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Foamed plastisol protects highly finished parts: Our new 
flame-resistant foamed plastisol is an ideal "wrapper" for plated 

and machined parts - partly because it is so easy to peel off, 
mostly because it costs less and protects better than a paper 
wrap. This vinyl material doesn't develop its economical, cellu

lar structure until heated. It is easily applied by spraying, which 
means less waste, with more accurate control of its thickness. 

Fast cure for bubbles in fine glass: Molten glass that includes 
M&T Sodium Antimonate is free from objectionable bubbles or 
"seeds." Sodium antimonate contributes an oxygen pressure, 
forming large scavenging bubbles that sweep small bubbles from 

How microscopic cracks retard corrosion of plated metal: 
Plate more than 20 millionths of an inch of ordinary chromium on 
auto brightwork and it soon develops relatively gross cracks, 
some extending right to base metal, inviting corrosive action (left). 

A new M& T plating process can plate 50 millionths or more, 
controlling fissures to micro-cracks that reduce galvanic action, 
retard corrosion of the nickel undercoat and basis metal (right). 

the glass. This "fining " cuts rejects-in T.V. tubes, for example. 
An added advantage is that M& T Sodium Antimonate prevents 

glass from darkening due to ultra-violet light. The same M&T 
chemical works particularly well with photosensitive glasses. 

Uniting imagination in chemicals with 
know-how in metals ... M& T research 
and technical service engineers can 

help with problems in chemistry, ce
ramics, plating, organic coatings, min

erals and welding. Write M& T Chemi
cals Inc., General Offices , Rahway, N. J. 

M&T Chemicals Inc. 
IN CANADA: M&T PRODUCTS OF CANADA LTD. 
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More than a calculator. Almost a computer.- $3950 

the WYLE SCIENTIFIC, a product of WYLE LABORATORIES EI Segundo, California 
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The expanse of space invites conquest 
not just "because it is there" but because 
it may provide new knowledge in answer 
to profound questions- such as that of 
the origin of life and of the earth. If extra
terrestrial life is discovered, conjectures 
about our own life must assume new 
dimensions. 

If the moon, billions of years old, can 
provide a record uneroded by water 
or air, it may hold the clue to the origin of 
the earth. The first flights may show that 
the moon was formed by a rare collision. 
Or they may show that the moon and 

perhaps the earth were formed by con
densation. If the latter is true, it in
creases the possibilities that life itself 
exists in other planetary systems through
out the universe. Thus, the work of Avco 
and other companies gains particular 
significance. 

Avco is pioneering in the sterilization of 
space vehicles -so that no earthly 
organisms will contaminate biological 
data we may collect. Avco is developing 
life-detection instruments-and the 
housing to protect them through re-entry. 
Similar housing will help return the Apollo 

astronauts safely to earth from the moon. 
Teams of A vco scientists and engineers 
are now exploring the design of complete 
crafts to fly to Mars and Venus-and 
producing such important components as 
rocket chambers, nozzles, and controls. 

These achievements are dynamic. But the 
search for knowledge to answer the 
ultimate questions of mankind demands 
ever-new and imaginative means of 
securing the facts. A vco men are on the 
job. Avco, an Equal Opportunity Em
ployer, offers career opportunities for 
qualified scientists and engineers. 

reo 
Aveo Corporation, 750 Third Avenue, New York 17, N. Y. 
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Opportunity 

Trim your taxes 
while putting human 

objectives first 
The important thing is to put 

and keep first things first. In 
any estate planning, human 
objectives must predominate 
over all other considerations, 
including tax savings. 

Frequently, an insurance trust 
can be set up with provisions 
flexible enough to accomplish 
many of your objectives simul
taneously. The result can be 
complete fulfillment of family 
objectives, plus a sizable trim
ming of taxes. 

There's one man who can tell 
you about the possibilities 
which exist in insurance trusts 
and settlement options. He's 
New England Life's "man of 
opportunity" -one of a select 
group of our agents (roughly 
one of three) who qualify for 
the designation through excep
tional knowledge, experience 
and initiative. 

With his broad understand
ing of insurance, its uses and 
tax treatment, he's ready to 
work closely with your trust 
officer and lawyer. You'll find 
him a helpful, well-informed 
financial ad visor. 

Various uses of insurance 
that the man of opportunity 
may be able to relate to your 
circumstances are covered in 
our free PORTFOLIO OF OP
PORTUNITY-a collection of 
timely, penetrating reports. 
We'll be glad to mail it to you. 

I
I
N-;-wEngl�diile-
Dept. 64 

1501 Boylston St. 
I Boston Mass. 02117. _",,,,",o��,��,, 

1���;;;�I���ee ��'"� IOPPORTUNITY to: 

1 ---------------

1--------
1---------------
L ____________ _ 

NEW ENGLAND MUTUAL LIFE INSURANCE CO. 
Founder of Mutual life Insurance in America - 1835 

THE COVER 

In the photograph on the cover are two £lowers of the genus Impatiens 
(lower right). The magenta Hower is I. platypetala, found in Java and Su
matra; the species of the orange Hower, which grows on the nearby 
island of Celebes, is not certain. Because the two plants are so similar 
some taxonomists consider the second to be a variety of the first; others 
maintain that the second is a separate species and should be recognized 
as I. aurantiaca. Analysis of the Hower pigments by the technique of paper 
chromatography strengthens the second viewpoint (see "Flower Pigments," 
page 84). A solution containing a mixture of pigments from flowers of 
both species was dropped on the spot just below the magenta flower. The 
right edge of the paper was then hung from a trough holding a solvent 
and the pigments descended in a line at different rates. The bottom edge 
of the paper was then placed in another solvent and the pigments as
cended, again at different rates. The spots at which the various pigments 
stopped migrating are outlined in pencil. Some of the spots derived from 
I. aurantiaca do not appear in the chromatogram of I. platypetala alone. 
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The Problems of 
Precise Measurements of 
Signal Waveforms in Noise 

NONE OF THE "SIGN AL 
AVERAGING" DEVICES 

NOW AV AIL ABLE 
REAllY AVERAGE SIGN ALS 

EXCEPT NORTHERN SCIENTIFIC'S 
NS-513 DIGITAL MEMORY OSCIllOSCOPE 

What these non-averaging "signal averagers" really do 
is add the recurrent waveforms. It is up to the customer to 
do the last tedious step, determine the number of signals 
that were totalled, and divide data points of interest by that 
number, if he wants absolute rather than relative values. 

So urgent is the need to measure recurrent signals obscured 
by noise, nobody has complained very much. 

But in Northern Scientific's Model NS-513 Digital Memory 
Oscilloscope, the recorded and displayed data have the 
dimension volts, not volt-seconds. A reading of 892 means 
892 millivolts, and doesn't keep increasing in magnitude 
as more signals occur. 

In this instrument each of the 512 data points approaches 
its final value in almost exactly the way a heavily damped 
galvanometer approaches its final value, in the case of 
measuring a d. c. voltage. As in the case of the damped 
galvanometer, voltage excursions due to noise have only 
the slightest effect on the position of the galvanometer, even 
if the noise spikes have much greater amplitude than the 
signal. By very close analogy, the recorded data points in 
the Northern Scientific instrument approach final values at 
rates determined by the operator-selected time constant, 
which can be as short as two seconds or as long as several 
hours. 

The entire waveform, as recorded, is heavily damped and 
after reaching its near-final value, is almost unaffected by 
even a large number of persistently incorrect input signals. 
The operator may, of course, use a short time constant ini
tially to obtain a quick approximation. 

A few outstanding features of the NS-513 follows: Delivers 
direct voltage readings, not readings which depend upon 
sweep speeds and the number of signals averaged. No more 
growing, moving displayed waveforms, no more ambiguities 
... Provides 0.1 % accuracy ... Uses all silicon semiconduc
tors ... Has built-in typewriter controls ... Provides point by 
point, or subtotal, digital readout for easy integration ... Has 
reversible sweep ... Has trigger circuits that respond to ex
ternal trigger pulses or prominent signal features. 

For further information, write for our new brochure, price 
and delivery information, or phone (608/238-4741). 

N O RTHE RN 
SCIENTIFIC/INC. 
P.O. 5247 MAOISON, WISCONSIN 53705 
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Basic Research at Honeywell 

Research Center 

Hopkins, Minnesota 

Measuring Heats of £usion of Salts 
with a Dynamic Adiabatic Calorimeter 
Modification of and additions to known techniques 
have led to a fast and accurate method of measuring 
heats of fusion and specific heats of materials. 

Fused salts are stable at high tempera
tures, have low vapor pressure, low 
viscosity and good electrical conductivity. 
They are also able to dissolve many differ
ent materials. Extremely useful in metal
lurgical processes, they have been used 
as heat transfer materials, power sources, 
Gon trol devices, and coolan ts and fuels in 
atomic reactors. 

One area of in terest to Honeywell scien
tists concerns heats of fusion of specific 
salts. Much older heat of fusion and 
specific heat data to be found in the calori
metric literature are inaccurate, particu
larly those on inorganic compounds with 
high melting points. At the same time 
present methods of obtaining accurate 
data are cumbersome, complex and time 
consuming. 

Modifying and adding to known tech
niques, Honeywell scientists have devel
oped a calorimeter that gives direct 
reading, highly accurate data in as little 
as two hours. 

A conventional calorimetry equation is 
qh = qs + qc + qt or the heat supplied 
to the system equals the heat absorbed 
by the sample (qs) plus the heat absorbed 
by the calorimeter (qc) plus any heat loss 
(qt)· 

Honeywell's approach (see illustration) 
is to eliminate qt by maintaining adiabatic 
conditions between the outer shell (A) and 
the next or middle shell (B) and to main
tain a constant temperature gradient be
tween a higher temperature in the middle 
shell (B) and a lower temperature in the 
inner shell (C) containing the sample. The 
equality of temperatures at (A) and (B) 
forbids heat from passing from the middle 
(B) to the outer shell (A) so that after the 
middle shell temperature reaches its con
trol point all heat must pass to the sample. 
The outer-middle shell adiabatic condi
tion and the middle-inner constant tem
perature gradient condition are maintained 
with two feed-back control systems. If 
these conditions are met ql can be ignored 
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and qh = qs + qc. If the sample is re
moved qh = qc and qc becomes known 
so that qs can be determined by a simple 
subtraction. The problem then becomes 
how to accurately measure qh. 

The problem qh = .1 watts x time or f 
amps x volts x time is simple to pose, but 
the integration is difficult without a con
stant current, voltage or wattage. To 
obtain a constant power (amps x volts), 
Honeywell borrowed an approach of 
Rosengren whose circuit is such that the 

R, 

:'-=J" 
difference in power dissipated by Rh will 
be negligible between any two temper
atures if Rc = VRhl x Rh2 where Rht 
is resistance at temperature 1 and Rh2 is 
resistance at temperature 2, whereas with
out Rc the power dissipation decreases 
inversely as Rh increases. 

Desiring, however, to use an adjustable 
system to cover different temperature 
ranges, Honeywell separated Rc into Ra, 
an adjustable resistor, and Rs, a known 
standard resistance. 

Then, adding a potentiometer to meas
ure Es across Rs and Eh across Rh, 

Rs Ra 

:�� 
Es = Rs is, where is is the same as ih and 
Rs is known. Thus watts across Rh can be 
determined: Eh Es/Rs = watts of con
stant power. 

With a strip chart recorder measuring 
the temperature of the sample only when 
power is demanded, a direct readout of 
the heat of fusion (%) is possible. The 
chart reads time directly between any 
two points. Therefore, when temperature 
ceases to climb, fusion is taking place and 
when temperature rises again fusion is 
completed. 

Since qh = watts x time, and watts 
(Eh Es/Rs) is maintained constant, qh be
comes a known factor x time, so that by 
an easy conversion, time for fusion is in 
effect, qh, the heat of fusion. By comparing 
plots with and without the sample, spe
cific heat data are also easily obtained. 

This chart, plotted automatically in two 
to three hours, replaces computations that 
took several weeks. Results have been im
pressive. In measuring the heat of fusion 
of benzoic acid in f ive runs, one was 
+ 1.7% above the Bureau of Standards 
figure, one +2% and three exactly on 
standard. 

Work is continuing at Honeywell's Re
search Center. As heats of fusion of various 
salts are more readily measured and pre
dicted, further uses are expected. If you 
are engaged in high temperature calo
rimetry and wish to know more about 
Honeywell's work in this area you are in
vited to write Dr. Cyril Solomons, Honey
well Research Center, Hopkins, Minn. 

If you are interested in a career at 
Honeywell's Research Center and hold an 
advanced degree in any branch of science 
you are invited to write Dr. John � 
Dc;mpsey, Director of Research, at H 
thiS same address. """'IU 

Honeywell 

© 1964 SCIENTIFIC AMERICAN, INC



• The launching of Syncom II marked a new milestone in establishing 
worldwide communications, and Allen-Bradley is proud of its contri
bution to the Syncom Project. In the satellite's electronic systems for 
communications, command, and telemetry, hundreds of Allen-Bradley 
fixed resistors are proving their complete dependability. The exclusive 
hot molding process-developed and used only by Allen-Bradley
provides such uniformity from resistor to resistor that long term perform
ance can be accurately predicted . .. a fact that's field proven by more 
than ten billion A-B hot molded resistors now in service. 

In addition, the Syncom satellite employed Allen-Bradley hermet
ically sealed metal grid precision resistors. These Type AH resistors have 
no equal for long-term resistance stability, high frequency performance, 
and low noise. A-B discoidal feed-thru capacitors were also widely used. 
These rugged, compact capacitors are free from all parallel resonance 
effects below 1,000 Mcps. 

Follow the example of Hughes Aircraft and let Allen-Bradley quality 
electronic components give your equipment that "extra measure" of 
quality that spells success. For more complete details on the full line 
of A-B electronic components, please write for Publication 6024. 
Allen-Bradley Co., 1204 South Third Street, Milwaukee, Wis. 53204. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ontario. 

ALLEN - BRADLEY 
QUALITY ELECTRONIC COMPONENTS 

Types of Allen-Bradley Electronic Components 
IJsed in the Syncom Satellite 

PRECISION METAL GRID RESISTORS-Avail
able in ',{,', '12, and 1 watt ratings, and resist
ance values from 500 ohms to 2.0 megohms 
with tolerances of 0.1, 0.25, 0.5, and 1.0%. 

HOT MOLDED RESISTORS-Available in 1/IO. 
lA. *, V2*. 1*, and 2-watt ratings, and all stand· 
ard EIA resistance values and tolerances, 
plus values above and below standard range. 

FEED-THRU' AND STAND-OFF 
CAPACITORS-Available in stand
ard values of 470 mmf±20% and 
1000 mmf -0+100%. Special val
ues from 6.8 mmf to 1500 mmf. 
Rated to 500 v DC max. 

*These ratings were used in Syncom 

Syncom Satellite-the first synchronous 
communications satellite built by Hughes 
Aircraft Company for the National Aeronau
tics and Space Administration. With an 
orbital speed matching the earth's rate of 
rotation, a synchronous communications 
satellite appears to hang motionless over
head; and at its height of 22,300 miles, more 
than a third of the earth can be seen. Thus, 
it is possible for three such satellites to form 
a vast television and telephone network which 
would circle the globe and provide uninter· 
rupted service. 
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LETTERS 
Sirs: 

Leonard Berkowitz' reference to Aris
totle's theory of catharsis ["The Effects 
of Observing Violence," by Leonard 
Berkowitz; SCIENTIFIC AMERICAN, Feb
ruary 1 is entirely unnecessary for his 
discussion of the effects of the spectacle 
of violence, and as he uses it, it makes 
no sense historically or psychologically. 

Aristotle is talking precisely about 
"tragic" feelings, which are constrictive 
states of the organism: to open out fore
boding and sadness to felt fear and grief. 
He is not referring at all to expansive 
feelings such as anger or lust; on the 
contrary, these would be excited by 
battle songs or comedy. In the context 
of Greek civic therapy it is inconceiv
able that public poets would want to 
reduce the aggressive or the lustful, al
though they might well want to diminish 
guilt and mourning .... 

The most important current context 
for Professor Berkowitz' violence hypoth
esis is in designing pacifist films, and 
I agree with him that showing violence, 
the brutality and horrors of war, prob
ably has an exacerbating rather than a 
pacifist effect. (For the psychology, see 
"Designing Pacifist Films" in my Uto
pian Essays.) 

Reg�rded simply as abreaction, let
ting off steam, a spectacle arousing fear 
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and grief is different from one arousing 
rage, since a spectator in a theater can 
actually physically be chilled to the bone 
or have a good cry but he cannot ac
tually kick or punch anybody. There is 
stimulation without discharge; no won
der Professor Berkowitz' subjects are 
left touchy. He should set up his experi
ment to allow a physical outlet-punch
ing a bag-then he might find a cathartic 
effect. 

But certainly Professor Berkowitz 
must kriow that Aristotle's catharsis is 
not a doctrine of mere abreaction. Near
ly the entire Poetics is devoted to the 
management of the plot to the proper 
resolution so that the aroused feelings 
can be reintegrated. In the history of 
interpretation of the text, catharsis has 
been called "idealization," "transcend
ence," "poetic justice," "reconciliation" 
and so on. The emotions are neutralized 
when there is some new awareness. 
From this point of view Aristotle him
self would agree with Professor Berko
witz' empirical observation of diminish
ing of aggression against the "good 
guy"; but this need not be merely 
superego inhibition. The difference is 
between Professor Berkowitz' stereo
typed fictions, which can result only in 
conformist inhibition, and genuine po
etry that gives insight and compassion, 
for example the much-remarked sadden
ing and paCifist effect of the Iliad, in 
contrast to most war stories. 

Allow me a last observation. We must 
remember that with regard to psycho
logical, pedagogic and political matters, 
the ancients had as much empirical evi
dence as we do-they too lived in cities, 
brought up children, quarreled, prac
ticed rhetoric. Generally too they had a 
simpler vision than we do. It is extreme
ly unlikely that, on matters such as the 
effects of a good cry or of showing 
violence, they would be as far off base 
as Professor Berkowitz thinks. 

PAUL GOODMAN 

Institute for Policy Studies 
\Vashington, D.C. 

Sirs: 
A number of readers have taken me 

to task for overSimplifying Aristotle's 
discussion of catharsis. My apologies if 
I did him an injustice. But when it 
comes to the matter of considering the 
possible effects of media violence, Aris
totle's exact analysis is somewhat less 
important than the view generally at
tributed to him; authorities have quoted 
him in asserting the presumed social 

benefits of aggressive scenes, and it is 
this assertion (oversimplified though it 
may be) to which part of the article was 
addressed. 

One other point about Aristotle's 
analysis. I believe that the "new aware
ness" resulting from the use of "genuine 
poetry" or "art" is not more likely to 
lead to a "drainage" of anger than is or
dinary melodrama or mere reportage (as 
some have put it). Here we have to be 
careful in distinguishing between ca
tharsis, a reduction in some emotional 
state, and a decreased probability of 
overt aggression due to inhibitions. In
sight or self-awareness can arouse in
hibitions ("I should not attack this 
person; I would behave the same way if 
I were in his place"). Compassion can 
arouse inhibitions ("He is acting in that 
awful manner only because of the way 
he has been treated or because he is 
suffering"). Indeed, we could say that 
the less justified movie-aggression condi
tion produced compassion toward Kirk 
Douglas in just this way, and independ
ent evidence indicates that inhibitions 
were aroused in the subjects feeling the 
compassion. And similarly, poetry or art 
that makes the audience conscious of 
the ideals of our society may also arouse 
inhibitions; our ideals proscribe certain 
forms of behavior as "bad" and thus not 
to be carried out. Contrary to what Mr. 
Goodman says, then, the diminishing of 
aggression against the "good guy" be
cause of compassion for him, or because 
the audience is poetically reminded that 
all men are brothers, may well be the 
result of inhibitions .... 

To get on with the discussion, I am 
not certain what sort of film Mr. Good
man has in mind when he talks about 
movies showing the brutality and hor
rors of war. If the audience regards the 
violence as brutal and horrible, how
ever, its effect probably would be to 
diminish the likelihood of aggression 
rather than have an exacerbating effect. 
The audience, in a sense, is made ex
tremely aware of the harmful conse
quences of this behavior and inhibitions 
against this behavior are aroused .... 

Finally, as for the matter of movies 
providing stimulation without an op
portunity for discharge, this is beside 
the point. The adherents of the sym
bolic-catharsis notion have contended 
that aggressive movies in themselves 
produce the release, not some activity 
afterward .... 

LEONARD BERKOWITZ 

University of Wisconsin 
Madison, Wis. 
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<§ Special Report: new from the 
innovators of �thin-tin� - steel foil 
as thin as this page 

One of the most significant 
innovations in packaging 
history occurred not long 

ago when U. S. Steel 
announced the develop
ment of "thin tin," a 
lightweight tinplate that 
enables canmakers to turn 
out 25'}"0 to 40'}"0 more cans from the 

same weight of tinplate. Now, from 

the same company, another product 

is in advanced stages of develop

ment: tinplated steel foil, a new 
material less than half as thick as 

"thin tin." 

Steel foil is only 2 mils thick, 
about as thick as the page 

on which this news is 
printed. Laminated to 
paper or cardboard, it 
offers the package de

signer a combination of 
properties unlike any other 

packaging material. It has strength, 
bulge-resistance, puncture-resist
ance, rigidity, and virtually no bulk. 
It acts as a barrier against moisture 
and insects. It has wet strength. It 
can be attractively lithographed. 
And it can be thrown away, as a dis
posable bake pan is discarded, be

cause it is inexpensive. 
Give you ideas? 

If you have a pack
agi ng p r o blem, 
write on your let
terhead for a free 
sample and fur· 
ther information. 

Write U. S. Steel, 
Room 7117, 525 

William Penn 
P l a c e ,  Pius
burgh, Pa. 15230. 

U. S. Steel is 
introducing an 

average of two 
newor improved 
products each 

month. And it is a habit at U. S. Steel 
to suggest innova
tion in the use of 
all steel products. 
If you could bene
fit by this brand of 
thinking, do busi
ness with U.S.Steel 

... where the big 

idea is innovation. 

@ Uniled Siaies Sleel 

© 1964 SCIENTIFIC AMERICAN, INC



BUTYL RUBBER LINING MANUFACTURED BY UNITED STATES RUBBER CO. 

what's a chemical company doing 
to put a lake on top of a mountain? 

A week ago there was only a bleak, 

arid mountain top. A week from now 

there will be tens of thousands of 

gallons of fresh, pure water. The cre

ation of this lake, with almost mirage

like swiftness, is being made possible 

by a water-tight lining of Enjay butyl 

rubber. Flexible, almost ageless, 

Enjay butyl is being used to line farm 

ponds, irrigation ditches, city and in

dustrial reservoirs-to collect and 

save ever-scarce water. Butyl rubber 

is only one example of Enjay devel

opment work that is providing new 

answers for industry. Perhaps we can 

help solve a problem for you. Enjay 

Chemical Company, 60 West 49th 

Street, New York, N. Y 10020 

HUMBLE O'L & RE"N'NG COMPANY-ENJAY CHEM'CAL COMPANY D'V'S'ON <!"N�0 
Anticipating tomorrow's needs today - in chemicals . elastomers . plastics . petroleum additives 
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This is - a -/:,rush 
Magnetic Pen Recorder, 

Rotary -to-Linear 
Mechanism. 

It goes in circles 

to draw a 

straight line to 

0.1% ACCURACY! 

(modern oscillography will never be the same) 

This unique pen-linkage is one of several innovations that change some notions about direct writing 

recorders. It's one of the reasons why no other recorder can approach the new portable Mark 280. 
Nowhere else can you find such perfect rectilinear traces-so uniform and crisp that you cannot 

misjudge what you see. Recording channels are 80 millimeters wide ... not the usual 40. Yet speed of 

response is not sacrificed ... as high as 200 cps at useable amplitude and better than 30 cps full scale. 

In effect, resolution is doubled. And, it's all done with a system accuracy of Yz%! There's more. The 
pen position is constantly "policed" by a Brush super-sensor that provides instant self-correction with 

no mechanical gadgets involved. Add a pressurized ink system that completely eliminates spatter or 

smear ... and you'll understand why modern oscillography will never be the same. It's all in a 

package only lOW' x 18¥S" X 1111". Your letterhead request will bring you the complete story. 

---/:,rush INSTRUMENTS 

DIVISION OF I CLEVITE I 37TH AND PERKINS. CLEVELAND 14. OHIO 

II 
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SILICONE 

IDEAS 

Seen any 800-lb. 
flexible molds lately? 
We have. And it's an excellent example of silicone rubber's low

cost accuracy and versatility as a mold material. RTV liquid 

silicone rubber (800-lbs. of it) was recently used to reproduce a 

full-scale replica of the Stone Age mural in the roof of the world 

famous Altamira Cave in Spain. The RTV formed a one-piece, 

46-square-meter silicone rubber blanket, 3 to 4 centimeters thick, 

detailing each tiny feature of the roof's surface. After curing, the 

flexible RTV mold was carefully separated from the positive by 

rolling. It was then taken to Munich's Deutsche Museum where 

a copy was cast, painted, and is on display. 

Instead of traveling all the way to Munich to view this RTV 

triumph, why not think up an 800-lb. RTV application of your 

own? We like selling RTV in 800-lb. packages. And our shipping 

clerks do a remarkable wrapping job. Of course, RTV is remark

able in all sorts of molding applications. Because it is flexible, 

General Electric RTV simplifies the duplication of complex 

designs with undercuts and other troublesome configurations, 

produces molds that can be used many times without loss of 

accuracy. RTV has its own built-in release, requires no parting 

agents. (Not even a good divorce lawyer could do any better). 

Unlike many others, RTV-molded parts emerge with a smooth, 

glossy finish . . . rarely require final polishing. Even severe 

molding conditions are no problem to RTV, because it remains 

intact and flexible in temperatures ranging from _60oP to +600oP. 

These are only a few of the reasons why flexible molds made from General Electric 

RTV liquid silicone rubber produce precision reproduction of intricate designs at a 

low overall cost. Drop liS a line if you want more information about RTV's properties 

and applications. We'll also welcome inquiries from archaeologists who want details 

about reproducing caves with RTV. 

Getting more magazines than you can possibly read? 
Why not aggravate your problem! Ask us to send you the current 

copy of our magazine, GENERAL ELECTRIC SILICONES 

DIGEST. It's a compendium of news about developments, new 

ideas, products and current literature relating to silicone tech

nology. Modesty prevents us from bragging that the DIGEST 

contains invaluable information about silicones, brilliantly written 

and dramatically illustrated. You'll be able to see that for your

self. The DIGEST is relatively easy to get: no money, no box-tops, 

just a note from you asking for it. 

We're loaded with interesting data on silicone rubber, fluids, emulsions, etc. Write to 

Section U6 J 00, Silicone Products Dept., General Electric Company, Waterford, N.Y. 

GENERAL . ELECTRIC 
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50 AND 100 
YEARS AGO 

JUNE, 1914: "For many years the 
laboratory of Prof. Kamerlingh Onnes 
at Leyden has been the center from 
which some of the most important ad
vances in low-temperature physics have 
been announced. Of late attention has 
been centered on the remarkable influ
ence of temperature on the electrical 
resistance of metals. This resistance is 
found to become practically zero before 
the absolute zero of temperature is 
reached. Recent newspaper accounts 
state in somewhat vague terms that re
markable new developments have fol
lowed in the train of this work on the 
conduction of electricity at low tem
peratures. The question arises: What 
happens to an electric current once 
started in a conductor of zero resist
ance? Its energy is not dissipated as 
heat, since the ohmic effect is non
existent. Does the current continue to 
flow indefinitely? If so, a closed loop 
carrying a current would function as a 
permanent electromagnet. It is rumored 
that something of this kind has been 
observed. We shall await further news 
with interest." 

"According to press reports, Thomas 
A. Edison is now engaged with the 
problem of producing electricity direct
ly from coal and declares that it will be 
accomplished someday. If Edison suc
ceeds in solving this problem, it will be 
without doubt his greatest contribution 
to the good of man." 

"Dr. Hans Reck of Berlin has dis
covered at Oldoway in the north of 
German East Africa the skeleton of a 
man who lived, in all probability, some 
150,000 years ago." 

"The United States Government in
tends to strengthen the aeronautical 
branch of the Army. It is reported that 
an order for 30 aeroplanes has either 
actually been given or will be given. 
According to Secretary of War Garrison, 
the Army needs fliers badly. The United 
States has made no systematic effort ei-
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FREQUENCY IN CYCLES PER SECOND 
The new TOUCH-TONE® telephone designed by Bell Laboratories. Instead of 

direct-current pulses from a rotary dial, alternating-current tones are generated 

by a transistor oscillator within the set and sent, over the voice channel, to the 

central telephone office. 

Fourier analyses of two 6-millisecond segments of male speech 

vowel sounds. Vertical bars show relative energies of successive 

harmonics of fundamental speech tones over approximate telephone 

transmission frequency band. 

TONES FOR A TELEPHONE WITHOUT A DIAL 

In developing the new TOUCH
T ONE® pushbutton telephone 

(above, left),  engineers at Bell 
Telephone Laboratories faced a 
challenging problem. 

The push buttons on the new tele

phone trigger audio-frequency sig

nals, or audible "musical tones," 

that register telephone-number 

digits in the central office. But 

human voices produce highly com

plex patterns of speech energy 

throughout this same range of fre

quencies (above, right). The prob

lem was to arrange the pushbutton 

frequencies and design the central 

office receiver in such a way that 

automatic equipment would not 
misinterpret voices or room noises 
as digits. 

Bell Laboratories people, draw
ing upon a fund of acoustical 
knowledge built up over years of 
research and development and 
upon the results of new experi
ments, found the solution in the 
use of multifrequency signaling 

tones for each digit. 

The tones, selected from high 
and low frequency bands, are used 
in combinations that seldom occur 
in speech. In addition, compared 

to the tones, particular components 
of speech energy are usually much 

less stable in frequency and much 
less uniform in amplitude. Also, 
speech energy is always made up 
of many frequency components, 
whereas the tones used in the 
TOUCH-TONE® telephone set are 
substantially pure, 

By taking advantage of these 

characteristics of speech, Bell Lab
oratories engineers were able to 
design the signaling system to meet 

Bell System standards of accuracy 
and reliability, BELL TELEPHONE 

LABORATORIES. World center of 
communications research 

and development. 
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is this the way 
to create new things? 

By exploring, experimenting, re-

searching? We are a growing, young com-

pany. Free to imagine ... free to give reality to our 
dreams. From this comes our semiconductors, high power 

silicon transistors, new electronic devices. We improve char
acteristics and search for ever greater product capability. Our products 

are honest.They are for the military, space programs ... for all things electronic. 

S�G:,�@@� T�fu����V@� C@�[¥)@�fuV�@� <f) 
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Carle Place, Long Island, New York. 516 Pioneer 2·4100 
Write to Department S for cop)' of 1963 Annual Report 

MODEL 0·309 
PLANO INTERFEROMETER 

MEASURE MILLIONTHS 
with the light touch of 

INTERFEROMETRY 
UNSKILLED workers can be trained to read the 
micro-contours of surfaces flat enough to re
flect light with Davidson Plano interferometers_ 

t II t�)))) (((( )� 
>eoFringes move out for convex surface or in for con· 
cave surface as reference master js moved closer. 

Typical interference "fringe" patterns shown 
above can be interpreted by non-technical 
personnel after brief Davidson instruction 
_ . _ not just as (l to r) flat, convex, low
center, and concave, but decimal measure
ments to 0.000001 inch. Your precision is pro
tected because work never need touch the 
certified reference surface-eliminating re
placement of costly optical reference masters, 
and insuring their permanent certification to 
the National Bureau of Standards. 

Let us tell you more about the entire family 
of Davidson interferometers. Write for full 
data to: 

DAVIDSON OPTRONICS INC. 
2223 Ramona Blvd., W. Covina, California 

SINCE 1932 - SPECIAL SOLUTIONS FOR OPTICAL PROBLEMS 

ther to build an air Heet at all com
parable with the air Heets of Europe or 
to train an aeronautic personnel. The 
Army aviation schools turn out but very 
few men." 

JUNE, 1864: "For the first time in 
this war, the Gatling gun was used by 
Butler in repelling one of Beauregard's 
midnight attacks. Dispatches state that 
it was very destructive and rebel pris
oners were very curious to know 
whether it was loaded all night and 
fired all day. So far as we know this 
is the first time this formidable inven
tion has ever had a chance to exhibit 
its power, although it has been tested 
and approved 50 times. No one who 
has seen it has doubt that in destructive 
energy it would prove equal to a regi
ment of men and that its lightness and 
facility of handling would enable it to 
be used where a regiment could not be 
placed and be moved with a rapidity 
that no regiment, not even of cavalry, 
could equal. It is hardly heavier than 
a wheelbarrow; a child could haul it; 
a single horse could trot off with a 
whole battery; its charge of cartridges 
can be renewed by loading on the field 
as quickly as any other gun; it can fire 
as many shots in a minute as a whole 
regiment; it is simple of construction, 
impossible to be disordered, costs a 
triHe compared with other guns and 
can be fired as accurately at as great a 
range as a Government riHe. In other 
words, it is a regiment of men put into 
half a dozen gun barrels and mounted 
on a light carriage. Yet with all these 
advantages, repeatedly declared by 
competent men, the Ordnance Office 
has utterly ignored it, just as it does 
every improvement in firearms." 

"In an article in the last number of 
the Atlantic Prof. Agassiz discusses the 
evidence of the existence of glaciers in 
Scotland and other parts of Europe in 
ancient times. He comes to the conclu
sion that there was a period when the 
climate of northern Europe was so 
much colder than at present that the 
summits of all the mountains were cov
ered with perpetual snow and all of 
the valleys upon their sides were filled 
with rivers of ice, similar to those 
which are now moving slowly, con
stantly and with irresistible force down 
the valleys of the Swiss mountains." 
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CERAMIC ENGINEERS AT COORS MIX IMAGINATION WITH ALCOA ALUMINAS 

If your kitchen sink has one of the 

new single-lever faucets, you've prob

ably noticed that it gets stresses and 

strains not encountered by ordinary 

faucets. Parts and components had 

to be designed for extraordinary wear 

and performance. 

For example, the heart of one pop

ular brand is a ceramic valve part 

made with Alcoa® Alumina by Coors 

Porcelain Co., Golden, Colorado. It's 

quite a piece. Faces are parallel within 

0.0004 in. T.I.R. and flat within 

0.000025 in. Performance? The fau-

cet manufacturer tested it to 35 years' 

equivalent normal use without failure. 

A high-alumina ceramic is ideal for 

this application. There's no corrosion 

or corrosive action, of course, because 

it's chemically inert. It is machinable, 

dimensionally stable and remarkably 

hard. And it is less expensive than 

other suitable materials. 
Increasingly, today, ceramic engi

neers are employing the special prop

erties of aluminas in nose cones, elec

tronic parts, refractories, cutting tools, 
bearings, insulators, even gyroscopes. 

It seems there's no end to the list. 
Fortunately, Alcoa Aluminas are 

readily available in large quantities at 

reasonable prices. Please write for 
our booklet, Ceramics - Unlimited 
Horizons. Aluminum Company of 

America, Chemicals Division, 840-F 
Alcoa Building, Pittsburgh, Pa. 15219. 

Alcoa Brings You America's Finest News Show 
. " THE HUNTLEY·BRINKLEY REPORT, on NBC·TV 

�ALCOA 
15 
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Our new film pack: 
8 parts chemistry, 

one part origami. 
There's a lot inside our new film pack besides 8 on-the-spot pictures. You'll find 
steel, copper, lead, plastic, and ten different kinds of paper that stretch out over 
9 feet before it's all folded into place. 

When you buy it, the film pack is a 50-layer sandwich, assembled to tolerances 
usually reserved for guided missiles. The tricky part was folding and interleaving 
the layers so they maintain those tolerances in several relative positions. But we 
did it, and the film pack has some distinct advantages over other films. 

It's easy to load. Just drop a pack-either b&w or color-into the new Polaroid 
Color Pack Camera or the versatile Color Pack Camera Back. (The latter attaches 

to oscilloscopes, microscopes, polariscopes, neutron recorders 
.,.. and many other scientific instruments to give you graphic 

records on the spot.) 

As with all Polaroid Land films, you get consistently fine 
developing because each exposure has its own pod of fresh 
chemicals to work with. 

And the film pack has one big advantage over our roll films. 
You don't have to wait between shots. The pictures develop 
outside the camera so you can photograph transient phenom-

ena as fast as you can pull the tabs. 

Or, if you'll pardon the switch from one 
Japanese art form to another: 

Lovely photograph, 
essence of rainbow color, 
quickly like a bird. 

Polaroid Corporation 

"POLAROI D"® 
© 1964 SCIENTIFIC AMERICAN, INC



THE AUTHORS 
R. L. BISPLINGHOFF ("The Super

sonic Transpore·) is associate adminis
h·ator for advanced research and tech
nology for the National Aeronautics and 
Space Administration. Bisplinghoff re
ceived an undergraduate degree in aero
nautical engineering and an M.S. in 
physics from the University of Cincin
nati in 1940 and 1942 respectively. He 
obtained an Sc.D. from the Swiss Fed
eral Institute of Technology in Zurich 
in 1957. During World War II he su
pervised research in the Applied Loads 
and Structural Dynamics sections of the 
Naval Bureau of Aeronautics. In 1946 
he became a member of the faculty of 
the Massachusetts Institute of Tech
nology, where he served as deputy head 
of the department of aeronautical en
gineering from 1955 to 1962. He joined 
NASA in 1962 as director of the Office 
of Advanced Research and Technology. 
Bisplinghoff is a member of the U.S. 
Air Force Scientific Advisory Board and 
the Scientific Council of the U.S. Navy 
Operations Evaluation Group. He also 
serves as a consultant to the Armed 
Forces Special Weapons Project and the 
Air Force Research and Development 
Command. 

HERBERT FRIEDMAN ("X-ray As
tronomy") is superintendent of the At
mosphere and Astrophysics Division and 
chief scientist at the E. O. Hulburt 
Center for Space Research of the Naval 
Research Laboratory. He received a 
B.A. from Brooklyn College in 1936 and 
a Ph.D. from Johns Hopkins University 
in 1940. After teaching physics for a 
year at Johns Hopkins, he joined the 
staff of the Metallurgy Division at the 
Naval Research Laboratory. In 1942 
he assumed supervision of the Electron 
Optics Branch and in 1958 he was ap
pointed to his present post. Friedman 
conducted his first experiments in rock
et astronomy with a captured V-2 
rocket in 1949. He has since partici
pated in more than 100 rocket experi
ments and several satellite launchings. 
These experiments have traced the ef
fect of solar-cycle variations on X-ray 
and ultraviolet radiations from the sun, 
produced the first astronomical photo
graphs made in X-ray and ultraviolet 
wavelengths, discovered the hydrogen 
corona around the earth and measured 
ultraviolet radiation from certain stars. 
Friedman was recently awarded the 

/8 

1964 Eddington Medal of the Royal 
Astronomical Society of London. 

HARRY RUBIN ("A Defective Can
cer Virus") is professor of virology at the 
University of California at Berkeley. 
Soon after acquiring a doctorate in 
veterinary medicine from Cornell Uni
versity in 1947, Rubin went to Mexico 
to do field work on the viruses responsi
ble for hoof and mouth disease. He re
turned to this country in 1948 to join 
the virus laboratory of the U.S. Public 
Health Service in Montgomery, Ala. In 
1952 he went to Berkeley as a post
doctoral fellow supported by the Na
tional Foundation for Infantile Paral
ysis. He did cancer research at the 
California Institute of Technology from 
1953 to 1958, when he returned to 
Berkeley as associate professor of virol
ogy. Rubin received the Anne Frankel
Rosenthal cancer-research award of the 
American Association for the Advance
ment of Science in 1959, the Eli Lilly 
and Company Award in bacteriology 
and immnnology from the American So
ciety for Microbiology in 1961 and the 
Merck Research Award in 1963. 

ALAN E. FISHER ("Chemical Stim
ulation of the Brain") is associate pro
fessor of psychology at the University 
of Pittsburgh. Fisher was graduated 
from Pennsylvania State University in 
1949 and received an M.S. and a Ph.D. 
in psychology there in 1952 and 1955 
respectively. He was a U.S. Public 
Health Service Fellow at McGill Uni
versity from 1954 to 1955 and at the 
University of Wisconsin from 1955 to 
1957. He joined the Pittsburgh faculty 
in 1957. 

RAYMOND WOLFE ("Magnetother
moelectricity") is a physicist at the Bell 
Telephone Laboratories, where he su
pervises a group engaged in investigat
ing materials for thermoelectric and ul
trasonic devices. Born in Canada, Wolfe 
studied mathematics and physics at the 
University of Toronto, obtaining a B.A. 
in 1949 and an M.A. in 1950. He 
worked at the Research Laboratories of 
the Eastman Kodak Company from 
1950 to 1952, when he went to En
gland to study the theory of metals un
der N. F. Mott at Bristol University. 
He received a Ph.D. from Bristol in 
1955. Remaining in England at the 
Research Laboratories of the General 
Electric Company, Wolfe continued his 
research on such semiconducting ma
terials as bismuth telluride and dia
monds. He became a member of the 

staff of the Bell Telephone Laboratories 
in 1957. 

SARAH CLEVENGER ("Flower Pig
ments") is assistant professor of botany 
at Indiana State College. A graduate of 
Miami University in Ohio, she received 
a Ph.D. from Indiana University in 
1957. Her interest in Bower pigments 
stems from graduate work done under 
the direction of Charles vv. Hagen, Jr., 
at Indiana University. Before joining 
the faculty of Indiana State she taught 
at Berea College in Kentucky. 

ULRIC NEISSER ("Visual Search") 
is associate professor of psychology at 
Brandeis University. A native of Ger
many, he received an A.B. from Har
vard College in 1950, an M.A. from 
Swarthmore College in 1952 and a 
Ph.D. in psychology from Harvard Uni
versity in 1956. He joined the Brandeis 
faculty in 1957. Neisser has been associ
ated with the Lincoln Laboratory of the 
Massachusetts Institute of Technology 
for several years as a member of the 
summer staff and as a consultant. The 
work described in this article was sup
ported by the Lincoln Laboratory and 
the National Science Foundation. 

JUNE GOODFIELD ("The Tunnel 
of Eupalinus") is assistant director of 
the Nuffield Foundation Unit for the 
History of Ideas in London. After ob
taining a B.Sc. in zoology from the Uni
versity of London in 1949, she did 
medical research for a year at the Uni
versity of Oxford before joining the fac
ulty of Cheltenham Ladies' College in 
1950 as a senior biology teacher. She 
taught physics at the Benenden School 
from 1954 to 1956, when she became 
lecturer in the history and philosophy 
of science at the University of Leeds; 
she received a Ph.D. from Leeds in 
1960. She has written and directed four 
films on the history of science for the 
British Film Institute, the Educational 
Foundation for Visual Aids in London 
and the U.S. National Science Foun
dation. She has also coauthored with 
her husband, Stephen Toulmin, several 
books and articles on the history and 
philosophy of science, including an arti
cle on the geometric alignment of the 
tunnel of Eupalinus that will appear 
shortly in Isis. 

J. BRONOWSKI, who in this issue 
reviews Michael A. Arbib's Brains, Ma
chines, and Mathematics, is deputy di
rector of the Salk Institute for Biologi
cal Studies in San Diego. 

© 1964 SCIENTIFIC AMERICAN, INC



INNOVATION! 

A NEW TECHNIQUE FOR COOLING SPACE METALS 
(IT'S BASED ON THE PRINCIPLE OF THE LIQUID IMPREGNATED SPONGE) 

Any time you've climbed out of a pool 

and into a dry breeze, you've felt the 

cooling effect of evaporation. GT&E sci

entists are studying the use of the 

effect to protect space vehicles, rocket 

nozzles and jet engine parts from melt

ing when they are exposed to extremely 

high temperatures. 

Mak ing the metal porous, as you 

would a liquid impregnated sponge, is 

the key-powdered metal is compressed 

under extreme pressure, but kept por

ous enough to soak up a vaporizable 

material. Intense heat causes this ma

terial to evaporate, removing some of 

the heat and leaving the original shape 

safely intact. 

New advances in refractory metals

materials designed for high tempera

tures - have been coming from GT&E 

for some time. We make and use re

fractory metals in light bulbs, welding 

electrodes and space systems, for 

instance. 

These ideas are the result of an exten

sive research program, springing from a 

cl imate of innovation that fosters growth 

in our many fields - communications, 

electronics, lighting, chemistry, metal

lurgy and atomic energy. Research: our 

solid base for future growth. General 

Telephone & Electronics Laboratories, 

Inc., 730 Third Ave., N. Y., N. Y. 10017. 

FROM THE LABORATORIES OF G'"EE 
GENERAL TELEPHONE & ELECTRONICS G�f 

GT&E SUBSIDIARIES: Telephone Operating Cos. GT&E laboratories' GT&E International· General Telephone Directory. Automatic Electric. Lcnkurt Electric ' Sylvania Electric Products 
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· . .  and thaf s pretty reliable. 
Our new 217 Series rack-and-pan

el connector meets the requirements 
of MlL-C-26SI8b (USAF), the R&P 
equivalent of MIL-C-26500. Connectors 
made to this companion specification 
have already put in millions of oper
ating hours (in the Minuteman program, 
as well as on the Boeing 707 and nO) 
with a failure rate of only 0.048 per 

million operating hours ... far below 

'"'C:..2.f� HQUrS 
A::. O,(JIf*r .- , I · I 

tnlll�� 

/<:I!1/:),. 2� (9; -(}. cwr;(z, s) k 10' � 

f«Z'Jrj : .q�q1'ff(g 
, 

that of any other commercially availa
ble connector, 

Fully sealed, the Amphenol 217 

completely resists environmental con

tamination. It performs in ambients 
ranging from - 67 to + 500 F, and at 

ultra-high altitudes. Splash it with salt 
water, hot lube oil. hydraulic fluid, 
UDMH, or nitrogen tetroxide. The 217 

Series connector will keep right on 

going. _ . and going . • .  and going. 

Beveled entryways in the hard 
dielectric sockets guide contacts (either 
power or RF) surely and positively into 
position . . . very important in the 
"blind" mating conditions so common 
in rack -and -panel applications. 

Ask your Amphenol Sales Engineer 
about the 217 Series. Or write, Ned 
Spangler, Vice President-Marketing, 
AmphenoI. 1830 S. 54th Avenue, 
Chicago 50, D1inois. 

