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Ideas are fissionable material 

It's true. Ideas can explode. 

A mathematical formula by a dreamer named Einstein 

has already devastated two cities and is now contributing 

to the electric power for Pittsburgh. The author of Alice in 

Wonderland played parlor games that now form the basis 

of modern computer mathematics. Mendeleeff re-arranged 

the elements and in so doing re-arranged the world. 

Celanese was founded on a boldly imaginative chemical 

process which made a synthetic polymer for textiles. Scien

tific discipline has since helped it grow a thousandfold. 

The power of a creative idea is beyond measurement. 

But creative ideas work best when they occur within the 

framework of a disciplined system. 

Celanesc® 

CHEMICALS FIBERS PLASTICS POLYMERS 
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JUST GIVE THE DATA, PLEASE 

Today's instrulnents are re
porting every conceivable kind 
of Ineasurable variable. Telnper
ature. Strain. Liquid level. Pres
sure. Vacuuln. HUlnidity. Flow. 
Viscosity. Torque. pH. elnf. Volt
age . • . and Inany Inore. They 
bring to their jobs an accuracy, 
perseverance, and freedoln froln 
coloration that the Inost objec
tive city rooln couldn't begin to 
Inatch. 

The only catch cOlnes in design
ing theln. It's a foregone con
clusion that they be reliable. 
Then they have to Ineasure ex
trelnely slnall or extrelnely large 
alnounts of change, taking place 
at very rapid or very slow rates. 
The data they turn in Inust be 
usable, so that it can actuate 
recording, controlling, or indi
cating Inechanislns, or serve as 
inputs for data processing equip
Inent. All in all, it's quite a job 
for Honeywell, and you'll excuse 
us if we take a discoverer's pride 
in the successful accoln plishlnen t 
of assignlnents such as these: 

........................... 

BED OF ZEROS. In many petro

chemical processes, gas or vapor

ized petroleum is passed over a 

heated bed of finely divided cat

alyst to crack it into compo

nents. But what, exactly, is the 

heat-transfer mechanism involv

ed? Researchers at a leading 

Eastern university are seeking 

the answer, under the sponsor

ship of the National Science 

Foundation. To determine the 

bed's response to sinusoidally 

varied temperature, the differ

ential temperature below and 

above the bed is measured, as 

well as that of the gas leaving. 

However, the differential signal 

is so small that equipment used 

must measure accurately in the 

microvolt region. Honeywell an

swered this complex problem by 

installing a complete pre-tested 

packaged system, and guaran

teed it would work. It consists of 

a Honeywell 2745 potentiometer 

for system calibration and zero 

suppression, three Honeywell 

Deviation Amplifiers, and six 

Honeywell T6G A amplifiers, 

with a Honeywell 906C Visicorder 
for readout. By recording tem

perature phase and amplitude 

change, the gas-particle heat 

transfer coefficient is calculated 

for use in setting up new petro

chemical processes. 

........................... 

S H IV E RIN G TIMB E RS .  T h e  

Ship Structure Committee, rep

resenting various government 

agencies, assigned Lessells & 
Associates, Inc. of Boston the 

task of developing long-range 
data on ocean wave loading of 

seagoing vessels. 

For the past two years, two 

oceangoing freighters plying the 

turbulent North Atlantic trade 

routes have been recording stress 

data for the project. They will 

eventually be joined by other 

ships in the study. Stress' data 

are picked up by transducers on 

t h e  h u l l s ,  a n d  r e c o r d e d  o n  

Honeywell Magnetic Tape Sys

tems. Since the voyages take 

from 30 to 40 days, an extremely 

low recording speed was needed: 

0.3 ips. A programmer working 

through balance and calibration 

circuits records for 32 minutes 

every 4-hour watch, and rough 

seas automatically turn on the 

recording apparatus. Sea and 

weather information from the 

ship's log is correlated with the 

time-marked tape. Back in Bos

ton, the tapes are reproduced 

and amplified, played onto a 

Honeywell Visicorder oscillograph 

unit and finally, into a proba

bility analyzer. The Ship Struc

ture Committee will make this 

reduced data available to marine 

engineers for improving design 

and increasing safety of pro

jected new vessels. 

........................... 

UNDERGROUND DETECTIVE. 
Project VELA holds promise of 

becoming a highly significant 

factor in international relations 

if agreement to cease nuclear 

testing is reached. Established 

at Geneva in 1958, VELA is con

cerned with the detection of 

underground, surface, and at

mospheric nuclear explosions. 

To detect seismic disturbances 

of any kind, VELA is simultane

ously carrying on research and 

establishing observation posts 

around the world. To record ac

curately one brief moment of 

seismic history for electronic 

data processing takes hundreds 

of hours of continuous record

ing, and ordinarily, mountains 

of tape. Honeywell slowed down 

a standard magnetic tape re

corder to 0.3 ips, and by using 

special tape, three full days' sur

veillance can be recorded on one 

roll. One of the most recent 

orders Honeywell received for 

seismic research called for the 

exceedingly slow recording speed 

of 0.06 ips, a pace that makes 

an indolent snail look like a 

speed demon. Honeywell was 

able to brake down to specifica

tion. And at highly satisfactory 

signal-to-noise ratios, too. 

........................... 

Honeywell can provide you with 
virtually lilnitless cOlnbinations 
of sensors and integrated data 
handling systelns for data ac
quisition, data handling, data 
analyses. scientific Ineasure
Inent, and equiplnent calibra
tion. When you contract for a 
cOlnplete start-to-finish Honey
well systeln, you can also enjoy 
the advantages of Honeywell in
stallation, Honeywell service and 
Inaintenance. and the Honey
well guarantee that the entire 
asselnblage will perforln as spec
ified. Peace of Inind and the as
surance that your project is in 
capable hands go along at no 
extra cost. Whatever your Ineas
urelnent and data handling prob
leinS, talk theln over with your 
Honeywell field engineer. or 
write Industrial Products Group, 
Minneapolis-Honeyw ell, 4412 
Wayne Avenue, Philadelphia 
44, Pa. 

Honeywell 
rm Da1Ov��S�� 

HONEYWELL INTERNATIONAL Sales and service offices in principal cities of the world. Manufacluring in United States, United Kingdom, Canada, Netherlands, Germany, France. Japan. 
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POLAROID® 

2 nanoseconds/em: 
impossible to photograph until now 

Polaroid has a new film that is 
so fast, it will reproduce scope 
traces that are almost invisible 
to the naked eye. The one above, 
a scintillation pulse, has never 
been photographed until now. 
Pulse duration was ten nanosec
onds. Scope sweep speed was 2 
nanoseconds/ cm. The new 10,000-

speed Polaroid PolaScope Land 
film produced a finished usable 
print ten seconds after exposure. 

The maximum writing speed 
of the 10,000-speed film is about 
twice that of the Polaroid Land 

3000-speed film, which is cur
rently the standard for high 
speed photography. The new film 
not only gets "impossible" pic
tures, it also produces far better 
shots of slower pulses and steady 
state waveforms. Because of its 
high speed, less light is required; 
camera aperture and scope inten
sity can be reduced considerably, 
producing sharper pictures. 

And besides oscillography, the 
PolaScope film opens up

'
new pos

sibilities in applications where 
light is at a premium, such as pho-

tomicrography and metallogra
phy. It is not suited, however, for 
pictorial work due to its high con
trast and relatively coarse grain. 

PolaScope film (designated 
Type 410) is packed twelve rolls 
to a carton. The price is about the 
same as the 3000-speed film. 

T h e  film c a n  be o b t a i n e d  
through industrial photographic 
dealers. For the name of the 
dealer nearest you, write to 
Technical Sales Department, 
Polaroid Corporation, Cambridge 
39, Massachusetts. 

New Polaroid Land lO,OOO-speed film for oscillography. 
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TIME DIVISION MULTIPLEX 
may provide a better way-

to run a railroad to control communications 

to automate an oilfield to monitor a missile 

Time Division Multiplex provides, for 

many applications, the most economical 

way to monitor and control the status of 

remote points and to transmit alarm or 

control data to a central station. As noted 

above, TOM is widely used in such diverse 

applications as helping the railroad dis· 

patcher keep track of his trains; standing 

guard against fire, burglary, and casualty; 

controlling pumps and valves at remote 

locations; and transmission of launch 

control signals. 

A simple all-solid·state encoder generates 

serial time·coded signals which vary in 

duration in accordance with the input in· 

formation being monitored. A decoder, 

synchronized with the encoder, provides 

an information output identical with the 

coder input signals. The decoder's elec· 

trical output may be used to operate 

lamps, relays, or control circuitry. 

The coded information is transmitted 

over wires, telephone channels, VHF 

radio, or microwave links. Logic circuitry 

affords extremely high immunity to noise 

and spurious signals, and virtually ex· 

cludes improper control function. 

For a free illustrated 16·page brochure of 

application notes describing the theory 

and application of MARC coders and de· 

coders for remote control, telemetering, 

and data transmission write James B. 
Bullock, Vice President. 

MOORE ASSOCIATES, INC. 
893 American Street / San Carlos, California 
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THE COVER 

The photograph on the cover shows a hunting party of Pygmies in the Ituri 
Forest of the Congo (see "The Lesson of the Pygmies," page 28). The 
Pygmy in the shadow at the far left carries a bow; the Pygmy behind him, 
a metal-tipped spear and, draped over his shoulders, a long hunting net. 
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Once in orbit, OGO (NASA's Orbiting Geophysical 
Observatory) must orient scientific equipment in three direc
tions. Some of its experimental packages must line up per
pendicular to the sun's rays. Other experiments must turn to 
face the earth. Another group must seek a line parallel to 
OGO's own orbital plane. STL engineers and scientists have 
produced a hermetically sealed drive mechanism to help 
solve these orientation requirements. Two mechanisms are 
used in OGO's attitude control system. One rotates solar 
arrays in continuous orientation with the sun; a second keeps 
experiment packages fixed in desired position with respect 
to the orbital plane. The drive mechanism (shown above) is 
hermetically sealed to permit use of a conventional high
speed servo-motor without the usual problems of gear lubri
cation. It does its work by wabble or twist motion at a rate 

of one degree per second with a final gear reduction of about 
24,000 to 1. STL's many projects include building OGO 
spacecraft for NASA's Goddard Space Flight Center, build
ing spacecraft for Air Force-ARPA, and continuing Systems 
Management for the Air Force's Atlas, Titan and Minute
man programs. These activities create immediate openings 
in fields such as: Space Physics, Radar Systems, Applied 
Mathematics, Space Communications, Antennas and Micro
waves, Analog Computers, Computer Design, Digital Com
puters, Guidance and Navigation, Electromechanical De
vices, Engineering Mechanics, Propulsion Systems, Materials 
Research. For Southern California or Cape Canaveral posi
tions, write Dr. R. C. Potter, One Space Park, Dept. J-l, 
Redondo Beach, California or P. O. Box 4277, Patrick AFB, 
Florida. STL is an equal opportunity employer. 

• SPACE TECHNOLOGY LABORATORIES, INC. 

-.j a subsidiary of Thompson Ramo Wooldridge Inc. 

Los Angeles·
. Vandenberg AFB • Norton AFB, San Bernardino, Cape Canaveral. Washington, D. C . •  Boston . Huntsville . Dayton 

"VISITING LOS ANGELES? See Scientific American's ART IN SCIENCE Exhibit 
at STL's Space Technology Center, January 14 through February 1st. 

5 
© 1962 SCIENTIFIC AMERICAN, INC



6 

� pra&cal, tested AT- HOME program to help you 

READ FASTER 
REMEMBER MORE 

... with an average 0/15 minutes' practice a dar 

What is your present reading speed? A full column in 
this magazine ordinarily runs to around 440 words. Read 
any one of these columns now and time yourself with a 
watch having a second hand. If you take more than 55 
seconds, it is practically certain that your speed and 
comprehension can be improved by the training and 
practice material in this program. 

How many "fixations" do your eyes make on each line? 
In reading, your eyes actually move in little jumps, with 
momentary pauses in between called "eye fixations." Try 
reading the main article in this magazine. You should 
get across each line of this width and type size in not 
more than two "eye fixations." If there are more-if there 
are three, four or five-it shows your eye span is too nar
row. It can be vastly widened by the exercises provided. 

Do you find yourself reading word by word, instead of 
in groups of words or phrases? If so, you should sub
scribe to this study program by telegram. 

Do you regress continually, looking back every line or 
so to check up on a word or words you either missed or 
misunderstood? Try this on any article in this magazine. 
If you find yourself regressing frequently, obviously this 
is slowing down your reading speed. In most cases this 
is pure habit, and with simple training can be almost 
totally eliminated. 

How well do you retain what you read? Here is a fair 
immediate test. You probably read the major front-page 
news article in today's newspaper. Without referring 
back, write down in a few words specifically what the 
article was about, and the important places and persons 
mentioned. After you have done this, go back to the 
article and see how attentively you actually did read it. 
This will reveal your present standard of comprehension 
and retention. If it is unsatisfactory, it can be noticeably 
improved in as few as three lessons. 

'PROVE IT BY A TRIAL 
... THIS FIRST PORTFOLIO 
SENT FOR EXAMINATION 

with privilege of return 

within two weeks 

Y
OU SHOULD be aware of marked im
provement in your reading speed and 
comprehension after trying this first 

lesson. If not, it may be returned within 
two weeks, together with the two instru
ments described below, and the trial sub
scription will be ended at once. That is, the 
first portfolio need be paid for only if it is 
kept. Contents of the portfolio: Basic In
struction Guide, Training Manual, Eye
and-Mind Practice Section, Reading-Pacer 
Practice Material, Speed-and-Compreh�n
sian Tests, Reading-Improvement Chart 
(to record your progress). 

INCLUDED WITHOUT CHARGE WITH PORTFOLIO 1 

'Reading-Tacer and 'Rcading-'Jimer 
(COMBINED RETAIL VALUE, $20_00) 

These instruments are needed throughout the program. 
The Reading-Timer shows one's speed at different 
times and with different kinds of reading matter. The 
Reading-Pacer, a patented instrument, is the most con

venient pacing machine 
available for individual 
use today. The pacing 
bar, which forces you to 
read as fast as it moves, 
descends from the top 
to the bottom of the 
page at speeds adjust
able from 250 to 650 
words per minute. 

© 1962 SCIENTIFIC AMERICAN, INC



The Book-of-the-Month Club 

READING IMPROVEMENT PROGRAM 
will at least DOUBLE your reading speed ... 

and thus keep you abreast of the reading you have to do 

F= 
�======================================� 

H
ow OFTEN do you hear your

self saying, "I wish I had 
more time to read!" This 

study program - seven years in 
preparation and testing-is the sen
sible answer for every cultivated 
person desirous of keeping up with 
the important reading forever flood
ing in upon him. It will enable you 
to read at least twice as much in the 
time you can now spare. 

FOR OVER a quarter of a century 
psychologists have been study

ing the reading process, and very 
early a startling discovery was 
made: the average reading speed of 
American adults is below that of 
eighth graders- less than 200 words 

per minute. For any person who de
pends upon reading to any extent, 
this is a hopelessly inadequate rate. 

Two other important discoveries 
were made: 

FIRST, that slow readers, sur
prisingly, are not "sure" read
ers. People who read fast al
most invariably retain for 
more of what they read. 

SECOND, that slow reading is 
as common among those with 
high IQs as among lesser 
brows. 

All research in this field has 
shown that the root of the problem 
lies in bad reading habits usually 
acquired at an early age. Good read
ing habits can be acquired as well as 
bad, and these are what this sys
tem instills in a very short time. 

The Book-of-the-Month Club 
Reading Improvement Program 
uses all the proven successful tech
niques and is comparable in thor-

oughness to reading courses given 
in many universities. It is, however, 
far less expensive, since such 
courses often cost as much as sev
eral hundred dollars. 

THE TECHNIQUES have been so 
worked out that no supervising 

instructor is needed; anyone taking 
the program can be as sure of suc
cess-in some respects more sure
as if he attended group sessions. 
Indeed, measurable improvement 
should show at the very beginning. 

That really is the reason for the 
seemingly liberal offer made at the 
left-to send you the first portfolio, 
with the instruments pictured, for 
two weeks' trial. If you choose not 
to continue, send everything back 
and the subscription will be can
celed. (Of one thing you can be 
sure: such a trial will be both re
vealing and diverting. The exercises 
are fun-and become even more so 
as the training proceeds and your 
reading improves.) 

READING IMPROVEMENT PROGRAM 

A SIMPLE METHOD OF OPERATION 

THE FULL program consists of 
thirteen portfolios. The first is 

sent for two weeks' trial. You will 
receive a bill for $4.75 (plus a small 
postage and handling charge), pay
able only if you decide to continue 
the course. If not, the portfolio and 
the instruments should be returned 
within two weeks. 

If you decide to continue with the 
full series, the succeeding twelve 
portfolios will be sent at intervals 
of three weeks (with a bill for $4.75, 
plus postage, in each case). 

* EXECUTIVES * 

... substantial discounts for quan

tity orders. Organizations inter
ested in making the Reading Im
provement Program available to 
key executives for home or office 
study can earn a considerable dis
count through multiple orders. 
Check the indicated box in the cou
pon if you are interested in receiv
ing a schedule of discounts. 

K·170·' 

c/o Book-of-the-Month Club, Inc., 345 Hudson Street, New York 1 4, N. Y. 

Please enroll me as a subscriber to the Reading Improvement Program, and send me Portfolio 
No. 1 for a two weeks' trial examination. At the same time send me, without charge, the 
Reading-Pacer and Reading-Timer in a separate package. If at the end of the trial I decide 
not to continue, I may send everything back and cancel the subscription. If I do continue, 
you will bill me $4.75 (plus mailing expense) for the first portfolio and the same amount for 
each of the twelve remaining portfolios as they are sent. (There is an additional mailing 
charge for the package containing the Pacer and Timer.) If I discontinue before I have fin� 
ished and paid for the entire course, I agree to return the two instruments. 

�:�}-------=:---::-:--,-------MISS (Please Print) 

Address _________________ _ 

City _________ Zone __ St.te ____ _ 

o Check here if you 

are (lIsa interested in 

information a b o u t  

multiple orders. 

Portfolios for Canadian subscribers are priced at $5.25 each 
r:lS (plus mailing expense) and are shipped from Toronto duty free. � 
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One 01 A series briefly describing GitE's research in ,'eptl. 

Traffic theory, 
driver decisions, and car performance 

Some problems confronting the individual in his 
everyday driving are beginning to be described in terms 

of traffic theory by scientists at the General Motors 
Research Laboratories. 

One they have considered, for example, is the driver 
attempting to cross or merge into fast moving traffic. 
Possible ramifications: disturbances in the stability 
of a chain of moving vehicles resulting in rear�end 
collisions; growth and decay of queues on 

side streets or entrance ramps. 

The driver's average waiting time has been derived as a 

function of the distribution of gaps in passing traffic 
and the percentage of time he would judge it safe to 
proceed. These parameters are highly sensitive to 
car performance characteristics and the nature of the 

driver. Experimental information, coupled with 
theoretical analysis, has enabled our research group to 
put some quantitative values on this traffic situation. 

A low performance car, for instance, could easily wait ten 
times longer on the average for an acceptable gap in 
heavy density traffic than a standard high performance 
car. Assumption: the driver does not force on�coming 
drivers to decelerate. 

At General Motors, such fundamental studies are giving 
us an insight into the complexities of real traffic 
behavior. They are essential back�up work to our job of 
providing the most efficient and safe automotive 
travel possible. 

General Motors Research Laboratories 
Warren, Michigan 
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In 1899, Mafeking, a small town in Africa's 

Transvaal, 11ad the interest of the world (and 

that of a young war correspondent, Winston 

Churchill). There, British troops under General 

Baden-Powell, who later founded the Boy 

Scouts, were surroul1ded by the Boers. 

Duril1g a six-mol1ths' siege, their only lil1k 

with the outside was by heliograph. Invented 

not long before by a telegrapher, it utilizes two 

mirrors al1d Morse code to sel1d messages by 

sUI1-ray flashes. 1 t probably was the first step il1 

sel1ding to the world the 10l1g-awaited message, 

"Mafeking is relieved!" 

With today's wide-ral1gil1g weapol1s, every 

city is wIder potential siege. Commul1ication 

dare not be limited to daylight hours or sunl1Y 

days. That's why REL's tropo scatter radio 

equipment is an integral part of so mal1Y 

communicatiol1s systems. Messages are sent with 

certainty and the speed of light. Arctic snows are 

no barrier, nor are stretches of sal1d nor raging 

seas. The watchword at REL is depel1dability. 

That's why you can depel1d UpOI1 REL for help 

with your telecommunicatiol1s problems. 

Radio Engineering Laboratories c Inc 
A subsidiary of DYllalllics Corporatiolf of AII,erica 

Dept S • Long Island City 1, New York 

Creative careers (It REL await a few exceptional engineers. 

Address reSUffili:S to James W. Kelly. Personnel Director. 
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UNUSUAL 
PAPERS FOR 

INDUSTRY 

data processing 
and facsimile papers 
need imaginative re
search, meticulous prep
aration. We've quite a 
variety, from tape and 
card stock to fabulous 
electro-graphic coatings. 

papers, transformer in
sulation; coated or un
coated electronic board 
for coil cores, turn and 
s l ot i ns u l at i o n  a n d  
standard or modified 
systems ... these too are 
specialties with Riegel. 

Other uses for Riegel 
Technical Papers 

in products .. . 

in production .. . 

in packaging 
Re lease, separating; Anti· 
corrosive; P lastic casting; 
Electronic facsimile; Ele ctri· 
cal in sulation; Filtration; 
Photo wrapping & interleav· 
ing; Re sin impregnation; 
Com bination s of paper/ 
plastics /foil /synthetics. If 
you have a problem that 
paper may solve, write to: 

Riegel Paper 
Corporation 

Box 250, Murray Hill Sta., N.Y.16 

LETTERS 
Sirs: 

The following is in regard to Problem 
8 in your department "Mathematical 
Games" for October, 1962. [Editor's 
note: The problem was to insert a mini
mum number of plus or minus signs 
between the nine digits, in ascending or 
descending order, to make the expression 
equal 100.] 

Consider that between each pair of 

SOt u n o\; 

1?J�4?_67.A� =100 
123+4_S+67-�9 =10Q 
t2��4 5-67.P - 9 ; 1 0 0 
123�4-;·6.7.��9 = 1 0 0 
12 - 3 $4+�-6+7·i 9 = 1 0 0 
12+J+4+5-6-7+A9 =jOO 
1+?3_4+�+6·7�.Q = j OO 
1.?+J4-�·e7-�.9 =100 
12+�·4·�·'7·8" = 100 
1 · 23.4+ � � +7·8 .9 = 10D 
1+ 2 + S . 4 . S + 6 + 7S+'=10Q 

98-J�+�4·!+21 =100 
9�8.76.� •• 3 2+1 =100 
9a-7�6 · 5�.·I·t1 �lDG 
9 - B . 7 +6§. h32 ; � 1; !t-G-h 
9. a * 7 6-'�4·3�21 =!JU 
98-7+,+,+4.3-2·1=100 
98+7.6+?M4+3·f-l=100 
98·7+6�5-4-3+2-1=100 
98· 7 �6·1.'·3·2·t�l D� 
9 8 -7.�.5. 4 ·3� I · l · �Da 
9 8 -7+6- '·'·3+ 2-1 = 100 
98·7r6-�+.+3�a+1=100 
9B-7-6·�···J+2+1=100 
9·�·;6+5+4-3+2-1=100 
9+A. , ,+,- .*3'2+1 9110 

digits there is a "symbol." The symbol 
can have any one of three values: plus, 
minus or "null." Since there are eight 
such symbols, there is a total of 3"\ or 
6,561, possible expressions for a given 
sequence of digits. In view of the rela
tively small number of possibilities, I was 
surprised to read that the problems were 
still open. Consequently I decided to 
write a computer program to test each 
combination, select those expressions 
that were equal to 100 and arrange the 
solutions according to the number of plus 
or minus signs in each. The results are 
shown below. As you can see, Henry 
Ernest Ducleney was right: his solution 

M pE� !'I' 

PL US f'}� �'IIIi"S 
S! �� S 

3 
4 
4 
6 
6 
6 
6 
6 
6 
6 
7 

lIJ h�PEp !"IF' 
PI uli< /'IR �'T' NUS 

STGN $ 

4 
'5 
6 
6 
6 
., 
7 
., 
'1 
7 
'1 
., 
7 
., 
., 

A cOln/Juter's solution 0/ two problel1ts in "l\If1thenwticol Crllnes" 
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COUNT THE B LACK DOTS! 
They represent the many hun- . 
dreds of ALLIS-CHALMERS 
products already available ... and 
being constantly improved!! 

BUT MORE IMPORTANT . . .  

keep your eye on the Red Dots, 
showing our steady flow of new 
products ... as ALliS-CHALMERS 
does its share to help ,,-ou share 
in a better future . 

•••• ••••••••••• 
•••• ••••••••••••• ••• •••••• ••• ••• 

••••••••••••••••••••••••• •••••• 
•••••••••••••••••• •••• •••• ••••••• 
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HOW WE'VE WIRED THE WORLD FOR SOUND :����o

l��:�;�:le�c

r:a

p

n

h\:��: 
... wired continents ... even bounced telephone, TV and data communications off the troposphere. In fact. 

8,000 ITT scientists and engineers in 26 countries have built, installed and operated virtually every kind of 

communications equipment known. / Many ITT companies manufacture telephone sets, others build switch· 

boards, eight actually operate complete telephone systems overseas. Still others custom·build wire and cable. 

An ITT company in England, for instance, is one of the world's leading producers of submarine cable and the 

shore·based equipment that goes with it, plus the all·important clusters of repeaters located at frequent inter· 

vals along the ocean floor. Each repeater contains over 300 electrical components designed to function without 

interruption or maintenance for a minimum of 20 years. This In company is now supplying cable and repeaters 

for a worldwide submarine cable network to link the Commonwealth nations. / ITT is uniquely equipped to serve 

communications on a worldwide basis. / International Telephone and Telegraph Corporation, World Head

quarters: 320 Park Avenue, New York 22, New York. 

wo"dw'd. ""'"0''' "d '.'"omm"o,,,tio", ITT 
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for the ascending problem is the simplest. 
I think it is curious that, although there 
are more solutions for the descending 
problem, none of them is as simple as 
the simplest for the ascending problem. 

The problem was solved on a Philco 
211 computer at Willow Grove, Pa., in 
48 seconds. 

MARK RESNICK 

Norristown, Pa. 

Sirs: 
The term "kin ins" has for some time 

been applied by our group and other 
workers in plant physiology and growth
regulator mechanics to the group of sub
stituted purine derivatives promoting 
kinetin-like responses in plant tissues. 
In the August 1962 issue of Scientific 
American H. O. J. Collier published an 
article entitled "Kinins." The article 
dealt with polypeptides that possess 
hormonal activity in animal tissue. 

Thus we have two identical words in 
the literature that refer to vastly differ
ent chemical entities. For this reason we 
suggest that in the future the plant 
kin ins be called "phytokinins" to avoid 
much confusion. 

R. R. DEDOLPH 
S. H. WITTWER 

D. C. MAcLEAN 

Michigan State University 
East Lansing, Mich. 

Scientific American, January, 1963; Vol. 208, 
No. !. Published monthly by Scientific American, 
Inc., 415 Madison Avenue, New York 17, N.Y.; 
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice· president 
and treasurer. 

Editorial correspondence should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 Madison 
Avenue. New York 17, N.Y. Manuscripts Rrc 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising correspondence should be addressed 
to Martin M. Davidson, Advertising Manager, 
SCIENTIFIC AMERICAN, 415 Madison Avenue, New 
York 17, N.Y. 

Subscription correspondence should be ad· 
dressed to Jerome L. Feldman, Circulation Man. 
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue, 
New York 17, N.Y. 

Offprint correspondence and orders should be 
addressed to W. H. Freeman and Company, 
660 Market Street. San Francisco 4, Calif. 

Subscription rates: one year, 56; two years, $11; 
three years, $15. These rates apply throughout 
the world: Subscribers in the United Kingdom may 
remit to Midland Bank Limited, 69 Pall Mall, Lon
don SW I, England, fo1' the account of Scien. 
tific American, Inc.: one year, two pounds four 
shillings; two years, three pounds 19 shillings; 
three years, five pounds eight shillings. 

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

SOLID STATE OPTICAL MASERS 
high power pulsed and portable (Ruby, Nd 3+ Glasses) 

GASEOUS OPTICAL MASER (Ne - He) 

KERR CELLS 
with adjustable Electrode Spacing 

FLASH TUBES 
LIGHT MODULATORS 

piezo optical (100 % modulation with 2 volts 
in the 100 kc/s range) 

by Faraday Effect 

DIELECTRIC COATINGS 

CSF COMPA GNIE G EN ERA LE DE TELEGRAPH IE SANS FIL 
DEPARTEM E NT DE PHYSIQUE APPLIQUEE 
BP N° 10 ORS AY (SEINE ET OISE) FRANCE 

3 
J 

:; 
o 
ID 
Ii 

� 
l: n. 

Inquiries welcome through CSF Subsidiary in the 
United States: AMERICAN RADIO COMPANY 
445, Park Avenue, NEW-YORK 22, NY. 
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sensib e • • 

BECAUSE YOU BUY NO MORE THAN YOU 

NEED AND NO LESS THAN WILL DO THE JOB 

new PHILCO PACT pricing 

Now computer pricing 

has caught up with the computer age 

through Philco PACT Pricing. 

(PACT: Pay Actual Computer Time) 

I t's pricing that's as up-to-date as 1963 .. _ 

pricing that saves you money when you use your computer 
and when you don't use your computer. 

For a minimum investment 

PACT gives you maximum computer time. 

It allows you to use the computer by the hour ... 

not by the day. 

For Philco 4000 Series users 

PACT ends the 176 hours-per-month 

sacred cow of the computer industry, 

And why not? 

With PACT you can now tie the cost of your computer 

to throughput ... and PACT gives the benefits of efficiency 

to the one who deserves them ... the user. 

It makes a real difference 

I f  you have an application with peak loads 

(and who doesn't) ... 

or if you feel you need a real computer 

but can't make the 176-hour gamble. 

Low basic charges 

PACT pricing brings you a new 4000 Series computer 

with 8-thousand characters of memory 

and four magnetic tapes, 

a printer, a card reader and punch for less than ... 

$4000 per month 

plus approximately $22 an hour. 

Of course, you get more than the computer. 

This price includes the extensive 4000 software package 
and Philco service and back-up support. 

PACT couldn't be better 

even if you worked out the plan yourself 

it's today's most sensible pricing 

for today's most sensible computer. 
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economy 
IS WHAT WE DESIGNED IN ... 

NOT WHAT WE LEFT OUT 

new PHILCO 4000 Series 

You need the BEST computer available 

Which is the best? 

The one that fills your needs .. . sensibly. 
So if you need real capability and real flexibility 

plus low cost 

we're pretty sure a Philco 4000 Series computer 

will qualify as the best for you. 

To begin with it's fast .. . 

(effective memory access time: 3 microseconds) 

fast enough to do almost any job. 

And that's not all ... 

within the Philco 4000 Series you can choose 

some of the fastest 

and some of the slowest input-output devices . .. 

it depends on your needs and your pocketbook. 

More flexibility 

There's been a lot of debate 

about fixed and variable word length computers. 

With the Philco 4000 Series there's no need to debate. 

It works fixed or variable word length ... 

whichever fits the individual program best. 

Everyman's computer? 

We wish it were. 

If you need a small special purpose computer, 

a Philco 4000 probably has too much stuff. 

And if you need fantastic power, 

we recommend a Philco 2000 Series computer. 

But if you're in the middle 

(and most of us are these days) we think 

a Philco 4000 will measure up to your unique needs 

for scientific or business applications, or both. 

Because the 4000 

is today's most sensible computer

with today's most sensible pricing. 

To prove our point we would appreciate an opportunity 

to measure Philco 4000 cost and performance 

in terms of your specific needs. 

15 
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Not dry enough 
Most Lectrodryer customers are seeking 

a dryness that makes dinosaur bones seem 

sopping wet. We provide them with equip

ment that will dry air, gases and organic 

liquids. In addition to the usual process

ing operations, Lectrodryers have an im

portant place in cryogenics, space aero

nautics and communication, a t o m i c  

research and other exotic assignments. 

S e e king d r y n e s s? Write Pittsburgh 

Lectrodryer Division, McGraw-Edison 

Company, 336 32nd St., Pittsburgh 30, Pa. 
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50 AND 100 
YEARS AGO 

B£IENTIFI£iJ]MERI£AN I 
JANUARY, 1913: "It would appear 

that radium has landed geologists and 
biologists in a difficulty greater than that 
from which it was hoped it would deliver 
them. There is radium in the earth, and 
radium in disintegrating gives out heat. 
Therefore a once molten globe will cool 
down more slowly than if it contained 
no such independent source of heat. 
Lord Kelvin's calculations were made on 
the supposition that there was no source 
of heat except what the earth possessed 
as a molten globe. Hence we are at 
liberty to extend the time that has 
elapsed since the earth became the pos
sible theater of geological change to 
500,000,000, 1,000,000,000, or even 
more years ago. Radium has given us a 
blank cheque on the bank of time. But 
when the actual calculations were made 
as to how much radium known to exist 
in the outer shell of the earth would ef
fect its cooling, this was found to be too 
great. It would, in fact, raise the tem
perature of the earth a fraction of a de
gree annually." 

"Although the Berlin scientist Dr. 
Korn is having good succes.s in sending 
photographs by wire between stations 
located at Paris, Berlin and Monte Carlo 
for use in press work, he wishes to apply 
his method over a much longer distance. 
He expects to take up the question of 
operating on the Atlantic cable and is 
confident that he will be able to send 
photographs across the ocean. He is also 
considering the matter of coming to 
America in order to apply the system 
to a line between New York and San 
Francisco." 

"Most productive of all agricultural 
years in this country has been 1912, de
clares the 16th annual report of the Sec
retary of Agriculture, recently made 
public. The earth has produced its great
est annual dividend. The man behind 
the plow has filled the nation's larder, 
crammed the storehouses and will send 
liberal supplies to foreign countries. The 
total crop value is so far above that of 
1911 and of any preceding year that the 

total production of farm wealth is the 
highest yet reached by half a billion 
dollars. Based on the census items of 
wealth production on farms, the grand 
total for 1912 is estimated to be 
$9,532,000,000." 

JANUARY, 1863: "The celebrated 
Monitor, whose fame is world-wide, has, 
we regret to say, met an adversary to 
whose strength and prowess she was 
obliged to succumb. She sprang a leak 
and foundered at sea off Cape Hatteras, 
on the 31st ultimo, with all her officers 
and crew on board; out of the whole 
number 32 perished. She was at the time 
in tow of the gunboat Rhode Island; a 
portion of this latter ship's crew were 
also lost, as the dispatches say, in en
deavoring to rescue their comrades from 
the sinking battery. The lV/onitor made 
the first part of her voyage in safety. 
When she was off Cape Hatteras, the 
gale was so light that Commodore 
Bankhead thought it useless to run for 
Hatteras Inlet, then about 15 miles dis
tant. The wind, however, increased as 
the night advanced, until it became a 
perfect storm. The sea ran very high, at 
times passing over the turret. The Moni
t01' now began to leak, but the pumps 
freed her. The storm still increasing, the 
leak also gained, until it became a seri
ous matter. The pumps threw over
board about 3,000 gallons of water per 
minute, but in spite of all, the water 
gained on the crew. The Monitor was 
last seen about two o'clock A.M., about 
a mile and a quarter distant; just before 
the moon vanished she was seen laboring 
in the trough of the waves; afterward, 
for a brief time, her lights were visible 
when suddenly they disappeared wholly, 
and it was known that the little battery, 
whose name and fame were household 
words, was gone forever." 

"In 1857 the iron-works in America 
amounted to 121 anthracite furnaces, 
500 charcoal and coke furnaces, 300 
forges and 210 rolling mills; and the 
entire production of iron was ahout 
783,000 tuns, a decrease over the pre
vious year of 73,235 tuns. In 1859 there 
were only eight States of the Union 
destitute of iron-works. The remaining 
25 were employing 560 furnaces, 389 
forges, 210 rolling mills; in all, 1,159 
producing 840,000 tuns. The activity of 
the iron manufactories in Pennsylvania 
continued during the first part of 1860, 
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What was Ben Telephone Laboratories doing 

on Monday, October 1, 1962? 

Murray Hill laboratory, N. J. The search con
tinued for new materials exhibiting supercon
ductivity. Some of these materials have been 
used to produce very strong magnetic fields with 
the expenditure of very little electrical energy. 

Holmdel laboratory, N. J. We were developing 
an electronic switching system using new solid 
state devices. It will bring telephone customers 
a whole new range of services. 

Whippany laboratory, N. J. We were evaluating 
new radar technology for the NIKE-ZEUS anti
missile missile system under development for 
the Army. Significant improvements are further 
tested at four other ZEUS test sites ranging 
halfway around the world. 

Allentown laboratory, Pa. We were working with 
engineers of Western Electric, manufacturing 
unit of the Bell System, on the manufacture of 
long-life electron tubes for a new deep sea 
cable system. 

Indianapolis laboratory, Ind. We were perfect
ing improved automatic dialer telephones. One 
model will permit the customer himself to 
record 50 frequently called names and numbers 
and then dial by simply selecting a name and 
pressing a button. 

Crawford Hill laboratory, N. J. We were experi
menting with the microwave modulation of light 
from a helium-neon gaseous optical maser. 
Modulated light may someday be used to carry 
large volumes of information. 

Merrimack Valley laboratory, Mass. We were 
increasing the capabilities of a new microwave 
system designed for low·cost telephone and 
television communications over distances up 
to 200 miles. This system is based on advances 
in solid state technology. 

New York laboratory, N. Y. We were studying 
the performance of a new data set which 
converts teletypewriter pulses into tones for 
transmission over regular voice circuits. Trans· 
mitting teletypewriter messages over voice 
circuits was introduced on August 31, 1962. 

Cape Canaveral, Fla. We were preparing for 
the ID2nd successful use of Bell laboratories
developed Radio Command Guidance System. 
On July 10, it was used in the NASA launching 
of the Bell System's Telstar. This guidance 
system was originally developed for the Air 
Force and is operational on the Titan I ICBM. 

These were some of the highlights of one day. Engineers and scientists at Bell Labora

tories work in every field that can benefit communications and further improve Bell 

System services. Their inquiries range from atomic physics to new telephone sets, from 

the tiny transistor to transcontinental radio systems, from the ocean floor to outer space. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 

17 
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The Challenge of 
the materials age 

The two-phase materials concept 

In this sixth year since man's first probe of space - an age in 
which structural materials must do the impossible - attention is 
being focused increasingly on the two-phase concept of material 
structure. A two-phase structure is a combination of two different 
materials of contrasting strength and elasticity. The result is a 
composite which produces a material whose properties are superior 
to either of its components used individually. 

Sounds like a great new idea? "Great" it is - but "new" it 
isn't. Nature had it first, millions of years ago. 

The two-phase concept is at least as old as, say, bamboo ... 
a natural two-phase material combining cellulose fibers of high 
tensile strength in a matrix of lignin, which serves to cement the 
structure and provide elasticity. 

Filament-wound glass fibers are an example of artificial two
phase material, in which glass fibers arc combined with epoxy resin 
to form a material whose specific strength is two and a half times 
greater than that of any homogeneous material, including metal, 
glass, or plastic. 

In applying the two-phase principle to space applications, the 
extraordinary properties of single-crystal filaments - (more in
formally called whiskers) as reinforcing agents, is attracting more 
and more attention. Whiskers are among the strongest materials 
known. Some are capable of withstanding stresses of several million 
pounds per square inch. And happily, some of them tend to retain 
much of their strength at very high temperatures. 

Much of the exploration now being conducted on the problem 
of two-phase materials is being carried out with the aid of Instron 
equipment. 

Instrons are sensitive and highly accurate testing instruments 
suitable for broad range of stress-strain studies. These include 
not only studies on single whiskers and high strength alloys, bu t 
in such areas as high polymer rheology, refractory metals and 
ceramics, textile fibers, and biological tissues. 

For a detailed study of current research in the 
development of two-phase materials, we invite 
you to write for your free copy of Bulletins C-3 
and PC-B - examples of a series of application 
studies compiled by Instron from independent 
sources covering virtually every area of materials 
research. For bulletins describing late technical 
developments in your specific fields, please feel 
free to drop us a line. 

@ INiTRON® 
ENGINEERING CORPORATION 

2509 WASHINGTON ST., CANTON, MASS. 

Electronic and Mechanical Engineers - If .you are interested in designing 
instrumentation for this new and fast growing science, please send us your 
professional reSume. 

but since October of that year it has of 
course experienced a severe check. Many 
of the mills that had stopped work 
through the secession movement have 
again resumed active operations, espe
cially those devoted to the rolling of 
plates. The demand on them for Govern
ment iron-plated vessels has been great
er than the capacity of such mills to 
supply." 

"Bayard Taylor, the celebrated travel
er, thus sums up the result of modern 
discoveries :-'Within the past 2.5 years 
all the principal features of the geog
raphy of our own vast interior regions 
have been accurately determined; the 
great fields of Central Asia have been 
traveled in various directions from Bok
hara and Oxus to the Chinese \Nall; the 
half-known river systems of South Amer
ica have been explored and surveyed; 
the icy continent around the southern 
pole has been discovered; the North
west Passage-the ignis fatllus of nearly 
two centuries-has been at last found; 
the Dead Sea is stripped of its fabulous 
terrors; the source of the Niger is no 
longcr a myth, and the sublime secret 
of the Nile is almost wrested from its 
keeping; the Mountains of the Moon, 
sought for'2,000 years, have been beheld 
by a Caucasian eye; an English steamer 
has ascended the Chadd a to the fron
tiers of Bornou; Leichard and Stuart 
have penetrated the wilderness of Aus
tralia; the Hussians have descended from 
Irkoutsk to the mouth of the Amoor; the 
antiquated walls of Chinese prejudice 
have been cracked and are fast tumbling 
down, and the canvas screens that sur
round Japan have been cut by the sharp 
edge of American enterprise. Such are 
the principal results of modern explor
ation. What quarter of a century can 
exhibit such a list of achievements?' " 

"The introduction of steam carriages 
on common roads has been a pet project 
of inventors for many years. The prog
ress of the street locomotive, practically 
considered, has been very slow in this 
country, comparatively few having been 
built that can be noticed at all. Of those 
lately in operation, the Lee & Larned 
Steam fire-engine is perhaps the most 
successful one, viewed either in point of 
speed or capacity for carrying moderate
I y heavy loads." 

"The Treasury Department has de
cided that the measure of a tun, in mak
ing assesments for the internal revenue, 
shall be 2,240 pounds, in all cases, under 
the excise law, unless the contrary is 
specified." 
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For years Allen-Bradley's Bulletin 709 has been the recog
nized leader in the motor starter field. But now, improved 
Series K Bulletin 709 starters are taking over. And,fo� 
good reason-the new Bulletin 709 Series K motor control 
will outperform and outlast any other available-including 
the original style Bulletin 709. 

The improved solenoid still has only one moving part. 
It's so simple and rugged nothing can go wrong. The new 
coil is an improved pressure molded type that's unaffected 
by harmful atmospheres and almost any mechanical abuse. 
The new, precision, hot molded arc hood improves arc 
interrupting capacity. Full rated loads are switched easily, 
and there's still plenty of reserve capacity for emergencies. 

Be certain you're getting the value for your motor con
trol dollar that is enjoyed by so many A-B users. Please 
write for details in Publication 6100: Allen-Bradley Co., 
1204 South Third Street, Milwaukee 4, Wisconsin. 

pulletin 709 Size 00 
1'12 hp, 220 v; 2 hp, 
440·550 v 

Bulletin 709 Size 1 
7Y, hp, 220 v; 10 hp, 
440·550 v 

Bulletin 709 Size 0 
3 hp. 220 v; 5 hp, 
440·550 v 

Attractive New Nema 1 
General Purpose Enclosure' 
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Who'd have thought a 14-track 300 KC recorder could fit into a case this small? AMPEX 

Here is the portable recorder you've been waiting 
for: the new Ampex FR-1300. It offers all the 
performance, all the reliability of much larger 
rack-mounted instrumentation recorders. Yet 
it fits into a portable case only 24 inches 
tall. In fact, it's so compact and lightweight 
that you'll find yourself treating it like any 
standard piece of laboratory or test equipment; 
moving it from job to job or lab to lab. And 
just look at all you get: 14 tracks, Direct and 
FM recording, six electrically selected speeds, 
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recording capability from 300 cps to 300 KC at 
60 ips- and all solid-state electronics through
out, all packaged in one portable case. The 
FR-1300 also features a built-in capstan servo 
system to guarantee accurate tape speeds, with
out the need for an accessory motor drive 
amplifier. For more details write the only com
pany providing recorders, tape and memory de
vices for every application: Ampex Corporation, 
934 Charter Street, Redwood City, IAMI?EX I 
California. Worldwide sales, service. 
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FERRITES 
Electronics Division 

Keasbey, N. J. 

MINIATURE MOTORS 
Electro-Mechanical Division 

Oglesby, III. 

o 
PERMANENT MAGNETS 

Magnet Division 
Valparaiso, Ind. 

MAGNETIC EQUIPMENT 
Magnetic Equipment Div. 

Milwaukee, Wis. 

MEMORY PRODUCTS 
Electronics Division 

Keasbey, N. J. 

INDIANA GENERAL r;� 
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instant 
space 

Chances are that at this moment, some
where in the United States, a team of 
engineers is creating instant space. In a 
space simulation chamber, they are dupli
cating the incredible cold, vacuum, solar 
heat and radiation of the spacial environ
ment . •  In the chamber, a man-made 
space vehicle is making a simulated trip 
through the environment. It is being sub
jected to the spacial phenomena prior to a 
launch, not only to determine its capabili
ties, but to answer questions regarding 
future space flights . •  To achieve the ultra 
low temperatures required, an extensive 
cryogenic array is necessary. Because of 
its exp erience in space-age cryogenics, 
dating back to the first space simulation 
programs, CryoVac has furnished the 
cryogenic systems in most of the space 
simulators in existence today. Cryo-Vac's 
experience includes systems engineering 
studies, research and development and 
the actual design, fabrication and erection 
on countless space simulation programs. 
This experience is at your disposal- why 
not take advantage of it? • Inquiries from 
qualified scientists and engineers regard
ing employment opportunities are invited. 

c9t?� 
COL. U M BUS 1 2. 0 H I 0 

22 

THE AUTHORS 
COLIN M. TURNBULL ("The Les

son of the Pygmies") is assistant curator 
of African ethnology at the American 
Museum of Natural History. Turnbull's 
entrance into anthropology resulted in
directly from his interest in philosophy 
and music. After taking a degree in phi
losophy and politics at the University of 
Oxford, Turnbull spent two years at the 
University of London studying Hindi 
and Sanskrit and another two years on a 
research fellowship at Banaras Hindu 
University in India. He returned to Eng
land by way of Africa, spending most of 
his time in the Congo, where he stayed 
for several months in the home of Pat
rick Putnam, an American anthropologist 
who had settled there in the 1920's. It 
was through Putnam that Turnbull first 
gained access to the Pygmies of the Ituri 
Forest. Already aware of the importance 
of music in Indian society, Turnbull was 
particularly struck by the role of music 
among the Pygmies. On a second visit in 
1954 and 1955 he concluded that any 
understanding of the music required a 
thorough understanding of the whole so
ciety. A grant from the Royal Anthropo
logical Institute made possible a third 
visit in 1957 and 1958. Turnbull joined 
the Museum of Natural History in 1959, 
and in 1961 he published an account of 
his life among the Pygmies entitled The 
Forest People. 

R. D. HILL ("Resonance Particles") 
is professor of physics at the University 
of Illinois, where since 1947 he has 
taught and done experimental research. 
For the past eight years his research has 
been mainly in the field of high-energy 
nuclear physics. He was associated with 
the group at the Brookhaven National 
Laboratory that first detected in nuclear 
emulsions the production of tau and K 
mesons by the Brookhaven Cosmotron in 
1954. Before going to the University of 
Illinois, Hill, who was born and raised in 
Australia, had been senior lecturer at the 
University of Melbourne since 1941. In 
the years 1939 to 1945 he was involved 
in radar work, first in England and later 
in Australia. Prior to that Hill took his 
D.Sc. at Melbourne in 1936, did research 
for a year at the University of Cam
bridge and worked the following year at 
Illinois. 

R. W. HORNE ("The Structure of 
Viruses") is a member of the staff at the 
Institute of Animal Physiology in Cam-

bridge, England. Horne, whose main in
terest is in developing new methods of 
combining electron microscopy with bio
chemical techniques, has since 1947 
been closely associated with the develop
ment of electron microscopes and their 
applications. In 1958 he collaborated 
with Sydney Brenner of the University 
of Cambridge in a detailed study of the 
structure of the T2 virus, which infects 
the colon bacillus. The methods used in 
that study have subsequently been ap
plied in elucidating the structure of a 
wide variety of viruses. 

HALTON C. ARP ("The Evolution of 
Galaxies") is an assistant astronomer on 
the staff of the Mount Wilson and Palo
mar Observatories. He received an A.B. 
from Harvard University in 1949 and a 
Ph.D. from the California Institute of 
Technology in 1953, was a Carnegie Fel
low at the Mount Wilson and Palomar 
Observatories until 1955 and a research 
associate at Indiana University until 
1957, when he took his present job. 

HENRY GILMAN and JOHN J. 
EISCH ("Lithium") are respectively 
professor of organic chemistry at Iowa 
State University and assistant professor 
of chemistry at the University of Michi
gan. Gilman received his B.S. from Har
vard University in 1915, did graduate 
work at the Zi.irich Polytechnikum and 
the University of Oxford in 1916 and 
then returned to Harvard, where he ac
quired M.S. and Ph.D. degrees in 1917 
and 1918. He taught for a year at the 
University of Illinois before joining the 
faculty of Iowa State, where he became 
a full professor in 1923. Gilman served 
with the Chemical Warfare Service in 
World War I and the Manhattan Project 
in World War II. He is at present a con
sultant to the Atomic Energy Commis
sion, a vice-president of the American 
Association for the Advancement of 
Science and a member of the editorial 
boards of The Journal of the American 
Chemical Society and The Journal of Or
ganiC Chemistry. Eisch was graduated 
summa cum laude from Marquette Uni
versity in 1952 and did his doctoral work 
under Gilman, receiving a Ph.D. in 1956. 
He studied for a year with Karl Ziegler 
at the Max Planck Institute for Coal Re
search in Germany and then taught at 
St. Louis University before going to the 
University of Michigan in 1959. 

HANS WALLACH ("The Perception 
of Neutral Colors") is professor of psy
chology at Swarthmore College. Born 
and raised in Berlin, Wallach studied 
under Wolfgang Kohler, the founder of 
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the Gestalt school of psychology, who 
was then professor of psychology at the 
University of Berlin. Wallach received 
his Ph.D. in 1935; when Kohler moved 
to Swarthmore the following year, 
Wallach went with him. 

RUPERT E. BILLINGHAM and 
WILLYS K. SILVERS ("Skin Trans
plants and the Hamster") are respective
ly a member and an associate member of 
the Wi star Institute of Anatomy and Bi
ology in Philadelphia. Billingham, who 
is also Wistar Professor of Zoology at the 
University of Pennsylvania, took a de
gree in zoology at the University of 
Oxford in 1942. After serving with the 
Royal Navy until 1946, Billingham re
turned to Oxford to begin his doctoral 
studies under P. B. Medawar (winner, 
with Sir Macfarlane Burnet, of the 1960 
Nobel Prize for Physiology and Medi
cine) . He worked with Medawar for the 
next 11 years (at Oxford, Birmingham 
University and University College Lon
don) , principally on tissue transplanta
tion and the immune reaction. Oxford 
awarded him D.Phil. and D.Sc. degrees 
in 1950 and 1957. Billingham went to 
Pennsylvania in the latter year and was 
elected to the Royal Society in 1961. Sil
vers, who is also a research associate 
in the department of dermatology of 
the University of Pennsylvania's School 
of Medicine, holds a B.A. from Johns 
Hopkins University and a Ph.D. from 
the University of Chicago. 

KEITH B. MATHER ("Why Do 
Roads Corrugate?") is associate profes
sor of physics at the Geophysical Insti
tute of the University of Alaska on leave 
from the University of Melbourne, where 
he lectures in physics. Born and raised in 
Adelaide, Australia, Mather acquired a 
B.Sc. in electrical engineering from the 
University of Adelaide in 1942 and an 
M.Sc. in physics there in 1944. After three 
years of research in nuclear physics at 
Washington University in St. Louis and 
a year at Birmingham University, he 
went to Ceylon in 1950 to lead the Cey
lon University Cosmic Ray Expedition 
to the Himalayas; two years with the 
Australian Atomic Energy Commission 
were followed by a year at Mawson Sta
tion in Antarctica. He went to the Uni
versity of Melbourne in 1958 and to the 
University of Alaska in 1961. 

KENNETH E. BOULDING, who in 
this issue reviews Sebastian de Grazia's 
Of Time, Work, and Leisure and Hugh 
Dalziel Duncan's Communication and 
Social Order, is professor of economics at 
the University of Michigan. 

laboratory accuracy 
RESISTANCE 

MEASUREMENT 
The precision of any measurement is limited by one or all of three 
factors-the accuracy, resolution or sensitivity of the measuring 
system. Thus the goal of good design is to provide (1) an accuracy 
limited only by the state of the art (2) resolution capable of taking 
full advantage of the accuracy and (3) sensitivity sufficient to per
mit full use of the resolution. The graphs below illustrate the per
formance capabilities of ESl's Model 231 Guarded Wheatstone 
Resistance Measuring System in terms of these essential goals. 

DIRECT 
ACCURACY 
0.01% 

10 ppm 
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Internal guarding and the unique ESI circuit design elim
inate the effects of bridge wiring and switch contact re
sistance from the measurements. assuring exceptional 
bridge stability and a direct-reading accuracy of 0.01 % 

MEASURED RESISTANCE 

Three decade switches and a 105 division interpolating 
rheostat provide 120,005 dial divisions of resolution for 
utilization of bridge accuracy throughout the 11 ranges 
of resistance measurement. 
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MEASURED RESISTANCE 

Output voltage is continuously variable for optimum load 
matching and measurement sensitivity. Adjustable de
tector sensitivity permits meter calibration for rapid re
sistor comparison. 

MODEL 231 GUARDED WHEATSTONE 
RESISTANCE MEASURING SYSTEM 
High accuracy, versatility, simplified operation for produc
tion line or standards laboratory-long term stability bet
ter than ± 0.05 %. Matched assembly of ESI Model 230-A 
Resistance Bridge and Model 800-R Generator-Detector 
in customed metal enclosure-$1875, f.o.b. Portland, 
Oregon. For additional information, send for Catalog Sheet 
C-21 and ESI Technical Services Reports Nos. 2 and 15 
("High Resistance Measurements" and "Model 231-A 
Check for Mil. Std. Requirements"). 

precision measurement is our business-we catalog in EEM, VSMF 

1m 
� SYSTEMS 

BRIDGES ilnd 

ACCESSORIES 

f2§� · ero� : «Il(,�(l"'��: � 
DECADE DECADE �II 

VOl' AGE RES>STORS ,od 
ES",C 

OOVOOERS CAPAGOTORS • COMPUTERS 

Elecf:ro Scienf:io£ic Indus1:ries 
7524 S.W. Macadam Avenue · Portland 19, Oregon . Area Code 503,246-3331 
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ON-BOARD SYSTEMS-A Ubrascope 
computer, the first designed to guide an 
exproratory instrument package to a soft land· 
ing on the moon, will be carried aloft inside 
NASA's Atlas·Centaur spacecraft. One of the 
smallest and lightest general·purpose digital 
computers available for today's space needs. 

IENEDl P 0 CIIION lUI 

Like the ancient Roman deity 

Janus, Guardian of the Gates, 

a space-information system has 

two faces. 0 One is the on-board 

subsystem that gathers space 

data and performs preliminary 

processing. The other is the 

ground-based subsystem that 

completes the processing and 

displays the desired informa

tion after transmission from 

the spacecraft. 0 Only quarter

century- mat u re Librascope 

Division General Precision has 

so thoroughly demonstrated 

competence in producing both 
on-board space-vehicle com

puters and large-scale ground

based data processing systems, 

11011 fAC 
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under military and space 

contracts, and in integrating 

complex information systems. 

o Other divisions of General 

Precision aid in furnishing the 

depth of experience in space

environment sensing, astro

n a  viga tio n ,  v e h i cle- a n d  

ground-systems displays, and 

simulation-system manage

ment. 0 Send for the story of 

Librascope's 25 years in infor

m ation syste ms and latest 

work on advanced computing 

techniques and equipment. 

LI BRASCOPE DIVISION 
@) @����&[b 

��rn©D®D@� 
808 Western Avenue, Glendale 1, California 

GROUND-BASED SYSTEMS-From 
1963 on, U.S. global strategy will be supported 
by this Librascope multiple·computer 
system, a key part of USAF's 473L command
and-control system to be installed in the 
Pentagon. One of the many new large-scale 
Librascope computing system complexes. 
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:From 'Washington-

A CLARIFICATION 
that can significantly affect your future visits to the world)s most important city 

Few remember the original meaning of a noble word 
that will be dramatically clarified and redefined with 
the opening of The Madison in Washington, D. C., this 
month. 

That word is "hotel". French in origin, "hotel" made 
its first written appearance in 1644. The literal mean
ing was "a town mansion", and that is what the early 
European hotels were: town mansions of wealthy, 
country-based families, privately maintained for their 
own uses during the brilliant Court seasons. To this 
day, many impressive private residences in Paris are 
called "hotels". 

In The Madison, the word "hotel" will be restored 
to its original dignity and meaning. 

A Long-Felt Need 
The need for a lUXury hotel in the great European 

tradition, catering to Washington's most highly placed 
and discerning visitors has long been recognized by a 
group of local businessmen, which I have the honor of 
heading. 

We have felt that in the process of increasing their 
efficiency as business enterprises, the better hotels have 
lost much of the highly personalized flavor that dis
tinguishes the great European hotels, and that was so 
importantly a part of the traditional hospitality of 
"Old" Washington. We believe that management by 
teletype from a distant management center cannot ef
fectively satisfy the individual requirements of the in
dividual guest, nor make him feel that he is occupying 
his "own" Washington town mansion. 

The Madison, privately and locally owned and indi
vidually managed, is the result of our mutual deter
mination to correct this situation and to place at the 
disposal of Washington's distinguished guests, an ele
gant "town mansion" worthy of their patronage. To this 
end we have pledged generously of our resources. 

The Madison Atmosphere 
While The Madison will be one of the world's most 

luxurious hotels, its atmosphere will be one of re
strained elegance. Its opulence will be unobtrusive; 
there will be no glitter of chrome nor blare of unwel
come music, and there will be no garish uniforms to 
offend either the beholder or the wearer. 

THE MADISON 

NOTE: Our Managing Director has prepared a special indoctrination 
booklet for The Madison staff members. In this, the basic philosophy 
and the facilities of The Madison are detailed. If you would like a 
copy of this interesting, behind the scenes booklet, we shall be happy 

The quiet refinement and exquisite taste of The 
Madison's Federal period decor will be reminiscent 
of the gracious, unhurried correctness of living that 
James Madison and his wife "Dolley" brought to Wash
ington from their stately Virginia home, Montpelier. 

The Madison Service 
Individual tastes and preferences of guests will be 

served in the European manner by a multi-lingual staff; 
with courtesy, dignity, quiet competence and the atten
tive deference that is the due of "the lord of the 
manor." 

The right of The Madison guest to privacy will be 
rigidly respected. No guest accommodation will be 
within sight or hearing of any delivery or service area. 
Rooms and suites will be shielded with the most effec
ti�e sound insulation known to modern building 
SCIence. 

And a firm policy of "No Conventions, No Tour 
Groups" will be maintained both to protect the serenity 
of The Madison way of life against untoward invasion, 
and to assure an adequate supply of accommodations 
to regular patrons in all seasons. 

The service of food and drink in The Madison will 
be in the great and lavish European tradition. It is our 
aim to make The Montpelier Restaurant, off the main 
lobby, a mecca for connoisseurs of Continental formal 
dining and the adjacent Montpelier Lounge the most 
elegant gathering place for Washington gentlemen and 
their ladies. The Retreat, a bit of transplanted Old 
England, will be sacred to males; La Provence, a bright 
and gay dining room authentically French provincial 
in decor, will serve, informally, delicious meals at 
I1,lodest prices, .and the flagstone te!,raced, protected 
SIdewalk cafe WIll be known, appropnately, as Coin de 
Paris-in truth, "a corner of Paris." 

A Pledge 
It is our determination to maintain, in The Madison 

the highest standards observed in the most meticulou� 
private homes, so that you and our other perceptive 
guests will accept The Madison as your own Washing
ton town mansion, and know that in it, you are indeed 
"the lord of the manor." 

�B.cOYne 

President 

'11J ashington 's Correct Address 

to forward one to you. Please address your request (preferably on 
your letterhead) to: Hans Sternik, Managing Director, The Madison, 
Fifteenth and M Streets, N.W., Washington 5, D. C. 
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SCIENTIFIC 
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The Lesson of the Pygmies 

It has long been assumed that these inhabitants of the African rcun 

forest had adapted to a kind of serfd01n In villages. The discover.r 

that they have not has implications for the problems of Africa today 

In the welter of change and crisis con
fronting the lives of the peoples of 
Africa it would seem difficult to work 

up concern for the fate of the 40,000 
Pygmies who inhabit the rain forests in 
the northeastern corner of the Congo. The 
very word "pygmy" is a term of deroga
tion. According to early explorers and 
contemporary anthropologists, the Pyg
mies have no culture of their own
not even a language. They became sub
merged, it is said, in the village customs 
and beliefs of the Bantu and Sudanic 
herdsmen-cultivators who occupied the 
periphery of the forest and reduced them 
to a kind of serfdom some centuries ago. 
By the testimony of colonial administra
tors and tourists they are a scurvy lot: 
thievish, dirty and shrouded with an 
aura of impish deviltry. Such reports re
flect in part the sentiments of the village 
tribes; in many villages the Pygmies are 
regarded as not quite people. 

To argue that the Pygmies are people 
-even to show that they maintain to this 
day the integrity of an ancient culture
will not avert or temper the fate that is 
in prospect for them. The opening of 
the rain forests of Central Africa to ex
ploitation threatens to extinguish them 
as a people. The Pygmies are, in truth, 
bamiki nde ndura: children of the f01·· 
est. Away from the villag9s they are 
hunters and food gatherers. The for
est provides them with everything they 
need, generally in abundance, and 
enables them to lead an egalitarian, 
co-operative and leisured existence to 
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by Colin M. Turnbull 

which evil, in the sense of interpersonal 
malevolence, is so foreign that they have 
no word for it. After centuries of con
tact with the "more advanced" cultures 
of the villages and in spite of all ap
pearances, their acculturation to any 
other mode of life remains almost nil. 
They have fooled the anthropologists 
as they have fooled the villagers. For 
this reason if for no other, the Pygmies 
deserve the concerned attention of the 
world outside. Their success should make 
us pause to reconsider the depth of ac
culturation that we have taken for grant
ed as existing elsewhere, as industrial 
civilization has made its inexorable con
quest of the earth. 

The reason for the prevailing errone
ous picture of the Pygmies is now clear. 
It has hitherto been generally impos
sible to have access to them except 
through the offices of the village head
man, who would call the local Pygmies 
in from the forest to be interviewed. 
To all appearances they lived in some 
sort of symbiosis, if not serfdom, with 
the village people, subject to both the 
secular and the religious authority of the 
village. The fact that Pygmy boys under
go the village ritual of initiation in a re
lation of subservience to village boys was 
cited as evidence of ritual dependence, 
and it has been held that the Pygmies 
are economically dependent on the vil
lages for metal and for plantation foods, 
presumably needed to supplement the 
meat they hunt in the forest. The few 
investigators who got away from the 

villages did not manage to do so without 
an escort of villagers, acting as porters 
or guides. Even in the forest the pres
ence of a single villager transforms the 
context as far as the Pygmies are con
cerned; therefore all such observations 
were still basically of Pygmies in the 
village, not in their natural habitat. 

My own initial impression was just as 
erroneous. By good fortune my contact 
with the Pygmies circumvented the vil
lage and was established from the out
set on a basis that identified me with the 
world of the forest. Seeing them almost 
exclusively in the context of the forest, I 
saw a picture diametrically opposed to 
the one generally drawn. Instead of de
pendence, I saw at first independence of 
the village, a complete lack of accultura
tion-in fact, little contact of any kind. It 
was only after two additional stays in the 
Ituri Forest, the home ground of the 
Congo Pygmies, that I was able to put 
the two contradictory pictures of their 
life together and to see the whole. It 
turned out that neither is wrong; each is 
right in its particular context. The rela
tion of the Pygmies to the villagers is a 
stroke of adaptation that has served their 
survival and even their convenience 
without apparent compromise of the in
tegrity of their forest-nurtured culture. 

