong as their theoretical as­
sumptions. Morgan had lumped to­
gether in the stage of middle barbarism 
the Pueblo Indians, who were simple 
farmers, and the peoples of Mexico, 
who had cities, empires, monumental 
architecture, metallurgy, astronomy, 
mathematics, phonetic writing and 
other accomplishments unknown to the 
Pueblo. Field research rapidly disclosed 
that one tribe after another had quite 
the wrong cultural characteristics to fit 
the evolutionary niche assigned it by 
Morgan. Eventually the general scheme 
of evolution postulated by the 19th-cen­
tury theorists fell apart completely. 
They had believed, for example, that 
society first developed around the ma­
ternal line, the father being transient, 
and that marriage and the family as we 
know it did not evolve until men be­
gan to practice herding and agriculture. 
But field research showed that some of 
the most primitive hunting and gather­
ing societies, such as the Bushmen of 
South Africa and the aboriginal Austra­
lians, were organized into patrilineal de­
scent groups, while much more ad­
vanced horticultural peoples, including 
some of the groups in the Inca Empire 
of South America, had matrilineal kin 
gwups. The Western Shoshonis of the 
Great Basin, who by every criterion had 
one of the Simplest cultures, were organ­
ized in families which were not based on 
matrilineality. Still another blow to the 
evolutionists' theory was the discovery 
that customs had spread or diffused 
from one group to another over the 
world: that is to say, each society owed 
much of its culture to borrowing from 
its neighbors, so it could not be said that 
societies had evolved independently 
along a single inevitable line. 

The collapse of the theory that cul­
tural evolution had followed the same 
line everywhere (what we may call the 
"unilinear" scheme) began with the re­
searches of the late Franz Boas, and the 
coup de gl'ace was dealt by Robert H. 
Lowie in his comprehensive and con­
vincing analysis, P'Timitive SOCiety, pub­
lished in 1920. When the evolutionary 
hypothesis was demolished, however, no 
alternative hypothesis appeared. The 
20th-century anthropologists threw out 

HOMERIC GREECE 

PRE-ROMAN ITALY 

EASTERN U. S. INDIANS 

GERMANIC TRIBES AT TIME OF CAESAR 

PERUVIAN INDIANS 

AUSTRALIANS 

ANCIENT BRITONS 

POLYNESIANS 

PUEBLO INDIANS 

MESO-AMERICAN INDIANS 

EARLY THEORY of cultural evolution is 

depicted in this chart based on the scheme 

the evolutionists' insights along with 
their schemes. Studies of culture lost a 
unifying theory and lapsed into a meth­
odology of "shreds and patches." An­
thropology became fervently devoted to 
collecting facts. But it had to give some 
order to its data, and it fell back on 
classification-a phase in science which 
F. S. C. Northrop has called the "natural 
history stage." 

The "culture elements" used as the 
classification criteria included such 
items as the bow and arrow, the domes-
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of Lewis H. Morgan, a 19th·centUl·Y anthropologist. Ten cultures 

are listed at left. The putative stages of their evolution are at the 

top. Ahove the name of each stage is its cultural criterion. The 

bars represent the stages through which each culture passed. 

ticated dog, techniques and forms of 
basketry, the spear and spear thrower, 
head-hunting, polyandrous marriage, 
feather headgear, the penis sheath, initi­
ation ceremonies for boys, tie-dyeing 
techniques for coloring textiles, the 
blowgun, use of a stick to scratch the 
head during periods of religious taboo, 
irrigation agriculture, shamanistic use 
of a sweat bath, transportation of the 
head of state on a litter, proving one's 
fortitude by submitting to ant bites, 
speaking to one's mother-in-law through 

a third party, making an arrowhead with 
side notches, marrying one's mother's 
brother's daughter. Students of the de­
velopment of culture sought to learn the 
origin of such customs, their distribution 
and how they were combined in the 
"culture content" of each SOCiety. 

Eventually this approach led to an 
attempt to find an over-all pattern in 
each society'S way of life-a view which 
is well expressed in Ruth Benedict's Pat­
terns of Culture. She contrasted, for ex­
ample, the placid, smoothly functioning, 

nonaggressive behavior of the Pueblo 
Indians with the somewhat frenzied, 
warlike behavior of certain Plains In­
dians, aptly drawing on Greek mytholo­
gy to designate the first as an Apollonian 
pattern and the second as Dionysian. 
The implication is that the pattern is 
formed by the ethos, value system or 
world view. During the past decade and 
a half it has become popular to trans­
late pattern into more psychological 
terms. But description of a culture in 
terms either of elements, ethos or per-
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sonality type does not explain how it 
originated. Those who seek to under­
stand how cultures evolved must look 
for longer-range causes and explanations. 

Multilinear Evolution 

One must keep in mind Herbert 
Spencer's distinction between man as a 
biological organism and his functioning 
on the superorganic or cultural level, 
which also has distinctive qualities. We 
must distinguish man's needs and capac­
ity for culture-his superior brain and 
ability to speak and use tools-from the 
particular cultures he has evolved. A 

specific invention is not explained by 
saying that man is creative. Cultural ac­
tivities meet various biological needs, 
but the existence of the latter does not 
explain the character of the former. 
While all men must eat, the choice of 
particular foods and of how they are 
obtained and prepared can be explained 
only on a superorganic level. Thanks to 
his jaw and tongue structure and to the 
speech and auditory centers of his brain, 
man is capable of speech, but these facts 
do not explain the origin of a single one 
of the thousands of languages that have 
developed in the world. The family is 
a basic human instihltion, but families 

IRRIGATION 

RAINFALL FARMING INCIPIENT FARMING 

COMMUNITY 

1 

in different cultures differ profoundly 
in the nature of their food-getting ac­
tivities, in the division of labor between 
the sexes and in the socialization of the 
children. 

The failure to distinguish the biologi­
cal basis of all cultural development 
from the explanation of particular forms 
of culture accounts 'for a good deal of 
the controversy and confusion about 
"free will" and "determinism" in human 
behavior. The biological evolutionist 
George Gaylord Simpson considers that, 
because man has purposes and makes 
plans, he may exercise conscious control 
over cultural evolution. On the other 

CONQUEST 

THEOCRATIC IRRIGATION 

STATE 

2 
MODERN THEORY of cultural evolution is depjcted for the spe­

cial case of cultures in Egypt, Mesopotamia, China, Meso-America 

and Peru. In these cultures rainfall farming led to the incipient 

farming community. Such communities made possible irrigation 
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hand, the cultural evolutionist Leslie A. 
White takes the deterministic position 
that culture develops according to its 
own laws. Simpson is correct in mak­
ing a biological statement, that is, in 
describing man's capacity. White is cor­
rect in making a cultural statement, that 
is, in describing the origin of any par­
ticular culture. 

All men, it is true, have the biological 
basis for making rational solutions, and 
specific features of culture may develop 
from the application of reason. But since 
circumstances differ (e.g., in the condi­
tions for hunting), solutions take many 
forms. Moreover, much culture develops 

EMPIRE 

3 

gradually and imperceptibly without de­
liberate thought. The growth of settle­
ments, kinship groups, beliefs in shaman­
ism and magic, types of warfare and the 
like are not planned. 

This does not mean that there is no 
rhyme or reason in the development of 
culture, or that history is random and 
haphazard. It is possible to trace causes 
and order in the seeming chaos. In the 
early irrigation civilizations of the Mid­
dle East, Asia and America the inven­
tions were remarkably similar and ran 
extraordinarily parallel courses through 
several thousand years. There was 
clearly a close connection between 

DARK AGES 

large-scale irrigation agriculture, popu­
lation increase, the growth of permanent 
communities and cities, the rise of spe­
cialists supported by agricultural work­
ers, the appearance of unprecedented 
skills in technology, the need for a man­
agerial class or bureaucracy and the rise 
of states. 

There have been other patterns in 
the development of man's institutions, 
each adapted at different times and 
places to the specific circumstances of a 
specific society. The facts now accumu­
lated indicate that human culture 
evolved along a number of different 
lines; we must think of cultural evolu-

EMPIRE 

farming, which culminated in the theocratic irrigation state. When 

the state outstripped its resources, it turned to conquest and empire. 
Periodic revolutions then caused oscillations of empires and dark 
ages. The horizontal bars depict the overlap of these various stages. 
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=== PATRILINEAL BANDS AMONG 

ABORIGINAL HUNTERS 

TAPPERS AND TRAPPERS 

FEUDAL STATES 

PREDATORY BANDS OF 

HORSEMEN • EVOLUTION FROM INCIPIENT 

FARMERS TO THEOCRATIC 

IRRIGATION STATES TO 

CYCLICAL MILITARISTIC 

EMPIRES 

LOCATION of cultures in five lines of evo­

lution is mapped_ The cultures shaped by 

irrigation farming were, from left to right, 

in Meso-America, Peru, Egypt, Mesopo­

tamia, the Indus Valley of western India, 

and China. The predatory bands of horse­

men rose in inner Asia during the llth and 

12th centuries, in the western U. S. from 

1850 to 1880 and in South America from 

1700 to 1850. The feudal states are pre­

mercantile Europe and preindustrial Japan. 

tion not as unilinear but as multilinear. 
This is the new basis upon which evolu­
tionists today are seeking to build an 
understanding of the development of 
human cultures. It is an ecological ap­
proach-an attempt to learn how the fac­
tors in each given type of situation 
shaped the development of a particular 
type of society. 

Multilinear evolution is not merely a 
way of explaining the past. It is ap­
plicable to changes occurring today as 
well. In the department of sociology and 
anthropology of the University of Illinois 
my colleagues and I are studying current 
changes in the ways of rural populations 
in underdeveloped areas of the world: it 
is called "The Project to Study Cross­
Cultural Regularities." During the past 
three years my colleagues-Eric Wolf, 
Robert F. Murphy, F. K. Lehman, Ben 
Zimmerman, Charles Erasmus, Louis 
Faron-and I have constructed research 
models to be tested by investigations 
in the field. These models consist of 
several types of populations-peasants, 
small farmers, wage workers on planta­
tions and in mines and factories, primi­
tive tribes. The objective is to learn 
how the several types of societies evolved 
and how their customs are being changed 
by economic or political factors intro­
duced from the modern industrial world. 
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Such studies should obviously have 
practical value in guiding programs of 
technical aid for these peoples. 

Hunters, Trappers, Farmers 

To illustrate the ecological approach 
let us consider very briefly several differ­
ent types of societies, using the ways in 
which they made their living as the 
frame of reference. The first example is 
the form of society consisting of a patri­
lineal band of hunters. This type of or­
ganization was found among many 
primitive tribes all over the world, in­
cluding the Bushmen of the deserts in 
South Africa, the Negritos of the tropical 
rain forest in the Congo, the aborigines 
of the steppes and deserts in Australia, 

the now extinct aboriginal islanders in 
Tasmania, the Indians of the cold pam­
pas on the islands of Tierra del Fuego 
and Shoshoni Indians of the mountains 
in Southern California. Although their 
climates and environments differed 
greatly, all of these tribes had one im­
portant thing in common: they hunted 
cooperatively for sparsely scattered, 
nonmigratory game. In each case the 
cooperating band usually consisted of 
about 50 or 60 persons who occupied 
an area of some 400 square miles and 
claimed exclusive hunting rights to it. 
Since men could hunt more efficiently in 
familiar terrain, they remained through­
out life in the territory of their birth. 
The band consequently consisted of per­
sons related through the male line of 
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descent, and it was required that wives 
be taken from other bands. In sum, the 
cultural effects of this line of evolution 
were band localization, descent in the 
male line, marriage outside the group, 
residence of the wife with the husband's 
band and control by the band of the food 
resources within its territory. 

Another line of evolution is exempli­
fied by rubber-farming Mundurucu In­
dians in the Amazon Valley and fur­
trapping Algonquian Indians in eastern 
Canada, of whom Murphy and I recent­
ly made a comparative study. The com­
mon feature in these two groups is that 
both were transformed by contact with 
an outside economy from simple farm­
ers or hunters to barterers for manu­
factured goods. Although the aborig-

inal MundurucLl villagers and the Al­
gonquian bands had had very different 
forms of social organization, both con­
verged to the same form after they be­
gan to pursue similar ways of making a 
living. As the Indians came to depend 
on manufactured goods, such as steel 
axes and metal utensils, obtained from 
traders, they gradually gave up their in­
dependent means of subsistence and 
spent all their time tapping rubber trees 
and trapping beaver, respectively, even­
tually depending upon the trader for 
clothing and food as well as for hard­
ware. Since tapping and trapping are 
occupations best carried out by small 
groups on separate territories, the In­
dians' villages and bands broke down 
into individual families which lived in 

isolation on fairly small, delimited areas. 
The family became part of the larger 
Canadian or Brazilian national SOCiety, 
to which it was linked through the 
trader. Its only relations with other fami­
lies were the loose social con tacts cre­
ated by dealing with the same trader. 

Irrigation Civilizations 

Irrigation farming is the major organ­
izing factor of another line of evolution, 
which covered a considerable span of 
the early prehistory and history of China, 
\rlesopotamia, Egypt, the north coast of 
Peru, probably the Indus Valley and pos­
sibly the Valley of Mexico. This line had 
three stages. In the first period primitive 
groups apparently began to cultivate 
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food plants along the moist banks of the 
rivers or in the higher terrain where rain­
fall was sufficient for crops. They occu­
pied small but permanent villages. The 
second stage started when the people 
learned to divert the river waters by 
means of canals to irrigate large tracts of 
land. Irrigation farming made possible 
a larger population and freed the fann­
ers from the need to spend all their time 
on basic food production. Part of the 
new-found time was put into enlarging 
the system of canals and ditches and 

THEOCRATIC IRRIGATION 
STATES 

TOLTEC AND 

AZTEC PERIODS 

(MEXICO) 

MOCHICA PERIOD 

(PERU) 

GALLINAZO PERIOD 
(PERU) 

SHANG PERIOD 
(CHINA) 

EGYPT 
(EARLY DYNASTY) 

SUMER 
(EARLY DYNASTY) 

part into developing crafts. This period 
brought the invention of loom weaving, 
metallurgy, the wheel, mathematics, the 
calendar, writing, monumental and reli­
gious architecture, and extremely fine 
art products. 

When the irrigation works expanded 
so that the canals served many commu­
nities, a coordinating and managerial 
control became necessary. This need was 
met by a ruling class or a bureaucracy 
whose authority had mainly religious 
sanctions, for men looked to the gods for 

1000 

A.D. 

B.C. 

1000 

2000 

MIlITARY 
EMPIRES 

TIAHUANACAN PERIOD 
(ANDES) 

TOLTEC AND 

AZTEC PERIODS 

(MEXICO) 

CHOU PERIODS 

(CHINA) 

EARLY EGYPTIAN DYNASTIES 

3000 SUMERIAN DYNASTY 

4000 

TIME SCALE of theocratic irrigation states and of military empires is compared in this 

chart. In general the theocratic irrigation states appeared before the military empires. 
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the rainfall on which their agriculture 
depended. Centralization of authority 
over a large territory marked the emerg­
ence of a state. 

That a state developed in these irriga­
tion centers by no means signifies that 
all states originated in this way. Many 
different lines of cultural evolution 
could have led from kinship groups up 
to multicommunity states. For example, 
feudal Europe and Japan developed 
small states very different from the theo­
cratic irrigation states. 

The irrigation state reached its flo­
rescence in Mesopotamia between 3000 
and 4000 B.C., in Egypt a little later, in 
China about 1500 or 2000 B.C., in 
northern Peru between 500 B.C. and 
500 A.D., in the Valley of Mexico a little 
later than in Peru. Then, in each case, a 
third stage of expansion followed. When 
the theocratic states had reached the 
limits of available water and production 
had leveled off, they began to raid and 
conquer their neighbors to exact tribute. 
The states grew into empires. The em­
pire was not only larger than the state 
but differed qualitatively in the ways it 
regimented and controlled its large and 
diversified population. Laws were codi­
fied; a bureaucracy was developed; a 
powerful military establishment, rather 
than the priesthood, was made the basis 
of authority. The militaristic empires be­
gan with the Sumerian Dynasty in Meso­
potamia, the pyramid-building Early 
Dynasty in Egypt, the Chou periods in 
China, the Toltec and Aztec periods in 
Mexico and the Tiahuanacan period in 
the Andes. 

Since the wealth of these empires was 
based on forced tribute rather than on 
increased production, they contained 
the seeds of their own undoing. Exces­
sive taxation, regimentation of civil life 
and imposition of the imperial religious 
cult over the local ones led the subject 
peoples eventually to rebel. The great 
empires were destroyed; the irrigation 
works were neglected; production de­
clined; the population decreased. A 
"dark age" ensued. But in each center 
the process of empire building later be­
gan anew, and the cycle was repeated. 
Cyclical conquests succeeded one an­
other in Mesopotamia, Egypt and China 
for nearly 2,000 years. Peru had gone 
through at least two cycles and was at 
the peak of the Inca Empire when the 
Spaniards came. Mexico also probably 
had experienced two cycles prior to the 
Spanish Conquest. 

Our final example of a specific line of 
evolution is taken from more recent 
times. When the colonists in America 
pre-empted the Indians' lands, some of 
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�P"WEIIGIIII' "Timing·" Bell 

"For invention of high order and for particularly meritorious improvements 
and developments in machines and mechanical processes." 

These are The Franklin Institute's words in awarding its 1955 Longstreth Medal 
to the inventor of D. S. PowerGrip "Timing" Belts-the outstanding contribution 
[Q power transmission of the decade. 

It's easy to understand why PowerGrip received this great award. By providing 
near-IOO'1o efficiency in positive, non-slip, split-second timing, it has become stand­
ard equipment on a wide variety of machines and appliances. The list grows daily. 

D. S. PowerGrip Timing Belts -and descriptive literature -are obtainable from 
factory-trained engineers at any of the 28 strategically located "D. S." District Sales 
Offices or by contacting us at Rockefeller Center, New York 20, N. Y. 

Mechanical Goods Division 

Th e Franklin Insti· 
tute, f o unded in 
Phila. in 1824, is one 
of the o ldest and 
most renowned sci- I 
entifie institutions. 
Its awards are made 
only after exhaustive 
studies of contribu· 
tions to science. 

United States Rubber 
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ENGINEERS 

1".1 jJloneers in 

INERTIAL NAVIGATION 
Immediate openings fOT 

Supervisory and Staff 

positions as well as JOT 

Senior Engineers. Engineers, 

and Associate Engineers, 

ARMA. recognized for its accomplishments in the fields of 

navigation and fire control, is a leader in the development of 

Inertial Navigation. This new system deals solely with space, time 

and acceleration ... acting independently of external influences,. 

experienced in: 

SYSTEMS EVALUATION 
GYROSCOPICS 

DIGITAL COMPUTERS 
ACCELEROMETERS 

TELEMETRY 
GUIDANCE SYSTEMS 

STABILIZING DEVICES 
SERVOMECHANISMS 

AUTOMATIC CONTROLS 
THERMODYNAMICS 

OPTICS 
ENVIRONMENTAL RESEARCH 

TRANSFORMERS 

RELIABILITY 
WEIGHT CONTROL 

Creative engineering of the highest order is required to develop 

components making Inertial Navigation possible: accelerometers 

to measure acceleration; integrators to convert this information 

into velocity and distance; Dyros to provide directional 

reference and hold the system stable; computers to calculate 

course·to·steer a·nd distance·to .. go. Components must meet 

rigid weight and size requirements ... and function with 

undreamed-of accuracy. 

ARMA, one of America's largest producers of ultra .. precise 

equipment, offers unlimited opportunity for engineers to 

help in this great endeavor. Challenging projects and ARMA's 

extensive supplementary benefits make an ARM A 

career doubly attractive. 

ARMA engineers are currently working a 48 hour week at 

premium rates to meet a critical demand in the Defense 
Dept's missile program. Moving allowances arranged. 

Send resume in confidence to: 

78 

AIIJIIA 
Technical Personnel Dept. 2·500 
Division of American Bosch Arma Corporation 
Roosevelt Field, Garden City, Long Island, N. Y. 

ENGINEERS A�k 

THERE'S A-BRIGHT�FuTURE 
. �// 1\\\'-< 

FOR YOU AT CONTINENTAL 
Continental Aviation & Engineering Corp. is constantly increas­

ing its staff of competent specialized personnel to meet the 

growing demands in the development of specialized power 

packages. The small and medium gas turbine engine program 

at CAE is progressing rapidly and offers engineers and tech­

nicians a challenging career coupled with many extra job 

benefits. If you hold a degree in the AERODYNAMICS, MET AL­

LURGY, MECHANICAL or DESIGN ENGINEERING fields, con­

tad CAE and ;nve,t;gate the � 
opportunities that can be yours. � 

ADDRESS: "Engineering Personnel" � ® 
CONTINENTAL AVIATION & ENGINEERING CORPORATION 

12700 KERCHEVAL AVENUE, DETROIT 15, MICHIGAN 

SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 

the Indian clans formed a new type of 
organization. The Ute, Western Shosho­
ni and Northern Paiute Indians, who 
had lived by hunting and gathering in 
small groups of wandering families, 
united in aggressive bands. With horses 
stolen from the white settlers, they 
raided the colonists' livestock and occa­
sionally their settlements. 

Similar predatory bands developed 
among some of the mounted Apaches, 
who had formerly lived in semiperma­
nent encampments consisting of ex­
tended kinship groups. Many of these 
bands were the scourge of the South­
west for years. Some of the Apaches, on 
the other hand, yielded to the blandish­
ments of the U. S. Government and set­
tled peacefully on reservations; as a re­
sult, there were Apache peace factions 
who rallied around chiefs such as Co­
chise, and predatory factions that fol­
lowed belligerent leaders such as Geron­
imo. 

The predatory bands of North Ameri­
ca were broken up by the U. S. Army 
within a few years. But this type of evo­
lution, although tranSitory, was not 
unique. In the pampas of South Amer­
ica similar raiding bands arose after 
the Indians obtained horses. On an in­
finitely larger scale and making a far 
greater impression on history were the 
Mongol hordes of Asia. The armies of 
Genghis Khan and his successors were 
essentially huge mounted bands that 
raided entire continents. 

Biology and Culture 

Human evolution, then, is not merely 
a matter of biology but of the interaction 
of man's physical and cultural character­
istics, each influencing the other. Man 
is capable of devising rational solutions 
to life, especially in the realm of techni­
cal problems, and also of transmitting 
learned solutions to his offspring and 
other members of his society. His capac­
ity for speech gives him the ability to 
package vastly complicated ideas into 
sound symbols and to pass on most of 
what he has learned. This human po­
tential resulted in the accumulation and 
social transmission of an incalculable 
number of learned modes of behavior. It 
meant the perpetuation of established 
patterns, often when they were inappro­
priate in a changed situation. 

The biological requirements for cul­
tural evolution were an erect posture, 
specialized hands, a mouth structure 
permitting speech, stereoscopic vision, 
and areas in the brain for the functions 
of speech and association. Since culture 
speeded the development of these re-
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LOOK 

Will your income 
and location allow 

you to live in a 
home like this ... 

spend your leisure 
time like this? 

DOUGLAS 

First in Aviation 

TEN YEARS AHEAD! 

They can . . .  if you start your career 
now at Douglas! 

Take that ten year ahead look. T here's a fine career 

opportunity 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 be career-wise, money-wise 

and location-wise. 

For further information about opportunities with Douglas in 

Santa Monica, EI Segundo and Long Beach, California divisions 

and Tulsa, Oklahoma, write today to: 

o 0 U G LAS A IRe R AFT COM PAN Y, INC. 
C. C. La Vene, 3000 Ocean Park Blvd., Santa Monica, California 
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Corporation 

is spending 

on a long range 
expansion program In 

ENGINEERING RESEARCH 

and 
DEVELOPMENT FACIlITIES 

Completion of the program will give 
Allison one of the world's most 
complete, best·equipped centers 
10r the development of new, high 
performance turbo-prop and turbo­
jet aircraft engines. 

This extensive expansion pro­
gram-financed by General Motors 
-creates an immediate need for a 
40% increase in engineering per. 
sonnel. 

Also. the Allison Model 501 turbo­
prop engine and Aeroproducts pro­
peller have been selected by leading 
airlines to power the passenger 
planes for tomorrow's turbo-prop 
transport travel creating additional 
opportunities for you in the com­
mercial field. 

Experience in the aircraft indus­
try isn't always necessary. If you 
are an engineering graduate, we'd 
like to talk to you. There's every­
thing to gain - nothing to lose. 

New Opportunities 
for 

ENGINEERS 

Here are some of the advantages offered by 

Allison: stability of a growing organization 

... security ... advanced educational facili­

ties ... opportunity for rapid advancement 

. _ . excellent working conditions with the most 

modern facilities in industry ... and associa· 

tion with top level technical men in the indus­

try. If you've had experience or training. in 

any of the following fields. we'd like to talk 

to you about your future at Allison in aircraft 

engines and Aeroproducts propellers: 

STRESS ANALYSIS - DESIGN OF HIGH 

SPEED ROTATING MACHINERY - THEORY 

and DESIGN SERVO-MECHANISMS - PRO· 

PELLER. ENGINE and AIRCRAFT PER­

FORMANCE ANALYSIS - EXPERIMENTAL 

TEST OF PROPELLERS. GAS TURBINE EN­

GINES and COMPONENTS - DESIGN OF 

AXIAL FLOW COMPRESSORS and TUR­

BINES - DESIGN OF BLADING for AXIAL 

FLOW COMPRESSORS and TURBINES -

AERODYNAMICS and PROCESS ENGIN­

EERING - TOOL DESIGN. 

Also immediate openings for: 

PHYSICISTS. NUCLEAR PHYSICISTS and 

ENGINEERS with ELECTRONICS EXPERI­

ENCE. 

Write direct to Salaried Personnel. Dept. SA. telling 

us about yourself . _ . your qualifications . • .  your 

academic and work experience background. 

hi,.. ... LllSON Division General Motors Corporation 
Indianapolis 6, Indiana 

Design, development and production-high power TURBINE ENGINES for modern aircraft . . . .  Aero� 

products PROPElLERS. ACTUATORS and DIESEL ENGINE STARTERS .... Heavy duty TRANSMISSIONS 

for Ordnance and Commercial vehicles .... DIESEL LOCOMOTIVE PARTS .... PRECISION BEARINGS 
for aircraft, Diesel locomotives and special application. 
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quirements, it would be difficult to say 
which came first. 

The first step toward human culture 
may have come when manlike animals 
began to substitute tools for body parts. 
It has been suggested, for example, that 
there may have been an intimate rela­
tion between the development of a flint 
weapon held in the hand and the reced­
ing of the apelike jaw and protruding 
canine teeth. An ape, somewhat like a 
dog, deals with objects by means of its 
mouth. When the hands, assisted by 
tools, took over this task, the progna­
thous jaw b�an to recede. There were 
other consequences of this development. 
The brain centers that register the expe­
riences of the hands grew larger, and 
this in turn gave the hands greater sen­
sitivity and skill. The reduction of the 
jaw, espeCially the elimination of the 
"simian shelf," gave the tongue freer 
movement and thus helped create the 
potentiality for speech. 

Darwin called attention to the fact 
that man is in effect a domesticated ani­
mal; as such he depends upon culture 
and cannot well survive in a state of na­
ture. Man's self-domestication furthered 
his biological evolution in those charac­
teristics that make culture possible. Un­
til perhaps 25,000 years ago he steadily 
developed a progressively larger brain, 
a more erect posture, a more vertical 
face and better developed speech, audi­
tory and associational centers in the 
brain. His physical evolution is unques­
tionably still going on, but there is no 
clear evidence that reoent changes have 
increased his inherent potential for cul­
tural activities. However, the rate of his 
cultural development became independ­
ent of his biological evolution. In addi­
tion to devising tools as substitutes for 
body parts in the struggle for survival, 
he evolved wholly new kinds of tools 
which served other purposes: stone 
scrapers for preparing skin clothing, 
baskets for gathering wild foods, axes 
for building houses and canoes. As cul­
tural experience accumulated, the in­
novations multiplied, and old inventions 
were used in new ways. During the last 
25,000 years the rate of culture change 
has accelerated. 

The many kinds of human culture 
today are understandable only as par­
ticular lines of evolution. Even if men of 
the future develop an I.Q. that is incred­
ibly high by modern standards, their 
specific behavior will nonetheless be de­
termined not by their reason or psycho­
logical characteristics but by their spe­
cial line of cultural evolution, that is, 
by the fundamental processes that shape 
cultures in particular ways. 
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Photograph shows CARBOFRAX® brick, 
raised to white heat (2460°F) in kiln, 
being plunged halfway into cold water 
-without spalling or cracking. 

third in a series ... 
THERMAL SHOCK RESISTANCE 

Unusual Properties of Refractory Materials 
Thermal Shock Resistance in a refractory enables it to 
withstand rapid recurring temperature changes without 
spalling and cracking. Several properties affecting the degree 
of resistance include: thermal conductivity, ultimate 
strength, thermal expansion and modulus of elasticity. 

A number of refractories developed by Carborundum are 
noted for having these properties in the ranges that insure 
high heat shock resistance. They successfully meet the 
stresses and strains imposed by intermittent firing and by 
high heat releases in restricted areas. In packaged steam 
generator service, for example, they are far superior to other 
lining materials. Similarly, they have produced outstanding 
results in rapidly-heated quickly-cooled crucible type melt­
ing furnaces, in heat treating furnaces, incinerators, still 
settings, etc. 

The current issue of Carborundum's magazine "Refrac­
tories" features a comprehensive article on heat shock. It 
may offer suggestions helpful to you in handling a condition 
of this nature. 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" 

---------MAIL THIS COUPON TODAY-------

Dept. Q56, Refractories Division 

The Carborundum Company, Perth Amboy, N. J. 

Please send me the forthcoming issue of "Refractories". 

Name' _____________ Title' _______ _ 

Company· ____________________ _ 

Streetl _____________________ _ 

City . ________ Zone __ State ______ _ 
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Life 
on the 

Chemical 

Newsfront 

HE'S APPLYING TINY CHEMICAL "SHINGLES" to waterproof concrete. The 
spreading of water on a solid surface and the degree of wetting are determined 
by the contact angle between water and surface. Metallic stearates give large 
contact angles, causing water to be drawn up in drops, preventing wetting. 
AERO· Zinc Stearate, for example, forms very small leaflike plates or layers of 
adhering plates that repel water like shingles. To waterproof concrete, small 
amounts of zinc or other metallic stearate are added to cement clinker before 
grinding, to the concrete mix at time of hydration or are used in cement­
water paints or sprays for coating concrete surfaces. (Industrial Chemicals Division, 
Department A) *Trademark 

THEY USED TO BURN IT, but now even the saw mill waste pile 
can be used. With Cyanamid's new MELuRAc® Resin 304, wood­
waste chips and sawdust can be converted to hardboard at a low 
temperature cure and short cure cycle. This melamine-urea­
formaldehyde resin gives high Hexural strength, high moisture 
and water resistance, and imparts no color to the board. The 
hardboard can be used for furniture cores, veneer bases and at­
tractively textured wall panels, table tops and Hooring. (Plastics 
and Resins Division) 
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VERSATILE THICKENER for aqueous systems, Cyanamid's water­
soluble polymer, Polyacrylamide, is now available from new semi­
commeJ:Cia1 facihtJes .-Ptllyacrylamide offers high thickening action 
and suspending power, excellent stability, uniform bulk density 
and particle size for rubber and paint latices, ceramic slips, metal 
cleaners, paper coating compounds, cements and adhesives. A 
white, free-Howing powder, Polyacrylamide is odorless and readily 
soluble in cold water to form solutions stable over a wide pH 
range. (New Product Development Department A) 
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Jacket courtesy Leather Industries of America 
WHITE AND PASTEL LEATHERS are in fashion. They owe much 
of their favor to many fine quality features made possible by such 
chemicals as Cyanamid's new Leather Product 612.  This new re­
tanning agent, used for elk type and semisoft leathers, tightens 
the leather grain surface, and produces a fine low-grained leather 
with an excellent "break." It also adds fullness and roundness, 
building up loose-textured open areas in the skin. Leather Product 
612 is one of many Cyanamid Dyes Department chemicals used 
bv the leather industry. (Organic Chemicals Division) 

THIS MAZE OF PIPE and processing equipment is part 
of Cyanamid's new plant at Savannah, Georgia, which 
produces UNITANE@ Titanium Dioxide. Twenty-two 
separate manufacturing steps are necessary to convert 
black ilmenite to brilliant white titanium dioxide. 
The whitest pigment yet developed commercially, 
titanium dioxide is whiter than snow and almost as 
white as pure magnesium oxide, the common stand­
ard used to rate whiteness. Made up of exceedingly 
fine crystals that reflect light, UNITANE Titanium Di­
oxide confers exceptional opacity as well as whiteness 
to paints, fine papers, white wall tires , plastics, vitre­
ous enamels and dozens of other products of beauty 
and usefulness .  (Pigments Division) 

MORE THAN THE DESIGNER'S SKILL goes into the graceful drape 
of modern fashions . It takes chemistry, too. CYANATEX@ SB-I00 
Softener, for example, is a new specialty product that gives un­
usual softness and a smooth, silky "hand" to cotton and synthetic 
fibers. This softener is compatible with anionic and nonionic 
agents, starches and salts commonly used in textile finishing. It is 
extremely resistant to yellowing and scorching. In tightly woven 
or harsh fabrics, it imparts the lubricity needed for good sewing 
properties. CYANATEX SB- I00 Softener is suggested for knit goods, 
starch finishes, broadcloth, dyed yarns, tufted spreads, percale 
sheeting, pillow tubing and all fabrics requiring good drape. 
(Organic Chemicals Division) 

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

Building for the Future Through Chemistry 

8 3  
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Lavoisier 

This 18th-century Frenchman lS best known as the founder 

of modern chemistr.y. He was also a remarkable biologist, 

farmer, technologist, financier, economist and politician 

X
toine Laurent Lavoisier is univers­
ally known as the founder of 
modern chemistry, but this 

achievement tells only a small part of 
the story of his life. Had Lavoisier never 
performed a chemical experiment, he 
would still deserve a prominent place in 
history. He was a many-sided genius 
who pioneered not only in chemistry 
but also in physiology, scientific agri­
culture and technology, and at the same 
time was a leading figure of his era in 
finance, economics, public education 
and government. Few men in history 
have busied themselves in so many 
fields with such powerful effect as this 
brilliant and charming Frenchman. 