<Rmpheno!>. 
A DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION 
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Why is the trim 

stainless steel? 
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(it's indestructible) 

Peugeot doesn't go in for trim for its own sake. What trim 
there is has a definite function. And what trim there is, is 
stainless steel, because it lasts far longer than chrome. 
That includes bumpers, grill, body trim and wheel covers. 
They'll all last indefinitely. 

Peugeot has earned a nickname over the years that 
we're proud of. The Indestructible. Although we don't 
agree that anything is indestructible, it's a fact that the 
oldest car now running in America is an 1891 Peugeot. 
Actually, that isn't too surprising, because Peugeot still 
builds cars on the theory that they should last-and last, 
and last. That's why Peugeot insists on test driving every 
single car it builds. That's why Peugeot checks every part 
that goes into its cars, down to and including nuts and 
bolts. Time consuming? Expensive? Yes, but that's the 
only way Peugeot cares to operate. 

If you're tired of cars with plenty of flash but very little 
durability, test drive a Peugeot. Peugeot's 4 cylinders will 
take you along at 88 mph and more. Peugeot's four-speed 
transmission gives you a gear for every driving condition. 
And Peugeot gives you more than $500 worth of "extras" 
that don't cost extra. Reclining seats, sliding sunroof, 
windshield washers, Michelin X tires and many others. 
All for one low price. The name is Peugeot. 

VPEUGEOT 
(Say Pooj-oh) 

SEE YOUR LOCAL DEALER 

PEUGEOT 403: $2295 East Coast POE, $2387 West Coast POE 
Cafled one of the 7 be�t made cars in the world by John Bond. 

PublIsher of Road & Track. 

PEUGEOT 404: $2645 East Coast POE, $2736 West Coast POE 
Designed to be even better than the 403. 

PEUGEOT 404 STATION WAGON: $2795 East Coast POE, $2875 West Coast POE 
Roomy. comfortable, durable. 

For brochure write Peugeot, Inc., 97-45.Queens BOUlevard, Rego Park, N.Y. 
For overseas delivery write: Cars Overseas, Inc., 555 FIfth Ave., New York, N.Y., or see your local dealer. 
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8 inch full ball vafve, Hermetically seafed 
for zero feakage, Secondary seaf has fow 
feakage rale of 15 cc Freon per minule 
al 900 psig, Handfes nitrogen lelroxide, 

12 inch segmenled ball vafve, 
L e a k a g e  ra l e  o f  30 c c  
gaseous nitrogen per minute 
al 54 psig, Handfes RP-1. 

17 inch segmenled ball vafve, Ffows 
40,000 gallons per minule of liquid oxy
gen. Leakage rate is 328 cc gaseous 
nilrogen p e r  m i n u l e  al 185 psig. 

Garrett-AiResearch ball valves can be designed to handle all liquid missile fuels and oxidizers, 

both cryogenic liquids and gaseous forms, from -425°F to +400°F. Sizes are programmed from 2.5 to 50 inches 

in diameter . •  In applications calling for large diameter valves and/or low pressure, a segmented ball 

is utilized; for small diameter and/or high pressure uses, a full ball is used. The seals are stationary. 

Technical superiority, reliability and minimum seal wear are achieved by using simplified actuation devices. 

A significant number of moving parts are eliminated and weight is reduced . •  The ball valve line is the 

newest addition to a complete line of AiResearch precision valves, 

including both butterfly and poppet types . 

• Please direct inquiries to AiResearch Phoenix division. 

AIRESEARCH MANUFACTURING DIVISIONS 
LOS ANGELES 9, CALIFORNIA. PHOENIX, ARIZONA 

SYSTEMS AND COMPONENTS FOR: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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This is CORNING-problem solving in science and industry 

The ways of glass with electricity 

Corning starts with one of the three 
basic options that can be exercised 
with electricity-to conduct it, enclose 
it, or i nsu late aga i nst it. 

Glass characteristics can be tai
lored to any one or a combination of 
these basic options. And, because 
glass is so versatile, Corning can 
package selected characteristics in 
whatever form or shape the problem 
requires. 

Consider Multilead products as an 
example. As many as 250,000 micro
miniature metal conductors can be 
sealed through one square inch of 
insulating glass. Put a Multilead face
plate on a cathode-ray tube, and elec
trons can be transferred directly and 

in discrete paths from the beam to 
the outside tube face. 

Or take FOTOFORW" glass com
ponents. This remarkable photosen
sitive glass allows us to chemically 
machine holes, slots and other pre
cision shapes with photographic re
producibility . .. and maintain elec
trical insulation. FOTOFORM spacers 
and headers go into vacuum tubes. 

To know more about the changes 
we can bring to the basic electrical 
options, write for our new brochure 
"Corning Materials for Electronics." 
The address is Corning Glass Works, 
4906 Crystal St., Corning, New York 
-where solving problems for science 
and industry is our business. 

CORNING 
CORNING GLASS WORKS 

1 
7 

1. Multilead faceplate on cathode-ray tube. 
2. FOTOFORM'" glass-vacuum-tube spacer. 
3. VYCOR® brand moisture getters to be 
sealed in electronic device. 4. Multiform 
glass shapes can be intricately formed by 
pressing glass particles in a tool. 5. Fused 
Silica-purity to 99.99999+ which is used in 
ultrasonic delay lines. 6. Microminiature 
glass wires, 0.0025" in diameter. conduct 
electricity because they are coated with an 
electrically conducting film. 7. Internal grati
cule bulb-the measuring scale is repro
duced on the inside of the cathode-ray bulb 
for greater reading accuracy. 
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THE 
MOST 
COMPLETE 
line of 
office machines 
ever available 
from a single source 
is also designed 
and manufactured 
to a single standard 
of excellence. 
It includes 
manual, electric and 
variable· spacing 
typewriters, 
and adding, : • calculating and 

"'III.". ____ .... 1. accounting machines, 
to meet virtually 

:-._I11III ____ ,*. every typing 
... a ." • and figurework 

need of the 
modern office. 
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The Supersonic Transport 
It lS technologically feasible to build passenger aircraft capable 

of 2,OOO-nl;ile-an-hour speeds. Several designs have been proposed; 

the chi�f problem is to attain sati�factorily economical operation 

T
he supersonic airplane became a 
practical reality on October 17, 
1947, when Captain Charles E. 

Yeager flew the rocket-powered re
search aircraft X-I slightly faster than 
the speed of sound. That event was the 
culmination of an intense period of 
aeronautical research and development 
during and after World War II and 
marked the beginning of a new epoch 
in powered flight. 

In the years since the flight of the 
X-I aeronautical engineers have almost 
continuously examined the practicability 
of commercial aircraft that would fly 
faster than the speed of sound. Such 
examinations have become more perti
nent in recent years with the successful 
employment by airlines of high-speed 
subsonic jet transports. 

These studies reflect the traditional 
evolution of air transportation toward 
higher cruising speeds. Anyone who has 
considered this long-term trend has 
wondered if it would be finally halted 
at velocities approaching the speed of 
sound. There now appears to be no 
valid technical or economic reason why 
the trend should not continue well into 
the range of supersonic speeds. 

In such a vast and expensive under
taking as supersonic air transportation, 
however, technical questions cannot be 
separated entirely from those of eco
nomics and politics. It is important to 
recognize that in not too many years 
the supersonic transport will be a fact 
of life in the worldwide transportation 

by R. L. Bisplinghoff 

system and that it promises to work im
pOitant changes in the fabric of modern 
society. Such an airplane is now being 
developed by the British and French 
jointly and in the U.S. under the spon
sorship of the Federal Government. 
Orders for more than 100 of these air
planes have already been placed by 
commercial airlines. 

The supersonic transport, or SST, 
has been the object of considerable 
public debate in the U.S., and that 
debate promises to become even more 
intense. It is proper that such an under
taking should be questioned and de
bated and that its usefulness to, and 
effects on, society should be assessed 
fully. What should be the relative roles 
of the Government and the aviation in
dustry in developing a suitable aircraft? 
At what speed should the designers 
aim? Is the technology available to 
build an airplane that would be both 
safe and profitable? These and many 
similar questions have been raised in 
the debate. This article will be mostly 
concerned with the technological ques
tions. 

Futuristic as supersonic commercial 
flight may seem, it actually repre

sents an advanced stage in a develop
ment that has taken place over many 
years. Spin-stabilized ballistic projectiles 
such as artillery shells have long op
erated at supersonic velocities in the 
atmosphere. World "Var II stimulated 
intensive research into rocket propulsion 

and the aeronautics of supersonic flight, 
and on October 3, 1942, a German 
V-2 rocket became the first actively 
controlled, fin-stabilized projectile to 
achieve supersonic velocities. Thereby 
the V-2 demonstrated that a vehicle 
with active controls could remain stable 
in flight through the transonic speed 
range and beyond. Five years later the 
testing of the X-I demonstrated that 
supersonic manned flight was possible. 

Since then a variety of aircraft, in
cluding the record-holding X-15 (4,104 
m.p.h.) and, most recently, the military 
A-ll (more than 2,000 m.p.h.) have 
made supersonic flight seem almost 
routine. The largest supersonic aircraft 
yet designed, the 2,000-m.p.h. B-70, 
should be ready for its maiden flight 
sometime this year. It remained for the 
British and French, however, to make 
the first definite commitment to build 
a supersonic airplane for commercial 
service. Their Canem'de is an aluminum 
aircraft designed to carry 118 passen
gers in the 1,300-m.p.h. range. 

In the U.S. the National Aeronautics 
and Space Administration has for sev
eral years conducted a program of re
search directed specifically toward a 
supersonic commercial transport. The 
program was inaugurated in 1956 by 
the National Advisory Committee for 
Aeronautics, predecessor of NASA. In 
1959 the research had developed enough 
data to indicate the technical feasibility 
of an SST. On December 11, 1959, 
NASA brought this information to the 
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SUPERSONIC TRANSPORT DESIGNS evolved by the National 

Aeronautics and Space Administration in eight years of testing are 

portrayed by models, which are between 30 and 39 inches long. 

The designs have the class name of SCAT, which is short for 

"supersonic commercial air transport." From the left they are: 

SCAT 4, which has a fixed swept.back wing and resembles sub· 

attention of the Federal Aviation Agen
cy and proposed a national program for 
the development of such a vehicle. 
Thereafter the FAA, NASA and the De
partment of Defense joined in a plan 
for Federal assistance to the aviation 
industry as outlined by the three agen
cies in a 1961 publication entitled 
Commercial Supersonic Transport Re
port. 

Once the technical feasibility of an 
SST had been established in a pre
liminary way, NASA concentrated its 
efforts on meeting some difficult re
quirements. These included the de
velopment of the technology of engines 
and airframes that would be more eco
nomical and durable than those ac
ceptable for miHtary service and reduc
tion of sonic boom, which threatened to 
curtail supersonic flight over populous 
areas. NASA's progress in solving these 
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problems played an important part in 
the decision, announced by President 
Kennedy in June, 1963, that the U.S. 
would begin development of a super
sonic transport under the direction of 
the FAA. Recently several aircraft and 
engine manufacturers submitted design 
proposals to the FAA, and it is expected 
that the first contracts for development 
types will be awarded in due course. 

The particular concern of NASA is 
the development of the advanced tech
nology necessary to build a passenger
carrying airplane that is not only capa
ble of supersonic flight but also safe, 
durable and economical to operate. To 
that end NASA has envisioned a Mach-
3 aircraft, which means a plane able to 
fly at speeds up to three times the speed 
of sound. At an altitude of 70,000 feet, 
where the craft will actually cruise, 
Mach 3 is about 2,000 m.p.h. The air-

craft will have a takeoff weight of about 
400,000 pounds and should be able to 
carry a payload of some 26,000 pounds 
over a range of 3,700 miles. For com
parison the longest-range model of the 
Boeing 707 has a takeoff weight of 
316,000 pounds, a payload of 59,000 
pounds and a range of more than 4,500 
miles. It is expected that the supersonic 
transport will be able to operate from 
existing runways. 

The design of every airplane makes 
use of a principle laid down some 

60 years ago by the French engineer 
Louis Breguet. Breguet showed that 
the range of an airplane, or the maxi
mum distance it can travel, depends 
on two main factors: flight efficiency 
and the ratio of the fuel weight to the 
gross weight at the start of flight. In 
evaluating the technical feaSibility of 
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sonic jets now in use; SCAT IS, which has similar wings for 

supersonic flight but carries auxiliary wings that can be moved 

forward for flight at subsonic speeds; SCAT 16, which has rela-

tively slender wings that can be varied in sweep; SCAT 17, which 

has a delta wing and a canard, or balancing surface, at the 

nose_NASA officials regard SCAT's 16 and 17 as the most promising_ 

any new airplane the engineer es
tablishes the desired flight range and 
then asks if he can achieve the flight 
efficiency and the fuel-to-gross-weight 
ratio needed to realize this range_ 

Breguet conceived of flight efficiency 
as a composite measure of the aerody
namic and propulsive efficiencies of the 
airplane. It is represented by a nu
merical quantity calculated as follows: 
Mach number times the lift-to-drag 
ratio of the airplane, divided by the 
specific fuel consumption of the en
gines. The economic future of the super
sonic transport is very much dependent 
on the success of aeronautical engineers 
in providing the highest possible value 
of this quantity. 

It is apparent from Breguet's equa
tion that if everything else remains the 
same, flight efficiency increases with 
increasing Mach number. That is one of 

the principal reasons why many engi
neers prefer speeds approaching Mach 
3 for the SST. Far higher speeds are 
theoretically attainable, but for the 
present Mach 3 seems a reasonable up
per limit for commercial flight because 
of the problems that higher speeds 
would present in overheating of ma
terials and fuel. 

The second component of flight effi
ciency is the lift-drag ratio of the air
plane, denoted LID. Lift is the upward 
force provided by the flow of air over 
the surfaces of the aircraft. Drag is the 
total resistance the aircraft encounters 
in driving through the air. The LID 
ratio is a measure of aerodynamic effi
ciency. In an effort to optimize this 
ratio scientists of NASA's Langley and 
Ames research centers devised several 
aerodynamic designs for what they call 
a SCAT, which is an acronym for "su-

personic commercial air transport." Four 
of these designs, known as SCAT's 
4, 15, 16 and 17, are the products of 
eight years of research. Each design 
has characteristics that make it some
what different from the others. SCAT 
4 possesses a fixed arrow-like swept
back wing and has a general appear
ance not unlike that of the current sub
sonic jets. SCAT 15 also has arrow-like 
swept wings but has auxiliary wings 
that can be swept forward to allow 
efficient flight at subsonic speeds. SCAT 
16 has fairly slender wings and some
what resembles the present subsonic 
jets, but it includes a provision for vary
ing the sweep of the full wing in flight. 
SCAT 17 is a delta-wing design with a 
canard, or balancing surface, at the 
nose. 

NASA engineers conducted extensive 
wind-tunnel tests of the four SCAT 
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models at the Langley and Ames cen
ters to evaluate and compare their 
aerodynamic characteristics. The bot
tom illustration on the opposite page 
shows the results of these tests and 
demonstrates the chief dilemma faced 
by the designer of an SST: as he seeks 
the benefits of increased Mach number, 
he finds that the LID ratio deteriorates. 
In general, configurations with the best 
LID ratio in supersonic flight are quite 
poor in subsonic flight. SCAT 16, with 
its variable-sweep wing, although it 

would perform poorly at supersonic 
speeds, is far better than the other de
signs in the subsonic speed range. Since 
subsonic flight efficiency is important 
during the climb-out, landing and hold
ing portions of the flight, the engineer 
must demand a reasonably high LID 
ratio at flight speeds below Mach 1. It 
is evident that we must discover how to 
combine the supersonic LID character
istics of SCAT 4 with the subsonic per
formance of SCAT 16. We are optimis
tic that this can be done. 

LIFT AND DRAG are key aerodynamic factors. Air flowing under a wing gives direct 

lift; air over a wing creates lift through negative pressure. In level flight (top) lift is 

good and drag low; up to a point lift increases more than drag in a climb (bottom). 
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FLIGHT EFFICIENCIES of subsonic jet aircraft now in commercial use are compared 

with those predicted for the four SCAT's. An ideal supersonic transport would comhine 

subsonic efficiency of SCAT 16 and efficiency of SCAT's 4 and 15 at speeds near Mach 3. 
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The third factor in Breguet's equa
tion of flight efficiency is specific fuel 
consumption, which means the weight 
in pounds of fuel burned per hour for 
each pound of engine thrust. To obtain 
good specific fuel consumption over the 
whole range of operating conditions 
from subsonic to supersonic speed, the 
engine designer is faced with the same 
incompatible flight conditions as the 
aerodynamicist. At subsonic speeds 
thrust is produced most efficiently by 
moving a large volume of air at fairly 
low velocity; at supersonic speeds it is 
more efficient to produce the same 
thrust by moving a smaller volume of 
air at higher velocity. The former is 
best accomplished by a turbofan en
gine, the latter by a turbojet engine, 
and the problem of the supersonic
engine designer is to combine the best 
features of each [see illustration on 
page 30J. 

The turbofan engine has a large fan 
that drives part of the incoming air 
through a section of the engine sur
rounding the compressor; this secondary 
air is ejected through ducts or is by
passed to the tail pipe to mix with the 
hot gases ejected by the turbine. If ad
ditional fuel is burned with the sec
ondary air at the ducts, it is a "duct
burning turbofan engine"; if additional 
fuel is burned with the secondary air 
in the tail pipe, it is a "mixed-burning 
turbofan engine." 

The turbojet engine has no fan; all 
the air is passed through the compres
sor-turbine combination. Burning takes 
place in combustion chambers between 
the compressor and the turbine. To pro
vide extra thrust, some turbojet engines 
are also equipped with afterburners, 
which permit extra fuel to be burned 
in the tail pipe. As a consequence of 
this design a turbojet engine produces 
a high-velocity jet of exhaust gas that is 
more efficient for supersonic flight than 
the low-velocity exhaust of a turbofan 
engine. 

The advanced engine required for the 
supersonic transport does not now exist, 
and its development will take much 
time and effort. The. engine will de
mand, for example, higher turbine-inlet 
temperatures than those employed in 
present engines. 

What, then, can be expected for su
personic flight efficiencies and how will 
they compare with those achieved by 
today's subsonic jets? The bottom illus
tration on this page shows the results of 
combining the factors assessed above to 
obtain plots of flight efficiency at vari
ous speeds. It can easily be seen from 

© 1964 SCIENTIFIC AMERICAN, INC



50 -70 

40 -70 

-l m 
� -U 

� w w 
m AJ » '"'- 3D 0 z 

<t: (/) :J 
0 I 

� '" '" <t '" 
I I I :r. 

b u u u � <t: <t: 4. 4-
2 2 :;£ :;£ :;£ 

-40 -l c AJ m 
'6 m Gl AJ 

t:. 
w 20 
0 :J f-
� 

!I \1 'l� 
� 

m 
-15 m 

(J) 
., » I AJ m 

<t: Z I 
r::':' 

10 25 -::! 

o I' � � \ 60 
1,000 2,000 3,000 4,000 

SPEED (MILES PER HOUR) 

MACH NUMBERS show the ratio of an airplane's speed to the 

speed of sound. As the atmospheric temperature drops with alti· 

tude, the speed of sound decreases and the Mach number for a 

given /lying speed increases. At sea level Mach 3 is about 2,280 

25 

20 

0 
i= 
<t: 
0:: 
<.9 
<t: 
0:: 15 
0 
0 f-
f-LL 
-' 

10 

SCAT 16 

SCAT 15----------:'\ 

\ 
\ 

SCAT 4 ------------
_

-

--

-
-
-��-'�� 

miles per hour, at 50,000 feet it is about 1,980 m.p.h. Above 50,000 

feet, in the part of the stratosphere that a supersonic transport 

would use, there is little temperature change, and so at such alti· 

tudes a given Mach number represents a fairly constant relation. 
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RATIO OF LIFT TO DRAG is an important factor in aircraft 

/light efficiency. The ratios shown here were derived from NASA 

wind·tunnel tests of the four SCAT designs. The decline of the 

lift.drag ratio at supersonic speeds is a major problem faced by 

designers of the supersonic transport; moreover, they must pro· 

vide in their design for high lift·drag ratios at subsonic flight, 

which the aircraft will have to perform during a portion of the 

climb after takeoff and in the descent preparatory to landing. 
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this diagram that if engineers can com
bine the properties of SCAT's 4 and 15 
at Mach 3 and the properties of SCAT 
16 at speeds below Mach 1, flight effi
ciencies comparable to those of the sub
sonic jets are possible. NASA's best
informed workers are confident that 
these desirable combinations can be 
achieved through additional weII
planned research and careful design. 

N Bniguet pointed out, flight effi-
ciency is not the whole story in the 

achievement of range. In order to ex
tend range a designer must also strive 
for a high ratio of fuel load to gross 
weight at the beginning of the flight. 
This is tantamount to saying that for a 

given fuel load and payload of passen
gers and baggage he must reduce the 
structural weight as much as possible. 
That has been the perennial problem of 
the engineer from the earliest days of 
aviation. William B. Stout, who designed 
the famous Ford trimotor transport in 
the late 1920's, liked to say that the 
aircraft engineer's main task in life was 
to "simplicate and add lightness." His 
advice is no less important today than 
it was then. 

The special structural design prob
lems introduced by the supersonic trans
port can be summarized succinctly as 
speed and longevity. The principal 
problem introduced by speed is aerody
namic heating, produced by the impact 

COMPRESSOR PRIMARY AFTERBURNER 

BURNER TURBINE 

TURBOJET ENGINE 

COMPRESSOR D UCT 

BURNER 

I 
PRIMARY 

BURNER TURBINE 

TURBOFAN ENGINE 

BASIC ENGINE TYPES suitable for use in a supersonic transport are depicted sche· 

matically. A turbojet (top) concentrates all its air in a small, high·speed jet and is best 

for supersonic flight. A turbofan (bottom), which moves a large quantity of air at lower 

speed by passing part of the air around the compressor, performs best at subsonic speeds. 

In each of these engine types it is possible to bllrn additional fllel in a duct or in an 

afterburner. Neither of these engines has yet been built for sllpersonic commercial flight. 
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and friction of air molecules. At Mach 3 
and an altitude of 70,000 feet the lead
ing edge of the wing is heated to a 
temperature of some 550 degrees 
Fahrenheit. This is well beyond the 
temperature at which the usual ma
terials of commercial airliner construc
tion retain adequate strength. 

The problem of longevity is one of 
providing adequate airframe safety and 
serviceability for a period longer than 
10 years, or some 30,000 to 50,000 
hours of flying time. A lifetime of this 
order is essential if the airplane is to be 
commercially profitable. As the aircraft 
structure is exposed to alternating 
stresses day after day and year after 
year, there is a tendency for the metal 
to become fatigued and ultimately to 
fracture. Metal fatigue is a progressive 
phenomenon originating with tiny 
cracks that gradually grow under re
peated stress until a fracture occurs. 
One can expect crack growth to be ac
celerated in structures exposed to the 
high temperatures of supersonic flight. 

Prolonged screening of materials by 
NASA's Langley and Lewis laboratories 
has identified a titanium alloy that ap
pears to meet the unique and stringent 
requirements for strength, stiffness and 
high temperatures of an SST. The alloy 
contains 90 per cent titanium, 8 per 
cent aluminum, 1 per cent molybdenum 
and 1 per cent vanadium. 

As can be seen in the bottom illustra
tion on page 32, the titanium alloy has 
appreciably greater tensile strength at 
high temperatures than the conven
tional aluminum alloys used in trans
port aircraft. It also is superior in this 
respect to typical steels that possess 
relatively good high-temperature char
acteristics. Titanium, however, will pro
duce a higher ratio of structural weight 
to gross weight than aluminum, at least 
in the present state of technology. The 
aeronautical engineer must conclude 
that if the assumed flight efficiencies of 
an SST and a subsonic transport are 
roughly comparable, the former can 
achieve the range of the latter only by 
sacrificing payload, or it can achieve 
comparable payloads only by sacrificing 
range. To put it another way, the prob
lem is that the estimated ratio of pay
load to gross weight for the SST as now 
.envisioned is approximately 8 per cent 
compared with about 15 per cent for 
the subsonic jet of comparable range. 
We are confident that this problem too 
can be reduced by additional research. 

One of the most widely discussed 
problems facing the deSigner of the 
supersonic transport is sonic boom [see 
"Sonic Boom," by Herbert A. Wilson, 
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LANDING GEAR 16 

STRUCTURAL WEIGHTS of a SCAT 16 and a Boeing 707·320B, 

typical of the subsonic jets now in commercial service, are com· 

pared. The numerals give the weight of each structure as a per· 

MACH 3 

400°-500° F. -----,r 

600° F. 

AIRFRAME HEATING becomes a major problem at supersonic 

speeds. Except at the engine exhausts, it is caused by the friction 

of air molecules on the surface of the aircraft. Materials used in 

LANDING GEAR 15 

centage of the total weight of the airframe. In the SCAT 16 the 

airframe would account for about 29 per cent of the total weight 

of the aircraft; in the Boeing 707 ·320B it is about 23 per cent. 

subsonic airplanes would lose tensile strength at supersonic 

speeds, as shown in bottom illustration on next page; designers 

therefore have had to seek new materials for supersonic craft. 
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TENSILE STRENGTH of materials that can be used in aircraft construction is shown 

under conditions of increasing temperature. Titanium is regarded as most promising for 

supersonic transports because of its high resistance to the heat that would be encountered. 
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Jf.; SCIENTIFIC AMERICAN, January, 
19621. Shock-wave phenomena were 
explained theoretically by the Austrian 
physicist and philosopher Ernst Mach 
a half-century before the first sonic 
boom was heard. Mach arrived at his 
explanation by considering the laws of 
propagation of a disturbance or pressure 
impulse in a compressible fluid. 

In air the pressure disturbance we 
recognize as sound establishes the speed 
at which sound travels. Therefore an 
airplane moving at subsonic speed cre
ates fairly mild pressure disturbances 
that move faster than the plane itself. 
A supersonic plane, however, gets ahead 
of its own pressure disturbances; they 
stream out behind in the form of a 
shock wave that creates a sudden 
change of pressure as it reaches any 
particular point. The area in which the 
shock wave can be heard takes the fOlm 
of a cone with the airplane at the apex. 

The term "sonic boom" is used to de-
scribe the atmospheric disturbance 

produced when the lower edge of the 
conical Mach wave produced by a su
personic airplane sweeps over the sur
face of the ground. The zone of inter
section of the Mach cone with the 
ground is bounded by a hyperbola. The 
boom is audible Simultaneously at all 
points along the hyperbola, and it is 
eventually heard at all points on the 
ground over which the hyperbola 
sweeps. 'When a heavy aircraft flies at 
supersonic speed near the ground, the 
sonic boom is usually heard as a sharp 
report. vVhen the sonic boom is pro
duced by an aircraft of modest weight 
at high altitudes, the effect is more like 
that of distant thunder. 

NASA's Langley laboratory has es
tablished the variables that govern the 
pressure changes in the shock wave. 
This investigation has established that 
above the speed of sound, increases of 
speed have comparatively little effect 
on sonic boom. The chief factors affect
ing the strength and character of sonic 
boom are the shape and weight of the 
airplane and its distance above the 
ground. 

To minimize the annoyance of sonic 
boom, the supersonic transport will not 
be permitted the wide choice in altitude 
and speed pattern now enjoyed by to
day's commercial aircraft. In order to 
prevent any sonic boom while it is at 
low altitudes, the supersonic airplane 
will be required to climb subsonically to 
at least 40,000 feet before it accelerates 
to supersonic speed. For the same rea
son it must decelerate at the end of its 
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trip so that subsonic flight is resumed 
before the aircraft descends below 
40,000 feet. 

An interesting sonic boom compari
son can be made between projected de
signs of Mach-2.2 and Mach-3 aircraft 
of the same weight. Because the Mach-3 
airplane will cruise at least 10,000 feet 
higher than the Mach-2.2 airplane, the 
former would create a smaller sonic 
boom at ground level than would the 
latter. 

Sonic boom, of course, is not the only 
noise problem associated with the su
personic transport, but in general the 
SST should not be noisier in flight than 
planes of lower speed. One factor that 
promises to alleviate the noise problem 
in the vicinity of the airport is the in
herent excess power required for the 
supersonic transport to accelerate past 
the speed of sound. Because of this ex
cess of power beyond that required for 
takeoff, the airplane will be able to 
climb away from the airport more 
quickly and steeply than present-day 
transports. At each pOint below its 
climb path it will be at least no noisier 
than the subsonic jet, and advance
ments through research and develop
ment are expected to achieve even 
lower noise levels. 

At the airport itself, however, noise 
will present more of a problem than it 
does for the present jets because super
sonic engines will be larger. Inasmuch 
as these engines, like others, must be 
run up to full power on the ground for 
short periods for the purpose of check
out, the check-out period probably will 
require the use of advanced noise sup
pressors . 

.N man penetrates the earth's protec-
tive atmospheric blanket and ex

poses himself to conditions on the 
fringes of space, careful consideration 
must be given to his health and well
being. Such considerations are of major 
importance in the nation's space pro
gram, and similar attention must be 
given to the transportation of passen
gers at altitudes above 70,000 feet. It 
now appears that, except for the con
ditions associated with solar flares, such 
environmental factors as radiation and 
ozone contamination of the atmosphere 
will not pose significant health hazards. 

D. L. Dye and W. R. Sheldon of the 
Boeing Company have concluded, for 
example, that during a flight at 70,000 
feet over the earth's poles, where radia
tion hazards are known to be most se
vere, the potential number of body cells 
killed by galactic cosmic rays would be 
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OPERATING COSTS computed for three SCAT designs are compared with those attained 

by the Boeing 707. Gray band indicates the reduction in seat-mile costs achieved by the 

707 since 1958, when it began commercial service; presumably SCAT's also would improve. 

AERODYNAMIC AND MECHANICAL LIMITS confronted by a supersonic transport 

mean that for maximum safety and efficiency it must normally operate in or near the white 

corridor. Similar limits confront any aircraft; supersonic flight only extends the problem. 
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negligible when the sun is quiet. Al
though high-energy protons produced 
during a major solar flare might cause 
serious cell damage, it appears that the 
flare's onset would be gradual enough 
so that the hazard could be evaluated 
and avoided if necessary. Dye and Shel
don have estimated that the total cosmic 
ray exposure during a long-range flight 
in a supersonic airliner will be roughly 
the same as that experienced for a com
parable flight in today's subsonic jets. 
The reason is that SST passengers will 

be exposed to the more hazardous en
vironment' for a shorter period. 

Supersonic aircraft up to the present 
time have been developed to meet mili
tary objectives. Such objectives natural
ly place a high premium on perform
ance and mission accomplishment and 
a somewhat lower premium on cost of 
operation. In the highly competitive air 
transportation market the supersonic 
transport must achieve economical op
eration-that is, operation at costs com
parable to those of present transports. 

Lloyd T. Goodmanson, William T. 
Hamilton and Maynard L. Pennell of 
the Boeing Company have compared 
the predicted seat-mile costs of SCAT 
designs with those of the Boeing 707 
subsonic transport [see top illustration 
on preceding page J. The data contrast 
the 707 with an aluminum SCAT-16 de
sign cruising at Mach 2 and titanium 
SCAT's 16 and 17 cruising at Mach 3. 
The superior position of the Mach-3 de
sign with respect to that for Mach 2 is 
evident from the illustration. It is also 

SONIC BOOM, an inevitable product of flight at supersonic 

speeds, is simulated with a SCAT-IS model in a NASA wind tun

nel. In this Schlieren photograph Mach waves, or pressure dis

turbances, set up by the nose and other protuberances such as 

wings and engine pods stream back from the airplane. The Mach 

angle, which is the angle the waves make with the axis of the air

craft, decreases with increasing speed; in this photograph the speed 

is Mach 2.86. The vertical bars reinforce the window in the tunnel. 
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evident that substantial improvements 
must be achieved in all designs in order 
for the supersonic transport to be com
petitive with current subsonic jet trans
ports. Additional study and continued 
refinement of design should do much 
to achieve these improvements. But it 
is too early to predict that seat-mile 
costs for supersonic travel can be re
duced to match those of today's highly 
refined subsonic jets. 

It is not entirely justifiable, however, 
to compare the supersonic transport 
with its subsonic predecessor solely on 
the basis of seat-mile cost. There is also 
the very important possibility that the 
significant speed increase will yield 
an increase in airplane "productivity," 
measured in passenger-miles over a 
given period of time. The productivity 
of the subsonic jet is significantly higher 
than that of its piston predecessor, and 
there are some grounds for believing 
that the Mach-3 supersonic transport's 
productivity will be higher than that 
of the subsonic jet. But a true measure
ment of this quantity is extremely diffi
cult to obtain in advance. 

�though it is not possible in a single 
article to discuss all aspects of the 

SST, I have attempted to show that it 
is technically feasible. But it should also 
be clear from my discussion that today's 
technology is not advanced enough to 
build an SST that would be economical
ly attractive to the airlines. More refine
ment is needed. 

The venerable factors of lift, drag and 
thrust are still the controlling elements 
in airplane design. We are faced, how
ever, with the new and highly impor
tant factor of sonic boom with its major 
inRuence on airplane weight and con
figuration. In addition, more than ever 
before the economic success or failure 
of a proposed airplane is dependent on 
small differences in the efficiency of 
component parts. For example, our 
studies of propulsion for supersonic 
transports show that the performance 
of inlet and exhaust nozzles is of crucial 
importance. An improvement of 1 per 
cent in the gross thrust coefficient of a 
nozzle could permit a reduction of 
about 5 per cent in the gross weight of 
the airplane for a given payload. Such 
improvements, which typify the tech
nological advances required for super
sonic commercial air transport, are 
within the grasp of a well-organized 
program of research and development 
making maximum use of the nation's 
industrial, university and governmental 
resources. 

ARTICULATED NOSE is a feature of the delta-wing supersonic transport design submitted 

to the Federal Aviation Agency by Lockheed Aircraft Corporation. The purpose of the mov

able nose is to improve visibility from the pilot's compartment during takeoff and landing. 

VARIABLE WING SWEEP characterizes supersonic transport design that the Boeing 

Company submitted to FAA; it resembles the SCAT 16. A third design, proposed by 

North American Aviation Incorporated, resembles the supersonic military aircraft B-70. 
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X-RAY ASTRONOMY 

Rocket-borne instruments have detected two po\verful sources 

of X radiation in the sky. They may identify extremely faint 

little stars with superdense cores composed largely of neutrons 

T he energetic phenomena that take 
place in stars, galaxies and cosmic 
space radiate surp\us energy in 

the form of electromagnetic waves 
ranging in length from a few thou
sandths of an angstrom unit (a ten-bil
lionth of a meter) to hundreds of kilo
meters. Until recently, however, as
tronomers had available for study only 
those wavelengths able to pass through 
two principal "windows" in the atmo
sphere, one in the optical and the other 
in the radio region of the spectrum. In 
order to observe the full spectrum of 
celestial radiation, instruments must be 
placed above the main mass of the at
mosphere. High-altitude balloons are use
ful for some observations, but the only 
undimmed view of the heavens is that 
obtainable from rockets or artificial 
satellites. 

The first celestial body whose radia
tion in the X-ray region of the spectrum 
(from . 1  to 100 angstroms) was studied 
intensively by rocket-borne .instruments 
was the sun [see "Rocket Astronomy," 
by Herbert Friedman; SCIENTIFIC AMER
ICAN, June, 1959]. Astrophysicists had 
calculated the amount of X radiation to 
be expected from various other poten
tial sources and had concluded that 
X rays from outside the solar system 

.01 A. .1 A. 1 A. 

GAMMA 

100 A. 

by Herbert Friedman 

would probably be too faint to be de
tected by conventional rocket instru
ments. Exploratory scans of the night 
sky seemed to bear out this prediction: 
early Rights failed to turn up any new 
sources of X radiation. 

Then in June, 1962, an instrumented 
rocket launched from the White Sands 
Missile Range in New Mexico detected 
an extremely powerful source of X rays 
in the general direction of the center of 
the galaxy. Subsequent Rights have con
firmed the existence of this source and 
have located other sources elsewhere in 
the sky. The unexpected intensity and 
character of the X-ray emissions from 
these sources have made it necessary to 
postulate new mechanisms to explain 
the production of the rays. It now ap
pears that the emissions may originate in 
the incredibly dense cores of "neutron 
stars," the tiny, invisible remnants of 
collapsed supernovae. 

The strong X-ray source near the 
galactic center was discovered by Her
bert Gursky, Riccardo Giacconi and 
Frank R. Paolini of the American Sci
ence and Engineering Corporation and 
Bruno B. Rossi of the Massachusetts 
Institute of Technology. The discovery 
was made in the course of an experi
ment aimed at detecting X rays pro-

WAVELENGTH 

duced on the moon by impinging solar 
X rays. For this experiment they 
equipped an Aerobee rocket with a 
pair of X-ray-sensitive Geiger counters, 
each of which had a field of view of 
about 100 degrees of arc [see bottom 
illustration on page 39]. The rocket was 
stabilized by rapid spinning, so that its 
axis pOinted toward the zenith. As the 
Right progressed, the counters repeated
ly swept out a great circle of the sky 
that included the moon. 

When the counter records were an
alyzed, they showed no evidence of 
X-ray emission from the moon, but they 
did show a broad peak of X-ray emis
sion somewhere in the direction of the 
galactic center. The wavelength of these 
X rays was about three angstroms. 
When the counters were aimed away 
from the direction of peak response, the 
X-ray count fell to a low but steady 
background level. 

The same experiment was repeated 
twice during the following year by 
Gursky and his colleagues. A rocket 
launched in October, 1962, could not 
confirm the single strong emIsSIon 
source because the galactic center is 
not visible from New Mexico in the 
fall, but two possible weaker sources 
were detected above the steady back-

10,000 A. .01 CM. 1 CM. 1 M. 100 M. 10 KM. 1,000 KM. 
'------'-----

RADIO 

VISIBLE 
ELECTROMAGNETIC SPECTRUM ranges from short-wave
length, high-frequency gamma rays (left) to long-wavelength, low

frequency radio waves (right). An angstrom unit (A.) is a ten-bil-

lionth of a meter. The X-ray region of the spectrum extends from 

_I to 100 angstroms. "Windows" in the earth's atmosphere that 

admit electromagnetic radiation are indicated by unhatched areas_ 
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ground count. A third flight in June, 
1963, succeeded in detecting strong X 
radiation from the same general region 
that gave rise to the recording of the 
previous June. 

Meanwhile my colleagues (Stuart 
Bowyer, Edward T. Byram and 

Talbot A. Chubb) and I at the 
Naval Research Laboratory had launched 
another Aerobee rocket from the White 
Sands Missile Range in April, 1963. Our 
rocket was equipped with an X-ray 
counter about 10 times more sensitive 
than those flown by Gursky's group, 
but it covered about the same wave
length range: one to eight angstroms. 
In front of the counter was a hexagonal 
honeycomb collimator that limited the 
field of view to 10 degrees of arc [see 
top illustrations on page 39]. The rocket 
was deliberately given a slow spin to 
make it develop a large precession cone, 
or wobble, around its line of flight. As 
a result the circle of sky swept out by 
each spin of the rocket slowly revolved 
in such a way that almost the entire sky 
above the horizon was scanned during 
the flight [see illustration on page 40]. 

At the time the center of the galaxy 
was below the horizon and therefore 
invisible to the rocket, but roughly 58 
per cent of the celestial sphere was cov
ered. In this large expanse of sky the 
detector recorded one outstanding X-ray 
source in the constellation of Scorpius, 
about 20 degrees away from the direc
tion of the galactic center. Closer ex
amination of the data revealed another 
source, about an eighth as bright, co
incident with the Crab nebula. No oth
er discrete sources were distinguishable 
above the general background radiation. 

As the X-ray counter swept the sky 
it passed over the SCOl'pius region eight 
times. In spite of the relatively rapid 
rate of scanning, the X-ray signal was 
strong and clear on each pass. A map of 
the eight scans was then used to plot 
equal-intensity contours, which approxi
mated to concentric circles centered at 
16 hours 15 minutes right ascension and 
-15 degrees declination [see illustra
tion on page 41]. The detector was not 
capable of distinguishing between a 
point source and a diffuse gas cloud as 
large as two degrees in diameter. 

The intensity of the X radiation from 
the SCOl'pius source is remarkable. It is 
comparable to that emitted by the quiet 
sun in the same wavelength range. Yet 
the entire neighborhood around the 
source is devoid of any viSibly bright 
-star, nebulosity or radio emission. What 
kind of celestial object could produce 
such intense X-ray emission and still re-

AEROBEE ROCKET was launched on April 29, 1963, from the White Sands Missile Range 

in New Mexico by the author and his colleagues at the Naval Research Laboratory. The 

rocket was equipped with a sensitive X-ray counter that covered a wavelength range of one 

to eight angstroms (see top illustrations on page 39). In the time that the rocket was 

above the earth's atmosphere it observed two powerful X-ray sources in the sky: one in 

the direction of the constellation of Scorpius and another coincident with the Crab nebula. 
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INSTRUMENT SECTION of an Aerobee 

rocket has been stripped of its outer skin to 

reveal its contents. The X.ray counter is 

behind the circular window at bottom left. 

38 

main invisible in the optical and radio 
wavelengths? 

A neutron star seems to meet all the 
requirements. The concept of a 

neutron star was first proposed in 1934 
by Walter Baade and Fritz Zwicky of 
the Mount Wilson Observatory and the 
details of its theoretical structure and 
evolution were later worked out by 
J. Robert Oppenheimer and G. M. Vol
koff, then at the University of California 
at Berkeley. Briefly, a neutron star is 
what remains after the collapse of a large 
star due to the depletion of its source of 
energy. A neutron star would contain 
about as much mass as the sun com
pressed into a sphere roughly 10 miles 
in diameter. Its superdense core would 
consist almost entirely of neutrons and 
would be up to 100 million times denser 
than the core of a very compact white
dwarf star. The surface temperature of 
a neutron star would be about 10 mil
lion degrees Kelvin (degrees centigrade 
above absolute zero) and the tempera
ture in its core as high as six billion 
degrees. Because of these high tempera
tures a neutron star would emit about 
10 billion times more energy in the form 
of X rays than in the form of visible 
light. This is just the reverse of .the 
ratio produced by the undisturbed sun. 

Recently Hong-Yee Chiu of the God
dard Institute for Space Studies under
took to develop a model of a neutron 
star from which some of its radiative 
characteristics could be determined. He 
hoped to find out if emissions from 
such a star could be detected in the 
ultraviolet or X-ray regions of the elec
tromagnetic spectrum. When we com
pared his predictions with our observa
tions of the X-ray sources in Scorpius 
and the Crab nebula, the agreement 
was surprisingly close. Early this year 
Chiu and A. G. W. Cameron of the 
Goddard Institute and Donald C. Mor
ton of Princeton University published 
more refined calculations of the X radia
tion to be expected from a neutron-star 
source; these estimates agreed even bet
ter with our observations. 

To understand how X rays could be 
produced in a neutron star, let us con
sider how such a star may have evolved. 
A star is supported against the inward 
force of gravitation by the internal pres
sure maintained by its high central 
temperature. If this vital balance is dis
turbed, the star quickly adjusts to a new 
equilibrium by shrinking or expanding. 
Even at the center of the sun, where 
the density is seven times that of lead, 
the behavior of the gas never departs 
from the ideal gas law (pressure is pro-

pOltional to density times temperature). 
Inside a white-dwarf star, however, tem
peratures are not Significantly higher 
than they are inside the sun (about 13 
million degrees), yet the density often 
reaches several tons per cubic inch, and 
as a result the ideal gas law breaks 
down. The British astrophysicist Sir 
Arthur Stanley Eddington suggested in 
1924 that the high density of a white
dwarf star could only be explained by 
supposing that the atoms in the core 
were completely stripped of their elec
trons, enabling the bare nuclei to pack 
tightly together. The sheer squashing of 
material would produce the condition 
known as electron degeneracy. Although 
the nuclei themselves would continue to 
follow the ideal gas law, the degenerate 
electrons would now produce a pressure 
so much higher than the nuclear-gas 
pressure that the latter could be con
sidered negligible in comparison. If the 
density in a white-dwarf star were to 
be increased 100,000-fold, even the 
nucleons (that is, the neutrons and pro
tons) would be compressed to the point 
at which they would begin to touch. 
This condition of nucleon degeneracy 
must exist in a neutron star. 

In the course of evolution of a star such 
as the sun, the nuclear fuel is con

sumed slowly. As the source of energy 
is gradually depleted, the star shrinks 
and its density increases until electron
degeneracy pressure is approached. 
Thereafter the rate of cooling becomes 
progressively slower. Within the age of 
the galaxy it is not certain that any star 
has had enough time to cool off com
pletely by this process, but considerable 
numbers have reached the white-dwarf 
stage. A typical white dwarf has a den
sity of about 10 tons per cubic inch and 
a size comparable to that of the planet 
Jupiter, with only a thin radiating layer 
at the surface remaining at white heat. 

If the mass of a star originally ex
ceeds 1.44 times the mass of the sun 
(a threshold known as Chandrasekhar's 
limit) it cannot follow the gradual evo
lutionary path just described; it is 
doomed to end its life in a catastrophic 
supernova explosion. Because the in
ward force of gravity is too large to be 
balanced by electron-degeneracy pres
sure, the temperature of the core must 
rise to balance gravity. At various tem
perature levels' different nuclear fuels 
are ignited. Thus the star ages in suc
cessive stages, first burning hydrogen to 
form helium, then helium to form car
bon, carbon to form oxygen, neon and 
magnesium, magnesium to form sulfur 
and sulfur to form iron. The duration 
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HONEYCOMB 
COLLIMATOR 

X-RAY COUNTER used by the author's group was about 10 times 

more sensitive than any that had flown earlier_ Its components are 

TWO ROCKET-SCANNING TECHNIQUES are illustrated here_ 

The rocket at the left has been stabilized by rapid spinning, so 
that its axis points toward the zenith_ Its X-ray counters sweep out 

a 100-degree-wide field extending from the horizon to the zenith_ 

The rocket at the right is similar to that flown by the author's 

group_ It has been deliberately given a slow spin to make it develop 

shown in the cutaway drawing at left_ The honeycomb collimator 

in front of the counter limits the field of view to 10 degrees of arc_ 
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a large precession cone, or wobble, along its line of flight. As a 

result the circle of sky swept out by each spin of the rocket slowly 

revolves in such a way that almost the entire sky above the horizon 

is scanned during the flight_ The 10-degree-wide field of view of 

the X-ray counter in this rocket enables it to make much more 

precise measurements than those made by the rocket at the left_ 
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of the various stages of burning may be 
as long as 10 billion years (hydrogen to 
helium) or as short as one year (sulfur 
to iron). 