T
he BaMbuti, as the Pygmies of the 
Ituri Forest are known to themselves 

and to their neighbors, may be the origi
nal inhabitants of the great stretch of 
rain forest that reaches from the Atlantic 
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PYGMY WOMEN and children rest in the shade of the forest 

while the men collect honey from nearby trees. The women often 

PYGMY MEN remove from one of their vine nets a small forest 
antelope they have caught and killed. One edge of the net, which 

accompany the men on honey.gathering and hunting expeditions, 

but they do not take part in the final stages of these activities. 

the men and older boys set up, can be seen at lower left center. 

The women served as beaters to drive the animal into the net. 
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ITURI FOREST inhabited by the Pygmies occupies an area of roughly 50,000 square miles 

in the northeastern corner of the tropical rain forest of the Congo, in Central Africa. 

DETAIL MAP OF THE ITURI FOREST shows the Pygmy camps visited by the author 

(smllll open circles), villages (black dots) and various rivers (blue lines). The camps are 

connected by forest paths (thin blllck lines), the villages hy roads (hellvy blllck lines). 

coast right across Central Africa to the 
open grassland country on the far side 
of the chain of great lakes that divides 
the Congo from East Africa. Their ori
gin, along with that of Negrito peoples 
elsewhere in the world, is lost in the 
prehistoric past. Most Pygmies have un
mistakable features other than height 
(they average less than four and a half 

feet) that distinguish them from Ne
groes. They are well muscled, usually 
sway-backed and have legs that are 
short in proportion to their torsos. Their 
faces, with wide-set eyes and Rat, broad 
noses, have a characteristically alert ex
pression, direct and unafraid, as keen as 
the attitude of the body, which is always 
poised to move with speed and agility 
at a moment's notice. They do not envy 
their neighbors, who jeer at them for 
their puny stature; in the enclosure of 
the forest, where life may depend on the 
ability to move swiftly and silently, the 
taller Negroes are as clumsy as ele
phants. For his part the Pygmy hunter 
wins his spurs by killing an elephant, 
which he does by running underneath 
the animal and piercing its bladder with 
a succession of quick jabs from a short
shafted spear. 

A BaMbuti hunting band may consist 
of as many as 30 families, more than 100 
men, women and children in all. On the 
move from one encampment to another 
they fill the surrounding forest with the 
sound of shouted chatter, laughter and 
song. Along with the venting of high 
spirits, this ensures that lurking leopards 
and buffaloes will be Rushed into the for
est well ahead of the band and not be 
accidentally cornered on the trail. The 
women, carrying or herding the infants, 
dart from the trail to gather food, and the 
men scout the forests for game on the 
Ranks and in the van of the ragged pro
cession. Arriving at the campsite in no 
particular order, all join in the task of 
building huts. The men usually cut the 
saplings to make the frames and some
times also the giant Phrynium leaves to 
cover them; the women take charge of 
the actual building. The saplings are 
driven securely into the ground around 
a 10-foot circle, then deftly bent and 
intertwined to form a lattice dome; on 
this structure the leaves are hung like 
shingles, in overlapping tiers. Before 
nightfall, with the first arrivals helping 
the stragglers to complete their tasks, the 
camp is built and the smoke of cooking 
fires rises into the canopy of the forest. 
The entire enterprise serves to demon
strate a salient feature of BaMbuti life: 
everything gets done with no direction 
and with no apparent organization. 
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A morning is usually all that is needed 
to secure the supply of food. The women 
know just where to look for the wild 
fruits that grow in abundance in the 
forest, although they are hidden to out
siders. The women recognize the undis
tinguished itaba vine, which leads to a 
cache of nutritious, sweet-tasting roots; 
the kind of weather that brings mush
rooms springing to the surface; the exact 
moment when termites swarm and must 
be harvested to provide an important 
delicacy. The men hunt with bows and 
poison-tipped arrows, with spears for 
larger game and with nets. The last in
volves the Pygmy genius for co-opera
tion. Each family makes and maintains 
its own net, four feet high and many 
yards long. Together they string the nets 
across a strategically chosen stretch of 
ground. The hunters, often joined by the 
women and older children, beat the for
est, driving the game into the nets. 

By afternoon they have brought 
enough food into camp and sometimes 
a surplus that will enable them to stay 

in camp the next day. Time is then spent 
repairing the nets, making new bows 
and arrows, baskets and other gear and 
performing various other chores. This 
still leaves a fair amount of free time, 
which is spent, apart from eating and 
sleeping, either in playing with the chil
dren and teaching them adult activities 
or in gathering in impromptu groups for 
song and dance. 

The BaMbuti have developed little 
talent in the graphic arts beyond the 
occasional daubing of a bark cloth with 
red or blue dye, smeared on with a fin
ger or a twig. They do, however, have an 
intricate musical culture. Their music 
is essentially vocal and noninstrumental. 
It displays a relatively complex harmonic 
sense and a high degree of rhythmic 
virtuosity. With the harmony anchored 
in the dominant and therefore all in one 
chord, the singing is often in canon 
form, with as many parts as there are 
singers and with improvisations and 
elaborations contributed freely by each. 
A song may have some general meaning, 

but it may also be totally devoid of words 
and consist simply of a succession of 
vowel sounds. The real meaning of the 
song, its importance and power, is in 
the sound. In the crisis festival of the 
molimo, the closest approximation to a 
ritual in the unformalized life of the 
BaMbuti, the men of the band will sing, 
night after night, through the night until 
dawn. The function of the sound now is 
to "awaken the forest" so that it will 
learn the plight of its children or hear 
of their joy in its bounty. 

The spirit of co-operation, seen in 
every activity from hunting to singing, 
takes the place of formal social organiza
tion in the BaMbuti hunting band. There 
is no headman, and individual author
ity and individual responsibility are 
shunned by all. Each member of the 
band can expect and demand the co
operation of others and must also give 
it. In essence the bonds that make two 
brothers hunt together and share their 
food are not much greater than those 
that obtain between a member of a band 

HUT IN FOREST CAMP is larger than such huts usually are be· 

cause a section has been added to accommodate a visiting relative. 

The average hut is the size of the section with an entrance. Camps 

are built in clearings like this one, found throughout the forest. 
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PYGMIES AND VILLAGERS dance together during the initial two.week period of the 

initiation rite described in the text. Of the 10 men in the immediate foreground, from left 

to rigbt including the one with a white shirt at center, all are Pygmies except the fourth from 

left and the third from right. Tbe villagers' legs are longer in proportion to their bodies. 

VILLAGE CAMP on the outskirts of Epulu, formerly known as Camp Putnam, includes a 

village·style house huilt by a Pygmy, to the author's knowledge the only successful such at. 

tempt by a Pygmy in this section of the forest. Usually the villagers provide a house or the 

Pygmies construct leaf huts. Some of the village houses appear in the background. 
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and a visiting Pygmy, even if he is to
tally unrelated. Any adult male is a 
father to any child; any woman, a moth
er. They expect the same help and re
spect from all children and they owe the 
same responsibilities toward them. 

W
hen the Pygmies encamp for a 
while near a village, the character 

of the band and its activities undergo 
profound and complete transformation. 
This happens even when a lone villager 
pays a visit to a Pygmy camp. Not only 
do such activities as singing and dancing 
and even hunting change, but so also 
does the complex of interpersonal rela
tions. The Pygmies then behave toward 
each other as they would if they were 
in a village. They are no longer a single, 
united hunting band, co-operating close
ly, but an aggregate of individual fam
ilies, within which there may even be 
disunity. On periodic visits to the village 
with which their hunting band is asso
ciated, the Pygmies occupy their own 
semipermanent campsite between the 
village and the forest. Each family usual
ly has a particular village family with 
which it maintains a loose and generally 
friendly exchange relation. At such times 
the Pygmies not only supply meat, they 
may also supply some labor. Their 
main function, as the villagers see it, is to 
provide such forest products as meat, 
honey and the leaves and saplings need
ed for the construction of village houses. 
The villagers do not like the forest and 
go into it as seldom as possible. 

It is on these occasions that travelers 
have seen the Pygmies and decided that 
they are vassals to the villagers, with no 
cultural identity of their own. It is true 
that this is how the BaMbuti appear 
while they are in the villages, because in 
this foreign world their own code of be
havior does not apply. In the village they 
behave with a shrewd sense of expedi
ency. It in no way hurts them to foster 
the villagers' illusion of domination; it 
even helps to promote favorable econom
ic relations. As far as the BaMbuti are 
concerned, people who are not of the 
forest are not people. The mixture of re
spect, friendship and cunning with 
which they treat their village neighbors 
corresponds to the way they treat the 
animals of the forest: they use them as a 
source of food and other goods, respect
ing them as such and treating them with 
tolerant affection when they are not 
needed. The Pygmies have a saying that 
echoes the proverb of the goose and the 
golden egg, to the effect that they never 
completely and absolutely eat the vil
lagers, they just eat them. 

In the mistaken interpretations of 
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PYGMY ARTIFACTS are depicted at about a seventh of actual 

size: hunting net (1), metal-tipped spear (2), paring knife (3), pair 

of poison arrows and pair of metal-tipped nonpoisonous arrows 

(4), wrist guard made of monkey skin (5) for use with the bow (7), 

quiver made of antelope skin (6), child's basket (8), honey adz 

(9), bark pail for gathering honey (10), castanets (11), honey 

whistle (12), flute (13), comb (14), belt (15), hammer with a head 

of elephant tusk used in making bark cloth (16) and a hat (17)-
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AUGUST 1957 

• 
• 

DECEMBER 1957 

FOREST CAMPS change structure and constitution in cyclical 

fashion as Pygmies move from one campsite to another; they be

come increasingly fragmented at the approach of the honey seaSOn 

(May through June), break up during the season (figures show 

number of families) and re-form afterward. The disposition of 
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MAY�JUNE 1958 

.. ., 
-. 

FEBRUARY 1958 

• 

G 

H ONEY CAMPS 

VILLAGE CAMP 

VILLAGE 
CAMP 

huts, directions in which they face and their shapes are as shown; 

some were later abandoned (broken lines). Of the clans constitut

ing the group with which the author stayed during this period, the 

main one was the Bapuemi (solid-colored areas). A quarrel re

sulted in a split camp (lower left), which gradually re-formed. 
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this peculiar relation the fact that the 
Pygmies seem to have lost their original 
language is often cited as evidence of 
their acculturation to the village. Lin
guists, on the other hand, see nothing 
surprising in this fact. Small, isolated 
hunting bands, caught up in the inter
tribal competition that must have at
tended the Bantu invasion that began 
half a millennium ago, could well have 
lost their own language in a couple of 
generations. It is by no means certain, 
however, that the Pygmy language is ex
tinct. Certain words and usages appear 
to be unique to the Pygmies and do not 
occur in the languages and dialects of 
any of the numerous neighboring tribes. 
What is more, the Pygmies' intonation is 
so distinctive, no matter which of the 
languages they are speaking, as to ren
der their speech almost unintelligible to 
the villager whose language it is sup
posed to be. 

Some authorities maintain that the 
Pygmies rely on the villagers for food 
and metal. As for food, my own experi
ence has shown that the BaMbuti hunt
ing bands are perfectly capable of sup
porting themselves in the forest without 
any help from outside. The farther away 
from the villages they are, in fact, the 
better they find the hunting and gath
ering. If anything, it is the villagers 
who depend on the Pygmies, particular
ly for meat to supplement their protein
deficient diet. 

It is more difficult to determine to 
what extent the BaMbuti are dependent 
on village metal. A few old men speak 
of hardening the points of their wooden 
spears in fire, and children's spears are 
still made in this way. Except for ele
phant hunting the spear is mostly a de
fensive weapon, and the loss of metal 
spear blades would not be serious. Knife 
and ax blades are more important; the 
word machetti-for the long, heavy
bladed brush-slashing knife-is well 
established in the Pygmy vocabulary. 
There are thorny vines, however, that 
can serve adequately as scrapers and 
others that when split give a sharp if 
temporary cutting edge, like that of split 
bamboo. When I have pressed the ques
tion, it has been stated to me that, in 
the absence of metal blades, "we would 
use stones." On the other hand, I have 
never succeeded in persuading a Pygmy 
to show me how. The answer to such a 
request was invariably: "Why should I 
go to all that trouble when it is so easy 
to get metal tools from the villagers?" 

This is in fact the core of the Pygmies' 
economic relation with the villagers, and 
it renders the term "symbiosis" inappli
cable. There is nothing they need bad-

ly enough to make them dependent on 
the villagers, although they use many 
artifacts acquired from them. Metal 
cooking utensils are a good example: 
the Pygmies can get along without 
these comfortably. They use them only 
for the cooking of village foods that re
quire boiling, such as rice; forest foods 
call for no such utensils. The BaMbuti 
will exchange goods with the villagers 
and even work for them, but only as long 
as it suits their convenience and no long
er. No amount of persuasion will hold 
them. If a villager attempts coercion, the 
Pygmy simply packs up and goes back to 
the forest, secure in the knowledge that 
he will not be followed. On the next oc
casion he will offer his goods in another 
village. Tribal records are full of dis
putes in which one villager has accused 
another of stealing "his" Pygmies. 

I 
n the absence of effective economic 
control the villagers attempt to assert 

political and religious authority. The vil
lagers themselves are the source of the 
myth that they "own" the Pygmies in a 
form of hereditary serfdom. They appoint 
Pygmy headmen, each responsible for 
his band to the appropriate village head
man. Because the bands not only shift 
territorially but also change as to their 
inner composition, however, a village 
headman can no more be sure which 
Pygmy families comprise "his" band 
than he can tell at any time where the 
band has wandered. In his appointed 
Pygmy headman he has a scapegoat he 
can blame for failure of the band to ful
fill its side of some exchange transaction. 
But the Pygmy has no wealth with which 
to pay fines and can rarely be caught for 
the purpose of enforcing any other resti
tution. 

The villagers nonetheless believe 
themselves to be the masters. They ad
mit it is a hard battle and point out that 
the Pygmies are in league with the pow
erful and tricky spirits of the forest. The 
fear the villagers have of the forest goes 
beyond a fear of the animals; it is also a 
respect based on the knowledge that 
they are newcomers, if of several hun
dred years' standing. This respect is 

. even extended to the Pygmies. Some vil
lages make offering to the Pygmies of 
the first fruit, acknowledging that the 
Pygmies were there before them and so 
have certain rights over the land. This 
offering is also expected to placate the 
forest spirits. Ultimately, however, the 
villagers hope to subject the Pygmies to 
the village spirits and thereby to assume 
total domination. 

In carrying the contest into the realm 
of the supernatural, the villagers invoke 

the full armory of witchcraft and sorcery. 
To the villagers these methods of social 
control are just as scientific and real as, 
say, political control through- armed 
force. Moreover, although witchcraft 
and sorcery generally get their results 
by psychological pressure, they can 
sometimes be implemented by physio
logical poisons. There are strange tales of 
illness and of death due to sorcery, and 
no Pygmy wants to be cursed by a vil
lager. On receiving threats of this kind 
the hunting band takes to the forest, 
secure in the belief that village magic 
is no more capable of following them 
into the forest than are the villagers 
themselves. 

More subtly, the villagers engage the 
Pygmies in the various important rituals 
of the village culture. A Pygmy birth, 
marriage or death, occurring when the 
hunting band is bivouacked near a vil
lage, sets in motion the full village cere
monial appropriate to the occasion. The 
"owner" of the Pygmy in each case as
sumes the obligation of providing the 
child-protecting amulet, of negotiating 
the exchange of bride wealth or of paying 
the cost of the obsequies. Such inter
vention in a Pygmy marriage not only 
ensures that the union is regularized ac
cording to village ritual; it also gives the 
owners in question indissoluble rights, 
natural and supernatural, over the new 
family. The Pygmies willingly submit to 
the ritual because it means a three-day 
festival during which they will be fed 
by the villagers and at the end of which, 
with luck, they will be able to make off 
with a portion of the bride wealth. On 
returning to the forest the couple may 
decide that it was just a flirtation and 
separate, leaving the villagers to litigate 
the expense of the transaction and the 
wedding feast. Although they are eco
nomically the losers, the villagers none
theless believe that by forcing or cajol
ing the Pygmies through the ritual they 
have subjected them, at least to some 
extent, to the control of the village su
pernatural. 

T
he same considerations on both sides 
apply to a funeral. The ritual places 

certain obligations on the family of the 
deceased and lays supernatural sanc
tions on them; death also involves, al
most invariably, allegations of witch
craft or sorcery. Once again, therefore, 
the villagers are eager to do what is 
necessary to bring the Pygmies within 
the thrall of the local spirit world. And 
once again the Pygmies are willing to 
co-operate, knowing that the village 
funerary ritual prescribes a funerary 
feast. Even though their custom calls 
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COLLECTING HONEY takes place during a season that lasts ap· 

proximately two months. The Pygmy reaching into the tree with 

his left hand holds a honey adz in his right. This instrument is used 

whenever it becomes necessary to open the tree in order to get at 

the hive. The honey is usually found much higher up in a tree. All 

the photographs that appear in this article were made by the author. 

for quick and unceremonious disposal of 
the dead, they are glad to let the vil
lagers do the disposing and even to sub
mit to head-shaving and ritual baths in 
return for a banquet. 

By far the most elaborate ritual by 
which the villagers hope to bring the 
Pygmies under control is the initiation 
of the Pygmy boys into manhood 
through the ordeal of circumcision, 
called nkumbi. All village boys between 
the ages of nine and 12 are subject to 
this practice, which takes place every 
three years. Pygmy boys of the appro
priate age who happen to be in the 
vicinity are put through the same cere
mony with the village boys. A Pygmy 
boy is sent first "to clean the knife," as 
the villagers put it, and then he is fol
lowed by a village boy. These two boys 
are thereafter joined by the blood they 
shed together in the unbreakable bond 
of kat'e, or blood brotherhood. Any de
fault, particularly on the part of the 
Pygmy, will invoke the wrath of the 
ancestors and bring all manner of curses 
on the offender. So once more the Pyg
mies are placed under the control of the 
village spirits and the putative bonds be
tween the serfs and their owners are 
reinforced. Some villagers also see this 
practice as a means of securing for them-
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selves an assured complement of Pygmy 
serfs to serve them in the afterworld. 

As in all the other ritual relations, the 
BaMbuti have their own independent 
motivation and rationalization for sub
mitting their sons to the pain and hu
miliation of nkumbi. For one thing, the 
Pygmy boys acquire the same secular 
adult status in the village world as their 
village blood brothers. The Pygmies, 
moreover, have the advantage of know
ing that the bonds they do not consider 
unbreakable nonetheless tie their newly 
acquired village brothers; they made use 
of this knowledge by imposing on their 
kare. Finally, for the adult male relatives 
of the Pygmy initiates the ceremony 
means three months or so of continuous 
feasting at the expense of the villagers. 

Once the nkumbi is over and the 
Pygmies have returned to the forest, it 
becomes clear that the ritual has no 
relevance to the inner life of the family 
and the hunting band. The boys who 
have gone to such trouble to become 
adults in the village sit on the laps of 
their mothers, signifying that they know 
they are really still children. In Pygmy 
society they will not become adults until 
they have proved themselves as hunters. 

Back in the forest the Pygmies once 
again become forest people. Their coun-

ter to the villagers' efforts to bring them 
under domination is to keep the two 
worlds apart. This strategy finds formal 
expression in the festival of the moTimo. 
The moUmo songs are never sung when 
a band is making a visitation to a village 
or is encamped near it. Out in the forest, 
during the course of each night's singing, 
the trail leading off from the camp in the 
direction of the village is ceremonially 
blocked with branches and leaves, shut
ting out the profane world beyond. 

T
he relation between the Pygmy and 
the village cultures thus resolves it

self in a standoff. Motivated as it is by 
economics, the relation is inherently an 
adversary one. The villagers seek to win 
the contest by domination; the Pygmies 
seek to perpetuate it by a kind of in
digenous apartheid. Because the rela
tion is one of mutual convenience rather 
than necessity, it works with reasonable 
success in the economic realm. The vil
lagers ascribe the success, however, to 
their spiritual domination; any break
down they cannot correct they are con
tent to leave to rectification by the super
natural, a formula that works within 
their own society. The Pygmies hold, on 
the other hand, that the forest looks after 
its own, a belief that is borne out by their 

© 1962 SCIENTIFIC AMERICAN, INC



PESTLE AND MORTAR are used by a Pygmy woman to 

make plantains, such as those beside her, into a paste. Pestle, 

mortar, plantains and metal dish at left are village products. 

DRYING MEAT OVER A FIRE preserves it against the time when it 

will he taken to the villages to be traded. Otherwise the meat would rot 

quickly. The Pygmies never store or preserve food for their own use. 

daily experience. In the nature of the 
situation, each group is able to think it 
has succeeded, as indeed in its own eyes 
it has. The very separateness of the two 
worlds makes this dual solution possible. 
But it is a solution that can work only in 
the present context. 

A breakdown began when the Bel
gians insisted that the villagers plant cot
ton and produce a food surplus. The vil
lagers then needed the Pygmies even 
more as a source of manpower. At the 
same time, with roads being cut through 
the forest, the movement of game be
came restricted. If the process had con
tinued, the Pygmies would have found 
it increasingly difficult to follow their 
hunting and food-gathering way of life 
and would indeed have become the eco
nomic dependents of the villagers. The 
present political turmoil in the Congo 
has given the Pygmies a temporary re
prieve. 

In some areas, however, the Belgians 
had decided to pre-empt the untapped 
Pygmy labor force for themselves and 
had already set about "liberating" the 
Pygmies from the mythical yoke of the 
villagers, persuading them to set up 
plantations of their own. The result was 
disastrous. Used to the constant shade 
of the forest, to the purity of forest wa-

tel' and to the absence of germ-carrying 
flies and mosquitoes, the Pygmies quick
ly succumbed to sunstroke and to various 
illnesses against which the villagers have 
some immunity. Worse yet, with the 
abandoning of hunting and food gath
ering the entire Pygmy social structure 
collapsed. Forest values were necessarily 
left behind in the forest, and there was 
nothing to take their place but a pathetic 
and unsuccessful imitation of the new 
world around them, the world of vil
lagers and of Europeans. 

T
his whole problem was much dis-
cussed among the Pygmies just prior 

to the independence of the Congo. In al
most every case they reached the deter
mination that as long as the forest ex
isted they would try to go on living as 
they had always lived. !\[ore than once 
I was told, with no little insight, that 
"when the forest dies, we die." So for 
the Pygmies, in a sense, there is no 
problem. The,' have seen enough of the 
outside world to feel able to make their 
choice, and their choice is to preserve 
the sanctity of their own world up to 
the very end. Being what they are, they 
will doubtless continue to play a mas
terful game of hide-and-seek, but they 
will not easily sacrifice their integrity. 

It is for future administrations of the 
Congo that the problem will be a real 
one, both moral and practical. Can the 
vast forest area justifiably be set aside 
as a reservation for some 40,000 Pyg
mies? And if the forest is to be exploited, 
what can one do with its inhabitants, 
who are physically, temperamentally 
and socially so unfitted for any other 
form of life? If the former assessment of 
the Pygmy-villager relation had been 
correct and the Pygmies had really been 
as acculturated as it seemed, the problem 
would have resolved itself into physi
ological terms only, serious enough but 
not insuperable. As it is, seeing that the 
Pygmies have for several hundred years 
successfully rejected almost every basic 
element of the foreign cultures surround
ing them, the prospects of adaptation 
are fraught with hazards. 

Traditional values die hard, it would 
seem, and continue to thrive even when 
they are considered long since dead and 
buried, In dealing with any African peo
ples, I suspect, we are in grave danger 
if we assume too readily that they dre 
the creatures we like to think we have 
made them. If the Pygmies are any in
dication, and if we realize it in time, it 
may be as well for us and for Africa that 
they are not. 
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Q. / 
Y" RESONANCE PARTICLE and a negative pion (7T- from 0 in 

drawing (It right) are produeed in this bubble·chamber collision be· 

tween a negative K meson (K-) and a proton at O. The resonance 
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particle disintegrates, before it can leave a track, into a neutral 

lambda particle, which leaves no track (broken line), and a posi· 

tive pion (7r+). The lambda decays into a proton (p+) and a nega· 
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RESONANCE PARTICLES 

JV[ost of the 32 fundan1ental particles of n1atter decay rather quickly. 

Th ere are still other particles that decay even more quickly. It no,v 

seems that the latter are "resonant" associations of other particles 

·

W
hen is a particle "fundamen
tal"? The fact that most sub
atomic particles decay quite 

quickly into other particles has made 
this a perennial question of physics. 
Now the difficultv is compounded by a 
new group of "particles" that are even 
more evanescent than the particles 
known earlier. 

The list of "old" particles, which are 
generally considered fundamental and 
which I shall call Type I, has been 
static for some time [see -illustration 011 
page 41J. It still consists only of those 
particles mentioned as discovered or pre
dicted in an article that appeared in 
SCIENTIFIC AMERICAK more than Rve 
years ago [see "Elementary Particles," 

tive pion (.,,-). The photograph was made 

by the experimental team under Luis W. AI· 

varez at the Lawrence Radiation Laboratory. 

bv R. D. Hill 

by Murray Cell-Mann and E. P. Hosen· 
baum; SCIENTIFIC AMERICAN, July, 
1957J. 

Apart from the inherently stable par
ticles, most of the Type I particles decay 
in about a ten-billionth of a second. This 
lifetime gives them a chance to move 
measurable distances in a detector such 
as a bubble chamber. The new particles, 
which I call Type II, decay in about 
the time it takes for light to move a 
distance equal to a few diameters of 
an atomic nucleus. Their lifetimes are 
measured in hundred·thousandths of a 
billion-billionth of a second (1O-�:: sec
ond)-far too short a time to leave vis
ible tracks or to be observed directly in 
any way. Their existence can only be in
ferred by studying the Type I particle 
products of their disintegrations. The 
question is: \"'ere they ever autoncmous 
particles or were they merely a group 
of separate pieces that moved together 
for a short time before flying apart? 
Physicists have avoided the question by 
calling the particles "resonances," im
plying that they may indeed have been 
temporary associations of other particles. 

How is their existence detected at 
all? To help the reader understand the 
way in which they were found I shall 
begin by describing a fanciful experi
ment in classical physics, that is, the 
kind of physics that obtained before the 
introduction of quanta and relativity. 
Like all classical explanations of quan
tum and relativistic events, the analogy 
is far from perfect. It should nonetheless 
serve to provide a rough idea of what 
is involved. 

Suppose an odd kind of artillery shell 
is made by gluing together three pieces 
of strong glass around an explosive 
charge. One of the pieces is red; the 
other two are perfectly transparent and 
therefore invisible. The shell is fired, 

moving, let us suppose, on a straight 
trajectory at a constant speed. As ob
servers we move parallel to the shell in 
an airplane traveling at the same speed. 
When the shell explodes, it breaks into 
its three component pieces. The center 
of mass of these pieces continues to move 
in its original direction at its original 
speed, according to the law of the con
servation of momentum. vVe too con
tinue to move in this direction and at 
this speed. Therefore it is as if the shell 
and we were both stationary when the 
shell exploded. We are observing in the 
"center-of· mass system" of the exploding 
fragments. 

Since two of the three pieces are in
visible, after the explosion we can see 
only the red piece. We measure its speed 
with respect to our own position. If we 
perform the experiment a large number 
of times, we will obtain a continuous 
spectrum of speeds of the red fragment 
varying from zero up to some maximum. 
Zero speed corresponds to the case in 
which all the energy in the explosive 
charge is carried off by the other two 
pieces. This will not happen often, but 
it can happen. rvlore likely is a fairly 
equal division of energy among the three 
pieces. Very unlikely is a sharing of all 
the energy between the red piece and 
the other two pieces when the latter 
do not separate. Thus the expected 
speed, or energy distribution, of the ob
served piece is a smooth curve [see bot
tom illustration all next page J. 

Suppose now that the two invisible 
pieces are cemented together with a 
glue that does not give way in the ex
plosion. Then the shell breaks only into 
two pieces. When we observe the speed 
of the red piece, we find that it is always 
the same, because the energy of the explo
sion can be shared in only one way with 
the invisible piece. A plot of the energy 
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Y" PARTICLE PRODUCTION shown in the photograph on page 38 is depicted in greater 

detail. The resonance particle in this instance was positive; the pion produced along with 

it was therefore negative. Conversely, if the particle had been negative, the accompanying 

pion would bave been positive and the second pion (from the decay of the Y") would have 

been negative. The distance traveled by the y* (broken colored line) is of the order of 10-13 
centimeter; thus in a bubble chamber the 7T+ appears to come from the point of collision. 

is a sharp line. In this way the energy 
distribution of the visible piece enables 
us to tell whether or not the invisible sec
tion broke apart in the explosion. 

The first particle experiment compa
rable to the one I have described 

was performed by the bubble-chamber 
group at the Lawrence Radiation Lab
oratory of the University of California 
in the summer of 1960. The Lawrence 
Laboratory workers were shooting a 
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beam of high-energy negative K mesons 
at the liquid hydrogen in the bubble 
chamber. They observed that when a 
l(- meson struck a proton (p), a small 
fraction of the collisions produced a 
neutral lambda particle (A 0 ) and a 
negative and a positive pi meson, or 
pion (7T- and 7T+). The reaction is writ
ten: K- + p+ � AO + 7T+ + 7T-. 

The experimental team (Margaret 
Alston, Luis W. Alvarez, P. Eberhard, 
Myron L. Good, W. Graziano, Harold 

o ENERGY . --->� 

DISTRIBUTION OF ENERGY to one of three pieces of an exploding shell (in the imag

inary experiment described in the text) over a number of events can be represented by a 

smooth curve. But if two of the three pieces always stick together, the third piece will, in 

theory, always receive the same amount of energy; its energy curve becomes a straight line. 
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K. Ticho and Stanley G. Wojcicki) ob
served a few hundred of these events 
and with the help of a computer ana
lyzed the energies represented by the 
visible pion tracks. They found a dis
tribution with energy peaks indicating 
that, in a certain fraction of the selected 
events, one of the charged pions (plus or 
minus ) was recoiling from one rather 
than two other particles [see bottom illus
tration on page 43]. The implication was 
that the other pion and the lambda parti
cle did not "break apart" immediately 
but remained together as a single unit 
at least long enough for the observed 
pion to recoil from it. This single unit the 
physicists named yo . The reaction was en
visaged as: K- + p+ � yo+_ + 7T-+. 
(The double plus and minus signs refer 
to the fact that the charge of the yo was 
either + or - and was opposite to that 
of the pion.) In a very short time, so 
short that the yo can leave no visible 
track, this reaction is followed by: 
yo+- � AO + 7T+-. 

Calculations of the energies and mo
.menta involved in the processes showed 
that the yo acts like a particle with a 
mass of 1,384 million electron volts 
(Mev ) . This figure is made up of the 
rest masses of the two particles into 
which the yo decays: 140 Mev for the 
pion and 1, 1 15 Mev for the lambda, 
plus an additional kinetic energy of 129 
Mev with which the pion and lambda fly 
apart. (According to the celebrated re
lation E = mc2, energy and mass are 
equivalent quantities. In particle physics 
it is now customary to measure rest mass 
in energy units. The mass of an electron 
is .51 Mev; the mass of a proton, 938.2 
Mev. ) The reader will notice that the 
energy "spikes" representing the recoil 
from the yo are not infinitely sharp like 
the spike in the projectile example. In
stead they have a finite, measurable 
width of about 60 Mev. This width, 
which is made up of a spread in the 
energies of the various particles ob
served, constitutes an uncertainty in the 
mass-energy of the Y· . According to the 
uncertainty principle of quantum me
chanics, uncertainty in energy is inverse
ly proportional to uncertainty in time. 
An infinitely sharp spike would have an 
energy uncertainty of zero and there
fore an infinite time uncertainty. This 
is the same as saying that the particle 
or state whose energy is represented 
"lives" forever; that is, it is completely 
stable. An energy uncertainty of 60 
Mev, on the other hand, corresponds to 
a time uncertainty of something on the 
order of 10-23 second. This is the period 
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within which the yo can exist as a sep
arate entity; in other words, it is a meas
ure of its average lifetime. 

What exactly is the YO? Is it a pion 
and a lambda particle traveling 

briefly together before they take sep
arate paths? Or is it an elementary par
ticle that turns into a pion and a lambda 
particle in about 10-23 second? No one 
really knows. It may even be that with 
such short lifetimes the distinction is not 
meaningful. Whatever might be the final 
decision on this point, the current usage 
is to describe the yo as a resonance par
ticle. The basis of the term "resonance" 
is as follows. 

After the yo had been found its dis
coverers at once pointed out its similarity 
to a previously known resonance: the 
resonance between the pion and the pro
ton (or neutron) . According to the pres
ent convention the resonance could be 
called an N°, N representing a nucleon 
(proton or neutron) . This had been dis
covered in quite a different way. In 1952 
Enrico Fermi and his colleagues at the 
University of Chicago were carrying out 
experiments in which a beam of pions 
was scattered by protons. They, and 
somewhat later other workers at the 
Carnegie Institute of Technology, found 
that the cross section, which is a measure 
of the probability, of scattering increased 
sharply beginning at a beam energy of 
about 100 Mev and continued to in
crease up to nearly 200 Mev, the highest
energy pion beam available from the 
accelerators of the time. When the three
billion-electron-volt Cosmotron at the 
Brookhaven National Laboratory went 
into operation, Luke C. L. Yuan and 
Seymour J. Lindenbaum were able to 
show that the cross section reached a dis
tinct peak at a pion energy of 195 Mev 
and then fell off quite sharply again. 

Keith A. Brueckner, then at Indiana 
University, suggested that there was an 
unusually strong and characteristic inter
action between a pion and a proton that 
caused them to have a resonance at this 
energy. The characteristic feature of 
such an N° resonance is the phase, or 
relative timing, of the oscillations of the 
wave associated with the scattered pion. 
(Thinking of particles as waves is, of 
course, always permissible in quantum 
mechanics. The probabilities of pion
scattering at different energies are re
lated to the changes of phase of the pion 
waves as they pass by and through the 
nucleon. The amounts of phase change 
can be inferred from scattering observa
tions.) As in many other resonant vibrat-

ing systems that are encountered in 
physics, the phase of the scattered pion 
wave is shifted a quarter wavelength, or 
90 degrees, at resonance, and the angle 
measuring the amount of shift increases 
and decreases smoothly on both sides 
of the resonance point [see bottom illus
tration on page 45]. 

Here too arises the cluestion: What 
is the physical interpretation of the 
resonance? Do the target proton and the 
incident pion temporarily merge into a 
single fundamental particle-the N°
when they are close together at the right 
energy or do they retain their individual
ity and merely interact (for example, 
whirl about each other) very strongly? 
Again the answer is uncertain, but again 
the answer may be meaningless. In any 
case the N· behaves like a particle with 
a rest mass of 1,237 Mev and a lifetime 
even a little shorter than that of the yo. 

In the years from 1952 to 1960 much 
effort went into analyzing the nature 

of the pion-nucleon resonance at 195 
Mev and also into a search for additional 
resonances in the pion-scattering cross 
section at higher energies. Several more 
resonances have in fact been found, and 
their characteristics are now known to 
be different from those of the original 

resonance. To understand wherein lies 
the difference it is necessary to become 
acquainted with two rather technical 
concepts of particle physics. 

One of these is reasonably straight
forward in that it has an analogy in 
classical physics. It is angular mo
mentum. Many fundamental particles 
have an intrinsic angular momentum, 
or spin. (Some have no spin.) In all 
cases a measurement of the amount in a 
preferred direction is quantized: it may 
in a particular case be + 1/2 or - 1/2 
unit (the plus sign refers to spin in one 
direction; the minus, to spin in the oppo
site direction), + 1, 0 or - 1, + 3/2 or 
- 3/2 units and so on, but never other 
than integral or half-integral values. 
Continuing the classical particle analogy 
still further, in a system of two particles 
that revolve around each other thc 
orbital motion gives them additional 
angular momentum, which is also quan
tized. The total angular momentum of 
a system of two particles consists of the 
sum of the spin and the orbital angular 
momentum. Depending on their relative 
directions the two may add to or sub
tract from each other. 

The pion has no intrinsic angular mo
mentum, or spin; the nucleon has a spin 
of 1/2. Analysis of the interactions of 

PARTICLE ANTIPARTICLE MASS MEAN LIFE 
PARTICLE CHARGE STATES CHARGE STATES (MEV) (SECONDS) 

(f) 
z 

NEUTRINO Ve, v� ve'� 0 STABLE 
0 

ELECTRON 
- + 

.51 STABLE l- e e 
0.. w 

MUON + 
2.2 x 10--6 -l fJ fJ 105.66 

PHOTON 'Y 'Y 0 STABLE 

(f) n° n° 135 2.3 x 10-16 Z PION 0 n - n 
-

139.6 2.6 x 10-8 (f) 0 
CD K+ K 494 1.2 x 10-8 

K MESON 
KO KO 497.8 6 X 10-8 1 x 10-10 

PROTON p+ 
- -

938.2 STABLE p 
NEUTRON n ° n° 939.5 1 x 1cJ3 

LAMBDA flO flO 1115.4 2.5 x 10-10 
(f) 
Z 2:+ -

.8 X 10-10 0 2: 11894 
>-
n: SIGMA 2:0 IO < .1 X 10-10 « 1191.5 
CD 

2:- 2:+ 1196 1.6 x 10-10 

_0 =0 
1311 1.5 x 10-10 - -

XI - :::+ -=- - 13184 1.3 x 10-10 

TYPE I PARTICLES are considered fundamental particles by virtue of their relatively long 

lifetimes, which average a ten·billionth of a second (10-10 second). On the basis of their 

masses the particles on this list have been classified as leptons, boson, or baryons. 
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pions and nucleons shows that their or
bital angular momentum in the N° state 
is 1. Depending on the relative direc
tions, the spin of the nucleon could 
combine with the orbital angular mo
mentum so as to add or subtract from it 
and give a total spin of 1/2 or 3/2. In the 
case of the pion-nucleon resonance at 
195 Mev the two apparently add to give 
an angular momentum of 3/2. If the res
onance is thought of as a single particle, 
the two components can be considered to 
have merged into the spin of this par
ticle. If the resonance is thought of as 

TOTAL 
RESONANCE ISOTOPIC ANGULAR 

composite, there is a mixture of spin 
and orbital momentum. 

The second concept used to classify 
the resonances bears the rather decep
tive name of isotopic spin. The name is 
misleading because the word "spin" is 
used largely in a figurative sense. Iso
topic spin is actually a series of quantum 
numbers, like those describing real spin, 
,which describe the possible charge states 
of a particle. For example, a particle such 
as the lambda, which is always neutral, 
is said to have an isotopic spin of zero. 
The nucleon, which is either the positive 

MASS PARTICLE 
PARTICLE SPIN MOMENTUM (MEV) PRODUCTION 

fl(n+n-no) 0 0 550 n' + d' 
-3> flO + P + + P + 

, + P --3> pO + n 1- + rr-
p(nn) 1 1 760 P 

nl +p+-3>P±+P+ 
1 +P--3>Wo+ n+-+ n 

-

w(n+ n-n°,n°,,() 790 
P 

0 1 + +d+-3>wo+p+ +p+ n 

K - + P + -3> K' + P + 
K'(Kn) 1/2 1 880 

- + p+ -3>K* + L n 

- n- +p+-3>Ro+ KO+ n° K K  ? ? 1,020 
R- + P + -3> R- + K+ + !\" 

N*(nN) 3/2 3/2 1,237 n±+p+-3>n.l+p+ 

K- + P + -3> Y' + n 
Y' (nl\,nL) 1 3/2 1,384 n - + p+ -3>Y' + R 

Y" (2n 1\, nLl 0 1/2 1,405 R- + p+ -3>Y" + n 

N" ()TN) 1/2 3/2 1,516 n- +p+ -3>N" +n 

yo'"� (nl\, nL,K N) 0 3/2 1,520 R- + p+ -3>Y'" + n 

,,"In:::) 1/2 > 1/2 1,535 R- + p+-3>:::' + K 

N'" (nN) 1/2 5/2 1,683 n- + p+-3>N'" +n 

TYPE II PARTICLES are the resonance particles. Those listed here are considered to be 

reasonably well established, but many of the values given are still tentative. No generally 

accepted nomenclature yet exists. Four are identified by Greek letters: eta ("I)' rho (p), 
omega (w) and xi* (S*) . The decay particles are shown in parentheses. For example, an 

omega particle decays into either three pions or a pion and a photon, the K * decays into a 

K meson and a pion, the N* into a pion and a nucleon (i.e., proton or neutron) , and so on. 

The column at far right represents the reactions that produce the various particles; d repre

sents a deuteron, or the nucleus of a heavy-hydrogen atom, consisting of one proton and 

one neutron. In contrast to Type I particles, the resonance particles have much shorter life

times, of the order of a hundred-thousandth of a billion-billionth of a second (lO-2� second) . 
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proton or the neutral neutron, is assigned 
isotopic spin of 1/2. A spin of + 1/2 
corresponds to positive charge; a spin 
of - 1/2, to neutral charge. Some par
ticles; including the pion, have three 
possible charge states: positive, nega
tive and neutral. The isotopic spins 
corresponding to these are + 1, - 1  and 
O. When two particles form a resonant 
system, their isotopic spins are "aligned" 
in such a way as to add or subtract. In 
the case of the pion-nucleon resonance 
at 195 Mev the pion isotopic spin of 1 is 
added to the nucleon isotopic spin of 1/2 
to gi,-e a total of 3/2. Therefore the reso
nance is called a 3/2, 3/2 state; that is, 
the isotopic spin is 3/2 and the angular 
momentum is 3/2. 

As described above isotopic spin 
might seem to be an arithmetical label 
for charge. Actually it is more than that. 
The quantum numbers have a deeper 
physical significance that can only be 
hinted at here. It turns out that the prob
abilities of various reactions that are oth
erwise equivalent depend sensitively on 
isotopic spin. Specifically the theory pre
dicts that the proton-scattering cross 
section at the N° resonance for pos
itive pions and protons should be three 
times the cross section for negative pions 
and protons. As can be seen in the illus
tration on page 44, this ratio is found 
almost exactly in the experiments. 

O rdinary spin and isotopic spin, then, 
are two of the most important 

properties of any particle or resonance 
particle. A knowledge of these quanti
ties makes it possible to predict many 
of the reactions in which the particle may 
participate. As the illustration at the left 
shows, a large number of resonances 
have now been found. For some the 
ordinary spin and isotopic spin have 
been definitely determined. For others 
the values are still doubtful or, in a few 
cases, unknown. 

The present article aims at no more 
than a "phenomenological" description 
of the resonance particles and not at a 
theoretical interpretation. Many theorists 
are busy trying to find schemes to ac
count for them, but I shall mention these 
attempts only briefly. 

Some of the resonances were in fact 
predicted before they were found. In 
the case of the original yo the experi
menters were led to analyze their data 
in the way they did by an idea put for
ward by Murray Cell-Mann of the Cali
fornia Institute of Technology. He sug
gested that there should be a general 
symmetry among the interactions of 
pions with all the various "baryons"-
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EXPECTED DALITZ PLOT shows the theo

retical distribution of energy between the two 
pion products of the reaction: K - + p + � 
A 0 + 7T+ + 7T-- The energy of the positive 

pion produced in 141 instances of this re

action can be read on the horizontal scale 

at bottom; the energy of the negative pion 

prodllced in the same events, on the verti

cal scale at Ilpper left. The distriblltion of 

energy between the two pions in a large 

nllmber of events should be more or less 

eqllal, and the energy plot for any one 

prodllct should result in the type of histo

gram shown, which is the eqllivIlent of a 

smooth cllrve (see bottoln illustration 011 
page 40) _ The lenticular area at upper right 

defines the range of values within which the 

energies from a single event must falL The 

distribution of energies (dots) is uniform. 

OBSERVED DALITZ PLOT of the interae

tion of a negative K meson and a proton 

is based on the studies of the bubble-cham

ber group under Alvarez. The energy distri

bution in the lenticular area is not uniform, 

and the plots show that the distriblltion of 

energy occurs mainly in peaks: two rela

tively strong peaks in the plot of the neg

ative pion and a single stronger peak in 

that of the positive pion. The distribu

tion is consistent with a reaction that 

produces two particles rather than three: 
j(- + p+ � y* + 7T. The width of the 

strongest resonance peak is 60 Mev, which 

eorresponds to an average lifetime for the 

yo of 10-23 second. This type of graphic 

analysis received its name from Richard H. 
Dalitz of the University of Chicago, who 

developed it to study tall-meson decay. 
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particles as heavy as nucleons or heavier. 
Since a resonance between pion and nu
cleon was already known, this suggested 
that there should also be a resonance 
between the pion and the lambda par
ticle, which is one of the baryons. 

Another line of theoretical work has 
led to the discovery of several resonances 
among pions. This work got its impulse 
from recent studies of the scattering of 
electrons by nucleons. Robert Hofstadter 
and his colleagues at Stanford Univer
sity were the pioneers in this field [see 
"The Atomic Nucleus," by Robert Hof
stadter; SCIENTIFIC AMEIUCAN, July, 
1956], and they were later joined by 
Robert R. Wilson's group at Cornell Uni
versity and G. R. Bishop's group at the 
Orsay laboratory of the French National 
Center for Scientific Research. Their ex
periments have shown that both the elec
tric and the magnetic properties of pro
tons and neutrons are not concentrated 
at a point but are distributed over a 
space of finite size. In other words, the 
experiments are depicting the electro
magnetic structure of the nucleon. 

That structure turns out to be analyz
able into three separate parts. First, 
there is a core: a smalJ, central region of 
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positive charge that accounts for about 
a fourth of the total charge. Second, 
there is a "vector" portion that is posi
tive in the proton and negative in the 
neutron and that extends over the whole 
nucleon; it accounts for about half of 
the total charge. Third, there is a posi
tive "scalar" portion, also extending over 
the whole particle and contributing a 
fourth of the total charge. 

As for magnetism, part of it in the 
case of the proton is directly identified 
with the spinning charge. But there is 
another part, which occurs in both pro
ton and neutron, that cannot be iden
tified with the net over-all charge. This is 
known as the anomalous magnetic mo
ment. It too turns out to consist of three 
components resembling those of the 
charge. 

When the detailed pictures of the 
electromagnetic structure of the 

nucleon began to emerge, it was at once 
apparent that they would not fit satis
factorily into the then prevailing theory 
of the nucleon. All such theories are 
based on still another concept peculiar to 
quantum theory: the idea of virtual "field 
particle" emission. Briefly, it is believed 
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PION·PROTON RESONANCE, discovered in 1952, was the first of its kind. The two curves 

plot the probability that a beam of positive (solid line) and negative pions (broken line) 

will be scattered by protons. Tbe scattering cross section, or probability (measured in milli· 

barns), for positive pions begins to increase sharply at about 100 million electron volts 

(Mev) , reaches a peak of somewhat more than 200 Mev and then falls off almost as sharply. 

In contrast, the resonant effect for the scattering of negative pions is only a third as strong. 
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that a proton or neutron continually emits 
and reabsorbs virtual pions. The time 
that the nucleon spends in this virtual 
state and the distance that the pion sepa
rates from the nucleon are consistent 
with the uncertainty principle. Thus for 
a certain fraction of the time the core 
of the nucleon is surrounded by a meson 
cloud, and it is this cloud that accounts 
for the extended charge and magnetic 
moment. 

Originally the virtual-emission process 
was envisaged in terms of noninteracting 
pions. But Hofstadter's results could not 
be explained in this way. In 1959 Wil
liam R. Frazer and Jose R. Fulco of the 
Lawrence Radiation Laboratory showed 
that the vector part of the charge and 
the magnetic properties would be ac
counted for if the nucleon emitted two 
pions and these entered into a strong, 
or resonant, interaction while they were 
out in the cloud. To put it another way, 
the calculations predicted a two-pion 
resonance particle, and they showed that 
it should have an isotopic spin of 1, an 
angular momentum of 1 and a mass of 
approximately 600 Mev. 

These calculations prompted experi
menters to look for a 600-Mev resonance 
particle in various pion-pion inter
actions. Evidence for it was soon found 
independently by a number of groups. 
One result, for example, showed that 
when a high-energy pion produces a 
second pion by colliding with a proton, 
there is a strong attraction between the 
two pions. Eventually experiments anal
ogous to those outlined for the Y" dem
onstrated that the resonance known as the 
rho particle has a mass of approximately 
760 Mev, which is in good agreement 
with the current theory of electromag
netic structure of the nucleon. 

Also in 1959 Geoffrey F. Chew of the 
Lawrence Radiation Laboratory pointed 
out that the scalar part of the nucleon 
electromagnetic structure could be un
derstood in terms of another resonant 
interaction, this time involving three 
pions. Since this part of the nucleon 
structure is the same for proton and 
neutron, the isotopic spin of a three-pion 
resonance interaction needed to explain 
this feature has to be zero; that is, it 
must exist in only one neutral charge 
form. Chew suggested that it was not 
unreasonable to anticipate the existence 
of a strong three-pion resonance particle, 
which should have a mass approximately 
the same as the two-pion resonance state. 
It should be mentioned that Chew's 
suggestion of a zero isotopic-spin parti
cle was not the first. Two years earlier 
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COUPLED PENDULUMS provide a mecbanical illustration of a 

resonant system. Tbe frequency of the driver pendulum (n is 
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(d (Ind e) . Tbe tbird oscillates 90 degrees out of phase with the 

driver (i.e., a quarter of a cycle behind it). The first two oscillate 

between 90 and 180 degrees behind, the last two between zero and 90 
degrees bebind. This lag is the phase shift (see illustration below). 

Yoichiro Nambu of the University of 
Chicago had suggested the existence of 
a neutral heavy meson that would con
tribute to the electromagnetic structure 
of the nucleon. These ideas were clearly 
responsib Ie for the research that led to 
the discovery of the various multiple
pion resonance states now known. Prob
ably the most spectacular experimental 
disco\·ery was that of the omega: the 
three-pion resonance that Chew and 

Nambu had predicted. The experiments 
were carried out by B. C. Maglic, Luis 
W. Alvarez, Arthur H. Rosenfeld and 
M. Lynn Stevenson of the Lawrence 
Laboratory. They studied the annihila
tion of antiprotons (p) encountering 
protons in the 72-inch liquid-hydrogen 
bubble chamber. Annihilations yield a 
wide variety of products, but the experi
menters concentrated only on those that 
produced four outgoing pion tracks. Out 

of 2,500 events of this type only 800 had 
the foIIowing special property: in order 
to balance energy and momentum in the 
annihilation process, another neutral 
pion must have been present with the 
outgoing particles. These carefully re
stricted events were therefore examples 
of the following reaction: p+ + p- � 

In all 800 examples of the reaction 
the physicists hoped to find some energy 
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(1/ right). Tbe curve closely resembles that of the corresponding 

plot of phase angle against the pendulum length (graph (It left). 
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PRODUCTION OF POSSIBLE Y':" from the collision of a nega· 

tive K meson (K- in drawing at right) with a proton at 0 cannot 

be distinguished from the direct production of a negative sigma 
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particle (�-), one negative pion and two posJtJve pions (and 

possibly even a neutral pion) in this reaction, unless careful anal. 

yses are made of the energies and momenta of the particles involved. 
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OMEGA RESONANCE PARTICLE, a three-pion particle, was dis

covered in experiments carried out at the Lawrence Radiation 

Lahoratory_ Its observed mass ( peak near _8 Bev) was 790 Mev_ 

All the other masses tended to average out a long the smooth curve. 

where three of the pions exhibited a 
resonant interaction. ( Since they were 
looking for a neutral resonance, they 
knew that one of the pions would have 
to be neutral and the other two opposite
ly charged. ) A further detailed analysis 
of the dynamics of the 800 events was 

The sigma particle decays into a negative 

pion and a neutron, which leaves no track. 

Photograph was made by the Alvarez group. 

then performed (using high-speed digi
tal computers throughout) and an "ef
fective" mass was computed for every 
possible combination of three of the five 
pions present in each event. The method 
was similar to that already discussed in 
connection with the discovery of the Y·. 

It was found that only the expected 
combination-namely, the ,, + ,  ,,-, 7T o  
combination-led t o  a group o f  mass 
values having a peak value characteristic 
of a single particle [see illustration 
above J. Very few of the pion triplets, 
in fact only 93, showed the property of 
being in the resonant state. Presumably 
almost all the other cases represented 
production of independent pions. Never
theless, there were enough to point clear
ly at the omega particle ( w 0 ) , and to 
show that it is a neutral combination 
(7T + ,  ,,-, 7T O ) arising from the reaction: 
p+ + p- � WO + 7T +  + 7T-.  The ob
served mass of the omega resonance par
ticle is 790 Mev, and its lifetime, as de
termined from the width of the particle 
resonance, is equal to or greater than 
4 X 10-2" second. 

At present the nature of the resonance 
particles is very much in question. As 
has been mentioned, certain theoretical 
ideas account fairly well for certain of 

the particles. But there are some par
ticles that seem to have no such pedigree. 

Of course, theoretical physicists are 
trying hard to find some general frame
work that will accommodate all the 
resonances. There have been several in
dependent lines of attack, which I can 
do no more than to identify in a few 
words. One has been to regard some of 
the resonance particles as the quanta of 
certain fields, just as the photon is the 
quantum of the electromagnetic field 
and the pion the quantum of the nuclear
force field. Another approach has been 
to consider that all possible particles are 
associated with a representation of the 
mathematical form known as a group. 
A third line makes use of a new idea in 
the mathematics of quantum theory 
known as Regge poles. Here all particles 
are regarded as equally fundamental and 
equally composite, each being represent
able as a dynamical interaction of the 
others. 

On this necessarily mysterious note 
the article closes. If the reader is mys
tified, so are physicists. The place of the 
resonance particles in the scheme of 
things is one of the most puzzling physi
cal questions to which the future, one 
hopes, will provide the answer. 
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The Structure of Viruses 

The electron 71Hcroscope reveals that these infectious particles 

possess three principal types of S.ylnnletry. Each species of virus 

is ingeniously assembler! fro771 just a few kinds of building block 

W
hen the smaller members of the 
virus family are enlarged sev
eral hundred thousand times in 

the electron microscope, they are found 
to possess an extremely high degree of 
struchlral symmetry. In such viruses it is 
probable that the subunits visible in elec
tron micrographs are individual protein 
molecules, often identical in kind, 
packed together to form a simple geo
metric structure. In the larger viruses the 
geometry is usually more complex, and 
a certain degree of structural flexibility 
begins to appear. Viewing the micro
graphs one has the impression of being 
shown how the inanimate world of atoms 
and molecules shades imperceptibly into 
the world of forms possessing some of 
the attributes of life. 

Viruses are the smallest biological 
structures that embody all the informa
tion needed for their own reproduction. 
Essentially they consist of a shell of pro
tein enclosing a core of nucleic acid
either ribonucleic acid (RNA) or deoxy
ribonucleic acid (DNA) . The shell serves 
as a protective jacket and in some in
stances as a means for breaching the 
walls of those living cells that the virus 
is capable of attacking. The nucleic acid 
core enters the cell and redirects the cell 
machinery toward the production of 
scores of complete virus particles. \"'hen 
the job is done, the cell ruptures and the 
viruses spill out. 

Most viruses fall in a size range be
tween 10 and 200 millimicrons; in other 
terms, between a fortieth of a wave
length and half a wavelength of violet 
light. Since objects smaller than the 
wavelength of light cannot be seen in an 
ordinary microscope, viruses can be ob
served directly only with the aid of the 
electron microscope. These instruments 
employ a beam of electrons whose wave
length is much smaller than the dimen
sions of a virus. Viruses can also be 
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studied indirectly by placing crystals of 
a pure virus preparation in an X-ray 
beam and recording the diffraction pat
terns produced when the X rays are re
flected from the planes of atoms in the 
crystal. Analysis of such X-ray diffrac
tion patterns suggested that the protein 
su bunits forming the virus shell were 
arranged symmetrically. The tobacco 
mosaic virus, for example, showed up in 
early electron micrographs as a slender 
rod without visible subunits. \Vhen the 
virus was examined by X-ray diffraction, 
however, one could see patterns sug
gesting that the subunits were arranged 
in a helix. On the other hand, most 
small viruses, which looked spherical 
in electron micrographs, gave rise to 
X-ray patterns indicating that they 
had a cubic symmetry. This suggested 
that they were regular polyhedrons and 
also members of the group of Platonic 
solids: solids with four, six, eight, 12 
and20 sides. 

In the light of the X-ray results, and 
arguing from general principles, F. H. C. 
Crick and James D. \Vatson proposed in 
1956 and 1957 that the amount of nu
cleic acid present in the small viruses 
was limited, and that the information 
it carried would be sufficient to code for 
only a few kinds of protein. They sug
gested, therefore, that the shells of small 
"spherical" viruses were probably built 
from a number of identical protein sub
units packed symmetrically. The most 
likely way for identical units to be 
packed on the surface of a sphere, Crick 
and \Vatson pointed out, would be in 
some pattern having cubic symmetry. 

S
ome of the predictions of Crick and 

vVatson were subsequently con
firmed by electron micrography. There 
was a period, however, when the design 
and development of the electron micro
scope outpaced methods of preparing 

virus specimens for observation. Dehy
drated virus particles are essentially 
transparent to an electron beam. Various 
techniques have had to be devised to 
make the particles visible. One of the 
earliest and simplest methods was to 
create "shadows" by allowing a stream 
of heavy-metal atoms to fall on the virus 
particles at an angle. This was done by 
placing the specimen of virus particles 
in a vacuum chamber and evaporating 
the metal atoms from a source toward 
the side of the chamber. The metal atoms 
that accumulated on the virus particle 
itself would block the passage of elec
trons, whereas electrons could pass free
ly through the shadows where metal 
atoms had not been depOSited. In this 
way it was possible to discern the over
all shape of the virus particle but not all 
the fine details of its surface sh·ucture. 

\Vithin the past few years a new and 
simple method of "staining" isolated 
particles such as viruses and large pro
tein molecules has been even more suc
cessful than shadowing for revealing fine 
detail at the high magnifications now 
available in electron microscopes. It con
sists of surrounding the particles to be 
examined by an electron-dense material: 
potassium phosphotungst�te. This is 
achieved by mixing the virus suspension 
with a solution of the phosphotungstate 
and spraying the mixture or depositing 
droplets on the specimen mounts. Since 
the phosphotungstate method produces 
images that are reversed compared with 
those obtained with the normal prepara
tion procedures, it is called "negative 
staining" or "negative contrast." Appli
cation of this method to a large number 
of viruses has shown that they fall into 
three main symmetry groups: those with 
cubic symmetry, those with helical sym
metry and those with complex symmetry 
or combined symmetries. 

The class of polyhedrons that have 
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VACCINIA VIRUS ORF VIRUS MUMPS VIRUS 

T-EVEN BACTERIOPHAGE HERPES VIRUS TIPULA IRIDESCENT VIRUS INFLUENZA VIRUS 

(.) 

TOBACCO MOSAIC VIRUS ADENOVIRUS POLYOMA VIRUS POLIOMYELITIS VIRUS 

�(----------------------------------------------------------------------------7 
ONE MICRON 

RELATIVE SIZES OF VIRUSES are shown in this chart. A mi

cron, used as a measuring stick, is a th()Usandth of a millimeter; it 

is enlarged 175,000 times. The five viruses with polyhedral struc-

TIPULA IRIDESCENT VIRUS, an insect virus, is so la"rge that its 
geometrically regular structure shows up clearly when specimens 

are shadowed with atoms of a heavy metal and enlarged in the elec
t["On microscope. In the doubly shadowed micrograph (le/t) the 

tures possess cubic symmetry. The tobacco mosaic virus and the 

internal components of influenza and mumps virus have helical 

symmetry. The remaining viruses exhibit complex symmetry. 

virus particles are enlarged about 58,000 diameters. The shadows 

indicate that each particle is a regular icosahedron (right). The 

micrograph was made by Kenneth Smith of the University of Cam. 

bridge and Robley C. Williams of the University of California. 
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AXES OF SYMMETRY are shown for a regular icosahedron, a fig. 

ure with 12 corners, 20 faces and 30 edges. Viewed along an axis 

at any corner, the figure can be rotated in five positions without 

changing its appearance {left}. Rotated around any face axis, a 

regular icosahedron exhibits threefold symmetry (middle). Rotated 
around any edge axis, the figure shows twofold symmetry (right). 

ENVELOPE 

VIRUS NOMENCLATURE covers principal 
features observed in electron micrographs. 

RA DIOLARIANS, small marine organisms, 

have skeletons built of pentagons and hexagons. 
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HERPES VIRUS sometimes has an envelope (a). The magnification is 310,000 diam· 

eters. The capsid (b) is composed of 162 capsomeres. Negative staining (c) indicates 

ALTERNATIVE SCHEMES show how a regular icosahedron coutaining 42 pentagonal 
and hexagonal capsomeres (left) could be built up from 120 tor 240} small subunits. 
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ADENOVIRUS is shown embedded in phosphotungstate, magnified about one million diam· 
eters (left). The drawing shows how the particle's 252 surface subunits, or capsomeres, 
are arranged with icosahedral symmetry. There are 12 on corners, 240 on faces or edges. 

that they are hollow. The drawing (d) shows icosahedral anangement. Micrographs are by 
P. Wildy and W. C. Russell of the Institute of Virology in Glasgow and the author. 

POLYOMA VIRUS is magnified one million diameters in micrograph by Wildy, M. G. P. 

Stoker and I. A. Maepherson of the Institute of Virology. It has 42 capsomeres (right). 

cubic symmetry includes the regular 
tetrahedron (four faces), dodecahedron 
(12 faces) and icosahedron (20 faces). 
Shadowed preparations of the tipula 
iridescent virus, which causes a disease 
in the larvae of several insects, showed 
it to have the shape of a regular icosahe
dron, and the symmetry was self-evident 
[see bottom illustration on page 49]. 
Smaller viruses, on the other hand, do 
not reveal symmetry unless they are 
examined at very high magnification, 
and this requires the use of negative 
phosphotungstate staining. 

Consider the symmetry properties of 
a regular icosahedron, in which each 
face is an equilitteral triangle. If spokes 
are projected from the center of the 
icosahedron through the corners of the 
triangles, the spokes will represent one 
axis of rotational symmetry. Spokes pro
jected from the center of the solid 
through the center of each face will rep
resent a second axis. And spokes pro
jected from the center through the mid
point of each edge will represent a third 
axis. (There will be 12 corner spokes, 
20 face spokes and 30 edge spokes.) If 
the icosahedron is viewed along the 
spoke at any corner, one finds that the 
bod y can be rotated in five positions 
without changing its appearance [see 
top illustration on opposite page]. If the 
icosahedron is viewed along the spoke 
at any face, the body can be rotated in 
three positions without changing its ap
pearance. And if the icosahedron is 
viewed along an edge spoke, it can be 
rotated in two positions without change 
of appearance. The regular icosahedron 
is thus said to have 5.3.2. symmetry. 

Let us see now what implication this 
symmetry pattern has for a particle of 
adenovirns, which is associated with 
respiratory disease in man. The electron 
microscope shows that the surface of 
the particle is composed of regularly 
arranged structural units resembling 
tiny balls. Moreover, these balls are seen 
on the vertexes, faces and edges of an 
icosahedron [see top illustration on this 
page]. One can identify certain balls sur
rounded by five neighbors, which indi
cates that they are located on vertexes 
and therefore on axes of fivefold symme
try. Balls surrounded by six neighbors 
must lie on faces or edges and thus must 
occupy axes of either threefold or two
fold symmetry. Along each edge there 
are six balls, including two balls occupy
ing vertexes. To calculate the total num
ber of balls covering the entire icosahe
dron one applies the simple formula 
10(n - 1)2 + 2, where n is the number 
of balls along one edge. Substituting 6 
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BACTERIOPHAGE <J>X174, magnified 750,000 diameters in a, appears to consist of 12 cap· 

someres arranged in icosahedral symmetry as shown in b. In other micrographs (c) smaller 
subunits seem to be arranged in ringlike structures. Each capsomere might actually be 

formed from five subunits as shown in d. Thirty such subunits would form a dodecahedron. 

POLIOMYELITIS VIRUS PARTICLES are shown inside a fragment of an infected cell. 
The particles, magnified 250,000 diameters, appear to be composed of subunits smaller than 
the typit'al capsomere. The structural arrangement is not established. Electron micrograph 

is hy Jack Nagington of the Puhlic Health Laboratory in Cambridge and the author. 
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for n yields 252 as the number of mor
phological units composing the shell of 
the adenovirus particle. 

For purposes of description (and to 
avoid the term "subunit," which can be 
applied to morphological, structural or 
chemical features) I shall adopt the re
cent terminology suggested for the vari
ous viral components [see illustration at 
middle left on page 50]. The morpholog
ical units composing the shell have been 
given the name "capsomeres." The shell 
itself is the "capsid." The region inside 
the capsid is the "core." The outer memo 
brane, seen surrounding the capsid of 
some viruses, is the "envelope." 