Lavoisier was born in Paris on August 
26, 1743, the only son of well-to-do par­
ents. His mother died while he was still 
young, and he was brought up with lov­
ing care by his father and a maiden 
aunt. His father wanted him to become 
a lawyer; Antoine dutifully completed 
his legal education and obtained a li­
cense to practice, but he had shown his 
predilection for science by choosing to 
do his undergraduate work at the Col­
lege Mazarin, where he studied astron­
omy, botany, chemistry and geology 
with famous masters. Mter law school 
he quickly turned to science again. Wfth­
in three years, at the age of 25, he was 
elected to the Royal Academy of Sci­
ences, as a result of his work in helping 
to prepare a geological atlas of France, 
his chemical research on plaster of Paris 
and his recognition with a special gold 
medal for plans submitted in a royal 

ENGRAVING OF LAVOISIER was based 

on a painting made in 1788 by Jacques Louis 

David. On the ledge below the oval frame 

is some of Lavoisier's chemical apparatus. 

by Denis l. Duveen 

competition to improve the street light­
ing of Paris. 

Now resolved on a career of scien­
tific research, Lavoisier first arranged to 
assure himself of sufficient financial 
means. He bought a share of the Ferme 
Generale, the private company that col­
lected taxes for the King. This associa­
tion was highly profitable to Lavoisier 
throughout his life, but it was to bring 
him to the guillotine. 

At 28 Lavoisier married Marie Anne 
Pierrette Paulze, the 14-year-old daugh­
ter of a leading member of the Ferme. 
Although it was a marriage of conven­
ience, arranged by the father to save 
his daughter from pressure in high 
places to marry an elderly and dissolute 
count, the union between Lavoisier and 
his child bride was to prove a happy 
success. Marie set about learning Latin 
and English to translate scientific works 
for her husband, who had little knowl­
edge of foreign languages. She translated 
two important books by the Irish chem­
ist Richard Kirwan and supplied Lavoi­
sier with resumes of papers published by 
Joseph Priestley, Henry Cavendish and 
other contemporary British chemists. 
Her translations and footnotes show that 
she herself achieved more than a super­
ficial knowledge of chemistry. As a host­
ess Marie made the Lavoisier home a 
popular meeting place for French and 
foreign scientists; as an accomplished 
artist she sketched and engraved plates 
for his books; she helped him in the 
laboratory as his secretary, taking notes 
on many of his experiments. Mter 
Lavoisier's execution she edited and 
printed for private circulation his last, 
uncompleted work, compiled in prison, 
Memoires de Chimie. It seems a poor 
reward that her life after Lavoisier was 
made bitter by an unhappy, short mar­
riage to Count Rumford, who was a re-

nowned scientist and inventor but also 
a careerist and adventurer. 

evoisier's work in chemistry is a text-
book classic which can be quickly 

reviewed. In 1772, at the age of 29, he 
began to study combustion and the 
"calcination" (oxidation) of metals. He 
observed that sulfur and phosphorus 
gained weight when they burned, and 
he supposed that they absorbed air. The 
key to explanation of his own observa­
tions came when Joseph Priestley dis­
covered "dephlogisticated air" (oxy­
gen). Lavoisier soon showed that it was 
this substance, to which he gave the 
name oxygen, that was absorbed by 
metals when they formed "calces," i.e., 
oxides. He proceeded to replace the cen­
tury-old "phlogiston" theory (that sub­
stances burned because of an escape of 
phlogiston) with the correct view that 
combustion is a chemical combination of 
the combustible substance with oxygen. 
Lavoisier could not explain the produc­
tion of fire, and he introduced the term 
calorique to describe the element im­
ponderable-heat. The complete expla­
nation of combustion and heat was not 
to come until the theory of entropy was 
developed in the 19th centUlY. None­
theless Lavoisier, in collaboration with 
the great physicist Pierre Simon de 
Laplace, made studies of the heat 
evolved in combustion which laid the 
foundation of thermochemistry. 

Lavoisier's theory at first failed to ac­
count for the combustion of "inflam­
mable air" (hydrogen), evolved when 
metals were dissolved in acids. Here it 
was a discovery by Cavendish that gave 
Lavoisier the clue he needed. Caven­
dish learned that the burning of inflam­
mable air produced pure water. Lavoi­
sier extended his experiments and con­
cluded that water was a compound of 
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MADAME LAVOISIER'S ORA WING of some of her hus· 

band's chemical apparatus is shown above. At left is a device 

for condensing and collecting water formed during the com· 

bustion of alcohoL In the center is a gasometer. At upper right 

1""'---------- - """""..;.. - ----

is a pneumatic trough. Shown below is a proof of the engraving 

made from the drawing. The ohjects are reversed by printing. 

The proof is corrected in Madame Lavoisier's hand. At the 

lower right it bears her signature: Paulze Lavoisier 8culpsit. 

p&AUr-fU: IX ! 
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the two gases we now call oxygen and 
hydrogen. He recognized immediately 
that this fact supplied a keystone for the 
building of a whole new edifice of 
chemistry. 

The new chemistry was quite readily 
accepted. It called for revision of the list 
of elements and a new system for 
naming substances; Lavoisier, with 
other leading French chemists, com­
posed a new terminology, and with 
minor revisions it is still used today. 

Lavoisier's keen interest in combus­
tion led him naturally to respiration. 
There are those who say that his work 
in this field justifies his being called the 
bunder of physiology and biochemistry. 
Certainly he brought order out of chaos. 
Many had guessed that all life depended 
on a vital ingredient in the atmosphere; 
Priestley and others had demonstrated 
by experiment that breathing animals 
exhausted the air of a necessary factor. 
It was left to Lavoisier to show the 
purely chemical nature of the role 
played by oxygen, or as it was first 
called, vital air, in respiration and com­
bustion. He was the first to show that 
animal heat is produced by a slow 
process continually occurring in the 
body and consisting of a form of slow 
combustion. To demonstrate this ex­
perimentally, he planned and carried 
out with Laplace a series of elegant ex­
periments. They worked with guinea 
pigs. By accurately measuring the ani­
mals' intake of oxygen and output of 
carbon dioxide and heat-the latter with 
an ice calorimeter they invented-they 
laid the foundation of the science of 
calorimetry. As an extension of this work 
Lavoisier later collaborated with Ar­
mand Seguin in a program of research 
which established the facts of basal 
metabolism. The apparatus he designed 
for this work is the direct ancestor of the 
equipment used today in determining 
basal metabolism. 

�voisier's scientific research was fre­
. quently interrupted by calls for 
technical assistance from the govern­
ment. One of these was to remedy a 
shortage of gunpowder. France was suf­
fering from a scarcity of saltpeter, an es­
sential constituent of gunpowder, which 
was produced by an inefficient licensed 
monopoly. Called upon for advice by the 
comptroller general of finance, Lavoisier 
suggested the formation of a govern­
ment-owned Regie des Poudl'es. He was 
appOinted as one of the four administra­
tors of this agency and proceeded to in­
stitute new and efficient methods of 
production. Within three years he raised 
France's annual production of gunpow-
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SOUNDPROOF ANECHOIC ROOMS 
FOR RESEARCH & DEVELOPMENT 

GROUND MUFFLER 
QUIETS JETS AT REPUIILlC 

Long IJland . . .  An lAC Ground Muffier, 
lirst of five ordered by Republic Aviation 
Corporation, Farmingdale, Long Island, has 
proven successful in suppressing noise from 
jets warming up on the flight line at the 
Republic airport. 
The Ground Muffier, designed and built by 
Industrial Acoustics, incorporates the use of 
the all-steel Dura-Stack Jet Engine Silencing 
System which has been successfully applied 
to jet engine test cells. 

New York . .. The increased demand for sound­
proof research facilities has resulted in the devel­
opment of scientilically designed Quiet Rooms and 
Anechoic Rooms. Manufactured by Industrial 
Acoustics, these rooms incorporate years of lAC 
experience in noise control. 

SILENCED LEVER 
HOUSE INTAKE IN fOURTH YEAR 
New York . . .  Noise of the giant intake 
louvre of the Lever House air conditioning 
system was successfully silenced by Indus­
trial Acoustics three years ago. This project 
was the first installation of the lAC "Q­
DUCT" Silencing System which has since 
been developed into pre-fabricated silencing 
units for air conditioning and ventilating 
systems. 

NOISE NEWS is published to keep Jcience and induJtry informed on progreJS made 
in the continuin.g war on noise. Full data on JubjectJ covered and other lAC noise 
control productJ may be obtained by writing InduJtrial ACOUJticJ Company, Inc:, 
Dept. 10, 341 /ackJOn Avenue, New York J4, N. Y. Tel: CYpreJS 2-0180. 

New, improved Contoura*-Constat'" 

is as portable as your briefcase. 

Goes where you go to make on-the­

spot copies of anything drawn, 

written or printed, including tight­

ly bound book pages. Inexpensive 

to own, operate. Write today for 

full details. 
"T. M. Reg. U. S. Pat. Off. 

F. G. LUDWIG. I Ne. 
818 Coulter St., Old Saybrook, Conn. 

I N EW MONOCHROMATO R  
GIVES SIMPLE SOURC E OF 
MONOCHROMAT IC LIGHT 

Here's a new device 
that eliminates the 
cumbersome arc light 
and prism arrange­
ment! The new CTC 
Monochromator uses 
the rotary power of 
quartz to give a mon­
ochromatic beam of 
higher intensity! 

Compact, portable, 
CTC's Monochromator is excellent as 

a light source for microscopic analysis 
of metals, oils, chemicals and films. It is 
ideal for most applications requiring vari­
ations of light through the visible spectrum. 

CTC's Monochromator incorporates 
five quartz sections, thus allowing a pass 
band width of 40A to 120A. These five 
quartz sections vary in length from 4 
inches to ];4 inch and the entire unit, with­
out light source measures 10];4 inches 
long by 3% inches wide by 3 inches high. 
For complete specifications and data on 
prices write direct. 

CAMBRIDGE THERMIONIC 
CORPORATION 

Concord Ave., Cambridge 38, �Iass. 
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LAVOISIER'S APPARATUS for burning various oils in a meas· 

ured quantity of oxygen and collecting the products of combustion 

are depicted in this plate from his Elements of Chemistry. Madame 

Lavoisier approved the plate by writing Bonne at lower right. 

der from 714 tons to 1,686 tons. It can 
be said that Lavoisier's efforts con­
tributed to the success of the American 
Revolution, for without the gunpowder 
supplied the colonists by France the out­
come might have been different. 

The Regie des POlldres provided 
Lavoisier with a home and a scientific 
laboratory at the Arsenal, where he 
spent his happiest and most productive 
years. But two episodes in this experi­
ence illustrate the hazards to which a 
scientist may be exposed in government 
service. On one occasion Lavoisier, his 
wife and three associates undertook to 
experiment with potassium chlorate as 
a possible new explosive. The experi­
ments produced a laboratory explosion 
which killed two of the party, but the 
Lavoisiers escaped unharmed. Lavoisier 
reported the affair to the King's Minister 
in lofty terms which well illustrate his 
character: "If you will deign, Sir, to en­
gage the King's attention for a moment 
with an account of this sad accident and 
the dangers I faced, please take the op­
portunity to assure His Majesty that my 
life belongs to him and to the state, and 
that I shall always be ready to risk it 
whenever such action may be to his ad-
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vantage, either by a resumption of the 
same work on the new explosive, work 
which I believe to be necessary, or in any 
other manner." 

The second exposure was political. In 
1789, when the Revolutionists had taken 
control of Paris, the Administration of 
Powders decided to ship 10,000 pounds 
of low-quality industrial gunpowder out 
of the city and replace it with better­
quality musket powder. The move 
alarmed the populace; Lafayette, who 
was in charge of munitions and had not 
been informed of the shipment, ordered 
it returned to the Arsenal. The local 
commune investigated the powder ad­
ministrators on charges of treason, and 
although the inquiry exonerated them, 
public clamor for Lavoisier's arrest did 
not abate until the powder was restored 
to the Arsenal. 

ee Thomas Jefferson, whom he resem· 
bled in many ways, Lavoisier had a 

keen and personal interest in agriculture. 
He inherited from his father a farm at Le 
Bourget, and soon afterward he also ac­
quired a large agricultural estate near 
the town of Orleans. Here he himself 
farmed about 370 acres and leased 865 

acres to sharecroppers. It was his habit 
to spend the sowing and harvest seasons 
at the farm, and to keep close account of 
the crop yields and costs by double-entry 
bookkeeping. Farmer Lavoisier soon de· 
cided that crop yields were intimately 
connected with the amount of manure 
used on the fields. He then carefully cal­
culated the optimum balance of cattle 
to acreage of pasture and cultivated land 
for a mixed farm. His studies of the re­
quirements of various cash crops and of 
cattle were highly practical and success­
ful. He was able to record with satisfac­
tion that in 14 years he had doubled his 
yield of wheat and quintupled the size 
of his herd of cattle. 

Lavoisier was active in the Agricul­
tural Society of Paris and in the official 
Administration of Agriculture, of which 
he was one of the five original members 
and the guiding light. He represented 
the third estate in the Provincial Parlia­
ment of Orleans, where he was the prime 
mover of almost all the subjects dis­
cussed and decisions taken. His reports, 
which dominate the printed proceedings 
of the Parliament, dealt not only with 
matters strictly agricultural but also with 
such varied subjects as public assistance 
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This new instrument is a low cost solution to 
industrial control 'and overspeed problems 

WORLD LEADER IN elECTRONIC 
MEASURING EQUIPMENT 

Automatic speed control is a vital part of modern manufacturing. 

The ingenious new Hewlett-Packard 500B Frequency Meter provides a 

sure, simple electronic way to control machinery speed, guard against 

overspeed or underspeed, and facilitate speed recording. The instrument 

will also count or control many other quantities such as random 

events, temperature, pressure and weight, which can be converted to 

electrical impulses. Operation does not require technical training. 

Model 500B, priced at $285, is one of over 250 major precision instruments 

Hewlett-Packard manufactures for science, the military, and industry. 

Engineers in principal areas throughout the U. S. and Free World 

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

CABLE "HEWPACK" • DAvenport 5-4451 
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The Chance Vought FSU-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 
pops into the air stream and supplies A-C, D-C, and hydraulic 
power sufficient to maintain flight control and communication 
through all speeds down to safe landing. 

Lifesaver . . .  WHEN POWER FAILS 

Marquardt Aircraft, the West's largest jet 

engine research and development center, is an 

important contributor to the OMAR Joint 

Technical Committee. With Reaction Motors, 

first in the American rocket industry, and Olin 

Mathieson Chemical, a leading producer of 

chemicals, explosives, metals, Marquardt adds 

Marquardt Aircraft Company 
Van Nuys, California 

Olin Mathieson Chemical Corp. 
New York, New York 

greatly to a continuous joint technical effort to 

achieve improved rocket and ramjet engines 

and special fuels. Exemplifying the weapons 

systems concept in action, the OMAR Com­

mittee combines for the first time both chem­

ical and mechanical experience applicable to 

high-energy power generation. 

Readion Motors, tne. 
Denville, New Jersey 

MARQUARDT AIRCRAFT 
OUN MATHIESON CHEMICAL �.M.�r 

REACTION MOTORS 
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T 
Engineers In 

training 
Experienced 

englneers ... 
... there's no limit to the oppor­
tunities open to you as members of 
the OMAR team in the fields of: 

Rocket and Ramjet Engines 
Propellants and Fuels 
Testing and Evaluation 

Positions are open for the 
following: 

mechanical engineers 
combustion engineers 
aeronautical engineers 
stress ana Iysts 
turbine engineers 
thermodynamicists 
servo engineers 
electrical engineers 
nuclear engineers 
ordnance engineers 
instrumentation engineers 
test engineers 
development engineers 
process design engineers 
production engineers 
physicists 
mathematicians 
organo-metallic specialists 
inorganic chemists 
organic chemists 
polymer chemists 
electrochemists 
physical chemists 
analytical chemists 

On the OMAR team, you're affiliated 
with pioneers in the field of supersonic 
propulsion: Reaction Motors, Inc., 
first in the American rocket industry; 
Marquardt Aircraft Company, the 
West's largest jet research and devel­
opment center and first in ramjets; 
Olin Mathieson Chemical Corpora­
tion, a leading producer of chemicals, 
metals, explosives, and high-energy fuels. 

You're on a team that unites for the 
first time both chemical aud mechani­
cal experience in research, develop­
ment, and production of supersonic 
rockets, ramjets, and liquid and solid 
propellants. 

For further inf ormation write 
OMAR Employment Officer at the 
company nearest you. 

Olin Mathieson Chemical Corporation 
464 Park Avenue, New York 22, N. Y. 

Reaction Motors, Inc. 
Denville 3, New Jersey 

Marquardt Aircraft Company 
16556 Saticay Street 
Van Nuys, California 
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for orphans and widows, steps to found a 
savings bank in Orleans, the abolition of 
the hated cOfvee (the obligation to re­
pair the roads of a parish), tax refOiws, 
the preparation of a mineralogical map 
of the district and the establishment of 
workhouses for the poor. He expressed 
his social creed in these words: "Happi­
ness should not be limited to a small 
number of men; it belongs to all." La­
voisier was a physiocrat-devoted to the 
belief that all wealth stemmed from the 
land and that individual liberty was the 
most sacred right of man. 

Scientifically a pioneer, politically a 
liberal, sociologically a reformer, Lavoi­
sier was orthodox in his views on finance. 
In the new republic of 1789 he was elect­
ed to the presidency of the Discount 
Bank which was eventually to become 
the Bank of France. In a lucid and dis­
cerning address he noted with disquiet 
that in Ration had set in. Three years 

later Lavoisier presented a report to the 
National Assembly on the lamentable 
state of the finances of the country. A 
recent appraisal of Lavoisier's exposition 
by an expert calls it superb. This report 
was printed by Lavoisier's friend Pierre 
S. Du Pont, whom he had financed in the 
publishing business and whose young 
son, !renee, was an apprentice book­
keeper under Lavoisier at the Arsenal. 
When Irenee, after the Du Pont family's 
emigration to the U. S., established the 
great gunpowder works in Delaware, he 
wanted to name the factory Lavoisier 
Mills, but the family finally settled on 
E. I. Du Pont de Nemours. 

Lavoisier's famous treatise on political 
economy, On the Land Wealth of the 
Kingdom of France, is an important one 
in the history of economics. He had start­
ed it before the Revolution, but the 
National Assembly considered it so use­
ful afterward that it ordered the paper ---"""--1 
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REVOLUTIONARY PASSPORT was issued to Lavoisier in 1792 to enable him to travel 

to his farm near Blois. On the opposite side Lavoisier is described as 49 years old, five feet 

four inches, brown hair and eyes, long nose, small mouth, round chin, ordinary forehead 

and thin face. The words Ie Roi in the second line of the document have been crossed out. 
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This set of books is the authoritative reference library of the en­
thralling hobby of amateur telescope making. 
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printed in 1791. Lavoisier argued that a 
sound system of taxation could be found­
ed only on exact knowledge of the coun­
try's agricultural production, and he 
collected data from all the provinces of 
France. His Rgures on production, con­
sumption and population were the Rrst 
reliable national statistics ever made 
available. Lavoisier recommended that 
France found an institution to gather 
and study all forms of economic data­
not only on agriculture, but also on in­
dustry, population, capital and so on. 

.N a member of a committee established 
by the National Assembly in 1791 

to advise the government on important 
questions concerning trades and crafts, 
Lavoisier proposed a national system of 
public education. He stressed that edu­
cation of the people was a good invest­
ment from the state's point of view, and 
that free education should rightfully be 
available to all irrespective of sex and 
social position. He proposed the estab­
lishment of four kinds of schools: 
primary, elementary arts, institutes, and 
12 national high schools, located in the 
12 largest cities of France. He also sug­
gested the creation of four national so­
cieties, to advance mathematics and the 
physical sciences, technical applications 
of science, the moral and political 
sciences, and literature and the Rne arts. 

Lavoisier took an active part in a little­
known French attempt to establish an 
ambitious system of higher education in 
the new U. S. republic in 1788. The 
moving spirit of this project was Alex­
andre Marie Quesnay de Beaurepaire, 
grandson of a famous French philoso­
pher, economist and court physician. 
Quesnay proposed a college, to be lo­
cated in Richmond, the new capital of 
Virginia, which would be international 
in scope. The French Academy appoint­
ed a commission, which included 
Lavoisier, to study the question, and the 
commissioners made a favorable report, 
which it is reasonable to assume Lavoi­
sier wrote, considering his propensity for 
taking the responsibility of drafting re­
ports in all such situations. 

Quesnay's academy was actually built 
in Richmond, but it never got a real 
start, probably because of the revolu­
tionary overturn of France in the 
following year. It was in this very build­
ing that the Constitution of the U. S. 
was formally ratiRed. It later became a 
theater, burned down in 1811, was re­
built, and today is in use as a church. 

One of the first targets of the French 
Revolution-after the royal family­

was the tax-collecting Ferme Generale, 
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From V-2 type to Talos 

AMF has missile experience you can use 

Research, Development, 

Production in these fields: 

• Armament 

• Ballistics 

• Radar Antennae 

• Guided Missile 
Support Equipment 

• Auxiliary Power Supplies 

• Control Systems 

• From the earliest missile types to the latest and most advanced developments, AMF has made 

major contributions to America's missile programs. And today AMF is actively participating in more 

than half the programs under way. One of its subsidiaries, Associated Missile Products Corpora­

tion, is the only private company devoted solely to missile support equipment. And AMF's missile 

activities cover practically every stage of design, development, and production ... including 
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equipment ... launchers ... ground and flight control systems. See for yourself why AMF's experi­

ence in missiles, as well as in a host of other fields, has made it the "can do" company. 
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whose members had always borne odium 
as bloodsuckers who battened on the 
people. In 179 1 the National Assembly 
finally suppressed the Fel'me and or­
dered a detailed statement of its ac­
counts. Delays in producing these ac­
counts inflamed the Revolutionary 
Committee, and on November 14, 1793, 
arrest of all the Farmers-General was 
ordered. When Lavoisier heard of the 
decree, he went into hiding and tried to 
have the order reversed, on the grounds 
of his valuable scientific work for his 
country. But these attempts were fruit­
less, and after a few days he surrendered 
himself. 

The Farmers-General were locked up 
in their former offices, where they fin­
ished the rendering of a final accounting 
in January, 1794. Their accounts showed 
quite clearly that the tax gatherers had 
acted throughout in complete conformity 
with the law. 

The Terror, however, was entering 
upon its most extreme phase, and the 
Farmers-General were not to escape. 
New charges were preferred, accusing 
them of various abuses-levying exces­
sive rates of interest, adulterating tobac­
co with excessive moisture (thus under­
mining smokers' health), and the like. 
In the heated atmosphere of the times 
the Farmers' accusers had no difficulty 
in getting a decree ordering their h'ial 
before the Revolutionary Tribunal. This 
was tantamount to a death sentence. 
At one o'clock in the morning of May 
8, 1794, each of the prisoners was 
handed an almost illegible copy of the 
charges against him, and at 10 o'clock 
the same morning they were brought 
before the Tribunal for trial. Here a diffi­
culty arose, for the Tribunal had juris­
diction only over counterrevolutionary 
activity, of which the Farmers-General 
had not been accused. But the Tribunal 
president, Jean Baptiste Coffinhal, dis­
posed of the difficulty by charging the 
jury to ask themselves whether it had 
been shown that the Farmers had taken 
part in a plot against the people by vari­
ous misdeeds, including supplying the 
enemies of the Republic with money 
illegally withheld from the Treasury-a 
charge which had not been mentioned 
in the indictment or supported by any 
evidence during the trial. The jUlY 
unanimously returned a verdict of guilty, 
and the convicted men were duly guil­
lotined before nightfall. 

So died France's greatest scientist. 
Joseph Louis Lagrange, the great mathe­
matician, said the next day: "It required 
only a moment to sever that head, and 
perhaps a century will not be sufficient 
to produce another like it." 

/ 
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Official U.S. Air Force Photograph 
Friend or foe? Tocticol defense officers in MINK control center watch movements of aircraft as reported from 
radar warning sites. This is equipment developed under the direction of Rome Air Development Center. 

ROME AIR DEVELOPMENT CENTER PROVIDES 
AIR DEFENSE EOUIPMENT FOR OUR AIR FORCE 

One development agency for the Air Force's ground­
based electronic equipment is Rome Air Develop­
ment Center, located at Griffiss AFB in Rome, N. Y. 
One of the ten centers of the Air Research and 
Development Command, RADC is concerned with 
the air defense of our nation, with providing equip­
ment for tactical supremacy, and with developing 
ground complexes for various navigation systems to 
aid all aircraft. In addition, RADC is charged with 
data handling improvements for the Air Force 
intelligence mission. 

RADC is the responsible center for development, 

through its various contractors, of such end products 
as radar sites, including improved tubes, circuits, 
antennae, and shelters; ground communications 
equipment and associated support items; IFF 
(Identification Friend or Foe) environments, and 

electronic countermeasures. 
Bringing complex systems from the written re­

quirements to the actual hardware items to be used 
in the various Air Force commands is a long and 
tedious business which draws upon the skills of 
RADC's 500 civilian and military engineers and 
their many counterparts in private industry. 
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FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 

31·10 Thomson Ave., long Island City 1, N. Y. 

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

Engineers at Ford Instrument Company 

working on a special Air Farce project 

in one of the company's laboratorie$. 
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In 1955 Malaya mined 36% 
and smelted 43% of the free 

world's tin. Malaya's largest 

lode mine, in the State of 

Pahang, has 200 miles of un­

derground workings. 

* 

Did you know that 500 different 

food products are now preserved 

in tin cans? And the list is 

steadily growing. Soft drinks 

and wine, for example, now 

come in cans. Also, of cou
'
rse, 

many non-food items - includ­

ing even plastic flooring and 

Geiger counters. Currently, over 

90% of the tin used for cans 

is Straits Tin from Malaya. 

* 

TIN'S SPECIAL PROPERTIES IMPROVE QUALITY, CUT 
COSTS, IN WIDE RANGE OF NEW APPLICATIONS 

Nature stored tin ore (cassit­

erite) in Malaya's mountain 

ranges millions of years ago. 

Present alluvial deposits are the 

result of heavy tropic rains 

washing this ore down into 

Malaya's river beds and valleys, 

This process, of course, is con­

tinuing. Geologists say no end 

is in sight to Malaya's tin 

reserves, 

And There's Plenty of Tin in Malaya, World's Largest Producer 
In almost every American industry, the 

special properties of tin are making im­
portant new contributions today in the 
competitive race for product improve­
ment. And Straits Tin from Malaya is the 
most widely used brand. 

Tin wets metals readily, flows easily, 
adheres firmly and has a relatively low 
melting point. Tin is, of course, the key 
constituent of solder, and today improved 
equipment and processes are making 
solder still easier and more economical 
to use. 

Tin has excellent antifriction qualities, 
conformability, and good embedding char­
acteristics. It has long been invaluable as 
a bearing metal, and new tin bearing al­
loys - such as 20% tin-aluminum - are 
now producing excellent results in actual 
performance tests. 

Tin has the property of hardening and 
strengthening copper twice as effectively 
as zinc, and provides much better resist­
ance to corrosion. 

Not only is tin one of the world's most 
important metals, it is now also one of our 
most useful chemicals. Tin compounds -
as stabilizers, opacifiers, antioxidants -
are currently being used in products rang­
ing from plastics to toothpaste. 

And most important of all: Tin is eco­
nomical to use in any application. For just 
a little tin can do a lot of work. 

There can never be a real substitute 
for tin. No other metal does so many dif­
ferent kinds of jobs so economically and 
so well. Whatever your product or process 
may be, a careful reappraisal of the prop­
erties of Straits Tin may show you new 
ways to improve quality and cut costs. 

* 

The recently discovered method 

of electroplating bright tin-nickel 

provides for the first time an im­

portant tarnish-resistant alter­

nate to chromium on nickel­

copper. With 65% tin content, 

tin-nickel is both more corrosion 

resistant and more attractive in 

color than chrome, 

* 

The value of Malayan tin out­

put in 1953, about $110Yz m il­
lion, was one-fifth the value of 

that year's U. S, copper produc­

tion, slightly less than U. S, zinc 

production, and one-third more 

than U, S, lead. 

------------------------------------------------------- � 

A 20-page booklet gives an informative report on Straits Tin and its 

many new uses today. "Tin News," issued monthly, covers important 

current developments in the production, marketing and use of tin. We'll 

be glad to send you both if you'll send us your name and address. 

The Malayan Tin Bureau 
Dept. 15E 
please send me: 

o Straits Tin booklet 0 "Tin News" 

o Information on, _________ _ 

Name' ______________ __ 

Address _____________ _ 

City State ___ _ 

� ________________ ______________________________________ J 
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The Growth of Mushrooms 
The sudden 

one of the 

appearance of mushrooms after a summer raln lS 

more impressive spectacles of the plant world. 

How does the mushroom achieve this remarkab�y fast growth? 

There are many ways to study how 
living things grow, and the study 
of mushrooms may seem at first 

thought one of the least promising. I had 
always been dimly aware that mush­
rooms grow, but the idea that they might 
be a suitable subject for investigation of 
the growth process never crossed my 
mind until I encountered an unusual in­
stance at vVoods Hole, Mass., where we 

by John Tyler Bonner 

were spending the summer. I used to 
walk our dog every morning over an 
abandoned asphalt road, and one day I 
noticed some round bulges the size of a 
butter plate in the asphalt. A few morn­
ings later I saw to my utter amazement 
that one of the mounds had erupted and 
a mushroom had pushed up through the 
pavement. My first thought was: What 
a remarkable feat of strength for a deli-

cate mushroom! A good friend politely 
informed me that it was not only strength 
but also persistence, for asphalt is actu­
ally a liquid, and a steady force will 
move it. It turned out that I had by no 
means been the first to observe such a 
phenomenon: in fact, I found in a 
U. S. S.R. journal a paper describing a 
similar eruption on the floor of a Soviet 
factory-which I suspect must have 

THREE ADULT MUSHROOMS record their own pattern of 

growth. When the mushrooms first appeared above ground, a row of 

dots the same size and the same distance apart was painted on their 

stems and from the center to the edge of their caps. The fact that 

there are no dots at the tops of the stems shows that these parts 

grew the most. Some dots are elongated by the growth of the stem. 
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INITIAL STAGES of mushroom growth in 

the laboratory are shown in these three pho­

tographs. In the first and second photo­

graphs the dots are close together; in the 

third they have begun to pull apart. The 

dots at the edge of the cap have expanded. 

98 

kept the NKVD busy for quite some time. 
It is surprising how little literature 

there is on the details of mushroom 
growth. As is often the case, the earliest 
accounts are the most comprehensive. 
Few facts have been added to the classic 
report by the 19th-century Strasbourg 
botanist Anton de Bary. Teachers of 
botany today have a great deal to say 
about the growth of the onion root tip 
and other advanced members of the 
plant kingdom, but they ignore the 
mushroom-it "just grows." 