As each stage nears its end, a period 
of gravitational collapse ensues. These 
contraction periods may last from 100 
to 10,000 years, depending on the mass 
of the star. The energy derived from 
each contraction raises the tempera
ture of the core until the next stage 
of nuclear synthesis is ignited. Temper-
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atures range from a low of 10 million 
degrees for the fusion of hydrogen up to 
about five billion degrees for the conver
sion of sulfur to iron. At the lower 
temperature levels, surplus energy is 
dissipated in the form of visible light 
quanta, or photons. At the higher tem
perature levels, protons are converted 
into neutrons with the consequent emis
sion of neutrinos. 

If the temperature in the iron core 
of the star exceeds five billion degrees, 
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electron-positron pairs are produced in 
such great abundance that their density 
reaches several tons per cubic foot. At 
this point a new and still more rapid 
process may become dominant. Elec
trons and positrons can collide and 
annihilate one another to form neutrino
antineutrino pairs. According to Chiu 
and Philip Morrison of Cornell Uni
versity, a star can dissipate all its en
ergy by this me::ms in little more than a 
day. To compensate for the rap:d escape 
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NEARLY 60 PER CENT OF CELESTIAL SPHERE (area to right 

of black circle) was viewed by the author's X.ray detector duro 

ing the April 1963 rocket flight. The brightest X.ray source ob· 

served is marked by a small cross in the constellation of Scorpius 

(large gray area). Another source, about an eighth as bright, was 

detected in the vicinity of the Crab nebula (gray dot on back of 
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sphere). At the time the galactic center was below the horizon and 

therefore invisible to the rocket. The numbers down the center of 
the drawing denote declination (corresponding to geographic lati· 

tude) in degrees; the numbers around the middle, right ascension 

(corresponding to longitude) in hours. An enlarged view of the 

region around the Scorpius source appears on the opposite page. 
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of energy through neutrino radiation, 
the star must call on its gravitational en
ergy. It begins to shrink rapidly and the 
temperature in its core rises accordingly. 
This rise in temperature in turn in
creases the rate of neutrino radiation 
and causes the star to contract still 
more rapidl),; the collapse of the star 
becomes a runaway process. 

As the temperature in the core ap
proaches six billion degrees, the equi
librium shifts suddenly. Iron and related 
elements are converted into helium, with 
the release of excess neutrons. The mean 
binding energy of the 56 nucleons in 
the common isotope of iron is 8.8 mil
lion electron volts (mev) per nucleon 
and that of the 13 helium nuclei and 
four neutrons produced by the breakup 
of iron is only 6.6 mev per nucleon. 
Thus the breakup process requires an 
input of energy of 2.2 mev per nucleon. 
The only available source of energy ade
quate to support this reaction is the 
star's gravitation. All the energy the 
star has used up in going from hydrogen 
to iron must now be returned to convert 
iron back to helium. The star resists this 
rapid process of refrigeration by con
tracting still further. Gravitational en
ergy is used up without increasing the 
temperature; the result is a catastrophic 
implosion. When this total collapse be
gins, the core has already contracted 
to a density of between 100 and 1,000 
tons per cubic inch. The implosion 
takes only the time required for free 
fall: about one second. 

vVith the collapse of the core the 
pressure that has supported the outer 
regions of the star is suddenly removed. 
The outer material also falls inward, 
almost as rapidly as the core implodes, 
and the dynamic energy of its fall is 
converted into heat. The resulting rise 
in temperature accelerates the nuclear 
burning of the lighter elements in the 
outer regions. At three billion degrees 
the oxygen zone near the surface is 
burned completely in about one second 
and a supernova outburst results. If the 
mass of material in the oxygen zone is 
equal to one solar mass, the energy re
leased per second is comparable to the 
normal solar output for a billion years. 
The exploding supernova shines with a 
light equal to 200 million suns for two 
or three weeks. 

What happens to the imploded core? 
When the infalling material ex

ceeds a density of 100 tons per cubic 
inch and the temperature reaches six 
billion degrees, protons absorb electrons 
and are converted into neutrons at such 
a high rate that the core turns into a 
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X RAYS FROM SCORPIUS appear to come from a source that is undistinguished by any 

visibly bright star, nebulosity or radio emission. The source is indicated by a small cross 

at the center of the three concentric circles. The heavily numbered arrows are tracks made 

by the X.ray counter as it passed over this region in Scorpius eight times; the lighter num

bers next to the small open circles along each track denote the counts recorded per .09 

second. The circles approximate equal-intensity contours at 100, 200 and 300 counts per 

second. The estimate of 400 counts per second at the center is extrapolated from these 

values. The detector could not distinguish between a point source and a diffuse gas cloud 

as large as two degrees in diameter. Stars are represented by black dots, which vary in size 

according to the star's magnitude. A black dot inside an open circle designates a source 

of radio emission. The gray area represents less than half the total extent of Scorpius_ 

mass of neutrons while the collapse 
'
is 

in progress. It is difficult- to determine 
just when the core attains a stable con
figuration. Present estimates place the 
limit of stable density at about 100 mil
lion tons per cubic inch and the core 
temperature at about six billion degrees. 
At this high pressure and temperature, 
neutrino radiation would dissipate en
ergy so rapidly that the core would not 
have time to rebound. The result would 
be a superdense neutron star. (This 
whole discussion of the formation of a 
neutron star is, of course, quite general, 
and many of the details are still in dis
pute.) 

Ghiu and Morton have examined the 
type and intensity of radiation that 

might be emitted from the surface of a 
neutron star. Because degenerate mat
ter conducts heat very efficiently, the 
core must be fairly uniform in tempera
ture. Enveloping the core is a half-mile
thick mantle of electron-degenerate but 
otherwise normal material similar to 
that found in the core of a white dwarf. 
The top few yards of this mantle con
sist of normal, non degenerate matter, 
from which energy is radiated directly 
into space. The entire thermal gradient 
from core to surface takes place in this 
thin topmost layer, which, in Chiu's 
models, has a temperature of between 
one million and 10 million degrees. 

Morton's models predict a somewhat 
hotter surface temperature: from about 
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WHITE DWARF NEUTRON STAR SUN 

RELATIVE SIZES of the sun, a white-dwarf star and a neutron 

star are depicted in this drawing. The diameter of the sun (which 

would be more than 40 inches if the entire sun were shown to scale) 

is nearly a million miles. The diameter of a white dwarf is about 

6,000 miles and that of a neutron star about 10 miles. Yet all three 
stars have approximately the same mass. The density in the core of 

four million to 16 million degrees. X 
rays produced in the atmosphere of a 
neutron star at these temperatures 
would match the measured intensity of 
the Scorpius source if the star were 
between 300 and 4,000 light-years away. 
A neutron star at this distance could 
not be detected by any existing optical 
telescope or by any yet contemplated 
for an orbiting astronomical observatory. 

Although the Scorpius X-ray source 
is detectable only by means of its X-ray 
emission, the Crab nebula is a conspicu
ous source of radiation in a wide range 
of wavelengths. It is the third most 
powerful source of radio waves in the 
sky. Its visible nebula is six light-years 
across and is expanding at a rate of 
some 700 miles per second. The nebula 
is the residue of a violent supernova ex
plosion observed by Chinese and Japa
nese astronomers in A.D. 1054, when it 
suddenly appeared in the sky with a 
brightness that temporarily exceeded 
that of Venus. No visible remnant of the 
original star has ever been detected in 
the nebula. 

Morton has calculated that a neutron 
star at the center of the Crab nebula 
must have a surface temperature of 7.6 
million degrees if it is to satisfy the ob
served X-ray intensity. The apparent 
visual magnitude of such a star would 
be 28-far below the limits of detect
ability. 

Although our X-ray observations 
agree remarkably well with the pre
dictions of neutron-star models, other 
hypothetical mechanisms for the pro
duction of celestial X rays should not be 
disregarded. It is possible that the ob
served radiation arises from the rapid 
gyration of high-energy electrons in a 
strong magnetic field; such radiation is 
known as synchrotron radiation [see il
lustration "a" on page 44J. The polar
ization of light in the tangled filaments 
of the Crab nebula is characteristic of 
synchrotron radiation. Whether the X 
rays from the Crab nebula come from a 
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thermal source, such as a neutron star, 
or from synchrotron radiation may 
eventually be settled by more refined 
spectral measurements. 

If we attribute both the SCOl'pius and the 
Crab X-ray sources to neutron stars, 

we are forced to explain why the two 
sources appear so dissimilar in other 
wavelengths. In particular, why does 
the SCOl'pius source exhibit no radio 
emission or visible nebulosity? Morton 
has suggested that since the Crab su
pernova exploded in the central plane 
of the galaxy, the galaxy's magnetic 
field was strong enough to confine the 
expanding gas to a visible nebula. The 
SCOl'pius source, on the other hand, is 
20 degrees above the galactic plane and 
may have exploded in a region where 
the magnetic field was too weak to con
fine a nebula. In any case, the statistics 
on supernova explosions in general are 
still too few to reveal any clear patterns 
of appearance and behavior. 

Is there any evidence for the occur
rence of a supernova explosion in the 
immediate neighborhood of the Scorpius 
X-ray source? Oriental records contain 
several references to brilliant novae or 
supernovae in Scorpius. Morton has 
noted four possible supernova explo
sions in the Chinese and Japanese 
chronicles that were fairly close to the 
observed X-ray source. A medieval Ara
bic reference is particularly intriguing: 
in 827 Haly and Giafar Ben Mohammad 
Albumazar in Babylon reported a new 
star in SCOl'pius that was as bright as 
the quarter-moon and was visible for 
four months. This object, however, may 
have been a comet. 

Assuming that the rate of appearance 
of supernovae in our galaxy is one a 
century, there would now be about 
100 million neutron stars in the entire 
galaxy. Of these only a few would have 
been produced within the past 1,000 
years and would therefore have surface 
temperatures high enough to emit sub-

stantial amounts of X radiation. Emis
sion from these sources could be de
tected at distances of up to 3,000 light
years. Even if there were large dust 
clouds between the earth and a neutron 
star, they would absorb very little X 
radiation with a wavelength shorter 
than 10 angstroms. Thus, with improved 
techniques, we may find as many as 50 
neutron stars in our part of the galaxy. 

The observations of Gursky and his 
colleagues raised the possibility that the 
galactic center is itself a source of in
tense X radiation. According to the 
Japanese astrophysicists S. Hayakawa 
and M. Matsuoka, X rays could be pro
duced in gas clouds at the center of 
the galaxy by the interaction of cosmic 
ray protons and helium nuclei. X rays 
produced in this way would be suffi
ciently intense to be detected by present 
rocket instruments. 

An alternative mechanism for the 
production of X rays at the galactic 
center has been proposed by Robert J. 
Gould and Geoffrey R. Burbidge of the 
University of California at San Diego. 
They suggest that various elements, in
cluding aluminum and iron, may have 

10·ANGSTROM X RAYS 

OPACITY OF THE GALAXY to X rays 

coming toward the earth from extragalactic 

sources varies with direction. Only X rays 
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the sun is about two pounds per cubic inch, in the core of a white 

dwarf about 10 tons per cubic inch and in the core of a neutron 

star about 100 million tons per cubic inch. In the core of a white 

dwarf atoms are stripped of their electrons, enabling the bare 

nuclei to pack tightly together. A neutron star consists almost 

entirely of neutrons, which are compressed until they touch. 

become ionized in this region by losing 
an electron from one of their inner 
shells. In this case the ionization would 
be caused by a shower of protons and 
electrons emitted by old stars in the 
neighborhood of the galactic center 
rather than by cosmic ray particles. The 
filling of an inner-shell vacancy by an 
electron from outside the atom or from 
an outer shell would then lead to a re
lease of energy in the form of an X ray 
[see illustrations "b" and "e" on next 
page]. The intensity of these X rays 
would also be within the present limits of 
detectability. 

The origin of the weak but steady 
background count of X radiation de

tected on all the flights is difficult to de
termine. Although this radiation may be 
produced in the earth's atmosphere, 
there is substantial evidence that it 
comes from an external source. In fact, 
Gould and Burbidge have suggested 
that it may even originate outside the 
galaxy. They have calculated the X 
radiation to be expected from the hypo
thetical neutron-star populations of all 
the external galaxies combined; the total 

GALACTIC HALO 

intensity is comparable to the observed 
X-ray background. 

It is also possible that the uniform 
background count may be the result of 
synchrotron radiation produced by the 
gyration of cosmic ray electrons in the 
weak magnetic field of the galactic halo, 
or corona. The galactic halo is a sphere 
of low-density gas that surrounds the 
disk of the galaxy. Computations show, 
however, that the intensity of X rays 
produced by this means would be a mil
lion times weaker than the observed 
X-ray background in the direction of the 
galactic pole and 10,000 times weaker 
in the direction of the galactic center. 

A much more likely source of the 
weak background X rays is the scatter
ing of cosmic ray electrons by starlight 
[see illustration "d" on next page]. When 
a cosmic ray electron and a photon of 
starlight collide, about .01 per cent of 
the electron's energy is transferred to 
the photon, which is thereby promoted 
to the status of an X ray. Morrison and 
J. E. Felton have computed the in
tensity of such X rays to be expected 
from the galactic halo; their figure is 
between 100 and 1,000 times weaker 

EARTH 

than the intensity measured in the 
rocket experiments. If all space were 
filled with cosmic ray electrons to a 
density of about 1 per cent of the halo 
density, however, the computed X-ray 
intensity would exactly match the ob
served background intensity. 

The steady background of X radiation 
can be used to test several current 

cosmological theories. For instance, a 
particularly knotty problem is to explain 
both the expansion of the universe and 
the condensation of galaxies if gravity 
is the only force considered; the energy 
required to maintain universal expan
sion against the force of gravity should 
inhibit local gravitational condensation. 
One is forced into the unsatisfactory po
sition of postulating vague fluctuation 
phenomena to initiate condensation. To 
escape this dilemma Thomas Gold of 
Cornell and Fred Hoyle of the Cali
fornia Institute of Technology have pro
posed that a galaxy condenses by local 
cooling in a hot intergalactic gas, which 
exerts pressure on the surface of the 
cooler pocket. As soon as the gas in the 
compressed region reaches a certain 

. �(----���. �--------------���������------20-ANGSTRO M X RAYS 

with wavelengths shorter than 10 angstroms can penetrate to the 

earth from beyond the far edge of the galactic disk. In directions 

away from the disk the opacity is much less and X rays with wave· 

lengths as long as 50 angstroms may be detectable. Because of the 

galaxy's spiral structure opacity also varies with direction within 

the galactic plane. The galactic halo is relatively transparent. 
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HYPOTHETICAL :MECHANISMS for the production of celestial 

X rays are alternatives to the neutron-star theory. The rapid gy

ration of high-energy electrons in a strong magnetic field (,,) 

throws off a spray of X rays (colored lines) in all directions. (Only 

the X rays emitted in one turn of the electron are shown here_) 

This process, known as synchrotron radiation, could take place in 

almost any hot cosmic gas. X rays could also be produced in the 

gas at the center of the galaxy by a process that begins with the 

ionization of an inner shell of an atom such as iron by protons or 

electrons from old stars near the galactic center (b). An X ray is 
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emitted when the inner-shell vacancy is filled by an electron from 

outside the atom or from an outer shell (c). (In actuality there 

would be many more shells than the two shown here.) A likely 

source for the weak background X rays observed on all the flights 

is the scattering of cosmic ray electrons by photons of starlight in 

the low-density gas of the galactic halo (d). Cosmic ray electrons 

emitted by the neutron-decay process would also produce X rays 

when they interacted with protons in the hot intergalactic gas (e). 

The X rays in c through e are represented as tiuy packets of energy 

that share some characteristics of both particles and waves. 

© 1964 SCIENTIFIC AMERICAN, INC



threshold density, gravitation takes over 
and completes the process of condensa
tion. 

Gold and Hoyle estimate that the 
temperature of the intergalactic gas re
quired for the first stage of this process 
must be about a b�llion degrees. In one 
model of the steady-state universe, in 
which neutrons rather than protons are 
being created continuously, such a tem
perature can be generated by the decay 
of neutrons into protons and electrons. 
This model, called the "hot universe" 
hypothesis, has the attractive feature 
of requiring the thermal energy of the 
intergalactic gas to be comparable to 
the observed energies of cosmic rays; it 
thus provides an adequate source of en
ergy for the acceleration of cosmic ray 
particles to their enormous energies. 

The high-energy electrons produced 
in the hot intergalactic gas by the neu
tron-decay process would emit X rays 
when they interacted with intergalactic 
protons [see illustmtion "e" on opposite 
page]. The anticipated X-ray intensity 
from this source, however, is about 20 
times higher than the observed back
ground count. The measured intensity 
would seem to indicate that the tem
perature of the "hot" universe could be 
no more than 10 million degrees, rather 
than the billion degrees suggested by 
Gold and Hoyle. 

The techniques of X-ray astronomy 
can also be employed to determine 

the density and distribution of hydro
gen gas within our galaxy. The trans
parency of interstellar gas increases as 
the wavelength of the transmitted radia
tion decreases. Hence the wavelength 
threshold below which radiation is trans
mitted indicates the denSity of gas 
along the line of sight. Just where on 
the spectrum this threshold will occur 
depends, of course, on the intensity of 
the source being observed. For sources 
of X radiation fairly good wavelength 
resolution is possible; thus rocket data 
can be analyzed to detelmine with fair 
precision the denSity of interstellar gas 
in various directions [see bottom illus
tmtion on pages 42 and 43]. 

This technique could also be ex
tended to determine the source of the 
observed background radiation if it is 
indeed extragalactic in origin. The in
tensity of the background radiation at 
different X-ray wavelengths would indi
cate whether these emissions originated 
primarily in galactic halos and inter
galactic space or at the centers of ex
ternal galaxies. A peak at about 50 ang
stroms would indicate galactic-halo or 
intergalactic emission; radiation from 

galactic centers would be filtered down 
to about 15 angstroms by the gas in 
these galaxies before being transmitted 
in our direction. 

From the foregoing account it is clear 
that the first crude results of X-ray as
tronomy have provided astrophYSiCists 
with a wealth of new information. One 
could hardly imagine a more exciting 
beginning for the new rocket astronomy 
than the detection of a neutron star. 
For the immediate future it is essential 
to repeat and verify the first observa
tions. Substantial increases in instru
ment sensitivity are easily possible and 
should lead to the. detection of many 
new sources. Laboratory versions of 
large focusing telescopes for X rays have 
already been built with a resolution bet
ter than 20 seconds of arc. To support 
the neutron-star interpretation it is cru
cial to prove that the SCOl'pius and Crab 
objects are truly point sources. It will 
take some years, however, before a 
satellite-borne X-ray telescope can scan 
a large region of the sky with good 
enough resolution to pinpoint a neutron 
star. 

In the meantime it may be feasible 
to take advantage of the lunar-occulta
tion technique that has been applied so 
successfully for measuring the positions 

and dimensions of the newly discovered 
quasi-stellar radio sources [see "Quasi
Stellar Radio Sources," by Jesse L. 
Greenstein; SCIENTIFIC AMERICAN, De
cember, 1963]. An occultation of the 
entire Crab nebula by the moon, for 
example, takes roughly five minutes, or 
about the same time that an Aerobee 
rocket remains above the X-ray-absorb
ing atmosphere. A stabilized Aerobee 
rocket has recently been developed that 
can point to a selected object in the sky 
with an accuracy of better than 2 de
grees of arc. It is possible to launch 
such a rocket, aimed toward the Crab, 
just before lunar occultation begins. If 
the X-ray intensity dwindles during the 
occultation in proportion to the nebular 
surface blacked out by the moon, we 
shall have evidence that the source is an 
extended region emitting synchrotron 
radiation. But if the source disappears 
abruptly within one or two seconds of 
arc we shall have strong evidence that 
the X-ray source is a neutron star. We 
shall have an opportunity to perform 
this experiment next month and we 
hope to have the rocket and instru
ments ready. Unfortunately, if this date 
is missed, we shall have to wait until the 
next lunar occultation of the Crab neb
ula, which will not occur until 1972. 

CRAB NEBULA in the constellation of Taurus is the second most powerful source of X 

radiation in the sky. Whether these X rays come from a thermal source, such as a neutron star, 

or from synchrotron radiation in the expanding gas is not known as yet. The nehula is the 
residue of a violent supernova explosion ohserved hy Oriental astronomers in A.D. 1054. 

This photograph was made by red light with the 200·inch telescope on Palomar Mountain. 
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A Defective Cancer Virus 

The Rous sarcoma virus is uniquely efflcient in producing tumors. 

Its carcinogenic effect seems to be related to an inability to form 

a protein coat and reproduce itself without help from another virus 

I
n 1910 Peyton Rous of the Rockefel
ler Institute isolated a virus from 
a tumor growing in a Plymouth Rock 

hen and found that the virus could ini
tiate a similar tumor when it was inocu
lated in another chicken. This unequivo
cal demonstration that a virus could 
cause malignant growth aroused con
siderable excitement. Rous and his col
laborators conducted a long, intensive 
study of the properties of the Rous sar
coma virus, or RSV as it has come to 
be called. ("Sarcoma" is the term for a 
metastasizing tumor of the connective 
tissue.) After a while interest in the sub
ject waned because no one was able to 
find evidence that viruses induced can
cers in any animal but the chicken. In 
recent years, however, it has been dis
covered that viruses are associated with 
several kinds of tumor in mammals, no
tably in mice, and these findings have 
stimulated a new wave of investigation. 

Significantly this renascence of in
terest in the relation of viruses and 
cancer has brought back into promi
nence the virus that first indicated the 
relation: RSV. Compared with the other 
tumor viruses, RSV turns out to be 
unique. It produces a prompt and direct 
transformation of cells such as no other 
virus has yet shown. To put it another 
way, RSV seems to be a specialist in 
carcinogenesis, or the production of ma
lignant growth, whereas the other tumor 
viruses transform cells only occasionally 
and after a long delay in the animals 
they infect, as if the development of the 
malignancy were just an accidental by
product of their multiplication. More 
than ever, therefore, RSV stands out as 
the strongest of all the clues for solv
ing the mystery of virus-induced ma
lignancy. What is there about this 
particular virus that makes it so carcino
genic? 

With the advent about 10 years 
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by I-larry Rubin 

ago of versatile tissue-culture tech
niques for studying viruses, a new search 
got under way for an answer to this 
question. It is now established that RSV 
does indeed possess a fundamental 
property that may well account for its 
carcinogenic action. Somewhat surpris
ingly, the property in question turned 
out to be a defect of the virus-a defect 
that makes it unable to reproduce itself 
completely unless it has the help of an
other virus. To understand how the de
fect was discovered and how it may be 
connected with the transformation of 
cells, we must first consider the com
parative behavior of RSV and the other 
tumor viruses. 

I 
n its general structure and behavior 

RSV is a perfectly typical medium
sized virus. It has a core of nucleic acid 
and a coat of protein and lipid; as in 
many viruses the nucleic acid is not 
deoxyribonucleic acid (DNA) but ribo
nucleic acid (RNA). RSV infects a cell 
by attaching itself to the cell membrane 
and penetrating the cell. Some time later 
(from about 12 to 48 hours) the cell 
begins to release a steady stream of new 
virus particles identical with the RSV 
parent. All this is quite expected. It is 
only when we examine the effects of the 
virus on the infected animal or on 
groups of cells that we see how RSV 
differs from other viruses. 

When a high concentration of RSV is 
injected into the skin of a chicken's 
wing, typical sarcoma cells begin to 
develop at the site within two days. In 
five to six days these form a tumor vis
ible to the naked eye. The tumor grows 
rapidly and often invades the whole 
wing by the end of two weeks. The 
cancer then frequently metastasizes to 
the lung and liver and eventually kills 
the chicken. Young chickens succumb 
to the sarcoma most readily, but older 

ones are also susceptible, except for a 
few of certain strains in which white 
blood cells manage to destroy the sar
coma cells. Apart from these exceptional 
cases RSV is remarkably efficient in in
ducing malignant growth that kills the 
infected animal. 

All the other known tumor viruses act 
very differently from this. Let us con
sider each separately. One of the most 
common diseases of chickens is leukosis; 
it is caused by a group of viruses that 
produce leukemias and other fatal con
ditions. The leukosis viruses are about 
the same size as RSV (about a 250,000th 
of an inch in diameter) and have much 
the same composition, with a core of 
RNA and a coat of protein resembling 
that of RSV. When these viruses infect 
chickens, however, they do not produce 
a tumor at the site of the inoculation. 
Instead they cause a generalized reac
tion that usually does not develop until 
several months after the inoculation. 
Moreover, they are likely to produce 
disease only if they infect young chicks; 
older chickens are generally immune to 
leukosis viruses. 

RSV can also be distinguished from 
most of the viruses capable of causing 
cancers in mammals. One class of these 
viruses is associated with mammary can
cer and leukemia in mice. Judging from 
their appearance in the electron micro
scope, they have about the same size 
and structure and mature in the same 
part of the infected cell as RSV and the 
chicken leukosis viruses, so it seems likely 
that their composition also is about the 
same. Their carcinogenic effect is like 
that of the chicken leukosis viruses and 
totally unlike that of RSV. When they 
are inoculated into a mouse, they multi
ply in its cells, but they do not pro
duce a tumor or leukemia until many 
months later, if at all. Often these vi
ruses are transmitted from parent mice 
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SARCOMA CELLS form a "focus" in a culture of chicken·embryo 

fibroblasts, or connective·tissue precursors. The rounded, denser 

cancer cells have been transformed by Rous sarcoma virus (RSV); 

VIRUS AND CELL are enlarged 9,400 diameters in this electron 

micrograph of the edge of a cell infected five days before with 

RSV and "Rolls·associated virus" ( RAV). The gray area (top right) 
is the cell. Immediately adjacent to it are large masses of virus 

they proliferate and pile up, in contrast to the elongated normal 

cells that form a monolayer on the dish around them. The cells 

are enlarged 65 diameters in this micrograph made by the author. 

particles; no distinction can be made between RSV and RA V. The 

fibrous network (le/t) is cytoplasm that adhered to the surface 

when the cell was transformed by RSV. The micrograph was made 

by Peter K. Vogt of the University of Colorado School of Medicine. 
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A VIAN LEUKOSIS V I RUS is enlarged 50,000 diameters in this electron micrograph made 

by Robert A. Bonar of the Duke University Medical Center. The virus particles were fixed 

and dried and covered with a layer of collodion; the resulting replica of the particles was 

shadowed with chromium. The leukosis viruses are structurally indistinguishable from RSV. 

ULT RASTRUCTURE of RSV and RAV thin sections is enlarged 250,000 diameters in 

this electron micrograph made by W. Bernhard of the Institut de Recherches sur Ie 

Cancer. Each particle has a central region, containing ribonucleic acid, and two membranes. 
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to offspring for many generations with
out producing any disease. There are 
marked differences also between RSV 
and another group of tumor viruses 
found in mammals: the small DNA
containing viruses that include the 
polyoma viruses of mice, the papilloma 
virus of rabbits and the SV-40 virus of 
monkeys, which was recently discovered 
growing in cultures of monkey kidney 
tissue along with the poliomyelitis vi
rus. The polyoma virus, for instance, 
will produce tumors in mice only if 
it is inoculated at a very early age, 
and the tumors appear months later in 
some part of the body far from the site 
of inoculation. 

The difference between RSV and the 
other tumor viruses shows up most 
clearly in tissue cultures. When normal 
animal cells are grown on a glass or 
plastic dish, they multiply only until 
they have covered the dish with a 
single-layered sheet of cells. This re
striction is the result of a phenomenon 
called "contact inhibition": each cell 
is inhibited from moving over another 
cell when their membranes come into 
contact. Now, when cells planted on a 
dish are infected with RSV, they escape 
from contact inhibition. Instead of stop
ping their division when they come into 
contact with one another, they form 
little heaps of cells. These are actually 
microtumors; inoculated into a young 
chick, their cells will proliferate into a 
metastasizing sarcoma. 

None of the other tumor viruses show 
this effect with the directness and ra
pidity of RSV. Inoculated into a tissue 
culture, they usually produce no visible 
change in the cells or else kill the cells. 
In the case of polyoma virus there is a 
very low probability of malignant trans
formation in tissue culture, but this 
usually occurs in several stages and over 
a long period of time. 

RSV, in short, is unique in its power 
to transfolm cells: it brings about a 
malignant transformation in most if not 
all of the cells it infects, whereas the 
other viruses transform only a small 
proportion, if any. The tissue-culture 
transformation by RSV therefore gives 
us a convenient means for further ex
ploration of the nature of the virus-cell 
interaction that leads to cancer. 

A 
standard procedure has been de-
veloped to provide a precise assay 

of the virus and the amount of its 
growth. The tissue culture is prepared 
by mincing lO-day-old chick embryos 
and treating the fragments with the 
enzyme trypsin to separate the cells 
from one another. The cells are then 
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NEW VIRUS PARTICLES seem to mature only at the surface of 

an infected cell, as demonstrated in the photomicrograph (left), 

made by Vogt. The virus, stained by lIuorescent antibody to RSV, 

shows as bright patches that outline and cover the cell 24 hours 

after infection. The enlargement is 800 diameters. The diagram 

shows how virus particles are concentrated at the edge of a cell 

(top), apparently because that is where they get their protein 

outer coats (bottom): the virus ribonucleic acid (black) gets its 

coat by a process of "budding," or evagination, of the cell's double 

membrane, and it incorporates some elements of the membrane. 

placed on a dish to grow. While they 
are attaching themselves to the dish, a 
measured concentration of RSV is added 
to the growth medium. Within a few 
days the cells form foci of transformed 
cells that will grow into sarcomas when 
inoculated into chicks. It is easy to 

count the number of foci that develop 
in the tissue culture. This number, it 
turns out, is always proportional to the 
concentration of RSV originally placed 
in the culture; from this we can con
clude that infection by a single virus 
particle is enough to initiate the trans-

formation of a cell and its offspring into 
sarcoma cells. 

In the Virus Laboratory of the Uni
versity of California at Berkeley we 
began to study the growth of RSV in 
tissue cultures to see if it gave any clue 
to the carcinogenic potency of the virus. 

FIRST DAY 
LEUKOSIS VIRUS 

INTE RFERENCE TEST demonstrates the effect of prior infection 

with one of the avian leukosis viruses on subsequent attempts to 

infect cells with RSV. T wo cultures are prepared from a single 

chick embryo (left). One is inoculated with leukosis virus (first 

THIRD DAY 10TH DAY 

day). Later RSV is added to both cultures. By the 10th day the 

RSV has infected the cells of the control culture (bottom), which 

have grown into foci, or heaps of transformed cells. But the leu· 

kosis virus has made the cells it infected immune to RSV (top). 
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HELPER VIRUS associated with RSV and able to block its effects 

was detected by this experiment. Assuming that RSV stock (1) 
contained more particles of an unknown associated virus (black 

dots) than of RSV itself (color), investigators diluted the stock 

greatly (2), inoculated it into a culture (3) and let the virus 

multiply (4). When they challenged the culture with standard RSV 

We would add to a culture of, say, a 
million chick-embryo cells a high enough 
concentration of RSV to infect every 
cell. After about 12 hours new virus 
particles began to appear and the rate 
of virus production increased until the 
third day, when it reached a constant 
level that was maintained indefinitely. 
In cultures of most ordinary viruses, 
unless the supply of cells is replen
ished, the reproduction of the viruses 
eventually drops off sharply and then 
ceases altogether as the viruses kill off 
the cells and run out of hosts in which 
they can reproduce. In the case of RSV 
(and of the leukosis viruses as well) 
the virus does not kill the host cell; 
the offspring viruses are merely released 
from the cell surface without destroying 
the cell. 

Because the leukosis viruses multiply 
in the same way as RSV, we could find 
no hint in the RSV growth curve of an 
explanation for the unusual carcinogenic 
property of the virus. We did, how
ever, run into a frustrating obstacle. Oc
casionally one of our cultures would re
sist infection by RSV. In spite of heavy 
inoculations with the virus, the cells 
simply refused to transform or to re
produce the virus in any substantial 
amount. After several such annoying oc
currences, which caused us to throw 
away the cultures as useless, we decided 
that the cause of the resistance had to 
be investigated. Ironically, as often hap
pens in such cases, once we began to 
look deliberately for RSV-resistant chick
en cells they failed to show up for a 
long time. Finally they did appear in 
some of our chick embryos, and we 
nursed these cultures along as we ex
plored them for the resistance-inducing 
factor. 

We eventually identified the factor 
as another virus that made the cells 
largely immune to RSV. This other virus 
occurs naturally and commonly in chick
ens, and it is frequently passed on from 
the hen to its eggs. We were able to 
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identify it as a member in good stand
ing of the leukosis group of viruses. 
When it appeared in a chick embryo 
used to prepare a tissue culture, the cul
ture resisted RSV infection. Moreover, 
when we added the medium from these 
cells to the cells of an embryo that did 
not contain the natural virus, it infected 
them also and made them resistant to 
RSV. We named this virus RIF (for 
"resistance-inducing factor"). Like the 
other leukosis viruses, it produced no 
visible changes in the cells it infected. 

T
he discovery of RIF soon led to a 
more surprising discovery. Some 

years earlier Alfred Prince of Yale Uni
versity had noted that isolated cell 
colonies produced by chick-embryo cells 
heavily infected with RSV looked nor
mal and produced only small amounts 
of RSV. Moreover, they resisted further 
infection ("superinfection") by RSV. It 
now occurred to us that RIF or some 
similar resistance-conferring virus might 
account for these puzzling facts. Re
peating Prince's experiments, we found 
that the colonies of cells infected with 
RSV did indeed produce substantial 
amounts of a virus that induced resis
tance to superinfection -by RSV. 

What was this virus and where did 
it come from? It could not be found in 
cells that had not been infected with 
RSV. The most plaUSible explanation, 
therefore, was that it invaded cells as 
a companion or passenger along with 
RSV. Detecting this virus, however, pre
sented us with quite a problem. The 
only conceivable test for demonstrating 
its presence was to infect cells with it 
and then challenge the cells later with 
RSV to see if they resisted RSV infec
tion. But how could such an experiment 
be performed if the unknown virus could 
not be inoculated separately but only 
in a mixture with RSV? Our one hope 
was that the resistance-conferring virus 
was present in larger amounts than RSV 
itself. In that case, if we diluted the 

virus stock to the point where RSV 
was no longer detectable, there might 
still be enough of the other virus left 
to inJect all the cells and make the 
culture resistant to a new dose of RSV. 

The experiment was tried and it 
worked. There was a resistance-induc
ing virus in the material, and its con
centration was about 10 times higher 
than that of RSV. On first examination 
this virus appeared to be none other 
than RIF. It looked the same in the 
electron microscope, invaded the same 
part of the cell, behaved like a leukosis 
virus in producing diseases in chicks 
(as RIF does), was sensitive to the same 
inactivating agents and was neutralized 
by some of the antibodies that attacked 
RIF. There was, however, one slight but 
crucial difference that proved this virus 
was not identical with RIF: most of the 
antibodies that neutralized the virus did 
not neutralize RIF. This showed that 
the two viruses must differ in the pro
tein of their coats. 

The next step was to compare the 
new virus with RSV. It proved to be 
virtually an exact twin; indeed, in most 
characteristics it was suspiciously like 
RSV itself! Immunologically it was in
distinguishable from RSV: it was neu
tralized by precisely the same anti
bodies. In all other properties it was 
remarkably similar to RSV, with one 
crucial exception: it did not transform 
normal cells into sarcoma cells, either 
in chickens or in tissue culture. Rather, 
it produced leukemia in chickens, as RIF 
does. Nonetheless, because it was so 
closely related to RSV in every other 
way, it was named the Rous-associated 
virus, or RA V. 

Plainly the relation between RSV and 
RAV must be more than casual. 'vVe 
therefore set out to investigate it more 
intensively. The first goal was to try to 
isolate the two viruses from each other. 
By the dilution procedure we had used 
to show the existence of RA V we were 
able to obtain pure stocks of that virus. 
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stock (5), it failed to infect and transform 

the cells (6). The unknown vims was there· 

upon named RA V for Rous·associated vims. 

Obtaining RSV free of contamination 
by RA V, however, proved to be a far 
more difficult matter. 

All our early attempts to separate RSV 
failed. In 1961 Hidesaburo Hanafusa, 
who had come to our laboratory as a 
research fellow, made a new try. He 
began by diluting the virus stock so 
that it produced only two or three RSV 
foci in a tissue culture. At this dilution 
about 20 RAV particles (10 times the 
number of RSV particles) were expected 
to be present in the culture. The prob
lem now was to prevent these and their 
offspring from invading the RSV foci. 
Hanafusa resorted to the stratagem of 
covering the culture with agar contain
ing an antiserum that inactivated RA V. 
This opposed the spread of RAV in two 
ways: when the agar hardened, it re
stricted any movement of cells contain
ing RA V, and the antiserum inactivated 
any RA V released from the cells. 

After seven days, when the RSV
infected foci had developed fully, Hana
fusa removed these foci, dispersed their 
cells with trypsin and planted them in 
a new culture of uninfected chicken 
cells. There the RSV-transformed cells 
proceeded to grow faster than the nor
mal cells. This transfer was repeated 

twice a week, so that the transformed 
cells went through many transfers and 
multiplications. 

At each transfer the foci and the cul
ture were assayed for the presence of 
virus. In most cases they contained no 
RA V. But to our great surprise the foci 
contained no RSV either! In every way 
their transformed cells were typical 
Rous sarcoma cells: inoculated into 
chick embryos or young chicks, they 
produced typical sarcomas. Yet these 
tumors were completely devoid of the 
virus. The cells simply did not produce 
any RSV. 

Occasionally a focus of sarcoma cells 
in the tissue culture did generate RSV, 
and in all these cases the cells also pro
duced RA V. It therefore looked as if 
RA V was in some way essential for the 
production of RSV. To test this surmise 
RA V was deliberately added to sarco
ma cells that were not producing virus 
(which we named NP-nonproducing
cells). The surmise was correct: invari
ably the addition of RA V caused NP 
cells to start making infectious RSV in 
the normal way. Further, we found that 
other viruses akin to RA V, such as RIF 
and other leukosis viruses, could elicit 
the production of RSV from NP cells. 

W
hat could this mean? RSV, without 
help from RA V, had readily suc

ceeded in transforming normal cells into 
cancer cells. Alone, however, it was un
able to reproduce itself in these cells. Ap
parently RSV was a defective virus, 
lacking the genetic information nec
essary for the production of complete 
offspring. It needed the help of a com
plementary virus (RA V or a kindred 
substitute) to provide a cell with full 
instructions for producing RSV. 

What is missing in RSV? We have 
found evidence of one specific defect: 
RSV is unable to reproduce the pro-

tein required for its outer coat with
out the assistance of the helper virus. 
This could account for its inability to 
produce infectious progeny without 
help. Yet it retains a basic blueprint: 
its RNA. Its RNA genome (set of 
genes) is passed on from one genera
tion of infected cells to the next. This 
is evident from the fact that even after 
more than 50 generations an NP cell 
descendant can produce RSV if the 
helper virus is added. 

Our main concern, of course, is find
ing the factor (or factors) responsible 
for RSV's extraordinary power to trans
form cells. Although the viral genome 
it injects into a cell is incapable of syn
thesizing the full virus without help, it 
makes the cell fully malignant. There 
are two possible ways to account for 
this outcome. On the one hand, some 
property or function of the incomplete 
virus may of itself produce malignancy 
as a positive effect. In that case the 
fact that we are dealing with only part 
of the virus should help to narrow 
the search for the malignancy-trigger
ing mechanism. On the other hand, 
RSV's malignant effect may lie in the 
absence of some property-a property 
that would regulate or control its be
havior. For example, RSV may lack a 
control over the synthesis of materials 
that the virus uses for early functions 
before it is fully developed, with the 
result that RSV causes a runaway syn
thesis of these materials by the cell. 

vVhatever the control functions may 
be, this hypothesis assumes that they 
are provided by a helper virus. Such a 

theory would account for the paradoxi
cal fact that the helper viruses are the 
very ones that can make cells resistant 
to RSV if they infect the cell before 
RSV does. As we have seen, RAV can 
prevent infection of a cell by RSV and 
it can also cause a cell that already con-
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RSV NEEDS RA V to help it produce new infectious particles. 

This is shown by an experiment in whicb a culture is inoculated 

with RSV stock dilute enough to contain only a few "infectious 

units" of either virus (1). A resulting focus of Rous cells (2) is iso· 

lated from RA V by an overlay of agar (gray) containing antisemm 

to RA V and is allowed to grow. Then the cells of the focus are dis· 

persed and transferred to a new culture, starting new foci (3). But 

no vims is produced by these "nonproducing" (NP) cells. When 

RA V is added to NP cells, it remedies a defect in the RSV, and 

the foci of transformed cells begin to produce RSV particles (4). 
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tains the RSV genome to start produc
ing RSV. The explanation would be 
that in the first case RA V, if already 
present in a cell, inhibits the establish
ment of the RSV genome in the cell by 
virtue of its control functions; in the 
second case RA V, developing in the 
cell along with an already established 
RSV genome, helps the genome to ma-

ture to a full-Hedged virus by supplying 
late functions responsible both for reg
ulating the virus's growth and for sup
plying its outer coat. Indeed, it is con
ceivable that the very act of coating 
the virus is in itself a regulatory pro
cess that operates by withdrawing RSV 
genomes from a multiplying pool. 

Quite recently new evidence has ac-

SOLITA RY INFECTION with RSV is conceived of as introducing RSV's ribonucleic acid, 

and thus its genetic information, into a normal cell. The cell is transformed and the RSV 

genome is replicated, but no RSV particles are produced. If RA V is added, RSV particles 

as well as RA V are produced; apparently the RA V helps RSV to make a protein coat. 

INFECTION WITH RA V ALONE does not transform the cell, but the cell and its daughters 

produce RA V particles. If RSV is then added, it cannot become established in the cell. It 

may be that prior infection with RA V affects the cell membrane and so blocks the RSV. 
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cumulated that the production of virus 
coat material does account for the abili
ty of RAV to inhibit RSV infection. For 
one thing, there is the fact that the inhi
bition is nonreciprocal, that cells infected 
with RSV alone and producing no virus 
coat protein-the NP cells-are fully 
susceptible to infection by RA V. In the 
absence of coat-protein production, in 
other words, no interference is estab
lished. 

Then too we have found that RSV 
can, under certain conditions, com
pletely escape interference by RA V. 
Hanafusa discovered a second RA V 
with a completely different coat from 
the first one. When an RSV particle 
has a coat derived from this second 
RA V, it can freely invade a cell infected 
by the first RA V. Since the suscepti
bility of RSV to interference is appar
ently determined strictly by the coat it 
wears and not by its internal genome, 
we conclude that the interference reac
tion operates on some early step of in
fection-perhaps preventing penetration 
of the cell by RSV. Possibly specific 
sites on the cell membrane destined for 
the attachment of virus with a certain 
coat are blocked because they are oc
cupied by material from a similar virus 
coat. 

These new findings provide an ex
planation for the natural resistance 
some chickens display to infection with 
RSV-a resistance that has nothing to 
do with the presence of leukosis virus, 
being determined by a single gene on 
one of the chicken chromosomes. By 
merely changing the coat on RSV we 
can cause it to infect chicken cells that 
display this genetic resistance to the 
original RSV. This indicates that natu
ral resistance too is due to the failure of 
the virus to gain entrance to the cell
not to some intrinsic failure of the virus 
genome to multiply after it is inside 
the cell. 

Certain strains of RSV, it is now 
known, can cause cancer in mammals, 
including primates. Are these strains ef
fective in such foreign hosts because 
they have a coat that somehow enables 
them to invade foreign cells? Such 
questions as this can also be investi
gated now by altering the coat of RSV 
without changing its genome. 

To sum up, we have not found a 
clear-cut explanation for RSV's unusual 
ability to cause cancer, but we suspect 
that it is associated with the defective
ness of the virus. This defectiveness 
gives us a versatile tool for shaping the 
properties of RSV, which should be ex
tremely valuable in further investigation 
of the mechanism of carcinogenesis. 
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A Kodak advertisement which recognizes that all are laymen, 
except in some small respect or other 

For textile engineering with a modacrylic fiber that positively will shrink after it's piece-dyed or package-dyed 

Though Eastman Chemical Products, Inc. , Kingsport, Tenn. (Subsidiary of Eastman Kodak Co. ) has to scramble mightily to keep up with the 
demand (at last, after all these years) for VEREL Modacrylic Fiber, it will supply development quantities of Type III VEREL Fiber that dyes and 
dries properly at relative!y low temperatures, and therefore still provides 30 percent shrinkage afterwards. 

For shoppers and husbands who wonder what's so good about that 
Only a tiny minority of male readers can hope to grasp the Package- and piece-dyeing have heretofore required tempera-
relationship between women and color. The rest of them can tures high enough to shrink shrinkable fibers. 
just accept as fact that some colors are right and others are What you hadn't appreciated is that some man-made fibers 
very, very wrong. The spectrophotometric difference between are built to undergo a large, once-only shrinkage by a flash of 
right and wrong can be pitifully slight. Fortunes are lost every heat. Various patented processes for applying the heat to 
business day on wrong colors. It takes too much out of a man clever combinations of shrinkable and non-shrinkable fibers 
to have to pick right colors way back at the stage before the lead to permanently fluffy, easy-care sweaters and soft, warm 
fiber is extruded. Dyeing at the spun yarn stage (package- coats that today's honest, animal-loving girls can fondly 
dyeing) lessens the commitment and tension while awaiting the stroke and proudly and defiantly call "fake." We now make it 
ladies' verdict. The c. and t. are further reduced by postponing possible to dye coolly at convenience without using up all the 
the dyeing to the woven or knitted stage (piece-dyeing). precious shrinkage. 

For background on how many milliroentgens film can distinguish from natural background 

A new free pamphlet on personal monitoring films is available from Eastman Kodak Company, Special Sensitized Products Division, 
Rochester, N. Y. 14650. It contains a bibliography. 