One merit of the negative·staining 
technique is that the electron-dense ma
terial is capable of penetrating into ex
tremely small regions between, and even 
within, the eapsomeres. A striking in
stancc of such penetration can be seen 
in the electron micrograph of the herpes 
virus shown at the middle left on the pre
ceding page. (In man the herpes virus 
causes, among other things, "cold 
sores.") Electron micrographs of the 
shadowed particlc had indicated that it 
had the same extcrnal shape and sym
metry as the adenovirus. When the two 
viruses were negatively stained and still 
further magnified, however, it could be 
scen on close examination that the cap
someres of the herpes virus, unlike those 
of the adenovirus, were elongated hollow 
prisms, some hexagonal in cross section 
and others pentagonal. In a number of 
particles the phosphotungstate pene
trated into the central region, or core, 
normally containing the nucleic acid. In 
these "empty" particles the elongated 
capsomeres stand out clearly in profile 
at the periphery of the virus, and one can 
see their hollow form and the precision 
of their radial arrangement. 

From the micrographs the number of 
capsomeres located on each edge was 
estimated to be five, giving a total of 162 
capsomeres for the herpes virus. Of the 
162 capsomeres, 12 are pentagonal 
prisms and 150 are hexagonal prisms. To 
satisfy the packing arrangement in ac
cordance with icosahedral symmetry, the 
12 pentagonal prisms would have to be 
placed at the corners and the 150 hexag
onal prisms located on the edges or faces 
of the particle [see drawing at middle 
1'ight on preceding page]. 

Thc need for pentagonal units goes 
deeper than the simple need to satisfy 
icosahedral symmetry. As early geom· 
eters observed, there is no way to ar
range a system of hexagons so that they 
will enclose space. But if pentagonal 
units are included with hexagons, it is 
possible to enclose spaee in an almost 
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endless variety of ways, with forms both 
regular and irregular. The radiolarians, a 
group of marine protozoa, provide a fas
cinating example of varied structures 
assembled from pentagonal and hexag
onal units [see illustration at bottom 
left on page 50]. 

V 
iruses smaller than the herpes virus 
usually have fewer capsomeres, but 

the relation between size and capso
mere number is somewhat variable. The 
polyoma virus, which produces tumors 
in rodents and has stimulated a search 
for viruses in human cancer, appears to 
be almost spherical when examined by 
the shadowing technique. Nevertheless, 
negative staining shows that the outer 
shell is probably composed of 42 elon
gated angular capsomeres arranged in 
icosahedral symmetry [see bottom illus
tration on page 51]. Such a shell can be 
constructed by placing 12 pentagonal 
prisms at the corners of an icosahedron 
and 30 hexagonal prisms on the 30 
edges. In this case the 20 faces have no 
capsomeres of their own, whioh helps to 
explain the nearly spherical appearance 
of the virus. 

In the electron microscope the turnip 
yellow mosaic virus, which causes a dis
ease of the leaves in the turnip and re
lated plants, appears to have 32 capso
meres arranged in accordance with cubic 
symmetry. Crystals of the same virus 
studied by X-ray diffraction also show 
cubic symmetry, but this method indi
cates that there are 60 subunits instead 
of 32. Strictly speaking, neither number 
can be used to construct an icosahedron. 
But both numbers of subunits can be dis
posed symmetrically on the surface of an 
icosahedron. The smaller number can be 
distributed by placing 12 subunits on 
comers, 20 on faces and none on edges. 
(The 32 capsomeres could also be 
placed on the 32 vertexes of a pentakis 
dodecahedron or a rhombic triacontahe
dron.) The larger number can be dis
tributed according to strict icosahedral 
symmetry by placing two subunits on 
each of the 30 edges and none on corners 
or faces. It is evident that if the two fig
ures were transparent, one could be 
fitted over the other and the subunits of 
one would fall precisely in between the 
subunits of the other without overlap
ping. This suggests that the 60 subunits 
inferred from X-ray diffraction patterns 
may combine in some fashion to give the 
appearance of 32 subunits when the 
virus particle is observed in the elec
tron microscope. 

It has therefore been suggested that 
in the small spherical viruses the mor
phological features resolved as pentagons 

VIRUS SYMMETRY NUMBER OF SIZE OF CAPSID NUCLEIC 
CAPSOMERES (ANGSTROM UNITS) ACID 

TIPULA IRIDESCENT CUBIC 812 1,300 DNA 

ADENOVIRUS CUBIC 252 700-750 ? 

(GALLUS ���NO.LlKE) 
CUBIC 252 950-1,000 ? 

CA����
C
����iITlS 

CUBIC 252 820 ? 

HERPES SIMPLEX CUBIC 162 1,000 DNA 

WOUND TUMOR CUBIC 92 ? RNA 

POLYOMA CUBIC 42 450 DNA 

WARTS CUBIC 42 500 ? 

TURNIP YELLOW MOSAIC CUBIC 32 280-300 RNA 

¢X174 CUBIC 12 230-250 DNA 

TOBACCO MOSAIC HELICAL 2,130 3.000 x 170 RNA 

MUMPS HELICAL - 170 (DIAMETER) RNA 

NEWCASTLE DISEASE HELICAL - 170 (DI.A.METER) RNA 

SENDAI HELICAL - 170 (DIAMETER) ? 

INFLUENZA HELICAL - 90-100 (DIAMETER) RNA 

T-EVEN BACTERIOPHAGE COMPLEX - 1,000 x 800 (HEAD) DNA 

CONTAGIOUS PUSTULAR 
COMPLEX 

DERMATITIS (ORF) 
- 2,600 x 1,600 ? 

VACCINIA COMPLEX - 3,030 x 2,400 DNA 

TABLE OF VIRUSES shows the symmetry classification, number of capsomeres and capsid 

size of some of the principal families. (An angstrom unit is a ten·millionth of a millimeter; 
the wavelength of violet light is 4,000 angstrom units.) Nucleic acid (column at far right) is 

the genetic material of the virus. DNA is deoxyribonucleic acid; RNA, ribonucleic acid. 

and hexagons may actually be built up 
from smaller structural subunits. These 
subunits may not all be identical, but 
they may be of two or three different 
molecular species. The diagram at the 
bottom right on page 50 indicates how 
such subunits might be assembled to 
produce pentagonal and hexagonal 
units, in strict accordance with icosahe
dral symmetry. The arrangement iIIus
b'ated, one of several possible combina
tions, was proposed by A. Klug, D. L. D. 
Caspar and J. Finch of the University of 
London. It shows how 42 capsomeres 
could be formed from 120 (or 240) 
smaller subunits. Recent evidence sug
gests that the capsomeres in some of the 
larger viruses are linked together by 
small structures that may well corre
spond to the subunits. 

High-resolution electron micrographs 
have revealed that structures originally 
identified as capsomeres in one very 
small virus are indeed composed of still 
smaller subunits. The virus, known as 
<pX174, has been intensively studied 
because it contains an unusual single
stranded form of DNA [see "Single
stranded DNA," by Robert L. Sinshei
mer; SCIENTIFIC AMEIUCAN, July, 1962]. 
When first examined in the electron mi-

croscope, the virus appeared to have a 

shell composed of 12 spherical cap so
meres, the minimum number needed for 
icosahedral symmetry. More recent elec
tron micrographs indicate that each cap
somere is formed from five subunits, but 
since each capsomere may be shared 
with a neighbor, the number of subunits 
is 30 [see top illustration on opposite 
page]. If they are not shared and each 
capsomere is composed of five subunits, 
the total would be 60 and the shape 
would be that of a dodecahedron. Simi
lar subunits smaller than capsomeres 
have been observed in electron micro
graphs of the virus of poliomyelitis, but 
it has not yet been possible to count them 
accurately [see bottom illustration on 
opposite page]. 

T
he second broad group of viruses I 
shall discuss are those that have 

helical symmetry, Far and away the best 
known of this group is the virus that 
causes the mosaic disease of tobacco. Its 
helical structure was originally inferred 
from X-ray diffraction data. These data, 
combined with evidence from other 
physical and chemical observations, 
have led to a detailed knowledge of the 
tobacco mosaic virus' architecture. The 
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HELICAL SYMMETRY is shown in the electron micrographs of 

the rodlike tobacco mosaic virus, magnified 800,000 diameters, at 

left. The second electron micrograph, of the same magnification, 

INFLUENZA VIRUS PARTICLES, members of the myxovirus 

family, are magnified 700,000 diameters in the electron micrograph 

at left. Although the particles are irregular in both size and shape, 

COMPLEX SYMMETRY is displayed by the T2 bacteriophage and 

other members of the "T even" family. Electron micrographs, in 

which the particle is magnified 300,000 diameters, clearly show that 

T2 exists in Huntriggered" and "triggered" i'orms. The untriggered 

54 

shows an internal thread from a disrupted member of the myxovirus 

group. It too seems to possess helical symmetry. (Intact myxovirus 

particles are shown directly below.) The tobacco mosaic virus has 

they appear to bristle with regularly spaced surface projections. In 

the second micrograph, which has a magnification of 600,000 diam· 

eters, phosphotungstate has penetrated the core of a particle, reveal· 

form is shown in the first pair of illustrations. The head of the 

phage is a bipyramidal hexagonal prism. The tail is a tube· 

like structure surrounded by a helical sheath. An end plate carries 

six tail fibers. When triggered, as shown in the second pair of illus· 
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2,130 elongated capsomeres, consisting of protein molecules, arranged around a hollow core, 
as shown in the diagram at far right. The helical coil embedded in the capsomeres represents 

viral nucleic acid. The micrographs are by Nagington, A. P. Waterson and the author. 

ing a coiled structure inside. The diagram at right shows a possible arrangement of the com· 
ponents in a typical myxovirus. The diagram follows a model built by L. Hoyle, Waterson 

and the author. The micrographs are by Waterson, Wildy, A. E. Farnham and the author. 

trations, the sheath contracts away from the end of the tail and the tail fibers are released. 

Presumably this coincides with the ejection of the DNA core (not shown), which previously 

had been coiled up in the head of the particle. The micrographs are by Sydney Brenner, 
George Streisinger, S. Champe, Leslie Barnett, Seymour Benzer, M. Rees and the author. 

subunits appear to be elongated struc
tures so arranged that about 16 subunits 
form one turn of a helix. The subunits 
project from a central axial hole that 
runs the entire length of the virus. The 
nucleic acid of the virus does not occupy 
the hole, as might be expected, but is 
deeply embedded in the protein sub
units and describes a helix of its own. 
The virus is composed of 2, 130 identical 
protein subunits. Each subunit is a large 
molecule formed by the joining together 
of 168 amino acid molecules. The dia
gram of the virus' structure at the top 
of this page is based on a model by 
R. E. Franklin, Klug, Caspar and K. 
Holmes of the University of London. 

Until recently helical symmetry was 
observed only in plant viruses. Now it 
has also been found in the complex ani
mal viruses that are members of the in
fluenza, or myxovirus, group. The group 
includes the viruses of mumps, Newcas
tle disease (a respiratory ailment of 
fowl), fowl plague and Sendai disease 
(a form of influenza). Electron micro
graphs produced by the shadow-casting 
technique showed these viruses to be of 
various shapes and sizes. Some were 
roughly spherical, some were filaments 
and others were complex and irregular. 
Thin sections of purified virus and par
ticles seen at the surface of infected cells 
suggested the existence of an internal 
component in the form of ringlike struc
tures surrounded by an outer membrane. 

Recent studies using the negative 
staining method have shown that the in
ternal component, or capsid, has the 
same dimensions and appearance as the 
rods of tobacco mosaic virus but is more 
flexible. This is particularly evident in 
electron micrographs of mumps virus, 
which show that the helical capsid 
forms coils or loops after being released. 
The particles of influenza and fowl 
plague are more structurally compact 
than the mumps virus and, unless sub
jected to special chemical treatment, are 
rarely observed releasing their internal 
components. 

The envelopes of influenza virus and 
fowl plague virus carry surface projec
tions that evidently contain the protein 
known as hemagglutinin, so named be
cause it causes red blood cells to agglu
tinate. If these two viruses are treated 
with ether, the internal helix is released 
and can be separated from the hemag
glutinin in a centrifuge. When this inner 
component is studied by electron micros
copy, it is found to be of smaller diam
eter than that in the viruses of mumps, 
Newcastle disease virus and Sendai dis
ease virus. The precise length of the heli
cal components in the various myxo-
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viruses is not yet known, nor the way 
they are packed within their envelopes. 
A possible arrangement for a typical 
myxovirus is shown in the diagram at 
the middle on the preceding page. 

T
he last of the three broad groups of 
viruses are those whose symmetry is 

complex. This category includes the 
large bacterial viruses, such as the T2 
virus that infects the bacterium Escheri
chia coli, and the large pox viruses. The 
1'2 virus and several of its "1' even" rela
tives are particularly remarkable because 
they contain some sort of contractile 
mechanism, a feature that has not been 
disccrned in any other family of viruses. 
The electron micrograpbs at the bottom 
of page 54 show that the T2 virus has 
a head shaped in the form of a bipyram
idal hexagonal prism. Attached to one 
end of the prism is a tail structure con
sisting of a helical contractile sheath 
surrounding a central hollow core. At 
the extreme end of the core there is a 
curious hexagonal plate carrying six 
slender tail fibers. The plate structure 
and tail fibers probably make initial 
contact with the wall of the bacte
rium that is being attacked. After con
tact has been made the helical sheath 
contracts, allowing the nucleic acid 

core of the virus to enter the bacterium. 
The contraction of the T2 sheath 

raises many fascinating questions. The 
entire T2 virus appears to contain only 
a few different kinds of protein mole
cule. If these are allocated to the 
construction of the different structures
head, sheath, tail plate and tail fibers
one must conclude that the contractile 
sheath is composed of only two or at 
most three different kinds of protein. 
How can so few kinds of building block 
produce a sheath with contractile abil
ity? vVhat substances trigger the contrac
tion? And how is the contraction related 
to the ejection of the long DNA molecule 
that is tightly packed in the T2 core? 

S 
till larger viruses having complex 

symmetry are several important 
members of the pox virus family: the 
viruses of variola, vaccinia, cowpox and 
ectromelia. They are among the few 
viruses large enough to be seen in the 
light microscope. In early shadowed 
electron micrographs the vaccinia virus 
appeared to have a three-dimensional 
bricklike shape with a spherical dense 
central region. More detailed studies of 
the virus seen in infected cells after 
staining and thin sectioning revealed 
morphological features not observed in 

other viruses. The central dense region 
appeared to be surrounded by a number 
of layers, or membranes, of varying 
opacity to the electron beam. In some 
micrographs tubelike structures could be 
seen between tbe outer membranes and 
the central region. The electron micro
graphs below illustrate the structural 
variations that exist between two mem
bers of the pox group. In the particles 
of the virus that causes orf, or con
tagious pustular dermatitis, the tubular 
components form a dennite crisscross 
pattern. It is difficult to say whether the 
tubular structures should be described 
as capsids or as capsomeres, nor can one 
say just where the nucleic acid is located 
in relation to them. 

The electron microscope, together with 
other methods, has greatly contributed 
to the study of viruses, and it has shown 
that they come in a surprising variety of 
mathematically ordered families. It has 
been understood for many years, of 
course, that proteins are versatile build
ing blocks and that they account for the 
tremendous diversity of living forms. But 
it required the electron microscope to 
reveal directly what intricate and exqui
site sh'uctures can be created by putting 
together only a few kinds of protein 
molecule. 

VACCINIA VIRUS, one of the giant pox viruses, is about twice the 

diameter of the smallest living cells, which are known as pleuro

pneumonia.like organisms. The magnification is 400,000 diameters. 

ORF VIRUS, another pox virus, has components wound in a criss· 

cross pattern. The magnification is 450,000 diameters. Micrographs 

of the orf and vaccinia viruses are by Nagington and the al1thor. 
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1�®@ll1\lli reports on:1 
what a good fighter's buttons are like • • •  a book that's new and blue • •• 

new definition for Win, Place, and Show 

A more constant constant 
They shall beat their swords into plowshares and 
their spears into pruning hooks. Nation shalf not 
fift up sword against nation. Neither shall they 
learn war any more. 

- ISAIAH 

Lockheed is very proud of its F-I04 Starfighter. At a recent 
U. S. Air Force Fighter Weapons Meet at Nellis AFB, Nev., 
an F-I04 (C model) outflew, outgunned, and outbombed all 
13 of its competitors. 

Lockheed has given us permission to disclose that the F-I 04 
carries a 19.25mm hemisphere of KODAK IRTRAN 2 Optical 
Material on the flat face of which we deposit by a unique 
method a 4mm x 4mm film of 
lead sulfide to which leads are 
attached. This kind of infrared 
sensor we call a KODAK EKTRON 
Detector, Type Q-5, Modified. 
The hemisphere has been made 
also out of another high-index 
infrared-transmitting material, 
strontium titanate. Replace
ment of this by IRTRAN 2 mate
rial seems to make the time 
constant of the detector-which 
is about 250 f..Lsec at 25°C-more stable over long periods 
with less effect from storage conditions. Also, the dark resist
ance stays put better. Therefore the sin drifts less. Inciden
tally, signal and noise levels are both high, which lessens the 
demands on the associated circuitry. (NEP, however, is less 
than 6.7 x 10-11 watts for 600°C radiation chopped at 2500 

Jones' film 
The horseplayers of America have made a contribution to 
engineering. True horseplayers spend their lives contributing. 
They contribute by a process based on ordinal digits. Deter
mination of the digits often requires instrumentation. A sound 
technology has developed to support this instrumentation. 
The horseplayers gladly support the technology by their con
tributions. The technology is now old enough to have added 
the expression "photo finish"* to common speech. 

A photo finish negative is projected for the judges less than 
25 seconds after the last horse crosses the finish line. They 
nearly always wait for the last horse. If the last horse is quite 
late, it looks longer than the first horse because there is hardly 
need for it to hurry any more as it passes the finish line. The 
finish line is the optical conjugate of a narrow slit at the focal 
plane of the camera. The film is exposed only at that point as 
it moves past the slit at constant speed. 

We have just introduced a new KODAK Timing Negative 
Film for this work. We don't see why the new film should be 
denied to off-track use. It is a 35mm film with the perforations 
omitted and the edge legend KODAK SAFETY FILM reduced in 

*Two words. The one word "photofinish" is a verb that refers to something en
tirely different, namely what you should have had done by now to any family snap
shots taken during the recent festive season. 

cycles/sec over a 1 cycle/sec bandwidth.) 
We mention high index. We are rather pleased at having it 

in the record that some years ago we suggested to the brethren 
that the same principle that makes an oil-immersion micro
scope objective resolve more detail than the best dry objective 
could also be worked for another purpose in the infrared 
game. Putting the detector film on the high-index hemisphere 
flat boosts the signal by 3.4 X. 

Safe as the F-J04 makes liS feel as we sit before Ollr hearths, we'd 
feel even safer if we had more sales outlets for these buttons than just 
one make of airplane. We Sllre would like it if it turned out, in line 
with the prophet's beautiful allusion to old iron, that an entirely dif
[erent use were found in addition for Type Q-5 detectors. Eastman 
Kodak Company, Special Products Dil'ision, Rochester 4, N. Y. call 
help you think about that. 

Chemical advice 
Virtually every laboratory that ever has occasion to work with 
organic compounds has a green book entitled Eastman Or
ganic Chemicals List No. 42. It gives the accepted nomencla
ture, structural formulas, melting range or boiling range, and 
prices for convenient quantities of thousands of compounds, 
many of them in several grades of purity. Perhaps you have 
a copy. 

Get rid of it. 
lt is out of date. The new one bears the designation List 

No. 43, which seems logical enough. lt is BLUE. There are 
many, many changes and some 350 compounds that weren't 
in the old one. Check around and see whether it has come in. 
If it has not turned up by now, please notify Distillation 
Products Industries, Rochester 3, N. Y. (Division of Eastman 
Kodak Company). 

height to .014", all in order to make room for the timing signal 
and other indicia (some of which have been deleted from the 
above illustration to protect the privacy of the jockeys). When 
developed for 10 seconds in the proper hot developer, it 
yields extraordinary definition at an Exposure Index of about 
100. Fixation is extremely rapid. Contrast is readily controlled 
by the processing parameters. Spectral sensitivity is notably 
uniform from the ultraviolet to 630mf..L. 

An inquiry to Eastman Kodak Company, Special Sensitized Products 
Division, Rochester 4, N. Y. will get you some data about this /ilm. 
There is allother possible approach. Our No.1 customer for the prod
uct is Jones Precision Photo Finish, Inc., 2 Crest Avenue, Elmont, 
N. Y., who make their own cameras and provide race timing service 
for about 65 out of 100 race tracks in the country. They have more 
practical experience with the/ilm than we do. Perhaps you can induce 
Jones to diversify. 

Eastman Kodak Company ads like this have been appearing for 
10 years. They suggest that we make a wide variety of products. 

Possibly you have at one time or another thought of buying one 

but, not knowing how to go about it, have said, "The devil with 

it." Are you interested enough to send for a pocket reference book 

that may help you and us achieve mutually beneficial contact? 

If so, address Eastman Kodak Company, Dept. 8, Rochester 4, 

N. Y. It is a tiny bit out of date, but that can't be helped. (Everybody 

dies a liHle each day.) 
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The Black Box 

T
he "black box" robot seismograph
ic station for detecting under
ground nuclear explosions was 

placed on the table at the Geneva dis
armament conference last month. This 
idea had been put forward by three u.s. 
and three Soviet scientists during the 
nongovernmental "Pugwash" conference 
in London last September. It contem
plated the installation at various points 
in the U. S. S.R. and the U. S. of un
manned, sealed, automatic seismo
graphic stations-enough "so that seis
mic events will be seen on many instru
ments." The records from the instruments 
would be turned over periodically to an 
international commission for inspection. 
The Pugwash scientists suggested that 
the black boxes might "provide a new 
basis for negotiation in the Geneva dis
cussions and ease the problem of re
solving the on-site inspection issue." 

That problem has been the major 
point of contention in devising a policing 
system for underground tests, which re
mains the principal barrier to a treaty to 
end all testing. The U.S. has held out 
for detection stations manned by inter
national teams and mandatory on-site in
spection of any unidentifiable seismic 
events they detect. The U.S.S.R. has in
sisted that detection stations should be 
manned by nationals of the country in
volved and that there must be no obliga
tory on-site inspection. The neutral na
tions at the Geneva conference have 
suggested compromises involving na
tional detecting stations controlled by 
an international commission, with in
spections on a quota basis or by invita-

SCIENCE AND 
tion of the country accused of an infrac
tion. The Pugwash suggestion was ad
vanced to provide "minimal interference 
with the host country" and "a maximum 
amount of completely objective seismic 
information," which would "substantial
ly reduce the number of necessary on
site inspections." 

Semiofficial comment from Moscow 
favorable to the idea drew semiofficial 
expressions of reserve from Washington. 
Then, on December 10, Soviet delegate 
Semyon K. Tsarapkin said his govern
ment would permit installation of "two 
or three" robot stations in earthquake
prone regions of the country and· would 
permit "international personnel" to visit 
the stations to bring in and take out the 
sealed recording apparatus. This offer, 
he said, contained "some elements" of 
the international control demanded by 
the U.S. But the U.S.S.R. still rejected 
any "compulsory on-site inspection." Thc 
Soviet proposal-implying that black 
boxes could serve in the place of manned 
international stations and inspection
was completely unacceptable, according 
to Charles C. Stelle of the U.S. delega
tion, although he welcomed the possibil
ity that the U.S.S.R. was ready to discuss 
"precise details" of a system involving 
the robot stations. Other U.S. spokesmen 
pointed out that any Western proposal 
for such a system would call for hun
dreds of black boxes rather than two or 
three. 

Although the two great nuclear pow
ers had yet to find a solution to the prob
lem of policing an underground-test ban, 
they found themselves under increasing 
pressure from the neutrals and from the 
United Nations to write a treaty. The 
mood on both sides seemed favorable: 
Stelle spoke of "the tenuous barriers be
tween us" and Izvestia suggested that a 
"relatively small push" could achieve an 
agreement. Meanwhile the U. S. and the 
U. S.S.R. had each completed a major 
series of atmospheric tests and presum
ably felt no pressing need to resume in 
the near future. 

Emphasized Breeder 

Nuclear reactors should be producing 
about half of the electricity in the 

U. S. by the end of this century and near
ly all of it by the middle of the next cen
tury, according to calculations presented 
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THE CITIZEN 
in the Atomic Energy Commission's 
recent report "Civilian Nuclear Power." 
The study was made in response to Pres
ident Kennedy's request of last March 
that the Commission "take a new hard 
look at the role of nuclear power in our 
economy." 

According to the A.E.C., projections 
of the increased demand for power in
dicate that readily available low-cost fos
sil fuels such as coal, oil and gas will be 
exhausted in a century or less and "pres
ently visualized total supplies in about 
another century. In actual fact, long be
fore they become exhausted we will be 
obliged to taper off their rate of use by 
supplementing them increasingly from 
other sources." Fossil fuels, the report 
says, must be preserved in reasonable 
amounts for future generations, since 
such fuels are invaluable for many spe
cial purposes. 

The Commission proposes to expand 
its $200-million-per-year program of re
search and development in nuclear 
reactors by $30 million, placing increas
ing emphasis on the development of 
"converter" reactors, which produce 
some nuclear fuel while generating pow
er, and on "breeder" reactors, which 
generate power while producing more 
fissionable fuel than they consume. The 
report expresses the opinion that nuclear 
reactors will be economically competi
tive with conventional generators during 
the 1970's; reactors can already compete 
in some areas distant from sources of 
fossil fuel. 

The complex breeder reactors will be 
necessary because the present reactor 
fuel, uranium 235, makes up only .7 per 
cent of the uranium found in nature, and 
all easily accessible supplies of U -235 
will be exhausted by the 1990's. Breeder 
reactors can convert the abundant urani
um 238 into the fissionable plutonium 
239, or thorium 232 into fissionable 
uranium 233. Both the uranium and the 
thorium occur in usable amounts in the 
granite that makes up much of the crust 
of the earth. Breeder reactors that can 
"burn the rocks" thus promise an almost 
unlimited source of fuel (see "Breeder 
Reactors," by Alvin M. Weinberg; SCI
ENTIFIC AMERICAN, January, 1960). 
One small experimental breeder has been 
in operation for several years at the Na
tional Reactor Testing Station in Arco, 
Idaho; another, the first to employ plu-
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WESTON AEROSPACE INSTRUMENTS ... 

PROVED RELIABLE IN ORBIT 
Flying by wire imposes rigid reliability demands on 
aerospace instruments. Weston Aerospace Instru
ments have lived up to this requirement. These 
lightweight, low-current indicators are backed by 
unique engineering and manufacturing experience 
dating from the original I LS instrumentation, and by 
a traditional reputation for accuracy and reliability. 

Weston has applied this unusual design and pro
duction experience in a number of advanced space 
projects: 
Mercury - More than a third of the Spacecraft's 
analog indicators were supplied by Weston for 
measurement of 14 variables: fuel, coolant and 
oxygen supply, cabin and suit environment, A-C 
and D-C functions. 
Gemini - As a result of the proven reliability of 
Weston instrumentation in Mercury, Weston dual 
indicators have been selected to monitor similar 
variables for Gemini. 
Other projects - Weston instruments . • •  proved 
in orbital flight, will accompany astronauts in fu· 
ture manned space probes. Experienced Weston 
engineers can design and supply instrumentation 
to meet your most rigid requirements. Write for 
our aerospace capabilities brochure. Dept. 19. 

V.J E STO N INSTRUMENTS 
Division of Daystrom, Incorporated, Newark 14, New Jersey 

Aerospace Instrumentation • Bimetal Thermometers • . Calibration & Test 

Equipment. Panel & Switchboard Meters. Photosensitive Devices · Precision 

Metal Film Resistors. Relays & Tachometers. Systems Design & Development 
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What is an 
® 

[E�U&�[E 
polyurethane 
material cv Fi rst, it's an elastomer

acts something like rubber. 

Also, it's a thermoplastic

easily formed by heat and 

o p ress ure. - Do you need 

a materi al t h a t  gives a p r o duct 

tou ghness, a b rasion resistance, 

extended flex life, resistance to fuels 

and solvents, gamma radiation resist

ance, low-temperature performance, 

low-gas permeability? If you do, an 

Estane material may be the answer. 

_ Estane materials staunchly defy 

scuffing, cutting and tearing. They 

are easi Iy processed without waste. 

For the complete 
story, send for ... r--��"iII 

B.EGoodrich 
Chemical 

Please send Technical Service Bulletin 
(G-18). also applications brochure (G-27) 
including sample of Estane material. 

Name 

Company 

Address 

City 
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Zone State 

[ tonium as a fuel, was put into operation 
there a few days after the A. E. C. issued 
; ts report near the end of N ovem ber; a 
third, the Enrico Fermi breeder reactor 
in Detroit, is scheduled to begin produc
ing 65,900 kilowatts of electric power 
by the end of this year. Great Britain and 
the U. S.S.R. have also built breeders. 
'vVith present technology it will take such 
a reactor 15 to 20 veal's or even longer 
to produce enough

' 
fissionable material 

to fuel another reactor of the same size. 
Therefore, the A. E. C. explains, it will be 
several decades before breeders begin to 
play a dominant role in the production 
of power and because of this it is neces
sary to move ahead rapidly in the pro
gram to develop them. 

Agreement in Space 

:\. minor speed record for a Soviet
� U.S. agreement was set last month 
when the two countries reported to the 
United Nations on a scheme for co-opera
tive research in space. Premier Khru
shchev, in a note of congratulation on 
John H. Glenn's orbital flight, had sug
gested last February 21 that the U. S. and 
the U.S.S.R. pool some of their space-re
search efforts. President Kennedy an
swered by proposing co-operation in 
space medicine, weather satellites, com-
munications satellites, mapping the 
earth's magnetic field and tracking space 
vehicles. Last June, Soviet rocket expert 
Anatoli A. B1agonravov and Hugh L. 
Dryden, Deputy Administrator of the 
National Aeronautics and Space Admin
istration, met and drew up recommenda
tions for specific joint programs in three 
of those areas. After approval by both 
governments-and a short delay caused 
by the Cuban crisis-the agreement was 
announced during the UN debate on 
the peaceful uses of outer space. 

Working groups of scientists from the 
U. S. and the U.S.S.R. are expected to 
meet soon to implement the agreement, 
which provides for joint efforts in mete
orology, geomagnetic mapping and satel
lite communications. In meteorology the 
two countries agreed to start by exchang
ing data gathered by their current ex
perimental weather satellites, and thev 
contemplated an operational joint 
weather-satellite system beginning in 
1964 01'.1965. Looking toward the com
pilation of a map of the earth's magnetic 
field, the agreement recommends that 
both countries launch magnetometer
equipped satellites in time for the Inter
national Year of the Quiet Sun (1964-
1965), when solar disturbances should 
be at a minimum. Specialists from the 

Measure 
30m i c r 0 v 0 Its (JJ V) to 
300 Volts (V) 
ACCURATELY 

... with Ballantine's 
Model 300H AC Voltmeter 
The ability to measure as little as 30 p. V 
accurately and reliably is possibly one of the 
most important characteristics of the Model 
300H. One feature contributing to this is the 
five inch indicating meter shown above, whose 
voltage scale is logarithmic and individually 
hand-calibrated. The precision of reading is 
the same at the bottom of the scale as at the 
top. Careful design of the circuitry of this 
vacuum tube voltmeter makes it possible to 
specify a uniform accuracy in percent of read
ing over the entire scale with the assurance 
that it will be maintained for at least 5000 
hours of use between calibration checkups. 
It is an excellent instrument for accurate 
quantitative measurements over a wide range 
of voltages and frequencies. It may also be 
used as a stable, high gain, wide band ampli
fier with equal assurance. 

PARTIAL SPECIFICATIONS 

Voltage range . .. . .......... " 30 p.V to 300 V 
Frequency range. . . . . . . . . . . . .. 10 cps to I Mc 
Accuracy at all points on the scale 

300 p.V to 300 V, 10 cps to 700 kc, 2% 
300 p.V to 300 V, 700 kc to I Mc, 3% 
30 p.V to 300 p.V, 100 cps to 1 kc, 5% 

Response . .  Average, calibrated in rms of sine wave 
Input impedance . ...... 2 megohms shunted by 

15 to 25 pF 
Stability . . .. . . .  Change in indication with power 

supply variation from 115 ± 10 volts, <0.5% 
Amplifier characteristics . .  gain, 40 db; max output 

0.3 V into 5000 ohms; response ± 1 db, 
10 cps to 1 Mc 

Power supply ... 115/2 30 V, 50-420 cps, 35 walts 
Portable or Relay Rack Versions available 

Price: $230 

Check with Ballantine for any ac voltage measure· 
ment requirements, including laboratory stand
ards for use up to 1000 Mc. 

Please write for Ollr brochure on the Model 
300H ({lid jo; ollr calalog, referring 10 SA-I. 

�} BALLANTINE 
LABORATORIES INC. 
BOONTON NEW ,JERSEY 
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two nations are to co-ordinate the instru
mentation and orbital characteristics of 
the satellites and methods of data collec
tion and processing. As for communica
tions, the first step will be joint experi
ments with Echo II, a large passive re
Hector satellite scheduled to be launched 
by the U.S. early this year. Experiments 
with active repeater satellites will be 
considered later. The eventual objective 
is an experimental global satellite com
munication system. 

Curb on Degeneracy 

I n recent discussions of the genetic code 
the term "degeneracy" frequently ap

pears. Since it implies ambiguity in the 
meaning of code words, it suggests a cer
tain looseness, or nonspecificity, in the 
process used by the cell to construct pro
teins. Recent work by Seymour BeI1Zer, 
Bernard Weisblum and Robert W. Hol
ley at Purdue University has uncovered 
features of this process that may limit 
some of the ambiguity. 

The genetic code resides in the DNA 
(deoxyribonucleic acid) that constitutes 
the genes of a cell. The code is trans
mitted to the sites of protein syntheSis 
by "messenger" RNA (ribonucleic acid) , 
which uses as code letters four bases: 
A, U, C and C (adenine, uracil, guanine 
and cytosine). It appears that some com
bination of three of these letters supplies 
the code word for each of the 20 amino 
acids, the subunits that link together to 
form polypeptide chains, or proteins. A 
doublet code would provide only 16 
code words; a triplet code yields 4 X 4 
X 4, or 64, words. Since 64 are more than 
the 20 needed, it was predicted that 
more than one word might specify a 
given amino acid. This is one possible 
type of degeneracy, and it was subse
quently found experimentally. For ex
ample, the amino acid leucine is coded 
by either of two triplets: CUU or CUU 
(the actual sequence is not yet known) . 

BeI1Zer and his associates looked for 
the physical mechanism behind this de
generacy. Inside the cell the amino acids 
are conveyed to the site of protein syn
thesis by a special soluble form of RNA 
deSignated sRNA. For each of the 20 
amino acids there is at least one specific 
sRNA. It had been known that leucine 
can be recognized and transported by 
two kinds of sRNA, which have slight 
molecular differences. Benzel' and his 
colleagues conjectured that one of the 
leucine sRNA's may respond to the 
CUU code and the other to the CUU 
code. They found that in the colon bacil
lus, at least, this is the case. In other 
words, coding specificity in the sRNA 

PLEN 
PHENOLIC MOLDING COMPOUNDS 

If phenolics can do it, Plenco can poses a special production or im
provide it-and does-for a Who's provement problem, we invi'':l you to 
Who of American industrial firms, learn how versatile Plenco phenolic 
large and small. When your product molding compounds can help. 

Consult with us at any time. 

PLASTICS ENGINEERING COMPANY • SHEBOYGAN, WISCONSIN 
Available to you through Plenco research ... a 

wide range of high grade phenolic molding compounds, industrial and coating resins. 
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whatever you tell it! 
Friden Flexowriters® permit the use 
of 5, 6,7 or 8-channel tape, each of 
which is associated with a standard 
tape code. The 8-channel tape per
mits binary coded-decimal coding 
of the integers and provides the 
added facility of parity checking. 

But the Flexow riter's flexibility 
barely starts there. It is designed 
with a reading and punching mat
rix that gives you almost unlimited 
flexibility of code format. 

For instance, Flexowriters are used 
in pattern recognition research, for 
they permit recording in punched 
tape (a form directly usable by 
many other machines) of X and Y 
coordinates of every pattern detail 
recorded. 

The Flexowriter's code format flex
ibility permits almost any type of 
control data preparation and tape 
listing in the design of closed-loop 
control systems. Further, since it 
can record from transducers, both 

digital and analog data, in a form 
that can be manipulated and uti
lized by other machines, the Flexo
writer is invaluable as an integral 
part of many new control systems. 

I ts ability to act as a data-storer and 
data-lister with excellent adaptabil
ity of format, makes it apparent the 
applications of the Flexowriter in 
problems of control design and 
operation are limited almost solely 
by the lim.its of the imagination. 

To fully investigate the Friden 
Flexowriter, call your local Friden 
representative. Or write: Friden, 
Inc., San Leandro, California. 

THIS IS PRACTfMATION: prac
tical automation by Friden - for 
business and indu.w·y. 

Friden 
SaleI, Service and IllS/ruction Throllgholl/ the U. S. and World 

may compensate for lack of specificity in 
the messenger RNA. 

There is, however, a second form of 
degeneracy wherein a given triplet codes 
for two or more amino acids. For exam
ple, the triplet UUU codes primarily for 
phenylalanine, but it seems also to code 
to a lesser degree for leucine. The Pur
due workers found that the form of leu
cine sRNA that responds to CUU also 
responds somewhat to UUU. The impli
cations of this ambiguity are still being 
studied. 

Writing in the Proceedings of the Na
tional Academy of Sciences, Benzer and 
his colleagues speculate that "some de
gree of degeneracy may confer increased 
survival value upon a cell, by reducing 
the number of nonsense coding units, 
i.e., those that correspond to no amino 
acid. A mutation that changes one amino 
acid in a polypeptide chain to another 
amino acid is less likely to be deleterious 
than one which completely impedes the 
completion of the growing chain." 

Blue Means Go 

What does the frog's eye tell the frog's 
brain? This question has been close

ly studied for some years in the Research 
Laboratory of Electronics at the Massa
chusetts Institute of Technology. The 
latest finding is that the frog's eye is 
acutely sensitive to blue light and that 
this sensitivity is reflected in the frog's 
behavior. The work is reported by 
W. R. A. Muntz in the November issue 
of the Journal of Neurophysiology. 

Muntz recorded the electric output of 
individual nerve fibers that pass to the 
region of the frog's brain called the dien
cephalon. During the recordings he stim
ulated the frog's eye with light of various 
wavelengths. Frequency of nerve firing 
provided a measure of the response. The 
most surprising finding was that the frog's 
eye can distinguish blue as a dominant 
wavelength even under conditions that 
might be expected to produce confusion. 
For example, the frog was presented 
with two color samples: a dimly lighted 
piece of blue paper and a brightly lighted 
piece of greenish-yellow paper. Although 
more light of blue wavelength was re
flected from the greenish-yellow paper 
than from the blue paper, the frog's optic 
fibers fired about twice as fast in re
sponse to the blue paper. This finding 
implies that the responsiveness to blue 
is not produced by a narrow-band photo
sensitive pigment in the frog's retina. 

Muntz next subjected the frogs to be
havioral tests. A frog was placed in a 

black box facing two open windows 
through which he could jump. The two 
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WHEN 
TIMING 

IS OF THE 
ESSENCE 

Fairchild timing devices are controlling sequential func

tions in missile and aerospace systems with unsurpassed 
reliability. Today, Fairchild precision fuzes underwrite the reliabil

ity of many surface-to-surface, air-to-air and air-to-ground weapons. 

Fairchild safety and arming devices are operational in our newest 
long-range missiles. Compact Fairchild programmers, timing gener

ators and digital clocks are at work in vital control areas in current 
satellite projects. Flawless performance in extreme environments is 

engineered into each. 

For an overall picture of Fairchild's broad experience in timing 

devices, photo-optics and electromechanics, write for this brochure: 
"Facilities and Capabilities-an 

Eye to the Future." Address 

Fai r c h i l d ,  De p a r t m ent 91, r 
Robbins Lane, Syosset, N. Y. 

DEFENSE PRODUCTS DIVISION 
SYOSSET, N. Y./CLIFTON, N. J. 
LOS ANGELES, CAL./PALO ALTO, CAL. 
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This is the WILO* M�20 
RESEARCH MICROSCOPE 

DRAWING TUBE 

This is the WILO* M·20 with: 
CINETUBE CAMERA 2 POLAROID 

LAND BACK 
INCIDENT LIGHT 

ATTACHMENT 

Nowhere is there an instrument so versatile, so precise, so conveniently adapt· 
able to all observation methods. Nor so admirably suited to your field of research 
or scientific investigation. 
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"The first name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes. 

H EER BRU GG ' 

WILD HE.R.RUGG INSTRUMENTS. INC. 
.. ORT WASHINGTON, Naw YORK 

Full In Canada: Wild of Canada Ltd., 
Factory S.rvic.s 881 Lady Ellen Place, Ottawa 3, Ontario 

windows were illuminated with lights of 
different colors. The frog was given a 
gentle poke to make it jump and the 
number of jumps through each window 
was recorded. The frogs jumped prefer
entially in the direction of blue light. 
Moreover, they preferred a blue window 
to one that contained just as much blue 
light to which green had been added. 
This again revealed the frog's ability to 
react to wavelength in preference to light 
intensity. 

Muntz suggests that it is important 
for a frog sitting on the bank of a stream 
to be able to jump unerringly into the 
water when he is startled. In general, 
there will be more open sky in the direc
tion of the water than in the direction of 
the lanel. The sky and the water below 
will usually be blue, whereas the foliage 
on land will usually be green. It is to be 
expected, therefore, that evolution should 
have endowed the frog with a strong 
preference for blue. 

Surgical Glue 

A plastic adhesive may provide sur-
geons with a simple alternative to 

stitching for purposes ranging from the 
attachment of skin grafts to the repair 
of blood vessels. Already in industrial 
use under the name Eastman 910, the 
adhesive cements soft tissues quickly 
and firmly without catalysts, heat or high 
pressure. The surgeon simply wipes ex
cess moisture from the surfaces to be 
joined, applies a film of 910 and holds 
the surfaces together with siliconized 
forceps for as long as it takes the ad
hesive to set-about a minute. No signs 
of toxicity have appeared in tests so far. 

The unusual adhesive is methyl-2-
cyanoacrylate, a compound originally 
investigated by the Tennessee Eastman 
Company as a source of synthetic fiber. 
In the course of the study a laboratory 
technician spread the compound be
tween the prisms of a refractometer to 
measure its index of refraction. When he 
had completed the measurement, he 
found that he could not separate the 
prisms. Further investigation disclosed 
that traces of moisture caused the com
pound to polymerize into an adhesive 
that strongly bonds metals, ceramics, 
leather, most plastics and numerous oth
er materials. A single drop has sustained 
loads of up to 15,000 pounds. 

Application of the glue to surgery has 
been under study for nearly four years. 
Animal experiments in several centers 
have shown that it is absorbed after heal
ing takes place and leaves a thinner, 
softer scar than suturing does. At a re
cent meeting of the American College of 
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Northern watch by NATO 
COMMUNICATION BY COLLINS 

The Arctic is as grim as ever. But it's no longer a barrier to 

effective radio communication between NATO and its northern

most patrols. Today, the powerful new "White Fox" radio network 

in Norway keeps NATO ships and land forces in constant touch. 

Developed and installed by Collins Radio Company, the White 

Fox single sideband radio stations hammer out NATO's vital 

messages. Highly flexible radio systems form the backbone of 

the bunker-protected network. They include Collins Universal 

Radio Group which can be readily expanded or modified to meet 

changing needs. White Fox stations are among hundreds of out

posts where the Free World depends on communication by Collins. 

COLLINS RADIO COMPANY • Dallas Cedar Rapids 

Los Angeles • New York • International Division, Dallas 

ALSO BY COLLINS: 
MICROWAVE. Collins micro

wave systems serve as trans

mission links for Educational 

TV in the United States, for 

telephone companies from 

Taiwan to the Middle East, 

and for oil and mining com

panies throughout the world. 

Write for information on the 

world's most complete line 

of microwave systems. 

t?A� 
COLLINS 
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ARTICULATED 
TROLLED AT 

SUPPORT FOR OMNI
SCOPE AND ARTICU
LATED M"""u,,-_ 

21-ft-LONG QMNISCOPE 

35 -mm CAMERA 

UNCLASSIFIED 
ORNL-l.R-DWG 54875 

This schematic diagram was sent to us by Oak Ridge National Laboratory at 
Oak Ridge, Tennessee, operated by Union Carbide Corporation for the U.S. 
Atomic Energy Commission. It shows how the versatile Questar telescope, in the 
uncontaminated zone at top right, permitted metallurgists to work, without 
protective clothing, in comfort and safety while examining the interior of a 
radioactive core vessel twenty feet below the 5 -foot-thick concrete shield. By 
means of a remotely controlled mirror, the operator could direct light rays from 
a 21-foot periscope, called an Omniscope, into the Questar, where visual or 
photographic images were formed at will. Inside the empty tank the radiation level 
sometimes reached 100,000 roentgens per hour, a small fraction of which would 
be lethal. With a 35 -mm. camera attached to Questar's optical axis, 5 x 7 prints 
were secured giving magnifications of 4 and 16x, while the standard Questar 
eyepieces allowed visual inspection at 4,8,16 a:Jd 32 diameters magnification. 
We are told that the metallurgists were highly pleased with Questar and optimistic 
about its possible use in other difficult applications. The examination proved that 
powers to 60 diameters are feasible with improved lighting, that stereophotography 
is possible, and that mapping of the entire inner surface of the vessel may be 
done with a motion picture camera attached to Questar. 
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It was nice to hear that a standard Questar, 

without any modification at all, had proved 

to be so useful in this most exacting 

application. The incomparable Questar 

is priced from $995. Each one is an 

optician's individual masterpiece. In the 

story above, Questar was performing in its 

unique role of long-distance microscope. 

We would be very pleased to send you 

our latest illustrated 32 - page booklet. 

QUlE§1rAlR 
Box 20 New Hope, Pennsylvania 

Surgeons, John E. Healey, Jr., and a 
surgical team from the M. D. Anderson 
Hospital and Tumor Institute of the Uni
versity of Texas reported using the ad
hesive successfully to repair small blood 
vessels and close bronchial stumps in 
both experimental animals and human 
patients and to join pieces of intestine in 
dogs. Healey and his colleagues have 
also employed it to cement skin grafts in 
place when sutures would not hold. A 
University of Tokyo surgeon, Tsunama
sa Inou, has closed skin incisions in 62 
patients with the glue. 

Troublesome Tool 

A new hazard for the innocent by-
stander has emerged from an inno

vation in building technology. The threat 
is the stud gun, a pistol for firing bolt
and naillike fasteners called studs into 
a steel or concrete wall. The studs, which 
are then used for attaching various ob
jects to the wall, leave the gUll at 
velocities of several hundred feet per 
second. 

At least six deaths and two cases of 
serious injury have been traced to studs 
that went astray. Writing in The New 
England Journal of Medicine, two sur
geons, Samuel Mage and Kenneth 
Chiache Sze, describe the two injury 
cases, both brought into the Beekman
Downtown Hospital in New York within 
an ll-month period. In one, a bank clerk 
was at his desk near a window on the 
lIth floor of a financial district sky
scraper when he suddenly felt a piercing 
pain and collapsed, with blood from 
wounds in his left arm and chest staining 
his shirt. At the hospital it was found 
that a "rifle bullet" had passed through 
his upper arm, entered his chest and 
pierced the pericardium, the sac sur
rounding the heart. At first the source of 
the "bullet," which was removed after 
the damage to the heart had been re
paired, was a mystery. A police ballistics 
expert, however, identified it as a stud 
and traced it to a construction job across 
the street. In the other case, a construc
tion worker suffered multiple wounds 
from a stud that passed through a two
and-a-half-inch-thick plaster and gyp
sum-block wall and then went through 
his abdomen. He was standing nearly 20 
feet from the wall at the time. A de
scendant of a wartime device for attach
ing underwater demolition charges, the 
stud gun has become increasingly popu
lar as a laborsaver since its introduction 
into the construction industry after the 
war. Safety regulations governing its use 
have so far been adopted by eight states 
and the District of Columbia. 
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Geometry and principal coordinate systems involved 
in the photogrammetric computations. 

Advanced Digital Computer Design for 

Precision Analytical Photogrammetry 

Any problem which can be described 
mathematically can be handled by a 
digital computer. Take precision stereo 
mapping from aerial photographs. 
Based on analog principles, conven
tional stereoplotters require complete 
physical simulation of the geometry 
involved in the original photographic 
situation. However, because the com
plete situation can also be represented 
by sets of mathematical equations, a 
properly designed digital computer 
should be able to eliminate the limita
tions inherent in analog plotters. 

Working on this basis, our Digital 
Systems Group has developed an 
advanced digital computer system for 
a new type of photogrammetric pIot
ter which not only offers accuracy 
better than 10 microns rms at high 
plotting speeds, but also permits here
tofore impossible corrections. 

Each photographic image point has 
its own mathematical expression which 
depends on the position of the original 
aerial camera, the focal length of its 
lens, the lens distortion, air refraction, 

earth curvature, film shrinkage, and 
other factors. 

When the computer (connected to 
the viewing stereocomparator) has 
been fed mathematical data represent
ing all these conditions, it will continu
ously compute the corrections that 
should be made for any point in the 
photographs. The computer then auto
matically controls the movement of the 
motor-driven plate holders. As the 
human operator moves the plates 
around.in the comparator, he may not 
even be aware that the computer is 
constantly overriding his commands 
with corrections. 

In addition to the speed and extreme 
accuracy of plotting, the computer 
also provides mathematically correct 
interior orientation as part of the initial 
set-up procedures. 

Automatic relative and absolute 
orientation are also provided. Dur
ing plotting operations, distance be
tween any two points in the stereo
model can be read out directly. 

The outputs of the computer-

Research Laboratories Division 

plotter system are as universal as the 
inputs. Profiles, conventional topo
graphic maps, charts and tables of 
coordinates in digital form can be 
produced. And not incidentally, when 
the stereoplotter is inactive the com
puter can be used as a very versatile 
and fast general purpose digital com
puter for a great nnmber of engineer
ing and scientific computations. 

Bendix research embraces a com
plete range of disciplines including 
acoustics, nuclear, data processing, 
microwave, fluid power, lasers and 
masers, guidance, electronics, solid 
state physics, and mechanics. Motiva
tion: to develop new techniques and 
hardware for producing complete, 
integrated, advanced systems for 
defense, industrial and commercial ap
plications. Inquiries are invited. We 
also invite engineers and scientists to 
discuss career position opportunities 
with us. An equal opportunity em
ployer. Write Director, Bendix Re
search Laboratories Division, South
field, Michigan. 

T�ncfY 
CORPORATION 

WHERE IDEAS 
UNLOCK 
THE FUTURE 
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RCA NUVISTOR TUBES 
combine highly effective performance with 

extremely small size and light weight. 

The astronaut's pulse and blood pressure vary with stresses of 

acceleration ... his breathing becomes harder ... his body tem

perature fluctuates a fraction of a degree. 

Infinitesimal changes in the void of space ... yet each minute 

variation is perceived, recorded and analyzed at a tracking 

station a thousand miles distant. Such is the wonder of satellite 

telemetry in the space age. A key component in these incredibly 

complex systems is a new electron tube from RCA: the 

NUVISTOR. Scarcely larger than a pencil eraser, this tiny giant 

has the ruggedness, stamina, dependability, high performance 

and resistance to radiation that space-age jobs demand. 

Because of NUVISTOR's extreme sensitivity and fidelity of 

response, nuvistorized circuits can detect and amplify-without 

distortion-signals reflecting the smallest changes in physical 
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environment or condition . . .  changes that might be lost or 

distorted by less sophisticated components. 

RCA NUVISTORS-symbolizing today's trend of packing more 
and more electronic performance into less and less space-are 
at work in scientific marvels ranging from satellites and 
radiation counters to radar systems and home television sets. 
They are another product of RCA's unceasing effort to create 
new tubes for new uses-in home entertainment, in science, 
industry, medicine, and national defense. 

RCA ELECTRON TUBE DIVISION _1 The Most Trusted Name �® !n Electronics 

RCA Pencil Tubes, 
incorporated in a 

rediD transmitter, 
enoble the ostro
naut to communi
cate to earth from 

oufer spoce. 

RCA Cormolox Tube., 
to ugh and rU9gedl 
easi ly handle the 
9,eat powe r su rge s 
required i. fe'emetry 
a nd long-distance 

communications. 

RCA Vidicon Tubes, 
the ".ye" of many 
orbiting satellit.s 
used for weather 
observation, recon
naissance, ground 

surveillance, efc. 
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THE EVOLUTION OF GALAXIES 

It ,vas once argued that galaxies begin as huge spheroids and 

become flattened by rotation into spirals. A ne,v inquiry suggests 

that galaxies look different because they were born different 

It is not quite 40 years since Edwin P. 
Hubble, using the 100-inch reflect
ing telescope on Mount Wilson, con

clusively demonstrated that the Great 
Nebula in Andromeda was not a mass of 
glowing gas but a galaxy-a huge system 
of stars outside our own. Subsequently 
Hubble examined thousands of galaxies 
recorded on Mount \,yilson plates and 
classified them according to their appear
ance. He was careful never to suggest 
that his classification scheme represented 
an "evolutionary" series. His terminology 
of "early" and "late" spiral galaxies, how
ever, suggested to some astronomers that 
a galaxy originated as a spherical mass of 
stars, that it gradually flattened by rota
tion into an ellipsoid and finally into a 
disk with more and more open and con
spicuous spiral arms. Other astronomers 
felt, particularly in the last decade, that 
evolution proceeded in the opposite di
rection, at least in the spirals. Because a 
galaxy would presumably take billions of 
years to evolve from a ball to a disk (or 
vice versa) , there seemed no way to es
tablish the direction of galactic evolution. 

Astronomers, however, have learned 
to extract a surprising amount of infor
mation from the feeble samples of stellar 
radiation that reach the earth, and they 
have not been content to ignore the prob
lem of galactic evolution. Before discuss
ing some recent investigations that bear 
on this problem let me briefly describe 
our own galaxy. According to Hubble's 

GALAXY M 33, two million light-years 

away, has spiral arms more w idely separated 
than those in our own galaxy. According to 

the system devised by Edwin P. Hubble, it is 

a late-type (Sc) galaxy. This color photo

graph was made by William Miller with the 

200·inch tele scope on Palomar Mountain. 

by Halton C. Arp 

classification it is an intermediate form 
of spiral galaxy, technically designated 
Sb. Viewed edgewise, it would resemble 
two thin dishes set face to face. Viewed 
at right angles to its central plane, it would 
display a dense, luminous nucleus from 
which star-speckled anTIS extend in long 
sweeping arcs. The galaxy contains near
ly 100 billion stars; for light to travel 
across it takes more than 100,000 years. 
Our sun is located far out in one of the 
spiral arms, some 33,000 light-years 
from the center of the galaxy. Dis
tributed in and around the galactic nu
cleus are more than 100 globular clus
ters of stars, which contain from a few 
thousand to a million stars. These are the 
largest subunits in the galaxy. Smaller 
subunits range downward in size from 
gaseous nebulae and stars to atoms of gas 
and subatomic particles. Electromagnet
ic energy is radiated by the stars and is 
radiated or absorbed by the gases, de
pending on their temperature and den
sity. The energy is observed mostly as 
light or as radio waves. Magnetic fields 
organize the pattern of the observed 
radiation. Dust and solid particles 
redden and block the light. All the gas 
and dust and stars are in swirling mo
tion, with the sun's portion of the galac
tic disk rotating around the center of 
the galaxy with a speed of about 260 
kilometers per second, or almost 600,000 
miles per hour. Even at this velocity it 
takes more than 200 million years for 
the sun to make one complete circuit of 
the galaxy. One can estimate, therefore, 
that there must have been nearly 50 
revolutions, or solar-galactic years, since 
the supposed birth of the universe 10 
billion years ago. 

The galaxy in Andromeda, technically 
known as M 31, looks about the way our 
own galaxy would look if it were seen 
from outside, tilted about 15 degrees 

from edge on [see -illustmt-ion on page 
77]. Two million light-years away and 
the nearest of the larger galaxies, M 31 
is barely visible to the naked eye as a 
small hazy patch of light. If it appeared 
as bright to the eye as it appears in photo
graphs, its long dimension-as seen in 
the sky-would be about seven times the 
diameter of the moon. Another spiral 
galaxy, M 81, seen more at right angles 
than M 31, is shown on page 78. Both 
M 31 and M 81 are classified Sb, a desig
nation in which S stands for spiral and 
b for an intermediate stage of develop
ment, according to the Hubble classifi
cation. An Sc, or late-type spiral, is shown 
on the opposite page. Only about two 
million light-years away, it is a member 
of our local group of galaxies. A more 
distant Sc spiral, M 74, appears on page 
80. Sc galaxies have smaller nuclei than 
Sb galaxies and their spiral arms are less 
tightly coiled and more conspicuous. 

The Orientation of Spiral Arms 

A picture of a spiral galaxy suggests 
that it is in motion and that it is rotating 
perhaps like a pinwheel or a whirlpool. 
To test this hypothesis early workers re
corded the spe::tra of galaxies and found 
that the spectral lines were indeed 
shifted in such a way as to indicate that 
one edge of the flattened disk is ap
proaching and the other receding. Un
fortunately this determination can be 
made only when a spiral galaxy can be 
seen more or less edge on, and in this 
orientation the spiral pattern is hard to 
see. Conversely, when the spiral is 
tipped enough for us to see the arrange
ment of the spiral arms, the direction of 
rotation is hard to determine. As a result 
the obvious and important question of 
whether the spirals rotate in an unwind
ing sense or rotate with their arms trail-
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START 
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ONEOUARTER TURN : TWO TURNS 

EFFECT OF DIFFERENTIAL ROTATION would be to wind the 

anns of a F-pira1 galaxy into a ring� unless other forces were at work. 
The three diagrams show two opposed arms at the start of roo 

tation, after a quarter·turn and after completion of two turns. 

ing became a subject of considerable 
astronomical controversy. Even today a 
few astronomers maintain that at least 
some spirals may be rotating in an un
winding sense. Most astronomers feel, 
however, that the weight of evidence 
supports the view that spirals rotate with 
their arms trailing. 

A simple physical consideration prac
tically demands that the arms should 
trail: spirals viewed edgewise are ob
served to be in differential rotation. 
That is, the inner parts revolve around 
the center with a certain speed, but re
gions farther from tbe center rotate more 
slowly. Therefore a radial assemblage of 

stars forming one of the arms of a 
galaxy would unavoidably rotate faster 
toward the center and be drawn out into 
a spiral form with the outermost stars 
trailing in the rotation. This concept im
mediately raises another problem: Any 
given set of spiral arms will in a few 
turns be drawn out into what essentially 
appears as a closed ring around the cen
ter [see illustration above]. I have 
already mentioned that our own galaxy 
has presumably made something like 50 
turns since its birtb. Inasmuch as there 
are many spiral galaxies in the universe 
but few ring galaxies, one must conclude 
that some unknown agency prevents the 

spirals from winding themselves up. 
A related puzzle is that the spiral arms 

are marked by very luminous stars that 
cannot shine for long at their present 
rate and therefore must be quite young. 
Evidently some agency replenishes the 
bright young stars in the arms. In short, 
the spiral arms are seen to be dynamical
ly fragile and energetically short-lived. 
A tantalizing puzzle that has occupied 
astronomers is how spiral arms can be 
formed and maintained in the face of 
the forces working to destroy them. 

The first step in solving the puzzle 
has been to try to establish the composi
tion of the spiral arms. As we have seen, 

SEQUENCE OF GALACTIC FORMS was proposed by Hubble 
more than 20 years ago. In his  "tun ing fork" diagram spherical 

systems are at the left, followed by elliptical systems, then by 
disks (SO) and finally by spiral systems of two general types. 
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the spiral arms sparkle with stars that are 
hot, blue and from 10,000 to 100,000 
times brighter than the sun. Stars can 
radiate at this rate for only one million 
to 10 million years, a short time com
pared with the estimated age of the uni
verse. These supergiant stars are strung 
out along the spiral arms like beads on a 
string. Similarly restricted to the arms 
are great clouds and filaments of dust. 
Recent radio observations have shown 
that the spiral arms in our own galaxy 
are also outlined by hydrogen gas. Clear
ly this dust and gas furnish material for 
the formation of the bright new stars 
that illuminate the spiral arms. In fact, it 
is possible to observe nearby regions in 
the spiral arms of our galaxy where stars 
are in the process of being formed 
[see "The Pleiades," by D. Nelson Lim
ber; SCIENTIFIC AMERICAN, November, 
1962]. 

But just as the lifetime of very hot 
stars is limited, so too the supply of 
dust and gas for creating new stars 
would seem to be limited. Sidney van 
den Bergh of the David Dunlap Obser
vatm,), in Toronto has estimated that at 
the present rate of star formation the gas 
in the vicinity of the sun would be ex
hausted in less than a billion years. He 
has suggested that the gas was perhaps 
n'plenished from the central regions 
of the galaxy. Subsequently Maarten 
Schmidt of the California Institute of 
Technology worked out a galactic model 
in which sufficient gas was originally 
present so that a decreasing rate of star 
formation would still leave about a fifth 
of the original gas not yet formed into 
stars. But regardless of whether new ma
terial flows in to replenish the old or the 
spiral arms are simply supplied with a 
large initial amount of gas, the problem 
remains of explaining how the material 
is kept from diffusing out of the spiral 
arms and away into space. 

Evidence for Magnetic Fields 

One clue to the solution of the prob
lem may have been provided in 1949, 
when John Hall and W. A. Hiltner of 
the Yerkes Observatory observed polar
ization of the light from nearby arms of 
the galaxy. Jesse L. Greenstein and Lev
erett Davis, Jr., of the California Institute 
of Technolo

'
gy showed that polarization 

is probably caused by elongated dust 
particles, all aligned in the same direc
tion, which preferentially absorb the 
light whose vibration is parallel to the 
long axis of the particles. The important 
outcome of this work seems to be that 
only a magnetic field aligned along the 

MAGNETIC FIELD OF GALAXY might originally have the general form shown in the top 

illustration. In the nucleus ionized, or electrically charged, particles of gas would be tightly 

bound to lines of magnetic force (color). If the gas were thrown outward by rotation of the 

galaxy, the ejected mass would pull the lines of magnetic force with it, as shown in the bot· 

tom illustration. Thereafter ejected material would tend to follow these lines and form arms. 
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spiral arm can explain the preferential 
alignment of the dust particles. A mag
netic field would also serve to trap any 
atoms of hydrogen that have lost an elec
tron as a result of collisions with photons 
or other energetic particles. Atoms that 
lack one or more electrons are said to be 
ionized. If it is placed in a magnetic field, 
an ionized particle can move only by spi
raling along one of the lines of magnetic 
force. Even a weak magnetic field may be 
enough to bottle the gas within the spiral 
anTIS of a galaxy. Although only a fraction 

of the interstellar hydrogen is ionized 
and thus susceptible to magnetic trap
ping, the ionized atoms "frozen" to the 
lines of magnetic force would form a vast 
web through which un-ionized particles 
would find it difficult to escape. The ac
tual picture is somewhat complicated 
because a gas confined in this way is 
under pressure and therefore tends to 
expand. Moreover, the magnetic field 
itself tends to push outward. It can be 
shown, however, that the gas in the 
spiral arms probably has enough mass 

to produce a gra,-itational force sufficient 
to offset the dispersive f(orces. 

The proposal that the magnetic field 
in a spiral arm is held in shape by the 
gravitational attraction of the mass with
in the arm was made in 1953 by Subrah
manyan Chandrasekhar and Enrico Fer
mi of the University of Chicago. They 
computed that the magnetic-field 
strength needed to balance the gravita
tional field was between one millionth 
and 10 millionths of a gauss. A recent an
nouncement from the Nuffield Radio 

SUGGESTED CLASSIFICATION OF GALAXIES is based on 

two characteristics: mass and degree of flattening. Presumably the 

massive spherical and elliptical galaxies possess the least amount 

of rotational energy, or angular momentum per gram. Spiral gal. 

axies and certain dwarf systems possess high amounts. (Many gal· 

axies fall between the extremes plotted.) It is hard to conceive 
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Astronomy Laboratories at Jodrell Bank 
in England reports a directly observed 
value of 25 millionths of a gauss in cer
tain regions of our galaxy and an over-all 
galactic field of approximately five mil
lionths of a gauss. (The magnetic field of 
the earth is about .5 gauss.) 

A second clue to the solution of the 
spiral-arm problem was provided by 
radio astronomy in 1957. It was ob
served that there is a flow of gas travel
ing toward the sun from the center of the 
galaxy. The gas leaves the galactic cen-

of any mode of galactic evolution that could 

add (or subtract) mass or angular momen· 

tum over the range shown in the chart. 

ter at about 50 kilometers a second and 
contains enough material to create about 
one star of solar mass each year. More 
recently the Australian radio observer 
Frank Kerr has concluded that the out
flow still has a velocity of about seven 
kilometers a second in the vicinity of the 
sun. Using the 200-inch telescope on 
Palomar Mountain, Guido Munch has 
observed a similar outflow of gas in the 
center of the Andromeda galaxy. 