Mushrooms are encountered by most 
people only as a garnish for steaks. The 
kind you buy at the supermarket is a 
cultivated variety of the common field 
mushroom Agaricus campestris. Wheth­
er you are a housewife who has washed 
it for cooking, or a consumer who has 
poked at it with a fork, you know that a 

mushroom is composed of an umbrella­
shaped dome capping a thick stalk. If 
you have ever taken one apart, you 
probably also know that, smooth and 
sleek as the object seems, the mush­
room is actually a compacted mass of 
minute, cotton-like threads, and that its 
roots are delicate filaments spread wide­
ly through the soil. 

The mushroom is in essence a spore-
bearing and spore-distributing sh'uc­

ture. Cells on the fluted undersurface of 
the cap shed tiny spores which are car­
ried off by the wind. The spore output 
of a single mushroom is staggering-as 
many as half a million spores per minute 
for a period of three or four days. Break 
the cap off the stem, place it on a sheet 
of paper and you will be rewarded with 
a pretty showered pattern of spores out­
lining the fluted gills of the undersur­
face. A botanist identifies the species of 
mushroom by the color of the spores. 

In a suitable environment-soil, com­
post, rotten wood or any other nourish­
ing medium-the spores will send out 
filaments that invade every nook and 
cranny. Like the spores themselves, 
these young filaments contain half the 
number of chromosomes of adult mush­
room cells. In essence they are gametes, 
like sperm and egg. To develop they 
must meet and fuse. We cannot, how­
ever, call them male and female, for 
most mushroom varieties have four 
"sexes." Among the four there are only 
two possible cross-matings-i.e., one and 
three, two and four. 

After a pair of filaments has fused, 
combining in the cell nuclei the normal 
double complement of chromosomes, it 
continues to sop up food, to elongate, 
advance and invade. The thread grows 
at its tip, and as the nuclei divide, trans-

Engi neeri ng Opportunity 
AT, New York City, Boston, Mass., 
White Plains, N. Y., Gardena, Calif., 
MiHol'd, Conn., Commack, L. I., N. Y. 

On the 
Frontier 

of 
SpMe 

"'"'�� 

I 

: .- ;���� 
�)'! '"'""" 
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ENGINEERS! Senior . . . 

Intermediate ... Junior 

IMMEDIATE RESPONSIBILITY IN 
ADVANCED MISSILE PROJECTS! 

At Norden-Ketay, men of 
vision and imagination 'are 
finding new outlets for 
their creative ability. Here 
you'll find unusual growth 
opportunity on significant 
projects that will add 
immeasurably to your 
professional stature. Here at 
Norden-Ketay there is an 
association with leadership ... 
as men of achievement tackle 
stimulating new problems­
on the frontier of space. 

IMMEDIATE OPENINGS 
NOW AVAILABLE 

ELECTRO-MECHANICAL DESIGN 

• Gyros and Stable Platforms 
• Rotating ComponentsJ Synchros, 

Servos, Resolvers 
• Servo Control Systems 

ELECTRONIC DESIGN 

• Magnetic and Transistor 
Amplifiers 

• Microwave Systems & Components 
• TV Circuitry 
• 'nfra·Red Techniques 
• Fire Control Systems 

SYSTEMS ANALYSIS 

ELECTRONIC COUNTERMEASURES 

AIRBORNE INSTRUMENTS 

Interested? Write: Mr. S. W. Wilson 
All correspondence handled in 

strictest confidence. 

.N0RDEN-KETAY CORPORATION 
99 Park Avenue, New York 16, N. Y. 
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Instrumenting a 

Good flying time? You bet! Better'n 500 
MPH! But before these new jets fly commer­

cially-a thousand problems in instrumenta­
tion need solving. 

At Norden-Ketay, experienced engineers are 
finding the answers. Military designs are 

radically revamped. Completely new systems 
are developed for such vital functions as 

Central Air Data computation ... thrust indi-
cation ... and accurate fuel-flow measurement. 

new Era in 
Commercial Flight 

In design stage ... even more advanced sys­
tems are in the making, anticipating future 

needs for both military and commercial flight. 
With the facilities and experience needed to 

develop the most up-to-da te systems and com­
ponents-Norden-Ketay is ideally suited to 

carry out major projects in instrumentation 
... from development to volume production . 

.N0RDEN-KETAY CORPORATION 
99 Park Avenue, New York 16, N. Y. 

SERVOMECHANISM COMPONENTS. PRESSURE GAGES. AIRCRAFT INSTRUMENTS. AUTOMATIC CONTROL SYSTEMS. RADAR. COMPUTORS 
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new, free catalog 
helps select exact 
motor needed 

the complete line of 
Barber-Colman 

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. 

Ba ... ber-Colman Company 
Dept. E. 1262 Rock Street, Rockford, Illinois 
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verse walls are formed across the fila­
ment. In the end, however, the cross 
walls are perforated with holes that form 
a passage along the length of the thread, 
through which protoplasm and even 
nuclei can pass freely from one cell to 
the next. This flow was studied carefully 
by the late Reginald Buller, a distin­
guished Canadian botanist, and was 
found to be important for the growth of 
the mushroom. 

A network of growing filaments, 
called a mycelium, spreads through the 
soil like the ripples from a stone dropped 
into a quiet pond. As I sit writing, I can 
see in the lawn below my fourth-story 
window a circular patch about six feet 
across in which the grass has a slightly 
fresher, greener appearance. I know 
that the area is underlain by a mush­
room mycelium. Last fall the patch was 
ringed by a perfect circle of mush­
rooms-what is known as a "fairy ring." 
Such a ring starts at the center; as the 
plant's roots deplete the soil of mush­
room food, the mushrooms move out­
ward in an ever expanding circle, form­
ing a perfect ring so long as the weather 
conditions satisfy the fruiting and 

growth requirements. John Ramsbot­
tom, former Keeper of Botany at the 
British Museum in London, has a chap­
ter on fairy rings in his delightful book 
MushTOoms and Toadstools. In one year 
the ring of the "fairy-ring mushroom" 
(Mamsmius oreades) will advance five 
to 19 inches, and from this it can be cal­
culated that certain large patches must 
be from 400 to 600 years old. Ramsbot­
tom caps this bit of information with a 
remarkable aerial photograph of plainly 
visible fairy rings surrounding the fa­
mous Stonehenge ruins. 

Cultivated mushrooms are grown in a 
rich compost of soil and horse manure. 
Many seed companies offer spawn 
(young mycelia) for planting with fair­
ly complete directions. A tray of compost 
with spawn should be kept in a damp, 
quiet place at a temperature near 65 
degrees Fahrenheit. A cave or old­
fashioned cellar makes an admirable 
mushroom-growing chamber. In a mat­
ter of a few months the flat will be com­
pletely interlaced with the white myceli­
um. The first inkling of fruiting will be 
the appearance of small white pinpoints 
all over the surface. Some of these begin 

MUSHROOM CAP was painted with two rows of dots. The dots in the vertical row were 

originally larger than those in the diagonal row. Those nearest the edge became still larger 

during growth, demonstrating that the edge of the cap grows slightly more than the center. 
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COPPER gives you more to talk about 
Are you in a business whose product needs con­
stant selling? Most products do. 

Perhaps yours must be sold to many people . . •  

your own sales organization ... distributors, re­
tailers, consumers. 

Copper gives you more to say for your product. 
And especially where you're selling against com­

petition, copper can make the difference. 
For no substitute possesses the combination of 

characteristics you get ... and offer ... in copper 
and its many versatile alloys. 

Today, as always, the phrase "made with copper" 
signifies quality. 

That's because people's experience with copper 
is favorable. There is no doubt about copper's 
performance. 

If mere acceptance isn't enough for your product 
• . .  if competition makes preference important ... 
give yourself the advantage of copper or one of its 
many alloys. 

You will find that COPPER gives you more to 
talk about-helps you sell! 

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, 

Be •• conductor of 
electricity commercially 

avoilable 

D08s nol rust • • •  
high corrosion 

resistance 
agent of all form, draw, s'amp, excellent 'or 

� Bes. heat tronsfer liU]) Easy 'A machine, ® Welds readily • • •  

comme,cial melal. � poli.h, plate, etc. .old .... ing and b,azing 
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to enlarge (the rest appear to be in­
hibited by the faster growing ones) . 
When a shoot has grown to a height of 
about five millimeters, the mushroom 
cap and stalk begin to be distinguish­
able. The mushroom expands in both 
thickness and height until it is 15 to 20 
millimeters tall; thereafter it grows in 
height only. As it shoots up, the cap 
eventually unfolds from the stem like 
the opening of an umbrella. 

When I embarked on the project of 

studying this process in more detail 
at Princeton University about a year 
ago, two seniors, Raphael H. Levey and 
K. Kent Kane, decided that they would 
like to take part, and they energetically 
set out to find a source of supply. Before 
long they had located a mushroom 
grower, Karl Knaust of Catskill, N. Y., 
who generously agreed to supply us with 
all the material we needed. It seemed 
to me a rather distant source, but then 
I discovered that its proximity to Vassar 
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GROWTH CURVES trace the position of spots on the stem of a mushroom. The right­

hand side of the mushroom has been cut away at each stage to show the change in its 

internal structure. The stem has already reached its full diameter in the second stage. 
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ACTIVE ELONGATION of the stem occurs in the zone outlined by the colored tone. 

The depth of the area indicates that the maximum elongation took place in third stage. 
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To .. he 

ENGINEER 

of high 
abili .. y 

AiResearch is looking for 

your kind of engineer. 

Through the efforts of engineers 

like yourself our company has 

become a leader in many 

outstanding aircraft accessory 

fields. Among them are: 

air-conditioning and 

pressurization, heat transfer, 

pneumatic valves and controls, 

electric and electronic controls, 

and the rapidly expanding 

field of small turbomachinery. 

AiResearch is also applying 

this engineering skill to 

the vitally important missile 

accessory field. 

Our engineers work on the very 

frontiers of present day scientific 

knowledge. We need your 

creative talents and offer you 

the opportunity to progress 

by making full use 

of your scientific ability. 

Positions are now open for 

aerodynamicists ... mechanical 

engineers ... physicists ... 

specialists in engineering 

mechanics ... electrical engineers 

... electronics engineers. 

For further information write 

today to Mr. Wayne Clifford, 

THE GARRETT CORPORATION 
9851 S. Sepulveda Blvd., 

Los Angeles 405, California. 

Indicate your preference 

as to location between 

Los Angeles and Phoenix. 

CORPORATION 

?liResearch 
Manufacturing 

Divisions 
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"Cold" .acts about· heat exchangers 
Reliability 14 miles high is proved out 

There is no guesswork on how 
AiResearch heat exchangers will 
perform under any conditions! 
They are designed to individual 
customer specifications using per· 
formance data from AiResearch 
prototype units. Reliability of per· 
formance and system compatibility 
are assured by the most rigid tests. 

To remove any element of chance, 

THE 

in the AiResearch lab 
AiResearch has set up the finest test 
facilities of their kind in America. 
Here heat exchangers operate at 
temperatures over 1000° F. and at 
pressures over 2500 psi. They are 
tested for strength and performance 
under conditions ranging from 
extreme cold, as low as -100° F., 
to extreme heat. They are also 
proved out in the lab against cor· 

rosion, vibration, shock, cold soak I 
and other environmental factors. 

The thoroughness of our testing 
program is another reason why you 
can rely on the aircraft components 
and complete systems manufac· 
tured by AiResearch. 

Qualified engineers in the fields 
listed below are needed now. Write 
for information. 

CORPORA .... ON 

�iResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

Designers and manufacturers 0/ aircraft systems and components: REFRIGERATION SYSTEMS . PNEUMATIC VALVES AHD CONTltOLS • TEIltPUATURE CONTROLS 

CAIIN AIR COMPRESSORS • TURBINE MOTORS • GAS TURBINE [NGIN£$ .. CAI'N PRESSURE CONTROLS .. HEAT TRANSFER EQUIPMENT .. IELECTRo-MECHANICAL £QlIIPMENT • ELECTRONIC COMP'UTERS AND CONTROLS 
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It was with a great deal of pride 
that I read these words in a 
recent letter from General 
Electric's Aircraft Accessory 
Turbine Department: 

"We are in receipt of the first 
in your series of Advanced 
Know-How case history stories 
and wish to compliment you ... " 
The letter then went on to 
explain that literature of this 
type helped to make possible 
the great strides of the G. E. 
Value Analysis program, and 
asked that we place additional 
people in their company on our 
list to receive further studies. 

In a world where high pressure 
advertising and sales have taken 
the meaning out of adjectives, 
it is reassuring to know that our 
policy of encouraging research 
and then publishing the results 
as soon as possible, is appre­
ciated. Perhaps the highest 
compliment is reflected in the 
rising current of inquiries for 
articles available from our tech­
nical library. When this program 
began in 1949 we processed 
between 500 and 1000 requests 
. . . last year we handled more 
than 20,000. 

If y o u  haven't s e e n  the 
Advanced Know-How series, 
which attempts to show how the 
use of new foundry methods has 
made possible the production of 
intricate stainless steel castings 
to standards formerly consid­
ered impossible, drop me a note 
on your letterhead and case 
studies, AKH #1, #2 and #3 
will go out by return mail. 

� H. A. Cooper 
PRESIDENT 

�'.,: COOPER ALLOY �\ilIIJ C O R  P 0 R A T I O N  
fI!'0\ 
W 

, HILLSIDE NEW JERSEY 

Corrosion ResistantValves, Fittings, Castings, Pumps 
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College made it attractive to my asso­
ciates. They made frequent week-end 
trips and returned with prepared Rats 
of compost. It was then a matter of find­
ing a suitable place for lodging the Rats, 
and we ended up by placing them under 
various laboratory tables in cool rooms. 

The first step was to measure the rel­
ative growth of different parts of. the 
young mushroom. We marked the stalk 
at equal intervals up its length with dots 
of vivid red carmine dye-an old trick­
and then periodically photographed and 
measured the developments. Any stu­
dent of mushroom growth knows that 
the stalk grows in a peculiar preferen­
tial manner: its elongation takes place 
mainly in a region just below the cap. 
We were interested in measuring the ex­
act extent of growth in this and other 
zones at different stages. 

The dye spots told a graphic story. 
Along most of the stalk the spots re­
mained round, but a spot placed within 
a certain sharply defined zone next to 
the cap would stretch out into a vertical 
line-here the stalk grew. The cap also 
grew somewhat unevenly, but not in any 
such abrupt fashion: it grew fastest at 
the edge and gradually slower toward 
the center. 

So from these carmine experiments it 
is clear that once a mushroom 15 to 
20 millimeters high begins to expand, 
the stalk does so only at a restricted 
zone below the cap and the cap does so 
in a gradient, highest at the edge. Be­
fore the incipient mushroom has reached 
that height, all parts of it expand at a 

uniform rate. 

8 

• ,� 
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We put some marked young mush­
rooms in a moist chamber without soil, 
and we sliced others vertically through 
the cap and stalk, as one might slice 
them for cooking: these, too, expanded 
in the same regions where growth oc­
curred in mushrooms growing normally 
in soil-though their expansion was quite 
limited. We even found that the stalk's 
growth zone alone, dissected from the 
stalk and placed on moist agar jelly, ex­
panded appreciably. 

It soon became obvious that to make 
any progress in understanding the 

growth mechanics we would have to 
study the development of the filaments 
that make up the mushroom. We took 
mushrooms at different stages of growth, 
treated them in the usual way for tissue 
examination under the microscope, cut 
them into thin sections after embedding 
them in paraffin wax, and then put them 
on slides, stained them with suitable 
dyes and examined the filaments 
through the microscope. We did not dis­
cover any startling new facts, but we 
did find it possible to correlate the mush­
room's external expansion with changes 
in the arrangement of its internal 
threads. 

Untir the button is about four milli­
meters high, the filaments are bunched 
in a most irregular tangle. As it grows 
slightly taller, some orientation begins 
to appear in the stalk just below the cap: 
the filaments here start to line up parallel 
to one another. By the time the button 
has reached 10 millimeters in height, 
this orientation in the upper stalk region 

. ,/ 
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o o 10 20 30 40 50 60 
TOTAL WET WEIGHT IGRAMSI 

RATIO OF WET WEIGHT TO DRY WEIGHT of a mushroom remain. constant (straight 
line among points) during growth. This indicates that water alone cannot account for the 

rapid growth of mushrooms. The mushroom acquires both food and water dnring growth. 
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Count on ... 

Honeywell control instru­
mentation for the first pri­
vately owned reactor, at 
Nor t h  C a r oli n a  St a t e  
College. 

3S5-MEV cyclotron at Co­
lumbig. University's Nevis 
laboratory is controlled 
from this panel. 

Instrumentation engineering 
by Honeywell for the right 
nuclear installation control 

THE EFFECTIVENESS and safety of control 
for nuclear installation depends not only on 
choosing the right instrumentation, but also 
in applying this instrumentation correctly to 
the job. 

From Honeywell, you can be sure of getting 
both. A staff of application engineers well 
versed in the technology and requirements of 
nuclear projects goes to work on your prob­
lems. These men have worked in intimate 
contact with government and university re­
search installations and with reactor manu­
facturers, ever since the initiation of the 
atomic energy program. They have full se­
curity clearance for classified work. Their 
contributions to control design have materi-

ally aided most of the important military and 
private industry projects. 

A complete line of specialized instrumentation 
is at your command ... including equipment 
for detection of radiation, for measurement of 
power level, for temperatures, and for meas­
urement and control of the critical variables 
encountered in research, pilot operations and 
production. Your nearby Honeywell sales en­
gineer is well qualified to consult on the re­
quirements of your specific installation. Call 
him today . . .  he's as near as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., 
lndustrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.-in Canada, 
Toronto 17, Ontario. 

H Honeywell 
Write for Honeywell's Nuclear Reactor 
Control Booklet. 

HONIYWEll BROWN INST R U MENTS 
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PHYSICISTS 
are YOU opening the doors, 

to a success lui 
ELECTRONICS CAREER? 
Westinghouse Electronic Tube Division, EI· 

mira, N. Y., invites you to "open the door" and 
become a member of the Westinghouse team. 
You'll have an opportunity to build your ca· 
reer ... to master challenging electronic devel· 
opment problems ... to be recognized by your 
colleagues. 

Elmira is a friendly city of fine homes, 
churches, schools. A good place to raise your 
family. Near the famous Finger Lakes vaca· 
tion·land. 

TUBE DESIGN 
& DEVELOPMENT 

MIC ROWAVE TUBE S :  

OTHER TrBES: Including 

receiving and power lubes. 

duct ion heaters, wave-guide 

a p p a r a t u s ,  high-frequency 

oscillation lest units. auto­

matic receiving tube test cir­

cuits. 
Magnetrons, tra\'cling wave 

tubes, klYstrons, reference 

cavities. and other devices. 

THERMIONIC EMISSION 
ENGINEERING 

PICKUP DEVICES: Image 

orthicon. vidicon, infra-red, 

X-ra:r image intensifier. 

For each of the above fields. MANUFACTURING 
ENGINEERING 

l\Jicrow3,'e. image orthicon, 

receiving or color TV tubes. 

APPLICATION ENGINEERING 
POWER TUBES: Hi g h  

power, neutron counter, o r  

g a s  tubes. 

For each of the abore fields. 

TEST & MFG. QUALITY CONTROL 
ENGINEERS 

CATHODE RAY TUBES: 

Color and black·and·white. 

EQUIPMENT DESIGN 
Seasoning and test units. in-

For process c3J)ability stud· 

ies and process control. 

ONLY.!QYl Phone R. M. Jarrett collect, or send resume to Dept. W-17 

CAN MAKE THIS ������:NT • "Westinghouse 
ElECTRONIC TUBE DIVISION ' ElMIRA, N. Y. 

GIANT "3" inch TELESCOPE e:--:· . : : : : : : .: : :  ... : .. &---0 
postpaid $57.50 

!'\EWII JUST OFF ASSE:\[HLY LINl+;!!-�e\'er before 
has anything Uke this been offered at so Iow a price. Here is 
another example of American Ingenuity. Big 3" diameter 
Achromatic Coated Objecti\'e. which will gi\'e needle-shan} 
dear images. ll'ocusing is a delight with the Micrometer 
Spiral Focusing Draw Tube. Light weight aluminum con­
struction throughout. black crackle finish, length open 22"'. 
closed 15lh"'. Telescope gires an upright image. The ideal 
telescope. WONDERlj'UL for astronomy, SUPEHB, for long 
distances, EXCELLENT Sl}otting scope. 

MOUNTED AIR SPACED OBJECTIVES 
\Ve offer the lowest priced air spaced hand-cor­
rected American made astronomical objecti\'es 
Mounted in Black Anodized Aluminum Cells. 
DTA. F.L. PRICE 
3V4" 48" Not Coated ............. . .. ... ... $28.00 
3V4" 48" Coated.. 32.00 
4Vs" 62" Not Coated .. ........ . ........ ... 60.00 
4Vs" 62" Coated . 69.00 
We can supply ALUMINUM TUBING for the above lenses. 

"BIG" LENSES 
OUI' selection of diameters and focal lengths is the largest 
in theCnited States a\'ailable for immediate delhery. Per­
fect magnesium fluoride coated and cemented achromatic 
telescope objecth"es. Aluminum tubing and cells available 
for lenses listed below. 

Diameter 

54m/m (2,,"") 
54m/m (2'h") 
54m/m (2,,"") 
54m/m (2,,"") 
54m/m (2,,"") 
78m/m (3",.') 
81 m/m (3ft") 
83m/m (3'4.") 

Il0m/m (4%")­
Il0m/m (4%") 

128m/m (5",")-
128m/m (5",.') 
.Not Coated 

Focal Length Each 

254m/m (10") ........... . ... . $12.50 
390m/m (15.356") .......... $ 9.75 
622m/m (24¥.,") ............ $12.50 

1016m/m (40") ............. ... $12.50 
1270m/m (50") ................ $12.50 

381 m/m (15") ....... ......... $21.00 
622m/m (24¥.,") ... $22.50 

1016m/m (40") . .... .. ..... . .. $30.00 
1069m/m (42",.') ........... . $60.00 
1069m/m (42",.') .. . ......... $67.00 
628m/m (24�") ..... . . ..... $75.00 
628m/m (24�") ..... ..... .. S85.00 

Free Catalogue "MILLIONS" of Lenses, etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 

A. JAEGERS t�:B�OOiK� ���� 
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THE PHYSICAL SOCIETY 
MEMBERSHIP of the Society is 
open to all who are interested in 
Physics, and are sponsored by the head 
of a recognized establishment. 

Fellows pay an Entrance Fee of £1 Is. 
and an Annual Subscription of £2 2s. 
Students. Candidates for Studentship 
must be between the ages of 18 and 26, 
and pay an Annual Subscription of 
only 7s. 6d. 
ACTIVITIES include an Annual Ex· 
hibition of Scientific Instruments and 
Apparatus, which attracts many over· 
seas visitors. 

PUBLICATIONS include the Pro· 
ceedings of the Physical Society, 
published monthly in two Sections, Re­
ports on Progress in Physics, pub· 
lished annually, and the Handbook of 
the Exhibition mentioned above; all 
publications are available at reduced 
rates to members. 

REPRINT SERVICE. Subscri·bers to 
the Proceedings may now obtain reo 
prints of papers published. A Bulletin 
of abstracts is circulated each month, 
and payment is by means of voucbers, 
books of which, giving 5 reprints for 
lOs., may be purchased from the Of· 
fices of the Society. 

For further information apply to: 

THE PHYSICAL SOCIETY 

1 Lowther Gardens 

Prince Consort Road 

London S.W., 7 

is complete. The rest of the stalk remains 
a tangled mass of threads, and the cap 
also looks tangled, although occasionally 
one can see some radial orientation. 

We have good evidence that after the 
mushroom has reached a height of 15 to 
20 millimeters the cells of the stalk cease 
dividing and the filaments stop increas­
ing in number. Thereafter, it appears, all 
the further rapid growth in height of the 
mushroom is due to mere elongation of 
the cells themselves. One evidence of 
this is given by comparative measure­
ments of changes in height and thick­
ness; another by measurements of 
weight The height of the stalk increases 
in direct proportion to the weight, which 
shows that all the increase of substance 
must go into the elongation of filaments. 

What intake feeds the elongation of 
the cells: is it merely water or is it other 
material from the soil as well? This 
question was tested simply by com­
paring the wet with the dry weights of 
a whole series of mushrooms at different 
stages. It was found that the dry weight 
increased in direct proportion to the wet 
weight, so the cells must be swelled by 
solid materials along with the water. 
This fact undoubtedly accounts for the 
relatively slight expansion found in 
isolated pieces of mushroom placed in a 
moist chamber, where only water intake 
is possible. 

From all this one can see that the shape 
and future of a mushroom are 

mapped in the very early stages of its 
growth. Its intertwining threads are 
sorted out in the stalk in their proper 
locations and even in the correct num­
ber-all ready for the big push of growth. 
Then if the external conditions are 
favorable, there will be a sudden surge 
of materials from the soil mycelia up­
ward into the mushroom, and its cells 
will elongate so that the mushroom can 
shoot into the air. There is then in the 
button a preformed pattern which, like 
an unfilled balloon, merely needs the 
proper filling substance to blow it up. 
This undoubtedly accounts for the pro­
verbial fact that many kinds of mush­
rooms pop up suddenly, The buttons are 
often hidden below the grass or leaves, 
and as soon as the temperature and mois­
ture conditions are just right, the final 
process of the upward movement of ma­
terials inside the threads can take place 
with dramatic speed. The gun, to 
change the metaphor, is carefully load­
ed, and all parts of the primordium are 
arranged in their proper number and 
place. Then the rains and the tempera­
ture pull the trigger that sets the mush­
room off on its final spurt of growth. 
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REVERE'S 
Revolutionary NEW Product-

IT'S SOLID! 
Offers NEW ECONOMIES 

Tube-In-Strip comes to you in long coils or in sheets, as you wish. You fabricate 
it by stamping, bending or otherwise forming it, and then by simple inflation 
you expand the longitudinal integral internal channels into tubes, round, half­
round, rectangular, hexagonal, fluted, as your design calls for. There is your 
finished product! 

Remember, Tube-In-Strip is solid, not a sandwich, not two pieces welded, 
brazed or bonded together. It is a single piece of flat metal containing inflatable 
channels that are located and sized to your specifications. 

These metals are now available: Copper, Brass, other Copper Alloys, Alumi­
num. In development: Stainless and Low Carbon Steel. 

The web between the tubes conducts heat faster. Structural strength is high, 
so you can use lighter gauges, saving in weight and price. 

Since the initial announcement of this radically new Revere Product intense 
interest has been displayed by American industry. The Revere Sales Offices, the 
Technical Advisory Service and the Research and Development Department will 
be glad to provide additional information, and collaborate with you in taking 
advantage of this extraordinary new material. 

HEIE'S WHAT TUBE·II·STI" MEAlS TO YOU: 
MORE economical to buy MORE economical to work 

MORE strengt" MORE efficiency 

R.VIRE 
COPPER AND BRASS INCORPORATED 

FOU/lded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 

Mil": Baltimore, Md.; Brooklyn, N. Y.; Chicago, Climon and Joliet, 111.; Ddroit. Mich.; 
Los Angeles and Riverside, Calif.; New Bedford, Mall.; Newport, Ark.; Rome, N. Y. 

Silies Offices in Principill Cities. Distributors E,'erywhere. 

Patent, Applied lor 

SOME OBVIOUS USES 
REFRIGERATlOl'l 

Conden,ers 
Evaporators 
COOlinG Coil. 
Cold Wall, 

AIR CONDITIONINO 
Condensers 
Evaporators 

HEAT EXCHANGERS 
Process 'ndUItries Chemica' 'ndustrie. 'etroleurn Industry 

INSTRUMENT LINES W A JER HEA JERS AND COOlERS Domestic 
Commercial 

::f�:ONJ.R�
A
�!�,��"cJ�

N
S G AUTOMOTIVE �ar �Jnd Truck Radiator. eating and Coo,. p T ransm inion Oi' C::,_�n.1s 

AIRCRAFT SOLAR HEATING ElECTRICAL INDUSTRY Oil COOlers 
Gas and Fluid Heat Exchangers AUTOMATION 

Control 
Recording 
Met.ring 

FOOD PROCESSINO 
:�����J�:USTRIES 

Structural 
AND BUllDINO 

Oecorative 
functional 

MANY MANY 0 TlONS'IN EVERY ����tr::'CA. 
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Nose wheel landing strut piston is inspected with a G-E OX-250. Power of 250,000 volts permits short exposure times without disassembly. 

G-E X-Ray Units Speed Aircraft Inspection 

X-RAY inspection-without-disassembly is routine pre­
venti ve maintenance at the St. Paul, Minn., overhaul 

depot of Northwest Orient Airlines. Records show their 
two General Electric x-ray units not only save time and 
money, but also contribute to longer parts service life. 
Oil cooler radiator overhaul, inspection of nose wheel 
strut piston ... examination of prop blades ... welds 
- these are typical jobs now assigned to x-ray. 

And the widespread use of General Electric x-ray 
apparatus is not limited to airlines. Thanks to specialized 
G-E engineering, all industry is able to speed inspections 
of complete metal structures. Compact x-ray tubeheads 
can be passed through small opening for radiographic 
examinations of welds and castings. Aircraft structures, 
ship hulls, pressure vessels, steam pipes are just a few of 
the products that are tested nondestructively, at low cost. 

Have you considered x-ray for inspection and quality 
control? Ask your G-E x-ray representative for facts on 
this complete line of x-ray equipment. Choice of 25 
models in every practical voltage range. Or write X-Ray 
Department, General Electric Company, Milwaukee 1, 
Wisconsin, Dept. TT-54. 

Industry's most versatile x-ray unit, the OX-175, is 
used to check oil cooler radiator. Cost of x·ray ex­
amination: $5.00. Previous mechanical inspection 
cost $40.00-and required removal of coring, thus 
shortening life of radiators. 

Any G-E x-ray apparatus can be yours-witbout initial 
capital investment-on the Maxiservice® rental plan. 

Progress Is Our Mosf Imporft!lnf Prot/vef 

GENERAL. ELECTRIC 
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Stick and Slip 
When two substances rub against each other, they frequently stick 

and then slip. The phenomenon accounts for the squeak of bearings, 

the music of violins and many other sounds of our daily experience 

The two types of force that are met 
most frequently in mechanics are 
gravity and friction. The former 

has been studied by great men of science 
in every age. The latter has been largely 
neglected, it being assumed that the 
sliding process holds little intrinsic in­
terest and that three simple laws, all dis­
covered before 1800, adequately de­
scribe the force of friction. However, the 
advent of modern machinery, working 
with very close tolerances under new 
and widely varying conditions, has 
shown up the inadequacy of our knowl­
edge of the sliding process. To give but 
two examples, jet engines and heat-ex­
changer pumps in nuclear power plants 
present lubrication problems never be­
fore encountered. Consequently the laws 
of friction have recently been restudied, 
and new facts discovered. This article 
will deal with the stick-slip phenom­
enon, an important by-product of sliding 
which produces most of the creaking, 
squealing, chattering and squeaking we 
hear in our everyday lives. 

by Ernest Habinowicz 

The three laws describing the force of 
friction say that when one solid body 
slides over another, the frictional force 
(1) is proportional to the load, or pres­
sure of one against the other, (2) is in­
dependent of the area of contact, and 
(3) is independent of the sliding veloci­
ty. The first two laws were stated by 
Leonardo da Vinci and rediscovered in 
the 1690s by Guillaume Amontons, a 
French engineer working under the 
sponsorship of the French Royal Acade­
my of Sciences. The third law was first 
expressed in 1785 by Charles Augustin 
de Coulomb, the French physicist better 
known for his researches in electro­
statics. 

If the three laws are correct, friction 
depends only on the applied load, and 
the coefficient of friction (the ratio fric­
tion-force-to-load) for any given mate­
rials should be constant under all condi­
tions. The first two laws generally hold 
true, with no more than 10 per cent de­
viation. But it has been known for some 
time that friction is not independent of 

sliding speed. The coefficient of friction 
between two bodies may vary as much 
as 30 to 50 per cent according to the 
speed of motion. In 1835 A. Morin of 
France proposed that, since the fric­
tional force resisting the start of sliding 
for two bodies at rest was obviously 
greater than the resistance after they 
were in motion, there should be two co­
efficients of friction: a static one, for 
surfaces at rest, and a kinetic one, for 
surfaces in motion. Today, as a result of 
work by a number of investigators, we 
know that both the static and the kinetic 
coefficients themselves vary. The kinetic 
coefficient drops off as the sliding speed 
increases. And the static coefficient de­
pends to some extent on the length of 
time the surfaces have been in contact­
a fact which can be attested by anyone 
who has ever had occasion to loosen a 
stubborn screw or nut that has been in 
place for a considerable period. Thus the 
only satisfactory way to represent the 
friction coefficient for any pair of sur­
faces is by two plots, one of the static 

CHALK MARKS on a blackboard demonstrate stick-slip. The top 

mark was made by a piece of chalk held at an acute angle to the 

direction of motion; the marks below it, by pieces of chalk held 

at an ohtuse angle to this direction. In the latter marks the chalk 

stuck to the blackboard, then slipped, then stuck again and so on. 