For background to the need for background on monitoring against background' 
Health physicists make a profession out of keeping the human firms. The arrangement permits the customer to treat the 
race from being the worse off for having discovered radio- whole thing as routine. Is there any obligation to reopen the 
activity and x-rays. Apart from the healing arts, far more subject merely because a newer KODAK film happens to make 
places make worthy use of radiation than engage health phys- it just as easy to detect a much smaller increment over natural 
icists. This results in wide reliance on agreed "safe" levels of background than was possible when the conveniently safe 
personal exposure, as measured by commercial film-badge levels were chosen? 

For new highs in detectivity at the 4.31' CO, band 

Off-the-shelf KODAK EKTRON Detectors, Type E (which stands for our high-vacuum-resistant evaporated PbSe), now hit 1 to 2 X 1010 cm/watt
sec72 in D* at 1500 cycles, whether at -196°C, -78°C, or as warm as -45°C. This degree of temperature independence is news. Send for pam
phlet on KODAK EKTRON Detectors to Eastman Kodak Company, Apparatus and Optical Division, Rochester, N. Y. 14650. Those willing 
to pay a bit more than the prices quoted therein can have D*'s at 1500 cycles higher than 2 x 1010. They might even reach lOll if they will 
let us make them a sharp-cutting filter. 

For an oversimplified explanation of "detectivity" 
and of what we're testing here: 

By appropriate witchcraft 
entailing more than depo
sition of lead selenide on 
small rectangles of sub
strate, each rectangle be
comes an EKTRON Detector 
if it passes a battery of tests. 
These measure how the PbSe 
changes electrical resistance 
in response to a change in 
radiant energy falling on it. 

Of course, one doesn't just turn on the infrared the way one 
turns on the porch light. One thinks frequencies. One inter
rupts the infrared at a certain frequency and looks for this 
frequency of voltage fluctuation across the detector. Except 
that it generally has to be done up in the sky in some space 
vehicle, where one can't turn up the infrared source to make 

For fundamental studies of energy transfer in the living cell 

the signal plainer. One can't always be sure when the amplifier 
happens to hum at the right frequency that the infrared is do
ing it. There is always a certain amount of random electronic 
activity in the detector. The smaller the detector, the less this 
random activity gets averaged out and therefore the noisier it 
appears. On the other hand, the more power per unit area in 
the infrared signal, the better the signal stands out against the 
noise. The sharper the tuning to the frequency, the less noise 
will happen by chance to fall within the narrow frequency 
range. 

This plodding line of thought leads to a definition of "de
tectivity" as "the signal-to-noise ratio at a given radiation 
wavelength and chopping frequency with an amplifier band
width of one cycle/sec for a photodetector of one square centi
meter sensitive area when irradiated by one watt of flux." The 
brotherhood calls it D*. Among the various photoconductive 
substances they have to juggle in their minds, lead selenide 
finds favor as the best compromise between high detectivity 
and relative independence of the interrupting frequency to 
rather high levels. 

To make the acetyl pyridine analogs of DPN and TPN by enzymatic excha.ng.e re.action in pig-brain preparation, it is smart to order the 3-
acetyl pyridine from an EASTMAN Organic Chemicals distributor or from Distillation Products Industries, Rochester, N. Y. 14603 (Division 
of Eastman Kodak Company). Though we insist on calling it Methyl 3-Pyridyl Ketone (EASTMAN 9172), ours comes fractionally distilled in 
vacuum to save time for the molecular biologist. 

For idle curiosity about the self-image of molecular biologists 
Despite days when a molecular biologist might prefer to keep (DPN). Perhaps a glimmer of new light can be shed on how 
busy setting up an attractive-looking vacuum pump to purify DPN or that other respiratory coenzyme, triphosphopyridine 
a reagent than to sit and think, it is best not to dwell on this. nucleotide (TPN), passes along electrons from one molecule 

A properly adjusted molecular biologist on a good day will to another at one of the long train of steps whereby a slice of 
aim his insights, for example, on the effects of replacing an apple pie and a chunk of porterhouse and some fresh air keep 
-NH2 group with a -CH3 in diphosphopyridine nucleotide us alive to work another day. 
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with all of these features: 
• automatic ranging 
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• 10 meg input impedance 
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• 1 millivolt sensitivity 

• solid state / reed relay design 
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construction 
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Cutback and Conversion 

T
he cutback in the manufacture of 
fissionable materials by 

.
both the 

U.S. and the U.S.S.R., sImultane
ously announced in April by President 
Johnson and Premier KhlUshchev, is a 
step toward the limitation of armaments 
but also provides an example of the 
problems that will attend the conversion 
of military production to civilian pro
duction. The U.S. cutback of 15 per 
cent in the production of enriched ura
nium, added to the cut of 25 per cent 
announced by the President in January, 
will bring the consumption of electricity 
by the Atomic Energy Commission's 
gaseous-diffusion plants down to 26.6 
million megawatt-hours from a peak in 
1957 of 53.7 million megawatt-hours. 
Although that will still represent about 
3 per cent of the nation's electric-power 
consumption, the plants in 1957 ac
counted for 10 per cent. A.E.C. spend
ing for this power will have dropped 
from $210.5 million to $107 million. 
Presumably the economic effects of the 
drop will be felt not only in the gaseous
diffusion plants and the organizations 
producing the electricity but also by the 
coal and oil industries, which supply 
fuel for the generation of electricity. 

The cutback again focuses attention 
on efforts to predict and solve the prob
lems of converting industry from anna
ment manufacture. The Senate Com
mittee on Labor and Public 'Welfare 
recently published a collection of papers 
on the subject under the title Converti
bility of Space and Defense Resollrces 
to Civilian Needs: A Search for New 
Employment Potentials. John E. UII-

SCIENCE AND 
mann and others at Hofstra University 
will publish during the summer a study 
of how much of the $8 billion spent an
nually by the Department of Defense 
in the electronics industry could be 
taken up by other customers. They con
clude that no more than half of it could 
be, and that the gap could only be filled 
by the transfer of workers and resources 
to other occupations, such as the manu
facture of machinery for underdeveloped 
nations, and by a greater investment in 
the life sciences, teaching and urban 
renewal. 

Mental Health and Civil Rights 

The State of New York has enacted 
pioneering legislation on the admis

sion and retention of patients by psy
chiatric institutions, both public and 
private. The new law, which will take 
effect next year, is aimed principally at 
protecting the civil rights of the men
tally ill. To that end it requires periodic 
court review of a patient's status. It also 
establishes a Mental Health Information 
Service to advise patients of their rights 
and to gather information for the courts. 

The law grew out of a study entitled 
Mental Illness and Due Process, pub
lished two years ago by the Cornell 
Law School in cooperation with a com
mittee of the Association of the Bar of 
the City of New York. The study found 
that under the present system of admis
sion to psychiatric institutions by court 
order, few patients actually ask for the 
hearing to which they are entitled. 
Moreover, there is no automatic review 
of the patient's status, and once he is in 
a mental hospital he can be "forgotten." 
The new law makes the admission of a 
patient to a mental institution a medical 
rather than a judicial function but pro
vides that the first court review of his 
status must be held within 60 days. 

The Hunting of the Quark 

The first search for a hypothetical 
subatomic particle called the "quark" 

has been conducted at the Brookhaven 
National Laboratory and the results sug
gest that it does not exist. This tenta
tively refutes an attractive speculation 
by Murray Cell-Mann of the California 
Institute of Technology, who proposed 
that the most elementary of elementary 
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THE CITIZEN 
particles might be a triad of related 
particles-quarks. Two of the particles 
would have an electric charge a third 
as large as the electron's and one a 
charge two-thirds as large. The Brook
haven results indicate that no particles 
exist with a charge of one-third and a 
mass comparable to that of the other 
elementary particles. It is still possible, 
however, that quarks exist but have 
very large masses. 

Cell-Mann postulated the existence 
of quarks as an extension of the suc
cessful theory, called SU(3) symmetry 
or "the eightfold way," developed inde
pendently by him and Yuval Ne'eman, 
an Israeli physicist. On the basis of this 
theory the particles that take part in 
strong, or nuclear, interactions can be 
classified into supermultiplets, or super
families (see "Strongly Interacting Par
ticles," by Ceoffrey F. Chew, Murray 
Cell-Mann and Arthur H. Rosenfeld; 
SCIENTIFIC AMERICAN, February). The 
eightfold way was recently successful in 
predicting the existence of the omega
minus particle, which was found at 
Brookhaven in February. 

One set of particles that would satis
fy SU(3) symmetry, Cell-Mann calcu
lated, was a set of three particles, each 
with an electric charge less than that 
of the electron, which had previously 
been assumed to carry the basic unit of 
charge. He called these hypothetical 
particles quarks-a name he took from 
a line (Significantly on page 383) in 
James Joyce's Finnegans Wake: "Three 
quarks for Muster Mark." 

Robert K. Adair of Yale University 
and Lawrence B. Leipuner, William T. 
Chu and Richard C. Larsen of Brook
haven undertook to find some quarks. 
They bombarded a beryllium target 
with protons accelerated to 28 billion 
electron volts in Brookhaven's alternat
ing-gradient synchrotron and analyzed 
the resulting beam of particles with 
scintillation counters. A quark with a 
charge of one-third should emit one
ninth as much light as particles with a 
charge of one. The investigators could 
find no such particles, although they 
calculated that-if quarks exist-at least 
100 or so should have been produced in 
the course of their experiment. Their 
conclusion that there is no such thing 
as a quark could be wrong, they point 
out, if quarks have a mass two or three 

How to put a man 
��on the moon" in 18 minutes! 

Soon, a test engineer wearing an 

Apollo space suit will enter the 
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times greater than that of a proton. 
Particles of such a mass could only be 
created by a machine that accelerates 
particles to higher energies than the 
Brookhaven synchrotron does. 

DNA Made to Specification 

Substantial progress has been reported 
in the effort to synthesize precisely 

ordered chains of deoxyribonucleic acid 
(DNA), the molecule that carries the 
genetic information of living organisms. 
As found in the living cell, the DNA 
molecule contains thousands or tens of 
thousands of the four different subunits 
called bases: adenine (A), thymine (T), 
guanine (G) and cytosine (C). The se
quence of these bases provides the 
genetic code the cell uses in manufac
turing proteins. 

It has proved difficult to synthesize 
DNA chains by purely chemical methods 
and particularly difficult to link the 
bases in a known sequence. At the 
University of Wisconsin, H. Gobind 
Khorana and his colleagues have been 
working on this problem for some 10 
years. At the April meeting of the Fed
eration of American Societies for Ex
perimental Biology one of Khorana's 
associates, T. Mathai Jacob, described 
their progress to date. 

In one method short DNA chains are 
built up by directly coupling one base 
to another. (The bases are actually in 
the form of nucleotides, structures in 
which a base has been linked to a sugar 
molecule and a phosphate group.) Using 
this stepwise method, the Wisconsin 
workers have synthesized DNA mole
cules nine to 12 bases long. The prac
tical limit for this method appears to be 
about 20 bases. In an alternative meth
od preformed base doublets (for exam
ple TC, TG and AC) have been coupled 
into sequences containing six doublets. 
The extension of this method to triplets 
is under study. 

To create still longer DNA molecules 
of known sequence it has been found 
necessary to use a biological catalyst: 
the enzyme DNA polymerase. This en
zyme was originally discovered by Ar
thur Kornberg of the Stanford Univer
sity School of Medicine, who has been 
collaborating with the Wisconsin group. 
With the help of DNA polymerase a 
synthetic chain containing six doublets 
was used to make a chain of doublets 
thousands of pairs long. In this case the 
original doublet was AT, whereas the 
much longer molecule contained strings 
of the complementary doublet TA. 
Efforts to use these synthetic DNA 
chains in biologically active systems to 
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produce synthetic proteins are still in 
an early stage but appear promising. 

Fertility and Economic Growth 

The way to curb India's rate of popu
lation increase is to concentrate on 

raising the economic level of the coun
try's poorest villagers, argues the In
dian demographer P. B. Gupta. In a 
series of papers published by the In
dian Statistical Institute, Gupta points 
out that the decrease in mortality rates 
in India and other developing countries 
today has been brought about by public 
health measures, not by economic de
velopment, and it is therefore unlikely 
to be followed quickly-as such a de
crease was in many vVestern countries 
some years ago-by a reduction in the 
birthrate. Gupta finds, moreover, that 
India's rural population, which accounts 
for 83 per cent of the total population, 
is not practicing birth control and is not 
likely to do so until there are changes 
in education and social structure that 
require major economic growth. 

Gupta studied the relation between 
the marital fertility rate and the level 
of living of Indian villagers as revealed 
in national statistics for 1953 and 1954. 
He found that fertility is low among 
people living at a bare subsistence level 
and tends to rise with some improve
ment in the level of living. At what he 
calls a "critical level" of living, fertility 
reaches a maximum value, and only 
thereafter does it begin to drop with 
increasing economic status; the curve 
of fertility plotted against level of living 
rises to a peak and then falls. Gupta 
adapted this curve, a cross section of 
the rural fertility situation 10 years ago, 
to construct a curve predicting the rela
tion of fertility to economic growth over 
the years. 

A unifol111 increase of even as much 
as 20 per cent in the standard of living 
of all income groups, without a relative 
improvement in the condition of the 
lowest-income group, would cut the 
birthrate hardly at all, he concluded. 
He suggests, therefore, that special 
efforts should be made to improve the 
status of the poorest villagers in order 
to transfer as many people as possible 
from the "rising" portion of the fer
tility curve to the "falling" portion; 
that is, "to cause the people at the lower 
levels of living to cross the critical 
level." Such a transfer, he says, would 
not require a very great overall eco
nomic advance. Yet it should "auto
matically" reverse the fertility trend in 
the poorest segment of the population, 
paving the way for the greater reduc-

tion in fertility that should come with 
significant economic development. 

Superconducting Semiconductors 

The phenomenon of superconductiv-
ity-the complete disappearance of 

electrical resistance at temperatures 
near absolute zero-has been observed 
in semiconductors, a class of materials 
heretofore thought to contain too few 
free electrons to be superconducting. 
The observations were made by experi
menters at the Naval Research Labora
tory, the vVestinghouse Research Lab
oratories and the National Bureau of 
Standards. The findings confirm a pre
diction made more than a year ago by 
Marvin L. Cohen, then a graduate stu
dent at the University of Chicago; 
Cohen now works at the Bell Telephone 
Laboratories. 

The electrical conductivity of a sub
stance depends on the number of free 
electrons in the outermost shells of its 
atoms; metals have many free electrons 
and are good conductors, whereas in
sulators have tightly bound electrons 
and are poor conductors. The concen
tration of free electrons and hence the 
electrical conductivity of a semicon
ductor is somewhere between that of a 
metal and that of an insulator. Accord
ing to one theory, only metals and 
metallic compounds with three, five or 
seven electrons in the outermost shells 
of their atoms make good supercon
ductors. Cohen's suggestion that semi
conductors might also be good super
conductors was based on a model of 
superconductivity proposed in 1957 by 
John Bardeen, Leon N. Cooper and 
J. Robert Schreiffer of the University of 
Illinois. 

The first confirmation of Cohen's pre
diction came early this year with the 
discovery of superconductivity in the 
semiconducting material germanium tel
luride; the discoverers, Robert A. Hein 
and John W. Gibson of the Naval 
Research Laboratory and Robert Mazel
sky, Robert C. Miller and John K. Hulm 
of the Westinghouse Research Labora
tories, report their work in Physical Re
view Letters. In a more recent issue 
of Physical Review Letters James F. 
Schooley and William R. Hosler of 
the National Bureau of Standards an
nounced the observation of supercon
ductivity in crystals of strontium tita
nate, also a semiconductor. 

Since more is known about the prop
erties of semiconductors than about 
those of metals, the new findings can be 
expected to have a considerable bearing 
on future studies of superconductivity. 
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RCA transistors and electron tubes used in 
the high-power electron microscope. 

Deep in the infinitesimal world of matter 
-solids, liquids, gases-there are struc
tures as complex as those in outer space. 

Now, new views of the mysterious world 
of solids-of living and non-living matter 
-are being revealed through the super
magnifying capability of the electron 
microscope. 

In this remarkable device, RCA transistors 
and electron tubes play the major role. 
They make it possible to use electron 
beams instead of light rays, and magnetic 
fields in place of glass lens optics-to 
produce the highest magnifications ever 
achieved. 

This magnification is so great that a single 
blood corpuscle, if all of it could be seen 
at once, would look four times bigger than 
a sofa pillow . . .  a human hair would be 
as thick as a giant redwood tree ... a dime 
would measure two miles across! 

Today, the electron microscope is doing 
advanced work on many scientific fronts. 
In medicine, for example, it is helping to 
identify viruses responsible for the ills of 
man ... polio ... cancer ... smallpox ... 
influenza. In industrial research, it is help
ing to improve the quality of basic mate-
rials like ... steel ... petroleum ... paper 
... drugs . .. food. 

Exploring the micro-structures of matter is 
another service performed by RCA tran
sistors and electron tubes to help man ac
quire more knowledge about himself and 
the natural forces around him. 

RCA ELECTRONIC COMPONENTS AND DEVICES (8 The Mosl Trusled Name 

_ ® in Electronics 
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Such studies may eventually make it 
possible to predict whether or not any 
substance will be a superconductor and 
to estimate the temperature at which 
the substance becomes superconducting. 

Discriminating Cats 

past investigations by animal psychol-
ogists have suggested that cats are 

color-blind, even though they are physi
ologically equipped for color discrimi
nation. Now two experimenters at the 
University of Pennsylvania School of 
Medicine report an ingenious test that 
demonstrates the cat's ability to distin
guish colors. 

Jeri A. Sechzer and John Lott Brown 
offered two pairs of experimental ani
mals food rewards for correctly selecting 
either a red or a green exit from a test 
tunnel. The exit doors were actually 
colorless translucent plastic, illuminated 
from the rear by beams of light pro
jected through color filters and also 
through a variety of neutral-density fil
ters. The latter were changed in random 
order to produce five different levels of 
brightness for each color, or 25 color
brightness combinations in all. Two 
sequences of these combinations, for a 
total of 50 trials, made up each cat's 
daily exposure to learning. 

The experimenters had provided for 
the variations in brightness in order to 
make intensity of illumination irrelevant 
as a test cue. They discovered, however, 
that the cats at first disregarded color 
and consistently selected a compara
tively light or dark exit door for a num
ber of trials or even for a whole day's 
session. In these first days a cat that se
lected one brightness variation, either 
light or dark, would choose the opposite 
in the next series of trials. As the cats' 
responses to color cues gradually im
proved, their reactions to levels of 
brightness diminished. Nevertheless, 27 
days of training-a total of 1,350 trials
were required before the first cat 
achieved a three-day sequence of 90 
per cent correct color choices. 

After all four cats had attained the 
90 per cent level, the experimenters re
duced color saturation by projecting 
alternate flashes of white and colored 
light, at the rate of 80 flashes per sec
ond, on the exit doors. When the 
amount of colored light in the mix was 
cut to half the original value, the cats 
could still perform with 90 per cent 
correctness, although additional train
ing was required. When the colored 
light was reduced to 10 per cent of the 
total illumination, however, the animals 
could no longer discriminate, even after 

2,000 trials. The experimenters, who 
describe their work in Science, believe 
this breakdown in performance as the 
color cue diminished confirms that the 
cats were indeed responding to color in 
their correct choice of exit doors and 
not to some unrecognized factor. 

Chromosomes and Miscarriage 

Rnormalities in the cell's comple-
ment of chromosomes are apparent

ly responsible for a large proportion of 
early spontaneous abortions, or miscar
riages, A. E. Szulman of the Harvard 
Medical School has reported. A normal 
human body cell contains 46 chromo
somes, 23 of which are descended from 
each parent. Occasionally an accident 
occurs during the formation of an egg 
or sperm from a precursor germ cell, as 
the result of which the fertilized egg 
receives an abnormal number of chro
mosomes. Such chromosomal accidents 
have recently been associated with a 
variety of congenital abnormalities in 
man. 

Chromosomes can be identified and 
counted only at metaphase, the stage of 
cell division at which they are most 
clearly visible, and they are generally 
studied in white blood cells. Szulman, 
who described his work at the April 
meeting of the Federation of American 
Societies for Experimental Biology, had 
to use bits of embryonal membrane re
covered from embryos that 'had died 
within the first 12 weeks of pregnancy. 
He cultured the material until enough 
cells were dividing, then arrested their 
division at metaphase and dispersed the 
chromosomes. In 15 out of 25 cases his 
chromosome counts showed gross de
fects in the chromosomal apparatus of 
the aborted embryo. Some of the anom
alies were among those seen in live 
infants and adults. These included triso
my, or the presence of an extra chromo
some, including one associated with 
mongolism, and the lack of one of the 
two chromosomes that determine sex. 
Other chromosomal conditions, how
ever, have not been observed in live 
mammals and are apparently lethal. 
One such anomaly, which Szulman 
found in four cases, was triploidy, or 
the presence of three full sets of chro
mosomes (69) instead of two. The ab
normal chromosome counts are appar
ently not an artifact of the procedure of 
tissue culture, Szulman said, because 
when he cultured tissue from healthy 
embryos that had been removed in 
therapeutic abortions, the cells invari
ably had the correct complement of 46 
chromosomes. 
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Chelllical Stilllulation of the Brain 

When certain substances are injected into localized 

regions in the brain of an experimental animal, they 

specifically release drives such as hunger and thirst 

I
t was once customary to think of the 

brain as an intricate switchboard 
and decoding system, operating by 

essentially electrical means. As neuro
physiologists learned more about the 
central nervous system, however, they 
came to recognize that chemical media
tors play an important role in brain 
activity. To examine this role more 
closely it is now possible with new tech
niques to apply chemical substances di
rectly to local areas deep within the 
brain. 

As usually happens in pioneering a 
new technique, there have been disap
pointments, puzzles, surprises and, most 
fruitful of all, findings that seem to con
tradict previous understanding. But the 
operation of the brain is so complex that 
it is only by piecing together knowledge 
gained in many different ways, and by 
reconciling conflicting data, that we can 
hope to penetrate its secrets. 

The tracing of specific behavior to 
stimulation of particular areas in the 
brain was pioneered by Walter Rudolph 
Hess of the University of Zurich. In a 
series of illuminating experiments for 
which he received the Nobel prize in 
physiology and medicine in 1949, Hess 
found that by gentle electrical stimula
tion of certain" areas in the hypothala
mus of cats he could evoke fear, anger 
and reactions connected with digestion 
and other body functions. These discov
eries started a train of highly fruitful 
experiments in electrical stimulation by 
many investigators, culminating in the 
discovery of nerve circuits that appear 
to control pleasure and punishment 
[see "Pleasure Centers in the Brain," by 
James Olds; SCIENTIFIC AMERICAN, Oc
tober, 1956]. 

Nevertheless, electrical stimulation 
of the brain has definite limitations. 
The effects are often blurred or mixed, 
and the method has generally failed to 
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by Alan E. Fisher 

elicit some of the basic forms of be
havior, such as those prompted by the 
maternal and sexual drives. Two fac
tors may account for these limitations. 
Electrical stimulation is not selective as 
far as nerve cells are concerned; it will 
fire any nerve cell indiscriminately. And 
the indications are that the neurons re
sponsible for a particular form of be
havior are not usually clumped in one 
place but are dispersed widely in the 
brain, overlapping with other func
tional fields or systems of neurons. 

These facts prompted some neuro
physiologists to search for a more spe
cific type of stimulator: something that 
would selectively stimulate only the sys
tem of cells controlling a particular be
havior. With the growing appreciation 
of the role of chemistry in brain func
tion it seemed that carefully chosen 
chemical substances might exhibit the 
discrimination desired. 

It was known, for example, that 
chemical messengers, or hormones, are 
deeply involved in the brain's activities 
and that other chemical substances con
trol the basic process of transmission of 
nerve impulses. Acetylcholine, norad
renalin and probably other substances 
are released at the ends of the nerve 
cells and carry impulses across the syn
aptic gap from one neuron to the next. 
Other chemicals mimic or interfere 
with the action of these transmitters. 
Chemical "modulators" have also been 
found that alter the threshold for the 
cell's firing of an impulse. 

The Case of the Mixed-up Rat 

vVas it possible that neurons or chains 
of neurons might be sensitive to speCific 
substances to which they would respond 
selectively? Experimenters began to 
test this intriguing idea. The first results 
were not encouraging, but in 1953 

Bengt Andersson in Sweden reported a 
significant success. Experimenting with 
goats, he injected a 5 per cent solution 
of salt into a precisely defined area in 
the middle of the hypothalamus, the 
governing center of the autonomic ner
vous system. The goats immediately 
began to drink large quantities of water. 
Evidently they had been induced to 
drink by some effect on the brain cells 
caused by the rise in osmotic pressure 
produced by the salt. 

Late in 1954, while working in D. O. 
Hebb's laboratory at McGill University, 
I began to experiment with substances 
I hoped would produce direct chemical 
stimulation of specific brain cells. I 
started with the male sex hormone, 
testosterone, and injected it into specific 
sites in the hypothalamus of male rats. 
These particular regions seemed the 
most likely ones for action by the hor
mone because it was already known 
that they are involved in the primary 
drives of rats, such as courtship, care 
of the young, eating and drinking. I 
had expected, of course, that injec
tion of the male sex hormone into the 
rat's brain would trigger male sex be
havior. 

By one of those ironic twists that 
are so typical of scientific research, the 
behavioral change produced in my first 
"successful" subject was a completely 
unexpected one. Within seconds after 
the male hormone was injected into 
his brain he began to show signs of ex
treme restlessness. I then put in his cage 
a female rat that was not in the sexually 
receptive state. According to the script 
I had in mind, the brain injection of 
male hormone should have driven the 
male to make sexual advances, although 
normally he would not do so with a 
nonreceptive female. The rat however 
followed a script of his own. He grasped 
the female by the tail with his teeth 
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W ATER·SA TED RAT returns to trough to drink more within a 
few minutes after the brain circuit that controls the animal's thirst 

drive has been triggered by injection of acetylcholine. A single 
stimulus can make the rat drink a day's normal ration in an hour. 
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SELECTIVE STIMULATION is a primary advantage in the use 
of chemicals. When an electrical stimulus is applied (left) to a 
group of neurons belonging to three separate circuits, all circuits 

operate (color) and no integrated response occurs. When a chem
ical stimulus is applied (right), only one circuit, for which the 
chemical is specific, operates. The other two remain inactive. 

and dragged her across the cage to a 
corner. She scurried away as soon as 
he let go, whereupon he dragged her 
back again. After several such experi
ences the male picked her up by the 
loose skin on her back, carried her to 
the corner and dropped her there. 

I was utterly perplexed and so, no 
doubt, was the female rat. I finally 
guessed that the male was carrying on 
a bizarre form of maternal behavior. 
To test this surmise I deposited some 
newborn rat pups and strips of paper 
in the middle of the cage. The male 
promptly used the paper to build a nest 
in a corner and then carried the pups 
to the nest. I picked up the paper and 
pups and scattered them around the 
cage; the male responded by rebuilding 
the nest and retrieving the young. 

After about 30 minutes the rat 
stopped behaving like a new mother; 
apparently the effect of the injected hor
mone had worn off. Given a new in
jection, he immediately returned to his 
adopted family. With successive lapses 
and reinjections, his behavior became 
disorganized; he engaged in all the same 
maternal activities, but in a haphazard, 
meaningless order. After an overnight 
rest, however, a new injection the next 
day elicited the well-patterned motherly 
behavior. 

The case of the mixed-up male rat 
was a most auspicious one. Although 
the rat had not followed the experiment
er's script, the result of this first ex
periment was highly exciting. It was an 
encouraging indication that the control 
of behavior by speCific neural systems 
in the brain could indeed be investi
gated by chemical means. We proceed-
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ed next to a long series of experiments 
to verify that the behavior in each case 
was actually attributable to a specific 
chemical implanted at a speCific site in 
the brain rather than to some more 
general factor such as mechanical stim
ulation, general excitation of the brain 
cells, or changes in acidity or osmotic 
pressure. 

We have now administered many dif
ferent chemicals to the brains of hun
dreds of animals, mostly rats. For this 
work we have had to develop simple 
surgical techniques for implanting tiny 
hollow guide shafts in the animals' 
brains so that chemicals can be deliv
ered to selected points. The location of 
each shaft is carefully established with 

TRACING THE ROUTE OF A BRAIN CIRCUIT, one undertaking made possible by 
the selectivity of chemical stimuli, requires delicate techniques. At left a vernier-adjusted 
stereotactic machine is used in conjunction with a sectional atlas of the brain to implant 
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the help of a three-dimensional brain 
map and a stereotactic instrument, which 
holds the head of the anesthetized ani
mal and guides the surgical instruments. 
After a tiny hole has been made in the 
brain the shaft is inserted and antisep
tically fastened to the skull with jewel
ers' screws and an adhesive. Each ani
mal can be equipped with several guide 
shafts at different locations. In a rat 
four or five shafts may be inserted; in 
a monkey, as many as 100. The animal 
recovers quickly and resumes its normal 
laboratory existence. Through these 
permanent shafts we can deliver as lit
tle as one microgram of a chemical in 
crystalline form or as little as a ten
thousandth of a milliliter of a solution 
[see illustration below J. 

Arousing Male Behavior 

Our extended program of tests con
firmed, first of all, the elicitation of ma
ternal behavior by an injection of a 
testosterone solution at a specific loca
tion in the brain. When we placed the 
hormone in a site in the center of the 
brain just in front of the hypothalamus 
at the level of the optic tracts below it, 
many of the rats tested, male and fe
male, responded with some form of 
maternal behavior. 

An injection of the same hormone in 
the same general region but slightly 
to one side instead of in the center, 
brought forth a dramatically different 
response. Many of the animals now 
reacted as I had expected the original 
male to do-with male sexual activity. 
This was true even of female rats. Pre
sented with a partner, whether male or 
female, the injected rat (male or fe
male) soon tried to mount the partner. 
One heroic female persisted in this 
malelike behavior over a period of eight 
weeks in tests conducted every other 
day. The behavior was elicited only by 
testosterone; it did not appear when the 
same site was injected with other chem
icals or stimulated by electricity. 

When the male hormone injection 
was placed between the central and 
lateral sites in the hypothalamus, so that 
it impinged on both, some rats exhibited 
a curious combination of maternal and 
male behavior. They took care of the 
young and at the same time tried to 
copulate with any partner available. In 
several instances a male rat that had re
ceived such an injection tried to mount 
a nonreceptive female or male at the 
same time that it was carrying a rat pup 
in its mouth! 

This was particularly puzzling be
cause it seemed to deny the hypothesis 

that functionally related brain cells are 
selectively sensitive to specific sub
stances. How could the neurons that 
mediate two different kinds of behavior 
respond to one and the same hormone? 
The question has not yet been fully 
answered, but we can offer a reasonable 
conjecture. Testosterone is known to 
act not only as a male hormone but 
also, under appropriate circumstances, 
as a weak substitute for the female 
hormone progesterone, which is linked 
to pregnancy and maternal behavior. 
(This versatility is generally true of the 
family of steroid hormones; most of 
them can mimic one another's actions.) 
Therefore a concentrated injection of 
testosterone into the brain cells may 
carry enough progestational potency to 
stimulate the cells that are sensitive to 
progesterone. 

This hypothesis would explain how 
testosterone injected into the brain of 
a male rat can evoke maternal behavior. 
The male body contains little or no 
progesterone, and presumably its circu
lating testosterone, at normal levels, has 
no significant progestational potency. 
But when a concentration of testoster
one is injected directly into cells that 
are susceptible to progestational stimu
lation, the hormone's secondary activity 
is strong enough to stimulate them. 

guide shafts leading to precisely calculated regions in the brain 
of an anesthetized rat. In the middle, unassembled and assembled, 
are the permanent guide shaft and the removable cannula that 

carries the chemical to the brain tissue. At right a rat with two 
guide shafts is about to receive a brain stimulus. The cannula in 
this instance contains the chemical agent in the form of a solid. 
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Whether or not this particular hy
pothesis is correct, the experiments in 
chemical stimulation seem to show that 
the male brain and the female brain 
are essentially identical in the character 
and organization of the neurons. In the 
rat, at least, both brains contain cells 
that can direct male behavior and other 
cells that can direct female behavior. 
Differences in sexual behavior can be 
attributed largely to differences in the 
kinds of sex hormone that enter the 
animal's circulatory system. 

Yet even this concept is an oversim
plification. Evidence obtained recently 
suggests that during early development 
sex hormones also play an organizational 
role, determining degrees of maleness 
or femaleness by permanently altering 
the response thresholds or growth with
in neural systems that will direct male 
and female behavior. Thus the presence 
or absence of a hormone during early 
life may determine the extent to which 
a nerve circuit develops the capacity 
for effective function. This may explain 
why many of our rats are unaffected 

by brain hormone stimulation, and why, 
under ordinary conditions, some males 
and females of every species display the 
behavior of the opposite sex. 

The Puzzle of Steroid Action 

Investigators at several other labora
tories have now confirmed our finding 
that steroid hormones act selectively on 
nerve cells at speCific sites in the brain. 
They have found, for example, that im
plants of estrogen in selected sites in 
the hypothalamus can produce sexual 
receptivity in a cat whose ovaries (the 
main natural source of estrogen) have 
been removed. Tracer experiments with 
radioactively labeled estrogen have 
shown further that the estrogen tends 
to concentrate around certain cells of 
the hypothalamus. A puzzling aspect of 
the experiment is that the radioactivity 
(and presumably the hormone itself) 
has disappeared from the brain by the 
time the cats become sexually receptive, 
which is not until five days or more 
after implantation. 

INJECTION of testosterone (upper photograph) induces maternal behavior in this male 
rat. Tbe male gathers scattered paper strips to make a nest (lower photograph), ignores 
food pellets and carries rat pups (which males normally would eat) to shelter in the nest. 
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Other puzzling findings have emerged 
from related studies, and there are 
many questions to be answered before 
any comprehensive or confident conclu
sions can be presented. One of the chief 
questions has to do with the speed of 
action of the hormones I have injected 
into the brain. When a steroid hormone 
is injected into the muscle tissue or the 
bloodstream of a male rat, it does not 
take effect until 24 to 48 hours later. 
Our injections into the brain, on the 
other hand, usually produce changes 
in the rat's behavior within seconds or 
minutes. Part of the explanation may lie 
in the form of the injection. Normally 
steroids are soluble only in oils, and it 
is in such a solution that they are in
jected into the blood or peripheral tis
sues. For the injections into the brain 
we have generally used a rare steroid 
that is soluble in water. Possibly an oil
soluble hormone can act rapidly only 
after it has been converted to a water
soluble form. 

R. D. Lisk of Princeton University 
has recently demonstrated, however, 
that even an oil-soluble steroid will take 
effect quickly under certain conditions. 
He experimented with injections of 
progesterone to stimulate sexual recep
tivity in the female rat. He found that 
when he injected progesterone into the 
veins of a female that had been primed 
with injection� of estrogen for several 
days, she became sexually receptive in 
less than 10 minutes. It takes six hours 
for such a female to respond fully 
when the progesterone is injected into 
muscle tissue rather than the blood
stream. 

Control of Hunger and Thirst 

vVith the chemical technique we have 
gone on to explore the rat brain for 
the location of the neural systems re
sponsible for the control of other drives 
besides the sexual. Foremost among 
these drives, of course, are hunger and 
thirst. Several regions in the brain that 
help to control eating and the hunger 
drive are located in the hypothala
mus and are well known. One center 
acts as an "appestat" (by analogy with 
the thermostat), and its setting can be 
raised or lowered. Electrical stimulation 
of this center will cause even a sated 
animal to increase its food intake sharp
ly, whereas injury to the same center 
will drastically reduce an animal's appe
tite. The other center, in the lower mid
dle region of the hypothalamus, acts as 
a satiation center, or "brake," for eating. 

Some investigators have proposed 
that the main factor regulating the ac-
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VERTICAL ZERO PLANE 

RAT'S HEAD is positioned by hooking the upper incisors over a 
har on the stereotactic machine. The brain, in sagittal section 

(right), is laheled to show major anatomical features. The broken 
lines (color) show the zero coordinates for implant measurements. 

NEEDLE 

TRANSVERSE SECTIONS of rat hrain were taken about eight 
millimeters forward of the vertical zero coordinate. The needles, 

or cannulas, touch points in preoptic region where testosterone 
induced maternal behavior (left) and male sexual behavior (right). 

tivity of the appestat is the sugar level 
in the blood [see "Appetite and Obe
sity," by Jean Mayer; SCIENTIFIC AMER
ICAN, November, 1956]. Our first con
jecture, therefore, was that the two 
oppositely working hormones of the 
pancreas that regulate the blood-sugar 
level-insulin and glucagon-might be 
the primary chemical modulators for the 
hunger drive, determining the settings 
or thresholds of the brain centers by 
acting directly on them. In an extensive 
series of attempts to stimulate these cen
ters with the two hormones, however, 
we found no evidence that insulin or 
glucagon had any effect on them. (In
deed, it has not been conclusively 
proved that the blood-sugar level itself 
is a major factor in the regulation of 
appetite.)

" 

Subsequently a Yale University grad
uate student, Sebastian P. Grossman, 

discovered that eating and drinking 
could be elicited in rats by brain in
jections of two other chemicals. They 
were none other than noradrenalin and 
acetylcholine, the substances that have 
long been known as transmitters of 
nerve impulses. Noradrenalin, injected 
into a site in the brain just above the 
hypothalamus, would cause even a well
fed rat to start eating again. Acetyl
choline, injected into the same site, 
would drive the rat to drink. Grossman 
also found that these stimulating effects 
could be blocked by injection of chemi
cals that were known to block the trans
mitting action of noradrenalin and ace
tylcholine at nerve synapses. 

A Circuit Theory of Drives 

I was naturally interested to learn 
that these two nerve-impulse transmit-

ting chemicals can do their work within 
the tissue of the brain itself. But even 
more intriguing, Grossman had shown 
that different chemicals released differ
ent inherent drives even though injected 
at exactly the same site in the brain. 
This immediately suggested that the 
neurons composing each of these major 
drive circuits were chemically selective 
and would respond only to the appro
priate chemical stimulus. If such a 
theory were correct, a specific chemical 
could be released almost at random in 
the midst of several quite separate cir
cuits but would selectively excite only 
one of them. In this way it would be 
possible to probe various parts of the 
brain with a specific chemical and ac
tually chart the circuit responsive to 
that particular stimulus. 

In our laboratory at the University of 
Pittsburgh John N. Coury and I set 
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OLFACTORY 
BULB 

CINGULATE 

CORTEX 

PAPEZ CIRCUIT 

ADDITIONAL FORNIX PATHWAYS 

MEDIAL FOREBRAIN BUNDLE FIBERS 

RE TICULAR ACTIVATING PATHWAY 

----- ADDITIONAL CONNECTIONS BETWEEN WAY STATIONS 

• ----?> C ONE-WAY TRACK 
PITUITARY 

) � ( TWO-WAY TRACK 

INPUTS TO THIRST CIRCUIT 

.&. THERMORECEPTOR NEURONS 

h.. OSMORECEPTOR NEURONS 

.&. RETICULAR ACTIVATING PATHWAY 

SCHEMATIC CIRCUITRY of the thirst drive is superimposed on 
a simplified outline of a rat's hrain. Although all structures appear 
to lie on a single plane, they are actually distributed at varying 
depths in each brain hemisphere. The central figure eight (solid 

color) is a limbic circuit that links the hippocampal, the hypo· 
thalamic and the thalamic regions with the cingulate cortex of the 
forebrain. First postulated by James W. Papez in the 1930's, this 
circuit proves to be part of the thirst·drive system. Chemical ex-
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ploration has identified other pathways (broken colored lines) 

extending the Papez circuit; in general, all involve the brain 
structure called the fornix. The second major component of the 
thirst·drive system (solid black) connects many forward limbic 
regions with the medial midbrain; the structures involved are 
the descending and ascending fibers of the medial forebrain bun
dle. Additional circuit elements (broken black lines) have been 
found to provide alternate connections between various system 
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CEREBELLUM 

way stations. Three brain regions (trian

gles), although not sensitive to cholinergic 
stimuli, can trigger the thirst-drive system. 
These are (left to right) neurons that re
spond to an increase in blood temperature, 
neurons that respond to an increase in the 
blood's salt concentration, and the reticular 
activating pathway leading to the midbrain. 

out to try to chart the circuit that 
mediates drinking. Our design was to 
stimulate various sites in the rat brain 
by injections of the thirst-inducing sub
stance acetylcholine or a chemical that 
mimics its transmitter action, such as 
muscarine. Tests were conducted at 
hourly intervals. As controls for the 
experiment some rats received no in
jections and' some got injections of 
chemicals that have no impulse-trans
mitting action, but which can excite or 
depress nerve-cell activity. All the rats 
were given free access to as much water 
and food as they wanted, and an exact 
record was kept of their water con
sumption. 

Normally rats drink 25 to 35 milli
liters of water a day. Some rats we 
stimulated with brain injections of ace
tylcholine or muscarine quickly devel
oped a colossal thirst. Within 10 min
utes after the injection they began to 
consume large quantities of water, and 
within an hour some rats drank as much 
as twice a whole day's normal intake. 

We found that this behavior could be 
evoked by injection of the drug at any 
one of many sites distributed widely in 
the brain [see illustration on next pagel. 
Almost all the sites lie within what is 
known as the brain's limbic system, or 
the primitive "smell brain." It turned 
out that our initial map of the thirst 
circuit virtually coincided with one that 
James W. Papez, a Cornell University 
Medical College neuroanatomist, had 
described in 1937 as a closed-loop sys
tem that seen1ed to be responsible for 
emotion-directed behavior. 

Our tests have shown that all the 
structures Papez outlined are implicated 
in thirst, but there are also a few thirst
inducing regions outside his circuit [see 
illustration at left l. We are explor
ing the entire brain to trace the full ex
tent of the thirst system. We are now 
convinced that it involves a fiber trunk 
in the forebrain that connects limbic 
structures in the front of the brain with 
the hypothalamus and midbrain. Pre
sumably suitable chemical stimulation 
of any of these regions alerts the entire 
thirst-drive system. vVe believe that the 
whole circuit normally utilizes acetyl
choline, or a similar cholinergic chemi
cal, as a neurotransmitter, and that 
when a cholinergic chemical is injected 
locally into the brain it initiates the 
chain release of cholinergic substances 
at nerve-fiber terminals throughout the 
system. It seems significant that Olds 
has found the same system to be in
volved in the mediation of "pleasure," 
or reward. 

Our present model of the thirst-drive 
circuit in the brain, based on experi
ments, is a highly complex affair, and 
its very complexity strongly supports 
the model's plausibility. One obvious 
requirement for a basic drive system is 
stability; that is, it should not be easily 
knocked out or blocked by a simple dis
order or injury to the animal. The com
plexity of the thirst system, as traced by 
our experiments, provides such protec
tion, because the circuit contains many 
alternate pathways that can serve to 
maintain its integrity if some of the 
pathways are blocked. 

This model of the thirst-drive system 
has some interesting parallels to Hebb's 
model of the memory system in the 
brain. Hebb believes that even the sim
plest perceptual learning involves hun
dreds of neurons widely dispersed in 
the brain and is established only grad
ually by the development of neuronal 
interconnections. The perception of a 
given event activates a certain pattern 
of sensory, associational and motor neu
rons. At first the pattern is a compara
tively simple one and its durability is 
precarious. But as the perception is re
peated and the neurons involved be
come more practiced in firing as a 
team, their functional interconnections 
become more firmly established. In 
time additional neurons are recruited, 
alternate pathways develop and the 
system becomes less and less vulnerable 
to disruption. 

Hebb's model helps to explain the 
well-known fact that long-established 
memories are much less subject to ob
literation by brain damage or stress 
than are the memories of recent events. 
Extending the analogy to the thirst
drive system, we can say that this sys
tem resists disruption because it is sol
idly established with a wealth of alter
nate pathways. It differs from a memory 
pattern, however, in that most of the 
neuronal interconnections are present at 
birth, having been established by ge
netic inheritance rather than by percep
tion and learning. 

The complexity of the thirst-drive 
circuit also helps to explain how a drive 
is maintained over a period of time. Ob
viously a nerve circuit that mediates a 
primary drive must be able to dominate 
brain activity long enough to permit 
the organism to search for environmen
tal stimuli that will satisfy the. drive. 
The thirst-drive circuit shown in the il
lustration at the left exhibits both closed
loop and reciprocal pathways. Such a 
system is ideally designed to continue 
functioning over a period of time, even 
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after the cessation of the input that trig
gered the activity. Messages can con
tinue to circulate, or "reverberate," 
through such a system until an inhibi
tory brake is applied. 

Another set of experimental facts em
phasizes the complexity of the thirst
drive system. It is clear that thirst can 
be triggered by several different means. 
For example, Andersson in Sweden has 
found two types of speCialized neurons 
in the hypothalamus that increase 

I I I 

thirst. One type responds to increased 
osmotic pressure, the other is sensitive 
to a r;se in temperature. There is also 
other evidence suggesting that thirst
triggering inputs come from other parts 
of the brain, including the amygdala 
and the reticular activating system. 
Our map of the thirst-drive system, pic
tur;ng it as a complex circuit with many 
way stations, helps to explain how these 
various inputs may be fed into the 
system. 

DORSOMEDIAL HIPPOCAMPUS AND DENTAT E GYRUS 

MIDLINE 

o 

. . 

10 20 30 40 
WATER INTAKE (MILLILITERS) 

50 60 

EXCESSIVE WATER INTAKE during the hour after stimulus is related to the area of the 
brain that was stimulated. The light bars show the mean amount of water consumed in the 
course of multiple tests with a series of rats. The dark bars show the maximum water in· 
take by a single animal. Normally a rat will drink about 1.5 milliliters per hour. A greater 
intake is evidence that the stimulated structure is part of the brain's thirst-drive system. 

68 

So far we have little information 
about the chemical substances and brain 
circuits that control the primary drives 
other than thirst. Evidence from elec
trical-stimulation experiments, however, 
suggests that the same structures and 
pathways are involved in these other 
drives. It looks more and more as if the 
primary-drive circuits all follow a rough
ly parallel course in the brain. Thus in 
our laboratory we are seeking to deter
mine whether each is stimulated and 
modulated by specific chemicals. We 
recently tested a male rat by injecting 
three different chemicals, on separate 
occasions, into the same site in the 
brain. An injection of acetylcholine into 
this site stimulated the animal to drink, 
noradrenalin prompted him to eat and 
testosterone caused him to build nests! 
Coury and I are now trying to trace a 
hunger circuit through the brain. Curi
ously enough we had very little success 
until a mixture of chemicals was tried 
that both suppresses acetylcholine ac
tion and enhances the action of nor
adrenalin. 