I should like to propose that at least 
some of the gas observed to be leaving 
the center of the galaxy is traveling in
side the tube of magnetic force that com
prises the spiral arm containing our sun. 
One solar mass of gas per year is ample 
to keep the spiral arm glowing with hot 
new stars. It might also be enough to 
allow for some leakage of material from 
the spiral arm. 

If the spiral arm has an outward com
ponent of motion in addition to its mo
tion around the center of the galaxy, 
this would tend to keep the spiral from 
winding up on itself and forming a ring. 
The mechanism would be similar to that 
of a Fourth of July pinwheel. The out
ward component of velocity would have 
to be an appreciable fraction of the ro
tational velocity, however, in order to 
keep the spiral open. It is doubtful that 
the observed outflow in our galaxy meets 
this requirement. If the outflow is indeed 
inadequate, the spiral arm containing 
our sun seems fated to be wound up in 
a ring very quickly. Other considerations 
may be involved, however. For one thing 
it is difficult to estimate how much rigid
ity may be imparted to the arms by the 
magnetic field running through them. 
There is also the possibility that the arms 
near the sun are not representative of the 
arms that give the galaxy its over-all 
shape. The spiral anTIS near the sun are 
only about 5,000 light-years apart, which 
would make our galaxy a rather tightly 
wound spiral. In M 31 and other Sb 
spirals the arms are about twice as far 
apart. To obtain more information on the 
fate of spiral arms near the sun, a num
ber of observers have looked for differ
ences in rotation velocity between old 
stars embedded in the disk of the galaxy 
and young stars in the anTIs. Although 
such differences have been found, they 
involve about the same uncertainties of 
interpretation as are encountered in the 
gas-flow measurements. 

Shaping of the Magnetic Field 

Although it has not yet been demon
strated conclusively that there is a net 
outflow of gas in the disk of spiral 

galaxies, I offer the hypothesis that sllch 
a flow is fundamental to their spiral 
structure. This hypothesis immediately 
raises the question of the relation, 
if any, between the flow of matter and 
the magnetic field. Offhand it is dif
ficult to imagine why the magnetic field 
should radiate from the galactic center 
and form a series of spiral arms. This 
puzzling distribution might be explained 
as follows. Suppose the over-all mag
netic field of a spiral galaxy has its axis 
through the center of the galaxy and per
pendicular to the plane (like the orienta
tion of the earth's magnetic field with 
respect to the plane of the earth's rota
tion) . It is reasonable to assume also that 
many of the gas atoms in the center 
of the spinning galaxy are ionized and 
spiraling around lines of magnetic force. 
It is a characteristic of such magnet
ically trapped particles that if they 
are forcibly displaced, they drag the 
lines of magnetic force with them. As a 
result, if the ionized atoms are being 
urged out of the galactic center by cen
trifugal force or by pressure resulting 
from the inflow of fresh material from 
outside the nucleus, the initially ejected 
material will stretch out the lines of mag
netic force behind it like taffy. This 
magnetic tube would then provide a 
channel for the flow of more ejected ma
terial, consisting of both ions and physi
cally entrained un-ionized particles [see 
illustration on page 73]. 

Of course, what causes the magnetic 
field in a galaxy is not known, and the 
over-all configuration of the field can 
only be guessed at. Almost any general 
field, however, could be distorted locally 
by sufficient flow of ionized material to 
produce a field with a spiral-arm pattern. 
Other questions remain. Where does the 
material come from that flows out of the 
center? vVhat would happen if the out
flow were larger? Will it someday stop? 
Answers to these and other questions 
must await further knowledge of how 
galaxies evolve. 

The Morphology of Galaxies 

Let me return now to the problem that 
fascinated Hubble: Do the various con
figurations among galaxies offer a clue 
to their evolutionary development? 
There are, first of all, a large number of 
faint galaxies that bear little or no re
semblance to the great spiral galaxies. 
Many of these galaxies are intrinsically 
small and faint; they must be quite near 
in order to be readily observable. Good 
examples of such galaxies are the two 
clouds of Magellan, the c10udlike 
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SPIRAL ARMS NEAR SUN can be traced by plotting the location of glowing concentra

tions of gas known as gaseous·emission nebulae. They indicate the existence of three arms 

about 5,000 li ght·years apart, making our galaxy a rather ti ghtly wound spiral. The data 

are from W. W. Morgan, D .  E. Osterbrock and Stewart Sharpless of Yerkes ObservMory. 
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patches observed by Magellan when he 
first sailed beneath southern skies. These 
two galaxies, only about 200,000 light
years away, are so close that some ob
servers have been led to search for fila
mentary bridges between them and our 
galaxy. Although no such link has been 
found, it has recently been shown that 
the two clouds are themselves linked 
by a tenuous common envelope of hydro
gen gas. The large Magellanic cloud is 
about 40,000 light-years in diameter and 
the small Magellanic cloud about 30,000 
[see top illustration on page 82). The 
clouds are therefore between a third and 
half the size of our galaxy and are some
what irregular in shape. The relative 
percentage of gas, particularly in the 
small cloud, is much larger than that in 
our own galaxy. 

There are a number of systems smaller 
than the Magellanic clouds, such as the 
one in the constellation of Leo shown at 
the bottom of page 82. These faint sys
tems lie at distances of 150,000 to 600,-
000 light-years and have diameters rang
ing from about 1,000 to several thousand 
light-years. As far as can be observed 
they contain no gas or dust-just stars. 
Still smaller systems are the "intergalac
tic globular clusters." Roughly 200,000 
light-years away, they are only about 100 
light-years across and contain even few
er stars and less mass than an ordinary 
globular cluster lying within our galaxy. 
It remains to be seen whether these very 
small star systems exist predominantly 
in the neighborhood of large galaxies 
and can be regarded as subunits or satel
lites or are spread

'
more widely through 

the universe and must be considered in
dependent galaxies. 

If we turn our attention now to the 
other end of the spectrum of galactic 
sizes, we find that the elliptical and par
ticularly the spherical galaxies are so 
big and bright that they can be seen 
at immense distances. The spherical gal
axy shown at the top of page 84 is about 
45 million light-years away in a cluster of 
galaxies in the constellation of Virgo. 
Being somewhat featureless and non
photogenic, elliptical and spherical 
galaxies are not often used to illustrate 
popular articles on astronomy; they are 
nonetheless among the most important 
constituent "particles" of the universe. 
In the longest exposures with the 200-
inch telescope the most distant objects 
that can be recorded-those whose light 
required about two billion years to reach 
the earth-are assumed to be elliptical 
and spherical galaxies. Spiral galaxies at 
the same distance would be too faint to 
register on photographic plates, 

The bottom illustration on page 72 
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shows Hubble's famous "tuning fork" 
diagram, in which galaxies of different 
shapes are arranged in morphological se
quence. At the left are the spherical EO's 
followed by the elliptical galaxies of in
creasing flatness, designated El to E7. 
The diagram branches at SO (a disklike 
form that lacks spiral arms) into two cat
egories that Hubble called normal spirals 
and barred spirals. It was not clear' 25 
years ago where the irregular galaxies 
such as the Magellanic clouds belonged, 
but now the sequence of forms has been 
filled in, As Sc spirals become more and 
more open, the nucleus disappears, the 
arms become more and more irregular, 
the surface brightness becomes lower 
and finally one reaches systems in which 

no organized shape or symmetry re
mains, 

Because of the smooth gradation of 
forms through the tuning-fork diagram, 
some astronomers felt that it represent
ed an evolutionary sequence. Scientists 
have a tendency to simplify concepts
to seek "understanding" -by finding a 
few simple starting blocks and trying to 
perceive logical steps of transformation 
that unify a wide range of observations. 
But the problem of discerning real evolu
tion in the galaxies is a difficult one. It is 
as though visitors from another planet 
were given only a few minutes to observe 
the human race. They might not immedi
ately grasp the fact that many different 
races exist and that each experiences a 

separate but analogous aging process
from babies to children to adults to old 
people. In their attempt to comprehend 
and unify us, the visitors might guess ini
tially that all people of a certain size were 
a certain age-dwarfs and children alike. 
Or they might order us according to col
or and conclude that the normal course 
of aging for the human race was from 
light skin to olive skin to brown skin 
to black skin. Given only a snapshot of 
the human population, they would need 
keen observation and reasoning in order 
to separate age characteristics from 
innate characteristics. 

Similarly, in an instant of cosmic time, 
humans try by acute observation and 
logic to guess the way galaxies are 

GREAT NEBULA IN ANDROMEDA, also called M 31, is about 
two million li ght·years away and the nearest of the large regular 

galaxies. It i s  a n  intermediate (Sb) spiral that contains more tha!: 

100 billion stars and has a diameter of about 125,000 li ght.years. 
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formed, how they evolve and the rela
tions among them. It is particularly im
portant to look for critical distinctions 
among galaxies in trying to decide which 
ones belong to an evolutionary sequence 
and which ones perhaps belong to com
pletely different "races" or "species" with 
inna te differences. 

The smoothest gradation of forms is 
from early ellipticals to late-type spirals. 
If spiral arms were added to ellipticals, . 
they would somewhat resemble spiral 
galaxies; if arms were removed from 
spirals, they would superficially resem
ble ellipticals. For many years, there
fore, the question was debated whether 
the passage of time saw the spirals evolv
ing into ellipticals or the other way 
around. 

The question has been pretty much 

settled by the patient work of many ob
servers. For example, Thornton Page of 
Wesleyan University, by measuring the 
relative velocities of paired galaxies and 
assuming that they are in gravitationally 
bound orbits around each other, has 
been able to calculate the approximate 
masses of the pairs. He has found that 
the spheroidals and ellipticals are about 
30 times more massive than the average 
spiral galaxy. It is clear that a spiral or 
elliptical galaxy aging in an undisturbed 
state could never generate or get rid of 
enough mass to pass from one form to 
the other. Mass is a meaningful physical 
measure and a stable criterion for ar
ranging galaxies because it is difficult to 
transform mass into energy, or energy 
into mass, on a galactic scale. Anoth
er phYSical quantity difficult to in-

crease or reduce on a galactic scale is 
angular momentum. This quantity is a 
measure of the rotational energy of a 
system. In order to change a galaxy's 
angular momentum, force would have to 
be applied from the outside. 

In the diagram on pages 74 and 75 I 
have arranged the principal kinds of gal
axies according to their approximate 
mass and angular momentum per unit 
of mass. (In order to specify the angular 
momentum of a galaxy accurately it 
would be necessary to measure the mass 
and velocity at all distances from the cen
ter and integrate them over the whole 
galaxy. Since such observations are not 
available, one can take the cross-section
al flattening of the galaxy as a qualitative 
measure of the relative amount of energy 
in the rotation at the time when the visi-

GALAXY IN URSA MAJOR, M 81, is a magnificent spiral about 

nine million light·years away. M 81 and M 31 are near enough 

so that their distance can be measured quite accurately. They in

dicate about how our galaxy would look if seen from the outside. 
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Want-a-heater ... pick-a-shape 

Consider the plight of the man who needs 
to place a miniature, stable, reliable 
heater into a space the size of a pencil. 

Consider our possible solution. Just by 
varying the composition of the electro
conductive coating we put on this tiny 

rod, we can provide the troubled designer 
with a wide variety of electrical char
acteristics. 

Unlike a conventional coil unit, there 
are no space problems with the length of 
the coil, or the bulk of the wire diameter. 
Neither do you have droop or sag of the 
element . . . E-C heaters are self-sup
porting. Because it's glass, it's also a 
built-in insulator. 

The same E-C coating can make 
infrared reflectors, actuators, or dehu
midifiers out of flat or tubular pieces of 
glass, or out of the odd configurations we 
can make in our Multiform Process. 

There are other advantages, too, in 
miniature heat sources of glass. Just 

because they are glass, they give excep
tional heat transfer and radiation. A flat 
heater can . provide a much better con
trolled radiation pattern, more unidirec
tional than that of a wire coil, which will 
radiate 360°. 

Need reliable heating in limited space? 
Corning's E-C diminutive heaters may 
be your answer. 

How to take 

the X-15's temperature 

How do you get precise measurement of 
in-flight temperatures on the windshield 
panels of the X -1S? 

Heat-sensitive paints were tried, but 
they gave only a fixed reading at their 
point of failure. 

Cement-coated thermocouples were 
tried, but they manufactured errors in 
readings because they stuck out into the 
boundary layer. 

Now we fire thermistors right into the 
ou ter surface of the windshield panels. 
They give more accurate readings, 
because they're flush with the surface. 
They give continuous readings, because 
they don't fail. 

Buss bars run from the thermistors 
around the edge of the panel to meet the 
leads of the monitoring instrument. 

We make both the panels and the 
thermistors for the X-1S-evidence of a 

certain sophistication with high-perform
ance materials that you might wish to 
investigate. 

FREE, 

NEW BROCHURE 

Behind this cover are 3 S pages that tell 
you much about the family of materials 
called glass. 

They tell you much about the unique 
properties of glass that make it such a 
versatile engineering material. 

They tell you much about our capa
bilities in meeting your engineering 
requirements with glass. 

This "Engineering with Glass" bro-

chure is a companion piece to a new film of 
the same title that also is available to you. 

The 28Yz-minute, 16mm color film, 
narrated by Chet Huntley, dramatizes 
the versatility of glass and shows how it 
is used today as a basic engineering 
material. 

To borrow our new film, write to our 
Public Relations Department. To get our 
new brochure for keeps, write Technical 
Products Division, Corning Glass Works, 
4901 Crystal St., Corning, N. Y. 

CORNING 
COR NIN G GLASS W 0 R K S 
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ble stars in the galaxy were formed.) If 
no outside forces act, one sees that the 
differences in mass and angular momen
tum are so great that the galaxies cannot 
evolve along either co-ordinate of the 
diagram. Therefore it is extremely un
likely that ellipticals evolve into spirals 
or vice versa. By extension, if this anal
ysis is correct, most of the distinctively 
different types of galaxies represent dif
ferent species and are not one species 
seen in different epochs of aging. 

The Relation of Rotation to Form 

Let us now see how one might account 
for the different galaxy types, accept-

ing the hypothesis that the universe, as 
we see it, began with a cosmic "explo
sion" about 10 billion years ago. Imme
diately after the explosion space was 
filled with a homogeneous expanding 
gas. As the gas cooled, local irregulari
ties in density developed and these slow
ly contracted under the force of gravita
tion. These clouds of contracting gas 
were proto galaxies-galaxies in the proc
ess of formation. Simply by chance the 
clouds would have different masses, and 
most of them could be expected to have 
at least a small net rotation. As a cloud 
shrank it would have to spin faster to 
conserve angular momentum, just as a 
figure skater spins faster when he draws 

his anns closer to his body. My belief is 
that if the shrinking cloud exceeded a 
certain speed, not all the mass would be 
able to contract. The galaxy might break 
in two, or it might throw several frag
ments out into space. Alternatively it 
might eject masses of gas along its rapid
ly rotating equatorial edge. Those proto
galaxies that were not rotating, or that 
were rotating only slowly, could contract 
without losing mass until the gas became 
compressed enough to form stars. These 
became the massive spherical and ellipti
cal galaxies we see today. More rapidly 
rotating systems presumably would not 
be able to contract all their mass. Mass 
in excess of a certain amount would be 

CALAXY M 74 is a late·type (Scl spiral about 20 million light· 

years away. There is  no way to tell in which direction a galaxy i s  
rotating when seen in t h i s  orientation. Although t h e  a r m s  p robably 

trail, tbis cannot be e stablished with certainty in all cases. 
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integrates any group (0-399) 
in one step 

This new all-electronic Model 522 Spectrum Resolver/Integrator may be used directly 
with TMC "400 Series" pulse analyzers to perform resolving and integration functions 
without the necessity of intermediate tape recording equipment. 
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TMC is the original designer/producer of transistor
ized multi-channel analyzers. Today, TMC instrumenta
tion is delivered to every nation in the free world for 
use in the most advanced laboratories known to man. 
For full specifications, information, consultation, 
please write or phone your nearest Sales Office or 
factory direct ... North Haven CE 9-2501. 

TECHNICAL MEASUREMENT CORPORATION 
441 WASHINGTON AVENUE. NORTH HAVEN. CONN., U.S.A. 
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SMALL CLOUD OF MAGELLAN, visible in tbe Soutbern Hemisphere, is a small i rregular 
galaxy, rich in gas, about 200,000 li ght.years away. Its diameter i s  about 30,000 li ght.years. 

DWARF GALAXY i s  several hundred thousand light·years away in constellation Leo.  Ap. 
proximately 2,000 li ght·years in diameter, it contains faint stars and little or no gas. 
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thrown off. The result would be exactly 
the relation diagramed on pages 74 and 
75, which shows that the slowly rotating 
kind of galaxy can be very massive, but 
that the faster a galaxy rotates, the smaJl
er its maximum mass can be. 

Purely as a bonus, we get a nat
ural explanation of the spiral galaxies. 
Since they are rotating rapidly, they 
should be losing considerable matter 
around their sharp peripheral edges. It is 
precisely such an outflow of matter along 
the spiral arms that is need'ed to explain 
the riddle of their permanence. 

Of course, the scheme just suggested 
is an oversimplified and tentative ex
planation for the origin of different kinds 
of galaxies and their subsequent develop
ment. It has by no means gained general 
acceptance. The hypothesis accom
plishes the objective, however, of unify
ing aJl the important observational facts 
into the simplest possible structure. 
More important, it gives a definite pic
ture that can be tested and discarded if 
found wanting, or expanded and modi
fied if it continues to be basicaJly satis
factory. 

Since there is more going on in the 
spiral galaxies than in the more massive 
spherical and elliptical ones, the spirals 
offer more opportunities for testing the 
hypothesis. If the spirals are shedding 
mass at their edges, there are two gen
eral possibilities, The ejected matter 
may leave the galaxy and not be replaced 
or there may be some replacement. In 
fact, the matter may be in continuous 
circulation, flowing out at the edges of 
the galaxy and back in at the poles. Ma
terial (either new or recirculated) could 
be guided in at the poles by a magnetic 
field that is also directed inward at the 
poles. 

Regardless of whether the spiral 
galaxies are ejecting matter or recircu
lating it, there should be a good deal of 
observable material immediately out
side fast rotating spirals. Indeed, it is 
in the vicinity of such galaxies that we 
observe smaJler galaxies, irregular galax
ies and satellite systems. Around our 
own galaxy there are the irregular 
MageJlanic clouds and many other small 
and fragmentary systems, Around other 
nearby spirals, down to the limit of visi
bility, one can also observe irregular and 
satellite companions. These searches are 
observationally difficult since they in
volve faint dwarf galaxies around rela
tively distant systems, but it is fair to 
say that galactic "remnants" are not so 
conspicuous about the eJliptical and 
spherical galaxies as they are about the 
nearby spirals. 

Consider, finaJly, the observation that 
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GIANT SPHEROIDAL GALAXY, M 87, is a member of the Virgo cluster of galaxies, about 
45 million light.years away. M 87 contains about 30 times as many stars as our own galaxy. 

ELLIPTICAL GALAXY, also in the Virgo cluster, is  desi gnated E5, which stands for "ellip. 

tical, Type 5" in Hubble's galactic classifi cation scheme. It i s  flattened by rotation. 
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galaxies frequently occur not just in 
pairs but in groups, or clusters. The top 
diagram on page 76 shows the rather sur
prising result that the clusters of galaxies 
that are the densest contain almost ex
clusively elliptical galaxies and the arm
less disks known as SO galaxies. Evident
ly low rotational motion in individual 
galaxies is accompanied by relatively 
little random motion of the sort that 
would tend to disperse a cluster of 
galaxies. Conversely, it would appear 
that the higher rotational motions in 
spiral galaxies are matched by a higher 
degree of random, or translational, mo
tion. This would explain the observa
tion that the less dense the cluster, the 
higher its content of spiral galaxies. 
When the mean estimated density of the 
universe is reached, "clusters" are found 
to consist entirely of single galaxies, 
which are almost 100 per cent spirals. 
It was Hubble who originally observed 
that in general the spiral galaxies appear 
to be field objects rather than cluster ob
jects. 

The solution of the problem of the 
formation and evolution of galaxies may 
eventually help us to understand why 
some galaxies are strong emitters of radio 
waves [see "Radio Galaxies," by 
D. S. Heeschen; SCIENTIFIC AMERICAN, 
March, 1962] . For example, the Soviet 
astronomer 1. S. Shklovsky has suggested 
that certain elliptical galaxies are strong 
radio sources because matter is still fall
ing into them. This is not unlike the view 
presented here that matter may be fall
ing into spiral galaxies. If matter is still 
falling into the galaxies, it is important to 
discover how it is coming in. For ex
ample, one would like to know if it can 
add angular momentum to a system or 
if it can add mass without angular mo
mentum. 

If the latter were possible, one can 
conceive that more and more mass could 
be added to the nucleus of a spiral 
galaxy until it eventually turned into an 
elliptical or spheroidal galaxy. Such a 
phenomenon would require a modifica
tion of the picture I have presented. But 
if it became necessary to consider such 
massive infall of material, one might 
argue that one should not even speak 
of galactic evolution, because the galax
ies are in a sense still in the process of 
formation. In any event, it now seems 
likely that magnetic fields may strongly 
control the structure of galaxies, the 
How of matter in the vicinity of galaxies 
and perhaps even the relative motions 
of the galaxies themselves. In a subject 
as young as the study of magnetic fields 
in galaxies, we can be sure only that 
there will be many surprises. 
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Research and Engineering at Sun Oil Company 

An IIIlproved Capacitance 
Probe SysteIIl 

Circuit diagram of Sun's new capacitance probe 
measurement system. 

Capacitance probe instrumentation is one of 

the most promising measurement and con

trol techniques available to the process 

industries today. 

In the past, this technique has enjoyed only 

limited use. One deterrent was the difficulty 

of placing capacitance probes, together with 

their complex instrumentation, in and around 

hazardous processing areas. Another was 

the fact that these instruments required 

alterations in their electrical circuitry for 

different applications and different trans

mitting cable characteristics. 

In order to use the full potential of capaci

tance probes in difficult-to-control process

ing applications . . .  applications involving 

high temperatures, corrosive fluids, explo

sive atmospheres, and erosive solids . . .  

Sun's engineers have developed a capaci

tance probe system that is not plagued by 

these restrictions. 

This new system consists of the following 

elements : a rugged, stationary probe having 

no moving parts that is permanently in

stalled in the vessel or pipe line ; a trans

mitter of passive elements in a totally

enclosed, explosion-proof housing that is 

mounted near the probe ; and an electronic 

chassis that may be located in a control 

center up to 2000 feet away. 

In operation, the probe acts as one plate of 

a condenser, the vessel or piping as the 

other, and the material under measurement 

as the dielectric. Changes in characteristics 

of the material alters the electrical capacity 

of this "condenser" and provides the basis 

for measurement. 

For some years, Sun has used capacitance 

probes for such things as : liquid level meas

urement of hot sulfuric acid in pilot plant 

vessels ; moisture determination down to 

parts per million in non-aqueous solutions 

and certain granular materials ; continuous 

indication of aromatic content of hydrocar

bon streams ; interface measurement of dif

ferent petroleum products passing through 

pipe lines ; and measurement of catalyst 

levels in moving bed catalytic cracking units 

where catalyst pellets are extremely abrasive 

and temperatures reach 1000 F. 

The U.S. Patent Office has issued a patent 

to Sun Oil Company on its new capacitance 

probe instrumentation system and the Com

pany has concluded a license agreement 

with American Meter Company for the pro

duction and commercial sale of these units. 

Designing High-Purity 
Propylene Plants 

This scale model of 
the uew high-purity 
propylene plant re
cently completed by 
Suu Oil sho ws pre
cise locations of such 
equipment as super 
de-ethanizer, split
ting towers, pumps, 
valves, piping, instru
ments and other es
sential components. 

Propylene, a light 

hydrocarbon with 

a boiling point of 

minus 54 F, is the building block for 

polypropylene. It is also a raw material 

essential to the manufacturer of a host of 

other chemicals. 

To makers of polypropylene, who require 

high purity propylene, Sun Oil consistently 

delivers 99.7 per cent propylene. This is not 

a simple task, since the utmost engineering 

sophistication is required to design a plant 

to meet these specifications. 

Recently completed at Sun's Marcus Hook 

Refinery is a new 1 80 million lb/yr plant 

embodying features that enable it to deliver 

propylene of this purity. The design of this 

plant includes a super de-ethanizer, which 

precedes the "splitter" towers, to reduce the 

amount of hydrocarbons lighter than pro

pylene in the feed from 2 per cent to less 

than 1 50 parts per million. Treating and 

drying facilities complete the purification 

process so that Sun is able to supply a prod

uct free of moisture, sulfur compounds, CO2 

and oxygen-a product that is ready for use 

in any process. 

With this new plant, Sun Oil now has facili

ties to produce 300 million lb/yr of high

purity propylene and is one of the largest 

producers in the country. 

PROMOTING PROGRESS THROUGH RESEARCH 

Producing Naphthalene FroIIl 
Furnace Oil AroIIlatics 

extH' 
• H, 

0:::("' I + 2H. 
tH, 

CH''W-CH, 
I + 3H, 

tH, 

� ():) . CH. + H£AT 

0) . 2CH. + HEAT 

0) .  3CH. + H£AT 

Fuel Oil ) Naphthalene + 
Aromatics 

+ Hydrogen -+ Gas + Heat 

Several years ago it became apparent that 

there would be a naphthalene shortage in 

the United States because the principal 

source of naphthalene at that time was coal 

tar, a by-product of the steel industry. The 

supply of naphthalene was not keeping up 

with demand. Petroleum then became the 

best potential source for the required addi

tional supply. 

Fantastically large quantities of naphthalene 

formers are burned every day in furnace oil. 

For that reason Sun R&D engineers de

cided to capitalize on this source. It is 

essential that the aromatics so desirable for 

naphthalene production be separated from 

their source oil in better than 95 per cent 

purity, with a high recovery. Existing sepa

ration processes could be expected to pro

duce aromatics at 90 per cent purity, with 

only fair recovery. 

Faced with these rather unsatisfactory meth

ods, Sun R&D developed a unique aromatic 

separation process that produces an aro

matic concentrate of better than 99 per cent 

purity with over 85 per cent recovery of the 

critical naphthalene formers. And this proc

ess employs safe, readily-available chemicals 

to do the job. In addition to producing this 

highly desirable basic commodity, the proc

ess yields a higher quality furnace oil or a 

high cetane diesel fuel. 

S U N  OI L COM PANY 
1608 Walnut Street Philadelphia 3, Pa. 
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Accelerators, Linear I A ccelerometers I Acousti 
c detection devices I Ad apter cables I Aerol 
al data transfer and disp lay equipment I 
ace vehicles I AICBM de fense equipment I Air 
ata computers I Air defe nse systems, Infrared I 
ir defense weapons I Air traffic control I Air/Ai 
radio communication eq uipment I Aircraft instru 
ments I Air/ Ground ope rating consoles I Air/Sp 
aceborne surveillance c ontrol systems I Air-to-
air identification system s I Air-to-air missiles I A 
ir-lo-air search radar I A ir-to-ground ranging rad 
ar / Air-to-surface missi les I Analog devices I A 
nomaly detectors, Magn etic I Antennas I Anti-
jam equipment I Anti-sa tellite defense equipme 
nt I Approach visibility e quipment I Artillery tac 
tical combat equipment ASW equipment I Audio 
test facilities / Audio-vis ual systems I Backward-
wave oscillators / Ballis tic missile decoys I Bal 
listic missile systems I B and rejection crystal fil 
ters I Bandpass crystal filters I Benches, Test I Bioinstru 
mentation packages / Boost intercept ballistic missile sys 
tems I Boules I Bridge consoles (ship control) I Broadband 
microwave antennas I Buoys, Underwater sound source 
Business training programs, VIDEOSONIC' I Cable, CON 
TOUR' I Calibration sets I Capacitor silicon diodes I Cargo 
vehicles electronic systems I Cartridge rectifiers I Cathode 
ray processing equipment indicators / Cathode ray tubes 
C-band backward-wave oscillators I C-band forward-wave 
amplifiers I Celestial guidance units I Celestial navigation 
systems I Ceramic dielectric materials I Ceramic products 
Ceramic rectifiers D04-D05 / Character display equipment 
Checkout equipment I Choppers, Solid state / Circuit bo 
ards I Circular connectors I Circulators, Microwave I Clos 
ed-loop radar test sets I Coaxial cables I Coaxial circula 
tors I Coders I Coherent mobile target indicator I Collision 
warning and avoidance systems I Colored displ 
ay equipment I Combat information center cons 
oles I Combat surveilla ce equipment I Comma 
nd and data handling eq uipment I Command an 
d intelligence informatio n processing equipment 
Command systems, Sat ellite I Commercial com 
munications satellites s ystems I Communicatio 
ns systems and equipm ent I Comparators, Soli 
d state I Computer-prog rammed test equipment 
Computers and systems Contour mapping radar 
Countermeasures equip ment I Counters, Digital 
Counters, Pulse video I C ryogenic devices I Cryo 
stats . / Cryptographers Defense systems I Delay 
lines I Depth control eq uipment for submarines 
Detection devices and s / Dielectric amp 
lifiers I Differential amp lifiers I Digitizers, Voice 
Direct readout display e quipment I Direct-viewi 
ng storage tubes I Dom es I Doped germanium 
detectors I Doppler navi gation sets I Drone air 

craft electronics I Drop pable beacons I Dropp 
able intelligence senso rs I Drum memory devi 
ces I Drum-programme d test equipment I Echo 
ranging sonar I Echo s ounding sonar I Edgeb 
oard printed circuit con nectors I Educational a 
ids, VIDEOSONIC' I EI astomers I Electrical pr 
opulsion systems I Elec trodes, Welding I Elect 
romagnetic equipment Electromechanical devi 
ces I Electron tubes I E lectronic equipment (G 
eneral categories) I Ele ctronic systems I Electr 
o-optical data handling equipment I Electro-opt 
ical devices, Missile I E xperimental commu 

satellites systems Experimental 
F-104 test equipment I F acilities services I 
imile equipment coupli ng units I Facsimile 
gh-speed printing and s canning I Feed horn 
semblies, Rotating I Fe ed systems, Antenna 
eeds / Ferrite com pone nts and devices I 
e parametric amplifiers Ferrous materials I 
er antennas I Filter eirc uits testers I Filters I 
e control equipment I F ire detection equi 
Flexible waveguides / F light control, Automatic 
Flight safety equipment Foam plastics / Formed 
sheet metal printed eir cuit connectors I Fuzes 
Gamma linear electron accelerators / Gates I G  

CI landing systems / Ge ar boxes, Precision I Ge 
neral purpose compute rs I Germanium casting 
s I Germanium detectors Germanium diodes / G 
ound mapping radar I G round radar I Ground s 
upport equipment I Gro und transportation equ 
ipment I Guidance units and systems I Guided m 
issiles I Harness, Cable Harnesses, Wiring I Ha 
rd-tube modulators I H eight finding radar I H 
ermetic connectors I H igh-energy lasers I Hig 
h-vacuum pumps / Hig h-voltage cartridge rect 
ifiers I High-voltage co nnectors I High-voltage 
power supplies I Hit in dicators, Radar I Homi 
ng devices I Horizon sc anners I Horizontal dis 
play equipment I Hot a nd cold gas control sys 

(Humidity measu ring devices I Hydrofoil 
ship control / Hyperboli c short range navigation 
systems / Hypersonic s pace systems I ICBM s 
urveillance, Infrared I IFF identification equipment I IFF 
navigation systems / Image tube infrared sensitive elem 
ents I Indicators / Indium antimonide detectors I Indus 

al automatic controls I Industrial process controls / In 
dustrial systems, VIDEOSONIC' I Industrial training pro 
grams, VIDEOSONIC' I Inertial guidance units I Inertial 
navigation systems I Infantry tactical weapons I Infrared 
devices and equipment I Infrared systems I instru 

Integrators I Intelligence systems I Interceptor 
systems I Intervalometer computers I Jou 

n cryostats I Keyers / Ku-band amplifie 
oscillators I Landing systems, Airc 

553 ways to crea1 
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metric amplifiers / e detection devices, Infra 
red / Peltier thermoel ic coolers / Penetration a 
id missiles / Personnel tection devices / Person 
nel training / Phase and mplitude control equipm 
ent / Phase converters / hase matching short ran 
ge navigation systems / hase measuring amplifie 
rs / Phase scan radar / P hase shifters, Microwave 
Phased array antennas Photo cell infrared sensi 
tive elements / Photocon ductive materials / Photo 
graphic display equipme nt / Photographic storag 
e and retrieval/ Pin prote ctors, Connectors / Pinc 
ushion radar / Pitch and all automatic pilot contro 
I equipment / Planetary I anding vehicles / Plastic 
s / Plotting equipment / P NP transistors / Pods, Ai 
rcraft / Polarizing connec tors / Polycrystalline silic 
on castings / Portable tn3 nsmitting/receiving equi 
pment / Position indicato rs, Aircraft / Power sourc 
es, Small/ Power supplie s / Preamplifiers / Precis 
ion gear boxes / Precisio n welding equipment / Pr 
essurization tE<st sets / Printed circuit boards / Printed circu 
it connectors / Prisms / Probes, Space / Processing equip 
ment / Production aid devices, VIDEOSONIC' / Projection 
equipment / Propulsion systems / Pulse application oscillo 
scopes / Pulse Doppler radar / Pulse forming networks / Pu 
Ise modulators test equipment / Pyrotechnic launchers / Q 
uartz crystals / Quick-disconnect circular connectors / Ra 
cks, Aircraft maintenance / Radar components and systems 
Radiation dosimetry devices / Radiation facilities / Radio 
communication equipment / Radio receivers / Radiograph 
ic ir)spection linear electron accelerators / Radiometers / R 
adomes / Reactors, Electromagnetic / Receivers / Reconn 
aissance equipment and systems / Recorders / Recording 
systems Aerospace instrumentation / Rectangular connec 
tors / Rectifiers / Re-entry vehicles power systems / Relay 
systems / Relays, Solid state / Reliability devices test equip 
ment / Remote control eq uipment / Remote handli 
ng equipment / Rendezv ous systems / Resin diele 
ctric materials / Retrieval equipment, Data handlin 
g / RF amplifiers / Rocket motors, Special/ Rocket-
assist torpedoes / Rocket s (Air-to-air missiles) / Ro 
ckets, Underwater / Roll and pitch automatic pilot 
control equipment / Rota ting feed horn assemblie 
s / Roving vehicles and m anipulators, Remote / Sa 
fety equipment, Flight / S atellite-tracking antenna 
s, Radar / Satellites and a ssociated items / S-band 
backward-wave oscillator s / S-band feeds / S-band 
forward-wave amplifiers Sealants / Search control 
radar / Search-rescue eq uipment / Search-track s 
ystems, Infrared / Seeker heads, Infrared / Seismic 
intelligence sensors / Se miconductor assemblies 
Semiconductors / Sensiti ve elements, Infrared / Se 
nsitivity checkers / Senso rs / Servo amplifiers / Se 
rvo assemblies / Servos Shells, Connector / SHF 
communications equipm ent direction finders / SH 

F directional and omnidirectional 
Shields, Connector / Ship and marine 
pment / Shipping cases, Missile / Shoran 
hort-range navigation systems / Short-range 
precision radar / Sights, Computing / Signa 
I analyzers / Signal data converters / Signal 
generators / Signal processors / Silicon dio 
des / Silicon rectifiers / Silicon transistors 
Single sideband crystal filters / Single side 
band radio communication receivers / Situa 
tion display units / Solar cells Solar
ed propulsion units / Soli 
d propulsion systems / S 
olid state devices / Soun 
d equipment. Underwate 
r / Space vehicle compon 
ents and systems / Space 
vehicles / Space borne ra 
diometers / Spaceborne 
surveillance systems / Sp 
ace-to-space intercept satellite defense sys 
tems / Space-to-space missiles / Spectroph 
otometer cells / Stability augmenters, Airc 
aft / Stabilization components, Missile / Sta 
bilization data generator test sets / Star tra 
cker display equipment / Star trackers / Ster 
ilization linear electron accelerators / Stora 
ge tubes / Strategic offense weapons / Sub 
assemblies, Radar / Submarine ASW equip 
ment / Subminiature module assemblies / S 
urveillance equipment / Survivor location te 
chniques, Air traffic control/ Switchboards, 
Ship / Switches, Microwave Switching dev 
ices, Communications / esizers, Mi 
wave / Synthetic array si 
gnal processing radar / S 
ystem test consoles / Tac 
tical equipment and syst 
ems / Tape cable connec 
tors / Tape controls, Indu 
strial automation / Tape 
recorders / Tape-progra 
mmed test equipment / T 
eaching aid devices, VIDEOSONIC' / Tech 
nical manuals / Telemetering equipment / T 
emperature measuring devices / Terminal 
boards / Terminal equipment / Terminal in 
tercept ballistic missile systems / Terrain 
avoidance guidance systems / Terrain avo 
idance instruments, Aircraft / Terrain avoi 
dance radar / Test equipment / Test sets 
Testing infrared materials / Thermal design 
and control, Aerospace vehicles / Thermal 
homing devices, Missile / Thermoelectric 

I rs, Peltier / Thermoplastics / The� 
ing plastics / 3-D radar / Thyratron 

modulators / Time delay radar / Time standards 
frequency dividers / Timing systems, Missile / TO 
NOTRON' tubes / Tool control computers, Mach 
ine / Tool kits / Torpedoes / Tracking and target 
analysis computers / Tracking computers / Track 
ing equipment / Tracking feeds, Microwave / Trac 
king loop test sets / Tracking stations, Satellite 
Training aid devices, VIDEOSONIC' / Training aids 
Trajectory computer s / Trajectory measu 
ring devices, Missile Transceivers / Trans 
ducers, Computer / T ransformers / Trans 
istors / Transmissiqn lines, Antenna / Tra 
nsmit equipment rec 
s/Receivers / Transp 
onder beacons / Tra 
nsponders / Transpo 
rt vehicles electronic systems / Tra 
transmitting/receiving equipment / T"'n<no,-t�t 
ion equipment, Ground / Traveling-wave 
tric amplifiers / Traveling-wave tubes / Tube 
arch / Tubes and tube devices / Tunnel diode pa 
rametric amplifiers / Tunnel diodes / Twin jack 

w polarizing connectors / Twin pivot printed 
uit connectors / TYPOTRON® Tubes / UHF 

nt / Umbilical connectors / Undersea 
Underwater equipment 

Vacuum gauge and 
control tubes / Vacu 
um measuring equi 
pment / Vacuum tub 

e test equipment / V ans, Telemetry / Va 
riable depth towing s onar / Vehicle contr 
01 / Vehicle electroni c systems / Vehicle 
flight control, Autom atic / Vessel position 
ing systems, Dynam ic / VHF equipment 
Video counters, Puis e / Video indicators 
Video transmission s ystems / VIDEOSON 
IC' systems / Viewer s, Infrared / Viewing 
systems, Remote / V ocoders / Voice com 
pressors / Voice digi / Voltage regu 
lator diodes / Voltmeter oscilloscopes, Digital / V  
oltmeters / Warheads / Warning equipment, Und 
erwater / Waveguide components / Waveguide 
coupling units / Waveguides, Flexible / Weapon 
s, Air defense / Weapons, Strategic offense / W 
eather intelligence systems / Welding equipment 
Welding heads / Wideband scanning feed sys 
I'm" Aol"o, I W;rn wmm"O;"I;", I W;'i 

stations, Mobile / Wiring assemblies / w. 
de networks / X-band backward-wave os 

/ X-band beacons, Tactical /X-band 
lorW3,'d-\N, amplifiers / Zener Diodes 

• Trademark Hughes Aircraft Company 

te a new world with electronics 
These 553 aspects of Hughes 

capability cover the spectrum of 
advanced electronics. From accelerators 
to zener diodes. From 
microelectronics to radar for 
our Navy's carrier Enterprise. From the 
oceans' depths to deep space. 

I Here is breadth in depth. 
Research programs to probe the 

( nature of matter. Development t activities to turn new knowledge 
\ into useful paths. Productive 

capacity to build dependable hardware. 
Support services to keep 
these systems and products 
working dependably. 

Over 29,000 people, including 5,300 
engineers and scientists, are 
today at work at Hughes. 
Working for NASA in space, for the 
armed services in the maintenance of 
free world defense and 
for all of us in the betterment 
of human life-they are helping 
to create a new world 
with electronics. 

Creating a new world with electronics r-------------------------l 
I I 
I I I HUGHES : 
I I I I L _________________________ � 

HUGHES AIRCRAFT COMPANY 

Engineers and scientists with interest 
in any of the above areas are invited 
to inquire into the opportunities at 
Hughes. Numerous openings now exist. 
New opportunities at all levels will be 
created with further program expansion. 
Qualifications include: U.S. 
Citizenship, a B.S., M.S., or Ph. D. 
degree from an accredited university. 
Hughes is an equal opportunity 
employer. 
For prompt attention please address: 
Mr. S. L. Gillespie, Manager, 
Employment & Manpower, Hughes 
Aircraft Company, Culver City 15, 
California. 
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LITHIUM REACTS VIGOROUSLY with water, as do other alkali 

metals. This photograph was lighted by the reaction between a 

small amount of pure lithium metal and the water into which it was 

88 

dropped. Both the electron structure of lithium and the highly con· 

centrated positive electric charge that emanates from the nu· 

eleus of the lithium atom play important roles in such reactions. 
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LITHIUM 
The unusual nuclear and electronic properties of this Jjght elelnent 

give it a variety of ne,v uses. One of the most interesting stems fron1 

the fact that its compounds promote the synthesis of large molecules 

The name "lithium," from the Greek 
lithos, meaning stone, was con
ferred on an elusive constituent of 

the rocks early in the last century, when 
chemists were still primarily engaged 
in identifying the elements and working 
out their family relations. Until some 20 
years ago lithium largely remained in the 
rocks; it found its way into technology 
almost entirely in the mineral form, as a 
ceramic glaze. Today, as the lightest of 
all metals, indeed as the lightest of all the 
elements that can exist in the·solid and 
liquid state on earth, and above all as an 
atom endowed by its peculiar nuclear and 
electronic constitution with a surprising 
catalogue of properties, lithium is com
ing into use in the most advanced enter
prises of technology. In nuclear technol
ogy it furnishes a fuel intermediate for 
the hydrogen bomb and for thermonucle
ar power reactors not yet on paper, serves 
as a radiation shield and holds great 
promise as a coolant and heat-exchange 
medium for fission reactors. As a metal 
it joins with magnesium in alloys that 
have the highest strength-weight ratio of 
all structural materials. In chemical tech
nology lithium displays a special virtuos
ity, being able to form both covalent and 
ionic bonds. It lends its special properties 
to such diverse modern compounds as 
lubricants that remain effective at ex
treme temperatures and dehumidifiers 
that have a remarkable water-absorbing 
capacity. More significantly, it gives 
chemists a precision tool for the synthesis 
of large or complex molecules. Certain 
organic compounds of lithium, and in
deed lithium metal, act almost, but not 
quite, in the manner of catalysts to 
"initiate" the reactions that produce, for 
example, regularly arranged molecules 
of the plastic polyethylene and synthetic 
molecules of the natural rubber polyiso
prene. 

by Henry Gilman and John 1. Eisch 

It may seem odd that an element with 
such imposing capacities should have 
been ignored for so long. Part of the ex
planation is that lithium was so well con
cealed in nature that it was for a long 
time thought to be rare. Thanks to dili
gent prospecting, lithium can now be 
classified as a relatively abundant ele
ment. To complete the explanation, it 
must be admitted that the chemical in
dividuality of lithium was almost equally 
well concealed in the thought processes 
of chemists. Early investigation showed 
that the chemical behavior of lithium 
was similar to that of the "alkali metals" 
such as sodium and potassium. By 1869 
the recognition that other elements could 
also be grouped according to resem
blances in their chemical behavior 
brought order out of the chaos of accu
mulated empirical data. Working inde
pendently, the Russian chemist Dmitri 
Mendeleev and the German chemist 
Lothar Meyer charted the known (and 
unknown) elements in the now familiar 
periodic table, arranging them by atomic 
weight and by the similarities in their 
chemical and physical properties. In the 
conventional layout the vertical columns 
of the table display the chemically simi
lar families, each headed by its lightest 
member: the alkali metals by lithium, the 
alkaline earths by beryllium, the halogens 
by fluorine, and so on. One of the tri
umphs of 19th-century empiricism, the 
periodic table demonstrated the great 
power of the intuitive principle of 
chemical analogy, perhaps at once the 
most useful and the most precarious con
cept in chemistry. For a generation or 
two it had the unforhmate effect of en
couraging chemists to minimize the dif
ferences among members of a particular 
family of elements. Given the scarcity of 
lithium, chemists found it tempting to 
draw conclusions about this element by 

analogy with the more accessible alkali 
metals. 

ktually the chemical individuality of 
lithium was the key to its discovery. 

An analysis in 1801 of the silicate min
eral spodumene by the French chemist 
Louis Nicolas Vauquelin failed to ac
count for nearly 10 per cent of the min
eral's chemical composition. In 1817 
Johan August Arfwedson, a young work
er in the laboratory of the Swedish 
chemist Jons Jakob Berzelius, was per
plexed when his analysis of the newly 
discovered mineral petalite could iden
tify the elements composing only 96 per 
cent of its substance. Soon Arfwedson 
was able to show that the mysterious 
element was a metal that resembled 
sodium and potassium in some reactions 
but not in others. Eventually he succeed
ed in isolating salts of the element, and 
he and Berzelius named the element lith
ium. Within a few years the presence of 
lithium liad been detected in about 150 
different minerals. The isolation of the 
metal itself in quantities sufficient for 
study was accomplished in 1855 by 
Robert Bunsen of Germany and Augus
tus Matthiesen of England. Bunsen's 
sensitive spectroscopic techniques, em
ploying his celebrated burner, not only 
led to the discovery of the new alkali 
metals rubidium and cesium but also 
disclosed the presence of lithium (by the 
magenta color it gives to the flame) in 
the tissues of tobacco, sugar cane and 
seaweed. This belied the exclusive oc
currence of the element in the mineral 
kingdom, as implied by the name given 
to it by Berzelius and Arfwedson. The 
detection of lithium salts in the waters 
of spas in England and Germany helped 
to popularize the discovery of the new 
element, and finally the identification of 
lithium in the spectrum of the sun 
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FIRST PART OF PERIODIC TABLE of the elements has lithium, 

third lightest of all the elements, in the third box. Rings and dots 

on them represent electron shells and electrons. Valence electrons, 

which are responsible for chemical reactions, and their shells are 

in color. Atomic numbers are in color; black numbers represent 

atomic weights. The third member of the alkali-metal family, after 

showed that the element is not restricted 
to the crust of the earth. 

Present estimates of the average 
lithium content of the earth's crust indi
cate that the element is fairly common, 
ranging from .002 to .0075 per cent by 
weight. (The abundance of its atoms is 
even greater, because its atomic weight 
is so low.) In comparison the more 
familiar metal lead constitutes only 
.0016 per cent of the crust, and zinc only 
.0001 per cent. Lithium-containing ores, 
however, are widely scattered; the most 
important are associated with pegmatite 
dikes, masses of granitic material forced 
in the molten state into fissures in older 
rocks. Pegmatites often contain spodu
mene, the object of Vauquelin's analyti
cal frustration and the principal source 
of lithium in North America. In some 
pegmatites gray-white crystals of spodu
mene 20 to 30 feet long are common; 
such deposits have been found at Kil�gS 
Mountain in North Carolina and in the 
Black Hills of South Dakota. The silicate 
lepidolite and certain brine deposits, 
notably at Searles Lake, Calif., are also 
valued for their lithium content. The 
Hepublic of the Congo, Leopoldville, so 
rich in other minerals of igneous origin, 
probably possesses the largest lithium 
reserves in the world. Some transparent 
lithium minerals contain tinges of im
purities that cause them to rank as gems: 
hiddenite (green), kunzite (purple) 
and triphane (yellow) . 

Lithium occupies the third box in 
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the periodic table because the three pro
tons in its nucleus give it three units 
of electric charge and an atomic number 
of three. Its atomic weight (6.94) makes 
it the third lightest element after hydro
gen and helium. The atomic weight is 
not a whole number because on earth 
the element is normally a mixture of two 
isotopes: lithium 6, the nucleus of which 
consists of three protons and three neu
trons, and lithium 7, with three protons 
and four neutrons. The two isotopes oc
cur in the ratio of 7.39 (lithium 6) to 
92.61 (lithium 7). 

It is lithium 6 that plays the key role in 
thermonuclear technology. It enters 

into this realm, however, by a somewhat 
roundabout route. The most feasible and 
efficient thermonuclear reaction involves 
the fusion of a nucleus of tritium (hydro
gen 3, containing one proton and two 
neutrons) with a nucleus of deuterium 
(hydrogen 2, containing one proton and 
one neutron) . In a hydrogen bomb the 
reaction is ignited by the enormous tem
peratures generated in the explOSion of a 
charge of fissionable material. The fusion 
yields one nucleus of helium 4 (two pro
tons and two neutrons) plus one free 
neutron and 17.6 million electron volts of 
energy [see "The Hydrogen Bomb: II," 
by Hans A. Bethe; SCIEl\'TIFIC AMERI
CAN, April, 1950. "The Hydrogen Bomb: 
III," by Hobert F. Bacher; SCIENTIFIC 
AMERICAN, May, 1950]. Deuterium ex
ists in nature and can be isolated from 

water; tritium is an unstable and hence 
a rare isotope and must be manufac
tured in order to obtain it in quantity. 
Both isotopes of hydrogen are supplied 
to the thermonuclear reaction of a hydro
gen bomb in the form of the solid com
pound lithium 6 deuteride. Upon ab
sorption of a neutron, provided in the 
first instance by the fission reaction, 
'lithium 6 fissions, yielding a nucleus of 
ordinary helium 4 and a nucleus of 
tritium. The latter fuses with the deu
terium compounded in the lithium 6 
deuteride [see illustration on page 100]. 

The propensity of lithium 6 to absorb 
neutrons makes it an effective shield 
against the neutrons given off by a 
nuclear reactor. Nuclear-powered air
craft, if any are ever built, would prob
ably have to employ a lithium 6 shield 
rather than one made of more ponderous 
lead or concrete. In its metallic form the 
isotope is already used to shield patients 
exposed to the neutron beam from a 
nuclear reactor adapted for medical pur
poses. A layer of paraffin is interposed 
between the lithium shield and the beam 
in order to slow down the speed of the 
neutrons for absorption by the lithium. 

Another quality of lithium that inter
ests the designer of nuclear reactors is its 
great heat capacity. The solid metal be
comes liquid at 180 degrees centigrade, 
but the liquid does not boil over into the 
gaseous state until it reaches 1,326 de
grees C. In the liquid form lithium com
mends itself as a heat-transfer or cooling 
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it ha, one more complete electron shell. 

agent at the high temperatures available 
in a nuclear reactor. The major obstacle 
to this application recalls the problem 
that plagued thc alchemists seeking the 
universal solvent: a suitable container. 
Molten lithium, like other molten alkali 
metals, reacts with most materials. 

a H Li 

H --- C --- C--- H 

H H 

o 

C 

o 

The chemical reacthity of lithium de
rives from the arrangement of its elec
trons and the high density of the positive 
charge on its nucleus. Of the three nega
tively charged electrons that balance the 
positive charges of the three protons in 
the nucleus of the atom, two occupy and 
complete the innermost shell around the 
nucleus. In the second shell, which is 
completed when it contains eight elec
trons, lithium has only one electron [see 
top illustration on these two pages J. As 
readers of this magazine are well aware, 
chemical reactions occur and elements 
join into compounds because atoms 
"seek" to have a full outer electron shell. 
The "noble" gases such as helium, neon 
and argon, having full outer shells, are 
so inert that until recently no one suc
ceeded in making them react with any
thing. Each of the alkali metals, on the 
other hand, bears a single electron in its 
outer shell (the third shell in the case of 
sodium, the fourth shell in the case of 
potassium and so on). They seek to give 
away or to share this electron with an
other atom. Their complements are the 
halogens, which have seven of eight pos
sible electrons in their outer shell and 
just as avidly seek another electron to fill 
the gap. When one atom gives up an 
electron to another, or accepts one, the 
two are said to be joined by an ionic 
bond. The atom that gains the electron 
thereby acquires a negative charge, and 
the atom that donates the elcctron be-

b H 

H C 

H 

. . 
• 0 • 

. . . . 

C· 

• 0 • . . 

Li+ 

C- H 

H 

comes positively charged-hence the 
mutual attraction between the two 
atoms. When lithium gives up its elec
tron in forming such a bond, it acquires 
a positive charge, but one that is "dense," 
or concentrated because it is shielded 
from its surroundings only by its single 
electron shell. The same positive charge 
correspondingly acquired by a sodium 
ion or by a potassium ion is shielded by 
two or by three electron shells. All of 
this explains why lithium is so reactive, 
why free lithium does not occur in nature 
and why in many organic-chemical reac
tions lithium does not act like sodium 
and potassium. 

To pry lithium from its natural com
pounds the chemical engineer brings the 
mineral into solution with a molten salt, 
decomposes the resulting lithiulll salt (in 
which lithium has displaccd onc of its 
alkali-metal cousins) by running an elec
tric current through the solution and 
collects the lithium metal at the negative 
electrode. The metal must be kept im
mersed in kerosene, oil or some othcr 
material with which it does not react. 
Like metallic sodium and potassium, 
lithium reacts ,·iolently with water. 

The salt lithium chloride pro,oicles a 
simple table-top demonstration of the 
higher positive charge-density of the 
lithium ion: the crystals will immediately 
absorb water vapor from the air and soon 
accumulate a puddle large enough to 
dissolve them. Sodium chloride clocs !lot 

CHEMICAL BONDS are represented in several \\ays. A straight 

line (a) indicates a covalent bond, or pair of electrons shared by' 

two atoms. Dots for electrons (b) can show that in ethyl·lithium 

(top) the electrons in the carbon· lithium bond are nearer carbon, 

giving carbon a slight negative charge and lithium a sligbt positive 

charge. ( A  "slight charge," in this context, means a charge smaller 

than that carried by one electron.) Lithium does not give up its 

outer electron to raruon. as �od:unl does, be('all�e earbon does not 
attract the eletotrol1 with enough force to OVerCOl1le the opposing at
traction from the positive charge·density from the lithium nueleus. 
In carbon dioxide (bottom) the electrons are nearer oxygen be· 
cause the oxygen nucleus has a higher charge than the carbon 
does. Electron "clouds" (c) are more like the aetual situation; 
a cloud is thickest where the ele,·trons spend the most time. 
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attract water at all; table salt fails to pour 
in damp weather due to tbe hygroscopic 
action of impurities that it contains. Be
cause it is so hygroscopic lithium chlo
ride is often employed as a dehumidifier. 
The avidity of lithium metal for oxygen. 
and nitrogen is similarly turned to ad
vantage in scavenging trapped air from 
molten metal; such treatment of molten 
copper prior to pouring improves the 
electrical conductivity of the metal. A 
smali amount of lithium metal in the 
welding flux enhances the welding of 
alloy steels. 

W ben it is alloyed, lithium metal loses 
most of its reactivity. The new 

lithium-magnesium alloys, with their 
high strength and low weight per unit 
volume, are proving increasingly attrac
tive in aircraft and space-vehicle deSign. 
Lithium is entering space technology in 
another function: compounded in lith
ium aluminum hydride (LiAIH�), it is 
employed as a reagent in the synthesis of 
boron hydride, a promising high-energy 
fuel. The lithium-containing lubricants, 
based on the compound lithium stearate, 
also hold interest for the space technolo
gist. They keep their integrity over a 

range from 52 degrees below zero centi
grade to 138 degrees above; other lubri
cants congeal or break down toward ex
tremes of this range. 

When lithium enters the realm of or
ganic chemistry, its behavior is more like 
that of an alkaline earth than of an alkali 
metal. Sodium and the other alkali 
metals form ionic bonds with carbon. 
The alkaline earths, having two electrons 
in their outer shell, are less eager dona
tors of electrons and form covalent bonds 
with carbon. Each partner in such a 
bond contributes an electron, and the 
electron pair is shared between them. 
Lithium also forms a covalent bond with 
carbon, but it is a covalent bond that has 
a peculiar configuration, as will be seen. 

Organometallic compounds have held 
great interest for chemists ever since 
1900, when the French chemist Victor 
Grignard devised a practical techni 1lle 
for preparing organomagnesiums. Their 
importance as reagents for promoting 
and controlling synthetic reactions was 
recognized as early as 1912 by the 
award of a Nobel prize to Grignard. 
The organolithiums have proved to be 
even more reactive. Like the metal, they 
must be protected from moisture, oxyge;l 

and even carbon dioxide; some spon
taneously catch fire in air. Unlike the 
metal, however, they do not react with 
nitrogen and so can be put to work in an 
atmosphere of this gas. 

The departure of lithium from the be
havior of other alkali metals in organic 
compounds is well illustrated by the con
trast between ethyl-sodium (C2H5Na) 
and ethyl-lithium (C2H5Li). Ethyl-so
dium resembles sodium chloride in that 
it has a high melting point, high electri
cal conductivity and low solubility in 
certain organic solvents. The compound 
can therefore be classified as a salt, 
in which the sodium is bound by an 
ionic bond and for which the formula is 
more correctly written as Na + (C2H,,) -. 
Ethyl-lithium, on the other hand, has a 
low melting point and low electrical can· 
ductivity and dissolves readily in various 
organic solvents. This and other pieces of 
evidence suggest that the compound 
consists of molecules rather than iJns, 
with lithium joined to carbon by a cova
lent rather than an ionic bond. The outer 
lithium electron fills one of the four 
empty spaces in the outer shell of the 
carbon, and one of the four outer carbon 
electrons fills one of the seven empty 

ATTRACTIVE FORCES (colored hatching) between molecules 

of ethyl.lithium arise because of incomplete electron shell and 

slight electric charge on lithium, and the small charge on one of 

the carbon atoms of each molecule. The bond represents the action 

of lithium in sharing part of the electron cloud of an adjacent mole· 

cule. On the average six such molecules group together in solution. 

METHYL ·LlTHIUM CARBON DIOXIDE 

Li 0-

I + II > H-C-H C+ 
I II H 0 

(REACTION) 

Li-' -O 
H� i�� : 1  C--C 
H/ �H II 

0 

> 

LITHIUM SALT OF ACETIC ACID 

H O -- Lit 

I I H-C--Ci 
I II H 0 

TYPICAL REACTION of orgal1olithium compo·und and all "un· . 

saturated" compound (which has one or more double bonds) takes 

plate between methyl.lithium and carbon dioxide. Lithium, with 

its slight positive charge, attracts the mobile electrons of one of the 

double bonds. A great many organic compounds have double bonds, 

which will react just as readily with organometallic substances. 
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While originally designed as a system tester for 
Doppler Radar, the extreme versatility of the Electro 
Instruments Digital Multimeter permitted Raytheon 
to check the integrated circuit elements of the Apollo 
Spacecraft systems. The EI system performed 45 
different tests under 150 test conditions in 45 seconds! 
These test operations formerly required 45 minutes 
of manual effort. 

As demonstrated by this fully automatic system 
tester created for Raytheon, your key to greater 
speed, higher reliability, significant cost savings and 
lower investment lies in EI all solid state Digital 
M ultimeters. 

Your desires for similar savings, whether they be 
in connection with spacecraft, components or purely 
industrial processes, can be realized with digital meas
uring. Available to you in this regard are instruments 
for measuring DC volts, AC volts, DC ratios, resist
ance, capacitance, inductance and impedance. EI all 
solid state Digital Multimeters provide swift, accu
rate answers to your measurement and display prob
lems. Put digital measuring to work for you now -
the benefits will be worth your while. 

Fo?' full details on EI's individual digital iustruments, 01' our 
cOlllplete capabilities in the field of meaSH1'ement, display and 
?'eco1'Cliu,q -write direct in care of Department lilA-1, 

Versatile ... cost cutting automatic system tester 
built for RAYTHEON by Electro Instruments. 

[3 Electro Instruments, Inc. 
8611 Balboa Avenue, San Diego 12, California 
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spaces in the outer shell of the lithium. 
Because the two ,electrons tend to asso
ciate more closely with the carbon atom, 
this covalent bond shows ionic proper
ties: the carbon atom is endowed with a 
slight negative charge and the lithium is 
left with a slight positive charge. 

On closer analysis ethvl-lithium pre
sents an even mo�'e interesting structure, 
Given the masses of its eight constituent 
atoms, it should have a molecular weight 
of 36, Yet measurement of its molecular 
weight when it is dissolved in benzene 
gives as much as six times the expected 

value. One may deduce that 011 the aver
age six C1H3Li units arc bound in a clus· 
tel' or chain, Since the single outer elec
tron of lithium is in each case engaged 
in the carbon-lithium bond, the question 
is: What holds the six units together? 
This and similar situations in chemistry, 

ETHYL·lITHIUM 
H" /Li 

H /c" 
"C H 

H/"-H 

H Li+ 
"/ C-H" /H / "-H 

H C --"7C 
" / H/ "-H C 

H/"H 

ETHYLENE 

H" /H 

+ 
c 

II 
c 

H/ "H 

+ 

POLYMERIZATION OCCURS in ethyl.lithium-ethylene reaction. 

Linking of first units (top) leaves lithium out on one end of new, 
longer molecule. There it can react easily with double bond of next 

H 

> 

> 

(REACTION) H 

I 
Li +--C=--H 

H,, ! ,,\ �jl 
C --C-H 

H"C/ "H I 
H/ "H 

H 

ethylene molecule that approaches (bottom), again ending up at 

the far end of the chain. In theory process should produee tremen· 
dously long molecule of polyethylene, but side reaetions interl'ere. 

H 
I I H-C -H 

H-C-H I /H + ,i+ -7 I /H 

,f
C-C

' t 
,fC-C

� 
-7 

H-C C -H 
H- C C-H 

I I 
H H 

H H 

H I H H-C I '- C-H H", /H I I 
C C-C--Li 

H/ "" /' I I I 
C H 
I 

H- C-H 

I 
R 

C H 

/ "'H H-C 
I H 

SYNTHETIC "NATURAL" RUBBER is created by organolithium 

reaction that first places isoprene monomers in proper position and 

then adds them to growing long.chain molecule. Colored hatch· 

ing represents attraction between lithium and mobile elec-
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I Li I 
H I H 

R 

trons. "R" is the radical, or organic portion, of the organolithium 
reagent. Colored bonds make up the main cbain, or backbone, of 

the molecule. It actually has a three·dimensional structure; true 

angles between various bonds are nol given in this two·dimensional 
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where there are not enough electrons to 
go around to form the ordinary type of 
covalent bond, require a less rigid and 
restrictive model of the function of the 
electrons in establishing chemical bonds. 
The electrons may be thought of as 
existing in clouds that have the greatest 

H /Li+ �C H� /H / � -->-3> C-C H 
H� / H/ �H c 
H/ ""H 

By using the titanium tetrachloride as a 

cocatalyst with an organolithium, chemists 

have overcome problem of side reactions. 

H H" /H I 
c c 

H/ "'-/ 
I 

H- C-H 

representation. The coiled structure of the 

real molecule is indicated at bottom right. 

Lithium lies at one end of the coil, ready for 

next reaction; the radical, at the other end. 
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negative charge-density where the elec
trons, which are always moving, spend 
most of the time. 

In ethyl-lithium, the slight positive 
charge on the lithium atom and the six 
empty spaces in its outer shell cause it 
to pre-empt a share of the electron cloud 
of the carbon atom of an adjacent mole
cule as well as of its "own" carbon. The 
electron cloud can thus be pictured not 
just between two nuclei, as is suggested 
by classical valence theory, but as 
pressed into service to hold three atoms 
together (C-Li-C). The discovery that 
some atoms that are already combined in 
molecules, and that have unfilled elec
tron shells, can attract the electron cloud 
from other molecules has enhanced the 
chemist's understanding not only of com
pounds containing lithium but also of the 
behavior of organolithium compounds in 
interaction with other substances. 

O rganic chemistry abounds in mole
cules that have electrons available 

for interaction with organolithium com
pounds. Many organic compounds are 
"unsaturated": they have double or 
triple bonds between two atoms, which 

H 
I 

involve not one but two and three shared 
pairs of electrons. The electrons that 
make up the second and third bonds are 
mobile compared with those in the single 
bond and are ready to be attracted by 
lithium, preparing the way for reactions 
with it. Carbon dioxide (COt), which 
has two double bonds between the oxy
gen atoms and the carbon atom, reacts 
readily with organolithium and other or
ganometallic substances. The higher nu
clear charge of oxygen (eight, from its 
eight protons) compared with that of 
carbon (six) causes the oxygen to draw 
the electrons closer to itself. Thus the oxy
gens each gain a slight negative charge 
and the carbon a slight positive charge. 

In methyl-lithium (CH3Li), as in 
ethyl-lithium, lithium carries the slight 
positive charge and the carbon the slight 
negative charge. This sets the stage for 
interaction of the lithium and one of the 
oxygens in carbon dioxide. The electron 
pair in one of the double carbon-oxygen 
bonds in effect swings over to form a 
covalent bond with the lithium. At the 
same time, the carbon-lithium bond 
moves around to form a covalent bond 
with the carbon of CO2 [see lower ill us-

H 
I 

H -C - H H-C-H 

I 

TRANS 

tration on page 92]. The product is the 
lithium salt of acetic acid. 