The more tightly the chalk is held, the smaller the distance of slip. 

109 
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METAL SURFACES cut by a machine tool are enlarged. At top is aluminum with the 

smooth finish of steady cutting. At bottom is titanium with a poor finish due to stick·slip. 

110 

coefficient as a function of time of con­
tact, the other of the kinetic coefficient 
as a function of sliding velocity. 

It is the breakdown of the third "law" 
of friction-the variation of frictional 

force with velocity-that is responsible 
for stick-slip, the phenomenon we shall 
now consider. Suppose we attach a 
block to an anchored spring and place it 
on a longer slab which we set in motion 
at a slow speed. At first the block is 
dragged along on the moving slab: it 
will not be held back by the spring, i.e., 
slide on the slab, until the spring's pull 
is equal to the static coefficient of fric­
tion. The pull of the stretched spring 
reaches that value when the block ar­
rives at the point A [see drawing at bot­
tom of page 114]. Now the block be­
gins to slip on the moving surface. As 
soon as it does, the lower kinetic coeffi­
cient of friction takes over, and the 
block slides rapidly toward the left. 
When it has moved back to point C, it 
comes to rest. Here the higher static co­
efficient takes charge, and the block 
again sticks to the smface and is dragged 
to A. Then it slips back to C. This is a 
simple laboratory demonstration of the 
stick-slip phenomenon, so named in 
1939 by F. P. Bowden and L. L. Leben, 
physical chemists at the University of 
Cambridge, who built an apparatus to 
study the process. 

At the point B on the scale, halfway 
between points A and C, the pull of the 
spring is equal to the kinetic coefficient 
of friction. If the static coefficient were 
the same as the kinetic, the block would 
be dragged to this point and then stay 
there, sliding on the moving slab be­
neath it. As it is, the block oscillates 
about this position, sticking and slip­
ping by turns. The situation is compli­
cated by the fact that during motion the 
friction coefficient varies with changes 
in the sliding velOcity, but whether stick­
slip may occur can be determined in any 
given situation simply from the direc­
tion in which this relation is changing 
[see chart at lower right on page 112]. 

What does all this have to do with 
machinery? Few mechanisms in 

common use contain sliding sudaces at­
tached to springs. The answer is that 
whenever solid bodies are pressed to­
gether, there is some elastic displace­
ment or deformation of the material, re­
sulting in an effect like the operation of 
the spring in the foregoing laboratory 
demonstration. 

Common examples of stick-slip are 
the creaking of doors, the chattering of 
window sashes, the violent shuddering 
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Cr�qti"e. PiOhe.e.ts in Yranspot-t 

First in the design, engi­
neering, and production 
of landing gears for every 
type of airplane, helicop­
ter, blimp, and missile. 

First in the development 
of techniques and equip­
ment to produce ultra­
high-strength steel alloy 
structural components. 

PIONEERS IN PRECISION BALL SCREWS 
First in the development of the aircraft ball screw 
that converts rotation into linear motion, or vice 
versa, with less than 10% friction losses. 

III 
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rocket and 
missile 
engineers 
deserving 
higher salary 

Decision Inc. represents six 
leading missile firms in the east, 
midwest and for west-inter­
ested in hiring rocket and mis­
sile engineers. Through us, you 
can completely, confidentially 
make arrangements for better 
positions. 

Right now, these companies 
have need for engineers with 
virtually every degree of ex­
perience. You'll need an engi­
neering degree, of course. If 
you qualify, they are ready to 
give you a chance to work with 
leading engineers and scien­
tists on challenging new pro­
jects. You'll have your own 
draftsman assistant. No board 
work. Substantial salary in­
creases. All your moving and 
relocation expenses paid for. 
Free assistance in locating eco­
nomical housing. Subsidized edu­
cational programs. 

Here's what you do. Send us 
your name, title, company and 
home address. We will forward 
to your home brief forms which 
you fill out and return. We com­
pare your experience and de­
sires with specific job openings. 
Help you evaluate the various 
jobs open to you, determine 
which offers the best future. 
You make the decision. No ob­
ligation to you, no cost whatso­
ever. Our clients pay us to find 
you. Find out what you're really 
worth-today. Write, phone or 
wire. 

DECISION INC. 
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Management and Recruitment Consultant 
Oliver P. Bardes, President 
1435 First National Bank Bldg. 
Cincinnati 2, Ohio 
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VELOCITY VELOCITY 

VELOCITY VELOCITY 

EVOLUTION OF THE FRICTION CONCEPT is illustrated. In the late 18th century it was 

thought that the coefficient of friction remained constant as the relative velocity of the 

sliding substances was increased (upper left). In the early 19th century it was postulated 

that there were two kinds of friction: static and kinetic (upper right) . Friction was greatest 

when two substances were moved from a state of rest, and fell off immediately when they 

began to slide. Around 1940 it was shown that friction fell off gradually with the increase 

of velocity (lower left). Today it is known that friction first increases with velocity and 

then falls off (lower right). When the changing relationship between friction and velocity 

has the slope to the left of the peak in this curve, substances slide steadily. When it has 

tbe form of the steeper part of the slope to the right of the peak, stick·slip occurs. 

of drawbridges, the squeaking of bicy­
cle wheels and the squealing of auto­
mobile tires. Stick-slip has its uses. 
Without it a violinist could produce no 
music, and he takes good care to pro­
mote it by rosining his bow. But in most 
situations stick-slip is a nuisance or 
worse. A tool cutting metal should slide 
smoothly into the material; when its 
slide is interrupted by stick-slip the cut 
will be rough and uneven [see photo­
graphs on page 110]. In the driving 
mechanism of a phonograph turntable 
stick-slip would ruin the sound. And 
during World War II the problem of 
stick-slip in one delicate situation was a 
matter of life and death. The turning of 
a submarine's propeller shaft produces 
stick-slip noise which can be detected 
with sonic listening gear. Since the war 
the Office of Naval Research has spon­
sored research on stick-slip at the Massa­
chusetts Institute of Technology. 

Friction, most investigators now agree, 
arises from the adhesion of molecules 

in the surfaces in contact with each 
other. The bond between the surfaces 

may be so strong at some pOints that tiny 
fragments are torn off one and stick to 
the other. Experiments with radioactive 
tracer material have proved this. If the 
end of a radioactive rod is rubbed along 
a Rat surface, small particles are trans­
fen'ed and make the surface radioact. ve. 
This is an excellent experiment for show­
ing the stick-slip phenomenon. A piece 
of photographic film is laid on the sur­
face that has been rubbed with the rod. 
After it has been exposed for several 
hours to the radioactive track left by the 
rod, the film is developed. The image of 
the track turns out to be not a continu­
ous line but a series of spots [see photo­
graph on page 118]. The sliding rod 
end stuck and slipped, leaving consider­
able material where it stuck and very 
little where it slipped. Exactly the same 
thing happens when you rub a piece of 
chalk, tilted in the direction of motion, 
over a blackboard: you will get a stutter­
ing line of dots. 

In any adhesive process the bond be­
comes stronger the longer it is left un­
disturbed. This is why the static coeffi­
cient of friction increases with time of 
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Fairchild C-123 makes final delivery 
of men and supplies 

to scattered USAF global outposts 

Teamwork between Fairchild C-123's and the 

USAF's long-range transports now makes our 

world-wi de supply li ne s mor e  flexi ble and 

dependable. 

After the giant four engine transports deliver the 

goods to world-wide depots and advance supply 

a reas, the C-123 takes over the vital supply relay 

to complete the short hops to our far-flung military 

••• WHERE THE FUTURE IS MEASURED 
IN LIGHT-YEARS I 

TEAMED 

FOR 

LONG AND 

SHORT 

COMBAT 

AIRLIFT 

ANYWHERE! 

installations ... forging the final link in our global 

logistics chain by putting men and supplies wher­

ever they're needed, anywhere in the free world. 
The Fairchild C-123 is virtually unrestricted by 

conditions of terrain or climate ... airlifting troops 

and equipment to many combat or disaster areas 

inaccessible or impractical to reach by other means 

of transport. 

FAIRCHILD 
AIRCRAFT DIVISION · HAGERSTOWN, MARYlAND 

A Division 0/ Fairchild Engine and Airplane Corporation 
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New automatic welding process 
cuts gas costs 93.8% 

- and that's just the beginning! 
It's A. O. Smith's C-OMATIC - a great new gas 

shielded metal arc-welding process that uses low-cost 
carbon dioxide to deliver astonishing savings. 

On gas alone in one year's time (260 three-shift 
days), a single C-OMATIC package operates for 
approximately $1,000.00 - saves $14,902.00 over the 
automatic welding method that uses argon gas ... 
$15,367.00 over the method using helium. What's 
more, C-OMATIC is the first automatic welding 
process economically practical for even the mild and 

medium carbon steels. 

Proved on A. O. Smith's own production lines, 
C-OMATIC offers dramatic advantages to manufac­
turers already using automatic welding in their op-

erations. It's the answer, too, for you who haven't gone 
automatic because of past cost and range limitations. 

Want more facts about C-OMATIC? Send for 
free, illustrated brochure that describes this new 
process in detail ... also tells of the many other ways 
we work steel to make steel work for you. ... 

0'· " Through research .,,,, ... a better way 

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

MILWAUKEE 1, WISCONSIN 
'J plan's in New York, New Jersey, Pennsylvania, Ohio, Wisconsin, Illinois, Texas and California. International Division: Milwaukee 1, Wisconsin 
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Electric motor. Automobile 
frames 
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T I ME TIME 

STICK-SLIP at low speed traces the curve at left. The sloping sections of the curve are 

stick; the vertical sections, slip_ At high speed stick-slip traces the sinusoidal curve at right. 

contact. In the case of sliding surfaces, 
the period of contact between points on 
the two surfaces is, of course, longer 
when the surfaces slide slowly than 
when they move rapidly. Consequently 
if the slide of one surface over another 
slows down, friction increases. This is 
the situation that favors stick-slip. How­
ever, laboratory tests have developed 
the unexpected finding that at extreme­
ly slow speeds the situation is reversed: 
as friction increases the sliding velocity 
also increases. The most plausible ex­
planation seems to lie in the phenom­
enon called creep. All materials slowly 
change shape ("creep") even under 
moderate forces. An increase in force 
will increase the rate of creep. Thus 
in the case of surfaces sliding very 
slowly over each other, an increase in 
frictional force may produce a percepti­
ble acceleration of the slide in the form 
of creep of one surface past the other. 
The limit of speed attained by the 
creep mechanism varies with the ma­
terial, because soft materials creep fast­
er than hard ones. The creep of steel 
is so slight that it cannot be observed. 
Lead can be made to slide by creep at 

speeds up to a millionth of a centimeter 
per second (about one foot per year) ; 
soap up to 10 centimeters per second. 

These considerations present us with 
the paradoxical conclusion that there is 
really no such thing as a static coefficient 
of friction for most materials. Any fric­
tional force applied to them will produce 
some creep, i.e., motion. 

Studies of sliding at very low speeds 
are important because they yield sys­
tematic information on friction-velocity 
relations which will enable designers of 
machines to select materials that will be 
immune from stick-slip over the range of 
speeds at which the mechanism is to 
operate. We also need a great deal more 
data on the friction coefficients of metals. 
It seems odd that in this age of metals, 
tables of coefficients listed in handbooks 
still have little to say about metals and 
apply largely to various woods, leather 
and stones-engineering materials of 
long ago. 

Three main methods are available for 
curing stick-slip where it is not 

wanted. Firstly, we can alter the sliding 
speed. Sometimes this means slowing 

0 C B A 
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EXPERIMENTAL APPARATUS is used to show the principle of stick-slip. A block is 

attached to a spring. The slab on which the block rests is moved (arrow). If the static coef­

ficient of friction were the same as the kinetic coefficient of friction, the block would simply 

move with the slab from 0 to B and stay there. Because the static coefficient is greater than 

the kinetic, the block moves with the slab to A and then slips back to C. If the movement 

of the slab were continued at the same speed, the block would oscillate between A and C. 
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When you have an 
Adhesive Problem 
on your hands ... 

Answers come faster 
with our Custom Service 

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

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

Leather Paper Phenolics 
Metals Fabric Vinyl Film.� 
Wood Vinylite Melamines 
Aluminum Cellulose Glass 

Foil Acetate Rubber 

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

For Every Industry 
latest developments in Adhesives for 

Honeycomb Construction, Vinyl Film Bonding 

Rubber, latex and Resin Cements 

Pressure Sensitive Cements, Flocking Cements, 

laminants and Sealants 

Tie 
Coats 

Angier 
Prodn�ts 

1 20 Potter Street 
CAMBRIDGE 42, MASS. 

Midwestern Plant: Huntingtan, Indiana 

©t956 
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down, in other cases speeding up. For 
example, a car's tires squeal if it rounds 
a corner rapidly but not if the turn is 
slow; on the other hand, a door that 
creaks when opened slowly may be si­
lent when swung rapidly. Secondly, we 
may reduce the stored energy (e.g., in 
the spring) whose intermittent release is 
responsible for stick-slip. Stiffening the 
spring will accomplish this end; similar­
ly, stiffening a toolholder will make the 
tool cut more smoothly. Or we may 
damp the stored energy by immersing 
some part of the vibrating system in a 
ba th of viscous oil. 

The third and most common method 
is to lubricate the sliding surfaces. A 
lubricant forms a soft film which has far 
less frictional resistance than a metal's 
surface. The problem here is to maintain 
the film over the whole interface. As the 
surfaces slide, the lubricant is gradually 
worn off, so that parts of the metal sur-

z 
o 
I-

U 

faces come into contact with each other. 
So long as the lubricant coverage is 90 
per cent or better, stick-slip cannot oc­
cur. But when coverage has fallen to 75 
per cent, stick-slip becomes very possi­
ble [see chal't below J. At this stage its 
squeaky protest is a boon, for it serves as 
a warning that the lubricant must be 
replenished. The quality of the lubricant 
is important; some poor lubricants never 
give even 90 per cent coverage, no mat­
ter how much is applied. 

External factors, such as humidity, 
also may play a part. Squeaks in an au­
tomobile are apt to be silenced on a wet 
day-and, perversely, almost invariably 
when the car is taken to a garage to 
have the squeaks located and removed. 
Demonstrations of stick-slip during pub­
lic lectures are likewise hazardous un­
dertakings. 

Friction in a machine brings a train 
of unhappy events. The sliding surfaces 

NO FILM 

50 PER CENT 

75 PER CENT 

.1 1----------------------19o PER CENT 

� __ ---------------------------------------
I
IOO PER CENT 

° ILO-�3�----��----��-----J--------ILO-------I�00 
VELOCITY ICENTIMETERS PER SECOND) 

LUBRICATED SURFACES may be subject to sti<:k·slip. This chart represents one piece 

of steel slid over another with a film of lubricant between them. When the lubricant is first 

applied, it covers 100 per cent of the area between the two surfaces. This area is steadily 

reduced as the surfaces are rubbed together. When 90 per cent of the film remains, the 

curve is still almost horizontal and no stick-slip occurs. When only 75 per cent remains, 

the slope of curve is down (see curve at lower right on page 112) and stick·slip can begin. 
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WHY DEVELOPMENT ENGINEERS FAVOR ALLEN-BRADLEY ELECTRONIC COMPONENTS 

Reliability, long life, and uniform performance are 
recognized to be very importan t to the success of most 
experiments, research projects, prototype apparatus, 
etc. When in need of fixed and variable composition 
resistors, ceramic capacitors, feed-thru and stand-off 
capacitors, ferrite parts, etc., you can't go wrong when 
you specify Allen-Bradley. 

In many instances, their stable characteristics and 
conservative ratings make A-B parts the required com­
ponents for critical applications in military, radio, and 
electronic devices. Quite naturally, they are also widely 
used throughout industry and by manufacturers of 
radio and television receivers, instruments, electronic 
computers, and similar electronic apparatus. 

The A-B components illustrated on this page are 
a small part of the Allen-Bradley line. For more 
complete information, including performance data, 
write for your copy of the 16-page booklet, "Allen­
Bradley Quality Components," or call your nearest 
Allen-Bradley office for technical information. 

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

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

Quality 
Electronic 
Components 

------ ---- -- ---------- �----------------------

MOLDED COMP OSITION FIXED RESISTORS 

.� . .  : .. � / .. �y�� "� /. /./'" � 
These reliable, solid-molded resistors come 
in 1/10, 1/2, 1, and 2-waH sizes. All stand­
ard RETMA resistance values. Free af cata­
strophic failures. 

Type ES Resistors. Sealed· 
in ceramic tubes for "pre­
cision" applications. Avail­
a ble in four physical sizes. 

CERAMIC DIELECTRIC CA PACITORS 

• \,, � 
Type GP. Six sizes In RETMA. capacitors with 
JAN, and Mil values. Has superior ceramic enclosure 
performance characteristics. for superior performance. 

FERRITE CORES 

.00 
High efficiency ferrites for TV 
and special use. All shapes 
and sizes for special needs. 

FEED-THRU AND 
STAND-OF F  CA PACITORS 

}1 , 
Types FT and SO Discoidal 
Capacitors. Eliminate parallel 
resonance on VHF and UHF. 

MOLDED COMPOSITION VARIABLE RESISTORS 

Type J. Has a solid­
molded element. Stand­
ard or special resistance 
tapers. Made in single, 
dual, or triple units. 

T y p e  T .  S o l i d­
molded. Furnished 
for hand or screw driver operation . 
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Man's Role in Changing 
the Face of the Earth 

Edited by WILLIAM L THOMAS, JR. 

in collaboration with CARL O. SAUER, 

MARSTON BATES, and LEWIS MUMFORD 

This book is based on an international symposium held 
at Princeton in June, 1955, by the Wenner-Gren Foun­
dation, to explore three main concerns: the variety and 
magnitude of man's changes on the earth; the methods 
and agencies of change; and the effects of man's actions 
on the continued habitability of the earth and on the 
course of human evolution. 

Some of the themes considered by the fifty-two noted 
contributors are man's tenure of the earth; his effects on 
the seas and waters; the alterations of climate; soil 
changes through human use; modifications of biotic 
communities; the ecology of wastes; urban-industrial 
demands upon the land; and limitations of the earth. 

1,212 pages, 180 illustrations, $9.00 
�OFC 

At all bookstores, or from q;�'S;. c,:�o 
THE UNIVERSITY OF CHICAGO PRESS � � g 

5750 Ellis Ave., Chicago 37, IlI� ?�\!�A' 

CATIONS AND 
OF INDUSTRIAL 

FELT* 

"6..5S' 

"made 10 S.A.E. 
and Federal Govi. 

,::;�!!!!!!!!!!!!������.., Specifications 

SEND FOR 
YOUR FREE 

COpy 
TODAYl 

CONTINENTAL 
FELT 

fills hundreds 
of jobs 

daily. 

Ask for booklet 
S-5 

CONTINENTAL F�T COMPANY,'Nc.,,,, 
22·26 WEST 1 "h STREET \J)I NEW YORK 11, N. Y. 

1 18 

British Industries Corporation 
Port Washington, New York 

are scarred; the loose particles worn off 
them act as abrasives and produce more 
wear; the increasing friction generates 
heat and robs the machine's mechanical 
energy. Expensive systems are some­
times installed to warn when more lubri­
cant is needed. But stick-slip itself sup­
plies its own admonitory voice, without 
which our machine age would soon 
grind to a shuddering breakdown. It per­
forms the warning function automatical­
ly, cheaply and effectively. 

RADIOAUTOGRAPH shows stick-slip be­

tween two pieces of copper. One piece had 

been made artificially radioactive in a nu­

clear reactor. When it was slid over the oth­

er piece, some of it was transferred. When 

the second piece was placed in contact with 

a sheet of photographic film, the radioac­

tive copper was made visible. Most of the 

transfer had occurred at the "stick." Only 

a few fragments were transferred in "slip." 
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dnnouncing the 

RAYTHEON GRADUATE PROGRAM 

for study at Harvard and M. I. T. 

HARYARD 

Excellence in Electronics 

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.I.T., 
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 semesters of study, de­
pending on circumstances, with the summer months 
spent in the Company's research, engineering, or man­
ufacturing divisions. 

M.I.T. 

To be considered for the Program, applicants must have 
a bachelor's degree in science or engineering, and should 
ha ve ou ts tanding s tuden t 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, and be U. S. citizens. 
They may apply for admission to the Program in antici­
pation of becoming employees of Raytheon. The ap­
plications of outstanding candidates will be forwarded 
to Harvard or M.I.T. for consideration for admission. 

YOU ARE INVITED TO ADDRESS YOUR INQUIRY to 
Dr. I van A. Getting, Vice President, Engineering and 
Research, outlining your technical background, aca­
demic record, school preference, and field of interest. 

RAYTHEON MANUFACTURING COMPANY 
WALTHAM 54, MASSACHUSETTS 

1 19 
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HEART SOUNDS 
For more than a century physicians have listened to the slapping 

of the valves in the heart with the stethoscope. Now these sounds 

can be subjected to refined analysis with modern electronic gear 

1 have been able to heaT veTY plainly 
the beating of a Man's HeaTt .... Who 
knows, 1 say, but that it may be possible 
to discover the Motions of the Internal 
Parts of Bodies ... by the sound they' 
make, that one may discover the Works 
performed in the several Offices and 
Shops of a Man's Body, and thereby dis­
cover what Instrument or Engine is out 
of order. 

N
ot many prophecies in the history 

of science have been more inter­
estingly fulfilled than this enter­

taining speculation by Robert Hooke, 
the versatile 17th-century experimental 
philosopher [see "Robert Hooke," by 
E. N. daC. Andrade; SCIENTIFIC AMERI­
CAN, December, 1954]. He was one of 
the first to take note of the sounds gen­
erated by the human heart, but formal 
study of them did not begin until the 
19th century. The distinction of initiat­
ing that study goes to a Paris physi­
cian named Rene Theophile Hyacinthe 
Laennec, who is immortalized as the 
inventor of the stethoscope. 

As other physiCians no doubt had 
done before him, Laennec made a prac­
tice of listening to the heart by applying 
his ear to the front of the chest. He was 
constrained to observe about the pro­
cedure: "As inconvenient for the physi­
cian as for the patient, distaste alone ren­
ders it almost impracticable in the hos­
pital; it cannot even be proposed to most 
women and in most of these the volume 
of the breasts is a physical obstacle to its 
use." Laennec's account of the invention 
of the stethoscope is probably the most 
famous passage in all medical literature : 
"I was consulted in 1816 by a young 
lady who presented the general symp­
toms of heart disease but in whom pal­
pation and percussion gave little in­
formation on account of the patient's 
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by Victor A. McKusick 

obesity. Her age and sex forbade direct 
examination. Then I recalled a well­
known acoustic fact: that if the ear be 
applied to one end of a timber, it is easy 
to hear a pin's scratching at the other 
end. I conceived the possibility of mak­
ing use of this property of matter in the 
case at hand. I took a quire of paper, 
rolled it very tight and applied one end 
of the roll to the precordial region. Then 
leaning my ear to the other end, I was 
pleasantly surprised to hear the beating 
of the heart much more clearly than if 
I had applied my ear directly to the 
chest." 

Laennec was a true son of the Ro­
mantic Age. His valuable invention, his 
battles with conservative contempora­
ries, the romance of his life and his pre­
mature death (in 1825) from pulmonary 
tuberculosis captivated the public im­
agination. As recently as 1949 a bio­
graphical RIm, Docteur Laennec, was a 
hit feature in Paris theaters. Rudyard 
Kipling's slightly anachronistic short 
story about him, Marklake Witches, has 
Laennec captured by the British in the 
Napoleonic Wars and billeted in a rural 
English village. One day the heroine 
comes upon Laennec and Jerry, the local 
medico, "playing with toy trumpets. 
They were not real trumpets because 
Jerry . . . put his trumpet against Rene's 
collar and listened while Rene breathed 
and coughed. Said Jerry: " Tis wonder­
fully like hearing a man's soul whisper­
ing in his inwards; but unless I've a 
buzzin' in my ears, you make about the 
same kind 0' noise as old Goffer Marklin 
-but not quite so loud as young Cooper. 
It sounds like the breakers in a reef-a 
long way off. Comprenny?' 'Perfectly,' 
answered Rene. He knew the signifi­
cance of these sounds in his chest, and 
in his soul he said, 'I drive on the break­
ers. But before I strike, 1 shall save 

hundreds, thousands, millions perhaps, 
by my little trumpets.' " 

Laennec's little trumpet was simply a 
wooden cylinder about 10 inches long, 
through which he listened with one ear. 
The refinements came much later-flexi­
ble tubing, two snugly fitting earpieces, 
a flat chest piece with a stiff diaphragm 
to filter the sound and bring out the 
high-frequency components. Under­
standing of the heart sounds also came 
later. Laennec himself misinterpreted 
them: his main interest was the sounds 
of breathing and lung disease. 

The normal heart sounds, as we now 
know, come from the closing of 

valves-first the valves between the au­
ricles and the ventricles, then the valves 
between the ventricles and the great 
arteries. In 1835 a commission was ap­
pOinted by the British Association for the 
Advancement of Science to study the 
origin of the "first" and "second" sounds. 
The American Medical Association 
awarded prizes for essays on the sub­
ject. Interest in normal and abnormal 
cardiovascular sounds grew rapidly. A 
writer in the latter part of the 19th cen­
tury said of a typical French enthusiast: 
"Bruits were to him sweet music; he 
listened to them in the chest, surprised 
them in the back, pursued them into the 
neck and even into the thigh." The 
French school enriched the medical 
literature with onomatopoetic and pic­
turesq ue terminology-bruit de galop (a 
heart rhythm with a galloping cadence) , 
bruit de scie (murmurs like wood-saw­
ing), fou-ta-ta-l'Otl (a sign of obstruc­
tion of the valve between the left auricle 
and left ventricle) and so on. 

About 1854 the French veterinarian 
Auguste Chauveau began an attempt to 
correlate the sounds with mechanical 
events within the heart. He recorded the 
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PULMONARY VALVE, which lies between the right ventricle and 

the pulmonary artery, is photographed from the arterial side in an 

isolated but beating beef heart. The photographs are successive 

RIGHT AURICULOVENTRICULAR V A L VE, which lies be· 

tween the right auricle and the right ventricle, is photographed 

from the auricular side in the same beef heart. The photographs are 

frames in a sequence made at 24 frames per second. At left the valve 

is partly closed; at right it is closed. The closing of the pulmonary 

and aortic valves causes the second of the two main heart sonnds. 

again successive frames in a sequence made at 24 frames per second, 

and again show the closing of the valve. The closing of the two 

auriculoventricular valves causes the first of the heart sounds. 
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CHLORINATED 

PRODUCTS? 

DIAMOND 
OFFERS YOU 

TECHNICAL HELP 
If you need assistance 
on a problem involving chlorin­
ated products, phone your 
nearby DIAMOND representative. 
His service is expert, prompt and 
free. 

Diamond 
makes the following products at 
Newark, N. J. We'll ship 'em 
immediately. 

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

Maybe you're interested 
in custom production of benzene 
sulfonyl chlorides, or their chlo­
rinated derivatives. Your nearby 
DIAMOND man will be glad to 
discuss this with you. 

More Diamond products: 
carbon tetrachloride; perchlor­
ethylene; methylene chloride; 
methyl chloride; chloroform; 
Chlorowax® (chlorinated paraf­
fin); muriatic acid; DDT; BHC, 
15% and 40% gamma; Lindane; 
2,4-D and 2,4,5-T amine salts, 
esters and formulations; grain 
fumigants. DIAMOND ALKALI 
COMPANY, 300 Union Commerce 
Building, Cleveland 14, Ohio. 
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DiaIllond 
Che:rnicals 

RIGHT AURICLE AND RIGHT VENTRICLE are shown in this cutaway view of the 

normal human heart. The auricle is filled through two openings by the inferior vena cava 

(below the auricle) and the superior vena cava (above the left side of the auricle). Here 

the ventricle is relaxed. The auriculoventricular valve (I) is open, the pulmonary valve (II) 

is closed, and blood flows from the auricle to the ventricle. The tendon-like cords at bottom 

center moor the edges of the auriculoventricular valve. When the ventricle contracts, the 

auriculoventricular valve is closed, the pulmonary valve is opened, and blood flows 

through the pulmonary artery into the lungs. The big arched vessel at the top is the aorta. 

rise and fall of blood pressure inside the 
heart of an animal by means of catheters 
inserted through the veins, at the same 
time listening to the heart sounds. Visi­
tors to his laboratory at Lyon reported 
seeing a horse munching hay peacefully 
outside the window of the laboratory 
while an instrument inside, via tubes 
from its body, was recording the curves 
of pressures from the interior of its 
heart! 

In their enthusiasm physicians over­
extended themselves and attached grave 
significance to all unusual variations in 
heart sounds-whose meaning they were 
actually in no position to interpret. Near 

the end of the century Sir James 
MacKenzie in effect brought an end (in 
the English-speaking world, at least) to 
the feverish study of heart sounds by de­
flating their medical importance. He 
insisted that the sounds were deceptive, 
and that disease of the heart muscle was 
a problem of greater concern than dis­
orders of the valves. 

In recent decades there has been a re­
awakening of interest in the subject, 
partly because new methods of analyz­
ing heart sounds have become available 
and partly because surgeons are now 
able to repair defects of the valves. De­
tails of cardiovascular sound which pre-
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Dr. Lewis Larmore (right) discusses fundamental problems of radiation transfer in infrared detection 

with Dr. T. Teichmann (center) and Experimental Physicist Freeman Hall. 

MISSILE SY-STEMS PHYSICS 
Advances in missile systems technology are measured to 
a great extent by increasing demands imposed on the 
ability of experimental and theoretical physicists. 

With problems of new magnitude now being approached, 
a high degree of creative effort and individual initiative 
is required. 

New developments at Lockheed Missile Systems 
Division's Aerophysics and Nuclear Research Labora­
tories offer a wide range of assignments in fields such as: 

• Experiments with shock tubes and their associated 
problems of instrumentation including studies 
involving high temperatures and high Mach numbers. 

• Infrared measurements of atmospheric transmission 
and emission from various sources. 

• Optical'instrumentation for spectrophotometry and 
emissivity measurements and shock tube 
spectrographic studies. 

• Aerophysics of high-speed vehicles, including heat 
transfer, flow field and associated areas. 

• Fundamental and applied experimental nuclear 
research, using the Lockheed 3 MEV Van der 
Graaff accelerator. 

• Specialized nuclear reactor system study, design and 
development. 

Those possessing keen interest in these and related fields 
are invited to write. Please address inquiries to the 
Research and Engineering Staff at Van Nuys. 

�� MISSILE SYSTEMS DIVISION • LOCKHEED AIRCRAFT CORPORATION 

VAN NUYS • PALO AL'.rO. SUNNYVALE. CALIFORNIA 
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• 

® PORTABILITY • . .  weighs less 

than 15 pounds, measures 

10" x 7Y." x 8". 
® VERSATILITY . • .  can be used 

as recording millivoltmeter or 

-with appropriate transduc­

ers - to record measurement 

of physical quantities. 

® RECTILINEAR trace represen­

tation. 

® FULL CHART zero position­

ing. 

® HIGH INPUT impedance and 

high allowable signal source 

impedance. 

® PANEL damping control for 

optimum stability. 

® CHART DRIVE extension for 

synchronization with other 

equipment. 

THE VARIAN G·IO GRAPHIC 
RECORDER HAS ALL THESE 
FEATURES AND MORE ••• IS 

124 

PRICED AT $295 

WRITE TODAY FOR COMPLETE TECHNI­

CAL DATA ON THIS REMARKABLE NEW 

INSTRUMENT AND ITS FULL 

ACCESSORY LINE. 

Special Products Division 

V A R I A N associates 
� .. LO A L T 0 7. CAL I , 0 It N I A 

Representatives in all principal cities 
MICROWAVE TUBES -INSTRUMENTS 

AURICLE 

AURICLE AND VENTRICLE are depicted in diagrammatic form. At the top the ventricle 

contracts; at the bottom it relaxes. At left is the auriculoventricular valve, two of which 

cause the first heart sound; at right is the arterial valve, two of which cause the second 

heart sound. The cords that moor the edges of the auriculoventricular valve are to its right. 

viously would have been considered use­
less minutiae are now important guides 
for the surgeon's hand. 