The Cat Is Not a Rat 

I must point out that so far the only 
animal in which we have succeeded in 
tracing a brain circuit for a primary 
drive is the rat. The brain of the cat, 
for example, does not respond the same 
way when we inject acetylcholine into 
regions anatomically similar to those 
that stimulate thirst in the rat. Instead 
of stimulating cats to drink, these in
jections elicit anger, fear or a sleeplike 
trance. Independently, Ratll Hernandez
Peon in Mexico City has reported trac
ing in the cat's brain a sleep circuit that 
follows much the same course as the 
thirst circuit in the rat. The chemical 
that induces sleep is acetylcholine. We 
interpret this to mean that there are 
species differences in the relations be
tween specific chemicals and nerve cir
cuits, but that the general principle of 
chemical specificity of separate func
tional systems still applies. 

Whether or not our present theories 
are correct, chemical explorations of 
the brain have established at least two 
significant facts: first, that certain brain 
cells are stimulated selectively by spe
cific chemicals and, second, that drive
oriented behavior can be triggered and 
sustained by chemical means. It seems 
safe to predict that chemical stimula
tion of the brain will become an increas
ingly important tool in the investigation 
of the neurophysiological bases of be
havior. 
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MATERIALS 

EVALUATIO N 

BY IRRADIATION 

This bombardment of zinc by a 2-MeV elec
tron pulse from an HVEC Particle Acceler
ator is one way researchers study the effects 
of high energy radiation on materials needed 
for space programs. 

Researchers find HVEC Particle Acceler
ators particularly useful for both destructive 
and non-destructive analysis of materials. 

Typical examples: 

• neutron and ion activation analysis 
• wear and corrosion studies 
• radiography of rocket propellants 
• neutron and flash radiography 

All radiations from HVEC accelerators can 
be used to alter or improve the character
istics of materials for today's exotic 
technologies. 

HVEC Particle Accelerators - with their 
precisely controllable energy, intensity, and 
low energy spread with freedom of particle 
choice - are ideally suited for applied 
nuclear research. 

For more details on particle accelerators, 
write High Voltage Engineering Corpora
tion, Burlington, Mass. Subsidiaries: Elec
tronized Chemicals Corporation, offering 
contract radiation service; Ion Physics Cor
poration, providing contract research and 
development. 

� HIGH VOLTAGE 
., ENGINEE RING 

. another ne w 

technology that 

is moving forward 

-faster-with 

HVEC Particle 

Accelerators 

High Yoltage Engineering produces a complete line of particle accelerators ranging from 300-keY to 30 MeY. 
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Magnetotherrnoelectrici1y 
By passing an electric current through semimetals In the presence 

of a magnetic field it is possible to build solid-state refrigerators 

that are highly effective. They offer the basis for a new technolofjY 

The burgeoning of solid-state phys
ics in the past two decades is 
testimony to the subtle and re

markable things that can happen when 
solid materials interact with various 
forms of energy. In this period the fruit
ful interplay between solid-state theory 
on the one hand and experimental dis
coveries on the other has provided the 
basis for a host of technological ad
vances, ranging from pocket-sized radios 
to worldwide satellite communication 
systems. Many of these advances exploit 
the fact that solid-state devices can gen
erate, detect, convert, divert :md ampli
fy electromagnetic energy. Another im
portant family of solid-state devices can 
transform light or heat or sound or 
motion into electricity and vice versa. 

As the somewhat forbidding title of 
this article suggests, I shall describe 
how the flow of heat and electricity in 
certain crystalline solids-the semimetals 
-is influenced by the presence of a 
magnetic field. It has been found, in 
brief, that a magnetic field can increase 
the efficiency with which heat can be 
pumped "uphill" electronically to pro
vide refrigeration [see "The Revival of 
Thermoelectricity," by Abram F. Joffe; 
SCIENTIFIC AMERICAN, November, 
1958]. Within the past few years ther
moelectric refrigeration has found in
creasing use for the spot-cooling of 
electronic devices and is beginning to 
compete with mechanical refrigeration 
in consumer products, such as kitchen 
refrigerators and ice-cube makers (al
though this competition so far is based 
more on novelty than on economics). 

The presence of a magnetic field can 
also enhance the inverse of electronic 
refrigeration: it can enhance the con
version of heat to electricity. Conven
tional thermoelectric generators are 
finding important but limited use for 
generating small amounts of electricity 
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from heat derived from fossil fuels or 
radioactive isotopes. These generators 
also compete with solar cells, which are 
widely employed for supplying electric
ity from sunlight in space vehicles. 

In the discussion that follows I shall 
concentrate chiefly on the magnetic en
hancement of thermoelectric cooling and 
the related thermomagnetic cooling de
vices. The reason is that the magnetic 
effects to be discussed are most impor
tant at temperatures well below zero 
centigrade. Although there are frequent 
requirements for refrigeration at sub
zero temperatures, there are few oppor
tunities to generate electricity from 
sources that can sustain a heat flow at 
low temperatures. Thus the first appli
cations of magnetothermoelectricity will 
probably be for refrigeration. 

The discussion will require a definition 
of the class of materials known as 

semimetals. As the name implies, semi
metals have properties that are inter
mediate between those of metals, such 
as copper, and those of semiconductors, 
such as germanium. Metals are good 
conductors of electricity because they 
contain many free electrons, typically 
one for each atom in the crystal. Each 
electron, of course, carries one negative 
unit of electric charge. Equally impor
tant in semiconductors and semimetals 
are the carriers of positive charge known 
as holes. A hole arises when an electron 
is missing from the electronic configu
ration of certain crystalline structures. 
Such a missing electron behaves very 
much like a particle with one positive 
unit of electric charge. 

Semiconductors are poor conductors 
of electric current because they contain 
far fewer electrons (or their effective 
equivalent, holes) than metals do. Semi
metals are intermediate in conductivity 
because they have equal numbers of 

electrons and holes. These can coexist 
in semi metals because of a unique ar
rangement of the electron "energy 
bands" in these materials. 

To explain energy bands I must dis
cuss briefly a few quantum-mechanical 
concepts. In a single atom the electrons 
surrounding the nucleus are restricted 
to a set of discrete energy levels: the 
lower ones are normally occupied and 
the upper ones correspond to excited 
states of the atom. When atoms are 
bound together in a regular crystalline 
arrangement, however, the discrete 
energy levels of the individual atoms 
broaden into energy bands that the elec
trons are allowed to occupy. Between 
these bands are forbidden energy re
gions, or energy gaps [see illustration 
on page 73]. 

In a typical metal the highest occu
pied energy band (the conduction band) 
is only half-filled and the electrons in 
this band are free to move under the 
influence of an electric field. In non
metallic perfect crystals there are just 
enough electrons available to fill all 
the energy states up to the top of a 
certain band (the valence band), leaving 
no electrons to occupy the conduction 
band. If the energy gap between these 
two bands is large, the crystal is an in
sulator; it contains no free electrons in 
the conduction band, and the electrons 
in the valence band, which is complete
ly full, can carry no electric current. If 
the energy gap is small, as it is in a 
semiconductor, thermal energy in the 
crystal is sufficient to promote some 
electrons up into the conduction band, 
leaving an equal number of holes free to 
move at the top of the valence band. In 
most semiconductors a minute amount 
of impurity (say one part per billion) is 
enough to supply extra electrons to fill 
all the holes in the valence band, leaving 
only free electrons (an n-type semicon-
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SEVEN-STAGE THERMOELECTRIC REFRIGERATOR is built 

up from semiconducting couples, or arms, arranged electrically in 

series_ The couples consist of two kinds of bismuth telluride alloy: 

"p-type" and "n-type." (The significance of these types is explained 

on page 73.) When current flows through the refrigerator, heat 

is "pumped" from the top down and is removed by water flowing 

in coils at the base. When the water is at 27 degrees centigrade, 

the top plate of the refrigerator drops to -llS degrees c., for a 

difference of 145 degrees. The device, about I)� inches high, 

normally runs in a vacuum. When operated in air, it frosts as 

shown here_ It was built by John R. Madigan, George F. Boesen 

and others at the research center of the Borg-Warner Corporation. 
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ductor), or to soak up the conduction 
electrons, leaving only free holes (a 
p-type semiconductor). 

In a semimetal, instead of an energy 
gap there is a slight overlap between 
the two bands. Again there are just 
enough electrons available to fill the 
valence band, but now electrons from 
the top of the valence band spill over 
into the bottom of the conduction band. 
This leaves free holes in the valence 
band and an equal number of free elec
trons in the conduction band even at 
absolute zero, when the thermal energy 
vanishes. In a pure semimetal, such as 
bismuth, there is one electron and one 
hole for approximately every million 
atoms. What makes these electrons and 
holes in bismuth and related semimetals 
particularly interesting is their very high 
mobility, which gives rise to fairly high 
conductivity and great sensitivity to a 

magnetic field. Bismuth has only a mil
lionth as many electrons as copper, yet 
its resistivity is only 100 times higher. 

Next to bismuth, the semimetal that 
has been most extensively investigated 
is antimony. These two elements are 
similar in many ways. They are in the 
same column of the periodic table; the 
atoms of each have five outer electrons, 
with the result that they form the same 
chemical compounds, and they crystal
lize in the same form. The atoms in the 
crystal occupy essentially a cubic array 
except that one of the diagonals of the 
cube is slightly stretched. This stretch 

direction establishes an axis of three
fold symmetry just as a simple cube has 
threefold symmetry if it is viewed along 
a diagonal. The slight distortion from 
cubic symmetry gives rise to a surpris
ingly large anisotropy, with the result 
that most properties are strongly influ
enced by the orientation of the crystal. 
Bismuth and antimony can be mixed in 
any proportion and the alloys also crys
tallize in this same structure. 

In 1958 A. L. Jain, a graduate stu
dent at the University of Chicago, was 
investigating the electrical properties of 
these alloys when he observed an inter
esting phenomenon, which had been 
theoretically predicted two years earlier 
by V. Heine of the University of Cam
bridge. When a little antimony is added 
to bismuth, the alloys behave much like 
pure bismuth. "Vhen more than 5 per 
cent of antimony is added, however, the 
alloys no longer have the energy-band 
overlap characteristic of semimetals. In
stead they appear to have a small ener
gy gap, too small to be detected at room 
temperature but apparent in the elec
trical properties at very low tempera
tures (below -220 degrees C.). In al
loys containing more than 40 per cent 
antimony the gap disappears again, the 
bands overlap and the alloys resemble 
pure antimony [see top illustration on 
page 74]. 

A great deal of quantitative informa
tion is available about the nature of the 
holes and electrons in bismuth and anti-

"INFINITE CASCADE" REFRIGERATOR, shaped from a single crystal of pure hismuth, 

is a remarkahle new thermomagnetic device. A similar unit became 101 degrees C. colder 

at the thin top edge than at the base when subjected to the flow of current in a transverse 

magnetic field of 110,000 gauss. (Heat was removed from the base by a "heat sink" of 

running water near room temperature.) The device was built by T. C. Harman, J. M. 

Honig and others at the Lincoln Laboratory of the Massachusetts Institute of Technology. 
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mony. As the two are mixed together 
and the energy bands shift, what hap
pens to the properties of the electrons 
and holes in these bands? This question 
has not been fully answered, but it was 
during the search for sHch information 
that the interesting thermoelectric prop
erties of these materials were fortui
tously revealed. 

� the Bell Telephone Laboratories in 
1960 George E. Smith was prepar

ing to determine the properties of the 
electrons and holes in some of these al
loys. He began by checking the elec
trical resistance at low temperatures to 
see if his alloys behaved like Jain's. 
During these preliminary measurements 
he observed some troublesome varia
tions in voltage, which he soon identi
fied as thermoelectric effects. The cur
rent Bowing through his specimen gave 
rise to heating at one junction with the 
copper wire of the circuit and cooling 
at the other junction. This is the Peltier 
effect, discovered 130 years ago, which 
is used in thermoelectric refrigeration 
[see bottom illustrations on pages 74 
and 75]. 

Now, the inverse of the Peltier effect 
is the Seebeck effect, which is the basis 
of the thermoelectric generation of elec
tricity from heat. In Smith's sample the 
heat produced by the Peltier effect gave 
rise, in turn, to an extra voltage by the 
Seebeck effect. 

Instead of bypassing these annoying 
complications and proceeding with his 
planned experiments (which concerned 
the motions of electrons in a magnetic 
field), Smith decided to investigate what 
he recognized as surprisingly large ther
moelectric effects. He soon found that 
these bismuth-antimony alloys had high
er values of the thermoelectric "figure 
of merit" than had ever been observed 
before. 

What is this figure of merit? It is a 
combination of physical properties that 
determines how much cooling can be 
achieved in a thermoelectric refrigerator 
using the Peltier effect. This same figure 
of merit also determines how efficiently 
heat can be converted into electricity 
by the Seebeck effect [see top illustra
tion on page 76]. 

If one considers the properties that 
make a material useful for thermoelec
tric refrigeration, one finds that three 
quantities are important. The first obvi
ous requirement is that the thennoelec
tric effect must be large to achieve 
a large amount of cooling. Second, to 
m1l11mlZe the heating associated with 
the flow of electric current the elec-
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level" that can jump to the conduction band. In a p·type (for 

"positive type") semiconductor trace impurities provide an "accept� 

er level," which accepts electrons from the valence band, leaving 

behind positive "holes" (open circles). A hole acts like a particle 

with one unit of positive charge. In a semimetal the conduction 

and valence bands overlap slightly, and electrons from the top of 

the valence band spill over into the bottom of tbe conduction band. 
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BISMUTH-ANTIMONY ALLOYS have conduction bands and va

lence bands that overlap or are separated by a small forbidden 

zone, depending on composition. When bands overlap, the alloy 

behaves as a semimetal and reacts strongly to a magnetic field. 

trical resistance must be low. Finally, in 
order to build up a large temperature 
difference the material must have a low 
thermal conductivity. These three prop
erties are combined in the figure of 
merit, which is defined as the square of 
the thermoelectric power divided by the 
electrical resistivity times the thermal 
conductivity. 

What Smith observed was that cer
tain bismuth-antimony alloys, which 
had only modest figures of merit at 
room temperature, exhibited greatly 
improved properties at temperatures 
around 100 degrees Kelvin (degrees 
centigrade above absolute zero). This 
was an unexpected comeback for mate
rials that had been the best thermoelec
tric materials known until 1954 but that 
had then been displaced from favor. (As 
early as 1838 bismuth and antimony 
were used to freeze a drop of water in 
the first primitive thermoelectric refrig
erator.) The materials that supplanted 
bismuth and antimony in 1954, and that 
still exhibit the highest figures of merit 
at room temperature and above, are 

semiconductors such as lead telluride or 
bismuth telluride. 

When a current Hows in a bar of 
n-type semiconductor, the negative 
electrons carry both kinetic and poten
tial energy from the negative to the 
positive end of the material. In a p-type 
semiconductor the positive holes carry 
the two forms of energy in the opposite 
direction. If the two kinds of semicon
ductor are joined in a single device, 
a simple thermoelectric refrigerator re
sults. If current Hows through the de
vice so that electrons in the n-type ma
terial and holes in the p-type material 
both How away from the junction, en
ergy is carried away from the junction 
in both materials and it is cooled. 

One might think that no net How of 
thermal energy could be produced in a 
semimetal such as bismuth or antimony 
because it contains equal numbers of 
electrons and holes, which would carry 
energy equally in opposite directions .. 
The electrons and holes, however, do 
not have identical properties. In bis
muth and the bismuth-rich alloys the 

electrons are much more mobile than 
the holes in certain crystalline direc
tions; they predominate over the holes, 
giving these materials n-type proper
ties. In antimony and the antimony-rich 
alloys the holes predominate, so that 
these materials have p-type properties. 
Nevertheless, this electron-hole competi
tion takes its toll, and these materials 
have lower figures of merit than the best 
single-carrier semiconductors at room 
temperature. 

At lower temperatures the picture 
changes. The best available thermoelec
tric semiconductors have figures of 
merit near three per 1,000 degrees 
C. (or three units, for short) at room 
temperature, but this value drops at 
both lower and higher temperatures. 
The alloy Smith first investigated (an 
alloy containing 5 per cent antimony) 
had a figure of merit of only 1.8 units at 
room temperature when measured par
allel to the direction of threefold sym
metry, and only half this value in per
pendicular directions. But when the 
temperature was lowered to that of 

PELTIER EFFECT 
(PARALLEL-THERMOELECTRIC) 

ETTINGSHAUSEN EFFECT 
(TRANSVERSE-THERMOMAGNETIC) 

WARM COOL 

(MAGNETIC FIELD 
OPTIONAL) 

j-----' 
TEMPERATURE DIFFERENCE is produced by the Peltier and 

the Ettingshausen effects when a current is passed through certain 
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semiconductors or semimetals. The Ettingshausen effect requires 

a magnetic field; the Peltier effect can be increased by one_ 

© 1964 SCIENTIFIC AMERICAN, INC



liquid nitrogen (-196 degrees C.), the 
figure of merit rose until it was about 
five times higher than that of the best 
semiconductors. In subsequent experi
ments Smith and I found that none of 
these bismuth-antimony alloys had a 
higher figure of merit at room tempera
ture, but the alloy containing 12 per 
cent antimony reached a value of six 
units at -185 degrees C. 

The three quantities that combine in 
the figure of merit all change with tem
perature. The resultant change in the 
figure of merit is downward with tem
perature for both n-type and p-type semi
conductors. In the bismuth-antimony al
loys the electrons and holes cooperate to 
resist the forces that make semiconduc
tors less n-type or less p-type at low 
temperatures. We were able to show by 
certain theoretical arguments that the 
figure of merit must actually rise to a 
maximum near the temperature of liq
uid nitrogen. Below -50 degrees C. the 
cooperation between the electrons and 
holes in a semimetal becomes more im
portant than the competition, with the 
result that these bismuth-antimony al
loys in properly oriented single-crystal 
form are the best n-type thermoelectric 
materials known today [see top illustra
tion on page SO]. 

What happens to the thermoelectric 
figure of merit in a magnetic field? 

The thermoelectric power, resistivity 
and thermal conductivity of semicon
ductors are all affected by a magnetic 
field, but the changes are small in the 
best thermoelectric semiconductors. In 
the semimetals the changes are much 
greater. For instance, in bismuth at liq
uid-nitrogen temperature the resistance 
increases by as much as 500 times in a 
magnetic field of 15,000 gauss, which is 

readily produced by a standard labora
tory electromagnet. This large magneto
resistance effect tends to decrease the 
thermoelectric figure of merit because a 
given amount of current produces more 
heating when the resistance is increased, 
but a part of the effect is offset by a 
reduction in thermal conductivity. Ther
mal conductivity is made up of two 
components; one is the heat carried by 
the electrons and holes, the other is the 
heat carried by the vibrating atoms of 
the crystal. In these alloys in the ab
sence of a magnetic field the two com
ponents each carry about the same 
amount of heat. When a magnetic field 
is present, the amount carried by crystal 
vibrations is hardly affected, but the 
amount carried by the electrons and 
holes is greatly reduced. The crucial 
question then is; How does the thermo
electric power, the third variable in the 
thermoelectric figure of merit, change in 
a magnetic field? 

To answer this question Smith and 
I measured the properties of the same 
material (88 per cent bismuth and 12 
per cent antimony) that we had found 
to give the maximum figure of merit at 
low temperatures in the absence of a 
magnetic field. This first experiment 
turned out to be a fortunate choice. We 
found that the thermoelectric power in
creased in a properly oriented field by a 
factor of two or more. These increases 
were much larger than those usually 
observed in semiconductors, but in 
strong magnetic fields they were more 
than offset by still larger increases in 
electrical resistance. It was obvious that 
in a very strong field the increase in 
resistance would result in a greatly re
duced figure of merit. 

As our measurements soon verified, 
however, when the magnetoresistance 

effect is reduced by lowering the mag
netic field, the increase in the thermo
electric power predominates and there 
is a corresponding increase in the figure 
of merit. In other words, the figure of 
merit rises to a maximum at some inter
mediate field strength and then falls, as 
expected, in stronger fields [see illustra
tion on page S2]. The field required 
to reach this maximum rises rapidly 
with temperature. It is only 400 gauss 
at liquid-nitrogen temperature but rises 
to something higher than 17,000 gauss 
at room temperature [see bottom illus
tration on page SO]. 

The increases in the figure of merit 
were very substantial. At room tempera
ture we achieved in our maximum field 
a value of three units, comparable to 
the best commercially available semi
conductors. At lower temperatures 
smaller fields were required to give al
most a threefold increase in the figure 
of merit. The highest value recorded 
on that first specimen (and this remains 
the record in spite of many further ex
periments) was 8.6 units measured at 
100 degrees K. (-173 degrees C.) in a 

field of only 1,000 gauss. A field of this 
strength can be provided easily by a 
small permanent magnet. 

Our results on the magnetic enhance
ment of the thermoelectric figure of 
merit were first announced at a meeting 
of the American Physical Society in 
March, 1962. At that same meeting in 
a postdeadline paper a group from the 
Lockheed Research Laboratories (C. F. 
Kooi, K. F. Cuff and others) also report
ed on their measurements of the flow of 
heat and electricity in the presence of 
a magnetic field in bismuth-antimony 
alloys. They had also observed high val
ues of the figure of merit near liquid
nitrogen temperature, but there was 

SEEBECK EFFECT 
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POTENTIAL DIFFERENCE is generated by the Seebeck and the 

Nernst effects when heat is applied to certain crystalline solids, 
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notahly semi metals. The Nernst effect requires the presence of a 
magnetic field, whereas the Seebeck effect can be enhanced by one. 
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THERMOELECTRIC FIGURE OF MERIT involves the three effects that playa role in 

thermoelectric cooling. Peltier cooling (1) occurs where the wire of the electric circuit 

forms a junction with the thermoelectric material. The electrical resistivity of the material 

produces heat (Joule heating, 2), half of which flows to the cool end. Finally (3) heat flows 

from the warm to the cool end of the material, which also reduces cooling effectiveness. 
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THERMOMAGNETIC FIGURE OF MERIT involves the three effects that underlie ther· 

momagnetic cooling. Ettingshansen effect (1) is proportional to the magnetic field and 

produces a heat flow perpendicnlar to both the electric current and the field. As in thermo· 

electric cooling, Joule heating (2) and heat conduction (3) reduce temperature difference. 
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one important difference between the 
two papers. Instead of the thermoelec
tric figure of merit, the Lockheed group 
was concerned with the "thermomag
netic" equivalent. 

In our measurements, as heat flowed 
down a bar placed in a transverse mag
netic field, we observed an increased 
voltage differential between the ends of 
the bar; this was due to the magnetic 
enhancement of the Seebeck effect. In 
their case in a very similar experiment 
they observed a voltage ac1'OSS the bar, 
perpendicular to both the heat flow and 
the magnetic field. This is the Nernst 
effect, which can be used to convert 
heat into electricity in a thermomag
netic generator [see "Galvanomagnetic 
and Thermomagnetic Effects," by Stan
ley W. Angrist; SCIENTIFIC AMERICAN, 
December, 1961]. 

Just as there is a relation between the 
two thermoelectric effects (Seebeck 

and Peltier), so there is a relation be
tween the Nernst effect and the thermo
magnetic cooling phenomenon known 
as the Ettingshausen effect. Once the 
Lockheed workers had shown the 
Nernst effect in bismuth-antimony al
loys, it was clear that these alloys would 
also be useful in an Ettingshausen re
frigerator. (The bottom illustrations on 
the preceding two pages show the rela
tion of the various effects.) 

The first published suggestion that 
the Ettingshausen effect could be used 
for thermomagnetic refrigeration had 
been made four years earlier, in 1958, 
by two physicists at the University of 
Sydney, B. J. O'Brien and C. S. Wal
lace. They defined a figure of merit for 
thermomagnetic devices analogous to 
the one previously discussed, and they 
succeeded in achieving a tiny amount 
of cooling below room temperature: a 
maximum temperature drop of a quar
ter of a degree C. Five years later, by 
using a properly oriented and shaped 
crystal of a bismuth-antimony alloy, the 
Lockheed group was able to achieve a 
temperature drop of 54 degrees C. in a 
field of 15,000 gauss. This was achieved 
not at room temperature, however, but 
below a "heat sink" temperature of 
-117 degrees C. (The heat sink re
moves heat from the warm end or sur
face of a refrigerating device.) The cool
ing achieved by the Lockheed thermo
magnetic device far exceeds what has 
been achieved with thermoelectric re
frigeration at this temperature. 

Working independently during the 
past two years, other groups have also 
contributed to the theory and practice 
of thermomagnetic devices, both in this 
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THERMOELECTRIC REFRIGERATORS can provide lower tem· 

peratures if a large stage is used to cool a smaller stage; this is 

called cascading. The thermoelectric materials in these units are 

n·type and p·type semiconductors. A single.stage device (left) can 

THERMOMAGNETIC REFRIGERATORS can he built in stages 

also. A single·stage device is shown at left, a two·stage device is in 

the middle. But the greatest cooling is achieved by tapering a 

�CTRONS e� HOLES �--- 1� ....... --
" �� 

" ----

� / v: 

/' 
MECHANISM OF THERMOMAGNETIC EFFECT involves the 

magnetic deflection of electrons and holes flowing in an electric 

field. Excess electrons and holes pile up at the bottom of the bar 

and annihilate, releasing heat. At the top of the bar the crea· 

tion of electron·hole pairs absorbs heat, cooling the top surface. 
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give a maximum temperature drop of ahout 75 degrees C. A two· 

stage device (right) can produce a drop of ahout 105 degrees. The 

semiconducting elements in these devices are electrically in series. 

A photograph of a seven·stage refrigerator appears on page 71. 

single block to form an infinite cascade, as shown at the right. A 

single crystal of pure bismuth shaped in this way (see photograph 
on page 72) has yielded a temperature drop of 101 degrees C. 

----� 

MECHANISM OF MAGNETORESISTANCE helps to explain why 

intensification of a magnetic field ultimately reduces the thermo· 

electric figure of merit. As the highly mobile electrons and 

holes in a semi metal are increasingly deflected by a magnetic field, 

their forward motion declines. This raises electrical resistance. 
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country and in Britain. Most notable 
is the work of T. C. Harman and J. M. 
Honig and their associates at the Lin
coln Laboratory of the Massachusetts 
Institute of Technology. This group has 
recently achieved a remarkable result. 
They have used a heat sink near room 
temperature (running water), a mag
netic field of 110,000 gauss (supplied 
by a huge electromagnet at the National 
Magnet Laboratory) and a specimen 
current of 55 amperes. Under these con
ditions they have measured a tempera
ture drop of 101 degrees C. across a 
single crystal of pure bismuth in the 
optimum Ettingshausen configuration. 

To achieve these large amounts of 
cooling, the Lockheed and Lincoln 
Laboratory groups used another sugges
tion made in the original paper by 
O'Brien and Wallace. This is a special 
type of "cascading" that is unique to 
thermomagnetic devices. A conventional 
cascade provides a way to increase tem
perature differences by using a large 
refrigerator as a heat sink for a small 
refrigerator. This type of cascading is 
commonly used in multistage thermo
electric refrigerators. For example, a 
seven-stage thermoelectric refrigerator 
built by John R. Madigan, George F. 
Boesen and others of the Borg-Warner 
Corporation, using conventional semi
conductor materials, has achieved a 
temperature drop of 145 degrees C. 
below room temperature [see illllstra
tion on page 71]. This could be fur
ther improved by using the n-type 
bismuth-antimony alloys in a magnetic 
field as described above. A single-stage 
thermoelectric cooler, by comparison, 
gives a maximum temperature drop of 
about 75 degrees C. 

In a thermomagnetic refrigerator a 
cascade could be achieved by stacking 
small bars on top of larger bars, but 
O'Brien and Wallace suggested that this 
same effect could be achieved by taper
ing a single block. The exponential 
shaping shown in the photograph on 
page 72 is equivalent to infinite cas
cading and gives considerably greater 
cooling than a rectangular block. 

This simple trick gives thermomag
netic devices an important advantage 
over thenlloelectric devices, which can 
be cascaded only by building up a com
plex pyramid of many segments. An
other important advantage is that only 
a single type of material is required in
stead of the n-type and p-type couples 
used in thermoelectric devices. Certain 
theoretical arguments have been ad
vanced to show that the ultimate re
frigeration attainable with n-p pairs of 
thermoelectric materials is less by a fac-
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THERMOELECTRIC PERFORMANCE of the best conventional thermoelectric material, 

such as bismuth telluride (A), is compared with the performance of a bismuth-antimony 

single crystal. Curve Bl is for current flowing perpendicularly to the crystal's threefold 

axis of symmetry; curve B2 is for current flowing parallel to that axis. The two curves 

reach their maximum near the temperature of liquid nitrogen. The dark·colored band at 

right indicates room temperature, where the conventional materials are still superior. 
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MAGNETIC ENHANCEMENT of the thermoelectric effect raises the figure of merit for a 

bismuth·antimony alloy from B to C. Curve A is again the performance of the best conven· 

tional material. The magnetic.field strength required for maximum enhancement is least at 

the lowest temperature. A field of 17,000 gauss was the maximum available from a standard 

laboratory electromagnet. These studies were conducted at the Bell Telephone Laboratories. 
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tor of two or four than that attainable 
with thermomagnetic materials. These 
theories are admittedly oversimplified 
and they do not consider the magnetic 
enhancement of thermoelectric materials 
described above. Thermoelectricity is 
still very much in the running because 
no magnetic field is required at room 
temperature, and significant magnetic 
enhancement can be achieved with 
small fields at low temperatures. 

Ist us take a closer look at the move-
ment of the holes and electrons in a 

semimetal when it is used for thermo
magnetic cooling. Consider an electric 
current flowing along a horizontal bar 
of semimetal in a transverse (hori
zontal) magnetic field [see bottom illus
tration at left on page 78]. If the left 
end of the bar is at a negative potential, 
the electrons travel from left to right 
and the holes travel from right to left. 
In the magnetic field both types of car
rier are deflected by the so-called 
Lorentz force, which acts in a direction 
perpendicular to both the particle mo
tion and the field. If the field is such 
that the negative electrons are deflected 
in a clockwise direction, they acquire 
a downward velocity. The holes, with 
their positive charge, are deflected in a 

counterclockwise direction in this same 
field and are therefore deflected down
ward as well. 

Thus both electrons and holes move 
toward the bottom of the bar. (They 
carry no net current in this direction 
because they have equal and opposite 
charges.) They tend to pile up above 
their normal concentration at the bot
tom, while their numbers are depleted 
at the top. The excess electrons and 
holes recombine at the bottom, giving 
up energy in the form of heat. At the 
top the deficiency is made up by creat
ing electron-hole pairs at the expense 
of energy, which is extracted from the 
crystal in the form of heat. This extrac
tion of heat is the mechanism of Et
tingshausen cooling. 

If there is only one type of carrier 
(say electrons as in an n-type semicon
ductor), the average deflection of the 
moving electrons in the magnetic field 
is canceled by the buildup of a trans
verse electric field (known as the Hall 
effect), so that the resultant current 
flows straight along the bar. However, 
the electrons move with different veloc
ities and there is a tendency for the fast 
("hoC) electrons to be deflected in one 
direction and the slow ("cold") ones in 
the opposite direction. This gives rise to 
an Ettingshausen temperature differ
ence but one that is much smaller than 
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6 months 9f operation , we have placed only 
one service call on the LGP-21 . . .  it is more 

trouble-free than any of the other office equip
ment we have. The compact , easy-to-operate 
LGP-21 has done everything General Precision 
said it would-with substantially better features 
than other machines we considered and for 
about 60% of their cost." 
*Trademark, General Precision. Inc. 

By combining compactness and port
ability with a capacity large enough 
to meet all your computing require
ments, the lGP-21 electronic com
puter can save time and money for 
your company, too. You can buy an 
lGP-21 for only $16,250 plus card or 
paper tape input/output equipment 
or lease it under a variety of plans 
designed to fit your needs. Write 
Librascope for descriptive literature. 

G3·J1421 

LlBRASCOPE GROUP 

� @)rn:[M]rn:�£!b 
1P�rn:©��g@[M] 

COMMERCIAL COMPUTER DIVISION 
808 WESTERN AVENUE· GLENDALE 1.CAUF. 
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RECO RDERS 
Moseley, pioneer and wo rld 
leader in servo recorders, 
today offers over 40 x·y 
recorders in all  paper sizes, 
1 a n d  2 pens,  bench,  rack 
or metric models, plus wide 
l i ne of u ltra'com pact so lid 
state 5" and 10" strip chart 
recorders, for laboratory o r  
i ndustria l use. 

Model 7000A, typica l Mose
ley X·Y recorder, featu res 
n ew si lent Autogrip* elec· 
tric chart holddown, 100 
j1.v/in sensitivity, 1 megohm 
i n p u t  i m p e d a n c e  o n  a l l  
fixed and variable ranges. 
AC i nput ranges to 5 mv/i n ,  
new high ·rel iabi lity poten·-- d 
t i o m et ers, ti me swee p s  
both axes, m u lti ·scale zero 
offset; $2575. ' -

Model 7100A, typica l Mose· 
ley str ip cha rt  recorder, fea-

�tures 1 m egohm input 
pedance on a ll 10 ranges, 1 
mv s e n s i t i v i t y  full scal e 
(optiona l) , V2 second bal
a n ce time, instant chart 
speed change and quick 
paper roll change, va ria b le, 
remotely controlled "jump" 
speed, many options for 
record e r· c o n t r o l le r  u se; 
$1800. 
Write for cata log: F. L. M6se· 
ley Co. , 409 N. Fai r  Oaks 
Av. , Pasadena, Cal. 91 102 ! 

. 1 MOSELEV �j 
An affi liate of H ewlett ·Packard 
'Trad. Mark. Pat. Pend. 

9321 

the two-carrier effect that takes place in 
semimetals. 

Carrying this picture somewhat fur
ther, one can see why application of a 
magnetic field leads to large increases 
in the electrical resistivity of a semi
metal. This magnetoresistance, as it is 
called, ultimately harms both the ther
moelectric and the thermomagnetic fig
ures of merit. In a semimetal the down
ward velocity of electrons and holes 
is proportional to the magnetic field 
[see bottom illustration at right on page 
78]. Now consider the same field act
ing on this downward motion. The 
electrons are again deBected clockwise 
and the holes counterclockwise, so that 
each type is deBected along the bar, 
back in the direction from which it 
came. Since this second deBection is 
again proportional to the field, the orig
inal forward velocities of both electrons 
and holes are reduced by an amount 
proportional to the square of the mag
netic field. Since the electrons and holes 
in semimetals are highly mobile, the 
magnetic deBections are large, and the 
resultant forward motion is only a small 
fraction of that achieved when the mag
netic field is absent. Thus one can ac
count for the large magnetoresistance 
effect in semimetals. In semiconductors, 
which have only one type of carrier, the 
magnetoresistance effect is usually much 
smaller for a given field. 

Can this simple model be extended to 
explain the effects of a magnetic field 
on the thermoelectric power of a semi
metal? If the electrons and holes had 
identical properties but opposite charge, 
the resultant thermoelectric power would 
be zero (the n-type and p-type effects 
would cancel each other) and this would 
not be changed by the magnetic field. 
The difference between the two mobil
ities must be considered, but even this 
is not sufficient. The complexity of this 
problem is illustrated by some of our 
experiments on pure bismuth crystals. 
J n certain orientations as the field is 
increased the thermoelectric power in
creases, as described above. In other 
orientations the thermoelectric power 
decreases with increasing field and even 
changes sign from n-type to p-type. 

No simple model of deBected elec
trons and holes can explain all these ef
fects. One can only say intuitively that 
the large deBections due to the coopera
tion of high-mobility electrons and holes 
will result in changes much larger than 
those usually observed in semiconduc
tors. These changes can be understood 
in detail by extending the theory of the 
transport of heat and electricity in semi
metals to the case of highly anisotropic 
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MAGNE TI C  FI E LD -----o-

EFFECT OF MAGNETIC FIELD is to shift 

the three factors that enter into the thermo· 

electric figure of merit. Enhancement occurs 

until the sharp rise in electrical resistance 

offsets the gains in the other two factors. 

electrons and holes in a magnetic field. 
As this theory develops, one should be 
able to predict new magnetothermo
electric effects and to optimize the de
sirable properties of semimetals. 

What are the prospects for practical 
applications of thermomagnetic 

cooling or magnetically enhanced ther
moelectric devices? As noted earlier, 
small-scale uses have been developing 
for conventional thermoelectric gener
ators and thermoelectric refrigerators. 
Magnetothelllioelectric devices will 
have little immediate impact on these 
existing applications, but they may ex
tend the range of electronic cooling to 
lower temperatures, even below that of 
liquid air. They could also be used to 
generate electricity from the Bow of 
heat at low temperatures. 

The problem here is to allow heat to 
Bow through the device from some 
source near room temperature to a heat 
sink at a much lower temperature. Such 
a sink could be provided by a quantity 
of liquefied gas, such as the liquid oxy
gen used in rocketry or the liquid meth
ane that is transported by the shipload 
as a commercial fuel in certain parts of 
the world. The source of heat might 
be the atmosphere or a body of water. 
For example, as heat Bows from river 
water into a ship's hold to vaporize 
the cargo of liquid methane, a fraction 
of this heat could be converted into 
electricity by a magnetothermoelectric 
generator. (This can be considered the 
production of electricity from a "source" 
of cold.) There is little doubt that the 
new knowledge of semimetals will ulti
mately lead to improved methods of 
controlling and converting energy. 
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Thre e Bill ion Pe ople 

There are two hundred million people in the 

United States . There are about three billion people 

in the world- many of them in want .  

The things that drmv all of these people together 

are far more important today than the things that 

set them apart . The future of each of us- our per

sonal future, our business future, our national 

future- is now permanently and irreversibly locked 

into the future of the rest of the world . 

This philosophy is stamped on the operations of 

Celanese Corporation and its subsidiaries and affili

ates around the world . We have become an inter

national company whose headquarters happens to 

be in the United States, rather than a United States 

company that happens to be involved in foreign trade. 
Celanese® 

C �ede-
C H E M I C A L S  F I B E R S  P L A S T I C S  F O R E S T  P R O D U C T S  
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IIHhpp 
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LlHhpp 

EIGHT GENOTYPES of the flower Im.patiens balSfllnina are por

trayed here \I ith the symbols of the genes that determine their 

pigmentation. Uppercase letters signify dominant genes, lower

case letters recessive genes. Gene designated by L (or l) governs the 

IlhhPp 

IIHhPp 

LlhhPp 

LlHhPp 

production of purple pigment and that designated by H (or h) 
governs the production of red pi gment. P (or p) denotes a gene 

that regulates the amount of pigment produced. A table of the pig

ments present in the four flowers at right appears on page 86. 
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Flower Pigments 

A few closely related pigments produce the full range and gradation 

of flower colors from bright blue to rosy red. Recent investigations 

have shed light on their molecular structures and genetic origins 

T
he rich variety of colors displayed 
by flowers has presented a chal
lenge to both the chemist and the 

biologist. It has proved no easy matter 
to answer all the questions that may be 
asked. Why do the brilliant colors of the 
plant tend to be concentrated in the 
flower? Are many pigments involved or 
only a few, modified in various ways? 
How are the pigments synthesized in 
the plant? What function do they serve? 
Questions such as these have provided 
new insights into the intricacies as well 
as the beauties of nature. 

Current studies of flower pigments 
and their control by genes can be traced 
to two seemingly unrelated researches 
of about 100 years ago. One was the 
experiments of Gregor Mendel, who 
worked out the basic laws of inheritance 
in his classic studies of the garden 
pea. The other was the synthesis by a 
young English chemist, William Henry 
Perkin, of the first coal-tar dye, mauve
ine. Perkin's success inspired an inten
sive investigation of pigments, both nat
ural and synthetic. In the late 19th 
century and the early years of the 20th 
chemists such as Richard Willstatter 
and Stanislaus von Kostanecki in Ger
many and Robert and Gertrude Robin
son in Britain identified many flower 
pigments and worked out their molecu
lar structure. 

The rediscovery of Mendel's work in 
1900 stimulated research on the inher
itance of flower color. A group of genet
icists at the John Innes Horticultural In
stitution near London were early leaders 
in this field. Although many plant ge
neticists had examined the inheritance 
of flower color, Muriel Wheldale Onslow 
of the University of Cambridge was the 
first to realize that here might be a way 
to investigate the chemical events con
trolled by Mendelian factors. She rea
soned that the presence of a simple bio-

by Sarab Clevenger 

chemical substance-such as a pigment
might be correlated with a change in a 
single gene. Working in association with 
H. L. Bassett, she showed that this cor
relation did indeed exist in snapdragons, 
in spite of the fact that the identifica
tion of the pigments was incomplete. 
This work initiated the biochemical
genetic approach to the problem of 
plant pigments. It was also the first 
clear-cut demonstration of a link be
tween a single gene and a biochemical 
entity. 

Later in the 1930's Rose Scott-Mon
crieff, a student of Muriel Onslow's, not
ed certain basic patterns of inheritance 
in the course of working with genetic 
varieties of many different plant spe
cies. Building on these classic studies, 
with the advantage of new analytic 
techniques such as paper chromatog
raphy, plant biochemists and geneticists 
have in recent years learned much more 
about the nature of the pigments and 
their production by the living cell. 

Flower pigments are easily divided 
into two groups: the water-soluble 

flavonoids found in the cell vacuole, 
which give rise to red, blue and yellow 
colors, and the fat-soluble carotenoids 
located in the plastid bodies of the 
cell, which are red, orange or yellow. 
Although the carotenoids make a sub
stantial contribution to the coloring of 
flowers, this article will deal only with 
the flavonoids. These pigments have 
a basic chemical structure consisting 
of two six-carbon-atom benzene rings 
linked together by a chain of three car
bon atoms. This basic molecular struc
ture of 15 carbon atoms is sometimes 
written CG-C3-CG• 

The various groups of flavonoid pig
ments are differentiated by the level of 
oxidation of the three-carbon chain. 
Two of the more common flavonoids are 

the anthocyanins (from the Greek for 
"blue flowers"), which come in shades 
of blue, purple or red, and the flavonols 
(from the Latin for "yellow"), which are 
yellow or ivory. The anthocyan ins have 
fewer chemical variations than the 
flavonols. 

In the cells of the flower the pigment 
is usually bound to one or more units 
of sugar, which make the molecule 
more soluble in water. When the sugar 
is attached, the pigment is known as an 
anthocyanin; the pigment without the 
sugar is called an anthocyanidin. 

Six common and. seven rare antho
cyanidins have been isolated from flow
ers. The illustration on page 87 shows 
the chemical structure of the common 
ones. It will be seen that they differ in 
the number and arrangement of chemi
cal groups attached to the "B" ring of 
the molecule. This ring may carry one, 
two or three hydroxyl groups (OH). 
Occasionally a methyl group (CH3) re
places the hydrogen atom of a hydroxyl 
group. 

Cyanidin, the most common antho
cyanidin, was first isolated from Cen
taurea cyanus, the blue cornflower, 
which gave the pigment its name. Other 
anthocyanidins were similarly named. 
The red pigment pelargonidin was orig
inally found in a bright red geranium of 
the genus Pelm·gonium. The deep pur
ple pigment delphinidin was isolated 
from a member of the genus Delphinium. 
These three pigments differ from one 
another by the number of hydroxyl 
groups found on the Bring. 

Another related group of pigments 
differ in the number of methyl subunits 
on the B ring. This group includes the 
purple pigment petunidin (isolated from 
petunias), the rosy red pigment peonidin 
(found in peonies) and the mauve pig
ment malvidin (discovered in a mem
ber of the mallow family, Malvaceae). 

85 
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An increase in the number of hydroxyl 
groups on the B ring makes the pig
ment bluer, whereas an increase in 
methyl groups makes the pigment red
der. 

The wide variety of flower colors is 
due not only to the different pig

ment molecules but also to the different 
ceHular environments in which the pig
ments are found. Anthocyanins, for ex
ample, change color when they accept 
or release hydrogen ions, depending 
on the environmental conditions. In a 
slightly acid environment, which con
tains an excess of hydrogen ions, the 
pigment is reddish. As the hydrogen-ion 
concentration falls, the pigment be
comes bluish, then colorless and finally 
decomposes in a basic solution. The 
color may also change when the al1-
thocyanins form complexes with tannins 
and other pigments. Metallic ions, such 
as iron or aluminum, can also form com
plexes with the pigment to produce 
different colors. Thus a few pigments 
under a variety of environmental condi
tions are able to produce a wide spec
trum of flower colors. 

Often associated with the anthocyani
Jin pigments are the colorless com
pounds known as leucoanthocyanins. 
Only leucopelargonidin, leucocyanidin 
and leucodelphinidin occur frequently, 
and these are more often found in the 
woody portion of the plant than in the 
more highly colored portions. 

Since flower color is determined not 
only by the pigments present but also to 
some extent by the cellular environment, 
it is possible for different pigments to 
produce the same color. Although some 
pigments produce characteristic colors, 

the only sure way to identify the pig
ments present is by extraction and sep
aration. Pigments can be extracted from 
flowers with alcohol that has been slight
ly acidified to keep the pigment from 
decolorizing. The sugar groups are re
moved by boiling the pigment with di
lute acid. To this solution is then added 
a small amount of isoamyl alcohol, 
which rises to the top, carrying the pig
ment with it. 

The mixture of pigments can then be 
separated by paper chromatography. In 
this technique pigments of different 
chemical compositions migrate at differ
ent speeds when placed on absorbent pa
per and exposed to the action of solvents 
[see illustration on page 91]. During 
the first run of a chromatogram the pig
ments are spread out along one line and 
may be overlapping, which makes iden
tification difficult. After the chromato
gram has dried it is run in the second 
direction with the line of pigments along 
the bottom of the sheet. The resulting 
pattern of spots is spread over two di
mensions and is usually quite faint, but 
it can be intensified by the use of ap
propriate sprays. Several pigments fluo
resce characteristically under ultravio
let radiation, and this also aids in the 
identification. A certain amount of in
formation can be derived about an un
known anthocyanidin by comparing its 
performance in a two-dimensional chro
matogram with that of pigments of 
known configuration. Thus the isolation, 
separation and identification of flower 
pigments can be achieved with a high 
degree of accuracy. 