It was Karl Ziegler, director of the 
Max Planck Institute for Coal Research 
in Germany, who first recognized a few 
years ago that organolithium compounds 
react with common unsaturated hydro
carbons. His discovery has already had 
far-reaching consequences. In a very im
portant application ethyl-lithium is made 
to react with ethylene (CtH4), a gaseous 
petroleum product with a double bond 
between its carbons. The reaction leaves 
the lithium atom, with its slight posifive 
charge, out on the end of the new, longer 
molecule, ready to react with the next 
ethylene molecule that approaches. The 
lithium attaches this ethylene unit to the 
molecule and again occupies the end 
position, where it can repeat the opera
tion [see top illustration on preceding 
two pages]. 

Actually in this particular reaction the 
build-up of the carbon chain is rather 
slow and side reactions soon interfere 
with the formation of a long chain. 
Ziegler and his colleagues were able to 
circumvent these difficulties by combin
ing organolithium (or organoaluminum) 

CIS AND TRANS CONFIGURATIONS are different linkages of 

the monomers, or units, in polyisoprene. The cis form (top) is 

natural rubber. Cis means that the two CH� groups of each unit are 

on the same side of the double bond of that unit. The CHa side 

group is on the tail part of a unit and the single hydrogen bonded 

to a carbon is on the head. The trans configuration (bottom) is 

gutta-pereha, a gum. In the trans structure the two CH2 groups are 

on opposite sides of the double bond of unit to which they belong. 

96 
© 1962 SCIENTIFIC AMERICAN, INC



FROM EVERY POINT OF VIEW ... 

BENDIX G-20 COMPUTER SYSTEMS CUT HIDDEN PROGRAMMING COSTS 
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Make airplanes 
out of glass? 

No. But recently Lancaster was 

asked to develop lens elements for : 
use as integral parts of wing struc
tures in jet aircraft. These glass 

parts would be required to perform 
under tremendous physical stress, 
friction, and thermal shock. In ad
dition, color control and dimensional 
tolerances were closer than any
thing previously attempted. Lan
caster solved the problems, and is 
today producing these lenses in vol
ume. If someone brings us plans for 
a glass airplane, we just might 
figure out a way to make that, too! 

What are your needs in 

specialized glass com

ponents? Have a tough 

problem, or impossible 

idea? Ask Lancaster, 

where today's problem 

is tomorrow's answer 

-in glass or plastic. 

Write for your copy of Component, Lancaster's 
periodical for Idea People. 

LANCASTER GLASS CORPORATION, LANCASTER 13,OHIO 

9 8  

compounds with the fuming liquid tita
nium tetrachloride. The combination 
yields a brown solid that, in a solution 
containing ethylene molecules, promotes 
the polymerization of tens of thousands 
of ethylene units into individual long
chain molecules of polyethylene. This 
plastic is now the most versatile and in
expensive staple of the plastics industry. 

Giulio Natta of the Institute of Indus
trial Chemistry in Milan extended the 
utility of these organometallic reagents 
by altering them so that they construct 
polymers with a high degree of regulari
ty in three dimensions [see "Precisely 
Constructed Polymers," by Giulio Natta; 
SCIENTIFIC AMERICAN, August, 1961]. 
Such organization of the molecular 
chains produces plastics with greater 
density, a higher melting point and more 
tensile strength. 

There are several theories as to how 
the organolithium reagents work. Strictly 
speaking the reagents cannot be classi-

fied as catalysts because they are con
sumed in the reaction, the organic por
tion of the molecule being incorporated 
into the polymer. Thus in the reaction 
between ethyl-lithium and ethylene the 
ethyl portion becomes a part of the poly
ethylene chain. For this reason the term 
"initiator" has been coined. In spite of 
the incompleteness of present theory, the 
organolithiums have gone on to new suc
cesses in high-polymer chemistry. The 
latest is the synthesis of the molecule of 
"natural" rubber. 

Natural rubber is obtained as an exu-
date from the tropical rubber tree 

Hevea brasiliensis. It has long been rec
ognized as a polymer of isoprene; that 
is, isoprene is the simple repeating unit, 
or monomer, of natural rubber, just as 
ethylene is the repeating unit of poly
ethylene. Nature is highly selective in 
linking these units together. Out of eight 
possible modes of linkage, as seen 

; 

CRYSTALS OF LITHIUM CHLORIDE (above) resemble the cubical crystals of the analo

gous sodium compound, table salt. Unlike table salt, however, they absorb so much water 

from moist air that they can create a puddle (below), in which they dissolve. This is be· 
cause high charge-density of positive lithium ion attracts oxygen atom of water molecule. 
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Interchange 
The devices that engineers compound for the interchange o f  traffic sometimes seem, t o  a casual observer, hopelessly 

complex. Yet,  to a man who knows where he is going, they are not complex at all. * Interchange, whether it be of con

crete obj ects or abstract ideas, requires design. The man who knows were he is going moves freely in a complex 

world when properly designed interchanges are there to serve him. * I D A  is an interchange, a link between the 

mutually interdependent worlds of science and strategy. It is an association of eleven great universities formed to 

help to bring the technical talents residing in the academic and professional scientific community to bear on real 

and pressing problems of the National Security, as viewed at the highest military and technical levels in the Depart

ment of Defense. * I D A'S staff members come from many sources and many disciplines : from industry, research 

laboratories , university faculty and graduates. They come to grips with tough and momentous problems, which 

when resolved become bases for decisions that affect the immediate, and determine the future, defense posture ofthe 

country. * I D A  seeks highly qualified scientific and engineering talent. Scientists and engineers who know where 

they are going, and can qualify in the IDA climate are invited to discuss an interchange of mutual advantages. A 
permanent career in I DA has many advantages and many satisfactions. In addition, due to its unique design and 

structure, I D A  can employ qualified people for comparatively short , two- or three-year periods, of service. 

I N STITUTE F O R  D E F E N S E  ANALY S E S  Department A, 1 6 6 6  Connecticut Avenue, NW, Washington 9, DC An equal opportunity employer 

A$,.. 
I DA 

99 
© 1962 SCIENTIFIC AMERICAN, INC



From Phasing Plugs and Leadership 
-Audio Fidelity at its Highest 

You i nsta l l  J B L  l oudspeakers  i n  y o u r  h i g h  
f ide l ity system, confident that y o u  a r e  going to 
enjoy the best in home l isten ing because you 
are deal ing with the leader in the f ie ld .  

Can a company wi l l  i tse lf into leadersh ip?  It  
can try .  Here today a manufacturer can partici
pate i n  the economy on any l eve I he  chooses. 
He can make the finest product possib le ,  mass 
produce merchandise at low cost, or  operate 
some p lace i n  between.  James B. Lansing Sound, 
I nc. ,  chooses to function on the top l eve l .  

W e  s e e  certa i n  responsib i l it ies requis ite to 
leadersh i p : to explore every advance and p rO
posal in the f ie ld of acoustics as it  relates to 
sound reproduction and d istribution, to contin
u a l ly s e e k  to i m p rove p roducts  that a l ready 
seem wel l-n igh perfect, to mainta in an unwayer
i ng high level of qua l ity in  manufacture' once a 
design has satisfied theoretica l goals. 

A case i n  point i s  the phasing p lug in  the 
JBL  Mode l 375 h igh frequency driver. This p has
ing p l ug channels sound energy from a hydrau
l ica l ly-formed dural d iaphragm 4" i n  d iameter 
to the 1"  throat of an exponential ly-tapered 
horn. I t  contains four annular  orifices, each 
exponent i a l ly tap e red .  The severa l  p r e c i s i on
formed parts are fitted by hand .  Sound from 
each orif ice reaches the horn throat precisely in 
phase. The p l ug a lone, just one e lement in the 
375 costs more than most complete "tweeters." 

The J B L  375 i s  t he  
m o s t  e ff i c i e nt a U d i o  
t ran s d u c e r  m a d e  a ny
where .  I t  i s  used  in  
theaters and recording 
stud ios ,  in h i gh i nten
s ity no ise  i nsta l lations, 
and is  avai lable for use 
i n  your domestic "dream 
system." The 375 i s  the 
l a rgest  o f  a se r i e s  of 
compress ion-type  dr iv
ers made by JBL.  

J a m e s  B .  L a n s i n g  
Sound, I nc., takes other 
approaches to h igh fre
q u en c y  r e p r o d u ct i o n .  
The J B L  075, a beautiful 
exa m p l e  of  i n strument  
craftsmanship ,  emp loys 
a ring radiator in p lace 
of the convent ional  dia
p h r a g m .  T h e  r i n g i s  
loaded with an exponen
t i a l  horn whose  t h roat  
i s  an annular  s lot. The 
JBL LE30 i s  a d i rect  
rad iator  with  a meta l  
acoustic piston. The JBL  
LE20 i s  an  extraordi·  
nar i ly  versati l e  cone· 
typ e h i gh fre q u e n cy 
transducer. 

I 
Each is made with fu l l  cognizance of the respon· 
s ib i l it ies that go with l eadership .  The Author· 
ized JBL Audio Specia l i st i n  your community w i l l  
be p leased t o  he lp  y o u  se lect your transducers. 
For h is  name and address and your free copy of 
the comp lete JBL cata log write . . .  

1 00 

in three dimensions, the arrangement 
termed cis- l ,4, in which the monomers 
are linked up head to tail, characterizes 
natural rubber [see illustration on page 
96] . Chemists learned some time ago to 
achieve a polymerization of sorts with 
isoprene; they could convert the mono
mer, a volatile liquid, into a solid poly
isoprene. In fact, treatment of butadiene, 
a relative of isoprene, with sodium 
yielded one of the first commercial syn
thetic rubbers, known as Buna rubber. 
This product is neither so resilient nor 
so resistant to wear as natural rubber. 
Recently, with the help of organolithium 
compounds and with lithium metal it
self, investigators at a number of re
search centers have succeeded in imi
tating closely the cis head-to-tail struc
ture of natural rubber. 

One good explanation of these reac-

tions holds that the lithium in the organo
lithium initiator mobilizes two unsatu
rated bonds in the isoprene monomer; the 
organic portion of the initiator becomes 
bound to a carbon on the "tail" of the iso
prene and the lithium to a carbon on the 
"head" of the monomer. The lithium is 
now in pOSition to perform the same op
eration on the next isoprene, attaching 
the tail of this molecule to the head of 
the first and attaching itself to the head 
of the now incipient chain [see lower 
illustration on pages 94 and 95] . The 
chain therefore grows in the desired 
cis-l,4 configuration. Lithium performs 
this feat better than sodium does because 
of its higher charge-density and because 
of its smaller size. It can fit more easily 
between the two double-bonded units of 
the original isoprene molecule, so that 
the concentrated positive charge attracts 

LIT H I U M  6 

N E U T RON 

> 
H EL I U M  4 

DEUTER IUM T R I T I U M  

H E L I U M  4 

> 17 . 6 M EV 

N EU T RON 

NUCLEAR REACTION when lithium 6 absorbs a neutron produces tritium and belium 4 

(top ) . In hydrogen bomb enormous heat from explosion of a cbarge of fissionable mate· 

rial then causes the tritium to fuse with deuterium ( hydrogen 2 ) ,  which had been chemical

ly combined with the lithium. The fusion yields helium 4, a neutron and 1 7 .6 million elec

tron volts of energy ( b ottom ) . The lithium 6 reaction is the easiest way to make tritium. 
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l!�t"ll:Z§iill:Z;1:7g;i174-1 DEPTH MA NA GEMENT IN A C TION 

PROBING NEW WAYS TO PROTECT SPACEMEN 
I n  a new, h a l f · m i l l i o n  d o l l a r  resea rc h center ,  LTV s c i e n t i sts a re g ra m  t h a t  s u p po rt s  c o m p a n y  prod u ct goa l s  i s  Ray B l a y l oc k -

p rod u c i n g  n u c l e a r  ra d i a t i o n  eq u a l  i n  i nt e n s i ty to t h e  powerf u l  LTV v i c e  pres i d e nt a n d  tec h n i c a l  d i rector .  A v ita l c o m p o n e n t  i n  

Va n A l l e n  belts t h ro u g h  w h i c h  s p a c e  veh i c l es m u st n a v i gate.  LTV ' s  m a n a g e m e n t  in  d e pt h ,  M r. B l a y l o c k  a l so heads t h e  corpo·  

This  effect i s  c reated by a t h ree · m i l l i o n  e l ectro n v o l t  "atom rat i o n ' s  e l ectro n i c s  d i v i s i o n .  H i s  33 yea rs ' e x p e r i e n c e  i n c l u d es 

s m a s h e r "  w h i c h  is u s ed i n  st u d y i n g  ways to p rotect m e n  a n d , key pa rt s  i n  d ev e l o p i n g  t h e  N a vy ' s  reco rd · b rea k i n g  Cru s a d e r  
m a t e r i a l s  f r o m  ra d i o a ct i v i ty .  T h e  n ew c e n t e r  a l so h o u ses a a i rcraft, a n d  i n  t h e  e n g i n ee r i n g  d eve l o p m e n t  of N A S A ' s  S c o u t  
p l a s m a  a rc w h i c h  p ro d u ces tem peratu res t w i c e  a s  i nt e n s e  a s  - f i rst U . S .  s o l i d · f u e l  roc ket t o  o r b i t  a sate l l i te ,  T h i s  ca l i be r  of 

those o b s e rved on the s u rface of the s u n .  C o u p l ed w i t h  a pre·  m a n a g e m e n t ,  l i n ked w i t h  p roved tec h n i c a l  c o m pet e n c e  in  a e ro·  

c ise opt ical  s pect rogra p h ,  t h i s  eq u i p m e n t  g i ves LTV s c i e n t i sts space,  e l ectro n i c s ,  co m m u n i c a t i o n s  and c o n s u m e r  p rod u cts,  

one of the most a d va n ced fa c i l it i es of its type in  the worl d .  e n a b l es LTV to m a ke i m p o rta n t  c o n t r i b u t i o n s  to t h e  secu r ity,  

The m a n  respo n s i b l e  f o r  m o l d i n g  s c i e n t i f i c  a c t i v i t i e s  i nto a p ro ·  prest i g e  a n d  t h e  wel l · b e i n g  of o u r  n a t i o n .  

L , N GO - T E IVf C <:> - V <:> l.J GO H T ,  DALL A S, TEX A S  

1 0 1  
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The Lincoln Laboratory is a cen ter 

of research and development in ad

vanced electronics, with responsi

bilities in national defense and 

sp a c e  tec h n ology . S c i e n t is t s  of  

many disciplines participate in  a 

program directed toward exten ding 

the range and depth of scien tific 

knowledge and solving problems 

fundamental to the security of the 

nation . 

- RAD I O  PHYS I CS and ASTRONOMY _ RE-ENTRY 

PHYS I CS _ PENETRAT I ON A I DS _ TARGET I DENTI

FICAT I ON _ SYSTEMS: S pace S u rve i l lance,  Strate g i c  

C o m m u n i c at i o n s , I n t e g r at e d  D at a  N etwo r k s  _ N E W 

RADAR TECH N I QUES _ SYSTEM ANALYSIS _ COM

M U N I CAT I O NS: Tec h n i q ues ,  Psych o logy, Theory _ I N

FO RMAT I O N  PROC ESS I NG _ SO L I D  STATE Phys i cs ,  

C h e m i stry, and M etal l u rgy -A more complete description 
of  the Labora tory's work will be  sent to you up on 
request. A l l  q u a l ified a p p l i ca nts w i l l  rece i v e  c o n s i derat i o n  f o r  e m p l o y m e n t  w i t h o u t  

r e g a r d  to r a c e ,  c r e e d ,  c o l o r  o r  n ati o n a l  or i g i n .  

R e s e a r c h  a n d  D e v e l o p m e n t  

L I N C O L N  L A B O R A T O R Y  
M a s s a c h u s etts I n s t i t u te o f  Te c h n o l o g y . B o x  1 8  
L E X I N G T O N 7 3 ,  M A S S A C H U S E T T S  

1 02 

the mobile double-bond electrons, hold
ing thc molecule in the proper position 
for producing the cis structure as each 
unit is added to the chain. 

When the isoprene and the lithium 
compound are dissolved in a solvent such 
as ether [ (  C"HJ "O ] ,  which has an un
shared electron pair on the oxygen atom 
available for interaction with the lithi
um atom, the driving force for the cis 
polymerization is �veakened. The un
shared electron pairs in ether react with 
lithium and diminish its ability to attract 
electrons. As a consequence the lithium 
,cannot position the isoprene units for cis 
polymerization. The product then has a 
predominantly trans arrangement [see 
ilI1Istration 011 page 96] and resembles 
not rubber but the resinous rubber-like 
material called gutta-percha. This gum, 
a natural product of Malaysian trees, has 
few of the desirable properties of natural 
rubber. 

\"Ihen Iithi1lln metal is used to poly
merize isoprenc, a somewhat cliffeI:ent 
pathway of reactions produces the cis
head-to-tail structure. The other alkali 
metals, however, give rise predominantly 
to gutta-percha when used as catalysts 
for the polymerization of isoprene. 

�though polymer chemists now have 
a fairly good general idea of how 

lithium acts to produce a polymer with 
a regular arrangement, the task of solv
ing the puzzle of organiC catalysis has 
only begun. \"Iith deeper understanding 
it should be possible to construct catalyt
ic agents that will produce every possi
ble configuration of a particular polymer. 
Eventually increasing facility in the con
struction of synthetic molecules may 
help to clarify how biological organisms 
create natural polymers of specific, regu
lar structure, such as carbohydrates and 
proteins. Indeed, the idea of selective 
chemical reagents, designed to attack 
one out of several possible sites on a 
molecule-as lithium does with iso
prene-is beginning to permeate all of 
organic chemistry. 

The other lesson that can be learned 
from lithium and its reactions is that 
elements have great chemical individual
ity even though they belong to families. 
Theoretical or empirical generalizations 
cannot long suppress these differences. 
Becausc so many factors combine in un
known proportions to determine the 
chemical behavior of an element, more 
detailed conclusions drawn from the pe
riodic table will continue to require ex
perimental substantiation. It is just this 
unpredictable aspect of nature that 
makes chemical research so rewarding. 
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Life sciences explore the anato:my of space 

T h e  l i f e  s c i e n c e s  g r o u p  a t  T h e  G a r r e t t  C o r p o r a t i o n  i s  
-concerned with the reaction of l iving organisms t o  their 
,environment, and the development of environmental systems 
to support such organisms. Intensive investigation is now 
.being conducted at Garrett in all  major areas of the life 
:sciences - microbiology, neurophysiology, psychology, bio
,chemistry, biophysics and rel ated areas - to study the rela
tionship of man to his environment in extended space travel .  

These studies vary in scope from determining the effects o f  
near vacuum conditions on laboratory subj ects over long 
periods of time, to definitively evaluating the effects of 
re-entry acceleration on human beings. 

The only p roduct of this extensive life sciences program 
is knowledge - knowledge which will support the important 
contributions continually being made by The Garrett Corpo
ration to this  nation's manned spaceflight programs. 

T H E  G A R R E TT C O R P O R AT I O N · A i R e s e a r c h  M a n u fa c t u r i n g  D i v i s i o n s . Los A n g e l e s  9, 

C a l i f o r n i a . P h o e n i x ,  A r i z o n a . ot h e r  d i v i s i o n s  and s u b s i d i a r i e s :  A i rs u p p l y -Ae r o  E n g i n e e r

i n g  • A i R e s e a r c h  Av i at i o n  S e rv i c e · G a r r e t t  S u p p l y ' A i r  C r u i s e rs · A i R e s e a r c h  I n d u st r i a l  

• G a rrett M a n u f a c t u r i n g  L i m i t e d  • G a r r e t t  I n t e r n at i o n a l  S .  A . •  G a rrett (J a p a n ) L i m i t e d  
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What happens whi le your engineers wait for prints ? 
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Nothing.  
Time i s  wasted . . .  important projects suffer. I f  you have 

ever watched an original drawing pulled for prints, then 

re-filed, it's not difficult to understand how much easier 
and faster prints can be made available with xerography 
and unitized microfilm . _ D rawings are recorded on 

m icrofilm, then mounted in easy-to-handle aperture cards.  
From these, a Copyflo® or 1824® Printer produces high 
quality prints rapidly and inexpensively on ordinary 
paper, vellum or offset master material.  The aperture card 

need never be out of the file for more than a few seconds ! 
It's the better way to produce engineering prints ! _ Let 
u s  prove what xerography and unitized microfilm can do 

for you . Write for information to XEROX CORPORATION, 
D ept. CF, Rochester 3, N. Y. Offices in principal U. S .  
a n d  C a n a d i a n  c i t i e s .  

Overseas : Rank Xerox 

Ltd .,  London, and Fuj i
X erox Co.,  Ltd . ,  Tokyo. 

XEROX 
C O R P O R AT I O N  
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TAKE YO U R  F I RST LO O K  
AT TH E N EW C O NTR O L  DATA 
3600 C O M PUTE R SYSTE M 

E X E C U T E S  O V E R 5 0 0 , 0 0 0  I N ST R U CTI O N S  P E R S E C O N D ! 
At this speed, a typical Control Data 3600 
system can automatically interchange data with 
peripheral equipment at 4 million characters 
per second. Through additional data channels, 
interchange rates are smoothly expandable to 
1 5  million characters per second. The 3600 
memory is expandable (in 1 6, 3 84 word incre
ments) to 262, 1 44 words * .  

These and many other performance charac
teristics put the Control Data 3600 Computer 
"(51-bit parity-checked words) 

in a class by itself. This is also true for the 
3600 programming services .  

The 3600 is  designed to take full advantage 
of new programming systems as they are de
veloped-and is already compatible with most 
systems existing today. Yet, it is  priced less than 
any computer approaching its capabilities .  

Talk t o  your Control Data representative 
soon about your computing problems and the 
new Control Data 3600 Computer System. 

TH E BASIC  PRO G RAMMING SYSTEMS O F  TH E 3600 
MCS (Master Control System) FO RTRAN ALGOL COBOL C O M PASS 1604 COMPATI BI LITY PACKAGE 

Offices :  A l b u q u e rq u e  • Bever ly H i l l s . B i r m i n g h a m . Boston 
• C h icago . Cl evel a n d  • D a l l a s . Da yto n • D e n v e r  • Detro i t  

• H o n o l u l u  • H o u ston • I t h a c a  • Ka n sa s  City • M i n n ea po l i s  
• N ewa r k . Or la n d o . Palo A l to • Toro n to . W a s h i n gto n ,  D . C . 

8100 34th A venue South 
Minneapolis 20, 

Minnesota 
CONTROL DATA 

- - . - . .  
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The Perception of Neutral Colors 

What makes a surface gray and why does it stay gray e()en when the 

illumination changes? Apparently the rat£o between adjacent light 

intensities go()erns the percei()ed lightness of an achromatic color 

Most investigations of color per
ception deal with the relation 
between the spectral composi

tion of light-the assortment of wave
lengths in it-and the color sensations 
it evokes. But there is a family of colors 
the quality of which does not depend 
on wavelength or combinations of wave
lengths. These are the achromatic, or 
neutral, colors-white, the various grays 
and black-which differ from one anoth
er only in degree of lightness or dark
ness. The scale of lightness, in other 
words, is the only dimension of the neu
tral colors, although it is one dimension 
(along with hue and saturation) of 
the chromatic colors as well. The per
ception of neutral colors is therefore 
a basic problem in visual perception 
that needs to be understood in its 
own right and that at the same time 
has implications for color vision in gen
eral. 

The fact that lightness does not de
pend on a property of light itself is not 

by Hans Wallach 

only a semantic paradox but also a major 
complication in the study of neutral-color 
perception. Light can appear dim or 
bright but not light or dark. It can be blue 
or yellow or red but not gray. Lightness 
or darkness is a property of surfaces, and 
the investigator of neutral-color percep
tion must concern himself with white or 
gray or black surfaces. Now, the physical 
property of a surface that corresponds to 
a perceived neutral color is reflectance. A 
surface deserves to be called white if 
it reflects diffusely about 80 per cent 
of the visible light of any wavelength 
that falls on it, and it is called black 
if it reflects only 4 or 5 per cent of the 
incident light. The various shades of 
gray range between these extreme re
flectance values. The big problem in un
derstanding the perception of neutral 
colors is that the amount of light re
flected by a neutral surface depends not 
only on its reflectance but also on the 
intensity of the illuminating light. As 
the illumination varies over a broad 

&-, 

range, the intensity of the light reflected 
by a surface of a given neutral color will 
vary just as much. The light message 
that is received from a reflecting surface 
is therefore an ambiguous clue to its re
flectance-to its "actual" color. 

How then can one account for the 
fact that perceived neutral colors are 
usually in good agreement with the re
flectance of the surface on which they 
appear-that a dark gray object, for ex
ample, tends to look dark gray in all 
sorts of light? This "constancy" effect, 
as psychologists call it, can be simply 
demonstrated by an experiment that 
David Katz, a German psychologist, 
devised more than 30 years ago. Two 
identical gray samples are fastened to 
a white background and a screen is so 
placed that it casts a shadow on one of 
the samples and on its surround [see 
illustration below J. The sample in the 
shadow does indeed appear to be a 
somewhat darker gray than the sam
ple in direct illumination. That is to say, 

/ 

-'. 
•• I[iJ 

-

CONSTANCY of neutral colors is demonstrated by this experi

ment. When one of two identical gray samples is placed in shadow, 

it looks to an observer only a little darker than its brightly illu

minated counterpart although, as the drawing shows, it reflects 

a lot less light (left). The color of the shadowed sample is then 

lightened until it looks the same as the well-lighted one; it still 

reflects much less light (right). In each situation constan("y is at 

work, making the grays appear more equal than the actual light in· 

tensities they reflect would warrant. The drawing reproduces these 

actual light intensities, not the apparent colors of the samples. 

107 
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IMPRESSIVE DEMONSTRATION of constancy can be given with 

the setup illustrated in the top photograph. A dark gray sample 

suspended before a light·colored wall is illuminated by a projec· 

tion lantern. When the sample hangs alone, any change in room 

illumination or lantern intensity changes its apparent color. At the 

108 

bottom left, for example, it appears almost white. But if a white 

surround is placed behind the sample within the lantern beam, the 

sample immediately looks gray again (bottom right). It stays gray 

in spite of changes in the lantern intensity or room illumination. 

The bottom photographs simulate the apparent colors of the sample. 
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constancy is not complete. But the shad
owed sample by no means looks as much 
darker as the difference in the actual 
light intensities reflected by the two 
samples would warrant, which is to say 
that there is a constancy effect. When 
the shadowed sample is replaced by a 
patch of lighter gray so chosen that the 
two surfaces appear to be the same in 
spite of their different illuminations, the 
shadowed sample will still reflect a good 
deal less light than the directly illumi
nated one. This difference in the actual 
light intensity compatible with apparent 
equality of color represents the con
stancy effect. Any explanation of this 
effect must account eventually not only 
for its presence but also for its incom
pleteness as demonstrated in the first 
part of the experiment. 

For a long time the standard explana-
tion of constancy has been that the 

viewer takes illumination into account 
when he evaluates the intensity of the 
light reflected 'by a surface. The diffi
culty with this is that illumination is 
never given independently. It manifests 
itself only by way of the light that the 
various surfaces in the visual field re
flect. One variable, the intensity of the 
reflected light, depends on both the 
incident illumination and the reflect
ances of the surfaces-and is in turn the 
only direct clue to both of these factors. 

The Katz demonstration had the vir
tue of simulating the conditions under 
which constancy occurs in everyday life, 
but it is not amenable to as much manip
ulation as an experimental situation 
worked out by AdMmar Gelb of the 
University of Frankfort. In my labora
tory at Swarthmore College some 15 
years ago we undertook to explore with 
Gelb's setup some of the inconsistencies 
of the orthodox explanation of con
stancy. 

We suspend a dark gray sample some 
distance from a light-colored wall and 
illuminate it with a projection lantern 
so placed that the bright spot formed 
where the beam hits the wall is con
cealed behind a door or curtain. With 
the room nearly dark, the dark gray 
sample appears brightly luminous, pro
vided that it is perfectly flat and even
ly illuminated so that no shiny high 
lights show. As the general illumina
tion-and hence the illumination on the 
light wall behind the suspended sam
ple-is raised, the luminous appearance 
of the sample disappears and it becomes 
a white surface. Remember that the sam
ple is really dark gray; in this situation 
constancy is clearly absent. A further 

increase in room illumination changes 
the appearance of the sample to a light 
gray. Obviously the wrong illumination 
is being taken into account! The light 
reflected by the dark sample is being 
evaluated in terms of the general illumi
nation on the wall; the strong light from 
the projector is being ignored. The rea
son for this, proponents of the stand
ard explanation would say, is that the 
strong light from the lantern is visible 
on only one object, the dark gray sam
ple, the surround of which reflects only 
the dimmer general illumination; con
stancy would be restored if the light 
from the lantern showed in the surround. 
And so it is. When a piece of white 
cardboard, somewhat larger than the 
sample but small enough to fit into 
the beam, is hung behind the dark 
sample, the sample looks dark gray. 
The orthodox explanation is that the 
white cardboard surround makes it pos
sible to take into account the effect of 
the lantern light on the intensity of the 
light reflected by the dark sample. 

What happens when we vary the in
tensity of the lantern beam? With the 
gray sample alone intercepting the beam, 
every reduction in the intensity of the 
light causes a change in the apparent 
color of the sample, which can be al
tered in this manner all the way from 
white to dark gray. With constancy re
stored by the addition of the white card
board, however, the same changes in 
light intensity hardly affect the color 
of the sample and its surround. The sam
ple remains dark gray and the surround 
white, although the latter looks more 
or less strongly luminous as the lantern 
light is varied. This "luminousness" is 
a special aspect of neutral-color per
ception, as will be seen; in so far as the 
neutral colors as such are concerned, 
however, the combination of dark gray 
surface with white surround is resistant 
to changes in illumination. 

It is difficult to see how this demon
stration of constancy can be explained 
by any mechanism that takes the illumi
nation into account. The amount of light 
the white cardboard reflects, after all, 
gives information about the intensity of 
the illumination only when the card
board is correctly assumed to be white. 
But there is no cue for such an assump
tion. What if the cardboard were not 
white? As a matter of fact a surround 
of any other color fails to produce con
stancy, that is, to cause a dark gray sam
ple to be perceived as dark gray. If, 
with the walls of the room dark, the 
white cardboard is replaced by a medi
um gray one, the surround again ap-

pears luminously white in the lantern 
beam, whereas the dark gray sample 
looks light gray. Although the color is 
now incorrectly perceived, the combi
nation of sample and surround is still 
resistant to illumination changes. The 
intensity of the beam can be moved 
through a broad range and the sample 
remains light gray. 

I f taking illumination into account is 
not the explanation of constancy, 

what is? Some years ago Harry Helson, 
then at Bryn Mawr College, proposed an 
entirely different approach, invoking the 
mechanism of adaptation by which the 
eye adjusts itself to wide variations in the 
amount of light available. To account for 
the fact that constancy prevails when 
different illuminations are visible simul
taneously, he suggested that incoming 
light intensities are evaluated in terms 
of a "weighted average" of stimulation 
in different parts of the retina, the light
sensitive screen at the back of the eye. 
It seems to me that there is implicit in 
this notion of regional adaptation an as
sumption of some sort of interaction of 
processes arising in different parts of the 
retina, and such interaction would ap
pear to be a requirement in any explana
tion of constancy. Helson's explanation 
was advanced as part of a general theory 
of sensation that has been quite success
ful, and he did not describe a specific 
mechanism for interaction. 

Speculating on the observations just 
described, in which the combination of 
gray sample and cardboard background 
proved resistant to changes in illumina
tion, I wondered if a ratio effect might 
be at the heart of the matter. Since 
any neutral surface reflects a constant 
fraction of the available illumination, 
the light intensities reflected by two dif
ferent surfaces under the same illumina
tion should stand in a constant ratio no 
matter how the illumination is changed. 
If one could demonstrate that perceived 
neutral colors depend on the ratio be
tween the light intensities reflected from 
adjacent regions, all the foregoing ob
servations, and in fact neutral-color con
stancy in general, would be explained. 
The following experiments show that 
this is indeed the case. 

The first experiment calls for a dark
ened room, a white screen and two 
identical slide projectors the light in
tensity of which can be altered by 
measured amounts. In an otherwise dark 
room one lantern projects a disk of light 
on the screen and the other lantern a 
ring of light that fits closely around the 
disk. The light intensity of the disk is 
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NEUTRAL·COLOR PERCEPTION depends largely on the ratio between two different 
light intensities in adjacent regions, as demonstrated with a ring·and.disk pattern projected 
by two lanterns in a dark room. In this experiment the light in the disk is kept constant but 
the ring light is increased, changing the appearance of the disk from white to dark gray. 
The ring·to·disk ratios are (top to bottom) one to three, two to one, four to one and eight 
to one. These photographs show how the ring and disk colors appear to an observer. 
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kept constant; variation of the intensity 
of the ring then changes the appearance 
of the disk through the entire range of 
neutral colors. When the ring intensity 
is half or a quarter that of the disk, 
the disk looks white. When the ring 
intensity is higher than that of the disk, 
the disk becomes gray. Its shade deep
ens from light to medium to dark gray 
as the ring light is made first twice as 
intense as and then four and eight times 
more intense than the light in the disk. 
When the relative intensity of the ring 
is raised still further, the disk even ap
pears black. This experiment shows clear
ly that the neutral color of an area does 
not depend on the intensity of the re
flected light as such, because with the in
tensity of the illumination of the disk 
held constant its color nevertheless 
ranges all the way from white to black as 
the intensity of its surround is increased. 
Obviously what matters is the relation of 
the intensity of the light reflected from 
the disk to the intensity of the light 
reflected from the surrounding ring. 

Another experiment demonstrates that 
a particular gray is produced largely by 
a specific ratio between the intensity of 
the ring and that of the disk. A second 
pair of lanterns is added to project an 
identical ring-and-disk pattern on a sec
ond screen. If the ring and disk in each 
pattern are illuminated with the intensi
ties in the same ratio but with the abso
lute intensity in one pattern reduced to, 
say, a third or a quarter of the intensity 
in the other, almost the same gray is per
ceived in both disks. Whenever the in
tensity of one of the disks is varied until 
the grays of the two disks appear to be 
truly equal, the disk intensities turn out 
to be almost equal fractions of the lll
tensities in their respective rings. 

The discovery that the various gray 
colors depend approximately on the 

ratio between light intensities stimulat
ing adjacent regions of the retina goes 
a long way toward explaining neutral
color constancy in general. The ratio 
principle can account for the observed 
constancy in the Katz experiment, where 
a sample in shadow is compared with 
one in direct illumination. The combina
tion of sample and background is resist
ant to differences in illumination be
cause the ratio between the intensities 
reflected by sample and background is 
constant. It wiII be recalled, however, 
that constancy was not complete in 
the Katz experiment. A ring-and-disk 
demonstration explains this also. The 
ratio principle operates best only when 
the ring and disk are presented against 
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a dark background or when the ring is 
enlarged to fill the whole visual field. If, 
instead, the ring is surrounded by an 
area of still higher intensity, the disk 
assumes a darker color. And this is in 
essence what happens in the Katz setup: 
the gray sample and background in the 
shadow correspond to the disk and ring, 
and the portion of the background that 
remains under direct illumination cor
responds to the outer region of still high
er illumination that makes a disk appear 
darker. It is largely because the shaded 
region and the area under direct illumi
nation are adjacent that constancy is in
complete_ vVere they widely separated, 
as thcy are in the presentation of two 
ring-and-disk patterns, much better con
stancy would result, because the ratio 
principle would then operate as nearly 
perfectly as it did in the projector ex
periments. 

,Although perception of illumination 
may not be very accurate and does 

not account for the constancy of neutral 
colors, it cannot be denied that people 
do perceive conditions of illumination. 
A room looks generally brighter near the 
window than it does far from the win
dow; there is a bright area on the wall 
near a lighted table lamp and there are 
shadows on other walls; one side of the 
house across the street appears brightly 
illuminated by the sun. How, in view of 
the ratio principle, is one to account for 
the fact that the shadow on the gray 
wall does not look exactly like a darker 
gray or black but has a somewhat trans
lucent appearance; that the wall near the 
lamp does not seem to be lighter in 
color but merely looks brighter and less 
opaque; that the sunlit wall of the house 
looks outright luminous? All of these ex
amples have one thing in common: the 
typical quality of a surface of neutral 
color is either completely replaced by a 
luminous appearance or is modified in 
the direction of what can be considered 
a partially luminous quality. The two
projector experiment, as already noted, 
also produces examplcs of this lumi
nousness and of a translucent quality 
in the grays that is the low-intensity 
counterpart of thc same effect. 

\ Vh"n the intensity of the light re
flected from the disk is two to four times 
higher than the intensity of that reflected 
from the ring, the disk looks white; 
when the intensity of the disk is low
er than that of the ring, the disk looks 
gray or black depending on the ratio 
between the two intensities. If the in
tensities of ring and disk are reversed, 
however, the appearance of the ring 
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is very different from that of the 
disk under corresponding conditions. 
Under illumination of the higher of 
the two intensities, the ring appears 
not white but plainly luminous, like 
the glass globe of a not too bright 
lamp. Under illumination of the low
er intensity the ring does look gray, 
but the gray has a peculiar quality. It 
lacks the opaqueness of an ordinary 
surface; it seems rather to be somewhat 

translucent, as if there were a light 
source behind it. As a matter of fact it 
resembles an extended shadow, which 
also lacks the opaqueness of a dark sur
face color, although to a lesser degree. 
With the ring eliminated altogether, the 
dark region surrounding the disk does 
not look like an opaque black surface 
but like a dark expanse. The distinction 
between the two kinds of darkness 
is pointed up vividly when the disk is 

eliminated and a ring of light is projected 
alone on a dark field. The area inside 
the ring has a black surface color quite 
different from the dark expanse outside 
the ring. 

Several factors seem to account for 
the sensation of luminosity. The larger 
of two contrasting areas, in the first 
place, tends to appear luminous. In our 
experiments the ring was usually larger 
than the disk. With the ring reduced in 

RATIO PRINCIPLE is confirmed by projecting a second pat· 
tern from two more projectors. The ratio between ring and 
disk light intensities is made the same in both patterns but the abso
lute intensities in the pattern at the left are four times greater than 

those at the right. In spite of the variation in absolute intensity, the 
grays perceived in the two disks look remarkably similar to an 
observer. The photograph, however, approximately reproduces the 
trne light intensities rather than the apparent disk colors. 
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width so that its area is smaller than' 
that of the disk, the appearance of lumi- ••• SEMICONDUCTOR TESTING? 
nosity and translucence transfers to the 
disk. The degree of contact between two 
surfaces reflecting different light intensi
ties also plays a part in this effect. Sur
rounded completely by the ring, the disk 
tends to look more like an opaque sur
face. The ring, which tends to assume 
the luminous quality, is in contact with 
the disk on one side only and is bordered 
on its outer perimeter by the darkness 
of the room, from which there is mini
mum stimulation. Lack of contact also 
explains the luminousness or translucence 
observed when the disk or the ring is 
presented alone. 

T o isolate the effect of difference in 
- contact we have projected two sets of 

bars, one from each lantern, so that bars 
of high and low intensity alternate in the 
pattern on the screen. The two outside 
bars, one white and one gray, appear 
somewhat luminous, whereas all the 
other bars show opaque colors. Since the 
areas of each bar and of each intensity 
are exactly equal, the luminous look can 
only be attributed to the diminished con
tact of the outer bars with areas of dif
ferent intensities. A special case of re
duced contact occurs when an intensity 
gradient replaces the sharp border be
tween two areas of different intensities. 
Such gradients appear in the penumbrae 
of shadows, where the grays assume the 
quality of translucence that belies the 
opacity of the surface under inspection. 

Regardless of size or degree of con
tact, when the intensity difference be
comes greater than about four to one, 
the area of higher intensity becomes 
somewhat luminous as well as white; 
with very large differences it loses all 
whiteness. An illuminated disk in an 
otherwise dark field never looks white 
or gray; depending on its intensity, it is 
brightly or dimly luminous. The most 
familiar illustration of this laboratory 
finding is the contrast between the ap
pearance of the moon by day and by 
night. In a bright blue sky the moon 
looks white. As the setting of the sun 
reduces the intensity of the blue sky the 
moon's light becomes relatively more 
intense and the moon appears more and 
more luminous, even though the inten
sity of the light arriving from the direc
tion of the moon certainly does not 
increase. 

It can be concluded, therefore, that a 
region reflecting the higher of two light 
intensities will appear white or luminous, 
whereas an adjacent region of lower in
tensity will appear gray or black. Every 
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change of the intensity ratio causes a 
change in the color of the area of lesser 
intensity along the scale of grays. As 
for the area of higher intensity, it ap
pears white when the intensity ratio is 
small and becomes luminously white 
and finally luminous as the ratio is in
creased. If the contact between surfaces 
of different intensities is reduced, neutral 
colors become less dense and opaque and 
even somewhat luminous. The same ef
fect is seen in a region that is larger than 
an adjacent one of different intensity. 

It seems to me that these facts can be 
explained by considering that stimula
tion with light gives rise to two different 
perceptual processes. One process causes 
luminousness and the other produces the 
various opaque colors. The first process 

is directly dependent on intensity of stim
ulation and the state of adaptation of the 
eye. The second is an interaction process: 
an area of the retina that receives a high
er intensity of stimulation induces a sen
sation of gray or black in a neighboring 
region of lower intensity, with the par
ticular color roughly dependent on the 
ratio of the two intensities; conversely, 
the region stimulated at a lower intensity 
induces a white color in the region of 
higher intensity. If the intensity ratio 
is too high, however, if the relative size 
of the inducing surface is too small or if 
the contact between two regions of dif
ferent intensities is too small, the in
teraction process may give way to 
the process that gives rise to the 
sensation of luminosity, or the sensation 

LUMINOUS QUALITY is produced by a reduction in the degree of contact with an area 
of contrasting light intensity. In this pattern of bars of alternating high and low intensity, 
the two outside bars look somewhat luminous to an observer (the effect is not ap
parent in a photograph) because they have only half as much contact with contrasting bars. 
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of color and luminosity may be expen 
enced simultaneously. 

The processes of neutral-color percep-
- tion have their counterparts in the 

perception of chromatic colors. This is not 
surprising; the neutral colors are con
tinuous with the chromatic colors: for 
any sample of a greatly desaturated 
chromatic color a closely similar gray 
can be found. A final experiment with 
the two projectors demonstrates that the 
lightness of chromatic colors depends 
on a relation between the intensities 
of stimulation in neighboring regions. 
When a disk of chromatic light is sur
rounded by a ring of white light, varia
tion in the intensity of the latter changes 
the lightness of the chromatic color in 
the disk. In this way a bright pink, for 
example, can be changed to a dark 
magenta. The same experiment per
formed with a yellow or orange disk 
yields a surprising result: surrounding 
the disk with a ring of high-intensity 
white light transforms the disk into a 
deep brown. This serves to demonstrate 
that brown is a dark shade of yellow or 
orange. It also dramatizes the point that 
the shades and tints of chromatic colors, 
as well as the neutral colors, are the re
sult of an interaction process. 

Even the luminous appearance that 
results from stimulation with light from 
a neutral surface has its counterpart in 
the sensation of chromatic colors. For 
many years psychologists have distin
guished a number of "modes of ap
pearance" of chromatic colors, including 
surface colors, expanse colors and aper
ture colors. Surface colors are the opaque 
colors of objects, the hued counterparts 
of the neutral surface colors. Expanse 
colors, of which the clear blue sky is a 
good example, occur in extended homo
geneous regions and lack the density and 
opaqueness of surface colors. That is, 
expanse colors have a luminous appear
ance, which may be caused by a rela
tively high intensity of stimulation or 
because they are greatly extended in re
lation to an adjacent region of different 
intensity. Aperture colors are observed 
when one looks through a hole in a 
screen at a chromatic surface some dis
tance beyond the screen. Under these 
conditions the surface is transformed 
into a seemingly transparent chromatic 
film stretched across the hole. 

The aperture mode has been attrib
uted to the peculiarities of the laboratory 
arrangement in which it is usually ob
served. It can be shown, however, that 
this effect too is a product of specific 
ratios of stimulation intensities. ThE' 
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CHROMATIC COLORS also vary in lightness depending on the intensity of the illumina
tion in an adjacent region. The experiment simulated here shows how the appearance of 
a disk of orange light changes with the intensity of a neutral surround. In this case 
increasing the intensity of the ring changes the apparent color of the disk to brown. 

"transparent film" appears only when the 
intensity of the light reflected from the 
chromatic surface seen through the hole 
is high in relation to that of the light re
flected from the screen. Raising the il
lumination on the screen transforms the 
film into a surface color, so that the hole 
comes to look like a piece of colored pa
per attached to the screen. 

Such a change can be observed easily 
out of doors on a clear morning. Cut a 
small hole in a large sheet of white card
board. Hold the sheet up so that the sky 
is visible through the hole. The sky will 
appear in the hole as a blue transparent 
film. Now turn until the white cardboard 

reflects the direct light of the sun. When 
the cardboard is brightly illuminated, 
the hole seems to be replaced by an 
opaque bluish-gray patch, notable for its 
lack of saturation. This transformation 
of the strongly saturated expanse color of 
the sky into a surface color of medium 
lightness by the provision of a relatively 
large surface of contrastingly high Iight
intensity shows how desaturated the blue 
of the sky really is. It suggests that the 
sky looks very blue not only because the 
blue wavelengths of sunlight are scat
tered by the atmosphere but also-and 
perhaps largely-because the sky is so 
bright. 
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Skin Transplants and the Hamster 

This fwniliar laborator'y rodent is an an0l11al,y of the ani111al 

kingdonl in several respects, not least of which is the unique 

hospitali�y it shows to 1nan'y kinds of foreign-tissue grafts 

by Rupert E. Billingham and Willys K. Sih"ers 

A 
fairly recent addition to the se
lect number of small mammals 
that have been domesticated for 

laboratory use is the Syrian, or golden, 
hamster. About midway between the 
mouse and the rat in size, reasonably 
placid, clean and prolific, it is easy 
to maintain and handle. These virtues 
alone would account for its growing 
population and numbers, now estimated 
at 100,000, in laboratories around the 
world. The hamster does special service, 
however, in those lines of investigation 
that involve the transplanting of tissue 
from one animal to another: studies of 
cancer, aging, endocrine function and, 
of course, the immunological reaction 
that ordinarily brings about the rejec
tion, or "sloughing off," of a tissue graft. 
To make other species serve this purpose 
requires the mating of brothers to sisters 
over many generations to produce at 
last a stock of individuals with the genet
ic compatibility of identical twins; de
creasing fecundity of the breeding line 
is only one of the hazards that can bring 
such an inbreeding program to a halt. 
Among the members of any laboratory 
colony of hamsters, in contrast, one usu
ally finds that a high proportion of in
dividuals will exchange tissue grafts. In 
addition, it is fairly easy to inbreed a 
strain for full compatibility. More re
markable still, the cheek pouch of the 
hamster, in which it collects and trans
ports food in nature, will accept grafts 
not only from other hamsters but also 
from other mammals and even from ani
mals as alien as the frog. 

Plainly the hamster is deserving of in
vestigation in its own right. At the Wis
tar Institute of Anatomy and Biology in 
Philadelphia we have over the past sev
eral years established the genetic basis 
of the animal's remarkable receptivity to 
homografts-grafts from genetically un
related members of its species. Our find-
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ings show that the hamster presents one 
of the Simplest instances of the working 
of one of the many different genetic 
mechanisms that underlie the unique
ness of the individual at the biochemical 
level. The cheek pouch is another mat
ter entirely. The receptivity of this tissue 
environment to heterografts-grafts from 
members of other species-as well as 
homo grafts is not yet explained in full 
or with certainty. It may hold a clue to 
the nature of the barriers that insulate 
tissues and glands that have distinctive 
biochemical constituents from one an
other in the body-bat:riers that break 
down in certain rare cases of autoim
munological disease. 

Although the Syrian, or golden, ham
ster has come to be known as "the ham
ster," it is one of three species-along 
with the European black-bellied hamster 
and the Chinese gray hamster-that have 
been brought into the laboratory. In 
nature it is one of 66 varieties or su b-

species distributed over the Eurasian 
continent. Belonging to the mouse group 
in the large order of rodents, hamsters 
are formally designated as the family 
Cricetidae. They dwell in deep, cham
bered burrows in which they hoard grain 
and other vegetable foodstuffs foraged 
from the 'field at night. As a result of 
their short gestation period of 16 days, 
the large size of their litters and the early 
sexual maturation of the female, at four 
weeks, these animals have a remarkably 
high rate of reproduction and are con
sidered a pest in agricultural lands. 

Of all the hamsters, the Syrian is one 
of the most narrowly restricted in natural 
habitat, being confined to the Mediter
ranean side of Asia Minor. It was first 
identified as a species (Mesocricetus 
at/mttls altmtus ) in 1839 by the British 
naturalist George R. Waterhouse, who 
obtained a single characteristically fawn
colored specimen from Aleppo in Syria. 
It was not until 1930, when 1. Aharoni 

GOLDEN HAMSTER is a relative newcomer to the laboratory. All domesticated hamsters 
are descended from a single litter found in Syria in 1930. As a result of their recent common 
ancestry different laboratory stocks of hamsters may be very closely related genetically. 
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of the Hebrew University in Jerusalem 
captured a litter from a deep burrow, 
that this hamster began to attain a more 
cosmopolitan distribution. All the do
mestic stocks of the animal are descend
ants of one male and two females of 
Aharoni's original litter. 

The Adam-and-Eve-like origin of the 
laboratory hamster suggests itself as the 
first explanation for the animal's accept
ance of homografts. As recent successes 
in surgery have advertised, tissue grafts 
and even organ grafts have been suc
cessfully exchanged between identical 
twins [see "The Transplantation of the 
Kidney," by John P. Merrill; SCIENTIFIC 
A�lERICAN, October, 1959]. Identical 
twins, in consequence of their derivation 
from a single fertilized egg cell, have ex
actly the same genetic and biochemical 
constitution. Grafts exchanged between 
them are more properly termed isografts. 
Foreign tissue in the form of a homo
graft or heterograft, on the other hand, 
elicits the build-up of a state of specific 
resistance in the host's body-an im
munological reaction-and the total de
struction of the graft as a living entity 
follows. Not being represented in the 
host's own body, certain constituents of 
the foreign tissue are antigenic, just as 
foreign blood proteins and pathogenic 
organisms are. The tissues of the host
specifically the tissues of the host's lym
phatic system-respond by producing 
the complementary proteins, called anti
bodies, that neutralize the antigens. 

I n the case of the heterograft the 
foreign proteins are more diversely and 
powerfully antigenic and provoke a cor
respondingly powerful antibody re
sponse. Skin grafts exchanged between 
adult mice and rats or between hamsters 

and rabbits normally heal in feebly, ac
quire a poor and transient blood supply 
and suffer complete cell death within a 
week. Although homo grafts also provoke 
antibodies in the host, these do not ap
pear to play any significant role in the 
destruction of the graft. The transplant
ed tissue develops a better blood supply 
and gives the appearance of "taking" 
before it breaks down. The agents that 
attack and destroy the homograft seem 
to be lymphocytes : white cells produced 
by the lymph nodes and carried to the 
site of action in the blood. In this respect 
homograft immunity appears to be re
lated to the similar immunity (here 
meaning sensitivity) that is built up in 
the human body in response to poison 
ivy and certain chemical agents [see 
"Delaved Hypersensitivity," b�' Alfred 
J. Crowle; SCIENTIFIC AMERICA:\", April, 
1960]. 

Recent research indicates that the 
transplantation antigens liberated by 
homografts are lipoproteins-proteins 
with a lipid, or fatty, molecular con
stituent-and that they are associated 
with membranous structures of the cell. 
Furthermore, like the antigens involved 
in blood-group incompatibilities, trans
plantation antigens are determined by 
multiple dominant genes, termed his
tocompatibility (tissue compatibility) 
genes. The tedious and uncertain process 
of inbreeding, which must be carried 
through at least 20 consecutive genera
tions, is necessary to produce uniform 
populations for transplantation experi
ments. In such a stock, or strain, every 
member has the same genetic constitu
tion, including, of course, identical com
plements of histocompatibility genes. 
Obviously the distinctive genetic consti-

tution of an inbred strain will depend on 
the genetic constitution of the particular 
base-line breeding pair from which it 
was initially derived. Thus members of 
different inbred strains of entirely inde
pendent origins may differ from one an
other just as much as do randomly se
lected individuals from an outbred, or 
wild, population. 

The discovery that members of an 
.. ordinary breeding colony of hamsters 

would exchange tissue grafts successful
ly was made quite by accident in 1939, 
when the animal was still a newcomer 
to the laboratory. Investigators at the 
Imperial Cancer Research Fund Labora
tories in London were surprised to find 
that they could transplant tumors from 
one animal to another ,,·ith a high degree 
of success. Independent studies by 
Richard A. Adams and his colleagues at 
Boston University and bv 'Villiam H. 
Hildemann and Rupert E. Bil;inghJm, 
coauthor of the present article, con
finned that homograft rejection occurred 
far less frequently in the hamster than in 
other species. They found, in fact, that 
the majority of grafts exchanged among 
members of noninbred stocks were uS·J
ally accepted for long periods, if not 
permanently, in perfectly healthy condi
tion. It looked almost as though the ham
ster's immunological machinery for re
acting against homografts was not fully 
developed. This possibility was set aside, 
however, by the observation that homo
grafts exchanged between some donor
recipient combinations were rejected in 
a prompt and orthodox manner. The 
high degree of compatibility to homo
grafts displayed by these animals was 
therefore to be regarded not only as a 

CHEEK POUCHES of the hamster in this photograph have been 

stufl'ed with cotton wool to demonstrate their great storage capac· 

ity when fully distended. Normally the pouches are used to trans-

port large quantities of food to the rodent's elaborate underground 

burrow. The hamster's parsimonious habits are the source of its 

common name: hrl1nstern in German means "to store or to hoard." 
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DIFFERENCE OF ONE GENE between an original (PI) breeding 

pair will result in four possible genetic combinations in the chromo· 

somes of the second·generation (F 2) hyhrids. Of these, three will 

receive at least one specific antigen·producing gene from one of the 

PI grandparents and consequently will tolerate a skin graft taken 

from any member of the inbred strain to which that grandparent 

happened to belong. The fourth will reject such a graft, since the 

antigens received from it would be foreign to this hybrid's own 

genetically determined set. The same situation of course holds true 

for grafts taken from the other P 1 strain. Regardless of the number 

of genes by which any PI pair differs, all first·generation (F1) off· 

spring will accept a graft donated by a member of either PI strain. 

convenience for the investigator but also 
as a question for investigation. 

The most obvious hypothesis was that 
the genetic constitutions of the labora
tory hamsters are differentiated at rela
tively few histocompatibility loci-these 
being locations on the chromosomes 
at which alternative histocompatibility 
genes may occur in different individuals. 
Work in our laboratory has recently con
firmed this hypothesis. We have found, 
in fact, that the laboratory hamsters, at 
least, have only three such loci. 

The making of such a determination 
for any laboratory animal begins with 
the crossing of two isogenic lines. The 
members of each such line have two 
identical sets of chromosomes ( 44 
chromosomes in all) , so that each 
histocompatibility gene is present in 
duplicate. When the lines are crossed, 
the first-generation hybrids (F I) in
herit one complete set of chromosomes, 
including all the histocompatibility 
genes, from each parent. Since these 
genes are codominant, the histocompati
bilities of both lines are expressed in 
the make-up of the offspring. The F 1 
hybrids will accordingly accept grafts 
from either parental strain. When the 
F 1 hybrids produce their sperm and egg 
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cells, however, they likewise pass on only 
a single set of chromosomes (22 alto
gether) . Each chromosome of this set 
will be an exact replica of each of the 
chromosomes present in one or the other 
of the original isogenic parental strains, 
but which chromosome will come from 
which strain is a matter of chance. The 
second-generation offspring (F 2 ) pro
duced by the matings of the F 1 indi
viduals are thus genetically heterogene
ous, in particular bearing all possible 
combinations of the histocompatibility 
genes present in the two original pa
rental strains. Some percentage of F 2 
offspring will inherit all the histocom
patibility genes of one or the other 
original strain. This percentage is pre

. dictable and depends on the number of 
histocompatibility genes by which the 
strains differ from each other. If they 
differ by only a single gene, as, for ex
ample, when one is AA and the other 
N N, then out of the four possible com
binations into which the original pairs 
of genes can be reassorted, half will bear 
the codominant histocompatibility genes 
of both parental strains (AN) and a 
quarter each will bear the gene of one 
or the other (AA or A' A') . 

As a result 75 per cent of the F 2 gen-

eration will accept grafts from either 
strain-a different 75 per cent in each 
case. If two loci are involved, 56 per 
cent will show histocompatibility with 
one or the other strain. Provided that 
each gene is passed on independently 
and provided that the antigen deter
mined by each is singly sufficient to elicit 
the immune reaction to the homograft in 
a host that lacks this gene, the percent
age of F2 individuals that will accept 
grafts from one or the other parental 
strain can be shown by the laws of prob
ability to be equal to (.75) ". The expo
nential n is simply the number of histo
compatibility loci at which the parental 
strains differ. By challenging a fairly 
large number of F 2 animals with grafts 
from their parental strains and determin
ing the percentage that accept them, the 
value of n can be calculated from the 
equation. Since (.75) 2 equals .56, for 
example, the finding that 56 per cent 
accept grafts from one or the other strain 
can be taken as an indication that two 
histocompatibility loci are involved. It is 
apparent that this procedure can only 
give some idea of the minimum number 
of histocompatibility loci present in a 
species. Experiments conducted with in
bred strains of mice and rats have indi-
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How to keep your money in two different places 

Some people think it doesn't matter 

where you keep your savings as long as 

you receive a high return. They often 

have their checking account at a Full 

Service commercial bank and their sav

ings in some other financial institution. 

Whether this is penny-wise or pound

foolish depends mostly on what these 

people expect from a financial institu

tion. If all they want is maximum re

turn on their savings, it's a good idea. 

But if they want to establish a partner

ship which can really help them grow 

financially, it could be a serious mistake. 

People with plans prefer a 

Full Service commercial bank 

People with plans for their savings-like 

buying a house or car, sending the kids 

to college, or taking advantage of a 

business opportunity-know that there's 

one type of financial institution that 

(AND LIVE TO REGRET IT) 

can act as their partner in carrying out 

these plans. That's a Full Service com

mercial bank. This is true because a 

Full Service bank, unlike other finan

cial institutions, can lend money for 

practically any legitimate purpose. And 

lend it at rates generally lower than 

you'd find anywhere else. 

How to make a Full Service 

bank your "financial partner" 

First, pick a Full Service bank near 

your home or work and make it your 

financial headquarters. (You can be 

sure it's a Full Service bank if it offers 

checking accounts, savings accounts 

and all kinds of loans.) 

Get acquainted with at least one of 

the bank's officers so that you know 

where you stand financially right now. 

When you need some extra money, 

borrolV it from the bank (instead of 

taking it out of your savings). This does 

two important things for you: It keeps 

your savings account intact and grow

ing; and, it helps you establish a good 

credit reputation. 

When you're ready for a major 

financial move, you'll find the bank 

can help you with sound advice and, 

chances are, with a low cost loan. No 

other type of financial institution can 

do as much for you. 

To sum up: If your future financial 

plans call for credit-to buy a house or 

car, or take a trip, or whatever -you'll 

be dollars ahead if you start doing busi

ness with a Full Service commercial 

bank right now. You'll never regret it. 

�!* Your Full Service ..A-BANK.J... 
pl(SERVlCEV\. CommerciaL Bank *�® 

COPYRIGHT 1962/rOUNOATlON fOR COMMERCIAL BANKSjPHllA.. l, 1''' 
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cated that these species have at least 15 
such loci. 

l�or our work with hamsters we inbred 
three strains, bringing each in a few 

generations to complete histocompati
bility, as evidenced by the consistent, 
long-term acceptance of intrastrain 
homografts. What is more, the invariable 
rejection by each strain of grafts from 

the other two showed that these strains 
differed from one another with respect to 
their histocompatibility genes. 

When we carried out grafting tests of 
F 2 hybrids in different combinations of 
these strains, the results indicated that 
tissue-graft incompatibility between the 
three strains depended on d;fferences 
in genes present at no more than three 
loci. The alternative genes at only one 

of these loci appear to be of major im
portance in that they determine the pro
duction of antigens strong enough to 
cause the rejection of a graft within two 
weeks. 

One obvious explanation for the pau
city of histocompatibility genes in the 
hamster is that Aharoni's original breed
ing trinity was almost, if not completely, 
uniform at least with respect to their 
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DIFFERENCE OF TWO GENES between PI progenitors will re

sult in 16 possible genetic combinations in the F? generation. In 

this case nine of the 16, or 56.2 pel cent, will accept ; graft from one 

of the PI strains. Four will accept a graft from either P1 strain �nd 

two from neither. The FI generation will again accept either Pi 
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graft. By working backward from the observed percentage of suc

cessful P 1 to F 1 transplants, the authors have been able to deter

mine a maximum possible histocompatibility gene difference be

tween random combinations of PI hamsters equal to only three 

factors. By contrast, mice and rats differ by at least 15 factors. 
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complement of these genes. Even if this 
were the case, however, one might have 
expected that a number of histocompati
bility mutations would have occurred 
during the domestic history of the spe
cies. An appreciable number of muta
tions affecting eye and coat color have 
been observed in laboratory colonies. 
Current experiments with hamsters of a 
different subspecies, Mesocricetus aum
tus brandti, captured for us in Kurdistan, 
suggest that a high degree of compati
bility to homografts may be a character
istic of this subspecies as well as of M. 
atlratus aumttls and perhaps of other 
members of the Cricetidae family too. 
The paucity of histocompatibility genes 
in the domesticated Syrian hamsters 
would thus reBect the situation in wild 
populations. The only other mammal 
that is known to show a tolerance ap
proaching that of the hamster is the 
Mongolian gerbil (Meriones unguicula
tus), a rodent only recently recruited to 
the laboratory. 

From early in the hamster's laboratory 
career investigators were attracted by 

the potential usefulness of its cheek 
pouches. These are tubular prolonga
tions of the animal's cheek cavities that 
run backward beneath the skin of the 
shoulder regions. They are lined by a 
continuation of the mucous membrane 
of the mouth and have a rich blood sup
ply. When empty, they are three to five 
centimeters long and a centimeter wide, 
but they can be distended by food to 
more than twice this size. Because of the 
loosely packed, highly elastic connec
tive tissue that unites the wall of the 
pouch to the adjacent tissues of the 
cheek, one can easily evert the pouch by 
grasping its "blind" (inner) end with 
forceps. Stretched out on a block of glass 
and transilluminated, the relatively thin 
sheet of hairless skin provides an ex
cellent preparation for studies of the 
blood circulation in its rich plexus of ves
sels. Indeed, it is almost as useful for 
such purposes as the web of the frog's 
foot, the wing of the bat or the tail of 
the tadpole. When released, the poucl-
returns to its normal position by muscu
lar contraction. 

Investigators soon found that the 
pouch tissue is a hospitable site for tissue 
grafts. Small pieces of tumor tissue from 
other hamsters rapidly acquire a blood 
supply and begin to grow upon insertion 
in a tiny incision in the pouch. Such 
grafts can readily be inspected in situ 
under the microscope, and specimens 
can be removed for study or transplan
tation to other hamsters. Even small 
numbers of dissociated tumor cells may 

give rise to a solid tumor mass upon 
simple injection into the pouch wall. 

In the course of such experiments it 
was found that the pouch will invariably 
accept homografts without regard to the 
strain of the donor hamster and will not 
infrequently accept heterografts for ex
perimentally useful periods of time. Since 
grafts of either type were rejected from 
. other sites in the same animal or in oth
ers of its strain, some factor other than 
the hamster's paucity of histocompatibil
ity genes was indicated. The cheek 
pouch was somehow immunologically 
privileged. It was clear that foreign
tissue grafts in this environment either 
were insulated from the consequences of 
the immunological response or failed to 
evoke a fully effective response. Ex
amples of such immunological privilege 
are well known. Cartilage typifies privi
lege of the first sort; because it requires 
little by way of a blood supply and enters 
into minimal exchanges with the body of 
the host, a cartilage homograft is pro
tected from whatever response it evokes 
in the host. The brain is an immunologi
cally privileged site of the second kind. 
Crafts implanted in the cerebral cortex 
derive a rich blood supply from it but 
often fail to elicit an immune response. 
The reason for this, apparently, is that 
the brain has no lymphatic drainage sys-
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tem. In the absence of the pathway that 
carries the antigenic stimulus from other 
sites in the body to the lymph nodes
the seat of the immunological response 
-a graft in the brain does not excite the 
production of antibodies and immuno
logically activated lymphocytes. 