The heart is a pair of pumps operat­
ing in parallel. The right ventricle pumps 
blood to the lungs; the left ventricle 
pumps oxygenated blood into the aorta, 
from which it is distributed to the rest 
of the body. Each ventricle is supplied 
from an auricle, respectively the right 
and left, which serves as a reservoir. The 
ventricle first relaxes and receives blood 
from its auricle through the opened 
valve between them. When the ventricle 
has been filled, it contracts and the valve 
bangs shut-the first heart sound. Both 
sides of the heart operate simultaneous­
ly, so that the banging of the right and 
left valves together usually make one 
sound. Each ventricle now propels blood 
through an opened valve into a great 
artery-the right into the pulmonary 
artery to the lungs, the left into the 
aorta. �Then the ventricles have ejected 
their loads, these valves snap shut-the 

AURICLE 

second heart sound. The left valve (to 
the aorta) often closes slightly before 
the right, and the two components of 
the sound can be distinguished. 

The architecture of the heart valves 
is marvelously suited for their function 
of preventing backflow of the blood with 
a minimum of obstruction to the forward 
flow. Leonardo da Vinci, one of the first 
to study the mechanics of the heart, was 
fascinated by the valves' design and 
sketched their details. Each valve is 
made up of three hinged leaflets, or 
cusps, except for the valve between the 
left auricle and ventricle, which has only 
two leaflets and is called mitral because 
of its resemblance to the two-peaked 
ecclesiastical miter. The valves between 
the heart chambers operate quite differ­
ently, however, from those opening to 
the arteries. The auricle-ventricle open­
ings are larger, permitting the necessary 
volume of flow under low pressure from 
the auricles. To prevent these valves 
from being pushed back into the auricles 

RETROVERTED AORTIC CUSP is depicted at upper right in the same representation. 

When the ventricle relaxes, the blood leaks back past this cusp and makes it vibrate musically. 
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HOW MANY 
POSITIONING 
PROBLEMS 
CAN THESE AMAZ­
ING UNITS SOLVE 

FOR YOU? 
Frankly, we don't know. Almost daily we hear of 
some new application that never occurred to 
us. But we do know this: electronics engineers 
are achieving the "impossible" with Saginaw 
ball jbearing Screws and Splines, particularly 
these miniature sizes, from lY2 to 3 inches long. 

CHECK THESE UNPRECEDENTED PERFORMANCE ADVANTAGES: 
Saginaw ball/bearing SCREWS 

Nul p.lidf'S on steel balls. 
l..ikc I'llripcs 011 a barher 
pole, the balls tnlvcl to­
ward end of nut through 
spira'''lunne!'' formco by 
concave threads in both 
screw and mating nul. 

UP TO 5 TIMES MORE EFFICIENT 

At end of trip, one or 
llIore tubular gllilies Icad 
b.dls diagonally back 
across outside of Ilut to 
slarting point, (orllling 
closed circuit through 
which balls recirculate. 

Up 10 95% efficiency guaranteed in transforming rotary 
to linear motion; over 80% efficiency, linear to rotary. 
Require lcs8 than 1/5 as much torque as conventional 
Acme screws for equal output. 

Saginaw ball/bearing SPLINES 

The Sal4il1uwblb Spline roHIi­
cally increases the efficiency 
of translllitting or restr.ain­
ing high lorque loads. I n­
stead of sliding against each 
other, the mating surf'lces 
glide on rolling ballA. 

The steel balls recirculate 
in closcd circuits formetl by 
mating longitlldinnl race­
ways spaced around the cir­
cllmference of both inner 
and outer splines. Cuides rc­
turn halls to starting point. 

SAVE SPACE, WEIGHT, POWER 
40 TIMES LOWER FRICTION COEFFICIENT 

THAN ORDINARY SLIDING SPLINES 
Permit much smaller� lighter motors and auxiliary 
e(luipment. Saginaw bib Screws have been buih from 
1,Y:i inches to 39,Y:i feet in length. 

PRECISE POSITIONING AND SYNCHRONIZING 

Machine-ground types provide precision conlrol within 
fractional thousandths of an inch, plus perfect synchro­
nization of two or more movements. 

OPERATE IN VERY ADVERSE ENVIRONMENTS 

Saginaw bib Screws bave been designed and built to 
operate from -750 to +9000 F. Even if lubrication 
fails or cannot he originally provided, they will still 
function with remarkable efficiency. 

LONG, DEPENDABLE SERVICE LIFE 

Accurately predictable life engineered to design re(luire­
ments. Special Gothic arch groove design and multiple 
circuits assure dependable performance. 

By applying the same basic gliding hall Ill'inciple 
pioneered by Saginaw in the ball/bearing screw. 
this revolutionary new kind of sl)line makes l)raC­
tical new engineering designs never before possible. 

TRANSMIT OR RESTRAIN HIGH TORQUE 
LOADS FAR MORE EFFICIENTLY 

In any application whereeolumn length must clHlnge 
under tonlue load, the Saginaw bib Spline ofTers un­
precedented freedom from sliding spline restrictions. 

WIDE CHOICE OF ATTACHMENTS 

Can be fitted with integral gears, clutch dogs, bear­
ing and sprocket seats or other attachments for usc 
with electric, hydraulic or pncumalic units. 

WIDE RANGE OF SIZES AND TYPES 

Saginaw b/b Splines have been designed from 3 
inches t09 feet in length. and from � to3%"inches in 
diameter. To convert push-pull to rotary motion, 
helical types are available with very high leads, 
ranging (rom 20:1 to 100: 1. 

MAIL COUPON TODAY FOR NEW 

���N����_��_�O�K .. 
Saginaw Steering Gear Division �, 
Ball Bearing Screw & Spline Operation � I 
General Motors Corporation I Dept. 4A, Saginaw, Michigan 

I Please send your Engineering 00 to Book to: 

I 
Nome-Title' ___________ _ 

Firm' ______________ _ 

Address' _____________ _ 

I 
I 
I 
I 
I 

City _______ Zone __ State___ I 
I 

-----------------
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SOUND SPECTROGRAPH, developed to separate the constituent 

frequencies of speech in visible form, is arrayed to analyze heart 

sounds. The sound spectrum is recorded photographically on the 

drum at upper right and by direct writing on the drum below it. 

when pressure builds up in the ventri­
cles, there are tendon-like cords from the 
walls of the ventricles which are at­
tached to the edges of the valves and 
act as guy wires to hold them closed. At 
the base of each guy wire is an exten­
sion of the ventricular muscle that con­
tracts when the rest of the ventricle con­
tracts and pulls the guy wire tight. The 
noted British heart surgeon Sir Russell 
Brock has compared the beautiful struc­
ture of this system of cords to the fan 
tracery of an English cathedral. 

The opening (almost nOiseless) and 
closing of each valve is mainly the re­
sult of pressure differences on the valve's 
opposite sides. When the ventricle re­
laxes, after ejecting its blood into the 
artery, the valve from its auricle opens. 
As the ventricle is filled and its walls 
contract to eject blood again, the build­
up of pressure within it closes the auri­
cle valve. The closing is facilitated by a 
contraction of the muscular valve seat, 
which narrows the opening that the 
valve leaflets must cover. The built-up 
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pressure in the ventricle, having shut 
this valve to prevent backflow, opens 
the valve to the artery (aorta or pul­
monary artery) and pumps blood for­
ward into that vessel. 

The ventricles eject blood into the 
arteries under considerably higher pres­
sure than they receive it from the auri­
cles; consequently the valved openings 
to the arteries need not be and are not 
as large as those between the heart 
chambers. The arterial valves require no 
guy wires. They are closed simply by the 
pressure due to the resistance to stretch­
ing of the elastic artery walls when the 
arteries are filled with blood from the 
ventricles. The closing of these valves is 
a more rapid process than closure of 
those between the heart chambers; this 
may account for the fact that the second 
heart sound is often shorter and "snap­
pier" than the first. 

Heart murmurs usually arise from de­
fective operations of the valves-either 
a backflow due to leaks (often called 
"regurgitation") or an obstruction of 

forward flow (stenosis) . For the peace 
of mind of readers who may have mur­
murs, I must point out at once that many 
circumstances other than valvular leaks 
or obstructions may produce turbulent 
blood flow, and resultant murmurs, in 
the cardiovascular system. Such mur­
murs are common and often of no sig­
nificance. 

Detailed analysis of the heart sounds, 
as well as their association with 

other records of the cardiovascular sys­
tem's behavior, was first made feasible 
by Willem Einthoven's invention of the 
phonocardiograph in 1893. This device 
translates the heart sounds into a visual 
recording; it is not to be confused with 
the electrocardiograph, also invented by 
Einthoven, which records electrical 
waves that accompany the heartbeat. A 
phonocardiogram is a curve showing the 
peaks and silences of the heart sound 
cycle. The Einthoven device has been 
used mainly for timing murmurs and 
normal valve sounds in relation to other 
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build your future with 

NEW ELECTRONIC 
ACH I EVEMENTS 

Here at AUTONETICS nearly 100 advanced electronic 
and electro-mechanical projects are in progress­
projects whose long-range implications are moving 
forward the frontiers of technical knowledge. 

Most of the work is well in advance of reports in 
technical publications, or even confidential texts. The 
one way to keep abreast of this unique and highly 
rewarding research is to be in it. 

At AUTONETICS you'll work with men of excep-

tional professional standing in a congenial atmos­
phere. You'll have access to the very latest digital 
and analog data processing equipment. You'll have 
the opportunity to contribute to the advances in 
electronics and electro-mechanics and at the same 
time further your own career. What's more, you'll 
like living in Southern California. 

Write now for complete information. Your in­
quiry will be handled promptly and confidentially. 

UNIQUE OPPORTUNITIES FOR: 

Computer Specialists Electro-Mechanical Designers Environmental Test Engineers Electronic Component Evaluators 

Instrumentation Engineers Fire Control Systems Engineers Flight Control Systems Engineers 

Electronics Research Specialists Computer Programmers Computer Application Engineers Automatic Controls Engineers 

Electronic Engineering Writers Inertial Instrument Development Engineers Preliminary Analysis and Design Engineers 

Also Openings for Draftsmen and Technicians 

CONTACT: Mr. D. S. Grant, 
Engineering Personnel Office Autonetics, Dept. 991-20ISA, 

12214 Lakewood Blvd., Downey, Calif. 

Autonetics 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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events in the cycle of the heart's activity. 
\Vithin the last few years a new in­

strument has permitted a more refined 
analysis of heart sounds. It is the "visible 
speech" machine, developed for quite 
another purpose by Ralph K. Potter and 
his colleagues at the Bell Telephone 
Laboratories. The machine displays the 
spectrum of component frequencies in 
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speech sounds [see "Ears for Comput­
ers," by Edward E. David, Jr.; SCIEN­
TIFIC AMEHICAN, February, 1955]. 
Reading these spectral patterns, one can 
recognize differences in the speech of 
individuals and minor differences in 
dialects. This finding, and the fact that 
sound analyzers have been useful in di­
agnosing troubles in complex machines 
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SPECTROGRAMS of various heart sounds are displayed on these two pages. The vertical 

dimension of each spectrogram is frequency in cycles per second; the horizontal dimension 

is timed in seconds. At upper left is the spectrogram of a healthy teen·age suhject. Each pair 

of vertical markings represents the first (I) and second (II) heart sounds. The horizontal 

trace at the top of the spectrogram is a simultaneous record of the subject's electrocardio­

gram. At upper right is the spectrogram of a subject suffering from partial destruction of 

the aortic valve. The second sound is followed by a prolonged murmur of blood regurgi-
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such as airplane engines, encouraged the 
thought that the instrument might be 
employed to read the sounds of the 
heart-just as the imagination of Robert 
Hooke proposed 250 years ago. 

A small microphone placed on the 
subject's chest picks up the sound vibra­
tions of the heart and translates them in­
to an electrical form. The oscillations are 
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tating through the valve. At lower left is 

the spectrogram of a subject with a congeni­

tal heart defect in which the right ventricle 

must pump much more blood than the left. 

The emptying of the right ventricle and the 

closing of the pulmonary valve is thus de­

layed; the second sound is split. At lower 

TIME 
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then amplified and passed through a 
bank of filters which separates the com­
ponent frequencies. The energy, or 
loudness, at each frequency is now 
translated into light by means of tiny 
light bulbs actuated by the signals. A 
bank of lights plays on a moving photo­
graphit; film, producing a tracing which 
shows both the rhythm of the heart 
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right is the spectrogram of 3 subject with a 

retroverted aortic cusp (see diagram on page 
124). This produces a musical sound which 

is vertically split into harmonics. The sound 

is so loud that the first and second sounds 

are lost. The line at top of this spectro· 

gram is a record of the subject's breathing. 
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men, philosophers, military experts, and historians ... ana­

lyzing the impact of modern science on international rela­

tions, military strategy, world economy, education, ethics, 
and religion. The following articles will form a part of this 
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Antiquity 

A Q UARTERLY REVIEW OF ARCHAEOLOGY 

Edited by O. C. S. Crawford, C.E.E., F.B.A. 

ANTIQ UITY is a popular but authoritative journal of archae­
ology. It was founded in 1927 by its present editor to serve as a 
link between specialists and the general public. All the articles 
are by writers with first-hand knowledge about the exciting 
new discoveries that are continually being made in all parts of 
the world. They are written in a non-technical style and illus­
trated by numerous photographs and plans. 

A popular feature of ANTIQUITY is the Editorial comment 
on current events. 

ANTIQUITY is published four times a year, and each number 
contains 64 pages of articles, notes and book-reviews. It has 
always represented the modern outlook in archaeology which 
is now becoming world wide. It has itself influenced the devel­
opment of archaeological method in the past, and will continue 
to do so by maintaining a high standard of publication and by 
its constructive criticism of current work. 

ANTIQUITY is self-supporting and independent, and is not 
the organ of any society. It can only do its job properly if its 
circulation is maintained and increased. 

You can help ANTI QUIT Y to do this by becoming a sub­
scriber (if not one already). The annual subscription is five 
dollars, covering postage to all parts of the world. 

Why not become a subscriber? You only have to send the 
money and your name and address to the publisher of 

Antiquity, ASHMORE GREEN, NEWBURY, BERKS., ENGLAND 

DO IT NOW! 

sounds and the spectral analysis of the 
sounds. While a record of the sounds is 
being made, one can make a simultane­
ous and parallel recording of the sub­
ject's pulse beat, breathing cycle, elec­
trocardiogram and any other physiologi­
cal phenomenon that can be translated 
into an electrical signal. 

Pictures of the heart sounds of four 
subjects, with their electrocardiograms, 
are shown on the two preceding pages. 
Each sharp spike in the electrocardio­
gram represents an electrical discharge 
which triggers the contraction of the 
ventricular muscle. Immediately after­
ward comes sound I-the banging shut 
of the valves between the auricles and 
ventricles. While the ventricles are 
ejecting their content of blood into 
the arteries, the sound record of a 
normal subject is relatively quiet, 
showing only the sounds due to normal 
turbulence in the blood flow. Then 
comes sound II-the closure of the 
arterial valves. 

It is noteworthy that the heart sounds 
are at Jow frequency. Most of the energy 
content is concentrated below 256 cy­
cles-middle C of the musical scale. The 
normal tracing here, recording a teen­
ager's heart, has components of higher 
frequency than most adult heart sounds: 
young people have "snappier" heart 
sounds than their elders. Notice further 
that the normal heart sounds are in fact 
noises, i.e., their frequency content is 
diffusely distributed over a relatively 
wide span. Murmurs, on the other hand, 
are sometimes musical. 

One type of musical murmur, whose 
mode of production is not unlike that of 
certain musical instruments, is illus­
trated by the last record on the preced­
ing pages. In this subject the valve at 
the base of the aorta has a weakened 
cusp which turns back into the ventricle 
when the valve should be tightly closed. 
The leaking back of blood past the lip 
of the flappy cusp produces a long mur­
mur, louder than the normal first and 
second sounds. To the ear this murmur 
sounds like the sawing of wood, the cry 
of a sea gull, the groan of the bull fiddle 
or the croak of a bullfrog, depending on 
the particular case. 

The examples given illustrate the new 
approach that spectral phonocardi­

ography has made possible in the study 
of heart sounds. Obviously, however, the 
stethoscope is in no danger of being sup­
planted. Anyone who had such a notion 
would quickly be disabused of it by a 
glance at the roomful of equipment nec­
essary for this method of listening in on 
the heart. 
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AIR FORCE, NAVY AND AIRFRAME 

CUSTOMERS RECEIVE FULL-TIME SERVICE 

AND INSTRUCTION ON FIRE CONTROL 
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hy James R. Newman 

THE HrsToHY OF PHOTOGHAPHY, by Hel­
mut and Alison Gernsheim. Oxford 
University Press ( $16.50). 

T
his elegantly tailored, richly illus­
trated volume surveys photog­
raphy from the earliest use of the 

camera obscura up to 1914. It is more 
of a treatise than a popular account, but 
even a box-camera amateur-if, indeed, 
there are any box-camera users left-will 
enjoy dipping into the fact-laden text 

BOOKS 
Photography: From its antecedents 

In the 11th century up to the 20th 

and exammmg the excellent photo­
graphs. The senior author comes well 
equipped to his task. Helmut Gernsheim 
is a photographer, a collector of old 
photographs and instruments, a student 
of early British photography and the 
author of several monographs on notable 
practitioners of the art, including Louis 
Daguerre, Roger Fenton ( remembered 
for his pictures of the Crimean War ) , 
Julia Margaret Cameron ( distinguished 
for her portraits ) and the strange, gifted 
Oxford don, Lewis Carroll, who broke 
the monotony of his cloistered life by 
taking pictures of famous men and 
women and of little girls in the nude. 

Gernsheim's wife collaborated with him 
on the book as she did on some of these 
monographs. 

The emphasis of their book is on the 
British contribution to photography, 
though they do not neglect important 
developments in other countries. They 
explain the scientific, technical, esthe­
tic and social aspects of picturemaking. 
Apart from the interest of this material 
and the intriguing byways it opens for 
the reader, the survey fills a major gap 
in the history of photography, for until 
now British accomplishments in the 
field have received scant attention. In 
the 19th century Great Britain played a 

The first photograph was made by Joseph Nicephore Niepce, probably in 1826 
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leading part in the evolution of the 
camera, the chemistry of photography 
and the art of taking pictures . The Brit­
ish have long been fierce travelers, and 
they have relentlessly photographed the 
cities of Europe and the African jungles, 
the Alps and the pyramids, Egypt, 
Palestine, Syria and Turkey, India, 
China, Java and Japan . Many thousands 
of such pictures were taken before 1865 
and form a record whose quality has 
never been surpassed. 

The story of photography begins in 
the 11th century, when an Arabian 
scholar called Ibn AI-Haith am ( better 
known by his Latin name Alhazen ) in­
vented the camera obscura-literally 
"dark room." If light enters a darkened 
room through a tiny hole in the wall, an 
inverted image of the view outside ap­
pears on the opposite wall. Alhazen sug­
gested an effective use of this arrange­
ment to capture the image of the sun 
at the time of a partial eclipse; the image, 

he said, would be crescent-shaped. He 
also discussed the effect of changing the 
size of the aperture. Most historians 
have overlooked Alhazen's description 
of the camera obscura, which is pre­
served in manuscript in the India Office 
Library in London. This may explain 
why the invention has been erroneously 
ascribed to various others, including 
Roger Bacon, Leon Battista Alberti and 
Leonardo da Vinci. The historical point 
is perhaps minor, but the invention it­
self is important, for it embodies the 
concept from which the photographic 
camera was derived. 

For seven centuries men played with 
the camera obscura, were fascinated by 
it and improved it. Astronomers, physi­
cists, painters, soldiers and travelers 
found various ways to turn it to serious 
use and pleasure. At first the camera 
lived up to its name and was a room; 
gradually it grew smaller. The 16th­
century physician and mathematician 

Jerome Cardan appears to have been 
the earliest to suggest using a convex 
lens instead of a minute peephole for 
transmitting the light. Later a dia­
phragm was added to sharpen the image, 
and the camera became portable, being 
transferred to a sedan chair. Then it as­
sumed form as a tent. Journeying 
through Austria in 1620, Sir Henry 
Wotton, diplomat, poet and pamphlet­
eer, had a memorable encounter which 
he described in a letter to his friend, Sir 
Francis Bacon . 

"Let me tell your Lordship a pretty 
thing which I saw coming down the 
Danuby, though more remarkable fOt, 
the Application, than for the Theory. I 
lay a night at Lintz, the metropolis of 
the higher Austria . . . .  There I found 
Keplar [sic], a mal) famous in the Sci­
ences, as your Lordship knowes, to whom 
I purpose to convey from hence one of 
your Books, that he may see we have 
some of our own that can honour our 

The first successful daguerreotype was made by Louis Jacques Mande Dllguerre in 1837 
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King, as well as he hath done with his 
Harmanica. In this mans study, I was 
much taken with the draught of a Land­
skip an a piece of paper, methoughts 
masterly done: \il/hereof enquiring the 
Author, he bewrayed with a smile it was 
himself, adding he had done it non 
tanqHam Pictor sed tanqHam Mathema­
ticlls. This set me on Rre: at last he told 
me how. He hath a little black tent ( of 
what stuffe is not much importing )  
which h e  can suddenly set u p  where he 
will in a Reid ; . . .  it is exactly close and 
dark save at one hole, about an inch 
and an half in the Diameter, to which 
he applies a long perspective-trunke 
[Kepler's telescope), with the convex 
glasse Rtted to the said hole, and the 
concave taken out at the other end, 
which extendeth to about the middle of 
this erected Tent, through which the 
visible radiations of all the objects with­
out are intromitted, falling upon a pa­
per, which is accommodated to receive 

them; and so he traceth them with his 
Pen in their natural appearance, turning 
his little Tent round by degrees till he 
hath designed the whole aspect of the 
Reid . . . .  " 

Here obviously was a valuable in­
strument for topographers, but other­
wise, as Sir Henry observed, "to make 
Landskips by it were illiberall: though 
surely no Painter can do them so precise­
ly. "  Still, even painters could not afford 
to obstruct progress, and an 18th-cen­
tury essayist on painting devoted a 
chapter to the camera and remarked that 
"the best modern painters among the 
Italians have availed themselves greatly 
of this contrivance." 

Like Alice in Wonderland, the cam­
era obscura kept shrinking. It dimin­
ished to a large box; then the box was 
cut down so that it could be carried 
under a cloak; later several boxes were 
nested and could be extended like a 
telescope. Robert Boyle constructed his 

version of a "portable darkened room," 
and Robert Hooke, never gladly left be­
hind, made a "perspective box" to illus­
trate the laws of vision . Looking some­
what like a megaphone, it had a lens, 
a ball-and-socket handle and a set of 
diaphragms of different sizes to repre­
sent the expansion and contraction of the 
pupil of the eye . The versatility of this 
portable camera was extended by a re­
flex arrangement which combined a mir­
ror that reflected the image right side 
up onto a piece of stretched oiled paper, 
with a hood to improve visibility. 

By the 18th century the camera ob­
scura had become a craze . It enraptured 
spectators and was discussed in medi­
cal treatises, novels and Goethe's writ­
ings. No one who traveled for pleasure 
would take a step without it. Cameras 
found lodgment in charming rococo 
tables and in the heads of walking sticks, 
in goblets and in hollow books . Tristram 
Shandy railed against historians who 

The Cathedral of the Resurrection in the Kremlin WlIS photographed by Roger Fenton in 1852 
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portrayed their subjects as in a camera 
drawing, where "you are sure to be rep­
resented in some of your most ridiculous 
attitudes ." 

And yet there was no photography. 
There were various ingenious contrap­
tions for reducing, defining, projecting 
and dramatizing outside scenes. It was 
thrilling to see the sky, churches, valleys, 
mountains, human figures reflected by a 
mirror, in full color, onto a small, opaque 
glass screen. But the image, for all its 
lifelike beauty, was like a shadow, a 
momentary creature of light and cir­
cumstance, which vanished without a 
trace once the light faded. 

The great objective was a method for 
trapping the image. That light left its 
mark had long been known : the ancients 
had observed that sunlight turns leaves 
green, that it bleaches many substances, 
from bones to togas. Some chemists had 
vague notions about a relation between 
silver salts and light, but the matter had 
not been explored. In 1727 came the first 
breakthrough. Johann Heinrick Schulze, 
a German professor of anatomy, was ex­
perimenting one bright day at an open 

window with nitric acid which hap­
pened to contain a little silver. He 
noticed that a part of the precipitate in 
his flask which was directly exposed to 
the light turned purple. At first he was 
uncertain as to the cause, but further 
experiments proved that silver was re­
sponsible for the change in color. In 
communicating his results to the Im­
perial Academy at Niirnberg he marked 
the paradox that light brings darkness .  

The way was open to further progress. 
Jean Hellot found that a solution of sil­
�er nitrate could be used fOl� invisible 
writing. His "en ere sympathetique" ( a  
boon to duplicitous wives and diplo­
mats), when applied to paper, turned 
slate color in the sun. Giacomo Beccaria 
made the useful discovery that silver 
chloride was sensitive to light. The emi­
nent Swedish chemist, Carl Scheele, ob­
served that, after blackening, silver 
chloride became insoluble in ammonia ; 
thus he discovered the first crude fixing 
agent. Scheele also learned that violet 
rays are chemically the most active, and 
other investigators, including the Ge­
neva librarian Jean Senebier and the 

astronomer William Herschel, added 
considerably to the knowledge of the 
solar spectrum and the effect of different 
colored rays on silver chloride. On the 
basis of the facts established by the end 
of the 18th century, picturemaking was 
possible. But, as on other occasions in 
the history of science, the putting to­
gether of two and two was delayed. 

The first to perform the addition, ac­
cording to Gernsheim, was not a scien­
tist but a writer of science fiction. 
Tiphaigne de la Roche, a forerunnner of 
Jules Verne, in 1760 made "a remarkable 
forecast of photography" in his fantasy 
Giphantie. He conceived of pictures be­
ing formed on a piece of canvas coated 
with "a subtle matter, very viscous and 
quick to harden and dry ."  This prophecy 
does not seem to me impressive : obvious­
ly de la Roche had no more idea of how 
to make a picture than Bishop Wilkins 
of how to fly to the moon. A far more 
helpful contribution came from the 
gifted Tom Wedgwood, son of the noted 
potter and lover of science, Josiah 
Wedgwood. Young Wedgwood had 
made the acquaintance of the chemist 

Portrait of a yonng conple beside Niagara Falls was made aronnd 1875 
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Humphry Davy while he was serving 
an apothecary's apprenticeship. Both, 
being fond of experimenting, attacked 
the problem of printing camera obscura 
images, Wedgwood on surfaces coated 
with silver nitrate and Davy on silver 
chloride. Both failed, though they would 
have succeeded if they had been more 
patient and exposed their "plates" long­
er. Wedgwood fell back on the simpler 
method of superposing objects-leaves, 
insect wings, paintings on glass-direct­
ly on sensitive paper or white leather 
moistened with silver nitrate . After ex­
posure to light he obtained imprinted 
images of outlines of the objects, and 
more detailed figures in the case of the 
glass paintings. Davy, by similar experi­
ments using a solar microscope, got en­
larged images of microscopic objects. 
Unfortunately the outline images soon 
faded for lack of a fixative. Wedgwood 
and Davy knew about Scheele's discov­
ery of the fixing properties of ammonia, 
but neither had the imagination to make 
use of this knowledge. 

The decisive advance was made by a 
Frenchman, Joseph Nicephore Niepce, 

the son of a King's Counselor. Joseph 
and his brother Claude, both of inven­
tive turns of mind, had patented in 1807 
an ingenious little steam engine which 
propelled a boat on the Saone and the 
Seine. Joseph turned to experiments with 
the camera obscura, and in 1816 he suc­
ceeded in projecting images on paper 
sensitized with silver chloride, using 
long exposures. He immediately tried 
to make a positive print from the nega­
tive-a procedure which no one else had 
even tried. However, this attempt failed, 
nor was he able to fix permanently the 
image on the negative. 

For years he continued his researches 
without making notable progress. Then 
about 1826-the date is by no means cer­
tain-he made what Gernsheim calls the 
world's first photograph. On a small 
pewter plate ( now in Gernsheim's col­
lection ) Niepce captured the view from 
an upper-story window of his home. A 
pigeon house, a pear tree with a patch 
of sky showing through the branches, a 
slanting barn roof, a bakehouse, a chim­
ney-these compose the first permanent­
ly fixed image from nature. Gernsheim 

visited Niepce's home in 1952 and 
found that some of the features of the 
photograph could still be clearly seen . 

Niepce's camera, manufactured for 
him by a firm of Paris opticians, was 
equipped with a meniscus prism (i.e., of 
crescent-shaped section ) which correct­
ed the lateral transposition of the 
image. As in earlier successful experi­
ments in photoengraving, he coated his 
pewter plate with "bitumen of Judea" ( a  
kind of asphalt ) ,  which hardens in two 
or three hours under the influence of 
light. He washed away the soft unex­
posed portion with a solvent consisting 
of oil of lavender and white petroleum, 
and had an asphalt image which re­
mained unalterable by light. The ex­
posure for this classic shot was long­
some eight hours . In the picture the sun 
"seems to be shining on both sides of the 
courtyard . "  

Niepce was s o  secretive about his 
process that he derived little benefit 
from it. On a trip to England in 1827 he 
got in touch with officials of the Royal 
Society. They were properly impressed 
with what he had accomplished, but be-

Alfred Stieglitz' famous photograph "l'he Terminal" was made in 1893 
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cause he was willing to discuss his in­
vention only in general terms the Society 
could not take cognizance of it and no 
record of any kind appears in the Coun­
cil minutes. 

Meanwhile another Frenchman was 
performing experiments which were 
destined completely to overshadow 
Niepce's . Louis Jacques Mande Da­
guerre had already gained a reputation 
from his "diorama"-a picture show with 
changing light effects which, "by its per­
fect illusion of reality," had thrown the 
whole of Paris into ecstasy. So lifelike 
were the pictures, painted by Daguerre's 
partner Charles Bouton on both sides of 
a transparent screen, that when a young 
son of King Louis-Philippe asked him at 
a command performance, "Papa, is the 
goat real?" the King is said to have re­
plied, "I don't know, my boy, you will 
have to ask M. Daguerre himself." 

But Daguerre sought an even higher 
level of fidelity. On hearing of Niepce's 
work, he wrote to him offering to col­
laborate. Niepce after a time succumbed 
to Daguerre's persistence, and in 1829 
they became partners . It is uncertain 
whether they ever actually joined forces 
in experimenting-Niepce died in 1833 
and his son Isidore took his place in the 
partnership-but Daguerre made re­
markable progress on his own. In 1831 
he discovered the light sensitivity of sil­
ver iodide, which he produced by expos­
ing a silvered copper plate to iodine 
vapor. Still, the arrangement was not 
sensitive enough to yield an image. 
Then in 1835, quite by accident, he un­
covered a fact of the first importance . 
The circumstances were strikingly simi­
lar to those which 60 years later were to 
lead to Henri Becquerel's discovery of 
radioactivity. 

Daguerre had put into his cupboard 
an unsuccessfully exposed plate, intend­
ing to repolish and reuse it. On taking it 
out of the cupboard a few days later he 
was astounded to see the plate impressed 
with a picture, Immediately he exposed 
a few other of his silver iodide plates and 
put them back into the magic cupboard. 
Again they emerged with pictures. A 
painstaking examination of the chemi­
cals in the cupboard at last established 
that the vapor from a few drops of mer­
cury spilled from a broken thermometer 
had worked the "miracle ."  The mercury 
had developed the latent image ; it was 
necessary only to expose a plate for 20 
minutes to a half-hour and then the 
image could be made to appear by the 
"after-process." By 1837 Daguerre had 
learned how to fix the image permanent­
ly, using a solution of common salt in hot 
water. Later the same year he presented 

the first successful daguerreotype, a still 
life, to the curator of the Louvre. The 
picture is preserved, and a reproduction 
of it is included in Gernsheim's book. 

Daguerre had a nose for publiCity and 
an energetic determination to capitalize 
on his success. He made plans to organ­
ize a company and float shares .  He drove 
around Paris with his apparatus on a 
truck, photographing monuments and 
public buildings and attracting great 
crowds. A number of leading scientists 
interested themselves in daguerreotyp­
ing, among them the influential physicist 
and politician Fran<;ois Dominique Ara­
go. Thanks to Arago's patronage, a pen­
sion for Daguerre was proposed, and in 
return his process was to be published to 
the world so that anyone, "by observing 
a few very simple directions . . .  may suc­
ceed with the same certainty and per­
form as well as the author of the inven­
tion." Newspaper reporters, no less im­
aginative in 1838 than today, added to 
the excitement by circulating stories that 
the Emperor of Russia had offered Da­
guerre 500,000 francs for his "secret," but 
that he had declined, preferring to share 
it with mankind . As the hour approached 
for the Chamber of Deputies to vote on 
the pension, the deputies emitted tor­
rents of eloquence. Joseph Louis Gay­
Lussac proclaimed the invention the be­
ginning of a new era in civilization. The 
pension bill was passed unanimously. At 
a jOint meeting of the Academies of 
Sciences and Fine Arts, before an audi­
ence that overflowed into the courtyard 
and to the banks of the Seine, Arago dis­
closed the details of Daguerre's process .  
"There was  as much excitement," said 
an eyewitness, "as after a victorious bat­
tle . . . .  The crowd was like an electric 
battery sending out sparks ." Painters and 
engravers were equally hysterical but 
less elated. "From today painting is 
dead," exclaimed the painter Paul 
Delaroche on first seeing a daguerreo­
type. 