To determine the forms of the pig
ments as they occur naturally in the 
cell, a simple alcohol extract of the pig-

GENOTYPE I PIGMENTS I FLOWER 

FLAVONOLS 
, COLOR 

ANTHOCYANIDINS 

IIhhPp PELARGONIDIN KAMPFEROL PINK 
... --��------

IIHhPp PELARGONIDIN KAMPFEROL RED LEUCOPELARGONIDIN 
-- .. - -.-.� ... 

LlhhPp MALVIDIN KAMPFEROL PURPLE MYRICETIN 

MALVIDIN KAMPFEROL 
LlHhPp PELARGONIDIN MYRICETIN 

LEUCO PELARGON I DIN 

FLAVONOID PIGMENTS found in the petals of four genotypes of the flower Impatiens 

balsalltina include anthocyanidins (from the Greek for "blue flowers") and f1avonols 

(from the Latin for "yellow"). Anthocyanidins can color petals blue, purple or red de

pending on their chemical environment. Flavonols contribute yellow or ivory shades. 
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ments is applied to chromatography pa
per. A two-dimensional chromatogram 
of such an extract is shown on the cover 
of this issue of SCientific American. 

J\l.though it is not easy to isolate and 
identify the various plant pigments, 

it is a far more difficult problem to dis
cover how the plant produces them. 
Green plants can synthesize all organic 
compounds-both simple and complex
from a few inorganic substances. The 
metabolic pathway of any one com
pound is very hard to follow. Some suc
cess in elucidating the synthesis of the 
flavonoid pigments has, however, been 
gained by two methods, one biochemi
cal, the other genetic. 

In the first method the metabolic 
pathway is followed with the help of 
molecules labeled with radioactive car
bon atoms. Using this technique J. E. 
Watkin, E. W. Underhill and A. C. Neish 
of the National Research Council of 
Canada and others have established the 
broad outline of the biosynthetic path
way of the flavonoids. The Canadian 
group studied the formation of the fla
vonol quercetin in buckwheat. They 
found that the A and B rings of the 
molecule are synthesized by different 
pathways. Ring B and the three-carbon 
chain are formed by the condensation 
of a seven-carbon sugar with a three
carbon molecule of pyruvic acid. After 
several changes, in which one carbon 
atom is lost, the resulting product is 
phenylpyruvic acid, a CG-C3 molecule. 
This molecule then condenses with 
three molecules of acetic acid, which 
are the precursors of ring A, to yield 
the CG-C3-CG backbone of the flavo
noid pigments. 

It is not clear at what point in the 
synthesis the hydroxyl and methyl 
groups are introduced into the struc
ture. Judging from the relative distribu
tion in nature, the more primitive, or 
basic, structure carries two hydroxyl 
groups on the B ring. This form or its 
precursor is modified by the addition 
or removal of a hydroxyl group. Prob
ably one of the late steps is the ad
dition of methyl groups to form the 
methoxyl groups. Often delphinidin, 
petunidin and malvidin are present to
gether in a flower; this would be ex
pected if malvidin is formed by the 
stepwise methylation of delphinidin or 
its precursor. 

The second-the genetic-approach to 
studying pigment biosynthesis is a 
method that has been successful in elu
cidating biosynthetic processes in micro
organisms. The method involves the use 
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of mutant forms and is therefore more 
difficult to apply to higher plants, which 
have longer generation times and a 
more varied metabolism. Nevertheless, 
the method has contributed significantly 
to the knowledge of pigment synthesis. 

A genetic study of this type has been 
carried out with members of the 

genus Impatiens. The generic name of 
these plants is derived from the char
acteristic fruit, which opens violently 
when mature and in the process projects 
the seeds some distance. Because this 
can happen if the capsule is merely 
touched, the plant is known as touch
me-not in many lands and in many lan
guages. Among the members of the 
genus are the jewelweeds of eastern 
North America and the popular house 
plant often called sultana after the Sul
tan of Zanzibar, in whose country the 
plant was collected. 

A group of plant physiologists at 
Indiana University headed by Charles 
W. Hagen, Jr., has been studying the 
genetic control of the flower pigments 
of Impatiens balsamina, the common 
garden balsam. Its flowers vary in color 
from white and pastel shades to deep 
purple or bright red. The mode of in
heritance of these flower colors was de
termined several years ago by D. W. 
Davis and his co-workers at the Col
lege of William and Mary. The identi
fication of the anthocyanidin pigments 
present in the different hereditary 
strains was made recently by Ralph 
Alston and Hagen and the flavonols 
were identified by me. 

The formation of flower color in bal
sams is controlled by three separate sets 
of genes. Two genes, Land H, deter
mine the kinds of pigment produced; 
the third gene, P, determines the 
amount. One form of this third gene 
suppresses pigment production and the 
flowers are very pale. Another form of 
the gene acts as an intensifier and the 
flowers are brightly colored. 

Analysis of the petal pigments pres
ent in the various strains has provided 
some interesting correlations [see illus
tration on opposite page J. When the 
gene L is present, the flower contains 
malvidin and myricetin, a flavonol re
sembling delphinidin. Since both pig
ments carry three groups on the Bring, 
it seems that L is associated with the 
addition of the third hydroxyl group. A 
similar correlation between the gene H 
and the presence of pelargonidin and 
leucopelargonidin suggests that H is as
sociated with the formation of a single 
hydroxyl group on the B ring. Inasmuch 
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CHEMICAL STRUCTURES of the common anthocyanidin and flavonol pigments are 
variations of a basic configuration (top), in which two six·carbon-atom benzene rings (A 
and B) are linked by a smaller three-carbon·atom structure known as a heterocyclic 
ring. What distinguishes the anthocyanidins from the flavonols is the level of oxidation 
of the heterocyclic ring; the flavonols have a donbly bonded oxygen atom there. Dif· 
ferences in hues within each family depend mainly on groups of atoms attached to the 
B ring. The pigments produced by the addition of one, two and three hydroxyl groups 
(OH) to certain positions on the B ring are shown at bottom. If a methyl group (CH3) 
were substituted for the hydrogen atom in the hydroxyl group indicated by an asterisk, 
the result would be a rosy red pigment called peonidin. A similar methyl substitution at the 
double asterisk would produce petunidin and at the double and triple asterisks malvidin. 
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as the synthesis of anthocyanidins, £Ia
vonols and leucoanthocyanins are all 
affected by the two genes, it is probable 
that these compounds are synthesized 
along similar pathways. The pigmented 
sepals contain a different complement of 
pigments from that found in the petals. 

In order to study pigment develop
ment under more uniform conditions 
than those found in the greenhouse, 
Attila O. Klein of the Indiana group 
developed a method of growing de
tached petals in a nutrient culture solu
tion. Light is needed both for the pro-
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BASIC STRUCTURE 

duction of the anthocyanins and the 
expansion of the petals. One unexpected 
result of this work revealed that the 
petals in culture are able to synthesize 
certain pigments (cyanidin, peonidin 
and quercetin) that are normally found 
in the colored sepals of these strains but 

PIGMENTS MAY BE SYNTHESIZED in the flower at different 
stages along a multibranched, metabolic pathway as successive 
variations are introduced to the hasic flavonoid molecule (top). 
One branch leads to the formation of the anthocyanidins, pos-

sibly by way of the colorless leucoanthocyanins (broken arrow). 
Other branches lead to the flavonols and other flavonoids. Slight 
chemical variations among the flavonoid pigments contribute to 
the full spectrum of colors displayed hy the world of flowers. 
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Up until now most satellites cost millions to produce. 

This ITT-built satellite is an 
exception. It carries a price tag 
of well under $250 thousand. 

The U.S. now has a relatively 
inexpensive space vehicle with 
many potential uses. It could be 
designed for communications, or 
any number of scientific 
experiments like the measuring of 
radiation in the atmosphere; it 
can be used for pinpointing 
locations on earth. In fact, that's 
what it is doing at this moment. 
All 40 pounds of it is circling the 
earth about every hour and 40 
minutes at an altitude of 600 
miles. It was successfully orbited 
early this year by the U.S. Air 
Force Space System Division as 

part of an overall program of 
geodetic measurement, managed 
by the U.S. Army. 

Working in conjunction with four 
ground stations, the new satellite's 
job is to receive and retransmit 
radio signals which permit 
determination of accurate data on 
the exact positions of continents, 
islands and other landmarks. It will 
eventually help eliminate the 
margin of error that now exists in 
cartographic computations. 

The uses of this new space vehicle 
are limited only by the imagination 
and inventiveness of its users. It 
has nowhere to go but up in this 
booming age of space technology. 
This is another of the advances 
made by ITT scientists and 
engineers who are active in 
virtually every area of U.S. Space 
and Defense programs-from 

microcircuit packaging to the 
management of missile 
ranges covering thousands of 
square miles. 

ITT is the world's largest 
international supplier of electronic 
and telecommunication 
equipment. Facilities in 49 nations 
doing business in 115 countries 
and employing 179,000 people. 

International Telephone and 
Telegraph Corporation. World 
Headquarters: 320 Park Avenue, 
New York, New York 10022. 
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One of" series briefly Ilescril,ing G�I's resl!arch in delltl, 

The Curious Crystallography of Fatigue 

Ever bend a paper clip back and forth till it breaks? 

That's metal fatigue, a problem important to 

those who work with materials and one just beginning 

to be understood at the atomic level. Unfortunately, 

there is still no generally accepted explanation as to why 

repeated loading on a part leads to the formation 

of fatigue cracks and eventual failure. 

By stressing copper single crystals in cyclic torsion, 

physicists at the General Motors Research 

Laboratories are acquiring information that may help 

fill this gap. For instance, they have been able to 

relate fissure development to crystal orientation -and 

the type of surface deformation to the amplitude 
of cyclic strain. 

In developing a theory of fatigue, they have found 

that a fundamental distinction must be made between 

cycling at high and low strain amplitudes. In the 

hardening range of the fatigue curve (high amplitude), 

the crystal fractures in an irregular manner. In the 

true fatigue range (low amplitude), the fracture follows 

roughly the crystal's slip planes. 

This basic research may eventually make it possible to 

predict the fatigue properties of an alloy from a 

knowledge of its microstructure. It's another example of 
the "research in depth" approach used by General 

Motors scientists and engineers to make things better. 

General Motors Research Laboratories 
Warren, Michigan 

B 

] L-=�T�,u e� F �a"�'9u�e R�ang�e� Cycles to Failure 
Note ditrerences in two fractured single 
crystals of copper-identically oriented 
but fatigued at different amplitudes. 

© 1964 SCIENTIFIC AMERICAN, INC



PIGMENTS ARE ANALYZED by a technique known as paper 
chromatography. A solution of alcohol and dilute mineral acid 
containing several pi gments from one flower is spotted on the 
corner of a sheet of paper (left). The paper is then hung from a 
trough that contains a solvent (right). As the solvent travels down 
the paper (darker area at top) different pigments will be de· 

posited at different distances from the point of origin, depend. 
ing ou their chemical structure. The pigments can be further 
separated by rehanging the paper from its edge and using a dif· 
ferent solvent. The solution can also be made to ascend the pa
per from a trough of solvent at the bottom; the chromatogram 
on the cover was made by a combination of the two methods. 

not usually in the petals. This is further 
evidence that the action of a gene de
pends on the chemical, physical and 
genetic environment in which it acts. 
The cells of the cultured petals are able 
to produce substances that intact petals 
normally do not synthesize. 

By pooling such information from var-
ious laboratories, one can speculate 

concerning the possible pathway for 
the synthesis of the flavonoid pigments 
-a multibranched pathway leading to 
many variations of the basic C6-C3-Ca 
skeleton. One branch leads to the forma
tion of the anthocyanidins, perhaps by 
way of the colorless leucoanthocyanins. 
Other branches lead to other flavonoids, 
such as the chalcones, the flavonols and 
the aurones. The differences between 
these various groups are slight; they in
volve the level of oxidation of the three
carbon chain and the number, kind and 
position of additional groups. Yet these 
slight variations contribute to the full 
spectrum of colors displayed by the 
plant world. 

The comparison of the pigment com
plement present in different species of 
the same genus gives valuable informa
tion concerning the evolution of species 
within the genus as well as about the 
genetic control of pigment synthesis. 
Within any genus the differences be
tween species have evolved gradually 

over the years through mutation and 
selection of genes. Undoubtedly some 
of these genetic changes have affected 
the synthesis of pigments. Consequently 
a comparison of the pigments in closely 
related species should shed light on the 
fine-scale evolution of pigment synthesis. 

The genus Impatiens is well suited to 
such a study because it contains a great 
many species with a wide variety of 
flower colors. The greatest number of 
species are found in the tropical areas 
of the Eastern Hemisphere. Two some
what similar plants I have investigated 
provide an excellent illustration of the 
possibilities offered by the comparative 
study of pigments. Both plants are na
tive to Indonesia. Impatiens platypetala, 
found in Java and Sumatra, has large, 
showy magenta flowers. On the nearby 
island of Celebes grows an Impatiens 
with bright yellow-orange flowers. Be
cause the two plants are so similar some 
taxonomists consider the second to be a 
variety of the first and call it I. platy
petala var. attmntiaca. Others maintain 
that the second is a separate species and 
should be recognized as I. attrantiaca. 

An analysis of the flower pigments 
strengthens the second viewpoint. The 
magenta petals of I. platypetala contain 
mainly malvidin, but the orange flowers 
of I. attrantiaca contain an apparently 
unrelated anthocyanidin not preViously 
found in nature. The structure of the 

new pigment, called aurantinidin, is 
now being worked out by J. B. Har
borne of the John Innes Institute. The 
pigment seems to resemble another rare 
anthocyanidin called luteolinidin. Since 
the two groups of plants synthesize 
such widely differing pigments, it seems 
unlikely that they are closely related, 
and so one can conclude that their re
semblance is superficial rather than fun
damental. A mixture of pigments from 
the flowers of these twa species was 
used to make the chromatogram shown 
on the cover. 

So far only a small percentage of the 
known species of the genus Impatiens 
has been analyzed. Cyanidin and malvi
din are the most common pigments in 
the petals; cyanidin is the most common 
in the sepals and stems. From a mor
phological point of view one would ex
pect the petal to be more highly evolved 
than the sepal, and sepals, in turn, to 
be more complex than the stem. It ap
pears that this ordering may also be 
true for the pigments if one assumes 
that the nonmethylated pigments are 
the more primitive and the methylated 
pigments the more elaborate. 

This suggests that the biosynthetic 
sequence leading to the production of 
anthocyanidins, at least as far as the B 
ring is concerned, proceeds as follows: 
first, two hydroxyl groups are added as 
in cyanidin, then a third as in delphini-
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din; finally stepwise methylation pro
duces first petunidin, then malvidin. At 
times methylated pigments appear with 
small amounts of their unmethylated 
counterparts, indicating that such a 
stepwise procedure is plausible. These 
separate steps appear to be under the 
control of different genes; the pigment 
produced in any given cell depends on 
whether a particular gene functions or 
is prevented from functioning. 

In spite of the abundance of the flavo-
noids in nature, they represent an 

unresolved area of plant metabolism. 
One of the more important unanswered 
questions about anthocyanins in partic
ular and flavonoids in general concerns 
their function in the living plant. Many 
roles in metabolism have been postu
lated but none has actually been shown 
to obtain in the plant. These substances 
may be end products of metabolism 
that gradually build up in the cell; they 
may act as agents of oxidation and re
duction; they may be waste products 
that serve little or no use, or perhaps 
they act as antifungal agents. 

Undoubtedly one of the functions of 
the pigments in the flowers is to attract 
the pollinating agents. Although it is 

PELARGONIDIN (4) 

quite clear that Bower pigments do per
form this function, it is probably a 
function that developed only secondar
ily; anthocyanins are found in plants 
that are not dependent on attracting 
pollinating agents. Bright red and red
orange flowers, particularly prevalent in 
the Tropics, attract birds. Bees favor 
yellow and blue flowers. Day-flying but
terflies pollinate brightly colored Bow
ers, whereas their night-flying counter
parts, the moths, choose the white or 
pale flowers, which are more noticeable 
during the poorly lighted hours. In ad
dition to attracting pollinators by the 
conspicuousness of their coloring, most 
flowers have streaks, dots or lines known 
as pollen guides to help orient the 
alighting visitor in search of nectar. 

Since Bower pigments are so widely 
distributed, one feels that they must 
have other important functional roles. 
With the wide appeal that this subject 
has for plant physiologists, geneticists, 
biochemists and taxonomists, it is cer
tain that a great deal of new informa
tion on the subject of flower pigments 
will be produced in the next few years. 
However one looks at these pigments, 
they are a most attractive subject for 
investigation. 

(4) 

PETUNIDIN (5) 

DELPHINIDIN (6) 

TWO·DIMENSIONAL PAPER CHROMATOGRAM, similar to the one on the cover, is 
made by first hanging the spotted paper and allowing the solution containing the pig
ments to descend; an edge is then placed in a different solvent and the solution ascends. 
In this schematic drawing the general areas in which the various anthocyanidin pig
ments are deposited are indicated. The number in parentheses after the name of each 
pigment denotes the number of free hydroxyl groups on a molecule of that pigment. 
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United One-Class Red Carpet jets 

give businessmen 

a first-class feeling of comfort 

... at a price that's close to coach 

No more cramped, crowded coach sections 

for businessmen! Not when you fly United's 

One-Class Red Carpet jets (more than a 

million and a half travelers already have). 

Instead, you'll find cabin interiors are spa

cious and tastefully decorated in relaxing 

color combinations. 

Seats are deep, wide and comfortable (to 

assure this, United conducted extensive seat 

pretesting with customers). 

Add a choice of beverage plus a delicious 

meal prepared in United's own flight kitchens. 

Then you know why 95% of the top 600 com

panies that formerly had "coach only" policies 

now approve One-Class Red Carpet jet service 

for business trips. What better proof that it's 
the best value in air travel today? 

Next trip, choose a One-Class Red Carpet 

jet. And bring your wife on United's One-Class 
Family Plan. 

7 n 1 
UNITED 

i® 
THE NATlON'S LARGEST AIRlINE 

KNOWN FOR EXTRA CARE 

United's One-Class Red Carpet Jets-the Smart New Way to Travel 
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VISUAL SEARCH 

The cognItive operations involved in looking for a face In a crowd 

or a word in a list can be studied by timing the scannIng process. 

Apparently many such operations can be carried out sinlultaneously 

O
ne of the faces in the crowd at the 
top of the opposite page is that 
of John F. Kennedy, watching a 

football game shortly before his inaugu
ration. Most people find it easy to sin
gle him out by scanning the photograph 
quickly, with scarcely a glance at the 
other faces. We perform such searching 
and scanning operations many times a 
day, for example in looking up the tele
phone number of a Mr. Smith who lives 
on Fifteenth Street. There are a lot of 
Smiths, but it does not take long to skim 
down the column to the correct address; 
the irrelevant addresses are passed over 
so quickly that they seem blurred. In a 
sense they are not seen at all. In much 
the same way one sees, but does not see, 
dozens of hurrying figures when trying 
to locate a friend in a busy air terminal. 
And yet the context-the unfamiliar 
travelers, the wrong addresses, the 

104 
493 
762 
288 
844 
126 
925 
417 
338 
500 
675 
313 

SEARCH TASK here is to find the one 

three-digit number that is a multiple of 7. 
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by Ulric Neisser 

crowd of faces surrounding Mr. Ken
nedy-must surely be examined if the 
search is to succeed. The scanner must 
extract enough information from the 
elements of the context to make sure, or 
at least to suggest, that they lack the 
properties that define the object of his 
search. So in a sense the context is seen. 
There are evidently intermediate stages 
of perception; it is not a case of "now 
you see it" or "now you don't" but of 
something in between. 

The complexity of the cognitive proc
esses operating at these stages depends 
on the nature of the target and the field. 
In one extreme case the field is empty 
except for the target; elementary visual 
mechanisms for distinguishing contrast 
and contour suffice to locate the para
chutist against a cloudy sky in the il
lustration at the bottom of the oppo
site page. The column of numbers on 
this page, however, represents a very 
different task: the search is for the 
one number in the list that is a multiple 
of 7, and in this case the analysis re
quired is far more than visual. It does 
begin with elementary discriminations 
of lines and curves that form a pat
tern, but it goes on to interpret those 
patterns as numbers and then to sub
ject the numbers to a rather advanced 
symbolic process. The search for Mr. 
Smith's telephone number is at an in
termediate level of complexity, some
where between "seeing" and "l>eading." 
The information in the wrong addresses 
need not be processed fully; the visual 
pattern of the street names penetrates 
the nervous system only far enough 
so that some subsystem sensitive to 
"Fifteenth Street" can have an oppor
tunity to react. 

Perceptual analysis, then, has many 
levels. It seems to be carried out by 
a multitude of separate mechanisms ar-

ranged in a hierarchy, the more complex 
mechanisms receiving as their input the 
information that has been assimilated 
and predigested by more elementary 
ones. 

My associates and I have been inter-
ested in visual search as a tool with 

which to investigate this hierarchy of 
information-processing operations. We 
have studied processes at the level of tel
ephone-directory search: at the bound
ary between perception and thought. 
(Our experiments have been conducted 
at the Lincoln Laboratory of the Massa
chusetts Institute of Technology, at 
Brandeis University and at Harvard Uni
versity's Center for Cognitive Studies, 
with support from the National Science 
Foundation.) By timing people as they 
scan lists of letters or words in search of 
specified targets, we hope to learn some
thing about the various visual and cog
nitive processes involved and about how 
they are organized and interrelated. To 
the extent that these processes are a 
form of thinking, what we measure is 
perhaps an approximation of "the speed 
of thought." 

We ask a person to scan a list, usually 
consisting of 50 items, to find a specified 
"critical item," or target. The lists are 
generated by a computer; each item is 
a group of letters, a group of letters 
and digits or a word, all drawn at ran
dom from a pool of items with the de
sired characteristics. In the simplest 
condition the critical item is a letter, 
for example K in the list at the left 
in the illustration on page 96. The 
subject peers through a window into a 
box within which the experimenter posi
tions a list. When the subject is ready 
to begin scanning, he turns a switch to 
illuminate the list and start an elec
tric timer. He scans the list until he 
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A FAMOUS SPECTATOR at the Orange Bowl football game on 

January 2, 1961, was President·elect John F. Kennedy. The reader 

LONE PARACHUTIST can be discovered very quickly against a 

cloudy but featureless sky in this photograph. Elementary visual 

should have little trouble finding him but will be hard put to 

explain how that one face can be identified among so many. 

mechanisms are all that are required in searching for any target, 
even a small one, that is in strong contrast to its background. 
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E H YP 

SWIQ 

U F CJ 

WBYH 

OGTX 

GWVX 

TWLN 

XJB U  

U D X  I 

H S F P  

XSCQ 

S DJU 

PODC 

ZVBP 

P E V Z  

SLR A 

JC E N  

ZL R D  

XBOD 

PHMU 

Z H FK 

PNJW 

CQXT 

GHNR 

I X Y  D 

QSVB 

GUCH 

OWBN 

BVQN 

FOAS 

I T  Z N 

VYL D 

L R Y Z  

I J X E 

R B O E  

DVUS 

B I A J 

E S G  F 

Q G Z I  

ZWNE 

QBVC 

VARP 

L R P A  

S G H L  

MVRJ 

GADB 

P C M E  

ZODW 

H DBR 

BVD Z  

ZVMLBQ 

HSQJMF 

ZT JVQR 

RDQTFM 

TQVRSX 

MSVRQX 

ZHQBTL 

ZJTQXL 

LHQVXM 

FVQHMS 

MTSDQL 

TZDFQB 

QLHBMZ 

QMXBJD 

RVZHSQ 

STFMQZ 

RVXSQM 

MQBJFT 

MVZXLQ 

RTBXQH 

BLQSZX 

QSVFDJ 

FLDVZT 

BQHMDX 

BMFDQH 

QHLJZT 

TQSHRL 

BMQHZJ 

R TBJZQ 

FQDLXH 

XJHSVQ 

MZRJDQ 

XVQRMB 

QMXLSD 

DSZHQR 

FJQSMV 

RSBMDQ 

LBMQFX 

FDMVQJ 

HQZTXB 

VBQSRF 

QHSVDZ 

HVQBFL 

HSRQZV 

DQVXFB 

RXJQSM 

MQZFVD 

ZJ LRTQ 

SHMVTQ 

QXFBRJ 

THE LETTER K is the target in the list at left, and the "critical item" is the one that 

includes it. A more difficult task is a search for an item that does not include a specified 

letter. In the list at right, for example, there is only one item that does not include a Q. 
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finds the target, then turns the switch 
again to stop the clock, and the experi
menter records the total time required 
for the search. 

Not all this time, to be sure, is needed 
for perceptual analysis of the items 
through which a person is searching. 
He may need some time to get started, 
and he certainly needs time to execute 
the response that stops the clock. This 
complication is dealt with by having 
him scan a number of lists, in each of 
which the K is in an unpredictably dif
ferent place. The additional time needed 
to find a K that is in the 31st line rather 
than in the 21st can be ascribed en
tirely to the visual analysis of the in
tervening 10 lines. 

Now, if some fixed amount of time is 
needed for the analysis of each line, 
the overall duration of the search will 
vary as a linear function of the number 
of lines involved, that is, of the actual 
position of the target in the list. And in 
fact, when position is plotted against 
time, the points are almost invariably 
fitted well by a straight line. The graph 
at the top of the opposite page is typical 
of thousands we have obtained. The 
most important information to be read 
from such a line is its slope, which indi
cates the increase in search time required 
for each additional line scanned. This 
time per item, then, measures decision 
time uncontaminated by reaction time; 
it seems to represent a relatively direct 
measure of the time used in perceptual 
analysis. 

The speed with which a person scans 
tends to decrease dramatically during 
the course of a long experiment. On 
the first day his graph may indicate 
that he is using more than a second to 
process each line, but after two weeks 
of practice his time per item may well 
be only a tenth as long. Most subjects 
stabilize at about 10 lines per second 
with targets such as K and a list such 
as the one illustrated. This suggests, 
plausibly enough, that most people do 
not enter the experiment with ready
made perceptual hierarchies for finding 
K's efficiently. They acquire-or perhaps 
one should say that they "construct"-a 
recognition system in the course of 
practice. 

With repeated scans they discover 
the perceptual operations that seem to 
be minimally sufficient for the problem. 
For example, some may find techniques 
that enable them to examine several 
lines at once, whereas at first they had 
fixated each item separately and suc
cessively. For some perhaps a recheck
ing procedure, involving frequent re-
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gressions to preceding lines, seems 
indispensable at first and is dispensed 
with later. Certainly the operations on 
which a subject eventually settles, and 
the manner in which he comes to adopt 
them, depend on many variables. 

�though this kind of perceptual learn-
ing is of great theoretical interest, 

its course seems to be somewhat differ
ent in each subject and we have so far 
found no satisfactory way to study it. 
Our chief interest, therefore, has been 
in the kind of pattern analysis estab
lished after long practice. The first 
question to be asked about the modes 
of analysis used by experienced sub
jects concerns their thoroughness. Does 
the subject "identify" each letter to de
termine if it is a K? The answer is al
most certainly that he does not. OUf 
conviction on this point arises partly 
from our volunteers' reports that the 
letters are "not seen" or are "only a 
blur," but even more from theoretical 
considerations and a further experiment. 

The fact is that letter identification 
is not necessary for finding a K. The 
analysis of each line need go only far 
enough to detect some of the distinc
tive features that, in various overlap
ping and probabilistic combinations, 
determine particular letters. These fea
tures must be characteristics of the 
given visual configuration: things like 
particular angles, open spaces, paral
lel lines, locations of the geometric cen
ter of gravity and so on. Rudimentary 
visual processes that precede the iden
tification of letters suffice to detect such 
features. (The relation of the target's 
configuration to that of the context 
plays an important role [see illustration 
at right]. Operations that suffice to dis
tinguish a Z from a set of rounded let
ters cannot be relied on in a context of 
angular letters. The more extensive op
erations needed in the latter case take 
more time.) 

Some combination of feature-detec
tors is presumably sufficient to penetrate 
the nervous system far enough to stimu
late activity in some subsystem sensi
tive to the letter that is sought. Other 
combinations can activate other letters, 
but in a one-letter search only one sys
tem need be allowed to proceed; activity 
can be suppressed for all other charac
ters, so that throughout the scan nothing 
takes place at the level of letter identi
fication until the target letter appears. 

Such an interpretation of the scan
ning process suggested that a search 
that actually required the subject to 
identify letters in each line would be 

UJ 
o 
z 
o � 20 - . ... ---- -- --.-.... -_ ..... 

� 
w 
2 
I-

10 

I °0L--------�10----------�20�-------�3�0---------40·---------�5'0 
POSITION OF CRITICAL ITEM (LINE) 

DURATION OF SEARCH varies directly with the position of the critical item in the 

list, as shown by this graph in which position is plotted against time. The data used 

here were for a search by an inexperienced subject whose time per item was .62 second. 

ODUGQR 

QCDUGO 

CQOGRD 

QUGCDR 

URDGQO 

GRUQDO 

DUZGRO 

UCGROD 

DQRCGU 

QDOCGU 

CGUROQ 

OCDURQ 

UOCGQD 

RGQCOU 

GRUDQO 

GODUCQ 

QCURDO 

DUCOQG 

CGRDQU 

UDRCOQ 

GQCORU 

GOQUCD 

GDQUOC 

URDCGO 

GODRQC 

IVMXEW 

EWVMIX 

EXWMVI 

IXEMWV 

VXWEMI 

MXVEWI 

XVWMEI 

MWXVIE 

VIMEXW 

EXVWIM 

VWMIEX 

VMWIEX 

XVWMEI 

WXVEMI 

XMEWIV 

MXIVEW 

VEWMIX 

EMVXWI 

IVWMEX 

IEVMWX 

WVZMXE 

XEMIWV 

WXIMEV 

EMWIVX 

IVEMXW 

CONTEXT affects the speed of a search. The letter Z is seen more easily against a back· 

ground of generally round letters (left) than in a context of straight lines (right). 
Subjects found the Z twice as quickly in the "round" contexts as in the "angular" ones. 
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Q G17N I 

Y6C1SR 

J S I T06 

6GJX5 R 

1JCNS Y 

I V CYSJ 

T RYSJ1 

OSQR5V 

S5JWV6 

5TVCWX 

Q 1 7 J.5 Y 

T X C I5J 

60V1WT 

RJ1C05 

VYCJIX 

IY5WVX 

WV51JT 

7WOYGJ 

NQC3R1 

17 W 6J3 

5 T J73C 

711T Q 3  

CXTS07 

T X5 V73 

YBV60J 

�BO NJI 

CJ7WRT 

17WRJ6 

YGT1VJ 

IGVTQO 

3SJT05 

OXG3W5 

Y G T315 

P03SJT 

BSTYGO 

X1NRWB 

WSCQXY 

V 711G B 

R SWX17 

S0651R 

3G O R I V  

N Y17R Q  

YG1S3B 

S17NY B  

O V  BQI5 

V5WG3B 

T5NYW6 

R7GBJY 

5RSTQG 

B 36Q I N  

JEWELS 

ACTUAL 

OWN 

TUNICS 

CLUES 

WILES 

PORTS 

RAGED 

SOON 

PHOTOS 

GATES 

SOURED 

PORTLY 

AERIAL 

QUITS 

UNDUE 

COMA 

DRAWL 

NASTY 

DOPE 

CREEPS 

SODA 

SNEEZE 

LAMB 

PUTS 

MIMIC 

SURETY 

FIGS 

SANG 

CHERUB 

ENTRY 

VEERED 

RIFLED 

THE 

SAND 

LISTEN 

TREAD 

SIZES 

SCION 

TUG 

DAMPLY 

YORE 

OFFICE 

ALLOWS 

JUICY 

GAVEL 

ELATED 

CHANGE 

MOLDY 

NIPPY 

TEN·TARGET SEARCH involved lists such as the one at left, in which the subject must 

find A, F, K, U, 9, H, M, P, Z or 4. (The target happens to be P.) The critical item in the 

list at right is defined in terms of its meaning: the task is to find the name of an animaL 
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much slower than the search for a given 
letter. Such a task is exemplified at the 
right in the illustration on page 96, 
where the problem is to find a line 
that does not contain a Q. Indeed, even 
with extensive practice our volunteers 
never attain speeds greater than four 
to five lines per second in such "in
vetted searches." This finding confirms 
the view that there are distinguishable 
levels of pattern analysis, and that more 
thorough analyses require more time. 

One of the questions we have been 
most anxious to investigate is the man
ner in which the several operations that 
must go on at a single level of the 
hierarchy are conducted-for example 
detection of the various distinctive fea
tures contributing to letter identifica
tion. Are these IUdimentary operations 
carried out simultaneously or one at a 
time? The question can be put to the 
test by requiring the subject to look for 
several targets at once. 

For instance, he can be presented 
with a list and asked to find either a Q 
or a K without being told which of these 
the list actually contains. Whatever pat
tern analysis the subject may employ 
during such a scan, it must surely be 
more complex than the minimal system 
needed for K alone. A simple assump
tion would be that the search for K and 
the search for Q proceed independently, 
in which case hunting for both Q and K 
would involve all the features needed 
for finding Q in addition to all those 
for K. Probably this is too simple and 
one should think of the joint task as re
quiring only a few more components 
than either problem alone. 

In any case, the question is whether 
or not searching for two targets takes 
more time than searching for only one. 
An increase in time would be consistent 
with a hypothesis that the operations are 
carried out in sequence, each awaiting 
the outcome of earlier ones. On the other 
hand, if more operations can be per
formed without an increase in time, the 
system is at least partially parallel; at 
some level a number of "decisions" can 
be made at once. 

We began our experiments on this 
point rather timidly, with only two al
ternative targets. \'Ve were surprised to 
find that from the very beginning of 
practice our subjects searl!hed as rapidly 
for either of two targets as for one 
alone. Thus encouraged, we decided to 
try four targets: H, M, Q and Z. Our 
subjects were first trained to search for 
one or another of these letters individu
ally. Then they were introduced to sev
eral problems involVing two letters, such 
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as H and M. For a day or two the sub
jects scanned more slowly in the dou
ble searches than in the well-practiced 
single ones, but soon the difference dis
appeared. At thli!t point we introduced 
lists that might contain any one of the 
four target letters. To our surprise the 
fourfold search was soon going about 
as rapidly as the others! 

The information processes that detect 
these four letters cannot be entirely 
identical, so the multiple search must 
involve at least some additional opera
tions that are not necessary in looking 
for, say, the single letter Z. Our results 
seemed to show that these extra proc
esses take no extra time and so must be 
simultaneous with some of the Z opera
tions. It is true that the multiple scan is 
basically different from the single one 
and not simply an addition to it. Even 
from this point of view, however, the 
difference is one of complexity, and one 
would expect the more complex multi
ple analysis to take more time. If it does 
not take more time, the extra informa
tion in it must be flowing in parallel 
rather than in increased depth. 

There was still a possibility, of course, 
that the fourfold scan is indeed slow

er than the single ones, but only by an 
amount too small for detection by our 
methods. One way to investigate this 
possibility was to add more targets to 
the search. We therefore decided to find 
out if our subjects could look for 10 
targets as quickly as for one. We had 
an additional theoretical reason for 
studying such a broad search. It is well 
known that most people cannot hold 
more than about seven items in their 
immediate memory, and also that they 
usually fail at certain tasks involving 
judgment if there are more than about 
seven categories [see "Information and 
Memory," by George A. Miller; SCIEN
TIFIC AMERICAN, August, 1956]. These 
tasks are all rather complex, however, 
and we wanted to see whether or not 
a similar limitation would apply to 
scanning. 

In the lO-target experiment we did 
not delay the introduction of the com
plex conditions until the subjects had 
mastered the simple ones. From the out
set they worked on four kinds of search. 
Although only one kind of search was 
conducted on a given list, all four kinds 
had to be done during every experi
mental session. The four tasks were to 
search for a K; to search for one of the 
five characters A, F, K, U or 9; to search 
for H, M, P, Z or 4; to search for any 
one of the 10 letters and numbers de-

fined in the other conditions. To find 
out what unpracticed subjects are up 
against in the 10-target condition, the 
reader can scan the list at the left in the 
illustration on the opposite page. 

Understandably the subjects began 
by scanning much more quickly in the 
single-target condition than in the oth
ers. Practice, however, brought particu
larly rapid improvement in the ability 
to search for multiple targets. After 
about two weeks our volunteers were 
scanning with equal speed under all 
conditions, and they continued to do so 
until the end of the experiment. The 
convergence of their performance rec
ords is shown in the illustration below. 
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At the end of the experiment everyone 
was scanning lists at the rate of about 
10 lines a second. 

On the last two days the set of irrele
vant letters from which the lists were 
generated was changed somewhat: 
three new letters sometimes appeared 
in the context. The change was not 
even noticed by the subjects and it 
made no difference in their scanning 
efficiency. This provides additional evi
dence that a searcher does not identify 
the irrelevant letters as he scans a list. 

These data leave little doubt that vi
sual search can involve a multiplicity of 
processes carried out together. At first 
thought such a finding seems surpris-

AFKU9HMPZ4 
AFKU9 
HMPZ4 
K 

1 3 5 9 11 13 15 17 

EXPERIMENTAL DAY 

19 21 23 25 27 

MULTIPLE TARGETS could, with practice, he found just as quickly as a single target. 

The experiment charted here had four conditions, requiring searches for one, five or 10 

targets at once. Each point plotted here is the mean time per item for six volunteers. 
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ing. Everyone is familiar with the con
fusion that results from trying to think 
about two things at the same time or 
from folloWing two conversations. In
deed, a well-established body of re
search confilms the everyday experi
ence that several tasks cannot be carried 
out at the same time without loss of 
efficiency. The apparent contradiction 
between these results and our own can 
be resolved by considering the rela
tively low level of the cognitive analy
sis involved in scanning; restrictions 

that apply to complex decision proc
esses may not be effective for elemen
tary visual operations. 

From another point of view the si
multaneity of simple visual processes 
is not at all surprising. Work with elec
tronic information-handling systems has 
already suggested that parallel systems 
are preferable to serial ones for a wide 
class of problems. Investigation of me
chanical pattern recognition, and espe
cially the programing of computers 
to identify printed or handwritten let-

SUBJECT (foreground) sits at a viewing box in which the experimenter inserts lists. The 

subject turns a switch to illuminate a list and at the same time start a timer. On finding 

the target the subject stops the clock and the experimenter records the duration of search. 
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ters, has shown that parallel organiza
tion is particularly effective in tasks in 
which the defining criteria are initially 
vague and must be "learned" [see "Pat
tern Recognition by Machine," by Oli
ver C. Selfridge and Ulric Neisser; SCI
ENTIFIC AMERICAN, August, 1960]. 

Our experiments have not been con-
fined to searches for isolated letters. 

A much more interesting task confronts 
a subject who must search through lists 
of words. As long as the target is a sin
gle word, however, he can treat his task 
almost like a letter search. He need 
only look at the initial letters or at some 
other clearly distinguishing features of 
each word to see if they match those of 
the target; only when they do is further 
processing necessary. Indeed, scanning 
is extremely rapid in such situations. 
Even when the target is any member of 
some familiar set of words (for exam
ple all the states in the U. S. that have 
six or fewer letters), subjects can scan 
very quickly, employing what seem to 
be letter-searching techniques. 

To ensure that the items on the list 
were dealt with as words, we found that 
we had to define the target in terms of 
meaning. For instance, we would ask 
a subject to search through lists such as 
the one at the right in the illustration on 
page 98 to find "an animal" or "a man's 
or woman's first name." Such a search 
has many targets indeed. There are 
hundreds of animal names and first 
names, even if word length is restricted 
to six letters or fewer. In the case of 
word-hunting we still do not under
stand the processes involved well 
enough to characterize them as "simul
taneous" or "successive"; our research 
was directed toward answering some 
preliminary empirical questions. We 
wondered how fast such a scan can be 
carried out, whether or not the speed 
depends on the number of potential 
targets and to what extent the subjects 
must "read" the irrelevant words 
through which they search. 

The irrelevant words in our lists were 
randomly generated from a pool of 
about 8,000 English words three to six 
letters long, checked to eliminate ani
mal names, proper names and rare 
words. In these lists we embedded ei
ther animal target names selected from 
a pool of about 115 animal names or 
proper names chosen from among 514 
fairly common first names. (None of our 
subjects, of course, would be likely to 
"know" precisely these pools of pos
sible targets, but they were drawn from 
the well-established Thorndike-Lorge 
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word lists and their numbers reRect the 
complexity of the mental operations re
quired for either of these searches.) 

An inexperienced person can scan 
through a word list containing animal 
names more rapidly than he can scan a 
letter list in search of K, but the name
directed search does not benefit as 
much from sustained practice as the 
letter search does. By about the 15th 
session most people are able to scan 
for first names or animal names at a 
rate of five or six words per second; 
thereafter they seem to improve very 
little. They search as rapidly for first 
names as for animal names even though 
there are many more of the former. We 
also studied a condition in which the 
target might be, unpredictably, either 
a first name or an animal name; a few 
people are as quick at looking for either 
a first name or an animal name as for 
one of these alone; the others perform 

FIRST NAME OR ANIMAL is the target 

in this list. "J ud" is found in the 10th line. 
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somewhat more slowly in the combined 
search. 

I-I0w shall we conceptualize an infor-
mation-processing system that de

cides in a fifth of a second whether or 
not a given string of letters stands for 
an animal? Does the subject make deci
sions about the meanings of the irrele
vant words he scans? Can we assume 
that he "reads" each word? Note that 
the scanning task is both more and less 
demanding than ordinary reading: more 
because the scanner must examine every 
individual word, less because he need 
not establish connections between words. 
The scanning rate of five words per sec
ond, or 300 words per minute, is not 
particularly rapid compared with the 
reading speed of many college students. 

The words are certainly not being 
read subvocally; the same subjects 
go only half as fast when they are 
asked to read the lists aloud as quickly 
as possible. Most of them maintain that 
they do not "read" the individual words 
at all, even to themselves, as they scan. 
And the words are not examined close
ly enough to be remembered. \Vhen 
tested immediately after a scan, sub
jects usually cannot distinguish words 
that appeared on the list from words 
that did not. 

It seems, then, that the word "read" 
is as ambiguous as "see" is; reading 
too may occur in varying degrees of 
depth. This conclusion is not a novel 
one, since everyone is familiar with the 
differences among skimming, rapid 
reading, intensive study and so on. Our 
results suggest, however, that varying 
degrees of comprehension are possible 
even for individual words. The subjects 
do not "skim" the lists by reading only 
some of the words. Rather, they process 
each word-but only lightly. Just as one 
can decide that there is no K in a given 
line without actually identifying the let
ters, so too one can determine that a 
given word is not an animal name with
out firmly deciding what it does mean. 
Whatever may be the processes by 
which this is done, our data indicate 
that they do not involve seriatim com
parison of the word with all possible 
animals; if they did, first-name searches 
would be much slower than animal
name searches. On the other hand, the 
processes are slower, and presumably 
more complex, than those needed for 
finding individual letters. 

By laboratory standards our subjects 
are well trained and have acquired an 
unusual skill. It is quite certain, how
ever, that we have not approached the 

limits of human capacity for rapid, com
plex, multiple searching. The achieve
ments of our subjects are modest indeed 
compared with the daily work of peo
ple who are accustomed to looking for 
several thousand targets at once: the 
readers in any newspaper-clipping agen
cy. Such a firm may have hundreds of 
clients, each of whom wants a clipping 
of at least any newspaper story in which 
he or his firm is mentioned; beyond this, 
many clients will be interested in an 
appreciable number of different trade 
names and titles and others will specify 
their clipping needs in a more gen
eral way. For example, a peace group 
may ask for every reference to disalma
ment, arms control and the like, where
as a manufacturer of burglar alarms 
may want to have the name of every 
local victim of theft or robbery. More
over, the agency's client list is not fixed; 
10 or 20 new clients may engage its 
services every week and a comparable 
number may discontinue. It takes a year 
or more to train a clipping reader to 
scan newspaper type at well over 1,000 
words a minute, keeping watch for all 
the agency's targets. Error rates are 
said to be in the neighborhood of 10 
per cent for the best readers, and nei
ther the error rate nor the speed seems 
to change as an agency gradually ac
quires more clients. 

The achievements of clipping readers 
suggest that our own basic finding 

is no artifact: the speed of a search is 
independent of the number of different 
targets that can terminate it success
fully. This conclusion applies equally 
to the simple search for particular let
ters and the more difficult, slower search 
for particular kinds of words. In all 
likelihood it applies to other searches 
also. The rate at which one scans a 
crowd for a familiar face probably does 
not depend on the number of people 
with whom one is familiar. 

In a simple task such as the search for 
any one of 10 letters, these results are 
fully compatible with the concept of a 
multilevel perceptual system. They sug
gest, moreover, that a number of opera
tions at a given level are carried out 
simultaneously. We do not yet under
stand the search for speCific classes of 
words well enough to make a model of 
the processes involved. It is already 
clear, however, that the cognitive oper
ations involved add up to something 
more than simply a search for compo
nent letters anci something less than a 
full appreciation of the meaning of each 
word encountered. 
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THE TUNNEL OF EUPALINUS 

Some 2,500 years ago the Greek tyrant Poly crates had the engIneer 

Eupalinus plan a 3,400-foot tunnel to supply his fortified capital 

with ,vater. The tunnelers dug from both ends and nlet in the middle 

T
echnology reflects the practical 
demands of any given society. 
This truism is equally applicable 

to earlier ages as to our own. When, 
2,500 years ago, the Greek tyrant Po
lycrates initiated a great program of en
gineering and construction work on the 
island of Samos, he did so with the ur
gency of a dictator wanting to keep a 
firm grip on his possessions. His capital 
city, also named Samos, lay up on the 
slopes of Mount Castro, dominating the 
natural harbor below and the mile-wide 
strip of sea between Samos and the 
mainland of Ionia (now Turkey). 
Through the bottleneck of the strait all 
the coastal trade passed, and Polycrates 
had a stranglehold on it. By 525 B.C. 

he was master of the eastern Aegean. 
He made his position well-nigh im

pregnable. He surrounded the city with 
a ring of fortifications that rose over the 
top of the 900-foot Mount Castro. He 
built a stout breakwater more than 300 
yards long to protect his ships from the 
southeast wind-the only wind that trou
bled them. He ensured protection in the 
life hereafter by completing a magnifi
cent temple to Hera. And for the more 
mundane, but equally essential, prob
lem of providing his city with a pro
tected supply of water he drove a tun
nel 3,400 feet long, six feet wide and 
six feet high straight through the heart 
of Mount Castro. In honor of the engi
neer responsible for the tunnel it be
came known as the tunnel of Eupalinus. 