Upon reBection we decided that the 
situation here might resemble that 

in the brain. We quickly found confirma
tion of this hypothesis. Homografts from 
an incompatible strain that had become 
well established in an animal's pouch 
could be destroyed by challenging the 
animal with a skin graft on the chest or 
simply with an injection of cells from 
the same strain. Furthermore, prior im
munization of an animal by the same 
means would prevent a subsequent graft 
from becoming established in the cheek 
pouch. Once a state of immunity has 
been evoked, in other words, it can 
express itself just as effectively in the 
pouch as elsewhere in the body. The 
hospitality of the pouch to foreign tissue 
must therefore depend on some barrier 
that keeps the antigens liberated by 
a graft in the pouch from gaining 
access to the host's seat of immunologi
cal response. 

In search of insight into the specific 
nature of the barrier, we now prepared 

MICE AND RATS 

t 
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NUMBER OF HISTOCOMPATIBILITY GENES (LOCI) 

DISP ARITY between tbe bamster's homograft compatibility and that of some closely related 

rodents is illustrated in this graph. At least 40 per cent of the hamsters tested accepted P J to 

F 2 transplants, whereas no more than 1 per cent of such grafts succeeded in the case of mice 

and rats. All higher mammals, including man, differ by more than IS histocompatibility 

gene factors and accordingly accept fewer tban 1 per cent of all PI to F 2 transplants. 
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Electrical Noise & 
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Diode 
Failure 

Multistate noise in a zener diode 
swept over a current range from 
zero to 10 rna as displayed from 
broad-band output. This diode has 
a high probability of premature. 
failure. Vertical scale, 1 mv/cmj 
horizontal scale; 1 rna/em. 

Diode defects such as surface 
contamination, junction irreg
ularities, discontinuities in 
the current carrying path, 
etc., may be readily detected 
and identified through analy
sis of the electrical noise they 
generate. By means of simple, 
non-destructive testing, diodes 
containing such potential-fail
ure mechanisms may be culled 
at incoming inspection 01' at 
s o m e  s i m i l a r  p r e-as s e m
bly stage. 

Co n v e n t i o n a l  rli o d e  t e s t s  
quickly indicate diodes that 
have all'eady gone "out of 
specs" 01' failed entirely. The 
great advantage of noise test
ing lies in its ability to 
identify those components 
having a high probability that 
they will fail. 

The Quan-Tech Model 327 
Diode Noise Analyze?' is now 
available fo1' delive1'Y. This 
singl e, compact, bench-size 
unit nwaSU1'es noise voltage 
at 10 cps and 1 KC. Both 
test voltage and CU1'1'ent may 
be automatically swept. Out
puts fOl' visual monit01'ing 01' 
data processing. 

PRICE: $2450 
F.O.B. Boonton, N. J. 

Full technical details 
available on request. 

uan'-.Ie'ch 
LABORATORIES, INC. 

62 PARSIPPANY BLVD., BOONTON, N. J. 
Phone: (201) 334-8500 

LOCA TION OF EMPTY CHEEK POUCH is indicated in this drawing by the broken line. 

When fuil, as in the photograph on page 119, the volume of the pouch is more than doubled. 

relatively large grafts of pouch "skin" 
and transplanted them to prepared sites 
on hamsters' chests. The grafts from 
donors to recipients of the same strain 
healed in rapidly, acquired a rich blood 
supply (indicated by their healthy pink 
color) and were permanently accepted, 
as one might anticipate. To our gratified 
surprise, pouch skin grafts between 
strains known to be incompatible for 
ordinary skin grafts healed in just as 

promptly. The majority outlived the or
dinary grafts, some of them remaining 
alive and healthy for as long as 100 
days after operation. As in the case of 
grafts to the pouch, these grafts could 
be destroyed by challenging the im
munological mechanism of the host by 
"proxy": with a skin graft or an injection 
of cells from the donor strain. This was 
evidence again that the pouch skin bar
rier works in one direction only and by 

CHEEK POUCHES ARE EVERTED by grasping their deep ends with a pair of forceps and 

withdrawing them through the hamster's mouth. In this position they are useful for studies 

of their rich blood circulation and also as convenient graft sites. Excised pouches, such as 

the one shown in the dish here, can also be test-grafted onto the bodies of other hamsters. 
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"Why we chose the NCR 315 Computer." 

"In these days of sharpened competition, 
maintaining an adequate return on in
vestment requires current, accurate in
formation quickly and clearly presented. 
At Ideal we are counting on our NCR 
315 System to give us much better con
trol over all phases of our operations. 

"Ideal operates 17 plants (an 18th is 
under construction), ranging from Cali
fornia, Oregon and Washington through 
the Mountain, Mid-West and Southern 
states to the Atlantic and Gulf Coasts in 

the Southeast. The control of operating 
and repair supplies, and the value anal
ysis on these materials are big iobs which 
the computer with CRAM will permit us 
to do mare efficiently. 

"Another area where we expect sub
stantial payoff is in the scheduling and 
allocation of production and distribu
tion. In addition to our producing plants, 
we operate a number of storage and 
distribution terminals. Transportation is a 
big item in the delivered cost of cement 

- IDEAL CEMENT COMPANY, Denver, Colorado 

and our computer will assist us in doing 
the best iob at the lowest possible cost. 

"We are scheduling much of our rou
tine data processing activities for the 
315. Also we will make use of it in 
research, exploration, and engineering 
problems. The system's modular design 
and versatility should enable it to take 
care of all our needs for years to come." 

� � 
Cris Dobbins, President, Ideol Cement Company 

NCR PROVIDES TOTAL SYSTEMS - FROM ORIGINAL ENTRY TO FINAL REPORT
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING 
The National Cash Register Co.·l.133 offices in 151 countries· 79 years of helping business save money 
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CUTICLE 

....... -.;. 

CROSS SECTION OF POUCH SKIN reveals its typical three.layer 

construction. Antigen·producing epithelial cells constitute the up· 

permost layer, which is covered by a very thin and compact cuticle. 

Underlying this is an intermediate layer of densely packed muscle 

fibers. Eversion of the pouch is made possible by the great elasticity 

of the loose areolar layer, which connects the pouch directly to the 

inside of the hamster's cheek. Antibodies and lymphocytes are able 

to circulate freely through the numerous blood vessels present in 

both connective·tissue layers, but lymphatic vessels, the ordinary 

avenues of antigenic dispersal, have not been detected in either. 

some means blocks entry into the host's 
system against whatever antigens the 
pouch cells liberate, or against antigens 
liberated by grafts placed in the intact 
pouch wall. 

Microscopic inspection of the struc
ture of the pouch skin suggested a possi
ble candidate for the barrier. Most of the 
living cells in the skin and so most of its 
biochemical activity are located in the 
epithelial, or outer, layer. It therefore 
occurred to us that the antigens liberated 
by these cells and, to a lesser extent, by 
the more sparsely distributed cells of the 
inner connective tissue layer might con
ceivably be prevented from reaching the 
host's body as a result of some sort of 
absorptive activity in the connective
tissue matrix. We explored this pOSSibility 
in two series of experiments. From the 
centers of long-established isografts of 
pouch skin we excised the outer layer of 
epithelial cells, leaving intact almost the 
entire thickness of the pouch skin con-

nective tissue. We then fitted small grafts 
of body skin from an incompatible strain 
into these prepared defects. The results 
were most encouraging. Instead of un
dergoing rejection within two weeks, as 
they would have done if placed in direct 
contact with host tissue, many of these 
"inlays" lived for a long time, regenerat
ing crops of hair of normal denSity. Even 
heterografts of rabbit skin manifested 
some tendency to survive when grafted 
in this manner. 

We then put the barrier hypothesis to 
a more direct test by stripping sheets 
of the rather slimy, elastic connective tis
sue from freshly excised pouches and 
spreading them over graft beds on the 
sides of hamsters' chests. On top of this 
layer of connective tissue we placed 
grafts of skin from an incompatible 
strain. The skin grafts soon acquired a 
normal blood supply without any appar
ent interference from the layer of con
nective tissue. The layer of connective 

tissue did, however, interfere with the 
capacity of the graft to elicit the im
munological response of the host. This 
was evidenced in the prolonged survival 
of many of the grafts. Whether the cell 
population of the connective tissue was 
alive or not at the time of grafting did 
not appear to affect the outcome. Sheets 
of the tissue that had been repeatedly 
frozen and thawed under conditions 
known to be lethal for cells of hamster 
skin continued to demonstrate the bar
rier effect that protected the overlaid 
skin grafts. The barrier did not, of course, 
afford protection from the immune re
sponse of the host elicited by proxy. 

The postulated one-way barrier is 
supported by still another series of 

experiments. We have attempted by 
various means (by the topical applica
tion of chemical irritants and by mechan
ical irritation) to stimulate the release 
of effective amounts of antigen from 

POUCH SKIN GRAFT is shown being applied to a prepared site 

on the side of an anesthetized hamster. The unusually high degree 

of su('cess attained with such grafts lends support to the authors' 

"barrier hypothesis," which was originally postulated to account 

for the behavior of the pouch as an immunologically privileged 

site for the transplantation thereto of many kinds of foreign tissue. 
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long-established pouch skin homografts. 
All of these efforts-including even su
perficial injection with hyaluronidase, 
an enzyme known to dissolve a compo
nent of the ground substance of connec
tive tissue-have proved ineffective. 

The evidence thus leads to the con
clusion that the connective tissue of 
pouch skin presents a barrier to the 
escape of antigens from the graft into 
the body of the host. Whether this is 
due to some enzyme-mediated reaction, 
to absorption or simply to the failure 
of the host's lymphatic system to es
tablish drainage vessels through the con
nective-tissue barrier are (luestions that 
remain to be investigated. 

It is difficult to see what benefit ham
sters can derive from the peculiar im
munological properties of their cheek 
pouches. The barrier it presents to anti
gens may be merely a secondary con
sequence of the anatomical plan of these 
organs, which has been revealed by thc 
unnatural act of grafting. The principles 
underlying the action of the barrier may 
nonetheless have gencral biological im
plications. May not such barriers play 
an important role in keeping individual 
organisms from reacting against certain 
substances in their own systems that are 
known to be potentially antigenic to the 
organism itself? Certain diseases of the 
thyroid gland, for example, appear to be 
the outcome of an immunological re
action against specific products of this 
organ that may have escaped as a re
sult of the compromise or breaking of 
some sort of barrier. It is tempting to put 
another question : Is there any hope of 
finding a source of similar connective
tissue sheets in the human body or of 
being able to produce synthetically a ma
terial that has similar properties? Such a 
material, natural or synthetic, might 
facilitate the acceptance of human 
homografts in reparative surgery. 

fThe hamster's contribution to a gen-
eral understanding of the genetics 

and physiology of the immune reaction 
as it relates to the transplantation of tis
sues does not exhaust its interest for ex
perimental biologists. Another curious 
faculty of the species may derive from 
an adaptation to its native habitat in 
Asia Minor. This is its high resistance 
to colchicine, a drug that inhibits cell 
division. The lethal dosage of colchicine 
is about one milligram per kilogram of 
body weight ill rodents and eight milli
grams per kilogram in man. But for the 
Syrian hamster it is nearly one gram per 
kilogram. This effect, first noted in 1952 
by Margaret 'Ward Orsini and Ben 
Pansky at the University of \Visconsin, 

has recently been exploited by Alvin 
Midgeley, Barry Pierce and Frank J .  
Dixon at  the University of  Pittsburgh to 
investigate the arrest of cell division in 
human tumors planted in the cheek 
pouches of hamsters. It may be that the 
Syrian hamster acquired this tolerance 
because plants of the genus Colchicum, 
which are the source of the drug, have 
their center of distribution in Asia 
Minor and may form part of the ham
ster's diet. 

As hibernators, hamsters have also 
contributed to knowledge of the physio
logical mechanisms that enable some 
animals to withstand reduction of their 
body temperature to low levels. Finally, 
they have proved to be highly suscepti
ble to the polyoma virus, a mammalian 
cancer virus, and to some adenoviruses, 
which cause respiratory disease in man. 
Altogether it appears that the position of 
the hamster in the laboratory is estab
lished, with tenure. 
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ORDINARY SKIN HOMOGRAFT, exchanged between two hamsters known to be incom
patible, is promptly rejected . A ntigenic stimulation of the host's i mmune met·hani sm re
sults in the total destruction of the foreign tissue by an attack force of native lymphocytes. 

POUCH SKIN HOMOGRAFT is accepted. Antigens emitted hy the epithelial cells at the 

surface of the graft are prevented from entering the host's body hy some sort of pbysiologi

{'al barrier located near the upper face of the loose-fobered a reolar l'onnective-tissue layer. 
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SUPERIMPOSED SKIN HOMOGRAFT i s  isolated from tbe host by the long-established 

pouch skin graft underneath. Incompatible antigens from the inlaid skin cannot penetrate 

the pOlH"h's protective barrier to provoke an i mmune response and hoth grafts are accepted. 
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SIMULTA N EOUS A PPLICATION of a skin homograft over a sheet of cheek-pouch con· 

nective tissue a l so re.u l ts  in the long-term survi val of both. Any subsequent i ntrodu{·tion of 

anti geni c mater i a l  hy p r o x y  into the host hody will rause the rejection of all the above grafts. 
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WHY DO ROADS CORRUGATE? 

J\1any explanations have been advanced for the """washboard" surfaces 

so often encountered on unpaved roads. Experin1ents show that these 

jarring ridges come frolTI the rhythn1ical bouncing of vehicle "rheels 

I
n the U. S. today the motorist can still 

find his way off the 2.5 million miles 
of paved highway onto the earth 

and gravel byways that total a million 
miles in length. On these roads, even in 
a well-sprung, shock-absorbered 1963 
automobile, he will sooner or later experi
ence shuddering vibrations generated by 
stretches of corrugated surface often 
called "washboard" or "corduroy." Over 
the smooth stretches his passage will, in 
dry weather, inevitably start the process 
that imposes on the surface a transverse 
pattern of parallel crests and valleys that 
may ripple along for a few yards or for 
miles on end. The problem of road cor
rugation has been solved in the sense 
that it can be cured by paving. It has 
also been solved in the sense that the 
corrugated surface can be shown to be 
the fully understandable result of the 
jnteraction of rolling wheels and un
paved roads. This still leaves the prob
lem of road corrugation unsolved, how
ever, in those regions where high cost 
and low traffic density keep roads un
paved. The problem may be a minor 
one for the U. S. motorist (and perhaps 
a welcome assurance of privacy in the 
outer reaches of suburbia), but it con
stitutes a major impediment to surface 
transportation elsewhere in the world, 
particularly in the developing countries 
where there are tens of thousands of 
miles of new earth-surfaced roads that 
are unlikely to be paved in the foresee
able future. So from a practical stand
point, as well as to satisfy scientific cu
riosity, the physical mechanism of road 
corrugation warrants investigation. 

Our studies at the University of Mel
bourne have gathered a fair sampling 
of the folklore that surrounds the ques
tion. In the dry "outback" of Australia, 
where the roads for hundreds of miles 
are beautifully corrugated, the condition 
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is attributed to the peculiar soil. In the 
course of inquiry I have found that the 
soil is equally "peculiar" in most parts of 
Australia and in New Zealand, India, 
Pakistan, Alaska, the Sahara and Nigeria. 
One local expert says there are too many 
coarse particles; another says there are 
too many "fines." Someone else blames 
the wind generated by the vehicles, an
other their exhausts and yet another their 
pneumatic tires. One whole school of 
theorists postulates "regular impulses 
delivered by a reciprocating engine." 
Among the marvels of contrivance is an 
explanation offered in a textbook on road 
engineering that was reprinted as late 
as 1952. vVhen the front wheels strike 
a bump in the road, this author said, the 
rear axle is made to oscillate about the 
front axle, with the result that the rear 
wheels rise from the ground and fall 
back. The road surface therefore has to 
resist two reactions: the vertical one due 
to the weight of the vehicle and a tan
gential one due to the forward motion 
of the vehicle. The latter causes loose 
material to be thrown forward toward 
the crest of the bump that the front 
wheels have just passed. 

These diverse explanations are all cast 
- in doubt by the observation that cor

rugations can affiict almost any surface 
subject to rolling or sliding motion. As 
municipal engineers well kno\\', bitumen 
streets frequently develop washboard 
surfaces, but the amplitude of the waves 
from crest to trough is relatively small 
and rarely reaches the nuisance level. 
The corrugations are quite easy to see, 
particularly after a light rain, when 
water collects in the troughs, or at night, 
when car headlights throw them into 
relief as a series of shadows across the 
road. Concrete highways are more re
sistant, but even here one can find exam-

pIes of periodicities, often following the 
gap between slabs. 

Corrugations develop even in railroad 
and streetcar tracks. They also tend to 
follow a bump in the line, such as the 
junction between two rails; the "pitch" 
of the corrugations (the wavelength, or 
distance between crests) is never more 
than a few inches. In recognition of the 
peculiar sound produced when a train 
passes at high speed over a stretch of 
corrugated track, such tracks have been 
called "roaring rails." Corrugations can 
also be found on weavers' shuttles, on 
the races of ball and roller bearings and 
on ski trails, and they could probably be 
detected in a multitude of other places jf 
one were to take the trouble to look. 
Street-railway engineers find corruga
tions overhead as well as on the tracks; 
that is, on the overhead copper conduc
tor, where the ripples appear following 
a junction or kink in the line. As will be 
seen, the crests and troughs in these cor
rugations curiously represent opposite 
phases of the process that produces the 
corrugations in the track. 

It was Frederick E. Relton, then at 
the Egyptian University in Cairo, who 
in 1938 first pOinted out that corrugation 
is not a disease of earth roads alone and 
undertook to embrace the various mani
festations of the process in a single gen
eralization. Relton set speculation and 
research on a new course by introducing 
the attractive notion of "relaxation oscil
lation." This is to be distinguished from 
the simple harmonic oscillation observed 
in the free swinging of a pendulum or 
the ringing of a plucked string. Relaxa
tion oscillation is exemplified, on the oth
er hand, in the singing of a bowed string. 
The stick-and-slip friction of the bow 
alternately catches and releases the 
string; energy is stored in the string in 
the momentary "stick" phase of the cycle 

© 1962 SCIENTIFIC AMERICAN, INC



2 

5 

"RELAXATION OSCILLATION" theory was the first attempt to 
explain the periodicity of the ridges in a corrugated road. A mov
ing wheel is said to push ahead of itself a growing heap of surface 

PRESENT THEORY of corrugations is based on the bouncing mo· 
tion imparted to a wheel by random surface irregularities. Each 
impulse (vertical arrows) makes the wheel hop, as indicated 

PROCESS BEGINS when a wheel encounters an obstacle (A in 
top diagram) and is projected upward along a certain angle (a). 
Striking the surface again at 8, the wheel digs itself into a crater. 
It rides out of the crater, over the lip of surface material it has 

3 4 

6 

material (1-3). As the resistance of the heap builds up (4), the 
wheel rides over it, leaving a ridge (5) _ In this way a succes
sion of equidistant ridges might be left along the road (6). 

by the colored line traced by the hub. It is the impact stress on 
the road at the end of a bounce, and not a piling up of loose 
material ahead of the wheel, that begins the corrugation process. 

sprayed forward, at the same angle as before (b) and is again pro· 
jected, repeating the process. Successive passes by similar vehi. 
cles develop a full set of corrugations (bottom diagram). The 
vertical scale is exaggerated in all the drawings on this page. 
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CORRUGATIONS are not generated until a critical speed is reaehed, about four miles an 
hour in the experiments. Thereafter the pitch, or distance between crests, increases with 
speed. The solid black curve is for the author's basic test situation with a hard rubber 
tire. Increasing the sprung weight and stiffening the spring shortened the pitch (broken 
curve); transferring the extra weight to the wheel lengthened the pitch (gray curve). 
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SET OF CORRUGATIONS develops from one major irregularity (top le/t). The crests in· 
erease rapidly in pitch and amplitude as the test wheel completes more circuits. After the 
piteh and amplitude become stable the crests migrate slowly in the direction of wheel travel. 
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and is dissipated in the "slip" phase. This 
system is correctly described as an os
cillating one because of its repetitive na
ture and definite periodicity. It typifies 
a whole class of oscillating systems that 
are encountered in fields as diverse as 
mechanical engineering, electronics, as
trophysics and physiology. The "sweep" 
circuit of a cathode ray oscilloscope or 
television picture tube is one example; a 
condenser charges gradually to a certain 
voltage and discharges, then charges 
again, discharges and so on. The "chat
tering" of a tool set improperly in the 
lathe, the periodic cycles of brain waves 
and the aeolian tones of wind blowing 
through crevices or over tautly strung 
wires-all embody the underlying idea 
of relaxation oscillation. 

Relton pictured the system of the 
wheel and the road as belonging to the 
stick-and-slip class of these phenomena, 
The wheel, as he saw it, exerts a force 
parallel to the surface of the road. In the 
stick phase of the cycle it tends to re
move material from the surface, even as 
it rolls, and to push the material ahead 
of it in a heap. The driven heap presents 
increasing resistance to the wheel and 
the wheel rolls over it (the slip phase 
of the cycle), thereby starting the proc
ess anew. The result is the series of 
corrugations [see top illustration on pre
ceding page J. 

ReIton's theory was attractive because 
it appeared to be applicable to any kind 
of surface and therefore unified a great 
many hitherto independent and dispa
rate observations. It seemed to explain 
not only why corrugations appear in 
some surfaces but also why they do not 
appear in others. This would depend on 
the resistance of a given surface material 
to plastic deformation. ReIton consider
ately spared his readers "the horrors of a 
mathematical demonstration" and did 
not attempt to state his theory in quan
titative form, Nor did he carry out any 
experiments to verify his picture of the 
process, 

Such was the state of the question 
when we undertook our studies in 

Melbourne. Initially we confined our ob
servations to the roads themselves. Thc 
outstanding feature that first impressed 
itself on us was the regular spacing, or 
pitch, of the corrugations; this endows a 
stretch of corrugated road with an un
mistakable pattern, quite distinct from 
the irregular damage of ruts and pot
holes. Generally the pitch is between 
24 and 36 inches and sometimes as short 
as 12 inches. French engineers have re
ported an average of 39 inches in North 
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African desert roads. In Australia we 
found an average pitch of 29 inches, but 
we noted one other significant fact as 
well. The pitch is shorter on roads where 
traffic moves more slowly. This was our 
first clue to the importance of speed in 
forming corrugations. 

In order to become subject to corru
gation, earth roads must be exposed to 
drying weather; the surface material has 
to dry out and lose its cohesion. Corru
gated roads are most abundant in arid 
and semiarid areas. Roads develop cor
rugations in other regions during the dry 
season and dry spells. Last spring around 
Fairbanks, Alaska, I saw roads already 
becoming corrugated only a few weeks 
after the snow had melted off. The cor
rugations always develop first in the 
loose, friable surface material. In dry 
climates even a well-developed corruga
tion remains a soft, sandy mass that can 
be kicked away eaSily with the foot. 
Where rain falls more often these cor
rugations become consolidated into hard 
ridges. 

On our Australian roads we could ob
serve at will the development of corru
gations in an initially smooth surface. 
The limited quantity of loose material 
available at the outset tends to collect 
into three strips running parallel to the 

road. As vehicles h'avel in b0th direc
tions, the offside wheels pick up sand 
grains and throw them forward and to
ward the center, building up a broad 
strip down the middle. The curbside 
wheels similarly cast the grains toward 
the sides, forming the two narrower 
strips, one down each side of the road. 
It is in these strips, where there is a 
surplus of loose material, that cOiTuga
tions first develop. Ultimately, as enough 
material becomes available from the 
wear and tear of traffic, the strips link 
up to give rise to ridges extending right 
across the road. 

After watching this happen a suffi
cient number of times it occurred to us 
that we never saw the reverse process 
take place. In other words, starting with 
a road surface of a given degree of rough
ness, the rolling wheels of traffic did not 
make it smoother by wiping off the high 
spots and filling in the low. On the con
trary, every time we watched we saw 
a smooth, freshly graded road trans
formed into a washboard. The con
clusion was plain: smooth roads are 
unstable under the action of wheels; the 
stable surface is the corrugated one. 

Having learned this much from in
spection of the dusty Australian roads, 
we began to understand what we were 

:.: ........... " 

seeing as we watched the cars and 
trucks speed over them. Most instruc
tive was the rapid bouncing of the 
wheels and the way this raised the dust. 
Even on uncorrugated roads the dust 
comes off in little spurts-not uniformly, 
as one would expect. Each wheel is sub
jected to a random succession of small 
impacts, which are due to stones and 
pebbles of diverse sizes. The resulting 
semiregular oscillations raise the dust 
more at some points than at others. 

We were now ready to observe the in
teraction of wheel and road surface 

at closer range under controlled condi
tions in the laboratory. Our first experi
mental "vehicle" consisted of a five-inch 
wheel mounted on a shaft, the other end 
of which was pivoted at the center of a 
circular track 24 inches in diameter. The 
foundation was a COl�crete slab with a 
layer of sand spread over it in the ex
pectation that sand would corrugate 
quickly, if at all. We moved the wheel 
around the track by putting a finger be
hind the shaft and pushing it around 
the pivot to the beat of the family 
metronome. Greatly to my surprise this 
produced fairly regular little corrugations 
several inches apart in the sand. In the 
course of an hour's work we learned 

ELECTRIC MOTOR--'-��-rr-r::::� 
VARIABLE 
POWER 
SOURCE 

) 

CONCRETE FLOOR 

EXPERIMENTS were conducted with the equipment shown here. 
The test track was 64 inches in diameter and the motor drove the 

wheel at up to 10 miles per hour. The amplitude of corrugations was 
measured with a micrometer screw mounted vertically in a tripod. 
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MODERATE CORRUGATIONS are seen in this photograph made in the Australian state of 
Victoria. The ridges are typical of those formed on graded dirt roads in dry weather. 

DEEP CORRUGATIONS were formed in this sandy road in the dry uplands of Australia's 
Northern Territory. They are most pronounced in the unpacked sand between the major ruts. 
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enough about corrugations to form 
strong suspicions concerning the relaxa
tion-oscillation theory in the form pro
posed by Relton. 

In the first place, when the wheel was 
moved slowly and steadily around the 
track, it certainly caused plenty of de
formation of the surface (in fact, it pro
duced a deep rut), but it gave no sign 
of pushing a heap ahead of it, let alone 
riding over the heap and starting an
other. It was obvious that the wheel 
was cleaving some of the sand aside 
to form the longitudinal "lips" of a rut 
and consolidating the remainder un
derfoot until there was a firm enough 
bed so that nothing much more hap
pened. In the second place, when we 
pushed the wheel around the track con
siderably faster, corrugations started to 
appear and then grew rapidly. This 
squared with our observations on earth 
roads: that speed is a major factor in 
building up corrugations. 

W ith this encouragement we built a 
somewhat more elaborate system, 

equipped with a spring-mounted wheel, 
a variable-speed electric motor, a revolu
tion counter and provision for changing 
all the important constants of the system. 
The stiffness of the spring, the mass of 
the rotating arm, the mass and size of 
the wheel and the stiffness of the tire 
were made independently adjustable so 
that their effects could be investigated 
one at a time. The diameter of the track 
was 64 inches, and steady speeds could 
be maintained from just above zero to 
about 10 miles per hour. Again we em
ployed a fine sifted sand for most of the 
experiments, but occasionally we sub
stituted gravel, sand with a wide range 
of particle sizes and even rice grains, 
sugar and split peas! All of these mate
rials corrugated provided that they were 
dry and did not cohere. 

Perhaps the most valuable finding to 
issue from 100 experiments with this set
up and a total of about 60,000 revolu
tions of the wheel is that corrugations 
can be generated readily. Corrugations 
could always be produced in dry sand; 
with hard tires and rigid wheels they 
developed quickly, but with soft tires 
they were faint and often hard to see. 
n the surface of the sand was damp
ened, the resistance to corrugations 
increased greatly, in accord with the 
general observation that road cOlTuga
tions are "dry weather" effects. 

One point that has long confused the 
literature was disposed of promptly. 
'Vhether the wheel was driven by its 
shaft or we unlocked the wheel and 
pushed the shaft by hand, corrugations 
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To Protect Metals 
From Corrosion, 

Read These 
Test Results On 
A New Silicone 

A new silicone metal protectant, UCAR 
101, is the answer to many problems in 
corrosion - and in protectants, too. Its 
adhesion to metals is unusually tena
cious. It is effective on all metals in the 
electromotive series from magnesium to 
gold. It is easily applied and forms a 
thin, colorless film-as thin as 1/10,000 
of an inch-so that the ratio of coverage 
to volume is exceptionally high. 

Prior to use of UCAR 101, build-up of cor
rosion products altered critical surface 
dimensions of microwave guides. Engi
neers can now apply the super-thin sili
cone and prevent corrosion without 
changing performance of waveguides. 

Most important of all, UCAR 101 is free of 
pinholes and truly non-porous-superior 
to plated coatings in resisting penetra
tion by corrosive moisture and oxygen. 
It even surpasses the oxide films formed 
on such metals as aluminum and stain
less steel. 

Tests of this protectant in Union Carbide 
laboratories have produced some inter
esting results. Unusual flexibility, for ex
ample, was demonstrated when a treated 
steel test sample was bent 180° around 
a '1,/1 mandrel without film damage. 

Similarly, 14-gauge copper wire covered 
by this silicone film was stretched more 

t h a n  30%, a n d  i n  o t h e r  t e s t s  w a s  
wrapped around itself. There was no 
damage to the finish. 

In an impact test, UCAR 101 on steel sur
vived a 60-in. lb. drop test. Steel sam
ples have been cut without fracturing 
the film edges or causing peel-back. 
Treated samples have been buried in 
the ground for six months with no sign 
of failure. And in cycled alkaline solu
tion, UCAR 101 has already outlasted 
other organic coatings 20 times. Its arc 
resistance is 80 seconds in ASTM Test 
D-495-48T. 

UCAR 101 can be applied over such fin
ishes as anodized aluminum and other 
surface passivating effects, or can re
place them in many instances. Applied 
to decorative metal objects that require 
partial tarnishing for an antique effect, 
or to accent design details, it will arrest 
tarnishing at the desired stage. 

It has preserved the new appearance of 
expensive silver-plated rectifier tubes 
throughout six months of exposure. 
Moreover, when used on machine parts, 
it is so thin that it will not interfere with 
tolerances, eliminating elaborate re
moval operations. 
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the result of three years' testing of more 
than 100 different organic coating sys
tems. 
The INCRA report recommends that sur
faces exposed to heavy traffic and ex
tremely severe environments be given 
two coats of silicone finish. Total sili
cone film thickness would thus be 0.3 
mils at most. The silicone is covered by 
an organic topcoat which protects the 

silicone from severe abrasion, while the 
silicone maintains the natural color and 
beauty of the metal. 

However, two coats of silicone finish 
alone will suffice for moderate service 
conditions, according to the INCRA. The 
customary surface preparation by clean
ing, buffing, and abrading is required. 

As the leading innovator in silicones 
technology, Union Carbide is constant
ly developing such new products as this 
metal protectant. Information on sili
cones generally, or UCAR 101 in particu
lar, is available through your Silicones 
Man. Contact him now. 

UNION CARBIDE and UCAR are registered 

trade marks of Union Carbide Corporation. 

r-----------------, 
I I 
I Silicones Division, I 
I Union Carbide Corporation I o 10 20 ,0 40 

EXPOSURE TII.IE (HRS) 
1200 I Dept. A 84-1202, 30-20 Thomson Avenue I I Long Island City 1, N. Y. 

For high-temperature service, UCAR 104 
performs as shown here. Rating of 100 is 
excellent, 50 fair, and 0 failure. 

Service temperatures for UCAR 101 aver

age 200° C., sufficient for most general 
purpose applications. For higher tem
peratures, another formulation, UCAR 104, 
provides a range around 300°C., as 
shown on the accompanying graph. 

The International Copper Research As
sociation has announced its develop
ment of an optimum metal protectant 
system for copper and copper products, 
based on 'Union Carbide' Silicones. It is 

I In Canada: Union Carbide Canada, Ltd. 

I Bakelite Division, Toronto 12. 

I Please send me data on 

I UCAR Metal Protectants 

I 
I NAME ____________ _ 

I 
I TITLE ____________ _ 

I 
I COMPANY ____________________ _ 

I 
I ADDRESS ________________ _ 

I CITY ____________ _ 

I 
ZONE· STATE 

L _________________ � 
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3 Practical 
approaches to 
programming 

These basic types of Industrial 

Timer Prog rammers provide fast, 

practical solutions to a wide variety 

of automatic control problems rang

ing from blooming mill control to 

automatic chemical batching and 

quality testing of finished products. 

Relatively simple in design they 

are very reliable and operate from 

punched cards or punched tapes, 

providing direct coritrol  without 

coding or decoding. Each type is 

fully discussed in individual bulle· 

tins mailed same day your request 

is received. 

Card Reader Controls 85 load cir

cuits through 30 functions. 6" x 9" 

Mylar card is read one row at a time 

b y  b r u s h  a n d  c o n t a c t  r e a d i n g  

assembly. Bulletin .n 00 

Programming Cam Timers Operate 

from 1 to 21 circuits in any of 600 

time cycles ranging from 2/3 sec. to 

72 hours (3 days). Bulletin #200 

IBM Type Card Reader Statically 

reads standard IBM card. Provides 

simultaneous access to all  960 

contact pins on output side of card. 

Bulletin #101 

Do you have a timing problem? If so, 

we'd like to hear about it. In any 

case, write for one of our catalogs. 
1. Timing Controls-50 pages. 
2. Relays-3D pages. 
3. Photographic Products-18 pages. 

INDUSTRIAL 
TIMER CORPORATION 

103 U.S. Highway 287, Parsippany. N. J. 
In Canada: Sperry Gyroscope Ottawa limited, Onto 
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SHALLOW CORRUGATIONS can develop in bitumen or even concrete surfaces. These de· 
pressions, accentuated by puddles of rain water, were photographed on a street in Montreal. 

resulted. It does not matter, therefore, 
whether the wheel is driving or idling. 

Speed proved to be the really vital 
factor. There is a critical speed (about 
four miles per hour in our experiments 
with the model track) that must be 
reached before corrugations will start, 
no matter how long the wheel runs. 
Above the critical speed the corrugation 
'pitch increases in proportion to speed 
[see top illustration on page 130]. The 
actual pitch depends, of course, on the 
experimental conditions (the character
istics of the surface material and the 
vehicle), but in our experiments with 
sand it ranged from one to five inches. 
The rate at which corrugations devel
oped also increased greatly when the 
wheel was rolled above the critical 
speed. At seven miles per hour they 
would become visible by the time the 
wheel had made five circuits of the track. 

C olTugations always tended to form 
first at irregularities on the track. 

We usually followed the practice of 
leaving part of the concrete base bare 
so that at one point along the track the 
wheel had to run up a gentle slope onto 

the sand layer, about half an inch thick. 
At low speeds the pattern invariably 
began there, then propagated steadily 
around the rest of the track. Similarly, 
any obstacle deliberately introduced 
would start its own sequence of corruga
tions. At higher speeds, however, the 
corrugations propagated so quickly that 
it was difficult to see where they started. 
We concluded that they started at many 
points, as they do on an actual road. The 
track could never be made perfectly 
smooth, and any slight irregularity be
comes a potential source of corrugations 
as the speed rises. 

Without exception the corrugations 
would have a short pitch when they 
first appeared. The pitch would then 
grow in length as the corrugations de
veloped in amplitude. Finally, the pitch 
and amplitude would reach stable values 
corresponding to the speed of the wheel. 
In the course of our experiments we also 
observed that the entire pattern of cor
rugations moves along the track in 
the direction of motion of the wheel. 
This was interesting because engineers 
have reported such movement, but in 
the opposite direction, on roads. Here 

© 1962 SCIENTIFIC AMERICAN, INC



FROM ANCIENT COMPASS TO TITAN 

Astrologer's Compass (China-19th Century)-Although the Chinese invented the compass, it was 
the Arabs who first adopted it for navigation. The characters on this compass are a compendium of 
astronomical and terrestrial lore. (Cranbrook Institute of Science) 

RAPID DEVELOPMENT, LOW COST AND ACCURACY 
-AC SPECIALTIES 

Early navigational devices helped provide the knowledge for the development of 
today's precision guidance systems, like AC's all-inertial guidance package for the 
T ITAN I I . This system, developed in rapid time, featuring miniaturized components, 
is helping to keep the T I TAN on a timetable for operational readiness. At the same 
time, this system is scoring an outstanding record of reliability and accuracy. The 
ability for rapid development, at low cost, with outstanding accuracy is now being 
applied to the USAF T I TAN I I  and I I I , and NASA's APOLLO systems, as it has been 
successfully applied to the THOR, MACE, REGULUS and ALR I systems and POLAR I S  
inertial components. Weapon System I ntegration, and production of major com
ponents of the Bombing Navigational System for the B-52 C & 0 aircraft are also 
among AC accomplishments. 

Perhaps AC's capability in systems development, production and management can 
help you. We welcome the challenge to prove our capabilities in low-cost develop
ment, outstanding accuracy and minimum time to first flight. 

THE TITAN II INERTIAL GUIDANCE SYSTEM-AC 
builds the ALL·INERTIAL GUIDANCE SYSTEM that 
performs the job of measuring missile acceleration and 
converting this data into velocity and distance in order 
to compute steering and engine cut·off commands. 

. 

MASTER NAVIGATORS THROUGH TIME AND SPACE 

AC SPARK PLUG . THE ELECTRONICS DIVISION OF GENERAL MOTORS 

7929 South Howell, Milwaukee I, Wisconsin 
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we could see each crest getting an im
pulse forward as the wheel struck it. 

From these observations of the system 
as a whole and by watching the motion 
of the wheel from moment to moment 
we could now explain the origin of the 
corrugations. When the wheel reaches 
the critical speed, it begins to move in 
short hops, bouncing on the random 
irregularities of the surface. The wheel 
is projected into the air at a definite 
angle and strikes the surface again at a 
definite point farther along the track 
[see bottom illustration on page 129]. 
vVhere the wheel strikes after each 
"flight" it sprays sand forward along the 
track or sideways off the track. Hence it 
tends to form craters, which become the 
valleys of the corrugation pattern. Each 
time it digs itself in at a crater it has to 
ride out again. In the course of doing 
so it is again projected into the air. Thus 
the pattern tends to repeat. 

In the broadest sense this picture still 
involves the relaxation-oscillation con
cept first introduced into the corruga
tion problem by Relton. -The cOITuga
tions, however, arise in quite a different 
way. The key to the transformation of an 
initially flat surface into a washboard 
lies in the high stresses developed by the 
impact of a bouncing wheel rather than 
any tendency to "push a heap of mate
rial." This, of course, will apply not only 
to sandy surfaces but also to metal, 
bitumen or any other surface. The im
pact stress must simply be sufficient to 
cause permanent deformation. Whether 
it is sand that erodes at the pOint of im
pact or steel that flows plastically is ir
relevant. Harder tires and higher speed 
each mean more severe impact stresses, 
and a less resistant surface raises the 
likelihood of deformation. 

At this stage it becomes possible to 
state what determines the pitch of cor
rugations. The nature of the surface 

material and the mechanical properties 
of the vehicle are jointly responsible. For 
a given wheel loading and speed, the 
angle at which a wheel rides out of the 
crater formed by its impact is deter
mined by the properties of the surface 
material. Experiment shows this to be 
characteristic for each material. With the 
angle thus determined, the vertical com
ponent of velocity imparted to the wheel 
is also determined. Where the wheel 
will strike the ground again depends in 
turn on the masses of the wheel and the 
vehicle. In the case of a wheel with 
springing, the answer also involves the 
stiffness of the spring, and in the case of a 
soft-tired wheel one must take account of 
the tire stiffness too. All of these factors 
are susceptible to mathematical treat
ment, and our calculations are well sup
ported by the results of our experiments 
on the test track. 

Actual motor vehicles are, of course, 
more complex. One can make a reason
able prediction, however, of the rate at 
which the wheel of a particular car will 
bounce at a given speed, and the results 
show good agreement with the observed 
pitch of corrugations on earth roads. 
Some critics have argued in the past that 
wheel bounce cannot be important on 
roads because of the great variety of 
vehicular types and speeds. The fact is 
that the superficial variety of vehicles 
conceals a considerable similarity in 
their "vibration properties," and the 
speeds of vehicles on the open road tend 
to bunch fairly tightly about an average 
value. 

It might still seem that the bouncing 
wheels even of identical vehicles should 
make their impacts at random points 
along the road. Why then should their 
effects be cumulative? The answer is 
simple: A bounce has to be triggered by 
something. A bump on the road that 
causes the wheels of one vehicle to 

bounce will assuredly cause the wheels 
of other vehicles to bounce also. The 
impact point following a bump will be 
pretty much the same for most vehicles, 
the angle at which their wheels ride out 
of the following hollow will be much 
the same, so their next impact point will 
be much the same, and so on. The argu
ment is identical for steel rails. The 
quantities are different, of course, and 
the corrugation pitch turns out to be an 
order of magnitude smaller. (In the case 
of the overhead copper conductor of a 
street-railway line, the argument is still 
the same, but the crests represent the 
points of impact between the trolley, or 
pantograph, and the conductor, and the 
troughs represent the points where the 
bouncing of the trolley broke contact and 
struck an arc that melted and vaporized 
some of the conductor away.) 

Naturally one would like to conclude 
such a discussion by saying how the 

corrugations of earth roads could be 
prevented. It is disappointing to have to 
admit that we do not know. The brute
force method would be to make a sur
face tough enough to resist impact 
stresses without permanent deformation, 
but engineers knew how to do this be
fore anyone looked seriously into the 
question of what causes roads to corru
gate. An alternative might be to use 
very-low-pressure tires to reduce impact 
stresses, but automobile deSigners are 
not enthusiastic and passengers get sea
sick at the mere thought. Perhaps we 
should build vehicles that walk instead 
of roll. 

Nevertheless, there is satisfaction in 
exploring the causes of things, and one 
never can tell who else may turn the 
work to practical advantage. There was 
one other satisfaction in this age of high
priced science: the total cost of our 
equipment was $25. 

COPPER CONDUCTORS that power street.railway lines can cor
rugate in the same way as roads, but the effect is reversed: in the 
(·orrugated segment (top) the smooth crests are the points of con· 

tact between trolley and conductor; the pitted areas show where 
the trolley bounced away from the conductor, striking an arc. An 
uncorrugated section is shown at the bottom for comparison. 
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The Science of 
DynaIllic Crisis-Solving 

The science of crisis-solving on a dynamic basis is perhaps 
the only thing more complex than the crises themselves. 
At a time when cold war politics and the destructive 
potential of weapons can turn a trouble spot into a global 
threat overnight, the decisions affecting our national pur
pose must stand on the strongest possible foundation. Yet 
these decisions must be reached resolutely and promptly. 

More and more, important national decisions are pre
ceded by intensive scientific research, quantitative where 
possible. The Research Analysis Corporation, for instance, 
applies the techniques of operations research and systems 
analysis to a broad diversity of major problem areas
military, political, economic, social. RAGs output is in
tellectual ... the finding or recommendation or suggested 
solution which evolves from scientific scrutiny of alterna
tives and possible operational improvements, and from 
analyses of the potential risks and rewards of existing and 
hypothetical policies. 

RAC is nonprofit and multidisciplinary. The profes
sional staff comprises 32 distinct disciplines and technical 
specialties, and our expanding responsibilities have created 
singular new career opportunities for imaginative scien
tists and engineers. If you hold an advanced degree in 
mathematics, statistics, a physical science, economics, or 
engineering, we invite you to consider the continuing 
challenge of a RAC career. This is exciting, vital work, 
impelling you to function at the limits of your capabilities 
and carrying the probability of rapid personal and pro
fessional advancement. The compensation is fully com
mensurate with the importance of your assignments. 
Please send your resume to Mr. John C. Burke, 
Professional Staffing, Research Analysis Corporation, 
6935 Arlington Road, Bethesda 14, Maryland. 
(Residential suburb of Washington, D. G) 
An equal opportunity employer. ... ..... ,1.� ..... .iW" 

Research Analysis Corporation 
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of some of our customers

eacll on important contrib

utor to a dramatically 

growing industry. We at 

Potter pledge our diligence 

PC>TTER 

Model LP-1200 
High Speed 

Printer adds 
new versatility 

10 modern computer systems. This high· 
performance, eXlremely reliable 
printer provides speeds of 1000 lines 
per minute with a maximum of 160 
columns. An optional Format Control 
feature permits multi·page forms or 
books to be printed with completely 
flexible horizontal or vertical format 
and up to five carbons. 

The Poller LP·1200 reflects the engin. 
eering·knowledge gained from exten· 
sive experience and research in high. 
speed printing. Salid·state modular 
electronics enhance reliability and 
sturdy, simple mechanical design 
readily adapts to meel customer 
requirements. 

Three models are available: LP·1200-
160 (160 columns), LP.1200-132 (132 
columns) and LP·1200-80 (80 columns). 

Write for specifications. 

Manufacturers of: 

• Digital Magnetic Tape Systems 
• Perforated Tape Readers 
• High Speed Printers 
• Oata Storage Systems 

POTTER INSTRUMENT CO" INC. 
Sunnyside Boulevard • Plainview, New York 
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MATHEMATI CAL GAME S 
The author pa.ys his an nual visit 

to Dr. Matrix, the luanerologist 

br Martin Gardner 

I
t had been two years since I last in· 

terviewed the renowned (if not 
corporeal) numerologist Dr. Matrix 

or seen his pretty Eurasian secretary, Iva 
Toshiyori. In January, 1961, as reported 
in this department, Dr. Matrix had 
called attention to such "pattern dates" 
as 6- 1-61 (June 1, 1961) and had pre
dicted that on those dates would occur 
events of world-wide import. To the 
great disappointment of his followers 
absolutely nothing of earth-shaking con
sequence took place on any of the speci
fied dates. When I tried to reach Dr. 
Matrix last January, I found that he had 
left his Los Angeles office many months 
before, without leaving a forwarding ad
dress. All efforts to locate him were 
unsuccessful. 

Then, late in 1962, on my birthday, 
I received a post card from him. "May 
the Fates be kind," it read, "to you on 
your 16/33 birthday." This puzzled me 
for some time, but when I divided 16 by 
33, I found the quotient was a decimal 
that endlessly repeated my age. (Does 
the reader know how to arrive at such 
fractions? What, for example, is the 
smallest integral fraction that in decimal 
form endlessly repeats 27?) 

The card bore no return address, but 
I was surprised to see that it had been 
postmarked in Ossining, a town on the 
east bank of the Hudson River about 10 
miles north of Dobbs Ferry, the town 
where I live. I leafed eagerly through 
the Westchester County telephone book. 
No Dr. Matrix. I tried Toshiyori. Yes, 
there she was! A moment later I was 
speaking with her on the telephone. 

The story she told was a sad one. 
After the failure of Dr. Matrix' predic
tions, his clientele had slowly dwindled 
and he found himself sliding deeper and 
deeper into debt. In desperation he did 
a foolish thing: he tried to make some 
$20 bills. 

His method was a curious one. With a 
paper cutter he sliced each of 14 bills 

into two parts, cutting them neatly alon!! 
the broken vertical lines on each of the 
schematic bills shown in gray in the 
illustration on page 140. The right
hand portion of each bill was then butted 
against the left-hand portion of the bill 
immediately following it. In the process 
each bill lost more than it gained. The 
result was 15 bills. They are shown in 
color in the illustration. Each of them 
was only 14/15 as long as a legitimate 
bill, and all but the two end bills were 
glued together along their cut edges, as 
indicated by the solid vertical lines. The 
loss of length was scarcely noticeable, 
and the carefully glued butted edges 
formed only a barely perceptible hair
line. Unfortunately-or rather, fortunate
ly-the U.S. Government places dupli
cate serial numbers at opposite corners 
of every bill, and most of the great nu
merologist's new bills therefore bore 
pairs of serial numbers that did not 
match. True, Dr. Matrix' method of 
making new bills was not exactly coun
terfeiting-he merely "rearranged" the 
parts of genuine bills. Nevertheless, the 
Treasury Department took a dim view of 
his work and it was not long until he 
found himself firmly confined within the 
matrix of cells at Sing Sing. Sentence: 
five years. Miss Toshiyori took an apart
ment in nearby Ossining. She was al
lowed to visit Dr. Matrix twice a week, 
and with his assistance she was manag
ing to carry 011 his numerological prac
tice by mail. 

"Yes," she said on the phone, ''I'm 
sure I can arrange for you to see him. 
I'll call you back in a few days and let 
you know when." 

It was a sunny winter afternoon-not 
a cloud was in sight and the air was like 
wine-when I drove to Ossining and 
wound my way down the sloping side 
streets to the bank of the Tappan Zee. 
Behind the grim gray walls of Sing Sing 
the blue waters of the Hudson rippled 
pleasantly in the sunlight. 

Miss Toshiyori was waiting in one 
of the visitor's rooms, as enigmatic and 
as beautiful as ever. She seemed un
embarrassed by the context of our meet
ing. Through a grille beside her chair I 
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I B Masks basic questions in chemistry 
® 

How can we determine the course of reactions? 

(-C-C=C-C�)� 

hv 

� C2H4+C2H2 
� 'C=C=C-CH3 

/ 

hV' 

The Excited State. This sketch describes possible behavior 
oj molecules oj butadiene upon absorbing fig/zt energy. 
Within 1,000 nanoseconds, they may undergo either poly
merization, isomerization, or decomposition. 

Organic materials are a potential source of new 
high-speed components for data processing systems. 
The discovery of these components will depend on a 
detailed understanding of the physical properties of 
both known chemical systems and new systems. To 
help develop this understanding, IBM is investigating 
the mechanism of energy transfer which occurs 
when light is absorbed by organic molecules. 

An organic molecule can react to a quantum of 
energy in a number of ways, as shown above. In one 
project, aliphatic dienes and trienes are exposed to 
ultraviolet light. Then the effects produced by the 
wave length, pressure, and temperature are deter
mined. This study will also help to define the con
ditions required for photochemical synthesis of 
unusual compounds. 

In another project, scientists are studying the physi
cal properties of materials in the excited state. The 
shift of an isolated absorption band due to an 
applied electric field has been observed for an or
ganic dye molecule dispersed in a solid matrix. This 
was the first time that this shift, known as the Stark 
Effect, had been observed in an organic solid. The 
organic dye (methyl red) was imbedded in a non
polar transparent plastic film. A high-voltage D. c. 

field was applied, and the resulting changes in op
tical density were measured with a spectrophotom
eter. The spectrogram is shown above. Anticipation 
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The Stark Effect. This spectrogram shows changes in optical 
density oj methyl red at the abs01ption edge oj the band. 
Similar measurements on the opposite edge oj the band 
indicated a shift to the red rather than a band broadening. 

of these results led the scientists to conclude that the 
dipole moment of methyl red does not change sig
nificantly between the ground and excited states. 
They further concluded that a quantum mechanical 
explanation was required to describe this phenome
non. The development of this technique provides 
science with an additional independent physical 
parameter which can be used in the study of excited 
states of organic molecules. 

IBM scientists are also investigating the chemical 
changes which take place when adsorbed gas mO'le
cules are elevated into excited states. They have ex
amined mechanisms by which a polymer film is 
formed on a surface exposed to ultraviolet light in 
the presence of butadiene. Their results indicate a 
mechanism of selective surface photolysis in which 
reaction of the adsorbed gas occurs. From research 
like this will come new insights into the formation of 
new types of thin films which may prove to be of great 
importance in cryogenic and microelectronic devices. 

If you have been searching for an opportunity to 
make important contributions in chemistry, mechan
ical analysis, programming systems, or any of the 
other fields in which IBM scientists and engineers are 
finding answers to basic questions, please contact us. 
IBM is an Equal Opportunity Employer. Write to: 
Manager of Professional Employment, IBM Corp., 
Dept. 659A, 590 Madison Avenue, N.Y. 22, N.Y. 
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Dr. Matrix wellt to jail for making 15 "rearranged" bills (color) from 14 real ones (gray) by judicious clttting lind pasting 
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recognized the hawklike nose and glit
�ering green eyes of her employer. 

Dr. Matrix was in a tired, unsmiling 
mood but his voice was cordial. ''I'm 
afraid 1963 is a hopelessly dull number," 
he said. "Its reversal, 3691, is a prime, 
but so is the reversal for 1964. Too bad 
we didn't get together last January. I 
could have told you that 987 plus 654 
plus 321 is exactly 1962." 

"What an astounding coincidence!" I 
exclaimed. "And it even ties in with a 
descending digits problem I gave last 
October." 

Dr. Matrix shook his head. "Such 
things are never coincidental. They are 
part of that mysterious order in which 
both mathematics and history lie em
bedded. Last year was the year of the 
big countdown. Never before in history 
have so many giant rockets been fired 
to the accompaniment of so many back
ward-recited integers." 

He waited until I had jotted down 
his remarks in my notebook. "Have you 
ever noticed that 12 is equal to 3 times 
4, and 56 is equal to 7 times 8?" 

I thought this over for a moment and 
gave a start when I realized that Dr. 
Matrix' remark contained the first eight 
digits in ascending order. 

"My number as a prisoner is rather 
interesting," he went on. "It is 54748, 
a number of five digits. If you add to
gether the fifth powers of each digit 
[55 + 45 + Tj + 45 + 85]' the sum is 
54748. I consider this a favorable omen." 

"Are there many numbers like that?" 
"Very few. One of the simplest is 153. 

It has three digits, so in this case we 
raise each digit to its third power. Sum 
the powers and you have 1.53 again. It is 
no accident that we are told in the last 
chapter of the Gospel of St. John, verse 
11, that the net Simon Peter drew from 
the Sea of Tiberias contained 153 fish. 
The number has many mystical proper
ties." (I later learned that only three 
other numbers are equal to the sum of 
the cubes of their digits. Each is a three
digit number. Can the reader discover 
them?) 

"I seem to recall," I said, "that St. 
Augustine somewhere gives an elaborate 
numerological analysis of why those fish 
numbered 153." 

"Yes, St. Augustine starts with 10, the 
number of the commandments and a 
symbol of the old Mosaic dispensation. 
To it he adds 7, the number of the gifts 
of the spirit and a symbol of the new 
dispensation. The resulting number, 17, 
signifies the union of old and new. He 
then sums the integers from 1 through 
17 to obtain 153. Rather primitive nu-

HOW MUCH 

CAN A SCIENTIST DO FOR HIS COUNTRY? 

At M I TRE engineers and scien· 

tists are working to create the 

command and control systems 

that protect our country from at· 

tack. This is a job of global scope 

and national importance. 

You know some of these sys· 
tems by name - SAGE, BMEWS, 

NORAD Combat Operations Cen· 

ter. Here is an opportunity for 

you to become intimately ac· 

quainted with their design, de· 

velopment and integration. And 

perhaps most important - to 

help in the creation of systems 

yet unnamed. 

Your work at M I TRE would lead 

you into new areas of work -

spawned by the .growing new 

science, MilitaryCommand Tech· 

nology. You might be developing 

survivability techniques, or proc· 
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MITRE 
CORPORATION 

An Equal Opportunity Employer 

essing intelligence data with one 

of the world's largest computers, 

or designing new systems for 

tracking space hardware. 

Whatever you do - and there 

are many opportunities for a sys· 

tems man at M I TRE - your work 

will be of great importance to the 

country. Your participation, in 

fact, will involve you with the 

basic defense of the free world. 

M I TRE is located in pleasant, 

suburban Boston. Re w a r d s  

are competit ive.  Require· 

ments, B.S., M.S. or Ph.D. in 

these disciplines - electronics, 

physics, and mathematics, 

Write in confidence to Vice Presi

dent - Technical Operations, 

The M I TRE Corporation, Box 208, 
Dept. MN26, Bedford, Mass. 

MITRE, an independent nonprofit corporation, working with - not in competition with
industry, serves as technical advisor to the Air Force Electronic Systems Division, and is 
chartered to work for such other Government agencies as the Federal Aviation Agency. 
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Up from alpha 
rv IS the first Icttcr of thc Greek 
\...l. a lphahet . In the Homan alphahet 
lowcr case a was replaced hya. Strictl�' 
speaking. a is not in the modern Eng
lish alphahet and therel"ore is not on 
thc standard t�·pcwritcr. However. a 

is in thc scicntific alphabet and is a 
standard s�'mbol for a numher of impor
tant scientific quantities. 
a is the standard symhol for: 

thermal diifusivity, 
coefficient of linear expansion, 
relative volatility, 
angular resolution of a telescope, 
specific rotation, and 
Sommerfeld constant. 

If your writings involve a, or any 
other symbols, you have probably been 
inserting symbols by hand. Throw away 
�'our lettering pen, relax your palsied 
hand, and get TYPIT® . Over 500 dif
ferent symbols are available. TYPIT® 
s.vmbols are added to copy as it is 
typed in the typewriter. 
Call your local office machine dealer 
or write to us for our catalog of sym
bols, or additional information. 

mechanical enterprises. inc. 
3127 Colvin Street 

Alexandria, Virginia 

PHOENIX 
GOODYEAR AIRCRAFT 

(Arizona Division) 
offers career opportunities that will chal· 
lenge your talent in the technical areas 
listed below. 

SR. DEY. ENG'RS. 
Develop wideband i-f amplifiers, i-f oscil
lators, i-f isolation amplifiers, and related 
circuits. 

Develop microwave circuits and equip
ment including wave-guide assemblies, 
and related circuits. 

Servomechanisms. Develop and design of 
antenna stabilization servo systems. Film 
drive control systems. 

Develop radar transmitters and modula
tors including pulse forming networks, 
transformers, protection circuits, X-band 
amplifiers and related circuits. 

Display and pulse circuits. Develop dis
play circuits and controls. Bomb naviga
tion cross hair circuitry. 

SR. DESIGN ENG'RS. 
Optical design and development. Design 
lenses and complete optical systems. 

SR. PACKAGING ENG'RS. 
Layout packaging and detailing layout of 
electronic sub-assemblies including i·f and 
r-f units. 

Request Application or Send Resume to: 

M. J. McColgan, 
Engineering Personnel 

Goodyear Aircraft Corporation 
Li tchfie ld Park, Arizona 

An equal opportunity employer. 

Similar positions at Goodyear Aircraft 
Corporation, Akron, Ohio. 
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merology, in my opinion, but of course 
St. Augustine did not have the benefit 
of today's numerological techniques." 

"What about the number of your 
cell?" I asked. 

Dr. Matrix smiled. "It has two digits. 
Put a decimal point between them and 
the new number is the average of the 
two digits. I'm sure your readers will find 
it a simple matter to determine the cell 
number. You might also ask them to 
compute the dimensions of my cell 
floor. It's a rectangle, not a square. I 
measured it one day and found that the 
length and width were each an integral 
number of yards. I realized immediately 
that the perimeter in yards exactly 
equals the area in square yards." 

"Excellent," I said. ''I'll give both 
problems and keep the answers until the 
following month." 

"We live in perilous times," Dr. 
Matrix continued. "Times that call for 
great wisdom on the part of our leaders. 
By the way, don't you think it odd that 
two of the leading philosophers of Eng
land should bear the name of vVisdom: 
John Oulton vVisdom and Arthur John 
Terence Dibben Wisdom?" 

"I understand they're cousins," I said. 
''I'm glad to hear that," said Dr. Ma

trix. "It makes it less frightening. Have 
you read much of Franz Kafka? We are 
all trapped, you know, inside an insane 
labyrinth, like the protagonist 'K.' in 
Kafka's The Castle. That letter 'K,' in 
my opinion, is one of the great prophetic 
symbols of modern literature. It is the 
1 1th letter of the alphabet, a symbol of 
the 11th hour of the world. Who are the 
leaders of those two giant nations that 
now glower at each other around the 
sides of the planet?" 

I must confess that little fingers 
tapped up and down my backbone when 
I realized that both "Kennedy" and 
"Khrushchev" begin with K. 

"We live today," Dr. Matrix con
tinued wearily, "in the shadow of the 
H-bomb. The age of fission has become 
the age of fusion. 'Fusion' is a word 
heavily charged with meaning for the 
numerologist. " 

"How it that?" 
"You recall my alphabet circle?" He 

asked for my pencil and a sheet of pa
per. On the paper he jotted down the 
letters of the alphabet in circular form, 
the Z joining the A like n sna�e with its 
tail in its mouth, the ancient symbol of 
eternal recurrence. " 'Fusion' has six let
ters," he said. "\>\Ie count clockwise 
around the circle, six letters from F. The 
count ends on L, the first letter of a new 
word. We do the same with U to obtain 
A, the second letter of the new word." 

He continued in the same way with 
the remaining letters. When he finished, 
"fusion" had been transformed to "lay
out." "You see," he said, smiling crooked
ly, "the word 'fusion' leads inexorably, by 
way of 6, to an ominous hint of its pow
er to flatten civilization." 

"The world was created in six days," 
I said. "Didn't St. Augustine argue that 
God chose that number because it was 
the first of the so-called perfect num
bers?" (A perfect number is one that 
is the sum of all its divisors: e.g., 
6 = 1 + 2 -! 3.) 

Dr. Matrix nodded. "But 6 is also the 
building block of 666, the mark of the 
beast. The world today can be destroyed 
in six minutes." 

"You seem as much interested in let
ters as in integers," I said, trying to 
change the subject. "My readers like oc
casional word puzzles. Any clever word 
problem you can give me?" 

Dr. Matrix put the tips of his fingers 
together, leaned back and closed his 
eyes. "H'm. Let's see. Oh, yes, here's an 
amusing anagram that will no doubt 
annoy many of your readers. Simply re
arrange the letters of 'chesty' to form 
another English word. It isn't easy." 

"A familiar word?" 
"Yes indeed. In fact, a' word most 

appropriate for the beginning of a new 
year." 

vVhen I asked Dr. Matrix about his 
life in prison, he made a wry face. "The 
name Sing Sing, as you may know, de
rives from the old tribe of Sint Sink 
Indians. vVe're all sin sick here. But I'm 
treated decently, I must admit. I work 
part time in the prison library. The roof 
of the recreation room leaks and is about 
to collapse, but we've managed to shore 
up one of its main beams. The food 
could be worse. Of course I never eat 
beans." 

His remark puzzled me until I remem
bered the old Pythagorean prohibition 
about beans. "You consider yourself a 
member of the Pythagorean brother
hood?" 

"M y dear Gardner," he said, sitting 
more erect in his chair, "I am Pythag
oras. I'm his 1 1th reincarnation." 

I exchanged amused glances with 
Miss Toshiyori, who had been listening 
silently to our conversation. "I suppose," 
I said, "you'll be telling me next that, 
like Pythagoras, you have a golden 
thigh." 

Dr. Matrix said nothing. But he 
tapped the lower part of his thigh with 
the end of my mechanical pencil. It 
made a sharp metallic sound! 

As Miss Toshiyori and I were leaving 
the prison's main gate, I asked: "Does 
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Dr. Matrix really believe that he's a re
incarnation of Pythagoras?" 

"Heavens, no," she said with a laugh. 
"But the old faker likes to keep up the 
pretense. It's all part of his act." 

"You're very loyal to him." 
"He's my father," she said with a sigh. 
My eyebrows hopped upward. "And 

who was your mother?" 
She slipped her arm through mine. 

"Japanese. They met in Tokyo." Sudden
ly her dark eyes brightened. "I know a 
quaint cocktail lounge a few miles from 
here, in Tarrytown. If you'll buy me a 
brandy Alexander, I'll tell you all about 
it." 

At some future time, perhaps, I'll give 
her story. For now, I mention only one 
bewildering thing she said; it provides 
a fitting little problem with which to 
close this month's department. 

vVhen I asked her how old she was, 
she smiled and said cryptically: "The 
day before yesterday I was 22, but next 
year I'll be 25." 

Can the reader deduce the date of 
Miss Toshiyori's birthday, as well as the 
date on which our conversation took 
place? 

Readers were asked last month to find 
a chain of chess-king moves in Louis 

Aragon's surrealist poem "Suicide" that 
would spell a two-word exhortation ap
propriate for a world preparing to slash 
its own throat. The phrase I had in mind 
is "Chin up." It can, of course, be taken 
in two different ways. I suspect that 
many readers will be sending in other
perhaps better-messages. Any of par
ticular interest will be discussed in a 
later issue. 

With regard to the problem of placing 
seven 3-by-5-inch file cards on a legal
sized sheet of paper so that a maximum 
area is covered (the problem was given 
last October and answers were discussed 
in November and December), Donald 
Vanderpool of Towanda, Pa., was the 
first to point out that by rotating the 
central card a bit more than in Stephen 
Barr's solution (keeping the card cen
tered on the exposed strip) a minute in
crease in the covered area results. The 
determination of the exact angle of rota
tion requires calculus, and it was first 
made by Michael Rolle of Bethesda, Md. 
In Barr's solution the card has been ro
tated five degrees 34 minutes 32 seconds 
from the horizontal, providing a total 
coverage for all seven cards of 100.059 + 
square inches. If the angle is increased 
to six degrees 12 minutes 30 seconds, a 
maximum coverage of 100.0684 + re
sults, thus bettering Barr's record by 
about .009 square inch. 