M any improvements followed on the 
heels of Daguerre's work. Among the 
foremost innovators was William Henry 
Fox Talbot of England, who laid the 
foundations of modern photography by 
describing the negative-positive process .  
He also discovered the latent image and 
invented the calotype process in which 
the image was fixed on good-quality 
writing paper coated with silver iodide. 
It is interesting to note that he described 
a method for printing positives in the 
camera itself in a minute or two after 
exposing the negative, Another leading 
figure was Joseph Bancroft Reade, a 
curate and distinguished amateur scien­
tist. He developed a negative-positive 
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tion price $42.50 set, $7.50 each. 
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tecl).nique independently, and, more im· 
portant, was the first to use hyposulfate 
of soda-"hypo"-as a fixing agent. Reade 
has been neglected by historians, and 
credit for work he did has been im­
properly assigned to Fox Talbot. 

The exploitation of the daguerreotype 
in Great Britain forms an amusing piece 
of legal, commercial and social history. 
From the start Daguerre made it liti­
giously clear that only licensees could 
use his process. Nevertheless the busi­
ness flourished. Improved cameras came 
on the market, and the public flocked to 
portrait studios to have their likeness 
captured "by the sacred radiance of the 
sun. " At first pictures were expensive­
a guinea or more-and only the rich or 
members of the rising industrial middle 
class could afford the Sittings. But de­
mand, competition and accelerated proc­
esses steadily brought the price down, 
so that within a few years one could be 
immortalized for a shilling. Fortunes 
were made by licensees and sublicensees 
in the space of a couple of years. One 
Richard Beard, who had a parlor in HoI· 
born, is said to have cleared 35,000 
pounds his second year in business. 

Sitting for a portrait was a painful and 
ticklish affair. Ladies were advised what 
color dress to wear, what flowers to 
carry, how to brush their hair, how to 
look relaxed. So that the mouth would 
not look like a steel trap, they were 
given a reCipe for a "pretty expression" :  
pucker the mouth as i f  you were going 
to say "prunes. " As the photography 
craze grew and cameras became easier 
to get, many persons entered the busi­
ness as a profitable sideline. Ice·cream 
and roast-chestnut vendors, barbers and 
tobacconists, tea·and-shrimp rooms com­
bined the sale of their regular wares 
with services in portraiture. A Londoner 
could get his "likeness and a cigar" or 
"a shave and his shape" or "an eel-pie 
and his likeness" for sixpence. The new 
industry was evidently on a finn footing 
when a blacksmith could shoe horses 
in one corner of his smithy while his ap­
prentice, taking time off from the bel· 
lows, posed the customers for daguerre. 
otypes in the other corner. 

Gernsheim's account moves through 
the "collodion period," the advent of 
stereoscopic photography, the "carte de 
visite" era, the beginnings of snap·shot 
and news photography and the evolu­
tion of dry plates. He discusses the work 
of the great war photographers Roger 
Fenton and Mathew Brady, the first 
aeronautical photographer Felix Nadar 
(who in 1855 took bird's-eye views of 
Paris from a balloon), the pioneer news 

picture of the Hamburg fire of 1842 and 
the brilliant portrait artists, including 
Brady, Thomas Annan, Julia Cameron, 
Lewis Carroll, David Octavius Hill and 
Robert Adamson. The "gelatine peri· 
od" -gelatine silver-bromide paper-be­
gan about 1870, and soon there was 
mass production printing. Flexible film 
marked another advance, followed by 
hand, pocket and detective cameras and 
push-button photography. In 1850 there 
were 50 amateur photographers in 
Britain-by 1910 there were 19,000. The 
corresponding U. S. figures are 900 and 
32,000. The survey concludes with 
chapters on flash pictures, the photogra­
phy of movement and photomechanical 
printing processes. 

Gernsheim's emphasis on British pho­
tography leads to some surprising omis­
sions. American picturemakers, in par· 
ticular, get the short end of the stick. 
Alfred Stieglitz receives a few encomia, 
but there is no serious appraisal of his 
work. William Henry Jackson, the fa· 
mous Frontier photographer whose Yel· 
lowstone pictures were primarily re­
sponsible for Congress' decision to make 
the area a national park, is not men­
tioned. The great documentary photog. 
rapheI', Lewis Hine, whose pictures are 
among the most powerful pieces of social 
criticism to appear before the First V.; orld 
War, is overlooked, as is Jacob Riis. 
T. H. O'Sullivan's awe· inspiring pictures 
of the Canyon de Chelly in Arizona and 
his superb survey photographs, as well 
as A. J. Russell's memorable Union 
Pacific Railroad scenes, are among the 
many other items for which no place was 
found in these pages. And a number of 
the pictures selected by the author do 
not, in my opinion, do justice to the best 
style of their makers. Nonetheless 
Gernsheim has written an excellent his­
tory of the art, craft and science of pho­
tography, which has effected greater 
changes in society than even Arago or 
Gay-Lussac could have imagined. 

Short Reviews 

I AM A MATHEMATICIAN, by Norbert 
Wiener. Doubleday & Company 

( $5.00). In the first volume of his auto­
biography, Ex-Prodigy, Professor Wien· 
er discussed his childhood and youth; 
in the second he covers his mature years 
and scientific career. Since 1919, when 
he was 24, he has been on the staff of 
the Massachusetts Institute of Technol· 
ogy, a post which has afforded him the 
opportunity not only to engage in re­
searches in pure mathematics but to ap­
ply his exceptional imaginative powers 
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Dr. John C. Fisher joined General 
Electric Research Laboratory in 1947. 
right after receiving his Doctor of Science degree in Mechanical Engi­
neering from M.I.T. Today he is 
manager of the Physical Metallurgy Section. In addition to Dr. Fisher's 
interest in mechanical properties, his 
work at G.E. includes investigations 
of the magnetic and electrical proper­
ties of metals and ceramics. 

Secrets of alloy strength 
General Electric's Dr. John C. Fisher discovers how atomic order 

in fluences ability of alloys to resist defor m ation u nder load 

One important factor in the strength of alloys is the 
local arrangement of the different kinds of atoms in 
them. Large atoms tend to pair off with small ones, 
because they fit into the alloy crystals better that way. 
Dr. John C. Fisher of the General Electric Research 
Laboratory has shown that this type of structure 
exhibits greater resistance to deformation than pure 
metals, in which the atoms are all of the same size. 

According to this concept, plastic deformation sepa­
rates some of the atomic pairs, and their resistance 
to separation causes the strength. It is now known 
that many alloys of commercial importance owe their 
strength, at least in part, to this cause. Thus the 
study of solid-state physics, directed toward under­
standing the strength - as well as electrical and 

magnetic properties - of metals and alloys, is today 
laying the groundwork for the development of new 
materials to meet the needs of the times. 

As General Electric sees it, providing individual 
scientists with freedom and incentive to solve the 
problems of research is part of solving the larger 
problem of how we can all live better, with better 
materials and better products with which to work, 
better jobs, and extra human satisfactions in terms 
of what people expect and want in life. 
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GENERAL e ELECTRIC 
© 1956 SCIENTIFIC AMERICAN, INC



MONSTERS . . .  

or better men ? 

Genetics 
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Atomic Age 
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by CHARLOTTE . AUERBACH 
In a book both entertainingly 
written and happily free of 
c h e c k e r b o a r d  d i a g r a m s a n d  
M e n d e l i a n  r a t i o s ,  C h a r l o t t e  
Auerbach explains t h e  essentials 
of genetics-with particular at­
tention to mutation and its con­
nection with nuclear fission_ 
While exploding the "monster 
children" idea, she offers a clear 
and detailed warning of the more 
subtle dangers we face as the in­
creasing use of fission adds to the 
ionizing radiations already pres­
ent in the atmosphere. Illus­
trated. $2_00 

A t all bookstores 
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Einsteins 
fi na l , defi niti�e 

revision of h is 

famous book 
MEAN ING Of 

The generalized theory 
of g r a v i t a t i o n  c o m ­
pletely revised a n d  re­
written by Einstein just 
before his death. 5th 
and final edition. 176 
pages, $3.75. Order 
from your bookstore. 
PRINC ETON UNIVE RSITY 
PRESS,  Princeton, N. J .  

to problems ranging from engineering 
and theoretical physics to physiology 
and the social sciences. A large portion 
of his effort has been concentrated on 
harmonic analysis-a mathematical tool 
for breaking down complex motions in­
to sums of simple oscillations. By gener­
alizing and extending a method whose 
foundations were laid in the 19th cen­
tury by Joseph Fourier, Wiener has 
found new approaches to the under­
standing and control of many diverse 
physical phenomena. He is of course 
better known to the general public for 
his innovations in the field he has named 
cybernetics . Whether this branch of 
knowledge has the universal implica­
tions which he seems to attach to it re­
mains to be seen, but at any rate it has 
drawn the lively attention of a wide 
group of scientists who see in feedback 
and information theory a magic key 
to a myriad of baffling questions. The 
book tells of his friendships,  his family 
life and his many trips abroad, his joint 
researches with other scientists, his ex­
periences as a visiting lecturer around 
the world. It also offers Wiener's views 
on social and political matters . These are 
the memoirs of a gifted, courageous, in­
dependent, self-admiring man, not the 
least of whose achievements is that he 
made a life and career for himself despite 
the fact that he was a prodigy and that 
he had a driving father who did his best 
to ruin him. 

T HE BIOLOGY OF THE SPIRIT, by Ed-
mund W. Sinnott. The Viking Press 

( $3.50 ) .  Dean Sinnott's book is an at­
tempt to solve certain ancient philosoph­
ical difficulties-the body-mind dual­
ism-and to find a rational basis for re­
ligious and ethical values in the facts of 
modern biology. His main thesis is that 
all protoplasm possesses a "self-regu­
lating and goal-seeking" property; that 
mental activity, though vastly more com­
plex than "bodily development," is root­
ed in protoplasm and is ruled by the 
same purposive principle ; that body and 
mind are not essentially unlike but 
rather two aspects of a "fundamental 
unity"; that it is not only possible but 
obligatory for man to establish and strive 
for the attainment of goals which "mag­
nify" life, further "material and intellec­
tual progress" and enrich "spiritual un­
derstanding." Thus "his spirit will grow 
into completer harmony with the Uni­
versal Spirit and he may truly prove him­
self a child of God." Neither in concep­
tion nor in argument, as many readers 
will realize, is this a very original essay. 
Running through it are strands of the 
thought of Hans Driesch, of Henri Berg-

son, of William James and of others . Sin­
nott is not more successful than they 
were in presenting a watertight case for 
"goal-seeking," for a link between body 
and mind or for a scientific basis for jus­
tice, kindliness or other ethical values. 
Those who are initially disposed to adopt 
Sinnott's faith will find his book both 
comforting and compelling, the testa­
ment of a cultivated man; but those who 
approach it with skepticism will find lit­
tle in the notion of the biology of the 
spirit to transform them into believers . 

THE EQUATOR IE OF THE PLANETS, ed-
ited by D. J. Price . Cambridge Uni­

versity Press ( $10 .00 ) .  In 1951, while 
collecting data for a history of scientific 
instruments, Dr. Price found in the li­
brary of Peterhouse College at Cam­
bridge an extraordinarily interesting 
Middle English manuscript. Its subject 
was a medieval astronomical instrument 
called an equatorie, which was used to 
calculate the position of the planets and 
was a complement to the better-known 
astrolabe, designed to assist all calcula­
tions of the apparent position in the 
heavens of the sun and the stars and for 
the casting of horoscopes. The manu­
script, as Price soon came to realize, had 
an importance beyond its subject matter, 
for there was evidence that its author 
was Geoffrey Chaucer and that it was 
written in his own hand. In his famous 
Tmatise on the Astrolabe, thought to be 
the earliest genuinely scientific work in 
English, which Chaucer composed for 
the education of his 10-year-old son 
"litel Lowis ," the prologue referred to 
some sections which have never been 
found. The newly discovered manuscript 
covers some of the topics he mentioned 
in that prologue; moreover, it was writ­
ten, as internal evidence shows, in 1392, 
soon after the Astl'Olabe. But the most 
dramatic clue is the appearance of 
Chaucer's name in connection with a 
table for converting any number of years 
to the equivalent number of days, at the 
rate of 36534 days to the year. When this 
autograph showed striking similarities to 
at least one other specimen of Chaucer's 
signature in the British Public Record 
Office, Price enlisted the aid of experts in 
various fields to try to establish whether 
the manuscript could be firmly ascribed 
to Chaucer. Thus far the issue is in 
doubt, but with the help of many differ­
ent techniques, including ultraviolet and 
infrared photography, a good deal of 
supporting evidence has been assem­
bled. This elegant quarto volume pre­
sents the manuscript in faCSimile, to­
gether with a translation, notes and a 
linguistic analysis by R. M .  Wilson. It is 
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B-52 iack screw - a  typical Boeing design chal lenge 

On Boeing B-52 bombers, the hori­
zontal tail surface has more area than the 
wing of a standard twin-engine airliner. 
Yet it can be moved in Bight, up or down, 
to trim the aircraft. 

The device. that performs this function 
is a jack screw, which, though it weighs 
only 2 5 5  pounds, can exert a force of 
approximately 225 tons! 

Many kinds of engineering skills went 
into designing and developing a jack 
screw so precise that it automatically com­
pensates  for stretch and compression 
under load. Civil, electrical, mechanical 
and aeronautical engineers, and mathe­
maticians and physicists - all find chal­
lenging work on Boeing design projects 
for the B-5 2  global jet bomber, and for 
the 707 jet tanker-transport, the BO­
MARC IM-99 pilotless interceptor, and 
aircraft of the future. 

Because of Boeing's steady expansion, 
there is continuing need for additional 
engineers. There are more than twice as 
many engineers with the company now 
as at the peak of World War II. Because 
Boeing is an "engineers' company," and 
promotes from within, these men find 
unusual opportunities for advancement. 

Design engineers at Boeing work with 
other topnotch engineers in close-knit 
project teams. They obtain broad experi­
ence with outstanding men in many 
fields, and have full scope for creative 
expression, professional growth and indi­
vidual recognition. And they find satis­
faction in the high engineering integrity 
that is a Boeing byword. 

In addition to design engineering,  
there are openings on other Boeing teams 
in research and production. Engineers 
and their families like the life in the "just-

right" size commumtJes of Seattle and 
Wichita. They may pursue advanced 
studies with company assistance in tui­
tion and participate in a most liberal re­
tirement plan. There may be a place for 
you at Boeing-Seattle or Boeing-Wichita. 

• R. 1. B. HOFFMAN, Administrative Engineer 

• 
Boeing Airplane Co.,  Dept. B·5 1 ,  Wichita, Kansas 

• JOHN C. SANDERS, Staff Engineer - Personnel  

: Boeing Airplane Co., Dept. B·51 , Seattle 1 4, Wash. 

I f  you want further information on the advan-

• 

tages of a career with Boei n g ,  p l ease send cou-

• 
pon to either of the a bove add resses. 

• N a m e  ____________________________ _ 

• College(s) _______ Degree(s)_ Year(s)_ 

• Add ress 

• City ____ _ Zone S tate ______ _ 

Telephone number ____________________ __ 

BDEINL; 
Aviation leadership s ince 1 9 1 6  

SEATTLE, WASH I N GTON W I C H I TA, KANSAS 
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O N  P ER I O D I CA L  

STO RAG E S PAC E 

SCIENTIFIC AMERICAN and 

over seven hundred and fifty 

other leading periodicals are 

now available on microfilm -

cost about equal to library bind -

ing. Microfilms of issues from 

May, 1 948 [ fi rst issue of new 

SCIENTIFIC AMERICAN ] may be 

secured. 

Addressing inquiries to 

us on your organization's letter-

head will help us be of better 

service to you.  Write for de tails 

to Departmen t SA. 

144 

U N  I V E R S I TV 

M I C R O F I L M S  

A N N  A R B O R  
M I C H I G A N  

I I  � 

a fascinating exercise in historical schol­
arship . 

C ANCER AND COMMON SENSE, by 
George Crile, Jr. The Viking Press 

( $2.75 ) . This short book is neither 
cheerful nor very enlightening, but it 
makes some sensible points . Dr. Crile 
asserts that there is a nationwide cancer 
phobia which is justified neither by the 
incidence of the disease nor by the ad­
vantages to be gained from periodic ex­
aminations. The multiplication of cancer 
clinics in the last 20 years has failed al­
together, he says, to reduce the rate of 
death from cancer. In the case of a fast­
growing cancer, it is apt to make very 
little difference, according to Crile, 
whether it is detected "early" or "late"; 
only if the cancer grows slowly is sur­
gery, radiation or chemotherapy likely 
to benefit the patient. He criticizes "pro­
fessional perfectionism" which leads to 
"overdiagnosis and overtreatment" ; the 
profligate use of radical techniques in 
surgery; the instillment of hope that a 
universal cancer cure is imminent. And 
he is quite emphatic on the point that 
no one can tell how long a person can 
live who has an "incurable" cancer. 
Crile's opinions are a counterweight to 
popular misconceptions and professional 
dogmas, but he evidently has his own 
prejudices, and the plain reader will not 
always find it easy to discover them. 

THE HUMAN FIGURE IN MOTION, by 
Eadweard Muybridge. Dover Pub­

lications, Inc. ( $10 .00 ) . This book re­
produces 196 of Muybridge's famous 
photographic sequences of the figure in 
action. The plates are chosen from thou­
sands made by Muybridge in an exten­
sive program of photographic research at 
the University of Pennsylvania. Muy­
bridE§e was a talented eccentric. Born in 
England in 1830, he was christened Ed­
ward James Muggeridge. It was not a 
pretty name, and he fiddled with it until 
he achieved what was certainly an un­
usual result. In 1850 he came to the U. S .  
and became a well-known photographer 
on the Pacific Coast. The noted railroad 
builder Leland Stanford, who was in­
terested in the scientific training of race 
horses, employed him to photograph 
various phases of their gait. Muybridge 
used 24 cameras, "drop shutters actu­
ated by springs and rubber bands" and 
improved wet plates which registered ex­
posures of two thousandths of a second. 
The running horse tripped the shutter of 
each camera by breaking a thread as it 
passed in front of the lens. With this rig 
Muybridge made thousands of pictures 
of the horse in motion. A quarrel with 

Stanford broke up their arrangement 
and Muybridge moved to Philadelphia, 
where in 1883 he was retained by the 
University of Pennsylvania to pursue his 
studies of figures in motion. M any of the 
sequences in this book are as enthral­
ling-and of the same esthetic tendency­
as the views through a magnascope in a 
1910 penny arcade ( "What the Butler 
Saw" ) . But when looked at in their his­
torical context they make an impressive 
and valuable collection. 

D REAMS AND NIGHTMARES, by J .  A.  
Hadfield. Penguin Books ( 65 

cents ) .  Men have probed their dreams 
ever since they began to probe them­
selves. Primitive people, philosophers, 
charlatans, old wives, sophisticates, 
simpletons, psychologists-in short, ev­
eryman has had and continues to have 
theories on the meaning of dreams.  
The subject is surveyed in this book by 
an experienced British practitioner of 
psychological medicine. Dr. Hadfield de­
scribes first the contributions of Sigmund 
Freud, whose main tenets are that the 
dream is a wish fulfillment of sexual de­
sires and that the mechanism of the 
dream is designed to transform uncon­
scious desires into an enigmatic form 
which is acceptable and therefore per­
mits the dreamer to continue his slum­
ber. Among the important modifications 
of this theory is Carl Jung's idea that 
dreams represent not merely the exer­
cise of repressed wishes but the expres­
sion of needs which must be met to 
fulfill our lives. Jung also asserted that in 
dreaming we draw not only upon our 
own experiences but also upon a racial 
memory or collective unconscious com­
posed of the archaeological remains of 
all human experience since the begin­
ning. After examining the various criti­
cisms raised against the views of Freud, 
Jung and others, Dr. Hadfield presents 
his own "biological theory." This is not 
the "heavy-supper" theory-which sug­
gests that a midnight repast of lobster 
breeds nocturnal monsters-but rather 
the notion that dreams serve as a testing 
ground where the dreamer examines the 
worrisome problems of his daily life and 
tries to solve them. This effort is, of 
course, noncommittal and cost free, so 
that one can try again and again to 
master a difficulty or adapt himself to 
circumstances without worsening the 
real predicament. The dream process, 
then, is simply a continuation during 
sleep of the thinking and adaptive proc­
ess of waking hours . If a serious break­
down of the individual's capacity to 
adapt occurs, he becomes mentally ill; 
in this case the interpretation of dreams 
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nglneerlng 

areers 
can be  more satisfying 

where the work is years ahead 
As an engineer at North American you get the 

full recognition of your profession. You work 

with engineers who respect your opinions and 

professional status. You enjoy individualism and 

team spirit - usually found only in small com­

panies - and find a greater scope for your talents 

in the wider range of engineering fields offered 

at North American. 

Take our supersonic F- l OO SUPER SABRE as an 

example of what North American Engineering-Los 

Angeles has accomplished. But this is only a begin­

ning. We have other planes under development 

which are being designed to fly still higher and at 

greater speeds. So if you want to put your skill and 

creative thinking to work on tomorrow's aircraft, 

we want to hear from you. 

Immediate openings for these people - with or without aeronautical experience : 

Mathematicians 
Computer Programmers 
Aerodynamicists 
Metallurgists 
Systems Engineers 
Armament Engineers 
Electrical Designers 
Power Plant Engineers 
Structures Engineers 
Electronics Engineers 
Mechanical Engineers 
Controls Engineers 
Wind Tunnel Engineers 

Servomechanism Engineers 
Instrumentation Engineers 
Weight Control Engineers 
Aero Thermodynamicists 
Research Physicists 
Aeroelasticity Engineers 
Rubber Compounding Engineers 
Vibration &, Flutter Engineers 
Structural Loads Engineers 
Structural Analysts 
Structural Tests Engineers 
Structural Designers 
Flight Test Engineers (work at Los 

Angeles or Palmdale, Calif.) 

Write : Les Stevenson, Engineering Personnel, Dept. 56, SA 
North American Aviation, Inc., L�s Angeles 45, California 

North American Aviation, Inc. is doing research and 
development on a manned aircraft, the X-I5, for 

investigation of high-altitude, speeds and temperatures. 

N O RT H  AM E R I C A N  AV I AT I O N , I N C. 
A 

-. 
N O R T H  A M E R I C A N  H A S  B U I L T M O R E  A I R P L A N E S T H A N  A N Y  O T H E R  C O M P A N Y  I N  T H E  W O R L D  
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LITC H F I ELD PARK 
P H O E N I X ,  AR IZONA 
N EW ELECTRO N I C  

LABORATORY NOW 
BEI N G  STAFFED 

T h i s  modern laboratory i s  a k e y  part 
of  the larger well·established, and pro· 
gressive AEROPHYSICS DEPART· 
MENTS at GOO DYEAR AIR CRAFT 
CORPORATION in Akron, Ohio ; a 
division of the world·wide GOODYEAR 
TIRE AND RUB BER COMPANY. 

Positions are open at all levels of 
experience in : 

E L E C T R O N I C  SYSTEM ANALYSIS,  
M I C ROWAVE a n d  S E RVOM E CHA­
NISMS,  A I R C RAFT I NSTR U M E NTA­

TION,  RADAR 
D e s i g n  of  complete radar including reo 
ceiver sections, waye guides, antennas, 
mo dulators, display circuitry. 

Lon g·range, interesting work. Inex· 
pensive modern housing. 

WESTER N L I V I NG  AT ITS BEST 
" I N  THE VALLEY OF THE SUN" 

GOODjYEAR AI R(:RAFT 
Send resume to: 

A. E. M a n ni n g  
E n g i n e e r i n g  Perso n n e l  

G o o d y e a r  Aircraft Corporation 
Litchfie l d  Park ,  Arizona 

S i m i l a r  o p po rtunities a re open 
in  o u r  Akron,  Ohio P lant  

TO FAMi lY, FR I ENDS and YOURSElF 
• 

� Li_.HONE 
The World's Standard Conversational Method 

A L i n guaphone language Set pro\'ides an Invaluable asset 
for business, school, armed forces, social life and travel. 
Sto p W i s h i n g-Start Ta l k ing-treat your family. friends 
and yourself to the "Gift of Language"-a Lingu aphone Set 
in : 

FRENCH • SPANISH • GERMAN 
JAPANESE • RUSSIAN • ITALIAN 
M OD  E R  N G R E E K -any of 34 languages 

O n ly Linguaphone brings t.he world's best native language 
teachers into your home on l i fe- l i ke record i n gs.  You learn 
another language A T  HOME the same, easy. natural way 
you learned ,Your mother tongue long before YOU went to 
school. 

No Textbook Can Teach You To Speak 
I t ' s  l i ke l i v i n g  i n  another l a n d .  You hear 8 to 1 2  m e n  and 

women speak about c\"cryday m atters in their native tongue. 
YOU listen. YOU understand. Y O U  S P E A K  correctly as 
they do. You read and write. J.inguaphone is used intern a ­
tionally by scientists.  educators, go\'ernments and business 
firms. 1o.fore than a million hom e - study students of all 
ages have learned another language this ideal way, FREE 
BOOK. "Passport to A New World . "  gil"cs fascinating 
fac t s .  WRITE OR CALL TO DAY-Start Talking Tomor­
row. LIXGUAPHONE IKSTITUTE. 3056 llock. Plaza, 
N. Y.  2 0 .  CT  7 - 0 8 3 0 .  
'-1 LiNGuAPHoN'E INST iTUTE-· - - - - - - ..,  

3056 Rock. Plaza, N e w  York 20. N .  Y .  C I  7 - 0630 I 
I Please send me: I 
I �o Fo���a���� of COUl'sC� Information on FREE Trial . 

I 
I My language interest is I 
I
I �:;;;:S� . . . . H . . .. H H  . . H .  

I
I City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . . .  S tate 

I Wor l d ' s  fs,,�a��"errd 
H
Ca��v:.r�:�f�;� Method I 

� - - - - - - - - - - - - - - - - -
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is of considerable medical value because 
it affords access to the unconscious rea­
sons for nonadaptation. This is a clearly 
written, unpretentious book which, with 
the help of innumerable interesting ex­
amples drawn from Hadfield's practice 
and wide reading, offers any dreamer the 
opportunity to judge for himself the 
nature and purpose of the phantoms and 
winged buttonhooks that chase through 
his head at night. 

H ISTORY OF THE RISE AND INFLUENCE 
OF THE SPIRIT OF RATIONALISM IN 

EUROPE, by W. E. H. Lecky. HISTORY OF 
EUROPEAN MORALS, by W. E. H. Lecky. 
George Braziller, Inc. ( $5.00 each ) . 
Readers are in debt to this discriminat· 
ing publisher for making available at 
reasonable . prices a series of valuable 
books out of print and hard to get. These 
two recent additions to the Braziller re­
prints are highly readable surveys by a 
great 19th-century Irish historian and 
philosopher of history. Lecky, as C .  
Wright Mills observes i n  his introduc· 
tion, was a "man full of human sanity." 
His moral view, his estimate of economic 
matters , his political outlook may no 
longer excite us;  yet he is one of the 
men "off whose work we have been liv­
ing" -and from whom we still have much 
to learn. 

RELATIVITY : THE SPECIAL THEORY, by 
J. L.  Synge . Interscience Publishers, 

Inc. ( $10 .50 ) .  Professor Synge presents 
the essentials of relativity "from the 
Minkowskian point of view, that is, in 
terms of the geometry of space-time." 
This is an unusually thorough and inter­
esting presentation, which keeps in focus 
at all times the physical significance of 
the theory. The author promises a sec­
ond volume on the general theory. 

Notes 

MATHEMATICAL THEORY OF ELASTICI­
TY, by I. S. Sokolnikoff. McGraw-Hill 
Book Company, Inc. ( $9.50 ) .  The sec­
ond, substantially revised edition of a 
comprehensive treatise on elasticity. 

SCEPTICISM AND ANIMAL FAITH, by 
George Santayana. Dover Publications, 
Inc. ( $3.50 ) .  A reissue of Santayana's 
well-known and attractive introduction 
to his system of philosophy. 

THE ANALYTICAL THEORY OF HEAT, 
by Joseph Fourier. Dover Publications, 
Inc. ( Paperbound, $1.95 ) . A reissue of 
a famous treatise by the 19th-century 
French mathematician and phYSicist, 

remembered for his work on heat and on 
numerical equations . 

You AND THE ATOM, by Gerald 
Wendt. Whiteside, Inc., and William 
Morrow & Company ( $1.95 ) . While it 
cannot be said that there is a grave 
shortage of popularizations of atomic 
energy, this book makes its place be­
cause it is concise, plainly written and 
inexpensive. 

THE MATHEMATICS OF PHYSICS AND 
CHEMISTRY, by Henry Margenau and 
George Moseley Murphy. D .  Van Nos­
trand Company, Inc. ( $7.95 ) . The sec­
ond edition of this established hand­
book of applied mathematics has been 
thoroughly revised. 

NIELS BOHR AND THE DEVELOPMENT 
OF PHYSICS, edited by W. Pauli, L. 
Rosenfeld, V. Weisskopf. McGraw-HilI 
Book Company, Inc. ( $4.50 ) .  Essays on 
20th.century physics in honor of Niels 
Bohr's 70th birthday. Among the con­
tributors are C. G.  Darwin, W.  Heisen­
berg, L .  D.  Landau, J. A.  Wheeler, F .  L .  
Friedman and the three editors . 

COMPARATIVE PHYSIOLOGY OF REPRO­
DUCTION, edited by I .  Chester Jones and 
P. Eckstein. Cambridge University Press 
( $8.50 ) . Proceedings of a 1954 Univer­
sity of Liverpool symposium on the en­
docrinology of vertebrates. 

RESEARCH REACTORS, prepared by the 
U. S. Atomic Energy Commission. M c­
Graw-Hill Book Company, Inc. ( $6.50 ) .  
Detailed descriptions of six types of re­
actors . Many photographs and design 
drawings. 

LEONARDO DA VINCI, by Sigmund 
Freud. Random House ( 95 cents ) .  A 
Modern Library paperback of Freud's 
celebrated study of psychosexuality. 

THE LIFE AND ART OF ALBRECHT 
DURER, by Erwin Panofsky. Princeton 
University Press ( $10.00 ) .  The pub­
lishers, without sacrifice of text or illus­
trations, have reissued this admirable 
biography in one volume at a reasonable 
price. It presents Durer's achievements 
as a painter, illustrator, mathematician 
and scientific thinker. 

LOUIS AGASSIZ FUERTES, by M ary 
Fuertes Boynton. Oxford University 
Press ( $7.50 ) . A brief biography and 
selection from the correspondence of a 
rarely gifted painter of birds and orni­
thologist who died in 1927. Illustrated 
by a number of superb half-tones .  
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What Type American 

Are You ?  

It takes a lot of different types of people to make 

America what it is .  And it takes different types 

of blood to make a blood bank . . . each as im­

portant as the other . . .  each needed desperately. 

Before the next 60 seconds have ticked away, 

four Americans will need blood to save their l ives . 

Give blood today . . .  and save a life tomorrow ! 

the blood you g ive helps someone live ! 

G IVE BLOO D 

NAT'ONAL �O�R!
!

M ® 
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Lo c k h e e d  d i versif icat i o n  i n  act i o n  . . .  

Below : Engineers and scientists at work on some of the 
44 major projects in progress at Lockheed 

Operations Research discussion 
on  passenger transport rou tes 

O perat ions Researc h open i n g s  
Electronics Specialists 

Fire Control and Guidance Specialists 
Aerodynamics Engineers 

Physicists 

Hot-air cyclic de-icing 
test  on radar search plane 

Thermodynamics open i n g s  
Research Special ists 

Thermodynamics Engineers 
Thermodynamicists 

Fatigue test o n  
Super Constellation s k in 

Structural Eng ineeri ng  open ings  
Research Specialists 

Structures Engineers 
Stress Analysts 

Weight Engineers 

Fuel system test 
on  advanced jet trainer 

F l ight Test Eng ineeri ng  open i n g s  
Flight Test Engineers 
Flight Test Analysts 

Instrumentation Engineers 
Electrical Research Engineers 

D esign s tudy on  hydra ulic 
requirements o f  new transport 

Design open i n g s  
Design positions are open a t  all 

levels in controls, electrical, hydraulics, 
mechanical, power plant and 

structures fields. 