For a century after Polycrates' death 
the fortress of Samos apparently re
mained invulnerable. When Pericles laid 
siege to the city in 439 B.C., he finally 
offered in exasperation to call off his 
campaign if the Samians would give him 
a hostage for their good behavior. Some
what unwisely the Samians sent a 
crotchety old man whom they were 
glad to be rid of, and he took his re-
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venge by revealing the secret of the 
underground tunnel. The water supply 
was cut and the fortress obliged to sur
render. 

During Polycrates' lifetime, however, 
the city prospered, a thriving commu
nity where technology flowered along 
with a school of natural philosophy 
founded by Pythagoras. Today the city 
is in ruins, deserted and unexcavated. 
The temple consists of a single column 
and a capital; the breakwater is con
cealed beneath the mole of the modern 
harbor. Yet everywhere in the village 
around the ancient harbor, once known 
as Tigani but recently renamed Pytha
gorion, traces of the golden age of 
Samos appear. One still walks �n the 
ancient paving stones; children play 
games on the fallen capitals of the tem
ple; broken columns serve as posts for 
tying up fishing boats, and the fisher
men are continually hauling up ancient 
amphoras. Of all the monuments of 
Polycrates only the tunnel is well pre
served, still testifying to the ingenuity 
and skill of the ancient Greeks. When 
Herodotus described the tunnel of Eu
palin us as one of the greatest works of 
the Hellenes, he spoke with good rea
son. It is, in fact, one of the most strik
ing works of all antiquity, in many 
respects rivaling even the Eg:yptian 
pyramids. 

Basically Polycrates' problem was sim-
ple enough. He wished to bring a 

supply of water from a copious spring 
in a valley to the northwest of the city, 
on the far side of Mount Castro. The 
water could have been brought all the 
way around the mountain by a surface 
conduit or, as the Romans were to do 
much later, by an aqueduct across the 
valley. In either case the water supply 
would have been exposed to an enemy 
for the greater part of its length, and 

would have entered the fortifications of 
the city on an undefended flank. Polyc
rates was grandiose in all his schemes, 
and it is characteristic that he conceived 
an aqueduct that was to be subterranean 
all the way from its source to its emer
gence, half a mile from the city and well 
within the city's fortifications. The sys
tem that Eupalinus designed to meet 
Polycrates' requirements is amazing. Not 
only did he construct a tunnel two-thirds 
of a mile long, almost dead straight 
through the heart of the mountain, but 
he also brought the water from its 
source to the tunnel proper in an under
ground conduit that followed a 2,800-
foot curving course along the contours 
of the valley, passing under three creek 
beds en route. 

For centuries the tunnel kept its se
cret; its existence was known but its 
whereabouts were undiscovered. The 
earliest direct reference to it appears 
in the works of Herodotus, who wrote 
his description a full century after the 
tunnel was dug. The Polycratic works 
around Samos were also mentioned in 
general terms by Aristotle, who, with 
inimitable sarcasm, described them as 
typical of the large-scale constructions 
undertaken by dictators to keep their 
people out of mischief. We have evi
dence from within the tunnel itself that 
it was used by the Romans, and was 
still known in Byzantine times, but that 
is all. 

During the 19th century a number of 
efforts were made to find the location 
of the tunnel. The source of the water, 
a spring in the hamlet of Agiades, was 
well known. In 1853 a man named 
Guerin uncovered the upper end of the 
subterranean conduit and excavated 
part of it, but he. stopped before he 
reached the tunnel. Abbot Kirillos of a 
nearby monastery later discovered the 
north entrance of the tunnel and per-
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suaded Prince Constantinos, the heredi
tary lord of the island, to excavate it. 

Fifty men went to work in May, 
1882. They cleared and restored about 
half of the tunnel, the whole of the con
duit at the north end and a portion of 
a similar conduit at the south end. They 
also built a small house on the founda
tions of an ancient structure at the south 
entrance to the tunnel. In 1883 the Ger
man archaeologist Ernst Fabricius un
dertook a survey of the tunnel on be
half of the German archaeological insti
tute in Athens. He left an excellent 
description. Then once again the tunnel 
was neglected. 

When I visited Greece in 1958, I 
heard reports in Athens that an Ameri
can professor had just returned from 
Samos declaring that the north end of 
the tunnel was inaccessible. That sum-

mer, with a Greek colleague, I went to 
Agiades. vVe found the north entrance 
and went inside. In 1959 the German 
archaeologist Wolfgang Kastenbein 
made a new survey with a view to 
checking and correcting the work of 
Fabricius. In 1961 I returned with my 
husband, Stephen Toulmin, and our 
film unit and spent 10 days on the 
island, surveying the terrain, filming the 
tunnel and checking Fabricius' descrip
tion with the hope of throwing some 
light on how the tunnel was built. 

N Fabricius pointed out, the topogra-
phy dictated much of the design. 

The old city stretched up the slopes 
of Mount Castro for a considerable dis
tance. From the city one can clamber 
over the rocks to the top of the moun
tain in only a few places. The western 

side of the mountain is even more rocky 
and precipitous. Normally one goes 
from Pythagorion to Agiades through a 
narrow, rocky gorge that is a stream 
bed in the wet season. It lies between 
Mount Castro and Mount Cataruga to 
the northwest. 

The community of Agiades consists 
of a few houses and three chapels dedi
cated to St. John the Baptist, all clus
tered around the generous spring. In the 
sere landscape of the Samian summer 
this fertile valley is startlingly green 
because the water flows all the time. 
The ancients, probably Eupalinus, built 
a reservoir that is now covered by one 
of the chapels. The visitor who wants 
to examine it must apply at Pythagorion; 
although the town no longer obtains its 
water from this source, the officials still 
retain the key to the reservoir. Fabricius 

TUNNEL OF EUPALINUS, 3,400 feet long, was hewn out of 
solid limestone about 525 B.C. It carried water to the Greek 

city of Samos from a source outside the fortifications. Tbe autbor 

is seen in the tunnel. The water channel is at lower right. The 
photograph shows clearly the square shape of the tunnel and gives 
an impression of its great length and remarkable straightness. 

105 

© 1964 SCIENTIFIC AMERICAN, INC



ISLAND OF SAMOS, the site of the tunnel of Eupalinus, is in the 
eastern Aegean Sea. The fishing village of Pythagorion has grown 
up around the harbor of the ancient, ruined city of Samos, capital 

POSITION OF THE TUNNEL within Mount Castro is shown on 
this map, based on a map published in 1884 by the German archae

ologist Ernst Fabricius. The conduits that brought water to the 
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of the tyrant Polycrates, who built the tunnel. In his time, 
2,500 years ago, all the rich coastal trade passed through the 
narrow strait between Samos and the mainland, now Turkey. 

tunnel at the north end and took water into the city at the south 
are underground. Dots along their courses represent access shafts. 

The Romans repaired the tunnel but also built an aqueduct_ 
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was more fortunate than we were: the 
abbot opened the drain at the bottom 
of the reservoir and allowed half the 
water to flow out so that he could see 
details of the construction. He found 
that the water entered from two man
made apertures in the rock near the 
north corner. The ultimate source of the 
water was not visible, but presumably 
it is the natural water table in the rock. 

The reservoir is in a roughly triangu
lar room. Fabricius noted 14 four-sided 
pillars made of large chalk blocks. When 
it was roofed over and covered with 
earth, the reservoir must have been 
completely camouflaged. Probably in 
ancient times its exact location was 
known only to those entrusted with the 
maintenance of the water supply. Today 
the water flows out of the reservoir 
through a hole in the south wall of the 
chapel. It is still the only water supply 
for the people of Agiades. 

The underground conduit to the tun
nel begins about 10 yards from the 
chapel, its course 'marked by the many 
ancient inspection shafts opening to 
the surface. They were restored in the 
1880's. The passage itself, just high 
enough and wide enough for a man to 
walk through, had round clay pipes in 
the floor, some of which are still in 
place. From its upper end it travels 
south for 425 feet, until it passes under 
the bed of a stream that flows only after 
a rain. It then curves east and parallels 
a larger stream for about 1,050 feet. At 
1,830 feet from the source it turns 
sharply west, passes under this stream 
and then runs along the northern slope 
of Mount Castro. Farther on it turns to 
the southwest and passes the entrance 
to the tunnel of Eupalinus after going 
once more under a small and usually 
dry creek bed. Finally it enters the east 
side of the tunnel [see bottom illustra
tion on opposite page]. The lower 
third of the conduit has fallen into de
cay since Fabricius visited it, but the 
inspection shafts still show its course. 

Why did Eupalinus choose to bring 
the conduit nearly 2,800 feet along this 
crooked route under three streams in
stead of taking a straight and much 
shorter path from the source? The di
rect route, moreover, would have 
crossed only one stream bed. Fabricius 
suggests that by selecting the circuitous 
route Eupalinus found it easier to dis
pose of material excavated from the 
conduit. The access shafts would not 
have to be deep and the rubble could 
be brought up through them and 
thrown over the slope. Fabricius fan
cied that here and there he could detect 

the ancient debris, but there is so much 
vegetation that one cannot be sure. 

Fabricius mentions a modern stair
case of 18 steps leading down into the 
tunnel proper from the north entrance, 
which is on a rather steep hillside. 
Today brambles and other vegetation 
have grown so thick over the entrance 
that it is hard to find. The staircase is 
concealed under rubble; in order to en
ter one must lie flat and proceed feet 
first down a rough scree. With portable 
lights the tunnel itself is easy to study. 

Apparently for the first 210 feet 
Eupalinus did not wall or shore up 
the tunnel and it collapsed. Starting 
about 45 feet from the entrance there is 
a long stretch of wall that appears to be 
of Roman conshuction. At many places 
in this section the tunnel has partly col
lapsed and one must climb over rubble 
until finally, 520 feet from the entrance, 
a roof fall completely blocks the way. 
Because of all the debris it is difficult 
to judge the quality of the workman
ship. The conduit from the spring enters 
through the east wall of the tunnel some 
45 feet from the north entrance. Instead 
of flowing along the floor of the tun
nel, the water ran through a channel, 
which starts where the north conduit 
enters the tunnel. At this point it is be
low the tunnel floor and has its own 
arched roof-in effect it is a second tun
nel under the first. Farther on the chan
nel is found along the east wall, roofed 

in places and open in others; it becomes 
deeper toward the south end of the 
tunnel. 

The south portion of the tunnel is 
in a nearly perfect state of preserva

tion and is far more revealing. The un
derground conduit into the city leaves 
the east side of the tunnel about 100 
feet from the south entrance. Its route 
can be traced for some distance by the 
access shafts, which are much deeper 
than those of the north conduit. A road 
now being built up to the south entrance 
follows the line of shafts and in some 
places bulldozers are damaging the con
duit. The telminal point of the conduit 
in the city seems never to have been 
found. Possibly the conduit branched 
out to supply a number of points; it may 
even have reached as far as the harbor. 
An ancient inscription at Pythagorion 
describes two ornamented water clocks 
in the stoa, or covered walk, near the 
harbor. It seems highly probable that 
the clocks were operated by water from 
the conduit, since it provided the only 
steady supply. 

The main part of the south portion 
of the tunnel is spectacular. Immediate
ly inside the little house at the entrance 
a short flight of steps leads down into 
a walled stretch about 40 feet long. 
Although Fabricius drew this section 
straight in his diagram, it is in fact 
curved slightly. The sides are built of 

MODERN VILLAGE OF PYTHAGORION surrounds the harbor of ancient Samos. 
Stumps of two marble columns can be seen in this view. Mount Castro is in the background. 
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SECTION THROUGH MOUNT 'CASTRO in the plane of the 
tunnel shows the position of the tunnel in the heart of the moun· 

tain. Fortifications are visihle on top of Mount Castro. The under· 
ground conduits at the ends of the tunnel are shown by broken lines 

large blocks joined without mortar, and 
two huge blocks leaning against each 
other at an angle form a gabled roof. 
This wall was almost certainly erected 
by the original builders of the tunnel. 
At the inner end of the passage there 
was once a door, as can be seen from 
a notch for the hinge chiseled into the 
corner of the wall on the right side; the 
other side has a cavity for a bolt. Just 
in front of this doorway a large shaft, 
not mentioned by Fabricius, rises to the 
surface, providing light that can be seen 
for nearly 1,400 feet within the tunnel. 

Past the doorway the full magnifi
cence of the tunnel is revealed. With 
some irregularities, it is remarkably 
straight. Its six·foot height and width 
allowed workers carrying rubble out to 
pass those returning for more. From 
here on the tunnel was hewn with ham
mer and chisel in the solid limestone. 
Wherever calcium carbonate, the sub
stance of stalactites and stalagmites, has 
not yet formed a coating over the walls, 
chisel marks can still be seen. The 
smooth ceiling of the tunnel consists of 
naked rock all the way and corresponds 
to the natural strata, which were simply 
peeled off. Because the strata sloped, 
most of the ceiling is higher on the west 

side than on the east. Pieces have fallen 
out of it in only a few places. The walls 
and floor are not everywhere even, but 
in a construction such as this absolute 
accuracy was not necessary. There are 
niches hewn in the rock all along the 
walls, presumably where the workmen 
set up their oil lamps. 

These days it is hazardous to walk 
through the tunnel. In many places the 
footpath is only 18 to 24 inches wide 
and, worse still, it is extremely wet. 
The farther one goes into the tunnel 
from the south end, the wetter it be
comes. The path grows narrower and 
the footing becomes slimier. Extreme 
caution is necessary because the chan
nel on the east side is as much as 25 
feet deep. Even though parts of the 
channel are covered, it is difficult to 
know how much weight the covering 
will hold. 

The walls of the channel were hewn 
with much more care than those of the 
tunnel itself. Fabricius noted one place 
above the channel where three strong 
nails had been hammered into cracks in 
the rocks. He suggested that a plumb 
line had been hung from the nails to 
ensure that the walls were vertical and 
at the right distance from each other. 

___ ,,:,7.;:O;�, :�:-� ___________ :::::::::::::::::::: ==-

CONDUIT ENTERS ROOF FALL 

He also noted that at varying intervals 
there were large square holes opposite 
each other, one in the east edge of the 
floor of the tunnel, the other in the wall 
of the channel. Presumably beams that 
fitted into these holes served as joists 
for the removal of rubble. 

It is clear that the builders of the 
tunnel wanted to avoid the trouble of 
carting out all the rubble from the 
channel, because they covered parts of 
the channel with stone slabs and piled 
the rubble on these slabs up to the· 
level of the tunnel floor. Under the 
slabs they left a generous passage as 
much as 10 feet high. At the bottom of 
the channel are fragments of the clay 
tile through which the water flowed
rectangular gutters open at the top. 

The channel may well be evidence of 
an important mistake made by the 

builders. There seems to be no reason 
why the tunnel itself could not have 
been built with the same slope as the 
channel, thereby obviating the need 
for the channel. Yet for some reason 
Eupalinus designed the tunnel with only 
a gentle slope between the north and 
the south end. From careful measure
ments Kastenbein has calculated that 

TWO SCHEMATIC DIAGRAMS of the tunnel, a longitudinal 
section (top) and a plan view (bottom), reveal construction details. 
The north end is at the left. The height of the tunnel in the 

top diagram and its width in the bottom diagram are drawn 
to a scale five times larger than that used for the length. Thus 
irregularities are greatly magnified. Water (color) flowed in 
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SEA LEVEL 

because they are not in the same plane as the tunnel. The water 
was actually carried in a channel, or trench, cut into the floor 

of the tunnel. Lowest line in the tunnel marks the bottom of this 
channel. Line in middle of tunnel represents tunnel floor. 

the floor of the gallery at the north end 
of the tunnel is only about six feet 
higher than it is at the south end. 
He also found that the floor in the 
middle of the tunnel is slightly lower 
than it is at the south end. Perhaps the 
south end had to be located where it 
was, rather than lower down, for rea
sons unknown to us. The builders may 
simply have wanted to bring the tun
nel out at the highest possible point 
above the city. Or it may be that the 
tunnel was already under construction 
when it was decided to have an under
ground reservoir, which lowered the 
height of the source and gave the water 
less force as it flowed down. 

There is always the possibility, of 
course, that the channel was part of the 
original plan. By restricting the water 
to a channel it would be easier to in
spect and maintain the tunnel proper. 
As Fabricius points out, however, we 
cannot exclude the possibility that Eu
palin us, skilled though he was, miscal
culated. Certainly it would have been 
difficult for him to establish with a high 
degree of accuracy the relative heights 
of the two ends of the tunnel before the 
start of construction. In any case, it is 
clear that the tunnel did not slope 

enough for an adequate flow of water 
and that the channel had to be dug 
to carry the water. If the mistake was 
not discovered until the water pipes 
were laid, the final depth of the chan
nel at the south end could have been 
as much a result of trial and error as of 
calculation. 

A bout 1,330 feet from the south en
ft trance of the tunnel one finds re
mains from the early Christian period. 
In winter water seeping through the 
roof here causes extensive flooding, 
making this part of the tunnel impass
able. In summer the water at the worst 
spot is only knee-deep. Here there are 
a number of thin white marble slabs 
and columns of different thicknesses and 
shapes, all thickly covered with calcium 
carbonate. When Fabricius made his 
survey, the deposit was removed from 
the corner of one slab, revealing orna
mentation much like the reliefs found 
in Byzantine churches. It is possible 
that the slabs were brought in to make 
a small shrine incorporating a water 
basin, supplied by the water that runs 
down the walls of the tunnel. Possibly 
the water was credited with miraculous 
properties, like that at another shrine 

in an ancient quarry behind a little 
monastery on the southern slopes of 
Mount Castro. The water basin there is 
decorated with similar ancient pillars. 

At a distance of nearly 1,400 feet 
from the south entrance of the tunnel 
the passage cut from the south comes 
to a sudden end. The abandoned work
ing face is clearly visible. The passage 
that had been driven from the north 
comes into the west wall almost at right 
angles. This is obviously the point at 
which the two independently driven 
tunnels were joined. The odd angle of 
the junction is accounted for by a curve 
in the northern portion of the tunnel 
just before it joins the southern portion 
[see bottom illustration on next page]. 

Further evidence that the tunneling 
proceeded from both ends can be seen 
in an abrupt change in elevation of the 
tunnel at this sharply angled junction. 
Here the floor of the northern part of 
the passage is as much as three feet 
higher than the ceiling of the southern 
part. In fact, the passage overshoots the 
south passage for a short distance. Per
haps the work crews had been hearing 
each other for some distance and those 
in the north tunnel changed direction 
as a result. In this last stretch the north 

JUNCTURE CONDUIT LEAVES 

the channel along the east wall. Much of the material removed 
to make the channel was placed on stone slabs above it. Such 
rubble is indicated by rough stippling. Section marked "Roof fall" 

I 
includes 130 feet of open tunnel to which access is blocked by a 
stalactite wall. The diagrams are based on diagrams made in 1959 
by Wolfgang Kastenbein, archaeologist of Bochum, Germany. 

109 

© 1964 SCIENTIFIC AMERICAN, INC



MARBLE SLAB with carving in Byzantine style leans against the wall near the middle 
of the tunuel. A thick deposit of calcium carbonate bas been removed from a portion of it. 

JUNCTION OF NORTH AND SOUTH PASSAGES is seen looking toward the south 
passage from the north. The water channel is at left. What appears to be a blank wall is 
the approximate point of junction. The south passage curves away from it to the right. 
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passage, which had been surprisingly 
straight, makes several curves. Kasten
bein believes that had both passages 
continued on their original straight 
courses, they would have made a nearly 
perfect juncture. 

Continuing north through the north 
passage, one finally reaches a stalactite
stalagmite wall that blocks further prog
ress. With the help of a bright light it 
is possible to see another 130 feet 
through a crack in this obstacle. There
fore only about 300 feet of the whole 
tunnel, less than 10 per cent of it, can
not be inspected today. 

Given enough light, working and 
studying in the tunnel is an awesome ex
perience. One is constantly astonished 
by the precision and general high qual
ity of the craftsmanship. With a power
ful electric generator we were able to 
light the tunnel for about 100 yards at 
a time and to see it in a way that per
haps no one else, even its builders, has 
ever seen it. It stretches on and on, a 
gallery carved in wonderful white lime
stone-a superb square-sectioned proRle, 
the walls covered with a gleaming trans
lucent deposit. One cannot help won
dering just how it was accomplished: 
how many men were used to dig it, how 
many died, how long it took. On these 
points even Herodotus is silent. 

Throughout the entire length of the 
tunnel we found only the one ventila
tion shaft near the sout� entrance. 
Nonetheless, even though we stayed in 
the tunnel with our generators and 
lights for eight hours at a time there 
seemed to be no lack of fresh air. It re
minded us of the cool fresh air in the 
limestone caves of France. Perhaps the 
rock is sufficiently porous to allow air 
to penetrate. It also seems probable 
that the water conduits provide a 
through draft. In fact, we discovered 
the juncture of the water conduit on 
the north side by lighting a fire inside 
the tunnel and noting where the smoke 
billowed out . 

.Pi. this description makes clear, the 
tunnel of Eupalinus was an engi

neering feat of the first magnitude. How 
was it laid out and cut with such ex
traordinary accuracy? It is necessary to 
distinguish between the problem of lay
ing out the direction and slope in the 
first place and the problem of main
taining the direction and slope once 
inside the tunnel. Around the first ques
tion a myth has grown up that has little 
more foundation than most myths in the 
history of science. Because Pythagoras 
was born in Samos and set up a school 
there, the legend associates the tun-
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Working with the Air Force to 
find the right one from among the 
many approaches to military satel
lite communications is  one of the 
vital national-defense missions of 
Aerospace Corporation. Specifically: 

We plan : Aerospace helps deter
m i n e  t h e  n a t u r e  of our m i l i t a r y  
satellite-communications program. 
Should it be a high-, medium-, or low
altitude system? How can we be sure 
of having a satellite where and when 
we need it? Resolving such basi c  
questions a s  these, Aerospace struc
tures an over-all plan for Air Force 
approval: for example, the r ecom
mendation might be a medium-alti
tude, multiple-satellite system that 
would provide optimum coverage. 

We guide: Aerospace provides 
systems engineering on an approved 
system, resulting in specifications and 
plans for development of the satellite
communications system. Typically, 
the Corporation brings contractors 
face to face both with problems and 
suggested solutions. Aerospace also 
provides technical direction during 
the development, manufacturing, and 
launch phases and participates in the 
co-ordination of the ground stations, 
launch vehicles, and payloads. 

We probe: Analysis of industry's 
antenna design approaches, coding 
circuits, etc., followed possibly by 
experimentation and testing for sensi
tivity and environment, is also part of 
Aerospace's mission. 

The future is anticipated by studies 

such as the application of miIIimeter
wavelength communications to the. 
problem of transmission through 
plasma sheaths. For these studies, 
Aerospace uses a unique antenna, 
accurate to 20 seconds of arc, to oper
ate up to 240 Gc. 
We need: Senior engineers and 
scientists challenged by the complex
ities of advanced thinking will find a 
stimulating atmosphere at Aerospace 
Corpor ation. For information on 
current career opportunities, write 
Mr. Stephen Robinson, Room 120, 
Box 95085, Los Angeles 45, Calif. 
An equal-opportunity employer. 

The problem is one of getting from X to Y without 

entering a blind alley at any time. Look well 

ahead! (From Mazes and Labyrinths, a Book of 
Puzzles, by Walter Shepherd; Dover Publications. 

Inc., New York 14, N.Y.) 

@ AEROSPACE CORPORATION 

Organized in the public interest and dedicated to providing objective leadership in the advancement and application of 

space science and technology for the United States Government. 
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nel with his name. He left Samos, how
ever, before the tunnel was contem
plated. It has been suggested that his 
theory of similar triangles was applied 
to the building of the tunnel. The only 
evidence for this comes from Hero of 
Alexandria, who lived 600 years later. 
Hero was noted for thinking up charm
ing theoretical solutions to difficult prac
tical problems, and he gives as a the
oretical exercise a method for aligning 
a tunnel. 

Basically Hero's proposal calls for 
making a series of right-angle sightings, 
or traverses, around the mountain, be
ginning at one entrance of the proposed 
tunnel and ending at the other. By 
keeping careful track of all measure
ments one could establish the relative 
positions of the two ends and plot an 
imaginary line connecting them. This 
line would make a certain angle with an 
initially chosen base line and thereby 
indicate at what angle the tunnel should 
be drilled from each side to meet in 
the middle of the mountain. 

Anyone who has actually visited the 
site would be forced to reject Hero's 
proposal. The terrain is so rough that 

GABLED ROOF at the south end of the 
tunnel is characteristic of ancient Greek 
construction. The roof is made of pairs of 
large, flat stones leaning against each other. 
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to make the required sightings while 
maintaining a constant elevation is all 
but impossible. Even with modern in
struments, surveying along the west side 
of Mount Castro must be an extremely 
tricky business because of the extensive 
overhangs and ravines. Finally, as far 
as we know the Greeks of those days 
had no instrument capable of perform
ing the horizontal leveling with the nec
essary degree of accuracy. The diopter, 
the first accurate leveling instrument, 
came into use only a century after the 
tunnel was dug. 

The site of the tunnel may provide 
an important clue to the method used 
in aligning its north and south en
trances. In principle Eupalinus could 
have located the tunnel wherever he 
wished and brought the water direct
ly to the heart of the city. Instead 
the south exit of the tunnel is near 
the very western limit of the fortifica
tions on the southern side of Mount 
Castro. Why was the exit so far from 
the ancient city? 

The answer, I believe, is that this 
was the only location where it was pos
sible to plant a row of poles as a survey
ing guide up and over the mountain 
and keep them in sight all the time. 
With the aid of such poles Eupalinus 
could have established a line connecting 
the north and south ends of the tunnel 
and the route under which the tunnel 
was to pass. 

This still leaves unanswered the hard
er question: How did Eupalinus know 
the difference in height between the 
two ends? There is no place one can 
stand and see them both; moreover, the 
north end is hidden from the sea, which 
could have provided a natural horizon 
for the purpose of measuring elevation. 
Conceivably Eupalinus or his assistants 
sighted from one pole to the next with 
the help of some fOlm of water level, 
which we know was used by the Greeks 
at about this time. In this way he could 
have measured quite accurately the ver
tical rise from the south portal of the 
tunnel to the top of the mountain and 
from there the drop to the north portal. 
Alternatively, he could have performed 
a triangulation over greater vertical dis
tances, but this almost certainly would 
have afforded less accuracy. 

As for maintaining the direction once 
inside the tunnel, Eupalinus would 
have had to dig the first few yards with 
extreme care, guided from outside. 
From then on the light from the ven
tilation shaft near the south end acted 
like a leading light in a harbor. The 
workmen only had to keep it always in 
sight by looking back as they dug 

CROSS SECTIONS of the tunnel and the 

water channel in the north gallery (top 
left) and south gallery (right) show the 

square shape of the tunnel, the change in 

depth of the channel and also how rubble 

was carefully piled above the channel. The 

beautifully designed round clay pipe found 

in the underground conduits outside the 

tunnel and the open rectangular gutter from 

the water channel are shown at lower left. 

deeper and deeper into the mountain. 
The same method could have been used 
at the north end, although there is no 
trace there of a similar shaft. Of course, 
since that end was outside the fortifica
tions, all signs of the tunnel would have 
been blocked or camouflaged the mo
ment it was completed. 

So well was the tunnel constructed 
that it has withstood many centuries 
of neglect, and it can probably endure 
many more. When Prince Constantinos 
began the restoration late in the 19th 
century, he meant to clear it completely 
and to get the water flowing once again. 
This could still be done very easily, be
cause the tunnel is the best preserved of 
all ancient Greek works. It is incredible 
that this unique example of Greek sci
ence and technology stands ignored and 
neglected while vast sums are spent to 
preserve and display the fragmentary 
ruins of a hundred temples. After all, 
we owe a great deal more to the Greeks 
than statuary, sculpture and temples: 
they gave us the development of ab
stract thought and with it the begin .. 
nings of Western science. 
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Somewhere in the North Atlantic 

somewhere in the Pacific 

somewhere under the Arctic Icecap 
our nuclear subs are deploying 
dispersing 
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You can be manufacturing champ 
in the temperature control field ... 
or heavy-headed with the "pro
found" problems of nuclear energy 
power plants (or a thousand other 
industrial steps in between) but you 
never escape the threat of increased 
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line. Cost control plays no favorites: 
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specify TMI. 
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MATHEMATICAL GAMES 
A collection of short problel11S 
and Inore talk of prilne nUlnbers 

by Martin Gardner 

T
his month's department continues 
a traditional practice of offering, 
once or twice a year, a selection 

of short problems, none of which calls 
for advanced mathematical skill. The 
solutions will be given next month. 

1. 

The year is 1984. A moon base has 
been established and an astronaut is to 
make an exploratory trip around the 
moon. Starting at the base, he is to 
follow a great circle and return to the 

55 

o 

I 
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base from the other side. The trip is to 
be made in a car that is designed to 
travel over the satellite's surface and has 
a fuel tank that holds just enough fuel 
to take the car a fifth of the way around 
the moon. In addition the car can carry 
one sealed container that holds the 
same amount of fuel as the tank. This 
may be opened and used to fill the 
tank or it may be deposited, unopened, 
on the moon's surface. No fraction of 
the container's contents may be so de
posited. 

The problem is to devise a way of 
making the round trip with a minimum 
consumption of fuel. As many prelimi
nary trips as desired may be made, in 
either direction, to leave containers at 
strategic spots where they can be picked 

-- 25 
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A tour.of·the.moon problem 

© 1964 SCIENTIFIC AMERICAN, INC



THE SYMBOL OF COMPUTER CONTROL LEADERSHIP 

15 The Bunker-Ramo Corporation, formed from Thompson Ramo Wooldridge's TRW 

Computer Division and Martin Marietta's Electronic Systems and Products Division, is 

broadening the horizons of industrial control and is extending the position of world lead

ership in computer control systems held by TRW Computer Division 15 The keystone 

of The Bunker-Ramo Corporation is the experience and background of process-oriented 

systems and control engineers who designed and installed the world's first industrial 

control computer system, and who have installed more successful closed-loop 

systems than all other computer manufacturers combined 15 The world over, 

more companies look to this symbol for computer control leadership than to any other. 

15 For industry case histori'es write: 

Director of Marketing, Process Control 'I. THE BUNKER-RAMO CORPORATION 
8433 FALLBROOK AVENUE CANOGA PARK CALIFORNIA 

Systems, Industrial Systems Division. ELECTRONIC CONTROL SYSTEMS FOR INDUSTRY AND GOVERNMENT 
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Dunning's lO·word square 

up and used later, but eventually a com· 
plete circuit must be made all the way 
around in one direction. Assume that 
there is an unlimited supply of contain
ers at the base. The car can always be 
refueled at the base. 

To work on the problem, it is con
venient to draw a circle and divide it 
into twentieths as shown on page 114. 
Fuel used in preliminary trips must of 
course be counted as part of the total 
amount consumed. For example, if the 
car carried a container to point 90, left 
it there and returned to base, the opera
tion would consume one tank of fuel. 
A straightforward procedure would be 
first to transport 41 containers to point 
10, then carry a 42nd container to point 
15 and return to point 10. This would 
consume 42 tankloads of fuel and bring 
42 containers into play, a total of 84 
tanks all together. No more fuel is need
ed to complete the trip if proper back
and·forth trips are made, but the total 
consumption of 84 tanks can be more 
than cut in half by better planning. 

This operations.research problem is 
similar in some respects to the well
known problem of crossing a desert in 
a truck (see this department for May, 
1959), but it demands a quite different 
analysis. I have no proof that the best 
solution I know is indeed the minimum; 
perhaps readers will improve on next 
month's answer. 

2. 

An oil well being drilled in flat prai
rie country struck pay sand at an un
derground spot exactly 21,000 feet from 
one corner of a rectangular plot of farm
land, 18,000 feet from the opposite 
corner and 6,000 feet from a third cor
ner. How far is the underground spot 
from the fourth corner? Readers who 
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solve the problem will discover a useful 
formula of great generality and delight
ful simplicity. 

3. 
A. K. Austin of Hull, England, has 

written to suggest a wild variation of 
ticktacktoe. It is the same as the stand
ard game except that each player, at 
each turn, may mark either a naught 
or a cross. The first player to complete 
a row of three (either three naughts or 
three crosses) wins the game. 

Standard ticktacktoe is a draw if both 
sides play rationally. This is not true of 
the unusual variant just described. As
suming that both players adopt their 
best strategy, who is sure to win: the 
first or the second player? 

4. 
In this country at least eight coins 

are required to make the sum of 99 
cents: a half-dollar, a quarter, two dimes 
and four pennies. Imagine yourself the 
leader of a small, newly independent na
tion. You have the task of setting up a 
system of coinage based on the cent as 
the smallest unit. Your objective is to 
issue the smallest number of different 
coins that will enable any value from 
one to 100 cents (inclusive) to be made 
with no more than two coins. 

For example, the objective is easily 
met with 18 coins of the following val
ues: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 
40, 50, 60, 70, 80, 90. Can the reader 
do better? Every value must be obtain
able either by one coin or as the sum of 
two coins. The two coins need not, of 
course, have different values. 

5. 

"No," said the mathematician to his 
14.year-old son, "I do not feel inclined 
to increase your allowance this week 
by ten dollars. But if you'll take a risk, 
I'll make you a sporting proposition." 

The boy groaned. "What is it this 
time, Dad?" 

"I happen to have," said his father, 
"ten crisp new ten-dollar bills and ten 
crisp new one·dollar bills. You may di
vide them any way you please into two 
sets. We'll put one set into hat A, the 
other set into hat B. Then I'll blindfold 
you. I'll mix the contents of each hat and 
put one hat on the right and one on the 
left side of the mantel. You pick either 
hat at random, then reach into that hat 
and take out one bill. If it's a ten, you 
may keep it." 

"And if it isn't?" 
"You'll mow the lawn for a month, 

with no complaints." 
The boy agreed. How should he di

vide the 20 bills between the two hats 
in order to maximize the probability of 
his drawing a $10 bill, and what will 
that probability be? 

6. 
Charles Dunning, Jr., of Baltimore, 

Md., recently set himself the curious 
task of placing letters in the nine cells 
of a three· by-three matrix so as to form 
the largest possible number of three
letter words. The words may be read 
from left to right or right to left, up or 
down and in either direction along each 
of the two main diagonals. Dunning's 
best result, shown at the left, gives 10 
words: tea, urn, bay, tub, but, era, are, 
any, try, bra. 

No one knows how close it is possi
ble to come in English to the theoretical 
maximum of 16 words. A letter may be 
used more than once, but words must 
be different in order to count. They 
should be dictionary words. I have on 
hand a specimen from an old puzzle 
book that raises the number of words 
to 12 and will provide next month's an
swer. A failure to reply personally to 
all readers who may find better squares 
will not mean that such letters are not 
welcome; I shall report on all signifi
cant results in a later column. 

7. 

So many readers were intrigued by 
the 12-coin problem in last month's 
department that I follow it here with a 
less familiar, and not so difficult, bal
ance-scale puzzle. 

Five objects, no two the same weight, 
are to be ranked in order of increasing 
weight. You have available a balance 
scale but no weights. How can you 
rank the objects correctly in no more 
than seven separate weighings? 

For two objects, of course, only one 
weighing is required. Three objects call 
for three weighings. The first deter
mines that A is heavier than B. We then 
weigh B against C. If B is heavier, we 
have solved the problem in two weigh
ings, but if C is heavier, a third weigh
ing is required to compare C with A. 
Four objects can be ranked easily with 
no more than five weighings. 

With five objects the problem ceases 
to be trivial, and beyond five it increases 
rapidly in difficulty. As far as I know, 
no general method for ranking n objects 
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with a mInImum number of weighings 
has yet been established. 

8. 

Hundreds of entertaining puzzles, 
known as "chess tours," involve the 
movements of single chess pieces over 
the board. This department for April in
cluded a brief discussion of knight's 
tours and their connection with graph 
theory. Here is a choice selection of five 
queen's-tour problems. The reader does 
not have to be a chess player to work 
them out; he need only know that the 
queen moves an unlimited distance hor
izontally, vertically or diagonally. The 
problems are roughly in order of in
creasing difficulty. 

1. Place the queen on square A [see 
illustration on this page J. In four con
tinuous moves traverse all nine of the 
gray-shaded squares. 

2. Place the queen on cell D (the 
white queen's starting square) and make 
the longest trip possible in five moves. 
The queen must not visit the same cell 
twice, and she is not allowed to cross her 
own path. Assume the path to be 
through the center points of all cells. 

3. Place the queen on cell B. In 
15 moves pass through every square 
once and only once, ending the tour on 
cell C. 

4. Place the queen on a comer 
square. In 14 moves traverse every cell 
of the board, retuming to the starting 
square on the 14th move. Individual 
cells may be visited more than once. 
This "reentrant queen's tour" was first 
published in 1867 by Sam Loyd, who 
always considered it one of his finer 
achievements. The tour, whether re
entrant or open at the ends, cannot be 
made in fewer than 14 moves. 

5. Find a similar reentrant tour in 
12 moves on a seven-by-seven board. 
That is, the queen must start and end 
on the same cell and pass through every 
cell at least once. As before, cells may 
be entered more than once. 

1,he discussion of prime numbers in 
this department in March brought 

such a wealth of enlightening letters 
that I cannot do them justice without 
devoting another column to the topic, 
which I hope to do eventually. I should 
like now, however, to correct a few er
rors in the March article and update 
some of its information. 

Many readers noticed that the photo
graph of the computer grid at the left on 
page 122 of the March issue, within a 
border of about one centimeter from the 

outside edges, did not match the corre
sponding portion of the photograph at 
the right on that page. The computer's 
scope had failed to function properly 
within this border. A corrected photo
graph is shown on the next page. 

A number of readers experimented 
with triangular arrays of integers and 
found that the primes cluster along 
straight lines in the same manner as in 
Stanislaw Ulam's spiral grids. Laurence 
M. Klauber of San Diego, Calif., sent 
me a copy of a paper he had read to a 
meeting of the Mathematical Association 
of America in 1932, discussing his search 
for prime-rich polynomial formulas in 
such an array. Ulam has also used the 
Los Alamos computer for investigating 
a variety of other types of grid, includ
ing the triangular, and in every case he 
found that significant departures from 
random distributions of primes were at 
once apparent. This is hardly surprising, 
because any orderly arrangement of 
consecutive integers in a grid will have 
straight lines that are generated by 
polynomial expressions. If the expres
sion is factorable, the line cannot con
tain primes; this fact alone can account 
for a concentration of primes along cer
tain other lines. 

D 

All diagonals of even numbers are 
obviously prime-empty, and other lines 
are empty because they are factorable 
by other numbers. Many readers noticed 
that the diagonal line extending down 
and to the right from 1 on Ulam's spiral 
grid contains in sequence the squares of 
odd integers, and the diagonal line ex
tending up and to the left from 4 gives 
the squares of even integers. Both diag
onals are, of course, prime-empty. Con
versely, other lines are prime-rich be
cause they are generated by formulas 
that act as sieves, removing numbers 
that are multiples of low primes. The 
significance of Ulam's spiral grids lies 
not in the discovery that primes are 
nonrandomly distributed, which is to 
be expected in any orderly arrangement 
of integers, but in the use of a com
puter and scope to extend such grids 
quickly so that photographs provide, so 
to speak, a bird's-eye view of the pat
tern from which hints can be obtained 
that may lead to new theorems. 

I should have qualified my statement 
that no formulas are known that express 
a function of n in such a way that they 
give a different prime for every integral 
value of n. It has been proved that no 
polynomial expression of this sort is 

Board jor queen's·tour problems 
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how to take 
a deep 
breath 
• 

In space 
Key to the life support unit of the 
Apollo space suit is a contaminant 
control unit containing activated 
charcoal. This permits regenera· 
tion of used a i r, cutting t h e  
amount carried b y  the astronaut. 
Write B·C for other uses. They'll 
leave you breath less. 

how to trigger 
a e----

reaction 
Metallic catalysts used to trigger 
oxidation and reduction reactions 
need all the support they can get. 
Try activated charcoal. Its high 
and closely predictable capacity 
for many metallic salts and com· 
pounds gives you reliable on· 
stream performance. You'll hit the 
same mark over and over again. 

how to 
• 

Improve 
the strain 

Filtering wine through activated 
charcoal removes undesirable 
color bodies and amino acids, 
produces a wine that looks better, 
tastes better, sells better. Strain 
fo r q u a l i t y  t h r o u g h  ac tivated 
charcoal-and sales will come 
through with less strain for you. 

activated 
charcoal 

��� 

� 
Activated charcoal acts as a mo· 
lecular sponge, purifies air, gases 
and liquids, recovers solvents, 
removes odors and impurities. 
Write for Literature Group 64·5 A, 
Barnebey·Cheney, Columbus, 
Ohio 43219. 

Barnebey 
Cheney 

118 

Corrected photograph of computer grid showing spiral of primes 

possible, and it is also true that no 
non polynomial expression has yet been 
found that is useful in generating 
primes. 

There are, however, some formulas 
of queer sorts that can be said to pro
duce primes. Many readers called my 
attention to W. H. Mills's fOlmula (Bul
letin of the American Mathematical So
ciety, Vol. 53, page 604, June, 1947), 
which contains an irrational number be
tween 1 and 2. When positive integers 
are substituted for n in the formula, the 
expression gives prime values; but since 
the irrational number is not known, the 
formula is of no value in comput
ing primes. In fact, it is easy to write 
irrational numbers that generate ev
ery prime in sequence, for example 
.20305070110130170190230 .... To be 
sure, one has to know the sequence of 
primes before computing the number. 
There are many ways of writing compli
cated functions of n so that integral 
values of n produce distinct primes, but 
the catch is that the function itself re
quires the introduction of the prime
number sequence, making the formula 
valueless for finding primes. Readers in
terested in formulas of this type will 
find a nontechnical discussion of them 

in Oystein Ore's excellent book Number 
Theory and Its History. 

It was stated that the only known 
"repunit" primes (primes consisting of 
the digit 1 repeated a prime number of 
times) are those with 2, 19 and 23 
units. This is true, but some very re
cent work on repunit primes has now 
eliminated all possible numbers up to 
and including the rep unit number of 
137 units. John Brillhart's paper "Some 
Miscellaneous Factorizations" (Mathe
matics of Computation, Vol. 17, pages 
447-450, October, 1963) carried the 
testing of rep units through repunit 109. 
Two readers, Hugh Thompson and 
James R. McCullough, hit on the same 
method of testing repunits of a certain 
type, finding factors of 227, 2,467, 907, 
347, 359, 773 and 797 respectively for 
repunits of 113, 137, 151, 173, 179, 
193 and 199. McCullough, working 
with the University of Connecticut's 
7040 computer, later found factors of 
18,797, 80, 173, 12,517, 12,671 and 
52,009 for repunits 127, 131, 149, 181 
and 197. This leaves, as the only un
tested repunits with fewer than 200 
units: 139, 157, 163, 167 and 191. I 
would be pleased to hear of factors for 
any of these numbers. 
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Para doxical tin. Tin and 
aluminum, alloyed with titanium, 
produce an extra-strength alloy 
(used in the Mercury spacecraft) 
with a useful temperature range of 
-423°F to 750°F. At ultracold 
cryogenic temperatures -200°F and 
below, a tin-columbium alloy be
comes a superconductor without 
resistance to electrical current flow. 
The melting point of pure tin is 
a relatively low 449.6°F which 
makes it an ideal alloy with lead for 
soldering and joining. 

Ancient/Modern. Tin has 
been around for over 5000 years. 
The Phoenicians and early Egyp
tians used it. The Bronze Age might 
appropriately be renamed The Tin
Bronze Age. And no one has ever 
found a suitable substitute for tin, 
though many have tried. 

Tin has kept pace with technologi
cal advances. It is a modern metal. Its 
uses are infinite. If you have dental 
fillings they are part tin. A tin 
chemical is used in toothpaste to 
help prevent decay. Tin-bearing 
phosphor bronze is so corrosion 
resistant that sea water does not 
faze it. Tasteless, non-toxic tin is 
used to plate steel and protect 
beverages and foods-from beer 
to beans. Organotin compounds 
help make plastic clear and, in 
paints, help stop wood rot and 
decay and kill bacteria. Tin hardens 
copper and strengthens steel and 
cast irons. In new tin-aluminum 
bearings, tin provides lubricity and 
fatigue resistance. 

Background. Tin comes from 
cassi teri te ore. Its occurrence is 
relatively rare. Not a pound is 
mined commercially in the U.S. 
Over 40% of the free world's tin 
comes from Malaya - now 
Malaysia. This is called Straits Tin: 
minimum purity, 99.89%. So we 
say, "Straits is to Sn as Sterling 
is to Ag." 

Brochure. It seems likely that 
a metal as versatile as tin might 
hold the answer to one of your 
current or future problems. It 
would certainly appear worth inves
tigating. For your general informa
tion we have an interesting 24-page 
color brochure on Straits Tin-how 
it is mined, smelted and used. A 
copy is yours for the asking. 

The Malayan Tin Bureau 
Dept. B·39F. 2000 K SI. N.W., Washington, D.C. 20006 

George O. Anderson, Andre Blan
chard, Paul Carnahan, Martin J. Cohen, 
David Erbach, Daniel Jaffe, Ellis E. 
Johansen and Stuart Mayper were the 
first of many readers to suggest a better 
solution to the problem of finding a 
million consecutive composite numbers. 
Let k be the product of all primes from 
2 to 1,000,001. The sequence k - 2, 
k - 3, k - 4, ... , k - 1,000,001 will 
contain only composites. This procedure 
gives a prime-free sequence much lower 
than the one obtained by the factorial 
procedure explained in the April issue 
in answer to this problem. As several 
readers made clear, it by no means rules 
out the possibility of still lower se
quences of the same length. 