FOR 
DISTINGUISHED 
FEDERAL 
CIVILIAN 
SERVICE 
AT THE NAVAL LABORATORIES IN CALIFORNIA 

... Dr. Waldo K. Lyon, U. S. Navy Electronics laboratory (NELl, San Diego, was recently 
presented this award by President Kennedy. This, the highest achievement honor 
awarded to a Federal civilian employee, was given to Dr. lyon for his work in develop
ing "transarctic submarine navigation," thereby contributing importantly towards the 
Nation's security. 

Awards such as this emphasize the high degree of recognition given to scientific 
accomplishment at the Naval laboratories in California. Historically, it has consist
ently been the policy of the laboratories to reward outstanding achievement. A 
previous recipient of the President's Award is Dr. William B. McLean, Technical 
Director, Naval Ordnance Test Station (NOTS), China lake and Pasadena, for his 
development of the SIDEWI NDER missile. Also, the Award for "Distinguished Achieve
ment in Science" was recently given to Dr. Edward L. Alpen, U. S. Radiological labora
tory (NRDU, San Francisco, for distinguished work in radiation research. These are 
but a few of many similar honors bestowed upon personnel at the Naval laboratories 
in California. 

If you, as a qualified scientist, engineer, or technician are interested in working in a 
stimulating scientific climate leading to merit recognition, contact the Personnel 
Coordinator, Dept. A, at the laboratory of your choice: 

U. S. Navy Electronics Laboratory (NEll, San Diego 

U.S. Naval Ordnance Test Station (NOTS), China Lake and Pasadena 

U. S. Naval Radiological Defense Laboratory (NRDl), San Francisco 

U. S. Naval Civil Engineering Laboratory (NCEl), Port Hueneme 

Pacific Missile Range (PMR) and U. S. Naval Missile Center, (NMC), Point Mugu 

U. S. Naval Ordnance Laboratory (NOLC), Corona 

U. S. Naval Personnel Research Activity (NPRA), San Diego 
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without regard to race, creed, color, sex, or national origin. 
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I like 

detective 
work 

Normally you see a square wave. 
But it dropped to a straight line. 
The Geiger counter on board saw 
too many counts per second and 

it just couldn't keep up. 

They even sent me over to Florence, 
Italy, last April, to present a paper 
I'd written. 

146 

It started when we developed 
the data reduction facility for the 
Explorer Program. We took the 
magnetic tapes, reduced and recorded 
the data in analog fashion, 
and turned it over to the scientists. 

What happened was that this 
particular channel saturated because 
the cosmic ray intensity was so high. It 
was the first clue to radiation belts. 

I really like it here. The facilities, 
like the library, are the best. 
And you couldn't work with a nicer 
group of people. 

One of the channels on the satellite 
apparently had stopped working. Our 
detective work said the data reduction 
lab was working properly and it must 
have been something in the satellite. 

You can learn a lot here at JPl. 
Probably more than at any other single 
organization I can think of. And the 
engineers call the shots here. I like the 
freedom, the professional atmosphere, 
the shirt-sleeve atmosphere. 

You've just been talking to Benn 
Martin, Engineering Group Supervisor 
at Caltech's Jet Propulsion Laboratory 
-the facility responsible for R&D on 
lunar, planetary, and interplanetary 
explorations. He's been at JPL for 5 
years. He plans to spend 50 more here. 
If your future doesn't look as bright, 
you might be right to write to JPl. 

8 
JET PROPULSION LABORATORY 
4802 Oak Grove Drive, Pasadena, California 
Attention: Personnel Department 
"An equal opportunity employer." 

Operated by California Institute of Technology 

for the Notional Aeronautics and Space Administration. 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

T
he repertoire of any dinner-table 
scientist worthy of his coffee in
cludes at least one demonstration 

of catalysis. A favorite one is introduced 
with a challenge to fe�!ow diners to ignite 
a cube of sugar. AIr attempts fail, of 
course: the heat of a match simply melts 
the surface of the cube. After everyone 
gives up, the demonstrator goes into his 
act, melting a corner of the cube and 
then dipping the sticky surface into a 
bit of cigarette ash. When a lighted 
match is .Ipplied to the ash, the sugar 
burns with a hot, bluish flame. Every
one promptly claims a foul: the ash ap
pears to be burning, not the sugar. This 
opens the way for the demonstrator to 
explain that in this experiment the ash 
can be classed with the chemical agents 
known as catalysts, and that it functions 
somewhat like a parson at a wedding: It 
promotes the reaction but does not par
ticipate in the consequences. 

The analogy is not altogether apt. 
Catalysts are properly defined as sub
stances that regulate the rate at which 
chemical reactions proceed. Some cata
lysts accelerate reactions that otherwise 
proceed slowly. Other catalysts slow re
actions. Examples of both types exist in 
the thousands in the inorganic kingdom 
and within the cells and fluids of living 
organisms, where they are known as 
enzymes. 

Enzymes differ from inorganic cata
lysts in that they are proteins and as 
such are large, fragile molecules built 
from amino acids linked end to end. 
Their positive identification at the turn 
of the present century by the German 
chemist Eduard Buchner opened a 
whole new field of experimentation that 
is as complex as it is fascinating. This 
may explain why amateurs tend to shun 
the enzymes. Most enzymes exist in only 
trace amounts and are all but impossible 

Experiments with ptyalin demonstrate 
the basic principles of enzyme action 

to isolate. But one need not isolate an 
enzyme in order to investigate the ef
fects that stem from its presence. This 
is well illustrated by a series of experi
ments suggested by Henry Soloway of 
the department of pathology at Kings 
County Hospital in Brooklyn. 

"To detect the presence of an enzyme," 
Soloway writes, "one takes advantage 
of the fact that an enzyme mediates a 
specific biochemical reaction. In other 
words, to demonstrate the presence of an 
enzyme that converts substance A into 
substance B, a known quantity of solu
tion A is mixed with the solution sus
pected of containing the enzyme. After 
an appropriate interval the mixture is 
tested for the presence of substance B. 
If B is detected, the presence of the sus
pected enzyme is confirmed. An equal 
quantity of substance A, unmixed with 
the suspected enzyme, is kept in a sepa
rate container under the same conditions 
for an equal interval as a control. 

" In principle the procedure is simple 
and fairly obvious, but putting it into 
practice is another matter. Enzymes are 
temperamental molecules. They func
tion only in rigidly controlled environ
ments. Maintaining such conditions in 
the laboratory often requires costly fa
cilities. Temperature changes of even a 
few degrees exert a profound effect on 
them, as do slight variations in the 
acidity or alkalinity of the solution. Many 
refuse to function in the absence of trace 
amounts of substances called activators, 
and their action can be completely ar
rested by traces of heavy metals dis
solved from laboratory glassware. Such 
difficulties may explain in part why the 
study of enzymes has failed to lure an 
enthusiastic following of amateurs. 

"Fortunately, a few rugged enzymes 
have been identified that are readily 
available. One in particular is well 
suited to amateur experimentation and 
can be used to demonstrate most of the 
basic principles of enzyme reaction. It 
is called ptyalin and is secreted by the 
salivary glands. It has the function of 
splitting starch into sugar. 

"The starch molecule is a large one, 
with branching chains of glucose units. 

Ptyalin splits off the glucose units two 
at a time, thereby destroying the integ
rity of the starch and forming numerous 
fragments composed of two glucose units 
each. To observe this action the experi
menter must prepare a solution of the 
enzyme and one of starch, and also a 
system capable of detecting the amount 
of starch consumed or the number of two
unit glucose fragments produced. 

"Ptyalin is collected in saliva and 
cornstarch can be bought from a grocer. 
Iodine changes the normally milky color 
of starch solutions to a bluish-black, the 
depth of the shade increasing with the 
concentration of starch in solution. It 
therefore functions well as a detector or 
indicator of enzyme action. 

"To collect saliva place a glass funnel 
lined with coarse filter paper over a glass 
beaker. Salivation can be encouraged by 
chewing a piece of paraffin of the kind 
used for sealing jelly. The amount of 
ptyalin present in saliva varies from 
person to person, so it is desirable to 
collect a pooled sample from a number 
of individuals. Approximately 80 milli
liters should be collected and stored in 
a refrigerator at 40 degrees Fahrenheit. 
All the experiments to be described must 
utilize this stock solution. The concen
tration of ptyalin may vary substantially 
in different coJrections and the variation 
might introduce confusing results if tests 
made on one solution were grouped with 
those made on another. 

"The starch solution is prepared by 
pouring one liter of boiling water over 
two level tablespoons of powdered corn
starch. (Distilled water should be used 
throughout these experiments.) After 
thorough mixing with a spoon or a glass 
stirring rod the solution is filtered 
through coarse filter paper (a paper nap
kin will do) to remove undissolved 
lumps of starch. The amount of starch 
contained in one milliliter of this stock 
solution is adopted as one unit of starch 
activity for the purposes of the experi
ments, and all measurements are ex
pressed as a percentage of this unit. 
Since the results of the experiments are 
all relative, the numbers expressing 
quantities are empirical; the investigator 
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can alter them to units of any size. But 
by the same token measurements made 
with one set of solutions cannot be 
lumped with those of another set. 

"The indicator solution is prepared 
by diluting 10 milliliters of 2 per cent 
tincture of iodine in 600 milliliters of 
water. The activity of the enzyme is de
termined by measuring the amount of 
light transmitted by a test tube contain
ing the stained starch. A photometer 
measures the light intensity. The solu
tion to be measured is placed bHween a 
standard source of light and a silicon 
solar cell. The cell converts the light to 
an electric current, which actuates a 
milliammeter. The circuit includes a po
tentiometer with which to adjust the 
milliammeter to full scale during calibra
tion [see illustration above]. The cell, 
test tube and potentiometer are assem
bled in a lightproof box of corrugated 
cardboard (or some other opaque sheet 
material). A lightproof partition in the 
box supports the test tube as shown in 
the accompanying drawing [page 150]. 
A slit in the two sheets of cardboard 
that form the partition allows light from 
the source to reach the solar cell. A sheet 
of translucent tissue paper of the type 
used for making tracings is placed be
tween the test tube and the cell to dif
fuse the beam and so distribute the 
light uniformly over the active face of 
the cell. A 35-millimeter projector will 
serve as a light source, or an incandes
cent bulb can be built into a lightproof 
compartment of the box. The test tube 
should fit snugly against the slit facing 
the source so that all the light reaching 
the cell will pass through the test tube. 

"To calibrate the photometer one pre
pares a series of starch standards, meas
uring the light transmitted by each 
standard and plotting the measurements. 
The resulting graph shows the relative 
variations of the meter readings with re
spect to the percentage of starch in solu
tions of unknown concentration. 

"To make up the standard starch solu
tions for calibrating the instrument place 
in glass containers 20, 15, 10, five and 
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two milliliters of the starch solution. (All 
glassware, including the pipettes used 
for transferring solutions, must be scru
pulously clean.) Then add enough water 
to bring each of the last four containers 
up to 20 milliliters of starch solution. Fill 
a sixth container with 20 milliliters of 
distilled water. Mark the container with 
the undiluted solution '100 per cent 
starch' and the remaining five 75, 50, 25, 
10 and 0 per cent respectively. Next, 
place exactly one milliliter of each of the 
six standard starch solutions in each of 
six test tubes of equal size, add 10 milli
liters of iodine indicator solution and one 
milliliter of water. (The milliliter of wa
ter represents the volume in which 
ptyalin will be contained during subse
quent experiments.) Shake all test tubes 
gently to distribute the color evenly. 
Then insert the most transparent tube 
(the one containing no starch) in the 
photometer, turn on the light source and 
adjust the potentiometer so that the 
pointer of the milliammeter swings to 
the top of the scale. Prepare a table of 
two columns, one for the meter readings 
and the other for the percentages of 
starch in solution. Enter the maximum 
value of the meter scale in the first col
umn and '0' in tbe starch column and 
then, without changing the potentiom
eter setting or the light intensity, pro
ceed to measure and tabulate the light 
transmission of the remaining five solu
tions. Plot the results as shown in the ac
companying illustration [top of page 
152]. The resulting calibration curve 
will be valid only for the materials in this 
particular experiment. 

"'vVith these preparations completed 
the first portion of the experiment can 
be undertaken. This part of tbe experi
ment will determine how the amount of 
starch broken down into glucose in
creases with time. First, clean all glass
ware thoroughly. Then place exactly one 
milliliter of standard starch solution in 
each of six test tubes of equal size. Using 
another clean pipette, transfer one milli
liter of filtered saliva to each of these 
tubes. After 15 seconds add 10 milliliters 

of indicator solution to the first tube, 
swirl the contents to distribute the color, 
measure the light transmission promptly 
and tabulate the measurement. After 30 
seconds repeat the procedure, using the 
second test tube of solution, and then 
repeat it with the remaining samples 
after one, two, four and seven minutes 
respectively. The over-all reliability of 
the experiment will be no greater than 
the accuracy with which the measure
ments are timed. Unless the experiment
er is experienced in making measure
ments of this type it is advisable to run 
through the procedure a few times, per
haps using tubes of colored water. 

"The tabulated readings are converted 
to percentages of starch digested by ref
erence to the calibration graph and are 
then plotted against time. (Because the 
schedule of measurement involves con
stantly increasing intervals that range 
from seconds to minutes, the time co
ordinate of the graph should be divided 
into logarithmic intervals.) The concen
tration of ptyalin used in this portion of 
the experiment is so high that substan
tially all the starch is digested within 
approximately 30 seconds. The rate of 
digestion can be lowered by diluting the 
enzyme, thereby giving the experiment
er more time to manipulate the appara
tus and an opportunity to observe the 
effect of concentration on enzyme action. 

"This effect can be observed in con
siderable detail if one performs the 
experiment on serial dilutions of the en
zyme. The procedure requires a grid of 
36 test tubes arranged in a pattern of six 
rows and six columns. Place one milliliter 
of water in each of the 36 test tubes. One 
milliliter of filtered saliva is then placed 
in each of the six test tubes that make up 
the first column (the first tube of each 
row). Swirl each tube gently to mix the 
solution. All tubes in the first column 
now hold two milliliters of solution. The 
remaining 30 tubes hold only one milli
liter. Using a clean pipette, transfer one 
milliliter of solution from the first tube 
in the first row to the second tube in the 
first row. Swirl the second tube gently 
to mix the contents. Then transfer one 
milliliter of solution from the second 
tube to the third. Swirl. Repeat the pro
cedure until the sixth tube of the first 
row contains two milliliters of solution. 
Remove and discard one milliliter of so
lution from the sixth tube. All tubes in 
the first row now contain one milliliter 
of solution. Repeat the procedure for each 
of the remaining five rows. All test tubes 
in the first column will then contain a 
1: 1 dilution of saliva-water solution. All 
tubes in each of the remaining five col
umns will contain dilutions in the ratios 
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LUNAR LAUNCH � JULY 11� 1968 
How would you aim a vehicle to the moon? 
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ENGINEERS 
AND 

SCIENTISTS 
Ho w d o  y o u  l a u nch into a ge o
centric planar trajectory from Cape 
Canaveral to a specified target 
v e c t o r? Thi s  fam i l y  of curve s 
demonstrates the interrelation
ships of the target vector declina
tion, equatorial hour angle and 
launch azimuth. They can be used 
to estimate the launch require
ments of lunar probes, Forexample, 
suppose a lunar vehicle launch is 
scheduled for July 17, 1968. At this 
time the declination of the moon 
will be +10° (NASA Technical Note 
0·911). Assuming an hour angle of 
80°, the launch azimuth can be 
found to be +5°. The azimuth 
change for a ±1 hr. launch window 
(±15° in H) will be a = -2° to 
+12° as can be determined by 
moving along the 0 =10° line. 

Plotting complex launches to the 
moon and planets is among scores 
of space·oriented activities in prog· 
ress at Astronautics, We're also 
deeply involved with the develop· 
ment and design of boosters and 

vehicles for space exploration and 
travel. We're developing, too, the 
incredibly precise electronic sys· 
tems necessary to guide, track and 
communicate with these probes, 

Our constantly expanding efforts 
have created a number of outstand· 
ing positions for engineers and 
scientists with exceptional ability. 
If your interests and experience 
qualify you - if you'd like to work 
mind·to·mind with the top technical 
talent of the space age - we urge 
your immediate inquiry. 

POSITIONS EXIST IN: 
ANALYTICAL ENGINEERING 

Control and Structural Dynamics 

Thermodynamics 

Aerodynamics 

Trajectory Determination 

Stress 

MECHANICAL DESIGN 
Weights 

Cryogenic and Fluid Systems 

Structures 

ELECTRONIC DESIGN 
Instrumentation 

Control Systems 

Data Transmission 

Guidance 

TECHNICAL SUPPORT 
Reliability 

Welding Engineering 

Specifications Analysis 

To obtain more detailed informa
tion, or to arrange a prompt inter
view in your area, write to Mr. R. M. 
S m i t h ,  C h i e f  o f  P r o f e s s ional 
Placement and Personnel, Mail 
Zone 130·90, General Dynamics I 
Astronautics, 5796 Kearny Villa 
Road, San Diego 12, California. 

GI I I I I I ID 
GENERAL DVNAMICS ASTRONAUTICS 

AN EQUAL OPPORTUNITY EMPLOYER 
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of 1:2, 1:4, 1:8, 1: 16 and 1:32 respec
tively. 

"The series of reactions and measure
ments is started by adding one milli
liter of standard starch solution to the 
first test tube in the first column. Ten 
milliliters of indicator solution is added 
after an interval of 15 seconds, the ac
tivity is promptly measured and then 
tabulated, as in the initial experiment. 
Next, one unit of standard starch solu
tion is added to the second tube of the 
first column (the first tube of the sec
ond row) and after an interval of 30 
seconds is similarly measured and tabu
lated. Thereafter the identical procedure 
is repeated on all remaining specimens in 
the first column, the enzyme having been 
allowed to act prior to measurement 
for intervals of one, two, four and seven 
minutes respectively. The remaining five 
columns are then reacted, measured and 
tabulated on the same schedule. 

"The tabulated data for each column 
is now converted to percentages of starch 
by reference to the calibration curve and 
plotted against time as shown in the 
accompanying illustration, a graph of 
the effect of concentration on enzyme 
action [bottom of page 152]. With these 
data at hand still other factors can be 
investigated that tend to modify the rate 
of starch conversion, such as tempera
ture and acidity. 

"The rate at which many chemical re
actions proceed increases with tempera
ture over a broad range of temperatures. 
Is this true of reactions that involve 
enzymes? Ptyalin might be expected to 
work most effectively at a temperature 
near 98 degrees F., the approximate 
temperature of the human mouth. To 
test the hypothesis, select from the graph 
just completed a concentration of ptyalin 
that produces, say, 80 per cent starch 
digestion in four minutes and prepare 
approximately 60 milliliters of ptyalin 
solution at this concentration as a stock 
specimen. Then improvise a constant
temperature water bath by adding hot 
or cold water as required to a large 
beaker initially filled to about a third 
of its capacity with lukewarm water. 
Adjust the bath to 94 degrees F. Make 
up a series of starch dilutions from 100 
per cent to 0 per cent as in the first 
calibration run. Place these dilutions 
in the water bath and, after they have 
reached 94 degrees, make a new calibra
tion curve for starch at this temperature. 
Now place nine test tubes in the bath, 
each containing one milliliter of stock 
specimen, together with a single test 
tube containing 10 milliliters of stand
ard starch solution. 

"Keep an eye on the temperature of 
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ENGINEERS • SCIENTISTS 

encyclopedic exposure to the whole world of space 
h" I & " "I t h I is basic to engineering with PAN AM" at the Atlantic Missile Range. 0 The ve IC e missl e ec no ogy reason: engineers and scientists here strive to match the capabilities of each new 

launch vehicle with range test systems of equal or greater accuracy. Our engineers and scientists have pushed the past and 
present instrumentation systems to their operational limits-and have gone on to create a whole new range technology. They 
have developed design criteria and are providing technical direction for global tracking and telemetry systems, combining the 
latest techniques from all areas of electronics, optics and infrared. 0 Today, forward looking groups at PAN AM's Guided Mis
siles Range Division are not only planning for this year's and next year's tests but are considering range requirements five through 
fifteen years ahead-requirements to test manned space vehicles still on the drawing boards or "existing in concept" only. 

OPPORTUNITIES NOW EXIST to join PAN AM at the Cape in developing range systems hemispheric, global and celestial in scope
and share in the exceptional professional development implicit in these assignments. 

Systems Engineers-EE's, Physicists & Mathematicians capable of assuming complete project responsibility for new range systems. 

Instrumentation Planning Engineers-EE's, Physicists to be responsible for specific global range instrumentation concepts. 

Senior Engineers & Scientists-PhD's in Math, Physics, Celestial Mechanics, Astronomy or Electronics. 

Experience in one or more of these areas: Pulse radar, CW techniques, telemetry, infrared, data handling, communications, clo.sed 
circuit TV, frequency analysis, command control, command guidance, underwater sound, timing, shipboard instrumentation. 

Why not write us today, describing your interests and qualifications in any .� 
of the areas above. Address Dr. Charles Carroll, Dept. 68A, Pan American �� GUIDED MISSILES RANGE DIVISION 
World Airways, Incorporated, P.O. Box 4336, Patrick Air Force Base, Florida. ;. ,> It.'= _ 
*Carrying on Range Planning, Engineering and Operation of Atlantic Missile "iIiil' PATRICK AIR FORCE BASE, flORIDA 
Range for the USAF since 1953. An equal opportunity employer. ... ... 
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CRYOGENICS 

No small job, "cleaning" helium - among the 
most valuable and inert gases. Yet one Cryenco 
helium recovery-purification unit, operating at 
a major space age firm, produces Grade A 

helium at a rate of 6,000 
cu.ft./hr. In a year's time, 
more than 2 million cubic 
feet of "used" helium have 
been recovered_ Axiom: 
Helium savings will pay for 
any 24-hour system in only 
three to four months. Se
cret of this economical 
system is Cryenco's un
paralleled knowledge - uti 1-

IZIng cryogenics for the major stage of 
purification. Here, most foreign substances are 
condensed out by pumped liquid nitrogen 
(-343'F.). Final purification reduces impuri
ties to a scant 50 parts per million. Designing 
and fabricating helium equipment is one of 
Cryenco's particular interests. Free your physi
cists and engineers for fundamental work. 
Write for quotation on your specific require
ment, as well as for full details on Cryenco's 
low-temperature capabilities and experience_ 

CRVENCO 
CRYOGENIC ENGINEERING COMPANY 
256 W. 48th AVE. / DENVER 16, COLORADO 
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Calibration graph for standard starch solution 

the bath and stir in enough hot water 
from time to time as required to main
tain the specified temperature. When 
all test solutions have reached the tem
perature of the bath, transfer one milli
liter of standard starch solution to each 
of the stock specimen solutions and, us
ing the new calibration curve, carry out 
the procedure for measuring and plot
ting the rate of digestion. Thereafter in
crease the temperature of the bath in 
increments of two degrees to llO de
grees, repeating the complete procedure, 
including calibration, at each increment 
of temperature increase_ If performed 
carefully, the experiment will demon
strate that the action of the enzyme in
creases to a maximum at a temperature 
somewhat above 98 degrees and there
after declines to zero at llO degrees. It 
is easy to demonstrate that the effect 
of high temperature on an enzyme is 
not reversible. A specimen of ptyalin 
first heated to 1 10 degrees shows no ac-
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tivity when subsequently tested at low
er temperatures. 

"Enzymes are similarly touchy with 
respect to the acidity or alkalinity of 
their environment. Normal saliva is 
slightly acid_ On the pH scale universally 
used for expressing acidity and alkalin
ity, normal saliva has a value of pH 6.7. 
(A pH of 7 is neutral. Acid solutions 
have pH values lower than 7 and alka
line solutions values higher than 7. Each 
unit of the scale represents a tenfold 
change in hydrogen-ion concentration, 
a pH of 4 being 10 times more acid than 
pH 5 and 100 times more acid than a pH 
of 6. Similarly, a pH of 10 is 100 times 
more alkaline than a pH of 8.) One 
might suppose that the reaction mediat
ed by ptyalin would proceed most ef
fectively in an environment of pH 6.7. 
The hypothesis can be tested by main
taining standard starch and ptyalin 
solutions at a constant concentration 
and temperature while varying the pH 

.1 .5 1 5 10 50 100 
time In minutes (log .scale) 

Graph of ptyalin activity against starch concentration 
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purposeful imagination .... in concept 
The men of Aerospace, a corporation chartered exclusively to serve the United States Government, blend the full 

resources of modem science and technology in developing concepts for advanced ballistic missile and space systems. 

o With the Air Force-science-industry team, the men of Aerospace marshal individual talents for the full 

explor ation and assessment of advanced concepts, selected for significant potential . Aerospace contri butes 

advanced systems analysis and planning; theoretical and experimental research; general systems engineering and 

corresponding technical direction of programs. 0 Aerospace Corporation, an equal opportunity employer, now needs 

more men to meet these responsibilities. Highly skilled engineers and scientists with advanced degrees, knowledgeable 

in interdisciplinary problem solving, are urged to contact Mr. Charles Lodwick, Room 120, Aerospace Corporation, 

p. O. Box 95081, Los Angeles 45, California. Cl Organized in the public 

@ interest and dedicated to providing objective leadership in the advancement � AE R 0 SPACE 
and application of science and technology for the United States Government. CO RPO RATION 
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l Wide Range! 
: Automatic 

Tracking 
Auto

collimator 
• 2%0 Range Extendable 

to 3600 
• 0.2 Arc-sec. Accuracy 
• Direction Sensing 

MIDARM* MARK IV's wide range 
and high accuracy are features which 
make it far superior to present-day 
automatic tracking autocollimators. 
The MARK IV is a precise optical 
transducer for continuous, fast re
sponse, angular rate control over 
2 Yz degrees ... and is extendable to 
360 degrees for closed-loop applica
tions. The instrument's high sensi
tivity and direction sensing capabil
ities are ideally suited for today's 
precise continuous angle measure
ment requirements. 

The two-phase analog output of the 
MARK IV can be recorded or seen 
on an oscilloscope. It can also be 
used to drive servo follow-up devices 
to determine position and rate. 

TWO-PHASE ANALOG OUTPUT 
(Typical Output Characteristics) 

1-----34 sec. 

·Micro Dynamic Angle and Rate Monitor (Trade Mark) 

Write today for complete details. 

(····R· ·· ...... ;. ... . ... . 
:KA.Z � O",," . 
LABORATORIES, INC. 
377 FIFTH STREET • NEWARK 7. N. J. 

Applications include • • •  

Gyro or Platform Drift Measurement • Precision 
Gear Testing • Calibration of Autocol1imators 

• Precision Gear Manufacturing • Control of 

Gyro Test Stands 
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in small incremcnts. The pH is altered 
by adding dilutc sodiulll hvdroxidc 
(.1 molar) or ciilute sulfuric acid (.1 
normal) in small allluunts to the speci
men solutions and measuring the pH 
with Nitrazine paper, or bv anv com
parable technique. Nitrazine paper, such 
as Squibb 1\0. 5262, can be bought at 
drugstores. 

"Adjust 80 milliliters of standard 
starch solution to IJH 4 bv adding dilute 
sulfuric acid drop bv drop, and prepare 
a new calihration curve. Then, using 
dilute sulfuric acid, adjust one milli
liter of ptyalin solution to pH 4, add the 
adjusted standard starch solution, after 
an interval of four minutes add 10 milli
liters of indicator solution and carry 
out the procedurc for p lotting the di
gestion ratc. Repeat this routine, in
cluding a new calibration run each time, 
in increments of two pH units from pH 4 
to pH 10. If carefully performed, the 
experiment \\'ill demonstrate that ptyalin 
functions most effectively in a slightly 
acid cnvironment. 

"Many other factors arc known to 
alter the rate of enzyme activitv. The 
activity of pt.vaJi n is increased by the 
presence of chloride ion in relatively 
low concentrations and bv exposure to 
red and green light of moderate inten
sity. Its activity is destroyed, on the oth
er hand, by the salts of heavy metals 
such as silver nitrate and mercuric chlor
ide. These and still other environmental 
factors can be investigated by this samc 
photometric procedure." 

Seismographs of the tvpe that employ 
'- pendulums sw inging in the hori
zontal plane, suoh as those described in 
this department by A. E. Banks of San-

5ei5mometer 
light 

ta Barbara, Calif. [see "The Amatcur 
Scientist," SCIEKTIFIC AMEHlcA:o.-, July, 
1957), are subject to long-term drift. 
Gradual changes in the tilt of local ter
rain and in the dimensions of the in
strument cause the center of the pendu
lum's swing to creep slowly toward one 
side of the instrument or the other and 
distort the record. The effect is of lit
tle consequence in the case of seismo
graphs of the Galitzin type, which have 
a pendulum bob in the form of a coil of 
copper wire that swings in a magnetic 
field and translates earth movcmcnts 
as low-frequency electric currents. The 
voltage is proportional only to the veloci
ty of the pendulum's swing and hence 
is unaffected by drift. But seismographs 
that employ a mechanical linkage, such 
as the Banks instrument, are another 
matter. In this arrangement a pivotcd 
mirror is driven by the bob through a 
short lever arm of magnetized piano wire 
that is attracted to, and therefore held 
in contact with, an iron peg in the end 
of the bob. Any displacement of the bob, 
including drift, is communicated direct
ly to the mirror system and appears as 
a bias in the recording. A nice solution 
of the problem has been suggested by 
J. P. Parker of the American Enka Cor
pOl·ation. 

"Replace the magnetized piano wire 
with a coupling of viscous oil," he writcs. 
"This can be accomplished by putting 
a shallow dish of oil on the seismometer 
arm and letting the oil drive a vanc 
attached to the mirror lever [see illustra
tion below J. A small restoring force must 
be applied to make the mirror seek the 
center of its angular excursion; this is 
achieved easily by fitting the mirror as
sembly with a weak centering spring." 

leons sliShtly 

shallow dish of S.AT40 oil 
Seismograph eqllipped ,fith antic/rift device 
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Said Svante Arrhenius: "The change of the logarithm of a chemical reaction rate constant 

with respect to temperature, is inversely proportional to the square of the absolute temperature." 

The aerospace industry is searching constantly for strong, light-weight, heat-resistant materials. Finely-spun glass fiber, 

bonded with a plastic binder, is beginning to exhibit superior properties. Until recently the glass fiber has been far more 

heat-resistant than any binder. 

Scientists at Lockheed Missiles & Space Company, however, have developed a compatible binder. This now makes it 

necessary for the glass-producing industry to evolve a glass to match its superior heat-resistance. 

Comparable successes are being achieved in dozens of disciplines in which Lockheed is engaged. As Systems Manager 

for the DISCOVERER. MIDAS. and other satellites, and the POLARIS FBM, Lockheed probes all areas of aerospace endeavor. 

Lockheed Missiles & Space Company is located on the beautiful San Francisco Peninsula, in Sunnyvale and Palo Alto. 

California. Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-30C, 

599 Mathilda Avenue, Sunnyvale, California. An Equal Opportunity Employer. 

LOCKH IE E D MISSILES & SPA·CE COMPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS 
programs. Other current programs include SAINT, ADVENT and such NASA projects as OGO, OAO, ECHO, and NIMBUS. 
SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA . CAPE CANAVERAL. FLORIDA . HAWAII 
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VAN NOSTRAND'S 
SC I ENTI FIC 

ENCYCLOPEDIA 

Free 

T H E  WORLD OF MATHEMATICS. 
The famous 4·volume work edited 
by James R. Newman. A chron· 
icle of mathematical thought from 
the Rhind p apyrus to relativity and 
automation. Handsomely boxed ; 
2535 pages; 500 illustrations. 

SCIENTIFIC E N CYCLOPED IA. 1 839 
pages; 1 456 i llustrations ; more 
than 1 400 articles ; over 1 00.000 
definitions. The third revised edi
tion of the modern classic of sci
entific reference. LIST PRICE $29.75 

H ISTORY OF TECHNOLOGY, by 
Charles Singer & others. The de
velopment of the scientific skills 
by which man h as mastered his 
e nvironment. Volumes 4 and 5-
the Industrial Revolution and the 
late 19th century . 

LIST PRICE $53.80 

T H E  E NCYCLOP E D IA O F  T H E  BIO
L O G I C A L  S C I E N C E S ,  edited by 
Peter Gray. First  encyclopedic ref
erence work in  this field - 1 1 40 
pages; more than 800 articles up 
to 3000 words long; 486 distin· 
guished contributors; over 300 il
lustrations. LIST PRICE $20.00 LIST PRICE $25 .00 

. . .  with your first Selection, at reduced price, which you may 

choose from these 18 outstanding Library of Science offerings: 
THIS GIFT OFFER dramatizes two o f  the many 

reasons why more than 57 ,000 scientists and 
professionals have joined The Library of Science : 
( 1 )  Your choice of one of the outstanding works 
above as a gift demonstrates the calibre of books 
and the substantial savings ( over 40% ) you enjoy ; 
and ( 2 )  the six groups at the right give you just a 
token example of the broad editorial program 
which . out of hundreds of titles published monthly, 
selects the most valuable for your consideration_ 

Select from many disciplines and specia lties 

In addition to these key areas, you are free to draw 
upon titles in Electronics, Evolution and Genetics, 
Frontiers in Science, Game Theory, Human Behav
ior. Medicine, Natural History, and Scientific Ref
erence . As a Member. you receive a monthly 
Newsletter containing reviews by leading authori
ties of significant new works in each field. Use the 
coupon below to choose your free Gift B ook and 
your first Selection. You receive another free Bonus 
Book after every fourth Selection. Why not mail 
your choices today to The Library of Science, 59 
Fourth Avenue, New York 3, N. Y. 

Which valuable work may we send you FREE? 

The Library of Science, Dept. £:.- 1 1 5  
5 9  Fourth Avenue. New York 3 ,  N .  Y. 

Please enroll  me as a member and send me the 
Gift Uook a n d  first Selection that I have indicated 
below. B i l l  me for my Selection only at the reduced 
Member's Price,. plus postage. A s  a member I need 
take as few a s  five more Selections during the next 
24 months from the 75 or more available to me at 
reduced M e mber's Prices, and I will receive a free 
Bonus Book of my choice after every fourth Selection. 

Membership Gifl Book ___________ _ 

Firsl S.leclio., ______________ _ 

Name . . . . . _ .  

Address . . . . .  

City . . Zone . . .  State . 

1 56 

MATHEMATICS 

PROBA B I L ITY T H EORY & 
I T S  A P P L I CATIONS, by Wil
liam Feller. "A rigorous and 
unified account in the light 
of modern investigations," 
W .  ,\1 . Hirsh. 

LIST P R ICE $9.75 
M E MBER'S PR ICE $ 6.95 

MATHEMATICS A N D  PLAU
S I B L E  R E A S O N I N G ,  b y  
George Polya. T w o  vols. In
ductioll QlId A nalogy in 
lvlathematics and Patterns 01 Plausible Inference .  ( T w o  
books c o u n t  as one Selec
tion . )  LIST PRICE $9.00 

MEMBER'S PRICE $6.50 

MATHEMATICS I N  W EST
ERN CULTURE,  by Morris 
Kline. "Outstanding events 
in  the history of mathematics 
a n d  the i m p a c t  of t h e s e  
events on our cultural heri
tage . "  A merican Scientist. 

LIST PRICE $8.00 
MEMBER'S PRICE $5.75 

SYMBOLS, S I G NALS AND 
N O I S E ,  by John R. Pierce. 
Concepts and applications 
o f  electrical  and mechanical 
transm ission of messages, 
m a c h i n e  b e h a v i o r a n d 
physics. LIST PR ICE $6.50 

MEM BER'S PRICE $5.50 

PHYSICS, CHEMISTRY 
& BIOLOGY 

NATURE OF T H E  C H E M ICAL 
BOND, by Linus Pauling. 
The NobeL Prizewinner's 
brilliant presentation o f  mod
ern structural chemistry. 

L IST PRICE $8.85  
MEMBER'S P R I C E  $6.50 

MATTER, EARTH A N D  SKY, 
by George Gamow. "A most 
fascinating journey of the 
entire physical cosmos, from 
the infinitesimal to the in
finite. Up-to-date. compre
hensive and authoritative." 
William L.  Laurence. 

LIST PR ICE $ 1 0.00 
MEMBER'S PRICE $ 6.50 

RELATIV ITY FOR T H E  M I L
LION, by Marlin Gardner. 
A brilliantly lucid "tour" 

of the u n iverse as revealed 
through Einstein's theories of 
relativ ity by the noted con
tributor to Scientific Ameri
c a n .  LIST PRICE $6.95 

MEM BER'S PRICE $5.75 

T H E  I D EAS OF B IOLOGY 
alld THE NATURE O F  L I F E .  
J .  T. Bonner's lucid presen
tation of the life processes
a ll d C. H .  Wad d i n g t o n ' s  
engrossing exposition of bio
logical thought, problems 
and prospects. (Two books 
count as one Selection. ) 

LIST PRICE $8 .95 
MEMBER'S PRICE $6.50 

TECHNOLOGY 

C H A M B E RS'S T E C H N ICAL 
D ICTIONARY, ed. by Tweney 
& Hughes. Revised 3rd Edi
tion o f  the reference work 
i n  its fiel d .  1 028 pages, over 
60,000 entries. 

LIST PRICE $7.95 
M E M BER'S PRICE $5.95 

A S T Y L E M A N U A L  F O R  
T E C H N ICAL W R I T E RS A N D  
E D ITORS, edited by S. J .  
Reisman. I llustrated guide to 
planning, writing, editing, 
d e s i g n i n g  a n d  p r o d u c i n g 
technical communications of 
all  types. LIST PRICE $8 .00 

MEMBER'S PRICE $5_95 

ASTRONOMY, SPACE 
& EARTH 

LAROUSSE E NCYCLO P E D I A  
O F  T H E  E A R T H .  I n t e r n a 
tionally acclaimed reference 
work in geology, paleontol
ogy, mineralogy, geophysics, 
meteorology, oceanography, 
speleology and seismology. 
419 pages. LIST PRICE $ 1 5 .00 

MEMBER'S PRICE $9.95 

T H E  W O R L D  OF I C E ,  by 
James L. Dyson. Glacier for
mations and their effects on 
climate, land masses, distri4 
bution of minerals, water 
s u p p l y  a n d ,  m o s t  i m p o r 
tantly, on h u m a n  life. 88 
illustrations. 

LIST PRICE $6.95 
MEMBER'S PRICE $5 .75 

HISTORY AND P H ILOS
OPHY OF SCIENCE 

A S H ORT H ISTORY OF SCI
E N T I F I C  I D EAS, by Charles 
Singer. ". . . the sciences 
from their beginnings up to 
the present century . . . .  By 
far t h e  most authoritative 
and concise one-volume his4 
t o r y . "  D e r e k  J.  de Sol la Price. L I S T  PRICE $8 .00 

MEMBER'S PRICE $5.95 

T H E  WORLD O F  L E O NARQO 
DA VINCI,  by Ivor B .  Hart. 
The towering genius of Leo
nardo--his achievements as 
man of science, of art, of 
humanism , observer,  student, 
experimenter, engineer. 

LIST PRICE $7.95 
MEMBER'S PRICE $5.95 

ARCHAEOLOGY & 
ANTH ROPOLOGY 

M A N K I N D  EVOLVING, by 
Th. Dobzhansky. " . . .  the 
m o s t  j u d i c i o u s  s c i e n t i f i c  
treatise t h a t  has e v e r  been 
w r i t t e n  on t h e  n a t u r e  o f  
man." George Gaylord Simp4 
SOil. L IST PRICE $7.50 

MEMBER'S PRICE $5.95 

VOICES I N  STONE, by Ernst 
Doblhofer. Procedures and 
methods, successes and fail4 
ures in  deciphering the writ4 
ten remnants of lost c iviliza
tions. LIST PRICE $6.00 

MEMBER'S PRICE $4.95 

U N D E R  T H E  M O U N TA I N  
WALL, by Peter Matthiessen. 
A vivid c h ronicle of daily 
l i f e  a m o n g  t h e p r i m i t iv e  
Kurelu tribe of N e w  Guinea 
-one of the last truly Stone 
Age cultures - as recorded 
by the noted naturalist4nov� 
elist. LIST PRICE $7.50 

MEMBER'S PRICE $5.50 

T H E  A N C I ENT S U N  K I NG
DOMS, by Victor W. von 
Hagen. The splendor of the 
Aztecs, Mayas and Incas 
whose civilizations rivaled 
those of  Europe . A lavishly 
i l lustrated work by one of 
America's foremost archae
ologists. LIST PRICE $ 1 2.50 

MEMBER'S PRICE $7.95 
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by Kenneth E. Boulding 

OF TIME, WORK, AND LEISURE, by Sebas
tian de Grazia. The Twentieth Cen
tury Fund ( $6 ) . 

COMMUNICATION AND SOCIAL ORDER, by 
Hugh Dalziel Duncan . The Bed
minster Press ( $ 10 ) .  

T
he hard scientist who i s  a n  active 
member of the human race will 
feel an urge to spend part of his 

leisure, if any, in exploring the litera
ture of social problems and social sys
tems. He usually finds the going hard 
and the signposts unreliable. He is apt 
to emerge from the jungle with the feel
ing that the professionals in this field 
are mainly engaged in dressing up little 
knowledge with big words and spurious 
quantifications. We are all amateurs in 
social systems anyway, as we all have 
to live in them, and we cannot help ac
quiring a good deal of folk knowledge 
about them. It is tempting for the non
social scientist to conclude that amateur 
status is all that is necessary in this field, 
and that if we need to solve social prob
lems, a few Pugwash conferences of dis
tinguished physicists will do the trick. 
I am frankly interested in undermining 
this view and in persuading the scientific 
community that social systems must be 
studied professionally, extensively and 
scientifically. I approached these two 
volumes, therefore, with the question: 
Will they aid or hinder the major ob
jective, or should they be placed on 
the Index of books unfit for scientists 
to read? 

The De Grazia book, in spite of some 
virtues, I think I would regretfully put 
on the above Index. The book is the 
product of a Twentieth Century Fund 
study, but whereas previous studies by 
this estimable institution have tended in 
the direction of a solid and encyclopedic 
dullness, this one makes a stab at be
ing sprightly. There has evidently been 
a research assistant who has compiled 

BOOKS 
Two recent studies 
of modern society 

some tables to give the whole business 
a factual air; one would guess, however, 
that the author knew the answers be
fore the tables were compiled. The con
clusions exhibit a somewhat tenuous 
connection with the evidence. 

The study began, as August Heck
scher, director of the Fund, explains in 
the foreword, as an expansion of earlier 
studies on patterns of consumption as 
related to leisure, and then, he goes on, 
"it became apparent that leisure could 
not be treated apart from work and 
that both had to be viewed against the 
changing concepts of time in our civili
zation. Accordingly, the work developed 
its present scope-in effect, tending to 
become a critique of advanced indus
trialism as it exists in the United States 
today." The problem, then, is one of 
enormous importance: What has the rise 
of scientific knowledge and the tech
nology based on it done to the over-all 

quality of human life? It is a subject 
worthy of intense, prolonged and serious 
study. This study impresses me as casual 
rather than intense, and prolix rather 
than prolonged. I am probably being 
unfair to De Grazia because he raises 
the hackles of so many of my pet 
prejudices .  He likes the ancient Greeks, 
whom I confess I regard as an insuf
ferably superstitious and quarrelsome 
bunch of slavers with an un deservedly 
good press. He gives way to what he un
ashamedly calls "musings" (page 395 ) ,  
and he approaches the whole problem 
with the presumption that the leisure 
technology is supposed to have bestowed 
on mankind is a fraud, and that what
ever technology may save us is gobbled 
up in commuting, job shifting and re
cuperation from the strain. It is true, 
of course, that crude statistics on the 
reduction of the number of hours worked 
per day, week or year exaggerate the 
gain in what the author calls, some
what patronizingly, "free time." The 
author's romantic bias, however, leads 
him into some dubious statistical argu
ments, and into an unduly roseate view 
of the hard, brutal and short life of the 
preindustrial craftsman; it leads him, 

furthermore, to miss the Significance of 
the widened field of choice and the 
enormously expanded intake of infor
mation that constitute the main fruits 
of technology in the quality of ordinary 
life. 

For De Grazia leisure is the Greek 
"good life," which the unfriendly might 
take to be the contemplation of the in
finite while being waited on hand and 
foot. I feel a bit ashamed of myself for 
sounding so cross, as the author is ob
viously a charming fellow and the per
fect dinner companion. I am cross, how
ever, because the subject is much too 
important to be pre-empted by philos
ophizing. De Grazia has missed the 
whole point of the fantastic revolution 
in the state of man that is going on in 
the world and that is greatly increasing 
both his stock of knowledge and his use 
of information, as well as his ability to 
satisfy his desires, good and bad. I sus
pect the real difficulty is that De Grazia 
is a civilized man, emotionally com
mitted to the era of civilization ( 3000 
B.C. to A.D. 2000 ) that is now passing 
away. De Grazia, like Hannah Arendt, 
whose book The Human Condition 
De Grazia's somewhat resembles, be
longs to a tradition of civilized thought 
that is not really capable of dealing 
with the problems of the postcivilized 
society toward which we are so rapidly 
moving. 

The second of these two books be
longs to a very different tradition . For 
one thing, it is peculiarly North Ameri
can; I am sure it could not have been 
written in any other continent. It is part 
of an intellectual constellation that goes 
back to Thorstein Veblen, George Mead, 
William James, John Dewey and par
ticularly Kenneth Burke, to whom Dun
can clearly owes a great deal. It is re
lated, somewhat more remotely, to what 
might be called the Toronto school of 

social theorists, originating with Harold 
A. Innes and continuing through the 
work of Edmund S. Carpenter to Mar
shall McLuhan's astonishing and provoc
ative Gutenberg Galaxy. These writers 
are all preoccupied with the problem of 
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what it is that constitutes the peculiar 
and distinguishing characteristics of so
cial systems and they all emerge with 
much the same conclusion: What dis
tinguishes social systems from mechani
cal or biological systems is the fact of 
symbolic communication, that is, lan
guage. This is not to say that social sci
ence is reduced to linguistics, any more 
than it can be reduced to economics . 
Each of these disciplines represents a 
legitimate abstraction from the social 
system. But if the social system is to be 
treated as a whole, an abstraction that 
excludes the element of symbolic com
munication is excluding precisely that 
element which gives social systems their 
unique character. The key to the dy
namics of social systems in this view, 
therefore, is rhetoric: the process by 
which one person changes the inner 
structure and ultimate behavior of oth
er persons by means of symbolic com
munication. Attempts to produce pure
ly mechanical models of social systems, 
as in the case of classical or even Keyne
sian economics or, more dubiously, the 
sociology of Talcott Parsons and his 
followers, have only a limited validity. 
There is some tendency even among 
social scientists to regard art, literature 
and oratory as being superficial epi
phenomena Rashing gaily on the sur
face of the solid mechanical system be
low. In the study of social systems this 
view can be dangerously misleading. 
Duncan's central idea, which he modest
ly admits has been presented by many 
other writers, is that the dynamics of 
society cannot be understood without 
an understanding of the process of com
munication, by which the great artist 
changes the taste of millions, the drama
tist arouses images that deRect the 
course of history and the orator stirs men 
to glory or to madness. I may perhaps 
be reading something into Duncan's 
book that is not in the mind of the au
thor, but this at least is the message that 
comes across to me. 

The book in itself would be a useful 
introduction to the whole field of thought 
out of which it comes, a body of thought 
whose intrinsic importance is matched 
only by its lack of recognition. For this 
reason alone the book is to be highly 
recommended for serious students of 
the social system.  It begins with a his
torical review: Freud, Georg Simmel, 
Bronislaw Malinowski, James, Dewey, 
Mead and Burke. This part of the book 
is perhaps rather labored and overfoot
noted, as if the author were working 
a little too hard to establish his refer
ence group. The busy reader may want 
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to begin with Part Five, enticingly 
headed: "Social Mystification in Com
munication between Classes." Here, 
when the author comes to discuss Hitler's 
Mein Kampf as "rhetoric as an instru
ment of domination through unreason," 
the footnotes fall away and an infectious 
intellectual passion carries the author 
in a style that is both emotionally mov
ing and intellectually exciting. The 
major theme of the whole work is the 
use of communication in establishing 
hierarchy, by which Duncan means es
sentially the structure of roles in society 
and the establishment of these roles by 
the communications that surround them 
and that pass between them. He ex
tends the concept of hierarchy to in
clude not only, the superior-inferior re
lation but also the relation among equals . 
Duncan's discussion of the nature of 
social equality indeed impresses me as 
being the most profound body of in
sight into this subject I have ever read. 
Duncan points up the great dilemma of 
social organization: conversation can 
take place only between equals; organi
zation involves unequal relations of high
er and lower ranks that destroy con
versation; and without conversation 
communication is inevitably corrupted. 
We try to escape this dilemma through 
wit, jokes, jesters, art, overlapping hier
archies, established or disestablished re
ligion, office Christmas parties and the 
like-and with only modest success. 

An important virtue of Duncan's ap
proach is that he brings explicitly into 
his argument elements of symbolic sys
tems that more mechanically minded 
social scientists reject as too literary, 
vague, sentimental or theological to in
clude: topics such as guilt, victimage 
and redemption as elements in social 
dynamics; the role of comedy, even of 
obscenity, in what he calls "the rhetoric 
of reason in society"; the possibility of 
replacing a tragic victim by a comic 
victim; the curious relation between 
asceticism and criminality, and a num
ber of other topics of this kind-all ex
amples of an unusual richness of ideas 
and material. To an economist Duncan's 
observations on the symbolic uses of 
money in a plutocratic society, often 
reminiscent of Veblen, are both strange 
and illuminating, like hearing a familiar 
accent in a foreign land. 

In spite of, or perhaps because of, 
its profundity and wisdom, this book 
should be classified as philosophy rather 
than science. It is philosophy rather 
than philosophizing, which sets it at a 
higher level of information organization 
than the De Grazia book. A science of 

symbolic systems, however, would have 
to be at a still higher level of organiza
tion. The treatment of money is a good 
illustration of the point . There already 
exists an abstract science of the mone
tary system using what are essentially 
mechanical theoretical models; it deals 
with such things as the quantity of 

money, its velocity of circulation, the 
various forms and species of liquid and 
other assets, the rates at which they are 
created and destroyed, and the recipro
cal impacts of this system on interest 
rates, prices and incomes. At a mechani
cal level of abstraction this theory is 
fairly successful, and it tells us a good 
deal about the social system. It does 
not include and does not need to in
clude the symbolic uses of money that 
Duncan writes about so entertainingly. 
All these things can be subsumed in the 
simple mechanical parameters. At this 
level of analysis the fact that we do not 
have an abstract theory of symbolic sys
tems is perhaps not serious, because we 
can operate the monetary system fairly 
successfully without it. As we move into 
other areas of social life-politics, war 
and peace, religion and so on-we find 
that the mechanical models by and large 
fail us. By what theoretical model, for 
instance, would we have predicted the 
rise of Nazism or Islam, Christian 
Science or Bahai? Even at the level of 
the theory of war and peace, even 
though we have mechanical models of 
a sort, the symbolic elements are so wo
ven into the system that we cannot ab
stract from them without grave danger 
of a lack of realism. When it comes to 
formulating actual theoretical models 
of symbolic systems, however, that might 
be capable of quantitative treatment, we 
find ourselves at a loss. Symbolic sys
tems are so rich in variables that up 
to now, at any rate, it has been extremely 
difficult to abstract what is essential in 
them. Philosophy talks about these 
systems in all their richness; a science 
of symbolic systems would have to ab
stract their naked essence. This we have 
not yet done. Nevertheless, where there 
is a philosophy a science may be pos
sible. The greatest danger of the scien
tist-and the social scientist is peculiar
ly exposed to this-is that he confines 
himself to the study of the things for 
which his existing methods are suitable. 
This means that he often does not ask 
himself questions that are intrinsically 
important, because he does not have any 
immediate means of answering them. It 
is the business of philosophy to ask im
pOltant questions that do not have im
mediate answers. It is the great virtue of 
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Britannica 
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No one is permanently educated-knowledge obsolescence is a hard 
fact of 20th century life. The individual who was considered well edu
cated only 5 years ago may be sadly left behind today. In this era of 
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In science-
a notable variety 

SARTON ON THE 
HISTORY OF 
SCIENCE 
Essays by George Sarton 
Reflecting Sarton's concept 
that the history of science is 
a core of truth unifying all 
knowledge this fascinating col
lection ranges from chapters 
on "Leonardo da Vinci" and 
"Maimonides"to"Iconograph
ic Honesty" and "notes on the 
reviewing of Learned Books." 
Editm', Dm'othy Stimson. 

$7.50 

THE DISCOVERY 
OF NEPTUNE 
by Morton Grosser 
The dramatic scientific history 
of two remarkable predictions, 
independently arrived at by 
Leverrier, a French astron
omer, and Adams, a mathema
tician at Cambridge and the 
i n t e r n a t i o n a l  f u r o r  t h e y  
touched off. $4.95 

ESSAY ON 
CLASSIFICATION 
by Louis Agassiz 
Published two years before the 
Origin of Species Agassiz' 
Essay gave classical biology 
its most articulate expression 
in the 19th century. Editm', 
Edwa1'd Lw·ie. John Harvard, 
Library. Belknap. $5.00 

THE CONCEPTS 
AND THEORIES 
OF MODERN 
PHYSICS 
by J. B. Stallo 
Propounding the relativity of 
knowledge, this 19th century 
prophet denied the validity of 
all absolute concepts. Editor, 
P. W. B1·idgman. John Har
vard Library. Belknap. $4.75 
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Duncan's work that he has enriched the 
agenda of the study of social systems 
and therefore has contributed to open
ing a way toward a much deeper social 
science than we now possess. 

Short Reviews 

l\!( IKUTES OF THE VIENNA PSYCHOAN' 
. ALYTIC SOCIETY, VOLUME I: 1906-

1908, edited by Herman Nunberg and 
Ernst Federn. International Universities 
Press, Inc. ( $ 10 ) . In 1902 Freud be
gan in his own apartment a series of 
meetings that became known after a 
time as the Wednesday Evening Meet
ings . To these he invited a heterogeneous 
group of intellectuals-physicians, phys
iotherapists, music critics, teachers, pub
lishers and others-to discuss mental 
or behavioral disorders and their inter
pretation through the new techniques 
of psychoanalysis. This loose circle met 
regularly, took its work very seriously 
under the strong and provocative leader
ship of Freud himself and after a time 
was transformed into the Vienna Psycho
analytic Society. Among the members of 
the group were such well-known figures 
as Alfred Adler ( who was to become 
chairman of the Vienna Society in 1910  
and who was later to  turn from Freud ) ,  
Paul Federn ( a  professor of internal 
medicine who remained loyal to Freud 
throughout his life ) , Max Kahane ( one 
of the four original members ) ,  Otto 
Rank ( until his defection Freud's favor
ite pupil ) and Wilhelm Stekel ( another 
original member, who separated from 
Freud a little after Adler did ) . Although 
the meetings were instituted in 1902, 
minutes were not kept until 1906. They 
continued until 1915; Rank, the official 
salaried secretary of the society, was 
entrusted with the task of recording 
them. This volume, the first of three, 
covers the period from 1906 to 1908. 
It is of interest as both a chronicle of 
the coming of age, spread and develop
ment of psychoanalysis and a develop
ing portrait of the workings of Freud's 
mind. One is struck alike by the scientific 
naivete of the discussions and by the sin
cerity, dedication and imagination dis
played by the master and the disciples. 
One is no less impressed-perhaps one 
may be allowed to say amused-by the 
fact that many of the views put forward 
today by orthodox Freudians differ little 
from those expressed in Freud's apart
ment more than half a century ago. The 
jargon vocabulary has become much 
more elaborate, but the contradictions, 
the vagueness, the oceanic conceptual 
muddle remain . Freud may have got 

over many of his early ideas, but his lat
ter-day disciples evidently have not. 

THE PAPERS OF BENJAMIN FRAKKLIN, 
VOLUME IV, edited by Leonard W. 

Labaree and others . Yale University 
Press ( $ 1 0 ) . Benjamin Franklin, the 
15th child in a family of 17,  was, as an 
American contemporary once wrote to 
him, a "True Genius" who would not 
"content [himself] without entering 
more or less into almost everything." 
Like Jefferson, Franklin did so much in 
his life, enjoyed every phase of it, from 
female society to static electricity, so 
hugely that one marvels he ever found 
time to put words to paper. Yet somehow 
he found the time to do so in books, 
essays, letters, tracts, pamphlets, poems 
and other writings, which give expres
sion to his incredible vitality, his un
quenchable curiosity and enthusiasm, 
his penetrating intelligence, his shrewd
ness, his sense of humor and above all 
his sheer joy of life. The fourth volume 
of this scholarly and absorbing collec
tion of his papers covers the period from 
July 1 ,  1750, through June 30, 1753. It 
contains, among other things, basic pa
pers on electricity, including the experi
ments that proved the identity of light
ning and electricity and the account of 
his famous ( and hair-raisingly danger
ous ) experiment with kite and key; ex
cerpts from Poor Richard; observations 
on astronomy and astrology; reports of 
conversations about natural history, 
Niagara Falls, frost damage, Franklin 
stoves, hickory tea; information on how 
to prevent candles from dripping; an 
essay on the rapid increase of man
kind; conjectures about and observa
tions on weather; memoranda on cur
rency; astringent anticlerical opinions 
("Now a days we have scarce a little 
Parson that does not think it the Duty 
of every Man within his Reach to sit 
under his petty Ministrations, and that 
whoever omits them offends God" ) ;  cor
respondence on books and printing, 
magic squares and magic circles, water 
spouts, electric shock treatment, hospital 
administration, fire insurance; an essay 
on "Making oneself a disagreeable 
companion," and so on and on. There is 
no better book to curl up with to dispel 
the vapors and to draw refreshment from 
a great and lively spirit. Each succeed
ing volume of the Yale Franklin earns 
the praise Henry Steele Commager aptly 
applied to the first: "A work of art ."  