Aerodynam ic m eeting on 
h igh-speed fighter 

Aerodynamics open ings  
Aerodynamics Engineers 

Aerodynamicists 
Dynamics Engineers 

Wind Tunnel Test Engineers 

Why Loc k h e ed offe rs e n g i n e e rs 

m o re o p p o rt u n i ty f o r p ro m o t i o n  

Lockheed's policy of aircraft diversification is the answer. Twelve 
different models are in production - passenger and cargo trans­
ports, world's fastest jet fighter, jet trainers, patrol bombers, radar 
search planes. Aircraft in  development are equally diversified. 

Since 1 950 L o c k h eed has had from 40 to 50 m ajor projects in 

progress a t  all times - each requiring thousands and thousands of 
engineering man-hours. Present activities cover v irtually the entire 
spectrum of aeronautical endeavor. 

T h i s  s i m p l y  m e a n s  t h e r e  are m o r e  h i g h  e c h e l o n  p o s i t i o n s  a t  
Lockheed to be filled - because there are more projects in motion 
year-in, year-out. In brief, there are more projects in progress than 
at  virtually any other company,  more technical  m a n agement 
positions to be filled,  more opportunity for promotion for career­
conscious engineers. 

N aturally, there are related career benefits such as the varied 
assignments possible in a diversified company . . .  and the fact that 
diversified activities create a working atmosphere in which fresh 
thinking, new ideas are welcomed and rewarded. 

LO C K H E E D  

B U R B A N K  C A L I F O R N I A  

To e n g i n e e rs who lack ai rc raft e x p e r i e n c e  
Aircraft experience i s  not necessary t o  join Lockheed. It's your 
engineering training and experience that count. Lockheed trains 
you for aircraft engineering - at full pay. 

Form below is for y o u r  con v e n ience in req u es ting additional 
information on how Lockheed's expanding, diversified program 
can advance your career. 

E .  W. Des Lau ri e rs ,  D e pt. M O -1 2 - 5  
Loc k heed A I R C R A F T  C O R P O R AT I O N  
C A L I F O R N I A  D I V I S I O N . B U R B A N K ,  C A L I F O R N I A  
Please send me a brochure describing life and work 
at Lockheed and an application form. 

Name 

Field of Engineering 

Street Address 

Home Phone 

City and State 
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THE AMATEUR SCIENTIST 

In the Rawhide Creek country of 
southeastern Wyoming, where you 
drive 50 dusty miles to post a let­

ter, Charles and Mabel Bass are en­
gaged in what they describe as "the 
hazardous occupation of dry farming." 
Their ranch, near Jay Em, Wyo., pro­
duces wheat, wool and mutton. For the 
Basses the dry Wyoming steppes yield 
another product that absorbs all their 
free time-fossil plants. For a number 
of years they have been pursuing pale­
obotany at a level that has earned them 
world-wide recognition among profes­
sionals. Last July Earth Science, official 
publication of the Midwest Federation 
of Mineralogical Societies, told about 
their work and credited them with many 
unique finds. 

Their hobby got its start when Mr. 
Bass took to reading geological books 
and bulletins to beguile the time on the 
range while herding sheep. He thus 
learned something about the ground be­
neath his feet and developed a watchful 
eye for geologists, with whom he formed 
a quick and enduring friendship when­
ever any came to the region. Mrs. Bass 
joined him in his hobby after she ex­
changed the career of rural schoolteach­
er for that of housewife, mother and 
part-time farmhand. 

The Basses now have an impressive 
collection of minerals and petrified 
woods such as are prized by "rock 
hounds" everywhere. But what particu­
larly attracts the interest of scientists is 
their remarkable collection of fossil 
seeds. An account of their work follows, 
in their own words. 

"To put seeds in the ground," they 
write, "is supposed to be the principal 
interest of farmers. We are farmers, but 
for some time we have been interested 
in taking seeds out of the ground. The 
seeds that merit this unique attention are 
not ordinary seeds of wheat or turnips 
or apples that you can buy at the store 
or find listed in the seed catalog. They 
are seeds that have turned to stone-

Mostly about the collection 
and study of fossilized seeds 

petrified, or what we prefer to call fossil, 
seeds. Our study of fossil plants and our 
pleasant work of collecting them is sim­
ply a hobby. Our collection includes 
petrified wood cut in cross sections three 
fourths of an inch thick and polished on 
one side, and lovely little limb casts 
showing bark structure. In the collection 
also are many beautiful fossil leaf-im­
prints of early plants and trees. Our first 
love, however, is the fossil seeds, which 
are the most interesting finds we have 
made in our region. 

"Seeds are the final product of the 
Rower. They are the most variable of all 
structures produced by plants, differing 
widely in surface markings, size, color 
and internal anatomy. These variations 
help botanists to classify and identify 
seeds even though they have been fos­
silized for millions of years. All seeds 
consist basically of two parts: the seed 
coat and the enclosed embryo. Some fos­
sil seeds are still intact, and upon being 
broken apart or cross-sectioned show 
these parts very distinctly. Other fossils 
are merely the casts left in stone by the 
original seed, and they can be identified 
only by the seed's surface structure and 
markings. The complex structure of the 

seed parts is best studied with the aid of 
a microscope. 

"Plants can be preserved as fossils 
only if they are made up, at least in part, 
of fibrous or woody material. All higher 
plants have bundles of tough, hollow, 
interlacing fibers, known as vascular 
bundles, which serve as conducting 
channels for food and as supporting 
skeletons of the plants. It is this tough 
substance that enables a leaf or a piece 
of wood to leave its imprint in rock. In 
the case of seeds, the hard or crustaceous 
outer coat is what preserves the seed in 
the fossilizing process. 

"Organic material such as a seed is 
preserved from decay when it is sud­
denly and completely entombed beyond 
the reach of oxygen-by volcanic ashes, 
wind-blown sands, Rood waters, deposits 
in a lake or river, peat in a bog, or some 
other covering material. Obviously only 
a very small proportion of the plants or 
animals which existed during any period 
would have been subjected to conditions 
that fossilized them. 

"The material covering the entombed 
organic matter, say a seed, gradually 
hardens under pressure and turns to 
stone. Ground waters, carrying mineral 

Fossilized seeds collected by Charles and Mabel Bass of Jay Em, Wyo. 
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An assortment 0/ fossil seeds and fossil fruits 

matter in solution, percolate through this 
rock mass and remove the organic mat­
ter from the buried seed, replacing it 
molecule by molecule with mineral com­
pounds. Thus the seed's exact form and 
minute cellular structure are preserved. 
In some cases the organic matter decays 
first and leaves a cavity in the rock the 
precise size and shape of the seed. Min­
eral-bearing ground waters then precipi­
tate their sediments into the cavity until 
it is filled or partly filled with stone. 
This is called a cast. 

"Fossil seeds are among the rarest fos­
sils available. Reasons for their rarity 
are numerous. Seeds are only a short­
lived stage of plant life: they normally 
sprout and turn into plants. Many are 
eaten by animals and insects. We have 
fossil walnut kernels showing rounded 
holes where worms ate into them [see 
photograph on page 152J. Further, seeds 
are less likely than leaves or branches to 
become petrified, because of their small­
ness: they are more easily crushed, de­
cay more readily, and so on. Finally, 
their smallness makes them extremely 
difficult to find. 

"In order to locate an area where fos­
sil seeds may be found we must first 
know or learn something of the geologic 
history of the area. The first clue is the 
finding of some petrified wood. This may 
be a petrified forest or it may be only a 
fragment of wood eroded from a sandy 
bank. If the petrified forest is made up 
of tree trunks and branches washed into 
a deposit by flood waters, as is the case 
of the Triassic peh'ified forests of central 
Arizona, there is little use to look for 
fossil fruits, for they would have been 
lost on the journey. But if the petrified 
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forest stands where it grew, as in some 
coal beds and in rock of Yellowstone 
Park, fossil seeds and cones are likely to 
be found. One of the best places to look 
is in stratified rock which has been 
eroded into cuts and gullies, exposing 
the strata. 

"Our hunt for fossil flora takes us on 
many exhausting trips. Some areas are 
so rugged that after we have penetrated 
them as far as possible with a jeep or 
horse, the last few miles must be covered 
on foot. Here, and in other localities 
somewhat more accessible, we spend 
strenuous hours on hands and knees 
searching for tiny seeds. Some are so 
small they must be hunted with a mag­
nifying glass. Some seeds, such as the 
walnut kernels, are found free of matrix 
and are ready to be brought home and 
immediately placed in the display case. 
Others, such as the pine cones, may be 
surrounded with hardened volcanic ash 
which must be tediously removed by 
using a small sharp instrument. The 
Miocene hackberry seeds, which are 
merely sand casts, are so soft and deli­
cate that a chunk of the surrounding 
sandstone matrix must be chopped out 
of the cliff with a fossil pick, after which 
the delicate seeds are carefully removed 
and treated with a preservative to pre­
vent shattering. 

"For the sake of clarity and order we 
will group the descriptions of our fossil 
seeds according to the three major geo­
logiC eras in which fossil flora occur­
the Paleozoic, the Mesozoic and the 
Cenozoic. 

"We begin with the Carboniferous di­
vision of the Paleozoic era. The plants of 
that time are preserved today as the 

well-known coal-measure fossils of the 
Pennsylvanian, Mississippian and Per­
mian periods. Among them we find rush­
like calamites, ancient ferns and lyco­
pods. These all reproduced by spores 
developed in cases on the undersides or 
bases of the leaves or in spore-bearing 
cones. The waxy and resinous outer coat­
ing of the spores helped to preserve 
these microscopic fossils. They are 
valuable to the paleobotanist in his at­
tempt to learn about the propagation of 
plant life in the distant past. From this 
era also come evergreen relatives of our 
present-day conifers. Our specimens in­
clude seeds of the Cordaite trees, whose 
woody trunks were much like those of 
the modern pines. The seed, about 24 
millimeters lon'g, was developed in a 

husk or coat, the outer layer being fleshy. 
"The principal plants of the early 

Mesozoic era were rushes, early conifers, 
ferns and cycads. This is often called the 
age of cycads. They were the most 
numerous and interesting plants of this 
era and served as food for the dinosaurs. 
They had genuine flowers which de­
veloped into a seed-bearing fruit. Our 
collection includes several lovely fossil 
cycad buds, one of which is free of ma­
trix. Cycads were dominant until the 
close of the period, when the flowering 
plants, angiosperms, began to rise and 
spread. The cycads are of great scientific 
interest. Their series has been traced in 
almost continuous line from the ancient 
extinct species to the subtropical, palm­
like plants of today. 

"Our work in the Mesozoic era has 
been mostly among rocks of Cretaceous 
age. We have found objects, which a 

prominent paleobotanist says may be 
cycad seeds, within spherical rock con­
cretions along with fragments of fossil 
wood and marine life, indicating a shore­
line deposit. The seeds are globular, 
about 24 millimeters in diameter, and 
show cell structure. 

"From the Cretaceous also we find the 
small cones of the redwood tree, the 
largest and oldest cone-bearing ever­
green. The cones are dark brown (from 
iron in the fossil), nearly round and 
from 21 to 27 millimeters in diameter. 
They are identified on the basis of hav­
ing an average of 30 scales to a cone 
[see specimen at lower left in photo­
graph on this page J. 

"In the Upper Cretaceous rocks of 
Wyoming we find cones of the Arau­
carian pines. The ovoid female cones, 
when broken in cross section, plainly 
show the seeds and the cells in which 
they are located. The rocks have also 
yielded casts of the fossil fig Ceratops. 
The specimens are remarkably figlike in 
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Small black boxes, big black boxes, 
impossible systems, cosmic wagents 
with refractive rismopole; we do 'em 
all. 

Formally, Alto Scientific develops sys­
tems, components and equipment such 
as complete rf transmitters and re­
ceivers, analog computers, measuring 
systems for LF through SHF, systems 
for generating or measuring other sig­
nals (except smoke) . We design com­
ponents to spec, and do pure research 
or complete theoretical studies in 
communications and related fields. 

Alto personnel are qualified to do this 
work; we have low, low overhead de­
spite a complete new lab and plant. 
We are doing a lot of work now for 
top companies, but want more, and 
will gladly send you a Brochure which 
gives an idea of whether we can help. 

Write a letter 
for this 
Brochure 

T. F. Turner, President 

P.S. We also make test instruments, 
including a new Grid Dip Oscillator 
that fits in your pocket and covers 6 
to 120 MC; and a hand·sized transis­
torized voltmeter 0 to 1 mv, 10 cps to 
1 MC. Want data sheets? 

ALTO SCIENTIFIC CO. 
855 Commercial Street, Palo Alta, California 

DAvenport 4-4733 
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appearance, and some show regular 
striations around the neck. 

"We have in our collection seeds of 
the ancient ginkgo tree, Carpolithus 
ginkgoites fultoni. The seed is slightly 
obovate (with the narrow instead of the 
broad end at the base). It is 9 to 1 2  
millimeters long and has longitudinal 
ridges. Fossil ginkgo is rare. The only 
species of the ginkgo tree surviving to­
day is Ginkgo hi/oba, a native of Japan 
and China. 

"In the Cenozoic era the plants begin 
to take on a more modern aspect. The 
most common seeds are those of the 
hackberry tree, which is found in strata 
all the way through the Tertiary period. 
This tough, adaptable tree has met the 
challenge of the elements down through 
the ages in Wyoming, South Dakota and 
Nebraska. It must have been a promi­
nent tree in the Cenozoic forests. Its 
solitary seed is cherry-like, slightly 
obovoid and four to six millimeters in 
diameter. Only the seed or pit is fossil­
ized; the pulpy fruit has disappeared. 
Hackberry seeds from the Eocene stage 
of the Tertiary period are well pre­
served, but the smaller seeds of the later 
Oligocene are in a less perfect state, and 
the still later Miocene seeds are very 
fragile and poorly preserved in this lo­
cality. The Miocene specimens are not 
unlike present-day hackberry seeds. 

"The very first fossil seeds we found 
were the kernels of Oligocene walnuts, 
Juglans siouxensis, which were de­
scribed many years ago by the late Ed­
ward W. Berry. The Oligocene deposits 
in Nebraska remain our most prolific 
source of fossil seeds, although of course 
there is no such thing as an actual 

abundance of any fossil seed or fruit; all 
are scarce, and some are more scarce 
than others. The walnut kernels are from 
15 to 18 millimeters in diameter, a 
golden brown in color and perfectly 
silicified. They look quite edible. They 
show well-developed secondary lobing 
characteristics. We find broken pieces, 
quarters, halves and complete nuts, 
some showing part of the shell [see 
specimens at lower right in photograph 
on page 150]. 

"From the Eocene beds of the Clarno 
district in Oregon we have fossil seeds 
of walnuts, hickory, grapes and a mem­
ber of the moonseed family. Other finds 
from the early Tertiary period, in 
Wyoming, Colorado and Montana, are 
fossil fruits of the genus Cercidiphyllum, 
of which the only surviving member to­
day is the katsura tree of Japan and 
China. The fossil fruits are small blunt­
ed pods with seeds slightly resembling 
the winged seeds of a conifer. 

"One of our most noteworthy finds is 
seeds of the lodes, a genus of plants 
which still has some living members 
growing in the tropical regions of south­
east Asia and Africa. A well-known 
paleobotanist informed us that lodes 
fossils had never before been found in 
North America or in beds younger than 
the Eocene; we found our specimens in 
Oligocene formations. The beautifully 
silicified seeds are broadly oval and lens­
shaped, and their surface is ornamented 
with shallow concave areas. 

"A number of our choice fossils are 
unidentified, which means that they 
have not been studied and given scien­
tific names by professional paleobota­
nists. We, as amateur collectors, are not 

Fossilized walnut kernels are per/orated with worm holes 
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First electronic automatic pilot for a;rcralt � 
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First gyro horizon and directional gyro used 

in blind takeoff and landing by Dooliltle 
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OPTICAL BARGAINS-
See the Stars. Moon, Planets Close Up! 
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qualified to identify unknown speci­
mens; consequently, no matter how 
closely a fossil may resemble its present· 
day counterpart, we must still class it as 
unidentified. 

"Perhaps our favorite unidentified 
specimens are the agatized objects from 
the Oligocene formation of northwestern 
Wyoming, which look like pine cones 
[see object at top center of photograph 
on page 149]. They are distinctly marked 
with the diamond-shaped apex of the 
thickened cone scales, including the 
spots left by the recurved spines. They 
vary considerably in size. From the same 
locality we have found small unattached 
seeds, which we believe to be from some 
of these cones. 

"We have some tiny, globular, pealike 
seeds, plainly showing the embryo, 
which doubtless belong to the bean fam­
ily [specimens at left in middle TOW in 
photograph on page 149]. When placed 
beside present·day pea seeds they are 
as 'alike as peas in a pod.' In the Oligo­
cene also we have found some nearly 
round, cherry-like seeds with the at­
tached stem and five sepals of the per­
sistent star-shaped calyx, as well as 
larger, cherry.like seeds without the 
calyx. Other unidentified specimens are 
bun·like objects which may be burrs of 
a chestnut or chinquapin and some love· 
ly, perfectly preserved catkins [at top in 
photograph on page 150]. We suspect 
that some, if not all, of the unidentified 
finds are new to science and are deserv­
ing of description in scientific literature. 

"As long as there are more fossil seeds, 
woods or leaves to be found, we intend 
to keep on looking for them. \Ve would 
love to find an acorn or a cone or fruit 
different from any other ever found, and 
this we will do unless old age overtakes 
us too soon. We sometimes wonder if 
paleobotany has been given its rightful 
place in the study of the science of liv­
ing things. Extensive searches have been 
carried on for fossil animals, but plants 
are just as important, for without plants 
there would have been no animals. 

"We have never regretted choosing 
this hobby-or perhaps we should say 
that it chose us. If you ever begin to'pay 
attention to fossil flora, you will find the 
interest growing on you like a coat of tan 
on a summer day. Once you have found 
the specimen that is one in a million, 
once you have seen through a magnify­
ing glass the intricate perfection of a 
tiny agate seed or the delicate cell struc­
ture of a piece of replaced wood, you 
will give your heart to this fascinating 
pastime. Such a hobby, like beauty, is 
its own excuse for being. It is preg­
nant with the diligence of study, the 

dignity of labor, the thrill of discovery, 
the pride of possession and the pleasure 
of sharing . 

"Trees of the ancients, 
plants of the past, 

Frnit of the gods, leaves 
that will last, 

Catkins of agate, flowers 
of stone, 

Silica walnuts, agate pine 
cone, 

Seeds of the lodes, 
tropical vine, 

Have lain in the mud 
through ages of time. 

Seeds of the hackberry, 
others I've found, 

Lie in my case on velvet 
background. 

These are the essence of 
nature's springtime, 

God has preserved them, 
now they are mine." 

Roger Hayward, whose drawings reg-
ularly adorn this department, en­

joys tinkering with devices for demon­
strating basic mechanical principles. 
Recently he confected two versions of a 

rubber-band heat engine, with the ob­
ject of showing how a system becomes 
increasingly sensitive to external forces 
as it approaches the condition of in­
stability. 

"One easy way to demonstrate this," 
he writes, "is to consider the case of two 
cylinders of unequal diameter standing 
on end. It takes less force to push over 
the thinner cylinder. The narrower the 
cylinder, the closer it comes to the con­
dition of instability. 

"With a few rubber bands, a needle, 
some thread and other household ob­
jects, you can devise heat engines for 
demonstrating this principle in more in­
teresting ways. I propose to illustrate 
two systems here. 

"The first [illustration on page 156] is 
based on a classical seismometer scheme. 
From a bracket, which can be a labora­
tory glassware holder, a piece of alu­
minum foil is suspended on a thread. 
The foil, or bob, can pivot around its 
midpoint, which is attached to a 

stretched rubber band. The aluminum 
foil is curled up at the edge to shade the 
rubber band from a desk lamp that 
shines on it. 

"Turn the bob to the left. The left 
side of the rubber band is now un­
shaded. Warmed by the lamp, this part 
of the rubber shrinks, i.e., contracts. The 
pivot point accordingly moves slightly 
to the left. As a result the pendulum now 
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WANTED! ENGINEERS TO HELP MAKE 

LONG RANGE MISSILE HISTORY 

North American's Missile Projects Offer A New Engineering Adventure 

With complete weapons system re­

sponsibility for the SM-64 NAVAHO 
Intercontinental Guided Missile, North 

American is engaged in one of the most 

challenging programs yet offered. But 

every inch of progress is a tough scien­

tific battle. New means are daily being 

found to solve the complex problems 

which the development of long range 

missiles presents in the fields of struc­

tures, temperatures and aerodynamics. 
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about this new missile science. Are you 

one of them? 

Please contact us for the full story: 

If you qualify in one of the fields we 

have listed below, chances are you can 

qualify for this unique expedition into 

the technology of the future. We would 

like to tell you about all the physical 

and professional advantages of a career 

in North American's Missile Develop­

ment Engineering. 

Instrumentation Design, Development & Application Standards, Drawings Checking, Specifications Writing 

Structures, Stress, Flutter and Aeroelasticity Component and System Reliability Engineering Thermodynamics 

Missile Airframe Design Hydraulic, Pneumatic & Servo Engineering Armament Systems & Components Engineering 

Aerodynamics Engineering Flight Test High Temperature Materials Engineering Mechanical & Electrical Design 

Contact: R. L. Cunningham, Engineering Personnel Office 

Dept. 91·20 SA • •  12214 Lakewood Boulevard. Downey, Calif. 

Phone: LOgan 5-8651 Ext. 518 
Interviews 8 A.M. to 9 P.M. Monday through Friday 

NORTH AMERICAN AVIATION, INC." 
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This valuable 38-page boolc 
is yours for the aslcing! 

With the artificial satellite and space travel 
almost a reality, astronomy has become 
today's fastest growing hobby. UNITRON'S 
new handbook contains full'page illustrated 
articles on astronomy. observing, tele­
scopes and accessories. Of interest to 
beginner and advanced amateurs alike. 

Con'e.', inc/uele-
• Observing the sun. 
moon. planets an

d won
d
ers of the sky 

• Constellation map 
• Hints for observers 
• Glossary 01 telescope terms. 
• How to choose a telescope 
• Amateur clubs an

d 
research 

Please rush to me. free of charge. UNITRON'S new 
Observer's Gui

d
e an
d 
Telescope Catalog . 

. �� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
• �:;:et .. ::.:.:::::: ::::::::::: :si�i�.':::::: _ 
L SA.May . 

------_ .. 
ROBOT SHOW - STOPPERS 
Do you ever need to organize a display for a show that will 
STOP everybody there, and make them notiee your display? 
Ask us about our RELAY TIT-TAT-TOE and other game· 
playing machines; SQUEE. FRANKEN. and other small 
RO BOTS (responsive. intelN gent, self-actina machines). 
We make them (or rent them) to your own specifications and 
budget. See our story in LIFE magazine, March 19. pp 
173-6. Write us for complete information: P 36. SMALL 
ROBOT REPORT • 25¢ 

• • • • • • • • 
Make your own tiny genius computers-

TYNIACS ($9.95) & GENIACS ($17.95): 
K3: TYNIAC@SMALL ElECTRIC BRAIN CONSTRUCTION KIT: 
Complete set of: over 250 parts. including four multiple 
switches of a new design and new wipers so that all switches 
work well; set of templates; and 48.page manual of instruc· 
tions, by E. C. Berkeley. including introduction to Boolean 
algebra for circuits. With this kit you can make over a 
dozen ENTIRELY NEW arithmetical. logical. reasoning, 
computing, puzzle-solving and game-playing machines. and 
also over 15 Geniacs. Each Tyniac runs on one flashlight 
battery, requires no soldering (all connections with nuts 
and bolts). . . . $9.95 (add 60¢ for shipment U.S. 
west of Mississillpi; $1.40 outside U.S.). 

P 38: Tyniac Manual alone . . .  $2.00; K 4: Set of New 
Improved Wipers for Geniac experiments . . . $1.00; 
P 30: Geniac Manual alone . . .  $3.00; P 6: Construct· 
ing Electric Brains. reprint of 13 published articles . . . 
$2.20; K I: Geniac Kit. with six multiple switches, over 
400 parts, and new wipers • • •  $17.95. 

RETURNABLE IF NOT SATISFACTORY 
ALSO publications. courses. assistance, etc .• 

on computers, robots, symbolic logic. etc. 

We are Edmund C. Berkeley and Associates. makers and 
exhibitors of small robots, publishers (the monthly "Com­
puters and Autom3ltion". P 2, $5.50 yearly; etc.), writers 
("Giant Brains", Wiley, 1949; P 40 $5.00; etc.), con­
sultants, instructors, etc. We offer over 30 courses, many 
small robots, 2 kits. and over 30 publications. Write us 
for up-to-date information. 

----- MAIL THIS COUPON ----­

II EDMUND C. BERKELEY AND ASSOCIATES I
I 815 Washington St., R 158, Newtonville 60, Mass. I l.

p
��eas:;cn�

3
r;e i�;lS ;��led�6 Kl P2 P40 I I RETURNABLE in 7 days for full refund if not I I (:J�srr6�:)!ler fte�n��ors�a�di'ir;g .. a;;d Wos��gC) �ayment I 

I �. Pleasii:e�l�m�H�miJe:idJ�e��u��:r:.:�t���ed. I 
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swings to the right. The curled portion 
of the bob then shades the warmed por­
tion of the band and exposes the other 
half to the lamp. The opposite half of 
the cycle then begins. The apparatus, as 
here proportioned, will vibrate about 16 
cycles per minute over an amplitude of 
about 10 degrees. I tried observing the 
shift of the bottom pivot with a small 
telescope. The motion must be less than 
a thousandth of an inch, because it was 
not perceptible. 

"Save for the leveling screws, which 
must be capable of exquisite adjustment, 
the rest of the apparatus is easy to make. 
Aluminum foil for the bob is easy to cut 
with ordinary scissors. The 24-gauge 
weight of foil used for bakery pie-plates 
is handy. The vane or bob is balanced 
on the thread by sliding the washers to­
ward or away from the thread. This is 
quite easy. A wooden structure can be 
substituted for the lab stand. The thread 
is N.Y.M.O. sewing thread size A, 300 
yards per spool. 

"Aside from the stability effects, I sup-

05cillation 
llbout 20 
d�gree5 
every ten 
second5 

wd�her5 
for weighb 

pose the two lessons to be learned from 
this experiment have to do, first, with 
the phase relationships of the system, 
and second, with the surprising behavior 
of rubber when subjected to changes in 
temperature. The driving force for any 
oscillator must be out of phase with the 
displacement, preferably by 90 degrees. 
In the case of the 'figure 4' seismometer 
suspension, the inertia of the pendulum 
plus the time lag in warming the rubber 
combine to approximate 90 degrees. 
As for the behavior of warmed rubber, 
one would suppose that it should ex­
pand with increasing temperature like 
almost everything else. It does-except 
when under tension. I discussed this with 
Linus Pauling some years ago and he 
said that you should picture rubber, 
when under tension, as a bundle of 
stretched chains, with heat shaking the 
chains. The harder the chains are shaken 
(by thermal agitation) the more they 
pull on the fastenings at their ends. Thus 
the rubber can have either a positive or 
negative temperature coefficient, de-

tOO Wdtt 
d�!'>k 

lamp 
) 

) nylon thre4d 5uspension 

weight holds lower part of 
rubber band out of way 

An apparatus to demonstrate tTle effects of near.instability 
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",hat helps an engineer gro",? 

"An engineer should be given plentiful technical assistance. His 

potential cannot be fully realized when his creative energies are 

consumed by routine duties." 

Helping talented engineers and scientists reach full effec­
tiveness is the best way we, at A vco Advanced Development, 
know of helping our own growth. For outstanding men, 
Avco's long-range expansion-in missiles and in all the 
physical sciences-offers unprecedented opportunity. Write: 
Dr. E. R. Piore, Vice-President in Charge of Research, Room 
40 5, A vco Advanced Development Division, Stratford, 
Conn., or Phone Bridgeport, Conn., DRexel 8-0431. 

avco 

WANTED 
Leaders in the exploitation of new areas of Science 

Physical Scientists 
Advanced degree preferred in-Physics· Aero­
dynamics· Electronics· Metallurgy· Physical 
Chemistry • Mathematics . Thermodynamics 

Engineers 
Electronic . Mechanical • Aeronautical 
Chemic:j.l 

Advanced Development Division 
avco d�fense and industrial products combine the scientific skills, and production facilities of 3 great 

divisions of Aveo Manufacturing Corp.: Aveo Advanced Oevel­

opment; Crosley; Lycoming - which currently" produce power 

plants, electronics, airframe components, and precision parts. 
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too W3tt 
lamp 

corrugdted 
cardbod,.d 

dent5 in 
aluminum or 
tin yeceive 

end!:> of 
needle 

\'oto,. balanced by 
ing the rubber bands back 
and forth along the rim 

� ten5ion on the 
two side5 of the 
rotor mU5t be 

carefully equalized 

A heat engine driven by warmed rubber bands 

pending on how you use it-a property 
which suggests endless experiments. 

"As far as I know this peculiar form 
of pendulum, as driven by rubber, is 
new; at least I worked it out myself last 
night after I went to bed. It might be 
used as a thermometer, and measure 
temperature mixed with earthquakes. 
Moral: It is easy to make any device 
sensitive if you don't care how many 
things you measure simultaneously. But 
if the gadget is to unscramble the mix­
ture, then it is harder to make. 

"The second system [see illustmtion 
above 1 shows the same principle ap­
plied to a gadget which converts heat 
into rotary motion. The rim of the wheel 
is cut from corrugated cardboard with a 
sharply pointed knife. The rim supports 
spokes made of rubber bands, and they 
in turn hold a needle shaft in alignment. 
You mount this assembly between two 
plates of thin tin or aluminum. I had the 
engine running in about an hour, the 
first 40 minutes being spent in getting 
the needle to stay in proper alignment. 
Equalizing the tension on the two sides 
of the wheel is quite a chore. The needle 
�ends,to turn sideways and dump off the 

158 

bands. Then you start all over. You must 
next adjust the bands until the wheel 
balances perfectly when in its bearings. 
The balancing act, however, is not too 
difficult. If the wheel persists in coming 
to rest with an unbalanced section down, 
you move the outer tips of the bands un­
til it is balanced all around. Now you 
shine a 50-watt lamp close to one side 
of the shield. The wheel will start ro­
tating at seven revolutions per minute. 
The gadget ran all evening. 

"For the upcoming generation who 
would like a wheel intended to run for­
ever without an external source of pow­
er, we submit the classical perpetual 
motion machine shown in the upper-left 
corner of the drawing. The principle: 
Sixes become nines as the wheel turns. 
Whether this numerical increase can 
generate counterclockwise rotation I 
leave to you." 

M any readers have called our atten-
tion to an error in the legend of 

the circuit diagram which appeared at 
the top of page 134 in the February 
issue. The resistance value should have 
been 560,000 ohms, not 560. 

A D M IRAL CORPORATIO N .  GOVER N M E N T  
LABORATORI E S  DiViS i O N  .... . 

Agency : Cruttenden & Eger Associates 

A I R  PRO D U CTS I N CORPORATED ........................ . 
Agcnc y :  Thoma & Gill 

A L L EG H E N Y  L U D L U M  ST E E L  CORPORAT I O N  17 
Agency : W. S. Walker Adve rtising, Inc. 

A L L E N - B RA D LEY CO.... 117 
Agenc y : The Fensholt Advertising Agency,  Inc. 

A LTO SC I EN T I F I C  COM P A N Y, I N CORPO-
RAT ED . 152 

Agency : L. C. Cole Company- I nc.  

A M ERIC A N  CYA N A M ID COM P A N Y  ... . ... B2, 83 
Agency : Hazard Advertising Comp any 

A M ERICA N  M A C H I N E  & FOU N D RY C O M -
P A N Y, ATOM ICS... 10 

Agenc y : Fletcher D. Rich ards, I nc .  

A M ERI C A N  M AC H I N E & FOU N DRY C O M -
P A N Y, D E FENSE PRO D U CTS GROU P... 93 

Agenc y : Fletcher D. R ichards, Inc.  

A N ACON DA COM P A N Y, T H E... 58 
Agency : Kenyon & Eckhardt.  I nc .  

A N GIER PRO D U CTS, I N C.... 116 
Agenc y : The Eddy-Rucker-Nickels Company 

ARC H A EOLOGY '" ................. 122 

ARM A D I VI S I O N  OF A M ER I C A N  BOSC H 
A R M  A CORPORATION .... 78 

Agency : Deutsch & Shea, Inc. 