THE FIRST NINE MONTHS OF LIFE, by 
Geraldine Lux Flanagan. Simon and 

Schuster, Inc. ($3.95). A well-conceived 
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of major ari a � ; pittorial seet ion ( eOll lpo!<er.  lihrett i � 1 .  per
formanees,  famOllfi  roles.  fac.�i l l l i  I i' S  of I lI S S .  e t c . ) .  
L A  B O J i E .\l E  B Y  C I A { ' O .\ I O  1 ' ! · lT]XI .  hy J<:lIen 1 1. 
I"Ue i ler.  63 ill u s .  l .)OPP . -1 0 -1  l 'aperhd. S l . 00 
A TDA B Y  CIL'SE1'l'F, \'F- lnH, by Ellen I I .  Bleiler.  76 
i l l u s .  l � l pp .  · 1 0 .-, J'apcrbd. $ 1 . 00 

L I S T E N  A N D  L E A R N  M O D E R N  H E 6 R E W  
Anot her i n  Otll' \I e l l - knoll n serie" o f  " I . i � t e n  a n d  L e a r n "  
I' e t s .  Three ;�� 1 3  rJ)lll records p l u s  a fully i ndexed m a n u a l  of 
�.·) { I  e � s e ll ! i a l phrases. l l ear pilrases read i n  English. then 
I l e l l l'ell , \I i t h  ]latl�es fol' you t o  repea l .  read hy lI a l i l'e 
l I ebrell �peakers and IHi l l e n  by the c h a i r m a n .  lI ebre\\ 
Dellt .. t · .  of \\· i scon s i n .  )lallual  pro\'ides p honet i c  tl'a n 
s('I'i l l t iom of a l l  ]lhrase .� .  t i p s  o n  .� t mly m e t hod� a n d  pro
n U Il{·i a t i o n .  60 p p .  of c x l r a  I'ocabulary on native food, per
�onal acreS�Ol' i e H .  a u t o  part s .  road .� i g'n s .  e t f'. Y O ll w i l l  IU1I'e 
a t  yOllr fingert i lH,  (Ill the phrases needed when traveling i n  
] s r a c l .  i 'ro\'Cn a n  elf c r t  i l·e .  enjo.l' ahle w a y  t o  learn a l a n 
g u a g e ,  i m p rol'e IlrOIllI lH' i a t ioll.  ami refre.�h t h e  I I l t' l I l o r y .  :{ 
] :! "  3;11 3 rpm recor d s ,  m a n u a l .  gS:� The set S 5 . 9 5  

E I N S T E I N ' S  T H E O RY O F  R E L A T I V I TY ,  Max Born 
One of t h e  m o � t  i m p o n a n t  hook� Il e ' I'e c r e r  p u h l i shed ! The 
Ilew, 1 962 ,  t horoughly rerbed and t' nlargcti edition of a 
h a s i r  \I ork. \l I'i l \ CII by a XolJel L a u r e a t c  ( Ul .-).-) ) .  XOI I 
t e l'imi C;J1 rel'iew of classj ('al p h y .; i c · ,,;  i nt rot!uc 'CS u p - t o - d a t e  
cxpo,<;l t i on of E i n s t e i n ' s  t heori e s  of rcl a t i v i t y  . .  \ Il l(lzi nj.(ly 
deal'. careful di scu��i on.� of t he ('OIlt'CIH of s i ll t u l t a n e i t .r .  
kinem a t i e s .  E i n s t e i n ' s  m e ('ha lt i ('�  and dynami( ·s .  relalil ' ity 
of arbitral',\' I l lot i o n s ,  pri tH'i ple of c q u i l'alell f'e . geometry of 
cUf\"ed ,<;urf(lI'C "; .  "pace - t i m e 1'0lHi l l l l U lll , e t c .  E -; s c l i t i a l  read
ing for :-.:('i (' n t i s t s.  . . ye t arre � .� i hle to t h e  i n t crc.� t e d  l a y m a n  
regal'(lle" . .; of ha(·kgrou l l d .  BCI' i --ed hy Dr.  Borll .  lI i t h  D r .  
G u nther L e i b f r i e d  a n d  Dr.  \\' alter B i cn l .  1 -l ;� fi g s .  ;176])I L  

7 6 t!  l'l1])crhd . $ 2 . 00 

P R O BA B I L I T I E S  A N D  L I F E ,  E m i l e  Borel  
O l l e  of t h e  leading Pren('h m a t h e m a t i ci a n s  of the last  1 00 
.rear." apl)li e s  certa i n  of tlte r c s u l t s  of t h e  m a t h  of prohahi l·  
i t )' t o  a numuer of prohlem s t h a t  directly concern l iS  all : 
cOll t p u t a t i o n  of life  expectaltc)' t a b l e s .  probabi l i t i e s  of joh 
acc:i dents, games o f  chance, chances of recol'f'ry from I'arious 
i llnesses,  weather Ilrediclions,  and o t he r  s u c h  m a t t e r s .  
B a t h e r  than attempting to covel' t h e  w h o l e  f i e l cl ,  he contCIl
trates on IlroblcUls that i nnll\'C everyda:", sjttlat i o l l � .  e l l l 
phaslzing the results,  not t h e  proce ,.;ses o f  Ill ath of nrob 
ahility.  Simply writt e n .  free of  l echnical  terminology . t h i s  
i s  a h o o k  t h a t  i s  ent i rely ('orttj)rehensihle to laymell and 11 
fi ne i n t roduction for anyone entering on a study of proh
ability.  8 7 1)Jl. l:!l i'allerbd. $ 1 . 00 

E R R O R  AND E C C E N T R I C I TY IN H U M A N  B E L I E F ,  

D r .  J o s e p h  J a strow 
'I'hought - p ro\·ok i n g .  entert a i n i n g  s urrey of ('I a s s i c  ('a s e s  o f  
fraud ami f o l l y  by t h e  l a t c  I ' l'e � i dent of l i le  .\111 . IJs)'Ch . .-\ s :-; .  
lnclucJes stor i e s  of talkin/-t ilor.� e .� ; f a k e  prophets ; doeulll c ll I s  
signed hl' t h e  cleri l ;  num erology : .I ae�er · s  soul · r e t a i ning 
uncJenl (' ar : l'ut i e llee \\'or t h ; ps,\'chograp h :  Taxi ! .  greates( 
hoaxer of a l l  t i m e ; E l I � a p i a  i 'a l l a d i n o : t he Yersailles i n 
eiden! . a s  :! ladies leal'c t i lc :.! O t h  tent liry a n d  l'i s i t  .\ I arie 
.\l l Ioincl t e : .\ nnie H l' s a n t ; and m a ny ot her l unaci e s .  ( 'rank 
t heori c s .  fruuds. f'har l a t a n s .  t l' i ('k.�ters.  and learned i d i o t s .  
Tile g u l l i b i l i t .I' of t l t e  h UIl t ; l t l  ratc S l i l l t l l l e d  u p  i n  a n  e n 
grus s i n g  h o o k  t h a t  i s  i t l tel 'e � t i t l g  as  lI ell  a s  enli g h t e lt i ng.  !i 7 
i l i l l s .  ·IO� PI l .  ! ) S (i J 'aperhc!. $ 1 . 85 

S A T E L L I T E S  A N D  SAT E L L I T E  R E S E A R C H ,  Desmond 

K i n g - H e l e  
XCII I y  revised.  u p - t o - t !w - m i n u t e  s t udy m a k e s  ;J\'ailahle to 
laymen a n d  to scient i s t s  a f u l l .  c a � i l.l· followed acco u n t  of 
el 'ery s i gnificant llspeet of satellite research, both Htt. � s i a n  
and \\·estern.  Thi fi i s  t h e  o n l y  i n t e grated v i cture of s a t e l 
l i t e s .  t heir mechani s l l t s .  and di sco\'cl' i c .� Il lade w i t h  t he m .  
F l i g h t p a t h s .  d i s t u rbanees of orhi t ll .  ("olll llt u n i cation lI i t h  
s a t e l l i t e s . hi story o f  la unchings ( da l e .  s i z e ,  weight.  �peed,  
orbi t .  equipment . life expecta llt.y. cu'. ) .  detailed discussion 
and el' a l u a t i on of d i seol'e r i e s  ( Van Allen belt s .  eal't h 
m e a s urement s .  t e m p e r a t u r e s  i l l  �pace.  ('o s m i c  r a Y li .  etl · . ) .  
Xew 4 5 - page chapter CO\'ers recent del'e]O)lll l e n t s  t o  
�e])tember.  1 0 6 1 .  Expert analyscs,  Il r i l ! c n  w i t h  Itn u s u a l  
skill .  6 1  i l l u s .  :! :!8pp, 7U3 l'aperIJ(i. S 2 . 00 

NEW Dover RELEASESI 

S A C R E D  B O O K S  OF T H E  EAST 
Prohahly the l t I o s t  I'aluable IHinted source f o r  st udy of t h e  
hasi c E a s t e r n  " r i t i ngs.  'fhis monumental s e r i e s ,  prepared 
by t he late )lax 1ltiller and his colleagues,  con t a i n s  the 
s t ll nciard scholarly translations o f  t h e  authentic texts, some 
t he only renderings ever m a d e  into English. A u gmented by 
full, careful eX!llanalory i ntroductions.  textual notes, all
nendiccs. �ow ready : 
'I' I I E  TEX'!':'; OF 'l'A01SM, trans.  by James Legge. 2 vols. 
'I'otal  of xxvi i i  + 736pp. 090 - 1  Paperbd. $4.00 
T i l E  1 · I '.\X1SlLADS, t r a i l s .  by Max �niller. 2 \'ol s .  'rot.al 
of ('hi -I- 6 7 0  p p .  9U2 - :l Pal)erbd. $ 4 . 0 0  
'I' l l ": \· EDA·i'\ 'I'A Rl;'I'HAS OF' BADARAYANA w i t h  com
/ t I l'I I I H 1'\'  o f  �ankara, trans. by George 'l'hi ballt. 2 \'ols.  Total 
o f  �xX\'i i i  + 9J6pp. 994-5 Paperbd. $ 4 . 0 0  

THE P H Y S I C S  O F  M U S I C ,  A l e x a n d e r  Wood 

L a t c  FellO\I of E m m a n u e l  College. C a m bridge,  d i s c u s s e s  t h e  
physi cal a s p e c t  of m u s k  i n  a non-technical present a t i o n  that 
l I lay he followed e a s i ly by any intelligent reader. '!'he nat.ure 
of �Ollnd ; forced l'ihrati on and resonance ; intensity R:nd 
louclne s s ; 11itch ; t he physi ology of t h e  car ; tone 11rocluetlOIl 
hy s t r i n g s .  organ pipes.  fl u t e s  and reeds, brass. 11ercussion. 
and t h e  humlln mi ce ; h i story and techni Ques o f  recording 
and rej)l'oducing' sound ; acou s t i c s  and design o f  concert halls,  
Il i t h  analyses of tYl1icai huildings, elC.  Appendix contains 
Itl a t i lematicnl  m a t e r i a l .  A hook of speci al interest t o  h i - Ii 
cllll lll � i a fi t s .  m u sicians,  sOllncl engincers.  and anyone seri
ol lsly i n t erestcd in music.  He\' i s e d  H)62 .  ;1 . Bowsher. 109 
illus.  x i i  + 2;JJPP. 3�2 I'ap erhd. $2 . 2 5  

A N  E L E M E N T A R Y  I N T R O D U C T I O N  TO T H E  

T H E O RY O F  P R O B A B I L I T Y ,  B .  V .  Gnedenko a n d  

A .  Y a .  K h i n c h i n  
A n  i n t roduct i on .  no more : a u t hors cli.�eltss t h e  t h eory o r  
prohahility for s i t u a t i on s  Il<t\' i n g  o n l y  a fi n i t e  I l l l l i lher o f  
po.� s i h i li ti e s .  holding m a t h  t o  t h e  elementary lel·cl .  \\' i t h i n  
t he purposeful l i m i l s .  t h i s i s  a t iloro u g' h .  ahsolutely a u thori 
t at i l'e eXl1lanation.  'rhe m e a n i n g  of proll a h i l i t y .  add i t i o n  and 
Ilt u i t i plieat ion o f  proba b i l i t ie f.! .  the ('oncept of ('ondit ional 
probabili t y ,  Baye s ' s  form u l a ,  Berlloull i ' s  ficheme and l heo
rem, ralldom varia h i e s .  t he Chebyshel' i ne q u a l i t y .  normal 
laws o f  d i s t r i htl l i o n .  d i stri u u t i o n  CurVC fi ,  many related 
tOI)ics.  Xo other popular t r e a t m e n t  covers so llIuch m a t erial  
\I i t h  t h e  sallie degrce of (']ari t y  and a l l t h e n t i c i t y .  �ew t r a n s 
l a t i o n  of r e l ' i s e d  ( 1 % 0 )  H u s s i a n  cdi t i on .  xii  + ] :30])]) .  

l.'j;j J'apcrbd. $ 1 . 4 5  

S I R  I SA A C  N EW TO N :  A B I O G R A P H Y ,  
L o u i s  T r e n c h a rd M o r e  
'rhe defi n i t i l'e biography or the greatest  s c i e l l l i s t  t h e  world 
lia ... know n .  compiled from both his IHt h l i s hed and u n p u h 
li shed writings,  l c t t El r s ,  etc. Dr.  :'I l o r e  presents �ewton not 
merely a s  a scienLi s t  hut a s  a whole person and hrings to 
l i fe t he turhulenee o f  Newton ' s  England. A brisk, vi\'id nar
rath'e of Newton ' s  s UI'I1ri si ngly varied careel' plus conci se,  
intelligent di scussions of h i s  major contributions t o  science 
and m at h :  di seOI'ery of binom i a l  theorem and the elements 
of different i a] calculus, t heory o f  light, work in cele s t i a l  
mechanics,  i nvention o f  reflector telescope, d i s eol'ery of u n i 
v e r s a l  gravi t a t i on .  e t c .  A m u s t  f o r  a l l  t h o s e  i n t ercsted i n  
ori g i n s  of modcrn science, x i i  + 6 7 5 p p .  JiO l'al)crbtl. $ 2 . 5 0  

V E R S E S  A N D  D R A W I N G S  O F  W I L H E L M  B U S C H  

Two volumes of t h e  best o f  t h e  droll, s a t i r i c ,  rollicking 
I'erses and penetrating pen and ink drawings o f  a master.  
Busch ( 1 8 3 2 - 1 9 0 8 )  i s  m a lel·olcnt. jovial .  even bloodthirsty 
a s  he attacks h u m a n  foibles i n  h i s  subtle l i g h t  I'erse. The 
accomJ)an;ring drawings are simple,  yet  they depict COml)lex 
phYSical mOl'cment and s t a t e s  or mind with sHInning ae
cura( ·y.  Toge t her.  t h(' � e  two books form a u n i q u e  collection 
of t h e  work of a rare and wonderful a r t i s t  whose I'enes hal'e 
already pnssed into Cerman folklore. Original texts printed 
alongside of new t r a n s l a tions hy ]1. Arthur K l e i n  and U. C .  
K l e i n  a n d  o t h e r  hands.  
l I Y l--'QCHI'1'H'AL HELEXA a n d  others : x + 305pJ) . 

1 8 -1  Paperbd. $ 1 .00 
), I A X  AXD '\ l O H . I T Z  a n d  others : 203PIl . 

1 8 1  P:l))erbd.  $ 1 . 0 0  

H E A T  A N D  I T S  W O R K I NGS,  M o rton M ott- S m ith 
A v e r y  t horough clell l e ll t ary t o  m i d d J e - Ie\'eJ coverage of a l l  
l h e  i l l i Por t a n t  tlleor i e s  and a t t r i b u t e s  of heat : s e n s a t i o n  of 
heat ; heat Ilt e a :-; urentell l ii : elreel s of heat 011 soli d � .  l i q u i d s ,  
ga>=es ; Boyle ' s  law ; C a y - L u s ,.; a c · s  l a ll ; s p e c i fi r  heat : c a l o 
r i e s : B T I " .� :  l a t e n t  h e ll ! : real g'a�e ,.; ; change of s t a t e : p r e s 
s u r e  and heat : rel a t i on of heat t o  light : ('Q11\'ectiotl  a n ti 
('onciuct i oll : and many ot l1l'l' t op i (· s .  E x t remely clear . e l h i l y  
folloll ed hy r e a d e r s  Il i t h itO t �cll ll i ral t r a i n i n g .  t ' onci :-: c .  
a('(' u r a t e  t r e a t m e n t  dra\l � u p o n  rela t e d  a r e a s  of p h y s i c s  t o  
pl'e.�ent a eOll i p l e t e  picture.  O n e  of l he finest hooks expla i n 
i n g  science 11 (, ' I'e e v e r  encountered.  Becolll mended t o  laymcn 
from hiA'h ,.;('hool fi l u dent � t o  somell h a t  advanced � t u tlell t s  
a n d  t eachers . . ')0 i l l  u s .  l i .)pp. 9 7 8  1Japerbd. $ 1 . 0 0  

BATS,  G l o v e r  M o r ri l l  A l l e n  
T h e  worl d ' s  foremost a u t hority on b a t s  w r i t e s  comprehen
sirely 011 I he l i f e - c:r('!e of t hi s  mysteri o u s ,  fascinating ani
m a l .  Conrentruteii  011 hal a s  a l i f e - form, b u t  there i s  suf
ficient m a t erial  on j )h.Y�iology.  claSSification,  and anatomy 
to form a cOIllPl e t e  p i (·t ttl'e. Tnsectivorous.  frui t - eating,  true 
I'ampires and t h e i r  habi t at s ,  w i n g  structure and fl i ght 
hahi t s ,  loca t i on sense, d i e \ .  hi bernation, enemies,  social 
h a h i t � .  e l c .  K�11N·i all.1' i n t erest i n g  chapter:; 011 role o f  h a t s  
i n  folklore.  s llners l i t i o n .  A m i d d l e - lel'e1 s u mm ary, it  c a n  
he r e a d  lI i t h  pleasure and Ilfotil b o t h  b y  zoolo g i s t s  and l a y 
r t l e n  \l i T h  1 1 0  ha ekgrottnd i l l  I h e  field. Very extensive h i h 
liography. ,j 0  i I I u .� t r a t i o n s .  368pp. 9 8 4  Paperbd. $ 2 . 0 0  

S T R I N G  F I G U R E S  A N D  H O W  TO M A K E  T H E M ,  
C a r o l i n e  F u r n e s s  J a y n e  
A n  ancient form of amusement . p r a r t i cccl i n  all  p a n s  of t he 
1I'0rld, is given a thoroughly modern t l'catment i ll t h i s l t l 1-
u s u a l  and endlessly a m u s i n g  hook. Descriptions are s i l l tplc 
and e a s y - t o - follow, and each i s  accom p ll n i e d  by sel'eral d e a t·  
d r a w i n g s ,  i l l u s t r a t i n g  each s t ep i n  t h e  p r o c e s s .  1 0 7  diM'c l'ent 
fi�ures I n  �1I. This i s  t h e  only book i n  Engli s h  that p r e S C ll\ s  
t h i S  matenal so c l e n r l y  t h a t  the b e g i n n e r  o f  any age ('<111 
make the figures w i t hollt  t h e  a i d  of a teacher. F u n  for 
everyone and a hook of great i n t erest t o  ant hro])ologi � t <;  
a n d  collectors o f  li t r i n g  fi gure s ,  sinec i t  a d d s  greatly t o  t he 
knowledge or string games and t he i r  d i s t r i h u t i o n  amon ()' t h e  
peoples of t h e  \\'orld. O::iO i l l  u s .  + 4 0 7 p p .  

'" 

l. i �  Pa])erhd.  $2 . 0 0  

C E L E S T I A L  O B J E C T S  F O R  C O M M O N  T E L E S C O P E S ,  

T .  E .  Webb 
The hest g u i de a l'ailable f o r  t h e  s e r i m l );  a m a t e u r  a s t ronomer 
and the. speci.a l i s l  w i t hout atcess to largc professional e q u i p 
ment,  III  prlnt after man,\' y e a r s .  Locates and i d e ll t i fi e .'; t housands of cele s t i a l  objects  that can be seen w i t h  home 
tele�copes. \'01. One,  HOLAJ{ SYSTI';)'l : IntrodUCtion to t h e  Instrument ; location i n form a t i o n  for moon, SUll, m e t e o r s .  � m e t fi .  p l a n e t s .  �-ol .  'l'II O .  T i n; H TA H S : N e a r l y  4 . 000 stars,  nebulae,  c1uslers.  douhle stars,  Im'l\ t e d  and descri hed. 1!"el'i � ed and expanded ( H) 6 :! )  hl' :'I I I' S . .\ I argaret \\'. '\ I ayall.  � reSiden t ,  A I l l  . . A ssoc . of \"ariahl£' � t a r  Obseners. XCIV 1I1C1� x g i l'es loca t i o n  01' all ohjects  for " ;]Joch :!OOO. Xc\\' s e !�ctlOn of I�hotos, chart of '\far li .  quadrant m a n  of .\10011 .  'Iota I o f  6 0 6  text p p .  0 ] j - 8  Two \'0 1 .  s e t. I '<lperhd. S 4 . 5 0  

r - - - - - - - - - - - - - - - - - -
D e pt .  4 1 1 ,  D over P u b l i cat ions ,  I n c.  
1 80 Varick St. ,  N ew York 1 4. N. Y. 
I'lease send m e  t h e  hooks ci rclccl helow : 

I I I  

287 
769 
986 

1 2 1  
322 
774 
990· 1 

1 52 
404 
883 
992 - 3  

1 55 
405 
9 1 7 - 8  
994 - 5  

1 8 1  
579 
978 

1 84 
703 
984 

] am em'lo s i n g  $ . . . . . . . . . . . . . . . . . . . i ll full p a.n n C Il I .  Payment i n  
full  Itl u s t  accoillpany all ol'dcl'� except t hose from l i 
brari e s  or I)u h l i c  i ns t i t u t i o n s .  w h o  m a y  he b i l l e d .  J 'leafie 
add lO¢ per book t o  rour rem i t t alH'e for postage and 
handling charges on ordcrs less than $."i .OO .  

Please print 

Name . . .  

Address . . . .  

City . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . .  S t ate . .  

G U A R A N T E E :  A l l  Dorer hooks uneonditiolllllly g u a r 
a n t e e d .  Returnable w i t h i n  1 0  days f o r  full  r e f u n d .  ��o 
Q uestions asked. 

l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
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SHAPED 
HOLES 
vs. ______ _ 

ROUND  
HOLES 
OR: WHEN A HOLE IS PROPER 
M AT T E R  F O R A S C I E N T I S T 
Few would consider the hole an appro

priate subject for the attention of a 

scientist. Unless the hole in question 

must have a particular shape-not just 

round, but a completely unconventional 

shape-with specifications like this : 

S h a p e : a l m ost  a n y  ( i n c l u d i n g  ro u n d )  

Material : any metal 
or  al loy 

Capil lary length (a) : 
.00 1 to .060 i n .  

L i m b  width (b) : 
.0025 to .010 in .  

I : I I I • , , 

Limb length (c) : 
.004 to .040 in .  

: '  1-------, ---: rr-b 
I ,V 

Density : 
up to 300 holes on a 6 in .  d ia meter d isc 

BISHOP scientists have recently developed 

new techniques and equipment to pro-. 

duce almost any shaped hole to ex

tremely close tolerances and specifica

tions. 

The first application of this new tech

nology was in shaped hole spinnerettes 

for the synthetic fibre industry, which 

improved the appearance, prismatic 

glitter, crease resistance and even the 

life of synthetic fibers so extruded. Could 

your application be: combustion jets? 

Extrusion plates? Plasma engine nozzle? 

If holes-round or shaped-are of any 

concern to you, why not investigate 

BISHOP'S unique ability in this area? 

B I S H O P  
A J. ElISHOP a. co_ y platinum works 

M A LV E R N ,  P E N N S Y L VA N I A  
A .J O H N S O N  M ATT H E Y  A S S O C I AT E  
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and admirably executed word-and
photograph account of the first nine 
months in everyone's life: the growth 
and development of the human embryo . 
At the age of 40 days the embryo weighs 
less than a book of paper matches and 
would fit inside a walnut; at 266 days it 
emerges from its mother's womb, often 
wide awake, an accomplished and vigor
ous sucker, a cranky and uncertain 
breather, with eyes out of focus and milk 
in its breasts ( regardless of its sex ) ,  
a skilled cougher, yawner and sneezer, a 
spectacular sleeper, a helpless marvel 
and tyrant fullv prepared to ascend the 
throne in its home and enforce imperial 
prerogatives at any waking moment. 
Mrs. Flanagan has written an unsenti
mental and il luminating book that ev
eryone but babies can enjoy. 

I DEAS 01> HUlVIAi': EVOLUTlOI>, edited 
by William Howells .  Harvard Univer

sity Press ( $ 10 ) . Twenty-eight selected 
essays written within the past 12 years 
that consider current varieties of think
ing about evolution based on new finds 
and new applications of biological 
theory. Of central concern are the crucial 
problems surrounding the emergence of 
Homo sapiens. Among the contributors 
are George Gaylord Simpson,  Theodosius 
Dobzhansky, Fredrik Barth , S. L .  Wash
burn, Ernst Mayr, J .  T .  Robinson, W. E. 
Le Gros Clark, J .  Bronowski, Kenneth 
Oakley, Henri-V. Vallois and Franz 
Weidenreich . Many illustrations .  

SUBANTARCTIC CAMPBELL ISLAND, by 
Alfred M. Bailey and J .  H .  Sorensen . 

Denver Museum of Natural History 
( $7 ) . A report-based on 1958 field 
work by the Denver M useum of Natural 
History expedition and on the experience 
of Sorensen and other naturalists-on the 
geology, vegetation, mammals and birds 
that have been observed on this small 
island lying south of New Zealand at the 
52nd degree of latitude. Campbell is 
surrounded by notoriously storm-lashed 
waters and its normal weather consists 
of overcast skies and gale winds; snow 
occurs rarely but the nU111ber of days of 
rain in a year is 322, the average annual 
total of sunshine is 685 hours and the 
mean annual temperature is 44 degrees 
Fahrenheit. There is a year-round 
weather station, and attempts ( unsuc
cessful ) have been made to raise sheep 
on the island. Campbell is the main 
breeding ground of the southern race of 
the Royal albatross, the largest of flying 
birds; it is also the home of fur seals, 
sea lions and elephant seals. In addition 
to the life-history notes and the historical 

1/ Original . . .  
fascinating. " 

-N. Y. H crald Tribune 

��]� 
W1f�£��1f @JF 

A History and Natural History 
of fhe Elephants and Their Relatives, 

Past and Present 
by IVAN T. SANDERSON 

"One comes to share Mr. Sander
son's fascination as one reads this 
book, which deals with the whole 
range of elephants, wild and tame, 
in war and in circuses, in modern, 
ancient and prehistoric times." 

- BASIL DAVENPORT, Book-of
the-Month Club News 

Illustrated with 35 drawings 
by SmoNIE CORYN 

$5.95 at better bookstores 

ALFRED · A ·  KNOPF, Publisher 
5 0 1  Madison Ave.,  New York 2 2  

SALES 
EXECUTIVE 

Small company engaged 1 1 1  

design and manufacture o f  

custom-tailored electron i c  

ancl magnetic circuitry needs 

experiencecl sales executiye 

capable of operating as a top 

corporate officer.  This COI11-

pany ,  st i l l  in the development 

stage and requiring maxi

l1 lum sales effort,  is  prepared 

to offer suitable compensa

tion to the right man. 

Write to 

ART H U R  PATTERSON 
BOX 1 904 • G R A N D  CENTRAL STAT I O N  

NEW YORK 1 7 . NEW Y O R K  

© 1962 SCIENTIFIC AMERICAN, INC



material contained in the report there 
are numerous photographs of the birds 
and mammals .  A delightful book, which 
few readers would normally have access 
to and which every bird lover should 
have brought to his notice . 

\VTaHLD RAILWAYS 1961-1962, edited 
and compiled by Henry Sampson . 

Simmons-Boardman Publishing Cor
poration ( $20 ) .  The seventh edition of a 
standard world-wide survey of railroad 
operation and equipment . Overcapital
ized, in many respects inefficient, their 
operations often uneconomical, railroads 
are still struggling to survive, striving to 
compete as passenger and freight car
riers with buses, trucks, barges and air
planes. If they are to hold out at all ,  
efficiency will have t o  b e  much im
proved, one of the big hopes for the fu
ture lying in the automation of train con
trols and signals, of motive power, of 
business and accounting methads. The 
present volume makes it clear that some 
steps to improve the systems have been 
taken but that automation is a long-term 
project still in its infancy. 

THE BIOLOGY OF ART, by Desmond 
- Morris .  Alfred A .  Knopf, Inc. 

( $6 .50 ) .  During the past half-century 
a number of chimpanzees, gorillas, 
orangutans and capuchin man keys have 
produced approximately 1 ,000 paintings 
and drawings. They have not been 
helped or guided in this work and have 
not been rewarded for doing it . They 
have of course been provided with the 
necessary equipment, but beyond that 
they have been left to their own devices. 
The author of this book, a curator of 
mammals at the London zoo, has given 
more attention to this subject than any
one else. His story is concerned mainly 
with the 300-odd paintings and draw
ings of a young male chimpanzee named 
Congo. Congo is a passionate artist who 
works in short, intense spurts, turning 
out half a dozen or more drawings in 
half an hour. When he is practicing his 
art,  he is so engrossed that he will not 
tolerate any interruption, even for food . 
He uses both hands; he holds his brush 
sometimes like a dagger, sometimes be
tween forefinger and thumb like a pen
cil ; he sits on a chair with an expression 
of intense concentration on his face ; he 
uses color riotously but with taste ; he is 
quite capable of drawing fine lines ;  his 
patterns are characteristic, at best hav
ing balance and harmony and at worst 
resembling the scribbles of very young 
children . What all this means is not too 
clear, but no one can look at Congo's 

"A guidebook to the glittering 
of astronomy's Golden Age" 

- HARLOW SHAPLEY 
In ASTRONOM Y OF THE 20TH 
CENTURY the eminent  astranomer,  
Otto Struve,  and his  research assistant ,  
Velta  Zebergs , have written a n  im
portant  h istary of the major astro
n o m i c a l  a c h i e v e m e n t s  of the p a s t  
sixty years. Among t h e  subjects cav
ered are phatography of the Milky 
Way, exploding a n d  pulsat ing stars, 
the physics and .origin  of the salar 
system,  i s land u n iverses, stellar struc
ture and evolut ion,  spectral c l assifi
cation , and radio astronomy . The 

boak i ncludes a n  exa m i n atian of today's practical wark, a n d  
speculation o n  the future. Leading scientists say : 

HarlolV Shapley, emeritus director, Harvard Observatory.' "The 
most apprapriate astronomer in the warld for the writing of an 
account of modern astronomy i s  undoubtedly Otto Struve. "  

Wernher v o n  Bra u n ,  NA SA D irector: "The authors accomplish 
for 20th century astronomy what Professor Arnold Toynbee might 
l i ke to do for the h i stary of mankind . . .  a n  outstanding publ ication 
of 1 962 ."  
I .  Bernard Cohen, Professor o f  History o f  Science, Harvard 

University: " A n y  reader who is  i nterested in science in  the 20th 
ce ntury wi l l  n at fail ta be st imul ated and enl ightened by the thril l -
i n g  presentati o n . "  $ 1 2 . 5 0  

More than 200 photographs and diagrams MAC M I LLAN 

We need e n g i n ee rs who ca n m eet this c h a l l e n g e .  E l ectro/ 
mecha n i ca l deve l o p m e n t  e n g i neers .  S o l i d  state c i r c u i t  d e s i g n 
e rs .  M ec h a n i ca l  e n g i n e e rs .  Phys i c ists . Syste m s  deve l o p m e n t  
e n g i n eers .  C i rc u i t  d e s i g n e rs .  Se rvo/mech a n i ca l e n g i n e e rs .  M a g 
net ic  he a d  e n g i n e e rs .  C a n  you q u a l i fy ?  I f  so, a t  A m pex, yo u ' l l  
f i n d  roo m t o  exper i m e n t .  R o o m  t o  con cei ve, d e s i g n  a n d  deve l o p  
yo u r  i d e a s  i n to work i n g  m o d e l s .  A t  A m pex, you ' l l  e n j o y  sta b i l ity:  
n e a r l y  a l l  of o u r  m u lt i - m i l l i o n  d o l l a r  deve l o p m e n t  progra m s  a re 
co m p a n y  s po n s o red . A n d  yo u ' l l  l i ve in o n e  of the  f i n est a reas  
a n yw h e re :  e i t h e r  Redwood C i ty, nea r Sa n Fra n c isco, o r  C u lver  
C i ty, nea r Los Ange les . I f  you h a ve a B S  degree and exper
i e n ce i n  h ig h  p rec i s i o n  mecha n i s m s, d ata acq u is i t i o n  syste ms,  
te l e m etry o r  i nformat ion  storage syste ms,  wr i te fo r deta i ls .  Or  
s i m p l y  s e n d  you r res u m e  to : M r . C h a r les  R .  M oody, Offi ce of  
Sc ient i f ic  P l a c e m e nt, A m pex Corp. ,  2400 Bay R o a d ,  � 
Redwood C i ty, Ca l i f .  An eq u a l  o p p o rt u n i ty e m p loye r.  I 
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"FAN EN6INEERIN6" HANDBOOK 
. . .  famous industry-wide reference and textbook 
since 1914 . . .  now in its 6th edition 

The most practical, authoritative and 
comprehensive study obtainable of air 
h a n d l i n g ,  a i r  c o n d i t i o n i n g ,  a n d  a i r  
cleaning applications and equipment. 

6 8 3  p a g e s  of u p - t o - t h e - m i n u t e  
answers to thousands of air handling 
questions and problems. 

Text supported by 540 equations, 145 
tables,  185 charts concerning air, and 
the movement and distribution of air in 
ventilating, air conditioning, mechanical 

draft, conveying, cleaning, and drying 
applications. 

Contains properties of air, sound, 
and heat transmission . . . fan laws, 

mechanics, systems, and testing . . . 
measurement of pressure and flow . . .  
plus a sound,  scientific method for 
s e l e c t i n g  the c o r r e c t  fan for e a c h  
application. 

Also included : air blast, 
washing, humidifying, 

d e h u m i d i f y i n g ,  a n d  
hot a n d  corrosive gas 

handling equipment 
and data. 

Copies of "Fan 
E ngineering" 

are now 

available from 
Buffalo Forge 

Company. 
Price $ 1 0  

p e r  copy, 
postpaid 

U.S.A.  

490 Broadway, Buffalo 5, New York 
D Please send Fan E ngineering 

Handbook now . . .  bill me later 

D $ 1 0  enclosed . . .  mail postpaid 

Name ________________________ __ 

Title _______________ _ 

Firm ____________________________ __ 

Address _____________________ _ 

City ______ Zone _ State _____ _ 
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drawings without the feeling that here 
is the work of a talented young cousin . 

L\ HISTORY OF FOlUfAL LOGIC, by 
.L ' 1. M .  BocheJ)ski. University of Notre 
Dame Press ( $20 ) . This is a consider
able achievement : a complete history of 
formal logic, from the beginnings in 
antiquity through its extensive develop
ment in modern times, including the 
pursuit of the form in India .  Father 
Bochenski's book was first publ ished in 
German \' in 1 9.56 and was at once recog
nized as

' 
a landmark . Now it appears in 

an able translation-which could not 
have been easy-by Father Ivo Thomas, 
who has made certain rev isions and ad
justments to meet the requirements of 
English readers, added some material, 
omitted some lengthy citations of Aris
totle and updated the bibliography. The 
summaries and interpretations are ex
cellent and make possible a grasp of 
the subject as a whole and the tracing  
of  the  growth of  its main systems. One 
of the valuable features of the book 
i s  the many annotated excerpts from 
writings on logic, material that is often 
hard to come by and not available in 
translation . An immense bibliography 
containing several thousand items, and 
meticulous indexes of names, svmbols 
and subjects, add to the worth of this 
book as a reference. 

t\ '\ Ii':THODUCTlO2\: TO TilE PHYSICS OF 
J - , VIBRATI02\:S A2\:D ,,y AVES, bv Nor
man Feather. Edinburgh Universitv 
Press .  Aldine Publ ish ing  Co.  ( $6 ) . A 
successor to Feather's In t roduction to 
the Physics of Mass, Length and Time, 
noted in thcse columns two years ago . 
By reason of its claritv and the fact 
that the author evcn when discussing the 
pure theory of the subject never Joses 
sight of the underlv ing phvsical phe
nomena, this is a much better than 
average introduction to mechanical vi
brations, elastic waves, sound, l ight and 
the classical concepts of electricity and 
magnetism.  An excellent chapter is de
voted to modern subatomic  physics and 
the wave-particle dual ism characteristic 
of the contemporary approach . 

P ER'\IA2\:E,\T MAG2\:ETS A , D  MAGNET-
ISM, edited by D. Hadfield. John 

Wiley & Sons,  I ,;c .  ( � 16  .. 50 ) . A �ym
posium that presents information on all 
aspects of permanent magnetism .  The 
articles-which are addressed to en
gineers in the user industries, to those 
concerned with the technical and prac
tical sides of magnet design and manu
facture and to professional physicists 
as well as to graduate students-cover 

the history of magnetism, fundamental 
theory, classification of permanent mag
net materials, magnet design and manu
facture, permanent magnet applications, 
magnetic stability, the development of 
the permanent magnet industry, current 
research ( much of which has been hith
erto unpublished ) ,  future trends.  :'1any 
illustrations .  

PHYSICS AKD ASTRO;,\OMY OF THE 
- Mooi':, edited by Zdenek Kopal . 

Academic Press ( £ 16 .50 ) . An interna
tional group of scientists has contributed 
to this volume authoritative articles on 
such topics as the motion of the moon 
in space, Iibration of the moon, dynamics 
of the earth-moon system, photometry of 
the moon, the polarization of moonlight, 
lunar eclipses, topography of the moon , 
interpretation of lunar craters, physical 
observations of the lunar surfaces, tem
peratures on the lunar surface, radio" 
echo studies of the moon , the origin and 
history of the moon . Many illustrat ions .  

LIORIZOi':S IN BIOCHEMISTHY : ALBERT 
r SZENT-GYORGYI DEDlCATOHY VOL
UME, edited by Michael Kasha and Ber
nard Pullman . Academic Press ( $ 1 6 ) . 
An international group of 28 scientists 
contributes essays that cover new con
cepts, new research findings and phil 
osophical viewpoints concerning the 
future of modern biochemistry and mo
lecular biology. The breadth of subject 
matter is most appropriate in this dedica
tory volume because Szent-Gyiirgyi him
self has never ceased to push forward 
the horizons of biochemistn in the 
search for new mechan isms and ne\,' 
concepts to explain the central problems 
of biology. 

KCIENT ISRAEL : ITS LIFE A;'\D INSTI-
TUTIONS, by Roland de Vaux, 

McGraw-Hill Book Co . ,  Inc. ( $ 10 .9 .5 ) . 
Father de Vaux, a leading biblical schol
ar and director of the Ecole Biblique in 
Jerusalem, who has a lso had exten 
sive experience a s  a field archaeologist, 
has assembled in this scholarly com
pendium every jot of informntion avail 
able about the life and in stitutions of 
ancient Israel. The topics include nomad
ism and its survival, family institutions, 
civil institutions ( for example slavery , 
the concept of the state, the royal house
holds, finance and public works, law 
and justice, economic life, divisions of 
time, weights and measures ) ,  military 
institutions ( the armies of Israel, forti
fied cities,  armaments, war ) ,  religious 
institutions ( from the sanctuaries and 
temples to the rituals and feasts ) .  The 
book is much too den s .' lv  packed-the 
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Exceptional Opportunities for: 
SE NIOR SCIENTISTS 
NUCLEAR E NGINEERS 
PHYSICISTS & CHEMISTS 
T o  hold key positions in high priority 

NUCLEAR Energy Conversion Proj ects. 

Advanced degrees and extensive experience required. 

Allison Division of General Motors has been 

selected by the Atomic Energy Commission to 

design and develop a Military Compact Reactor. 

The MCR is a high priority requirement of army 

field forces for a completely mobile, and easily 

transportable, nuclear power source. Other long-

range obj ectives of Allison scientific investigation 

include the creation and development of energy 

conversion devices for applications such as space 

flight propulsion, space station power, and other 

military and civilian power systems. 

To implement these expanding and long-range programs, we need: 

Senior Physicists 
and 

Engineers 

Senior Scientists 
and 

Engineers 

Senior Scientists 
Physicists and 

Chemists 

Senior Scientists 
and 

Engineers 

Allison. 
T H E  E N E R G Y  C O N V E R S I O N  D I V I S I O N  O F  
G E N E R A L  M O T O R S ,  I N D I A N A PO L IS ,  I N D I A N A  

A s  Sect io n  C h i efs in  

N U C L E A R  SYST E M S  E N G I N E E R I N G  

N U C L E A R  R E A C T O R  D ES I G N  

A s  Sect i o n  C h i efs i n  t h e  fi e l d  o f  advanced p ro p u l s i o n  

a n d  p o w e r  syste m s .  S p ecifi c areas i nvolved a re : 

SYST E M S  A N A LYS I S  • SYST E M S  A P P L I C AT I O N S  

C O M P O N E N T  A N A LYS I S  

A s  Sect i o n  C h i efs i n  t h e  a p p l ied  s c i e n ce s  sect i o n  

of o u r  Research A ctivity.  S pe c i fi c  o p e n i n g s  a re i n  
S O L I D STAT E P H Y S I C S  a n d  

P H YS I C A L  C H E M I ST RY S ECT I O N S  

Fo r key p o s i ti o n s  i n  E n g i n e e ri n g  Researc h : 

H EA T T R A N S F E R  S P EC I A L I ST S  • P H YS I C I STS • 

D I RECT C O N V E RS I O N  D EV I C E  S P EC I A LI STS 

Openings available NOW. A promising future for those who qualify is 

available in the creative environment at ALLISON-plus all the opportu

nities and advantages offered through an organization with the character 

of General Motors. Interested ? Let's talk. Send your resume or write to : 
Mr. V. A. Rhodes, Professional and Scientific Placement, Dept. 10 13, 
Allison Division, General Motors Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 

-
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ENGINEERS . SCIENTISTS 

RECONCILI NG 
VISION AN D 
TECH N I CAL 

REALITY 

JUST HOW SOON 

CAN A SPECIFIC NEW 
SCIENTIFIC ADVANCE 

BE UTILIZED 

IN AN ACTUAL SYSTEM? 

Many of the most critical decisions made 
by electronic systems engineers lie in 
this area. 

In the realm of missile and apace vehicle 
guidance and control, systems engineers 
at General Precision Aerospace are for
tunately placed : 

They have rich resources of constantly 
up· dated technological know·how to draw 
up9n in determining optimum trade-offs 
and predicting the interactions of new 
equipment and components in varied reo 
lationships. ( The natural result of 20 
years successful experience in this area 
within the General Precision corporate 
structure.)  Indeed, this organization 
is one of only three in the country 
today with an in-house capability to 
design, develop and manage com
plete stellar-inertial systems. 

They are engaged in the ' development of 
large·scale systems for which General 
Precision has total systems responsibility 
• • •  working on scheduled programs 
rather than proposals for which no 
requirement has been defined. 

Recent contracts for stellar.inertial,guid
ance and control systems for the MMRBM 
testify to General Precision Aerospace's 
competence in this field. The company is 
also engaged on a new guidance and con
trol system for ballistic missile nose cones 
and on the PRESS programs. 

Opportunities exist at both Interme
diate and Senior Levels on Astro 
Sensing Sub-Systems ; Aerospace 
Ground Support Equipment ; Com
mand & Control Systems ; Telemetry ; 
Avionic Systellls ; Aerothermodynam
ics and Propulsion Systems Analysis ; 
Data Reduction & Analysis ; Marine 
Navigation Systems and Operations 
Analysis, as well as Stellar-Inertial 
Guidance Systems. 

Please forward your resume; ind icate cu rrent 
s a l a ry, i n  confidence to M r. Paul Ku l l .  

KEARFOTT DIVISION 
SYSTEMS DIVISION 
RESEARCH CENTER 

� @[§� [§�&[1:, 
�lRl[§©O®O@� 

&[§�@® �&©[§ 
1 1 50 McBRIDE AVENUE. LITTLE FALLS. NEW JERSEY 

",. « O U A L  O .... Ofll T U H I T Y  1:"' .. ... 0 " . "  
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facts descend on one like hailstones
for straight-through reading, but if you 
are looking for a reference source, De 
Vaux's work is without a peer in its 
field. 

H UMAK PROBLEMS OF SUPERSONIC AND 
HYPERSONIC FLIGHT, edited by A. 

Buchanan Barbour and Sir Harold E .  
Whittingham. Pergamon . Books . The 
Macmillan Co. ( $20 ) . Proceedings of 
the Fifth European Congress of Aviation 
Medicine, held in London in 1960. Man 
has a hard enough job keeping his kind 
alive on earth and he has now compli
cated the task, as one can see from the 
contributions to this book, by soaring 
upward and contemplating even more 
audacious voyages in the solar system. 
Oddly enough, however, it seems likely 
that he will get to the moon safe and 
well before he learns how to meet the 
challenges of his own environment and 
the dangers of living with others of his 
own kind. 

/r.LAS OF MESOPOTAMIA, by Martin A. 
Beek. Thomas Nelson & Sons ( $ 1 5 ) . 

An illustrated survey by the professor of 
Old Testament Exegesis at the Univer
sity of Amsterdam of the history and 
civilization of Mesopotamia from the 
Stone Age to the fall of Babylon. Twen
ty-two colored maps and 296 gravure 
plates, some of which are superb, are 
supported by a concise text that touches 
on land and climate, archaeological ex
cavations, the decipherment of cunei
form, the civilization of the Sumerians, 
the age of Hammurabi, the period of the 
Kassites, the rise of the Assyrians,  the 
encounter of Israel and the Assyrians,  
Nebuchadnezzar, the religion of the 
Babylonians and related topics. Informa
tive and readable. 

FIVE INDIAN TRIBES OF THE UPPER 
MISSOURI, by Edwin Thompson 

Denig; edited by John C. Ewers . Uni
versity of Oklahoma Press ( $4 ) . Obser
vations of the manners and customs of 
the Sioux, Arikaras, Assiniboines, Crees 
and Crows, written by a fur trader on 
the Upper Missouri ( 1833-1858 ) who 
was married to an Assiniboine woman 
and assisted Audubon and the Culbert
sons in collecting Missouri River fauna 
and provided Henry Schoolcraft with 
an Assiniboine vocabulary as well as a 
detailed "Report on the Indian Tribes 
of the Upper Missouri," which was not 
published until 1930, 76 years after 
it was written. Nothing is known of 
Denig's education, but the quality of his 
writing and his acute understanding of 
the history and ethnology of the region 

in which he spent 25 years mark him 
as a man of unusual gifts. 

ON THE EXTERNAL CHARACTERS OF 
MINERALS, by A.  G. Werner. Uni

versity of Illinois Press ( $4 .50 ) . An 
English translation by Albert V .  Carozzi, 
professor of geology at the University of 
Illinois, of a classic of science written 
when Werner was 25 years old and pub
lished in 1774. The book represents a 
major advance in mineralogy in setting 
forth a systematic classification of min
erals based on such external features as 
color, cohesion of the particles, shape, 
luster, transparency, hardness, flexibility, 
weight, and even smell, taste, sound, 
"adhesion to the tongue." His crystallo
graphic concepts are rather poor because 
he considered crystallography to be ap
plied mathematics rather than a branch 
of mineralogy, but the book as far as it 
goes can be regarded as the first mod
ern text on descriptive mineralogy. The 
translator has worked from Werner's 
personal annotated copy of the original 
edition, now in the University of Illinois 
library, which contains much revised 
material not to be found in the first and 
only printed edition. 

Notes 

THE SCIENTIFIC OUTLOOK, by Ber
trand Russell. W. W. Norton & Com
pany, Inc. ( $ 1 . 65 ) . A soft-cover reissue 
of one of Russell's most attractive gen
eral books, which considers the effect 
of science on human life. It was first 
published in 1931 ,  but like so many of 
Russell's writings it has gained rather 
than lost in point over the years. 

ANATOMY OF AUTOMATION , by George 
H. and Paul S. Amber. Prentice-Hall, 
Inc. ( $ 10 .60 ) . A plainly written stu
dent's handbook on the fundamentals of 
automation: where and how it fits into 
production sequences and industrial 
practices. 

SCIENCE AND INFORMATION THEORY, 
by Leon Brillouin. Academic Press ( $9 ) . 
The second edition of this excellent 
book, one of the best advanced surveys 
of information theory, contains a number 
of revisions and adds two new chapters 
incorporating recent ideas and develop
ments . 

THE OVARY, edited by Sir Solly 
Zuckerman. Academic Press ( $44 ) .  A 
two-volume account of the principal as
pects of ovarian development, structure 
and function. Special emphasis is laid 
on the vertebrate ovary and mammals, 

© 1962 SCIENTIFIC AMERICAN, INC



D ecision-Making : Deploy or not? • •  When and where? 
The costly, complex weapons systems of 

today make such a decision far more diffi

c u l t  t h a n  in t h e  p a s t .  World-wide forces 

and eve n ts a r e  fre q u e n tly involved. Th e 

time for decision has been compressed, 

the in forma tion on which it must be based 

has been m ultiplied in volume, variables, 

in terrelationships. This new era of deci

S i o n - m a k i n g  h a s  led c o m m a n ders a n d  

governmental  leaders t o  make use of  man

m achine systems which provide in forma

tion process ing assis tance. SOC's staff of 

scien tis ts, engineers a n d  compu ter pro

g ra m m ers  h a v e  b e e n  develop i n g  t h e s e  

h uge systems for more than eight years .  

1 1 ·249 

They help develop the sys tem itself, n o t  

t h e  hardware within t h e  system. Specifi

ca lly, t h e y  a n a lyze system requiremen ts, 

syn thesize the system, instruct computers 

which are the core of the sys tem, train the 

system, evaluate the sys tem, adapt it to 

the changing needs of  i ts users. And in so 

doing, they consider the in teraction and 

effect of men, doctrine, tradition, training; 

of  organiza tions, chains-of-command and 

chains -of-succession; of communications, 

traffic cen ters, command posts, computers 

a n d  disp lays.  H u m a n  factors scien tis ts,  

opera t ions research scien tis ts, systems

oriented engin eers,  a n d  computer  pro-

grammers in terested in joining this  rapidly 

expanding field and working in a close 

in terdisciplinary effort are invited to write 

Dr. H. E. Best, SOc, 2430 Colorado Ave., 

S a n t a  M o n i c a ,  C a l i f o r n i a .  Pos i t i o n s  a r e  

op en a t  S O C  facil i t ies i n  S a n t a  Mon ica; 

Washington, D.  c.; Lexington, Massachu

setts;  Paramus, New Jersey; and Dayton, 

Ohio. "An equal opportunity employer." 

� SDC 
System Development Corporation 

Sys tems that help men make decisions and 

exercise con trol 

1 6 7 
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THIS is a 
-----------------

RESEARCH 
TOOL ? 

It is not as sophisticated as our electron microscope or our hypersonic 
shock tunnels, perhaps, but it is of use to physicist Tom Mee as he 
pursues a research program of his own choosing. In this p rogram 
Mr. Mee is using Cornell Aeronautical Laboratory funds to study 
water surface behavior under controlled conditions. With a modified 
Doppler radar he is trying to identify p rimary back·scattering elements 
in the wave surface and determine their behavior as the scale of wave 
motion is changed. Waves generated at one end of a long tank spend 
themselves on a "beach" at the other end. The rake is used to shape 
the beach. 

Unlike Mr. Mee's project, most of our 250-or-so projects have 
sponsors. But the fact that we are willing and able to support many 
of the research ideas of our technical staff with our own funds is one 
of our hidden strengths. It is one reason some of the best men in your 
field stay with us, and it has repeatedly paved the way to seven-league 
strides in science. 

Some of the fields in which we are making strides today are computer 
sciences, applied physics, electronics, operations research, aerodynamic 
and applied hypersonic research, flight research, applied mechanics, 
vehicle dynamics and systems research. The coupon below will bring 
you. an interesting briefing on this community of science. 

W C O R N E L L  A E R O N A U  T I C A L  L A B O R AT O R Y, I N C. � of Corn e ll University 
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J. S. Rentschler R-T 

C O R N E L L  A E R O N AUTICAL LABO RATO RY, I N C .  
B U FFALO 21 , N EW Y O R K  

S e n d  m e  a c o p y  of y o u r  factu a l ,  I l l u strated e m p l o y m e n t  p r o s pectu s ,  " A  
C o m m u n ity of S c i e n c e . "  
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but the invertebrate ovary is also briefly 
discussed. 

TIME'S ARROW AND EVOLUTION, by 
Harold F. Blum. Harper Torchbooks, 
Harper & Row, Publishers ( $ 1 . 65 ) . A 
soft-cover edition of a thoughtful essay 
on the relation between the second law 
of thermodynamics and evolution . 

GREEK INTO ARABIC, by Richard 
Walzer . Harvard University Press ( $ 1 1 ) .  
A collection of essays by an Oxford 
scholar, which deal mainly with his 
work in tracing lost Greek texts in Arabic 
versions and investigating the impor
tance of Greek ideas in fashioning Islam
ic philosophy. 

NEUTRON DIFFRACTION, by G.  E .  
Bacon. Oxford University Press, Inc. 
( $8.80 ) .  The second edition of a mono
graph on the technique of using neutron 
beams from nuclear reactors for study
ing the atomic architecture of solids and 
liquids . 

A HISTORY OF PHYSICS, by Florian 
Cajori. Dover Publications, Inc. ( $2 ) . 
A soft-cover reissue of a well-regarded 
history of the elementary branches of 
physics, from the Greeks through 1925. 

THE AIM AND STRUCTURE OF PHYSI
CAL THEORY, by Pierre Duhem. Athene
um Publishers ( $ 1 . 65 ) . A paperback of 
a classic on the philosophy of modern 
science that first appeared half a century 
ago but that is still, as the philosopher 
Ernest Nagel has remarked, "highly per
tinent to current problems and a living 
source of current ideas ,"  

THE ENCYCLOPEDIA OF ELECTRONICS, 
edited by Charles Susskind. Reinhold 
Publishing Corporation ( $22,50 ) . A 
1 ,000-page reference that contains morc 
than 500 articles on all phases of elec
tronics from accelerators to Vladimir 
Zworykin. The literacy level is higher 
than that usually encountered in books 
of this kind, many of the articles being 
clearly and simply written, with histori
cal perspective . 

ApPLIED DYNAMIC PROGRAMMING, by 
Richard E. Bellman and Stuart E. Drey
fus . Princeton University Press ( $8 .50 ) . 
A detailed account of the application of 
the theory of dynamic programing 
to the solution of problems arising in 
connection with satellites and space 
travel, the determination of trajectcries, 
feedback control and servomechanism 
theory, inventory and scheduling proc
esses, allocation of resources and so on. 
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NASA 
Has immediate openings 

in the newly formed 
SPACE SCIENCES DIVISION 

Ames Research Center 

Mountain View, California 

Positions are available at the senior 
and intermediate scientific levels in 
the fields of 

Geophysics 
Applied Mechanics 

Geology 
Astronomy 

Astrophysics 
The specific areas of inquiry concern
ing these disciplines are in the physics 
of the solar system, including the sun, 
the planets and more general prob
lems of astrophysics. Special attention 
is given to the electrodynamics of the 
interplanetary media, including the 
dynamics of collisionless plasmas, in
vestigation of planetary atmospheres 
and infrared astronomy, with emphasis 
on cooler stars, proto stars, and inter
stellar absorption by gases and dust. 

The experimental programs require 
the assistance of senior engineers, 
with backgrounds in spacecraft cir
cuitry, systems, instrumentation, or 
project coordination, the latter hav
ing to do mostly with interface prob
lems arising from instrumentation and 
other sub-systems on spacecraft. The 
spectrum of vehicles which are be
ing used in these research programs 
range from scientific sounding rockets 
through satellites and deep space 
probes. It is expected that the engi. 
neering staff will join in the develop
ment of scientific payloads and in 
their integration into space craft. 

Send a complete resume to: 
Personnel Officer 

Dept. MHO 
Ames Research Center 

Mountain View, California 

Positions will be filled in accordance 
with USCSC Announcement 252-B. An 
equal opportunity employer. 
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FROM SIMON AND SCHUSTER: 

A memo to readers all 
around the world about 
Scientific American Books 
They just about girdle Planet Earth. 
Wherever there is an atom or a 
datum, you are likely to find a Sci
entific A merican Book that will give 
you the latest news about it. 

British subscribers to Sciel1 t ific A mer
ican (non-subscribers too, of course) 
can now join Alnerican readers in 
performing, or dreaming about, the 
most. elegant experiments ever put 
in the way of the layman-projects in 
microscopic gardening, atom·smash
ing, thinking-machine construction, 
archeological investigation and other 
fascinating fields_ Instructions are in 
C. L. Stong's Scientific Amel·ican 
Book of Pmjects for the Amateur 
Scientist, just published in England 
by Heinemann Educational Books, 
Ltd., and available through any 
U. K. bookshop. Price 30, 
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hexa-hexa-flexagon, playing 4-
dimensional tick-tack· toe, or explor
ing new twists on the Moebius strip 
are reminded herewith that Martin 
Gardner's Scientific Amel·ican Book 
of Mathematical Puzzles 6- Diver
Si0115 is published in Great Britain 
by G. Bell & Sons, Ltd. 

To Readers, North, East, South and 

West: Mr. Stong's book and Mr. 
Gardner's, and the ten wonderful 
paperbacks listed below are rapidly 
becoming as multi-lingual as the 
Un ited Nations. Languages into 
which many of the titles have been 
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collections of Scientific American 
Books (not in the Urdu, but in the 
original American editions) we are 
appending here a check-list which 
you can take (or mail with remit
tance) to your bookseller. Or write 
Simon and Schuster, Dept. SC, 630 
Fifth Avenue, New York 20, N. Y. 

r-- SEND FOR YOUR COPIES TODAY -

_The Scientific American Book of Projects 
for the Amateur Scientist by C. L. Stong 

$5.95 
_The (First) Scientific American Book of 

Mathematical Puzzles & Diversions by 
Martin Gardner $3.50 

_The 2nd Scientific American Book of 
Mathematical Puzzles & Diversions by 
:Martin Gardner $3.95 

Scientific American paperbacks. $1.45 each 
_The New Astronomy 
_The Physics and Chemistry of Life 
_Twentieth·Century Bestiary 
_New Chemistry --.Automatic Control 
_The Universe _Lives in Science 
--.Atomic Power _Plant Life 
_The Planet Earth 

SIMON AND SCHUSTER, PUBLISHERS 
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COMPOUNDS. Eugene G. Rochow, Dal
las T. Hurd and Richard N. Lewis. 
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ConAL RUBBER-A CIs-l,4- POLYlSO
PHENE. F. W. Stavely et al. in Indlls
trial and Engineering Chemistry, Vol. 
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THE PERCEPTION 
OF NEUTRAL COLORS 
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America, Vol. 33, No. 10, pages 555-
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Ultrasonically Controlled Ruby Laser Pulses! * 
This composite photograph, taken in the United Aircraft 
Research Laboratories, illustrates the first reported suc
cessful application of ultrasonics as a means of controlling 
the normally random pulses emitted by a ruby laser. 

A. a segment of such a train of ruby pulses. 

B. the applied ultrasonic signal (182 Kcs.). 

C. the ultrasonically controlled pulses which 
are synchronized with the sinusoidal 
waveform shown in (B). 

If you are interested and qualified to undertake theoretical 
or experimental laser investigations, please write to Mr.: 
E. B. Ciriack. 

*See De.l'1:aria and Gagosz, Proceedings of the I. R. E., Vol. 50, 
No. 6, June 1962, or write to Mr. Ciriack for a reprint. 

. 
U RESEARCH LABORATORIES U"TEO A'RCRAFT CORPORAT'm, 

400 Main Street. east Hartford S. Conn. � 
An Equal Opportunity Employer 
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Study Venus-the brightest star 
Probed by Mariner II Spacecraft 

60 to 180 Power-Famous Mt. Palomar Type! An Unusual Buy! 

See the Rings of Saturn, 
the fascinating planet 
Mars, huge craters on 
the 1\100n, phases of 
Ve n u s .  E q u a t o r i a l  
mount with lock o n  both 
axes. Aluminized and 
o .. ercoated 3" diameter 
high-speed fl10 mirror. 
T e l e s c o p e  c o m e s  
equipped with a 60X 
eyepiece and a mounted 
Barlow Lens. Optical 
Finder Telescope in� 
cluded. Hardwood. port
ahle tripod. FREE with 
Scope: Valuable STAll 

CHART pins 272-page "HA�DBOOK OF HEAVENS" 
plus "IIO\Y TO I'SE YOUR TELESCOPE" BOOK. 
Stock No. 85.050-S .......................... $29.95 Postpaid 

41/4 II Astronomical Reflector Telescope! 
2;j;j I'oln�r. ?-:Cl\" nlJration-Free )fetal Pedestal Mount. 
Stock No. 85.105·S $79.50 F.O.B. Barrington, N. J. 

SUPERB 6" REFLECTOR TELESCOH! 
Inc. eleclnc clock drive. selling circles, equatorial mount, 
pedestal hase, 4 eyepieces fOI' up to 576X. 
Stock No. 85,086·5 .......... $195.00 F.O.B. Barrington, N. J. 

SOLAR CELL SET HARNESSES 
POWER OF THE SUN 

Conduct spell-binding experiments, ex· 

f��ie��� I i��� lef� t:a��������rty 
in

to cO����il: 
snlall n10torS, alnplifiers, nlake light 
lneters, densitometers, burglar alarms, etc. 
Used experimentally to drive cal·s. powel' 
boats. Low price set includes SILICON 
SOLAR CELL and SUN BATTERY (pro· 

duces .2 to .45V 10·16 milliamps), SELENIUJl.l SOLAR 
PHOTOCELl.. (lower powel') and 112·page Handbook of 

b�06����M d�u���nb�°'WHOfbpeC·g�'bn{;�:r�tr� · 
c�Ls� <.:rg

C�i 
sensi! ;ve resistor) which generales electriCity to turn lights 
Ull in the evening. open doors, count traffic, etc. etc. 
Stock No. 60,291-S ............................................. $7.95 Postpaid 

... '(,l BUILD A SOLAR ENERGY FURNACE �. A fascin!lting new field. Build your own Sola I' 
FUI'nace fOi' experimentation-many IH'aclical . 

K���ish
E���L·J�S6�:�s4��� sl[l�e p���:����ttu!rn��: ... will genel'ate terrific heal-20000 to 3000°. 

Fuses enamel to metal. Sets papel' !lflame in 
seconds. Use OUl' Fresnel Lens-14" diameter . . .  f.l. 14" 
Stock No. 70,130-8 ....... .... Fresnel Lens .... ...... $6.00 Postpaid 
11" Sq. Fresnel Lens F.L. 19" 
Stock No. 70,533-8 .... .. .. ............. .... $4.75 Postpaid 

MINIATURE WATER PUMP 
\\'onderful for experiments, miniature water
falls, fountains. no gage railroad backdrops, 
elc. 'l'iny (2% x 1%-") electric motor and pump 
ideal for hobb:rists. labs, schools. Pumps con 
tinuous flo\\' of water at rate of one pint per 
millute at. a 12/1 head. With 2 D batteries in 

series will pump to 24" high. HUllS 48 hrs. on battery. 
"'orks in either direction. Self priming. 
Stock No. 50.345-S ............................ $2.25 Postpaid 

ANALOG COMPUTER KIT j-:;-..:. _-=",. UilllUUU&lK-�"m' Ideal introduction to the increas
�� A �---'-- . ingly important electronic com-.,1 _\·�_ •. :.1_':_"' ' __ �'_." __ _ • __ � puter field. For bright students. 

� $ _ _ or anyone interested in this new 
, --;;..;; .. . .;_r._.�- science. Demonstrates basic ana

log computing principles-can be used for ,?ultiplic�
tion. dirision. powers. roots. log. operal1ons, tng 
prohlcms. physics formulae, elcctricit)' and magnetism 
11rolJlems. Easily assemlJled with screwdriver and pliers. 
Operates on 2 flashlight batteries. Elcctric meter and 
3 potentiometers mounted on die-cut box. Answcr indicated 
all dial . 20" long. 9'" wide, 2'" deep. 
Stock No. 70.341-5, ......................... $14.95 Postpaid 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 

Kits contain mirror blank. tool. abrasives, diagonal mirror. 
eyepiece lenses. You build instruments valued from $75.00 

10 hundrcds of dollars. 
Stock No. 
70,003·5 
70,004·5 
70,005-5 
70.006-5 
70,007-5 

Dia. Mirror 41(4" 
6" 
8" 

10" 
121/2'" 

Thickness 3/4" 
1" 13/8" 13/4" 
21/8" 

Price 
$ 7.50 postpaid 

11.95 postpaid 
19.50 postpaid 
30.75 I F .O.B. 
59.95, Barrington 

MAIL COUPON FOR FREE CATALOG' 

WORLD'S LARGEST SOURCE OF OPTICAL PARTS 
164 pages! Over 1000 bargains! 
Huge selection of lenses. Make your 
own trains of lenses from simple, 
achromatic, magnifying and con
densing types. Choose from fabu
lous variety of filters, mirrors; flat, 
raw, and slab glass; plus every 
type of prism; war surplus opt:cal 
instruments, parts and accessories. 
Also telescopes, microscopes, bin
oculars, sniperscopes, science ex
periment items; math learning and 
teaching aids. Request Catalog S. 

EDMUND SCIENTIFIC CO .• Barrington. N.J. 
Name.... . .................................................................... . 
Address ........................ .. 

Exciting outer space display and COIll'Crsa
Hon piece. Exact replica. 30.000 formations 
-peaks. craters. Ocean of Storms. elc.-all 
in reli ef. Scaled to size. Accurate distance 
relationships. I'roper lighting sho\\'!; moon 

light" produces startling effect!;. 'l'ough. 
. Three colors. Far side hlank-can be uscd 

. Excellent gift itelll. 1:t" dia .. \\1. % Ih. 
70.515-S ........................ 512.50 postpaid 

SCIENCE TREASURE CHESTS e For Boys-Gids-Adults: 
Science Treasure Chest-Extra- powerfu l 
magnets. Ilolarizing fitters. COlllJlaslO. one
way-mirror film, prism, diffraction grating. 
and lots of other items for hundreds of 

,_ thrilling e:qleriments. plus a Ten Lens Kit 
for making tclcs{'opes. rnicrOSCOj1eS, etc. 
Full instructions included. 

Stock No. 70.342-S ............................ $5.00 Postpaid 
Science Treasure Chest DeLuxe_Evel·ything in Chest above 
plus exciting additional items (01' more advanced exped· 
ments including cl·ystal.gl·o\\'in� kit, electric mOlOl', molec· 
ular nlodel set. first·sut·face nllITOI'S and lots 1l101'e. 
Stock No. 70,343_5 .................................... $10.00 Postpaid 

American Made
Over 500/0 Saving 

STEREO MICROSCOPE 
Years in de,eloplllcnt. Equals $.3(10 to $400 
instrulIl cm. J'recision Amcrican (llade. 
("scd fur ehecking. ill�pecling. SluaH as
semlJl.\· work. ell to 3" working disumre. 
Clear. �harp, erect image. \ride 3 climen
sional field. 2 set!; of ohjecth'es I)n rotating 
turret. 23X and 4 OX. 10 Day Free 'l'rial. 
Stock No. 85.056-5 ................ $99.50 

50-150-300 POWER MICROSCOPE 
Amazing Value-3 Achromatic Ohjective Lenses 
on Revolving TUI'I'et! lmported� The color-col" ;- recled. cemented achl'omatic lenses in the obI jectives give you fill' supel'ior results to the 
single lenses found in the micl'oscopes selling 
in this range. Results aI'e worth the difference! 
Fine I'ack and pinion focusing. 
Stock No. 70,008-5 .................... $14.95 Pstpd. 

MOUNTED 500 POWER OBJECTIVE 
. . .  Thl'eaded fOI' easy attllchment on ahove 
luicroscope. Aclu'Olnat;c lenses fOI' fine view· 
ing. 3 mill. focal length. 

Stock No. 30.197-5 .............................. $5.00 Pstpd. 

YOU WON'T GO WRONG! 

War Surplus American .. Made 
7x50 Binoculars 

Big savings! Brand new! Crystal clear 
viewing-7 power. Evel'y optical .ele
ment Is coated. An excellent night 
glass-the size recommended (01 
satellite dewing. Individual eye fo· 
cus. Exit pupil 7mm. ApPI·Ox. field 
at 1,000 yds. is 376 ft. Carrying 
case included. American 7 x 50's 
normally cost $274.50. Our war sur
plus price saves you I'eal money. 
Stock No. 1544·5 only 574.80 pstpd. 

(Tax included) 
6 x 30 Binoculars-similar to aborc 
and a terrific bargain. . 
Stock No. 963-5 .................................. $33.00 pstDd. 

(Tax included) -------

, 

Remove Your Retaining Rings. Disassemble 
Lenses. Cameras. etc. ADJUSTABLE 

SPANNER WRENCH 
-

_ .  

Made for U.S. Air Force-
arailable at a fraction of Gov
ernment cost. A top grade. 
yersatlle tool that. every in
strument and camera repair 
man or just plain tinkercr 

should o\\'n. Adjustable for "h" to 12" diameter retaining 
rinKS. Complete \\'ilh six different pairs of points to tit all 
t,rpes of slots and holes. 3H• 6", and 12'" main bars. All steel 
and nicely plated. The finest tool we ha\'e ever come across 
for this t.ype bf retaining ring Irorl{ A1\D a real bargain 
at our low price. 
Stock No. 70.355-5 .......................... $12.50 Postpaid 

Cily .................................. Zone ........ St.le....................... 60.270·S ............ , ................................... $25.00 Pstpd. 
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The word "gear" In our name keeps expanding in the heat of progre�s 

Striking while the iron is hot has kept the word "gear" in our name growing in importanCe since
' 

1888. Since the days of horseshoes and steel·tired wagon wheels, Western Gear has grown to 
seven divisions, designing and manufacturing standard and special electromechanical power 
transmission equipment. The word "gear" in Western Gear now applies to over 500 products. 
These products range from miniature rotary electrical eq uipment, to systems to complete 
plant processing machinery. Get the full story of how this experience and diversification can be of 
service to your own company's growth. Write for Corporate Capa
bilities Bulletin 5900. Address Western Gear Corporation, Box 182, 
Lynwood, California. Or cable WESTGEAR, Lynwood, California. 

WESTE R N  GEAR CORPORATION 
EVERETT, WASHINGTON; BELMONT, LYNWOOD, PASADENA, C A lifORNIA; HOUSTON, TEXAS, OFfiCES IN Al L PRINCIPAL CITIES, 

AIRCRAfT AND MISSILE SYSTEMS. SUB·SYSTEMS AND COMPONENTS. RADAR ANTEN NA DRIVES. MINIATURE MOTORS AND BLO'NE-RS 

.• PRINTING PRESSES. A COMPLETE LINE Of INDUSTRIAL POWER TRANSMISSION EQUIP,MENT • MAJOR PRODUCERS OF LARGE MARINE 

GEARS AND DECK MACHINERY. SYSTEMS MANAGEMENT ANALYSTS AND SPECIALISTS IN EXOTIC PROBLEMS IN RESEARCH AND DEVElOPMENT 

- -
SYSTEMS MANAGEMENT PRECISION PRODUCTS 

- - -
GRAPHIC ARTS INDUSTRIAL PRODUCTS SOUTHWESTERN 

_ _ 
ELECTRO PROOUCTS HEAVY MACHINERY 
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Westinghouse 

puts the future 

in your hands 
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and the race to outer space If man is to reach the other planets" . 

and get back to Earth ... he has three immediate choices: (1) A conventional 

rocket, many times the size of anything now existing. (2) A rendezvous in 

orbit, where the spaceship would be assembled. Or (3) an atomic-powered rocket 

ship. Because atomic power's efficiency is the highest, many experts believe the 

practical choice for space exploration is an atomic rocket engine. 

Westinghouse and Aerojet General are now working with AEC's Los Alamos 

Scientific Laboratory to design such an engine. This industry-government team is 

working under the direction of the Joint Space Nuclear Propulsion Office of the 

AEC and NASA. You can be sure ... if it's Westinghouse ® 
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