ARM STRO N G  CORK COM P A N Y, I N D U STR I A L  
DIVISION .......................................... ........... 26, 27, 34 

Agency : B atten, Barton, D u rstine & Osborn. Inc. 

AVCO D E FE N S E  A N D  I N D U STRI A L  PROD­
UCTS-ADVA N C ED D EVELOP M E N T  D I V I -
SION ............................................ 157 

Agency : Benton & Bowles, Inc. 

AVCO D E F E N S E  A N D  I N D U STR I A L  PROD-
U CTS, LYCOM I N G  D I V I S I ON ... 57 

Agency : B e nton & Bowles. Inc. 

BARB ER-COL M A N  COM P A N Y... 100 
Agenc y :  Howard H. Monk & Associates, Inc. 

B A U SC H  & LOM B OPT I C A L  CO.. 64 
Agency : Ed Wolff & Associates 

B E L L  T E L E P H O N E LA BORATORI ES... . 21 
Agenc y : N. W. Ayer & Son, I ncorp o rated 

B E N DIX AVI ATION CORPORAT I O N ,  FRI EZ 
I N STRU M E N T  D i V i S i O N .... 30 

Agency : MacManus, John & Adams, Inc. 

B E R K E L EY E N T ERPRISES, I N C.... .. 156 
Agency : B attistone, Bruce and Doniger, Inc.  

BOEING AIRPLA N E  COM P A N Y... 143 
Agency : N. W. Ayer & Son, I ncorp o rated 

BOOK FIN D  C L U B, TH E... 139 
Agency : Roeding & Arnold,  Inc. 

BRISTOL COM P A N Y, TH E... 12 
Agency : J ames Thomas Chirurg Com pany 

BRITISH I N D U STRIES CORPORATION.. 118 
Agency : The K aplan Agency 

BRUSH E L ECTRONICS CO.. . .. Inside Back Cover 
Agency : The Griswold -Eshlem an Co. 

CALI D Y N E  COM P A N Y, T H E  .... 24 
Agency : Meissner & Culver, Inc. 

CAM BRI D G E  TH ERM I ON IC CORPORATION .... 87 
Agency : James Thomas Chirurg Comp any 

CARBOLOY D E PART M E N T  OF G E N ERA L 
E L ECTRIC COM P A N y.... 68 

Agency : Brooke, Smith, F rench & Dorrance, Inc.  

C A R B ORU N D U M  CO., TH E, RE FRACTORIES 
DIVISION .. . 81 

Agenc y : G. M. B asford Company 

C L EVELA N D  P N E U M AT I C  TOOL COM P A N Y  ... I I I  
Agenc y : !\:Ieldrum & Fewsmith , Inc. 

CONTIN E N T A L  A V I A T I O N  & E N G I N EERI N G  
CORPORATION, S U BSI DIARY O F  CON-
TIN E N T A L  MOTORS CORPORAT I O N  78 

Agency : The Hopkins Agency 

CONTIN E N T A L  FELT COM P A N Y, I N C.... liB 
Agency : Ritter, Sanford & P rice,  I nc .  

COO P ER A L LOY CORPORA T I O N ...................... 104 
Agency : Mahool Advertising, Inc. 

COP P ER A N D  BRASS RESEARCH ASSOC I A-
T I ON 101 

Agency : J. M. H ickerson Inc. 

© 1956 SCIENTIFIC AMERICAN, INC



I N DEX O F  ADVE RTI S E R S  
O L I N MATH I ES O N  C H E M I C A L  CORPO RA-

T I O N  . . . . . . . ... . . . . . ...... . ... . . . . . . .... . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  90. 9 1  
A gency : Doyle, Kitchen & McCormick. Inc.  

MA Y, 1 956 
P H I LOSO P H I C A L  L I B RA RY.  P U B L I S H ERS ... . . . .. 13B 

Agenc y : Lester Loeb Advertising 

D EC I S I O N  I NC . . . . .... ........ . . . .. . . . . . . . . . . . . . .  . 112 
Agency : Robert Acomb. Inc.  

D ES I G N ERS F O R  I N D U STRY I N CO R P O RATED 25 
Agenc y : Fuller & Smith & Ross Inc.  

D I A M O N D  A L KA L I  C O M P A N y  .... 122 
Agency : :Fuller & Smith & Ross Inc.  

D O B EC KM U N  C O M P A N Y  . . .  
Agency : Anderson & Cairns, I n c .  

D O U G LAS A I RC RA FT C O M P A N Y .  I N C . ... . 79 
Agenc y :  J. Walter Thompson Company 

DOVER P U B L I C AT I O N S .  I N C ... 132 
Agency : Equity Advertising Agency 

DOW C O R N I N G  C O R P O RAT I O N . .  . 55 
Agency : Church and Guisewite Advertising, Inc.  

DU PONT. E.  I . .  DE N E M O U RS & CO . •  INC .... .  IB .  19 
Agency : Batten, Bartoo,  DUTstine & Osborn,  Inc.  

EAST M A N  C H EM I CAL P R O D U CTS.  INC . •  S U B­
S I D I A RY O F  EAST M A N  K O D A K  C O M P A N Y  

Agency : F r e d  Wittner Advertising 

EAST M A N  K O D A K  C O M PA N y  ...... 
Agen cy : Charles L. Rumrill & Co" Inc.  

53 

E D M U N D  SC I E N T I F I C  C O R P. . . .  154 
Agenc y :  Walter S. Chittick Company 

ELG I N  N AT I O N A L  WATCH C O M PA N Y .  O R D -
N A N C E  D i V i S i O N .... 13 

Agency ; Waldie and Briggs, Inc.  

ENJAY C O M P A N Y .  INC . .... ........ . . . . . ............ . . . . . . ...... 63 
A gency : McCann-Erickson, I n c .  

ES S E N T I A L  BOOKS.  I N C...  142 
A gency : Denhard & Stewart, Inc.  

FA I RC H I LD E N G I N E  AND A I R P LA N E  CORPO-
RAT I O N .  A I R C R A FT D I V I S I O N .. 113 

Agency : Gaynor Colman Prentis & Varley, I n c .  

F A R N SW O RT H  E L ECTRO N I CS C O M P A N Y .  A 
D I V I S I O N  O F  I 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 RA-
T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 . 66 

Agency : Chamberlin ·Ju.nk Advertising, Inc. 

F E R S O N  O P T I C A L  CO M PA N Y .  I N C. .. 154 
Agency : Godwin Advertising Agency 

FORD I N ST R U M E N T  C O M P A N Y .  D I V I S I O N  O F  
S P E R RY RA N D  C O R P O RAT I O N .. . 95 

Agency : C. M. Basford Companoy 

G A R R ETT C O R P O R AT I O N .  T H E .  AJ RESEARCH 
M A N U FACTU R I N G  D I V I S I O N S... . .  . . . . . .  102 . 103 

Agency : J. Walter Thompson Company 

G EN E R A L  A M E R I CA N  T R A N S P O RTAT I O N  
C O R P O RAT I O N .  KA N I G E N  D I V I S I O N  .. 

Agency : Weiss and Geller, Inc.  

G E N E R A L  E L ECT R I C  C O M PA N Y... 141 
Agency : Batten, Barton, Durstine & Osborn, Inc.  

G E N E R A L  E L ECT R I C  C O M PA N Y .  APPARATUS 
S A L ES D i V i S i O N  .... 

Agency : C .  M. Basford Company 

G E N E R A L  E L ECT R I C  C O M PA N Y .  X-RAY D E-
P A RT M E N T  ..... . . . . . . . . . . . . . . . . . . . . . . . .  . . . ...... .. . . . .  l OB 

Agency : Klau- Van Pietersom .Dunlap, Inc.  

G E N E R A L  M OT O R S  C O R P O RAT I O N .  A L L I S O N  
D I V I S I O N  B O  

Agenc y :  H .  L .  Ross, Advertising 

G E N ERAL M OT O R S  C O R P O RAT I O N .  N EW 
D E PARTU R E  D I V I S I O N .. . .. Back  Cover 

Agency : D .  P .  Brother & Company 

G E N ERAL M OT O R S  C O R P O RAT I O N .  SAG-
I N AW STEE R I N G  G EA R  D I V I S I O N .. 125 

Agency : D. P. Brother & Company 

G E N ERAL P R EC I S I O N  LABO RATORY I N COR­
P O RA T E D .  A S U BS I D I A RY O F  G E N ERAL 
P R EC I S I O N  EQ U I P M E N T  C O R P O RAT I O N  . . .  31 

Agency : Cecr,  DuBois & ConJpany, Inc.  

G O O DYEAR A I R C R A FT C O R P O RAT I O N  ..  

G RA P H I C  SyST E M S  .... 
Agency : Diener & Dorskind Incorporated 

H EW L ETT-PACKARD C O M P A N Y  ... 
Agency : L. C .  Cole Company-Inc.  

146 

92 

89 

P O RT E R .  H. K .• C O M P A N Y .  I N C  ..... . . . .  . .  
Agency : S t .  Georges & Keyes, I n c .  

P RATT & W H I T N EY A I RCRA 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  .. 

Agency : G. F. Sweet & C o . ,  Inc.  

14 

62 

P R I N C ET O N  U N I V E RS I TY P R ESS ...  . . . ... 142 
A gency : Sussman & Sugar, I n c .  

R A D I O  C O R P O RAT I O N  O F  A M E R I CA . . .  28 
H U G H ES RESEARCH A N D  D EV E LO P M E N T  Agency :  Al P a u l  Lefton Company. Inc.  
L A B O RATO R I ES .  H U G H ES A I R C R A FT C O M -

P A N Y  131 , I  RAD I O  C O R P O R AT I O N  O F  A M E R I CA .  E M -
Agency : Foote, Cone & Belding P L OY M E N T  D I V I S I O N  ......... ........ . . . . . . . . . . . . . . . . 151 

I N D U ST R I A L  A C O U S T I C S  C O M PA N Y .  I N C .. . . 87 
Agency : Ritter, Sanford & Price, Inc.  

J A E G E R S .  A . .. .. . . . . ... . . . . .. . . .  106 
Agency : Carol Advertising Agency 

K E N N A M ETAL I N C O R P O RATED ....... .... . . . . . . . . . . . . . . . . . .  29 
Agency : Ketchum, MacLeod & Crove,  Inc.  

LELA N D .  G .  H . •  INC . . . .  22 
Agency : Weber, Geiger and Kalat, I n c .  

L I N DSAY C H E M I C A L  C O M P A N y... .  65 
Agency : C .  Franklin Brown,  Inc.  

L l N G U A P H O N E  I N ST I T UTE... 146 
Agency : The Kaplan A gency 

L OC K H EED A I RCRAfT C O R P O RAT I O N .  C A L I -
FOR N I A  D I V I S I O N .. 148 

Agency : Hal Stebbins, Inc.  

L OC K H EED A I R C R A FT C O R P O RAT I O N .  M I S-
S I L E  SYST E M S  D I V I S I O N .. 123 

Agency : Hal Stebbins, Inc.  

LOS ALAMOS SC I E N T I F I C  L A B O RATORY OF 
THE U N I V E R S I TY O F  CA L I FO R N I A ... 162 

Agency : Ward Hicks Advertising 

L U DW I G .  F. G . •  I N C... B7 
Agenc y : The Charles Brunelle Company 

M A LAYAN T I N  B U R EA U .  THE ...... 96 
A gency : Gray & Rogers 

M A R Q U A R DT A I RCRA FT C O M PA N Y  . . . . . . . . . ...... 90 . 91 
A gency : Doyle, Kitcben & McCormick, Inc.  

M A RT I N  C O M P A N Y .  T H E.. .  . .  . . . . . . . . . .  60 
Agency : VanSant, Dugdale & Company, Incorporated 

M . I .T.  L I N C O L N  L A B O RATORy . . . . 160 
Agency : Chambers and Wiswell, I n c .  

M EL P A R .  INC . •  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... 56 

Agency : 1\1. Belmont Ver Standig, I n c .  

M I N N EA P O L I S- H O N EYW E L L  R EG U LATOR 
CO . •  I N D U ST R I A L  D I V I S I O N ..  105 

Agency : The Aitkin-Kynett Co.  

M O N SA N T O  C H E M I C A L  C O M P A N Y .  PLAS-
T I CS D I V I S I O N  ..... .. .  ............................. .... .... .... 23 

A gency : Needham, Louis and Brorby, Inc.  

M OT O R O L A .  I N C . . . ... 59 
Agency : Kolb & Abraham Advertising 

N O R D E N - K ETAY C O R P O R AT I O N  .. ...... ...... . .. . ... 98 . 99 
Agency : Hicks & Greist,  Inc.  

N O RT H  A M E R I CA N  AV I AT I O N .  I N C... .  145 
Agency : Batten, Barton, Durstine & Osborn, I n c .  

N O RT H  A M E R I C A N  A V I AT I O N .  I N C . •  
ATO M I C S  I N T E R N AT I O N A L  D I V I S I O N . .  6 7  

Agency : Batten, Bartan ,  Durstine & Osborn, I n c .  

N O RTH A M E R I CA N  AV I AT I O N .  I N C . •  A U TO-
N ET I C S  D I V I S I O N .. .  127 

Agency : Batten, Barton, Durstine & Osborn, Inc.  

N O RTH A M E R I C A N  A V I AT I O N .  I N C . •  M I S-
S I L E E N G I N EE R I N G  D i V i S i O N . . . .  155 

Agency : Batten, Barton, Durstine & Osborn , Inc.  

N O RT H  A M E R I CA N  A V I AT I O N .  I N C . •  

ROC K ETDY N E  D I V I S I O N . .  . 164 
Agency : Batten, Barton, Durstine & Osborn, Inc.  

A genc y :  Al Paul Lefton Company, I n c .  

R A M O-WOO L D R I D G E  C O R P O R AT I O N .  T H E  32 
Agency : The M cCarty C o .  

RAYTH E O N  M A N U FACTU R I N G  C O M P A N Y  ... 119 
Agency : Donahue & Coe, Inc.  

R EACT I O N  M OT O R S .  I N C. .  . .  . . . . . . . . . ...... . . ... 90 . 91 
Agenc y : Doyle, Kitchen & M<!Cormick, Inc.  

R E K- O - K U T  C O M PA N Y  . . .  .. . . . . .. . . . . . . . . . . . . . . .  I I  
Agency : Jack Gilbert Associates 

rtE P U B L I C  AV I AT I O N  C O R P O RAT I O N .. . 163 
Agency : Deutsch & Shea, Inc.  

R E V E R E  COPPER AND BRASS I N C O R P O RATED 107 
Agency : 51. Georges & Keyes, I n c .  

S H E L L  D EV E LO P M E N T  C O M P A N Y .  EXPLO RA­
T I O N  A N D  P R O D UCTI O N  RESEARCH D I -
V I S I O N  94 

S I G M A  I N STR U M E N T S .  I N C ... 4 
Agency ; Meissner & Culver, Inc.  

S I M PS O N  E L ECTR I C  CO.. .  94 
Agenc y :  The Fensholt  Advertising Agency,  I ll c .  

S M I T H .  A .  0 . . C O R P O RAT I O N  ....................... 114. 115 
Agency : Klau-Van Pietersom-DunIap , Inc.  

SOLAR A I RCRAFT C O M P A N Y  ... 33 
Agency : The Phillips- Ramsey Company 

S P ER RY G Y R O S C O P E  C O M PA N Y .  D I V I S I O N  
O F  S P E R RY RA N D  C O R P . .. 153 

Agency :  Equity Advertising Agency 

S T O K E S .  F.  J . •  M A C H I N E  C O M PA N y.... .. 61 
Agency : The Aitkin-Kynett Co.  

S U RFACE C O M B U ST I O N  CORP . .. .  
.4.gency : Odiorne Industrial Advertising 

T I TA N I U M  A L LOY M FG .  D I V I S I O N .  N A -
T I O N A L  LEAD C O M P A N y.... 54 

Agency :  Comstock & Company 

U N I O N CA R B I D E  A N D  C A R B O N  C O R P O -
RAT I O N . .. ..................... . . . . . .  I ns ide F r o n t  Cover 

Agenc y : J .  M.  l\'Jathes, Incorporated 

U N I T E D  SC I EN T I F I C  C O M P A N y.. . . . .......... . .... . . . .  156 
Agency : Robert Hartwell Cabine, Advertising 

U N I T E D  STATES R U B B E R  C O M P A N Y .  
M EC H A N I CA L  G O O D S  D I V I S I O N .. . 77 

A genc y : Fletcher D. Richards, Inc.  

U N I V E R S I TY O F  C H I CA G O  P R ESS.  TH E... l i B 
Agency : Sussman & Sugar, Inc.  

U T I CA DROP FORGE AND T O O L  C O R P O RA-
T I O N .  U T I C A  M ETALS D I V I S I O N .. 15 

Agenc y : "W"ilson, Haight, Welch & Grover. Inc.  

V A N  N O S T RA N D .  D . •  CO M PA N Y .  I N C.. .  140 
Agency : Albert Frank·Guenther Law, I n c .  

VA R I A N  ASSOC i AT ES.... 124 
Agenc y : Boland Associates 

V I T R O  C O R P O RAT I O N  OF A M E R I CA ... 16 
Agency : l\Iolesworth Associates 

WEST I N G H O U S E  ELECT R I C  C O R P O RAT I O N . 
E L ECTRO N I C  T U B E  D I V I S I O N . .  . . . . . . ..... 92 . 106 

Agency : Howell Advertising Agency 

1 5 9  

© 1956 SCIENTIFIC AMERICAN, INC



MIT 
LINCOLN 

LABORATORY 

.1 

• Electrical Engineers 

• Physicists 

• Mathematicians 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

• 

• 

SAGE (semi-automatic ground environment) 

AE W (air-borne early warning) 

WHIRLWIND COMPUTER 

SOLID STATE 

HEA VY RADARS 

MEMORY DEVICES 

SCATTER COMMUNICATIONS 

TRANSISTORIZED DIGITAL 

COMPUTERS 

• 

• 

• 

• 

• 

• 

• 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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If you are interested in participating 

in any of these programs address: 

Dr. M. G. Holloway, Director 

M.!.T. Lincoln Laboratory 

Lexington 73, Mass. 

BIBLIOGRAPHY 
Readers interested in further reading 

on the subjects covered by articles in this 
issue may find the lists below helpful. 
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THE MECHANISM OF THE INHIBITION OF 
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WHY METALS CORRODE. Herbert H. 
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THE TRACKS OF NUCLEAR 
PARTICLES 

NUCLEAR PHYSICS IN PHOTOGRAPHS. 

C. F. Powell and C. P. S. Occhialini. 
Oxford University Press, 1947. 

OBSERVATIONS ON STARS AND HEAVY 

PRIMARIES RECORDED IN EMULSIONS 

FLOWN IN VIKING ROCKET No. 9. 
Herman Yagoda in Canadian Journal 
of PhysiCS, Vol. 34, No. 1, pages 122-
146; January, 1956. 

RADIOACTIVE MEASUREMENTS WITH 

NUCLEAR EMULSIONS. Herman Ya­
goda. John Wiley & Sons, Inc., 1949. 

THE EYE AND THE BRAIN 

MECHANISM OF NEURAL MATURATION. 

R. W. Sperry in Handbook of Experi­
mental Psychology. John Wiley & 

Sons, Inc., 1951. 
PATTERNING OF CENTRAL SYNAPSES IN 

REGENERATION OF THE OPTIC NERVE 

IN TELEOSTS. R. W. Sperry in Phys­
iological Zoology, Vol. 21, No. 4, 
pages 351-361; October, 1948. 

CULTURAL EVOLUTION 

SCIENCE OF CULTURE. Leslie A. White. 
Farrar, Straus & Young, Inc., 1949. 

SOCIAL EVOLUTION. V. Cordon Childe. 
Henry Schuman, Inc., 1951. 

THEORY OF CULTURE CHANGE. Julian 
Steward. University of Illinois Press, 
1955. 

LAVOISIER 

ANTOINE LAVOISIER: SCIENTIST, ECON­

Ol\lIST, SOCIAL REFORMER. Douglas 
McKie. Henry Schuman, Inc., 1952. 

A BIBLIOGRAPHY OF THE WORKS OF 

ANTOINE LAURENT LAVOISIER, 1743-
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The magic 

whispers ... 

When Grandpa tucked you between his knees, 
you knew you were going to listen again to 
his wonderful watch-to hear its magic 
tick . . . tick ... tick ... 

And as you listened, those measured whispers of 
time shut away the world, leaving you close to 
Grandpa, secure in his love. 
From fathers and mothers to sons and daughters passes 

the lifeblood of happiness-security. The privilege of 

providing it for those we love can be found only in a 

land like ours. 

And another wonderful thing is this: By realizing this 

privilege of freedom for ourselves, we achieve the security 

of our country. For, think-the strength of America is 

simply the strength of one secure home tOllching that 

of another. 

® 

Saving for security is easy! Read every word­
now! If you've tried to save and failed, chances are it 
was because you didn't have a plan. Well, here's a sav­
ings system that really works-the Payroll Savings 
Plan for investing in Savings Bonds. 

This is all you do. Go to your company's pay office, 
choose the amount you want to save-a couple of dol­
lars a payday, or as much as you wish. That money 
will be set aside for you before you even draw your 
pay. And automatically invested in Series E U. S. 
Savings Bonds which are turned over to you. 

If you can save only $3.75 a week on the Plan, in 9 
years and 8 months you will have $2,137.30. If you 
can save as much as $18.75 a week, 9 years and 8 
months will bring you $10,700! 

For your sake, and your family's, too, how about 
signing up today? 

The U. S. Government does not pay fOT this advertisement. It is donated by this publication in cooperation with the 
Advertising Council and the Magazine Publishers of America. 
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LOS ALAMOS SCIENTIFIC 

LABORATORY IS NOW IN ITS 
14TH YEAR OF OPERATION. 
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... IN THE AGE OF NUCLEAR AND 
THERMONUCLEAR DEVElOPMENT 
Interested in it? So are we! 

For here at world·famous Los 
Alamos Scientific Laboratory, 
responsible for unleashing the 
terrifying power of the atom, 
we are now pioneering in har­
nessing this power for bene­
ficial uses. 
There is exciting adventure in 
the application of nuclear and 
t h e r m o n u c l e a r  e n e r g y  t o  
weapons, power and propulsion. 
Supporting these diverse activ­
ities here at Los Alamos are 
many challenging projects in 
basic physics, chemistry, metal­
lurgy, mathematics and engi­
neering. 

Los Alamos needs men and 
women with imagination and 
research ability for permanent 
career positions. Interested? 
So are we! 

Write us for an illustrated bro­
chure describing the Laboratory, 
its delightful mountain location 
and its excellent housing and 
community facilities. Mail your 
request to 

DIRECTOR OF PERSONNEL 
DIVISION BI2 

/alamos 
OF TH�£�����nfAl���,�ratory 

LOS ALAMOS, NEW MEXICO 

1794. Denis I. Duveen and Herbert 
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THE MUSHROOM. C. T. Ingold in New 
Biology No. 16, pages 96-110; Pen­
guin Books, 1955. 

MUSHROOMS & TOADSTOOLS. John Rams­
bottom. The Macmillan Company, 
1953. 

STICK AND SLIP 

THE FRICTION OF BOUNDARy-LUBRI­

CATED SURFACES. E. Rabinowicz in 
Proceedings of the Second National 
Congress of Applied Mechanics. 
American Society of Mechanical En­
gineers, 1954. 

THE NATURE OF THE COEFFICIENT OF 

FRICTION. J. T. Burwell and E. 
Rabinowicz in Journal of Applied 
PhysiCS, Vol. 24, No. 2, pages 136-
139; February, 1953. 

RELAXATION OSCILLATIONS. G. F. Her­
renden-Harker in American Joumal of 
Physics, Vol. 8, No. 1, pages 1-22; 
February, 1940. 

HEART SOUNDS 

CARDIAC DIAGNOSIS: A PHYSIOLOGIC 

ApPROACH. R. F. Rushmer. W. B. 
Saunders Company, 1955. 

MUSICAL MURMURS. V. A. McKusick, 
G. E. Murray, R. G. Peeler and G. N. 
Webb in Bulletin of the Johns Hop­
kins Hospital, Vol. 97, No. 2, pages 
136-176; August, 1955. 

SPECTHAL PHONOCARDIOGRAPHY: PROB­

LEMS AND PROSPECTS IN THE ApPLICA­

TION OF THE BELL SOUND SPECTRO­

GRAPH TO PHONOCARDIOGRAPHY. 

V. A. McKusick, S. A. Talbot and 
G. N. Webb in Bulletin of the Johns 
Hopkins Hospital, Vol. 94, No. 4, 
pages 187-198; April, 1954. 

THE AMATEUR SCIENTIST 

GEOLOGY. O. D. von Engeln and K. E. 
Caster. McGraw-Hill Book Company, 
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MECHANICAL ENGINEERS' HANDBOOK. 

Edited by Lionel S. Marks. McGraw­
Hill Book Company, Inc., 1951. 
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ENGINEERS 

Working hard 
but going 

uNo Place ... " 

Please address 
complete resume, 

in confidence, 
outlining details 
of your technical 
background to: 

Why let routine work 
slow your advancement 
•.. when varied, creative assignments, with high 

promotion potential, are open at Republic Aviation 

It's easy to be so busy that you fail to notice that the work you're doing offers 
little opportunity to grow in professional knowledge and advance rapidly in 
individual achievement. 

At Republic Aviation, however, the very nature of this highly competitive 
business insures a continual flow of new and stimulating problems. Every new 
aircraft design created at Republic must embody a real advance in the "state 
of the art." Proud as Republic is of the famous planes that bear its name - the 
F-84 Thunderjet, F-84F Thunderstreak, RF-84F Thunderflash, and the in­
credible new F-I05, RF-I05 and F-I03 - the real attention here is focused 
on radical new concepts under development. 

And your personal life is set in pleasant places, when you work for Republic. 
You live on Long Island, famous vacation land where you can keep your own 

boat or board a charter fishing boat any weekend. Play golf, tennis, even polo, 

and yet downtown New York is at your doorstep. 

You enjoy, too, the practical, personal advantages of Republic's comprehen­
sive benefit program including: 

REPUBLIC'S NEW 2-FOLD RETIREMENT INCOME PLAN that's the 
talk of the industry. Part I provides a basic Retirement Income, paid in full by 
Republic. Part II is optional. It offers additional income on a liberal contribu­
tory basis, the company paying over 50%. 

REPUBLIC SALARIES ARE HIGH . . . among the highest in the country 
• . .  and these are permanent jobs. 

OTHER OUTSTANDING BENEFITS include an all-expense paid reloca­
tion plan for qualified engineers living outside the New York-Long Island 
area; Life, Accident and Health Insurance; Hospital-Surgical Benefits for the 
whole family; Educational Aid covering 2;3 of the cost of advanced study. 

POSITIONS ARE 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 

• Control Systems. Instrumentation 

o lillE,...,IILIC AIVIATI�N 

AIRCRAFT 
Assistant Chief Engineer 
Administration 
Mr. R. L. Bortner 
Farmingdale, L.I"N.Y. 

MISSILES 
Administrative Engineer 
Mr. R. R. Reissig 
Guided Missiles Division 
Hicksville, L.I.,N. Y. 
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What engineers find 

behind this door 

In the past ten years, hundreds of engineers and scientists have 
opened this door. To a man, they'll tell you that they are impressed 

by the challenging, fascinating work - advanced rocket engine 

development, design and testing. 

Daily, engineers find that their job at ROCKETDYNE is a 

big and important one ... concerned with all phases of the rocket 

engine business ... a demanding job, with personal and professional 

rewards that equal or exceed the demands. 

You can find all this-and more: new rocket engines, 

pumps and powerful turbines, designed to meet the rugged 

requirements of space flight. 

You can open this door to a number of exciting, different fields, one 

of which will fit your training or experience. You needn't have 

worked directly in rocket engines or other propulsion systems before. 

Experience or training in other engineering fields can qualify you 

for a position at ROCKETDYNE. Listed below are some examples. 

Engineers and Scientists: 
PRELIMINARY DESIGN. Opportunity to conceive, analyze, 
and evaluate highly advanced concepts in large, liquid­
propellant rocket engines, advanced propellants, feed 
systems, principal components and parameters. Ad­
vanced military proposals. Market studies. Operations 
Research and long-range programming. Advanced de­
grees preferred. 

SYSTEMS ANALYSIS. Unusual challenges for the analyti­
cal or theoretical engineer in the analysis of complete 
engine systems. Heavy emphasis on advanced Systems 
Engineering concepts, particularly in thermodynamics, 
gas dynamics, heat transfer and fluid flow, some phases 
of which are yet unknown in general industry. Predic­
tion of engine performance, by means of advanced 
mathematical concepts, under extreme environmental 
operating conditions. 

COMBUSTION DEVICES. Important professional growth 
opportunities for engineers heavy on thermodynamic 
and heat transfer background, as it may pertain to 
high temperature, high stress components such as 

thrust chambers, gas generators, injectors, and heat 
exchangers. Unusual challenges available in work on 
high-rate heat transfer, pyrotechnics, spark-initiated 
and hypergolic ignition, combustion mechanics, drop­
let formation and flame propagation. 

ENGINE DEVELOPMENT. Opportunities for research engi­
neers at the focal point of intensive activity associated 
with engine testing and data evaluation. Involves the 
design of experiments, specification of test methods 
and procedures, including instrumentation, as well as 
the processing and evaluation of data. Problems and 
studies encountered fall into all branches of engineer­
ing, and the ability to comprehend highly complex 
systems, engines and engine programs is of paramount 
importance. 

RESEARCH. Rocketdyne Research, a section of the Engi­
neering department, has several staff openings for 
scientists and engineers with advanced abilities. Fun­
damental studies are being made in thermodynamics, 
fluid mechanics, combustion kinetics, fast-transient 
measurement techniques, propellant chemistry and 
many other fields. 

For detailed information, please fill out and mail the coupon below. 
There is no obligation, and all replies are srictly confidential. 

ROCKETDYNE 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 

BUILDERS OF POWER FOR OUTER SPACE 

--------- ------- ------ -, 
Mr. A. W. Jamieson 

Engineering Personnel Dept. 596-SA 
ROCKETDYNE, 6633 Canoga Avenue, Canoga Park, California 

Dear Mr. Jamieson: 

Please tell me more about a career at ROCKETDYNE. 

My name is __________________ _ 

Home Address, _________________ _ 

I have a _____ degree from' __________ _ 

And _____ years actual engineering experience 

I am 
I am not enclosing a resume 

-----------------------� 
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Keep it Quiet! 
Instrumentation gives designers complete 

Typical 

noise spectrum 

analysis chart made 

by Brush Spectrum 

Recorder. Test setup shows 

nleasurement of noise 

transmission through aircraft 

fuselage wall panels at 

Lockheed Aircraft. 

recorded data for no'tse reduction 

The first step in noise and vibration analysis is to 
get the facts. Here instrumentation, manufactured in 
Denmark by Bruel & Kjaer, has won international 
acceptance as the best equipment to use for 
some solid reasons: 

Measurements are made in one-third octave steps, 
to positively identify frequencies ... all sounds from 
14 to 36,000 cycles per second are automatically 
scanned to eliminate laborious data plotting ... 
and a complete amplitude vs. frequency record can be 
made in just 21 seconds! Brush offers a complete 
line of sound measurement equipment - thus we 
can help you in system application. 

For complete informat;on on sound, noise and 
vibration measurements cail your Brush representative. 
Or write Brush Electronics Company, Dept. B-5, 
3405 Perkins Avenue, Cleveland 14, Ohio. 

DR-USn ELECTR-ONICS 

DIVISION OF 
CLEVITE CORPORATION IN --- ---_. -- --

ihiu}! lib 
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DEPARTURES OF TOMORRO\N 

TOMORROW: Choose items from the monitor screen; electronic impulses select, assemble, deliver your order, totol your bill and return your change. 

TODAY: New Departure ball bearings in taday's 
business machines keep intricate moving parts func­
tioning smoothly, quietly within precision tolerances. 
Accuracy is maintained even after long use. 

A week's shopping in minutes! And you haven't moved from your car. 

It's that simple at the Drive-In Market of tomorrow. Just select your 

Items from the monitor screen; electronic impulses select, assemble, 

deliver your order, total your bill and return your change. 

It's just a dream away! And when it takes shape, look for New Departure 

to provide the proper bearings to keep all moving parts functioning 

smoothly. New Departure ball bearings keep parts in perfect alignment, 

support loads from any angle and require little or no maintenance. 

If you're nursing a new idea involving moving parts, calion New Departure 

for top quality bearings and thorough engineering service. 

GENERAl 
MOTORS 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • BRISTOL, CONNECTICUT 

BALL BEARINGS 

NOtHING ROllS LIKE A BAll 
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