Readers were asked last month for the 
minimum number of weights need

ed to weigh 27 boxes with integral 
weights of from one through 27 pounds, 
assuming that weights may be placed 
on either side of a balance scale. Three 
weights-two, six and 18 pounds-will 
do it. (They represent doublings of suc
cessive powers of 3.) These weights will 
achieve an exact balance for every even 
number of pounds from one through 27. 
The odd weights are determined by 
checking the even weights directly 
above and below; for example, a box 
of 17 pounds is identified by the fact 
that it weighs less than 18 and more 
than 16 pounds. (Mitchell Weiss of 
Downey, Calif., sent this pleasant twist 
on an old problem.) 

The task of alphabetizing the letters 
of REPUBLICAN by dealing letter cards 
into three piles can be solved in two 
operations. First, write down the let
ters in alphabetical order: ABCEILNPRU. 

A is the first letter, so we place a a 
above the letter A in the word REPUBLI

CAN. We move right along the word in 
search of B, the second letter, but we 
do not find it. Because we are forced 
to move left to reach B, we put 1 above 
it. \lVe continue to move right in search 
of C. This time we find it on the right, 
so we label it with 1 also. The next let
ter, E, forces us to move left again, 
therefore we label it 2. I is to the right 
of E, so it gets 2 also, but L carries us 
left again, so it gets 3. In short, we raise 
the number only when we have to move 
left to find the letter. This is how the 
final result appears: 

5 2 4 5 3 2 0 3 

R E P U B L C A N 

On each letter card write the ternary 
equivalent of the decimal number as-

STICKY PROBLEMS 

DRIVING COSTS UP, 

EFFICIENCY DOWN? 
Photo 

courtesy 
0' 

Conolite, 
Inc. 

Highly adhesive materials improperly con
tained or separated can cause serious pro
duction stoppages. Eliminate such produc
tion headaches with KVP Sutherland Re
leasing Papers. Their superior releasing 
qualities are attested by their use in a 
broad range of applications by numerous 
companies. 

Won't stick under heat 
In one of manyroles,a KVPSutherland 
Releasing Paper carries a highly ad. 
hesive plastic laminate through a 
2800 curing process. Even then the 
paper strips clean, leaving the lami
nate fiber free. 

Shipping Problem Solved 
Another KVP Sutherland Releasing 

�����i�"ee'b����:g�e��:e;� O,,tsh���W 
impregnated polyurethane foam, 
separated during shipment. 

Tailored to your need 
Th e r e  ma y be an exi s t i n g  KV P 
Sutherland Paper to fit your needs. 
If not, we'll develop one that will. May 
we solve your sticky problems? 

Write to Dept. S-6. 

ltLPOPINP+ ..... 1.::::.::::::1 
KVP SUTHERLAND 
PAPER COMPANY, Kalamazoo, Mich. 
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This small screech owl is not a stuffed bird, photo
graphed from inches away. but a real live owlet, no 
larger than a baby chick. These pictures were taken 
with a Questar telescope and camera body from a 
dis tance of 30 feet. 

At left, see how the little fellow puffs himself up to 
terrify us all, by spreading his little wings in front of, 
and far below his little feet. This small picture, en
larged to 14x17 inches, shows tiny hairs, clean and 
sharp, in exact focus over the owlet's left eye (the 
one we see as right). They are invisible here. 

Such detail concerns us greatly, because it is precisely 
Questar's ability to resolve tiny things like that which 
sets our miniaturized classical telescope apart from 
telephoto lenses. "Telephoto" is the descriptive term 
for a camera lens in front of a negative lens which 
permits the combination to be physically shorter than 
its effective focal length. 

Since Questar is a true telescope, such as astronomers 
use, it is free of the necessity of covering wide film 
areas. It needs fewer lens elements, because no field 
flatteners are required, nor any extra glass to partially 
correct the usual color aberrations. Questars have no 
false color. 

This ability to reveal minute detail is what Questar 
has to offer. It is this ability, this ultra-sharpness. that 
faster lenses cannot match. With Questar you work at 
the slow speed of f/16 or more, but you can both see 
and photograph leaf stems at 2 miles, small lunar 
crevices, gnats and flies and wasps at t;2 mile, and a 
host of otherwise invisible things. We usually magnify 
by 96 diameters visually. 

One Questar contribution is the turning of the 
classical telescope's great powers upon near things, 
to create a previously unknown instrument, the first 
long-distance microscope, which focuses to 7 feet. 

Priced from $795. New literature on request. 

QUIESTAIR 
BOX 20 NEW HOPE, PENNSYLVANIA 

signed to that letter. The cards are held 
in a face-down packet, spelling REPUB

LICAN from the top down. Imagine that 
the three piles are numbered, left to 
right, 0, 1, 2. Turn over the top card, 
R. Its ternary number is 12. The last 
digit, 2, tells you to deal the card to 
pile 2 (the end pile on the right). The 
next card, E, has a ternary number of 
02; it also goes on the right end pile. 
Continue in this way, dealing each card 
to the pile indicated by the final digit. 
The piles are always assembled from 
right to left by putting the last pile (2) 
on the center pile (1), then all those 
cards on the first pile (0). Turn the 
packet face down and deal once more, 
this time dealing as indicated by the 
first digits of each ternary number. As
semble as before. The cards are now 
alphabetized. 

To put the cards back in their original 
order a new analysis of the letters must 
be made, assigning them a new set of 
numbers: 

3 2 5  o 5 2 4  

A B C  E L N P R U 

Two operations will return the cards to 
their initial order, but the sorting pro
cedure is not the same as before. If the 
decimal numbers assigned to the letters 
go above 8, then a ternary number for 
a letter will require more than two 
digits, and the number of required oper
ations will be more than two. It is easy 
to see that the minimum number of 
operations is given by the number of 
digits in the highest ternary number. 
To alphabetize SCIENTIFIC AMERICAN 

the letters are numbered: 

6 4 2 5 6 4 3  3 

s C E N T F 

o 4 2 5 3 0 4 

A M E R  C A N  

C 

Because the highest number, 6, has 
only two digits in its ternary form, only 
two operations are called for. However, 
to reverse the procedure, changing the 
alphabetized order back to SCIENTIFIC 

AMERICAN, the highest number is 10. 
This has three ternary digits, therefore 
three operations are necessary. If the 
reader will test the system on longer 
phrases or sentences, he will be as
tonished at how few operations are re
quired for what seems to be an enor
mously difficult sorting job. One can 
generalize the method to any number of 
piles, n, simply by writing numbers in 
a system based on n. 
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All the parts that make 
a watch fast or slow 
have been left out of the 
Accutron® movement. 

Old-fashioned halance 
wheel is still uscd in all wind, 

self-wind, and clectric 
watches. It is not used in the 

Acclitron movenlent. 

Accutron tuning fork 
kceps ,'irwally perfect timc 

and comes with the 
first guarantee of accuracy 

ever given. 

The balance wheel, springs, staff and screws 
in your present watch are mechanical parts. 

A speck of dust can upset them. So can con
gealed oil. And normal wear. 

We do not use these parts in the Accutron 
movement. Instead, a tiny tuning fork 
keeps time through vibrations, 

dividing every second into 360 equal parts. 
(Your present watch divides a second only 

into S parts.) 
Accu tron time is so precise that we guaran

tee average daily accuracy within 2 seconds: 
And we know owners who have not gained 

or lost this in 2 months. 
You might also like to know that the U.S. uses 

Accutron movements in satellites. And that the 
Air Force has issued them to all X-IS pilots. 

However, don't let this make you think that 
Accutron prices are higher than any other fine 
timepiece's. 

(Remember, we left a lot of parts out.) 

© B u lova Watch Company, Inc. L) Accutron $paceview model, with transparent dial to show movement. $125 plus tax. 

Other styles available. *Your Accutron jeweler will adiust accuracy to this tolerance, if necessary. Guarantee is for one full year. 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

F
or the precise determination of 
length, or of small changes in the 
density, pressure or temperature 

of transparent substances, amateur ex
perimenters will find no yardstick more 
accurate than a simple beam of light as 
used in a homemade interferometer. All 
interferometers are based on the prin
ciple that light waves that take different 
paths from a common source can fall 
out of phase and either cancel or rein
force each other when they reunite. If 
the source consists of white light, which 
is a blend of many wavelengths, the 
interfer;ng waves produce colorful pat
terns as seen in such natural interfer
ometers as soap bubbles, opals and all 
colored bird feathers except a few with 
yellow pigmentation. Interferometers 
that are commonly used for measuring 
length split a beam of monochromatic 
light into two rays that take separate 

R Q p 

-1 L -l L D) I "2 I 
I I 

C . I I 
'" 

A 
B 

R Q P 
Paths of rays through partial mirrors 

How to lnake a senes intel/ero7neter 

to observe parious subtle phen07nena 

paths until they recombine to interfere. 
The resulting pattern appears in a mono
chrome of varying intensity, as dis
cussed in this department some time 
ago [November, 1956]. Instruments of 
the type used for measuring the density 
of Ruids or gases, as well as the local dis
tribution of temperature and stress or 
pressure, also split the beam into two 
rays, but the rays take essentially the 
same path. These instruments, known 
as series interferometers, cause one ray 
to traverse part of the path more than 
once; interference occurs at the end of 
the transit. 

The construction of most series in
terferometers requires the use of ma
chine tools not ordinarily available to 
amateurs. However, a series interfer
ometer that can be made with ordinary 
hand tools has now been designed by 
C. F. Pearce, professor of mechanical 
engineering at the University of Water
loo in Canada. "The essential part of 
this instrument," writes Pearce, "con
sists of a series of three partially trans
parent mirrors. A beam of light, when 
passing through the mirrors, may take 
many paths of differing length. A given 
ray, for example, may pass through the 
first mirror, be reRected from the sec
ond back to the first and then back 
again through both the second and the 
third mirror. A second ray that substan
tially coincides with the first may tra
verse both the first and the second mir
ror and be reRected from the third back 
to the second for a final reRection to 
and through the third. Still another ray 
may traverse the first two mirrors, be 
reRected from the third back to the 
first, oscillate for a time between the 
first and the second mirror and finally 
complete its transit through the third, 
as shown in the upper part of the ac
companying illustration [this page]. 

"vVhen the mirrors are about equally 
spaced and are approximately parallel, 
the rays that traverse paths A and B, as 
depicted in the illustration, will inter
fere to form a pattern of alternate light 
and dark areas. Other parts of the beam 
that traverse a variety of path lengths, 
such as those shown at C and D, form 

an interference pattern that is superim
posed on the interference pattern caused 
by A and B. This superimposed pattern 
can be eliminated by inclining the mir
rors as shown in the lower part of the 
illustration. If mirrors P and Q are in
clined as indicated, the rays that tra
verse different paths become separated 
and emerge in different directions. 

"The interference pattern can be ob
served by simply inserting a collimator 
lens between the source and the mirror 
system so that the light passes through 
the mirrors as a bundle of parallel rays 
that are focused on a screen by a field 
lens between the third mirror and the 
screen [see top illustration on opposite 
page]. 

"The mechanism I contrived for sup
porting the mirrors in any relative po
sition was constructed of aluminum 
plates. Any other substantial material, 
such as plastic panels or even plywood, 
may be substituted, however. The 
partial mirrors can be made by the 
familiar techniques used by amateurs 
for silvering the mirrors of reRecting 
telescopes or can be obtained from sup
pliers such as the Edmund Scientific 
Co. in Barrington, N.J., or Henry Pres
cott in Northfield, Mass. The mirrors I 
use reRect approximately 40 per cent 
of the incident light and transmit 60 per 
cent. They measure about two inches 
wide by three inches long, but the size 
is not critical. Homemade instruments 
of the same type have been operated 
w;th partially silvered microscope slides 
that measure one by three inches. 

"The base of the interferometer 
should be constructed of material at 
least three-quarters of an inch thick to 
provide a solid support for two equally 
sturdy end brackets [see middle illus
tration on opposite page]. Apertures 
that are just a fraction of an inch 
smaller than the mirrors are cut in the 
end brackets. One mirror is mounted 
over the aperture of the bracket that 
faces the screen. The glass can be at
tached to the metal by light clips of 
spring brass or by a few dabs of epoxy 
cement. The reflecting surface should 
face away from the screen. The re-
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mammg two mirrors are similarly at
tached over the apertures of two inter
mediate supporting plates, which can 
be made of thinner material. One of the 
intermediate plates is attached to the 
bracket nearest the screen by a suspen
sion system that consists of four adjust
ing screws, together with a set of four 
helical compression springs that space 
the plate from the bracket. The bracket 
is drilled and tapped in its four corners 
for the screws, but the plate is merely 
drilled with oversize holes that slide 
easily over the screws when the retain
ing nuts are turned. These nuts are 
normally used only for tilting the mid
dle mirror in relation to the mirror 
closest to the screen. The middle mir
ror can be attached to its supporting 
plate by the same technique used for 
mounting the first mirror; the coated 
side should face away from the screen. 

"The system used for supporting the 
third mirror is similar. In this case, 
however, the supporting plate is sus
pended from the second bracket by 
only three screws. In my instrument 
these screws are equipped with heads 
in the form of worm gears taken from 
surplus apparatus. Worm gears are not 
essential, but they are exceptionally 
convenient for making fine adjustments. 
Oversize holes were made for the screws 
in the end bracket; the plate that car
ries the mirror was drilled and tapped. 
The threads make a loose fit, so the 
screws do not bind when the plate is 
tilted a few degrees. As shown in the 
accompanying illustration [bottom of 
this page], compression springs main
tain the desired spacing between the 
end bracket and the plate. The coated 
surface of the third mirror should face 
toward the screen. The completed in
terferometer can be supported on any 
substantial surface, such as the top of a 
solid bench or table. 

"The lenses used for bending the 
light into a bundle of parallel rays that 
traverse the mirrors and for focusing 
it on the screen are of the simple plano
convex type. They need be no larger 
in diameter than the mirrors. Neither 
do they have to be achromatic, because 
the light is monochromatic. My lenses 
were obtained from the Edmund Scien
tific Co. A bracket for supporting the 
collimating lens was improvised from 
a piece of plywood that in turn is held 
in position by an apparatus stand. The 
position of the lens is adjusted simply 
by moving the clamp and stand. A com
parable arrangement supports the field 
lens between the mirror system and the 
screen. Although the interference pat
tern can be projected onto a screen, I 

field lens 

screen or 
camera lens 

supporting plat 
and adju.st
ment5 for 
mirror � 

supporting 
pla..te for 
minor 1 

Optical scheme of a series interferometer 

ba::>e plate 

Arrangement of mirrors and bra.ckets 

Details of the mirror.suspension system 

mirror' 
3 

.3 

other 
adjust

ment;, 
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Airbrasivee blasting of 
broken tool bits saves 
Martin Co. $10,000 a year 
Martin Co. used the Airbrasive to put a stop 
to an annual lost of $10,000 in rejects. At 
least ?O% of these precision parts that had 
broken taps or drill bits embedded in them 
had to be scrapped. 

The Airbrasive - a unique tool of a thou
sand uses in shop or laboratory - directs a 
fine stream of abrasive particles on the broken 
tap. The tap quickly breaks into small, easily 
removed pieces without damaging the original 
part. 

Result: a saving of at least $10,000 a year. 
Here is a remarkable instrument. Use it to 
shape, cut, abrade, drill, clean, wirestrip al
most any hard, brittle material ... ceramics, 
germanium, silicon , ferrites, glass, tungsten, 
alloy steels ... wherever cool, shockless, pre
cision work is required. 

Cost is low, too ... for under $1000 you can 
set up your own Airbrasive unit in your plant 
or laboratory. 

Let us make a free trial for you. 
Send samples for test or telephone 
� for a demonstration. 

SEND FOR 
BULLETIN 6006 

Complete information. 

S. S. WHITE INDUSTRIAL DIVISION 
Dept. SA, 10 East 40th St., New York 16, N. Y. 
Telephone Area Code 212 MU 3-3015 collect 
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A series interferometer designed for construction by an amateur 

prefer to examine it on the ground glass 
of a camera so that photographs of in
teresting patterns can be made conven
iently. I use a view camera equipped 
with an extension bellows. Cameras of 
this type, incidentally, provide many 
desirable features not found in minia
ture cameras of more recent design. 
Often an older model made of wood can 
be bought for less than $10, complete 
with a set of plateholders. 

"As the source of monochromatic 
light I use a tubular mercury lamp to
gether with a green filter similar to the 
Corning Type 4-64 that blocks the 
transmission of all rays except those 
emitted by the 5,460-angstrom line of 
mercury. Rays from the lamp are re
stricted by an aperture three-sixteenths 
of an inch in diameter located at the 
focus of the collimating lens. An alter
nate source, somewhat less intense, 
could be provided by a mercury lamp 
of the General Electric Type H-IOO
A38-4, which must be operated in con
junction with a current-limiting ballast, 
such as a Type 9T64Y3518. Doubtless 
an adequate source could be impro
vised by placing a sheet of dark green 
plastic, of the kind used for candy 
wrappers, over the mercury bulb of an 
ordinary sunlamp, but the precise color 
of plastic and the number of thick
nesses to use for optimum results would 
have to be determined experimentally. 

"The fully assembled interferometer 
occupies a space about two feet wide 
and four feet long. Usually I mount the 
lamp on a small stand on one side of 
the table that supports the mirror as
sembly and lenses. The camera rests on 

a tripod just beyond the opposite side 
of the table [see illustration above J. 
With the apparatus so positioned, I first 
adjust the mirrors for approximately 
equal spacing; in a typical experiment 
that might be five-eighths of an inch. 
Next I check to ensure that the mirror 
facing the camera (mirror 1 in the illus
tration) is perpendicular to the base 
plate. The second mirror is then tilted 
away from the camera approximately 
one degree and the third mirror ap
proximately two degrees. 

"Next, the system of mirrors is 
aligned to prevent multiple images from 
reaching the ground glass when the 
image of the source is focused by the 
lens of the camera. Normally this will 
require both twisting and tilting the 

twist, tilt, 
top view side view 

00 
twist 

yequi red 
ti It 

required 

imZlge of hole ot source 

Initial adjustment of images 
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If you are involved in one or more of these sub-systems 

We at Allis-Chalmers may have already worked out several 
solutions for you. You may find that the experienced men at Allis-Chalmers can cut time and costs 

on your sub-systems_ That's because we research, develop, manufacture and test hundreds of products for 

every major industry_ And too, there are special products, fabricating facilities and technical assistance avail

able to help you find new solutions_ We integrate our products and technical knowledge into custom-made 

systems - manual, semi-automatic and automated - depending upon your application need_ We can supply 

all or any part of your system - from conceptual design through startup to service. For help in working out 

solutions to your sub-systems problems, call today. Allis-Chalmers, Defense Products Division, Area Code 414, 

774-3600, Ext. 3558, Milwaukee, Wisconsin 53201. A-1906 ALLIS-CHALMERS 
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Final adjustment of images 

interferometer [see bottom illustration 
on page 124]. As an aid in making the 
adjustment I insert a disk of transparent 
plastic about an inch in diameter and 
three-sixteenths of an inch thick be
tween the two mirrors closest to the 
light source. The adjusbnents are made 
simply by slipping wedges of appro
priate thickness between the base and 
the table top either to incline the as
sembly toward the camera slightly or to 
rotate it about its longitudinal axis. If 
overlapping disks of light in vertical 
array are observed on the ground glass, 
the instrument must be tilted; if the 
disks overlap horizontally, twist is re
quired. When the position of the base 
has been altered so that the images 
merge, the orientation of the inter

Now you can add famous Sony 4 track ferometer is correct. 
stereo tape playback to your present hi Ii. 
system. Handsomely styled in gold and 
grey, with 3 heads, 2 speeds, vertical or 
horizontal mounting, automatic shut-off, 
tape counter and pause control, the new 
Sony 263-D is a remarkable value. 

Less than $119.50 
For stereo recording, add the new Sony 
SRA-2L recording amplifier that instantly 
connects to the 263-D. Its matching gold 
and grey decor makes a handsome com
panion for your 263-D. All new from Sony! 

Less than $99.50 
• All Sony Sterecorders are Multiplex Ready! _ In 
New York visit the Sony Salon, 585 Fifth Avenue 
• For literature or name of nearest dealer write 
Superscope, Inc., DePt. 59, Sun Valley, California. 
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The Tapewalllo Stereo A typical fringe pattern 

"During the next procedure-adjust
ing the mirror spacing-it is convenient 
to view the image of the light source 
from a position about midway between 
the field lens and the first mirror, that 
is, from position P in the accompanying 
illustration [top of page 123]. To view 
the image, the rays can be deflected to 
the side by inserting a small hand mirror 
between the field lens and the interfer
ometer mirror, or by removing the field 
lens temporarily. The image will appear 
as a series of bright spots in echelon 
formation that diminish in intensity as 
shown in the upper part of the accom
panying illustration [left]. Adjust the 
center mirror by the screws that sus
pend it from the end bracket until the 
two images closest to the apex of the V 
coincide. Fine lines of light and shade
the interference fringes-should now be 
seen. The reason for a solid supporting 
table will now become apparent: the 
slightest vibration will disturb the 
fringes and make them difficult to see. 
Replace the field lens. A vertical array 
of images should now be visible at its 
focal point, as shown in the lower part 
of the illustration. 

"Position the camera so that its iris 
coincides with the focal point of the 
field lens. Then alter the position to 
exclude all images from the ground 
glass except the second from the top, 
as illustrated. When the camera is prop
erly focused, an interference pattern of 
alternate dark. and light lines will be 
seen on the ground glass. The spacing 
of the lines is determined by the thick
ness of the plastic disk, as shown by the 
accompanying illustration [at left be
tow]. If the intensity of the image is un
comfortably low, the pattem can be ex
amined directly by removing the ground 
glass and observing the lines by means 
of a small magnifying lens, such as a 
jewelers' loupe. The fringes can be al-

Plastic disk under stress 
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When it comes to isocyanates, we 
have. The reason we make so many dif

ferent varieties of mono- and polyfunc

tiona I isocyanates of both the aromatic 

and aliphatic types, is because so many 

different things can be done with them 

to make other products more functional. 

• For example, with isocyanates, we can: 

Increase molecular weight, modulus, 

melting point, resistance to heat and 

solvents; block off undesirable end 

groups or side chains; reduce crystal

lization tendencies; impart non-adher

ing properties; add hydrophobic or 

biologically-active groups; and general

ly tailor-make chemical structures to 

your order . •  The trouble with having 

the most versatile line of isocyanates, 

though, is that we've usually got more 

solutions than problems_ • If you have 

any product problems to spare, we sure 

could use a few_ 

MOBAY CHEMICAL 
COMPANY 

Specialty Chemical Sales 
Code SA-5, Pittsburgh 5, Pa. 

tered in inclination and spacing by 
adjusting the tilting mechanism of the 
bracket nearest the light source. 

"When so adjusted, the interferom
eter is sensitive to the optical properties 
of any transparent substance placed 
between the mirrors closest to the light 
source. The transparent disk of plastic 
can be used for an initial test. If a me
chanical load is applied across the di
ameter of the disk, for example, the 
resulting stress will reduce the diameter 
of the disk and increase its thickness. 
The distortion will not be uniform. Ac
cordingly some of the transmitted light 
rays now traverse a path that is opti
cally longer or shorter than other rays, 
as indicated by the altered interference 
pattern. To detelmine the nature of the 
distortion, first make a photographic 
negative of the interference pattern of 
the unstressed disk and a second nega
tive with the disk loaded. Superimpose 
the negatives in register and make a 
photographic print through the pair. 
The print will show the kind of distor
tion pattern indicated in the accom
panying illustration [bottom right on 
opposite page J. 

"The temperature distribution in air 
or other transparent media near a hot 
surface can be determined by observ
ing changes in the density of the medi
um as reflected by the altered index of 
refraction. Heat lowers the density of 
most media and increases the velocity 
of light in the region of lower density, 
thus lowering the index of refraction. 
The effect can be demonstrated by plac
ing a heated wire in front of the trans
parent plastic disk in the interferometer. 
Whereas the fringes appear to meet the 
image of a wire at room temperature 
at right angles, as depicted at the upper 
left in the accompanying illustration 
[below], they curve increasingly as they 
approach the image in the case of a 

�� unheated wire heated wire 

Various fringes from wire 

� REFRACTORY METALS \W APPLICATION NOTES 

G-E Moly rod makes the 
heat, or takes the heat. 

Any way you cut it, 
it's protean. * 

Consider the versatility of this form of 
General Electric molybdenum. Moly 
rod is used to heat and stir molten 
glass. It makes ideal furnace resistance, 
heating elements and structural parts. 
It is easily machined into complex 
shapes for use in electronic power tubes 
or as fasteners in high temperature ap
plications. Here are a few examples of 
parts made of G-E Molybdenum rod: 

I) U ! 

! 
General Electric unalloyed powder 
metallurgy moly rod is available in 
diameters .020" through 4 ". Standard 
diameters can be delivered off the shelf. 
Alloyed or unalloyed arc-cast moly 
rod is also available. 

G.E. makes most other forms of 
moly, too-including powder, wire, 
sheet, plate, foil and pressed and sin
tered shapes. No matter what form you 
need, if it's molybdenum contact us. 

For a starter, write today for infor
mation on G-E Powder Metallurgy 
Molybdenum rod. We'll send it to you 
along with data on other moly forms 
in which you indicate interest. 

Write to: General Electric Co., Lamp 
Metals & Components Dept., 21800 
Tungsten Rd., Cleveland, Ohio 44117. 
Or call (216) 266-2970. 

·Pro.te.an, ad}. I. (P-), of or like Protells. 2. 
readily taking 011 different shapes alld forms. 

Progress Is Our Most Im/,orf�;t Prot/vet I 
GENERAL _ ELECTRIC 
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n�-l 
n2+1 

where: n 

Cp 
index of 
refraction 

p = density 
C = i1 c.onstant 

t.e., (n-l) -=Cp very closely 

:= 1. 
A. 

where: 1 == length of light 
path in heated ,til" 

i\, == wavelengh of 
light in vacuum 

N. == number of wove
lengths along 1 in a 
vacuum 

nL= At: and n;!"'� 
N. N. 

where: N, �ndA{ are numbers 
of wavelength� under 
e�perim entQ.1 condition s 

substituting in equation 1: 

M_M= (nt-l/l-I?' 
A'a No \' p,7 
N,-�= (n,-1)N.(l- ::) 
N-N= (n -1)1 (1 - p�\ ).. 2 t 1\..\' 17,) 

relating temperature to density: 

N.-N = 1).N='n -1) !:... q£Z) , \' 1 1\. J;, 
.solving for temperature: 

7;.-7; = T; Jl.NZ (n,-I) ;,-N 
• 

Jl.N =c fringe displacement 
measured in fringe widths 

Formulas and equations for interferometer 
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heated wire, as shown at the upper right 
in the illustration. 

"Such patterns can be analyzed in 
telIDS of the temperature distribution. 
Assume the pattern of fringes associated 
with a heated wire, such as the one in 
the lower part of the illustration. Select 
a pair of adjacent fringes, such as those 
at s and t. A line drawn parallel to the 
straight portion of the fringes and con
tinued toward the wire will intersect 
fringes that depart from straightness as 
they approach the wire. At pOint v in 
the illustration, for example, the straight, 
broken line that has its origin in the 
straight portion of fringe has crossed 
the bent-up portion of fringe t. The 
heated wire has caused a shift of one 
whole fringe with respect to the center 
line of fringe s. This means that the 
light passing through point v has 
speeded up and is a full wavelength 
ahead of the light at point w. The 
amount of shift in terms of wavelength 
can be similarly determined at any 
point along the fringe. The index of re
fraction of a perfect vacuum has been 
accepted as 1, and that of air is about 
1.0003. The density of normal room air 
can be measured by a barometer. With 
these data plus the number of wave
lengths that the light shifts, as mea
sured by the interferometer, the experi
menter can determine the index of re
fraction of the heated medium and the 
local temperature by simple arithmetic, 
using formulas in the illustration [left]. 

"The first of the equations, on which 
the formulas are based, was derived 
independently during the past century 
by the physicists H. A. Lorentz of Hol
land and L. V. Lorenz of Denmark. It 
relates the index of refraction of a gas 
to its density. As indicated, the index 
of refraction, -1, is very closely equal 
to the product of the density of the 
medium multiplied by a constant. The 
constant is therefore equal to the quo
tient of the difference between the in
dex of refraction and unity divided by 
the density, a quantity that can be 
measured by a thermometer and a 
barometer. If ni is the index of refrac
tion of the room air and n2 is the index 
of refraction of the heated air, and if 
PI and P2 are the corresponding den
sities, then, as indicated in the second 
set of equations, it can be shown that 
the difference between the speed of 
light through the room air and through 
heated air is equal to the product of the 
difference in the speed of light through 
air at room temperature and vacuum 
multiplied by 1 minus the ratio of the 
denSity of the heated to the unheated 
air. Similarly, the third set of equations 

----==========--------------::�- -------
----:::::---:::==� 

Fringe (above) and isothermals (below) 

relates the difference between the num
ber of wavelengths that traverse air at 
room temperature and any selected 
point in the heated region, as measured 
by the interferometer, to the index of 
refraction of air at room temperature 
and the ratio of the density of hot to 
unheated air. 

"Finally, by applying the law that 
relates the temperature of a gas to its 
density the formula is derived for com
puting the temperature of the heated 
air. To apply the formula the experi
menter need only measure the tempera
ture, T 1> of the room air and express the 
measurement in degrees Kelvin. Be
cause the quantity D.N is equal to the 
fringe displacement as measured in 
fringe widths by the interferometer, the 
formula can be used to calculate the 
temperature rise above room air at any 
point along the center line of the inter
ference fringe. The fringe pattern in 
the vicinity of a horizontal wire takes 
the form of a series of concentric ovals, 
as shown in the upper part of the ac
companying illustration [above]. This 
pattern can be analyzed by the same 
technique; the temperature data can 
then be used for making a graph of the 
isothermals as shown in the lower part 
of the illustration." 
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Classic Jobs of Measurement 
Performed by Electro Instruments 

A Foreword by 
Dr. Walter East 

President, Electro Instruments, Inc. 

"You name it, we'll find a way to meas
ure it," our brash engineers keep assur
ing me. I like their spirit, even if it has 
been costly to me in the way of expen
sive dinner bets! 

It was with a measuring breakthrough 
that Electro Instruments was born. Our 
original Stepping Switch Digital Volt
meter was the first to substitute elec
tronically driven switches for mechanic 
cal needle movement devices. It quickly 
proved itself an ideal instrument for 
speedier, more accurate, more reliable 
measurement-with useful applications 
in many industrial operations. 

Since that time we have pioneered 19 
other electronic "firsts." 

These have led to ways of refining 
many older measuring systems. But, 
more important, they have extended the 
areas in which our instruments, and our 
systems, can serve industry. 

The end result for which industry em
ploys measurement is economy . . . be 
it in personnel ... time ... materials 
. . . investment. Looking through our 
"case histories," I ran across a number 
of outstanding examples of economies 
effected by use of Electro Instruments. 

I thought we might usefully present 
these to industrial engineers, execu
tives, superintendents, as ideas they 
might consider for their own operations. 

Many readers, I appreciate, will have 
industrial measuring problems quite 
different from those cited in the ex
amples. On this point, I think our engi
neers are worth re-quoting: "You name 
it, we'll find a way to measure it!" 

Electro Instruments' solid state Digital Multimeters bring greater speed, higher 
reliability to many jobs of measurement, and at a lower investment. 

Electro Instruments offers the world's 
most carefully designed X-Y Recorders. 

Spectra performance recorded 
without need for photography 

In many biochemical operations, re
corded profiles are necessary for accu
rate identification of compounds, and 
for purposes of quantitative assay. Used 
in connection with newly developed 
instruments capable of exciting mole
cules to a state of phosph orescence , 
Electro Instruments X-Y Recorders 
have proved a means of producing visual 
display of spectra without need for pho
tographic equipment or processes. 

500 man hour job cut to 33 Y2! 
Telescoping a job that once required 

500 man hours into a 33Y2-hour opera
tion is no mean feat! Yet a system 
employing an Electro Instrument Dig
ital Multimeter accomplished just that 
- for one of America's major space
craft* companies. 

What was involved was the testing of 
printed circuit cards. Each of 1000 cards 
produced daily by the company had to 
be given 32 separate tests for quality. 
It took an experienced electronics tech
nician and inspector 15 to 45 minutes 
per card to perform the job. 

In the interest of speeding up this 
tedious job, experiments with an auto
matic electronic testing machine were 
begun. The eventual solution proved to 
be a punched tape system - designed, 
incidentally, by one of the company's 
engineers - with an Electro Instru
ments Digital Multimeter employed as 
a key parameter. 

Each of the 1000 cards are now given 
the 32 quality tests in less than 2 min
utes-with results being displayed at the 
push of a button! ('Name on request) 

[3 
D 

Electro Instruments, Inc. 
8611 Balboa Avenue, San Diego 12, California 

ELECTRO INTERNATIONAL, INC .. ANNAPOLIS, MARYLAND . TRANSFORMER ENGINEERS, SAN GABRIEL, CALIFORNIA 
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by J. Bronowski 

BRAINS, MACHINES, AND MATHEMATICS, 
by Michael A. Arbib. McGraw-Hill 
Book Company ($6.95). 

F
rom time to time a new branch of 
science catches the imagination of 
scientists and public together, so 

that it comes to express the spirit of a 
whole generation. The theory of evolu
tion by natural selection did this 100 
years ago; it was an idea that laymen 
as well as naturalists could seize, with 
the result that they could see its im
plications and feel themselves personal
ly engaged in them. In our own century 
the theory of relativity took the same 
hold on the generation of World War I. 
For a time after World War II it seemed 
that cybernetics might become another 
such formative branch of science, which 
would bring together many different 
fields and impress on them the unity of 
a new conception that was both pro
found and understandable. 

The recent death of Norbert Wiener 
provides an occasion to observe that 
that heroic dream is over. Cybernetics 
remains in the best sense a fundamental 
idea as well as a popular one, but it 
has turned out to be less embracing 
and, in an odd way, less interesting than 
we had hoped 20 years ago when it was 
conceived. This is an appropriate mo
ment in history to take stock of the 
achievements of cybernetics and the 
lingering disappointments, and Arbib's 
neat and summary book serves as a fair 
text for both. 

Wiener coined the word "cybernet
ics" from the Greek kybernetes, mean
ing steersman; what he had in mind 
was the sort of machine that, like a 
steersman, corrects its own deviations 
from a planned course of action. To us 
as human beings the most fascinating of 
all machines is the living mechanism 
of the body and the brain. We hoped 
above all that cybernetics would press 
the analogy between dead and living 
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BOOKS 
Has the concept of c.rbernetics 
lived up to its earl.r promise? 

mechanisms so far that it would finally 
unravel the processes by which the 
brain (and the nervous system as a 
whole) controls and corrects the intri
cate functions of the body. 

Two original ideas in cybernetics en
couraged this hope. One was the realiza
tion, and the practical demonstration, 
that a machine can be made to follow 
a program that contains alternative 
paths among which it must choose. 
That is, we can write instructions for a 
machine that require it to use the re
sults of some of its computations in 
order to decide along which of several 
paths it shall go next to carry out its 
program. This seems a simple idea 
today, and it had already been thought 
of by Charles Babbage when he de
signed his computing engines more than 
100 years ago. Yet this principle of 
choice is the most radical change in the 
conception of a machine since Leibnitz 
built the first calculating machine nearly 
300 years ago. Leibnitz held that ani
mals are automatic machines; if he had 
conceived of automata with choice, he 
ought to have included human beings 
among them. 

The second original idea that cyber
netics made familiar is that of feedback. 
At one stroke this laid bare a simple 
means by which living things monitor 
and correct their own actions as they 
move through a changing environment. 
And of course a machine with feedback 
is also not a rigid machine of the old
fashioned sort. It senses its environ
ment and, in particular, adjusts itself to 
the total configuration it forms with the 
environment. 

The two principles of choice and 
feedback widened our conception of a 
machine enormously. They gave a new 
depth to the analogy between machines 
and living beings; they showed that the 
delicate adjustments of the body can be 
understood and imitated as practical 
everyday mechanisms. Indeed, it be
came clear-perhaps shockingly clear-

. 
that any subtle machine must have 
some of the characteristics we used to 
think were a monopoly of intelligent 
beings. For example, a computer can-

not be asked to use its own findings in 
order to choose between alternatives 
unless it has a store for these findings; 
unless it has something like a memory. 
If its findings are to include apprecia
tions of its own states, even its internal 
states, then it must also have something 
like sense organs. 

In short, it was not unfair to call the 
new computers electronic brains, and 
they seemed well on the way to becom
ing electronic bodies also. This was the 
time when most of the internal balances 
and regulations of the body were mim
icked by machines. W. Grey Walter 
made instructive toys that explored 
their environment here and there by 
chance and learned conditioned reflexes 
from it. W. Ross Ashby made a delight
ful assembly that recovered its inner 
stability even after it was in jured. 

There was a small explosive charge 
(an intellectual one) hidden in Ashby's 
innocent array of random circuits: his 
machine was one of several signs of a 
third preoccupation of cybernetics, as 
original and as important as the other 
two. If a machine is to adjust itself to 
its environment-its inner or its outer 
environment-it must treat the environ
ment as an instruction, and it must then 
know how to interpret this awkward 
bundle of instruction. That is, it must 
decode the messages of the environ
ment, and to do so it must sift the 
messages-accept some and reject some 
-and in general guess at and wrestle 
with its own errors. The third new idea 
in cybernetics is that of tolerance: to 
overcome the background of inherent 
uncertainties and act decisively in the 
face of error. 

The cybernetic principle of tolerance 
has become best known in the form 
Claude E. Shannon gave it in his theory 
of information. Here the principle is 
expressed by saying that the uncertain
ties, or noise, in a channel of communi
cation set an upper limit to the ratio 
between the information that is sent 
and that which is received. In order to 
approach this limit and minimize the 
errors, we have to send internal checks 
with the information; we have to code 
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OTHER PROBLEMS FACING BELLCOMM: 

• The effect of meteoric infall on lunar surface roughness. 

• The relationship of crew performance to habitability, 

confinement and work-rest cycles. 

• Determination of the cooperative roles of the vehicle G and N Systems 

and earth-based systems in dealing with the total guidance problem. 

O Bellcomm is doing systems engineering on Project Apollo for Headquarters, 
�/ 

Manned Space Flight, National Aeronautics and Space Administration. 

If Bellcomm's problems interest you, address your resume to Mr. W. W. Braunwarth, 

Personnel Director, Bellcomm, Inc., Room 1200M, 1100 17th St., N.W., 

Washington, D.C. 20036. Bellcomm is an equal opportunity employer. @I' 
A BELLCOMM, INC. 

""T'" A Bell Telephone System Company 
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it with a large amount of redundancy. 
A machine also can, like a message, 

be safeguarded from error by splicing 
redundant parts into it. This elegant 
technique was first demonstrated mathe
matically and practically by that foun
tain of ideas John von Neumann. Its 
effect is to make possible what is suc
cinctly described in the title of von Neu
mann's original paper as "the synthesis 
of reliable organisms from unreliable 
components." 

The use of the word "organisms" 
here, where we expect the word "ma
chines," shows that von Neumann was 
aware from the outset how important 
this kind of tolerance is to the stability 
of living things. It is a matter of con
venience in an electronic computer that 
it can go on working when some of its 
parts fail; in a living brain it is a matter 
of life and death. The human brain is, 
surprisingly, more like a machine than 
the body is: when any cell in the brain 
dies, it is not replaced. During a life
time perhaps 10 per cent of the cells in 
the brain may die off at random, and 
yet the brain is able to carry on its 
work-to observe, to record, to recall, to 
reason and to command. 

Up to this point, then, cybernetics 
had found l! powerful and fruitful anal
ogy between the brain and the ma
chines that use electrical circuits. The 
wiring diagrams for the large computers 
seemed every day to look more like the 
pathways in the nervous system, until 
we had the feeling that the designers 
gave them their mocking code names 
(ACE, MANIAC and so on) to ward 
off the fear that they might one day 
turn out to be human. There was, it 
seemed, no action of the brain that 
could not be pictured as carried out by 
a shuttle service of on-and-off signals. 

Of course this happy belief has not 
been proved false. Nothing that has 
been discovered in the past 10 years, or 
that has resisted discovery, has made us 
despair of the basic tenet that biological 
processes have the same mechanisms as 
physical processes. No reputable in
vestigator intends to abandon the search 
for such concrete mechanisms, or to fall 
back on some mystic vitalism to relieve 
him of the ardors of the search. 

But it has become uncomfortably 
clear that we were too sanguine and 
thought ourselves nearer the end of the 
search than we are. Three kinds of 
obstacle have loomed up between what 
we understand and what we seek to ex
plain, and it is well to survey them one 
by one. 

The first obstacle lies in the mode in 
which the information the senses bring 

in from the outside world is presented 
to the brain. It was pleasant and con
venient to think, until a few years ago, 
that the outside world impresses itself 
on the brain point by pOint by a simple 
mapping. Indeed, there are senses that 
carry their information to the brain in 
this direct way, as single events; the 
sense of smell does so. But we now 
know that the most important human 
sense, the sense of sight, works far more 
elaborately. This was shown by Jerome 
Y. Lettvin, Humberto R. Maturana, 
Warren S. McCulloch and W. H. Pitts 
in a painstaking and now classic analysis 
of the visual system of the frog. Arbib 
has been most influenced by the early 
cybernetic models of McCulloch and 
Pitts, but he gives a very fair account of 
this later work. He concludes: 

"The function of the retina of the 
frog is not to transmit information about 
the point-to-point pattern of distribution 
of light and dark in the image formed 
on it. On the contrary, it is mainly 
to analyze this image at every point 
in terms of four qualitative contexts 
(boundaries, moving curvatures, chang
ing contrasts, and local dimming) and a 
measure of illumination and to send this 
information to the colliculi, where these 
functions are separated in the four con
gruent layers of terminals. 

"The retina transforms the visual 
image from a mosaic of luminous points 
to a system of overlapping qualitative 
contexts in which any point is described 
in telms of how it is related to what is 
around it." 

The brain asks the eye for informa
tion not about points but about objects: 
their boundaries, their movements and 
their contrast against the background. 

This is a much more recondite sys
tem of information than we, who are 
used to television pictures and graph 
paper, would expect. Moreover, in 
higher animals it is relayed to either two 
or three different parts of the brain, 
which have evolved at different times. 
In short, the brain (and the retina, 
which in origin is part of the brain) is 
concerned from the first moment with 
integratillg the impressions it receives 
from the environment; it begins by dis
criminating. What it treats as units of 
information are far more complex as
semblies and contrasts than we would 
think of feeding to a machine. We shall 
surely have to discover another new 
conception of the machine before we 
can enter into the working of the brain. 

The second obstacle to our under
standing is that we are still at a loss to 
know how the brain stores and then 
recalls its past activity. No acceptable 

model of human memory has yet been 
found, either in electrical or in molec
ular aoalog1les. It may be that this is 
the pbce at which the next advance 
must come, and that once we know how 
to picture the memory we shall also 
understand the manner in which the 
brain integrates an experience before it 
stores it. Certainly we cannot under
stand learning or speech or the forma
tion of concepts until we understand 
the working of memory. 

The third obstacle is of another kind. 
It derives from a difficulty in logic, not 
in conception, and I list it here only be
cause Arbib's book gives an inordinate 
amount of space to it. Since the time 
of Euclid (and Thomas Hobbes's con
version to philosophy by Euclid) we 
have been accustomed to present any 
connected system of propositions in 
mathematics and physics as deductions, 
step by step, from a compact set of ex
plicit axioms. Almost 50 years ago 
David Hilbert asked, with the lucid and 
fatal innocence of genius, whether it is 
then self-evident that every proposition 
in the system can either be proved or 
disproved by logical deduction from the 
axioms. It turned out not to be self
evident, and in time Hilbert sadly asked 
if it is even true. Kurt Codel in 1931 
and A. M. Turing in 1936 showed that 
it is not true of any system that contains 
all the arithmetical numbers. There 
must be propositions, even in the simple 
arithmetic of numbers (although we do 
not know how to spot them), that can 
never be proved or disproved in a finite 
number of steps. Codel and Turing both 
demonstrated this essentially by specify
ing the operations of a logical machine 
that will go on grinding away at some 
propositions forever. 

It has therefore become a common 
topic in books about machines to ask 
whether the human brain can somehow 
recognize truths (whatever that may 
mean) that a machine cannot prove. 
This question was sensibly answered 
by Ernest Nagel and James R. Newman 
in their book Codel's Proof; they point
ed out that whatever machine the brain 
may be, it is certainly not one that is 
provided with a fixed set of axioms and 
forever reasons from them and them 
alone. Indeed, the process of scientific 
discovery does not consist of a search 
for axioms but of a search for empirical 
propositions from which new axioms 
may be induced; at any stage in the de
velopment of a science the axioms are 
temporary structures that must be added 
to as the science grows. This was seen 
well before Codel by F. P. Ramsey 
when he proved that a scientific system 
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that defines all its entities rigidly is not 
capable of finding new relations be
tween them. Science progresses not by 
deductive but by inductive steps, and 
it is certainly an activity of the brain 
to make these inductive guesses (which 
will sometimes be false) from evidence 
that is not conclusive. This has nothing 
to do with Codel's proof of the limita
tion of logical machines; we do not ab
dicate our belief that the brain is a 
mechanism because we deny that it is 
a Turing machine. But it does remind 
us that we have another threshold to 
cross before we understand its mecha
nism. 

Arbib's book traverses all the cyber
netic subjects (rather too many) in a 
compact manner and with more math
ematical backing than is usual. He 
cannot be blamed for the sense of dis
appointment we feel at the end of 
the book: the sense that the cybernetic 
models already belong to the past, and 
begin to have as old-fashioned an air 
as the model that used to describe the 
brain as a telephone exchange. Perhaps 
we can go no further in elucidating the 
machinery of life by analogies drawn 
from engineering. If so, the time has 
come to learn a more radical approach 
from more modern sciences. At the be
ginning of this century physics was at a 
standstill until Max Planck and Albert 
Einstein broke away from the explana
tions of natural phenomena that would 
satisfy engineers. It is my belief that the 
mechanism of the brain will not be ex
plained until a new generation of bi
ologists invents new concepts as unex
pected and as audacious as Planck's and 
Einstein's. 

Short Reviews 

THE Two CULTURES: AND A SECOND 

LOOK, by C. P. Snow. Cambridge 
University Press ($1.95). This volume 
contains the celebrated 1959 Rede Lec
ture, which started all the fluttering and 
fussing and fuming, and a sequel. In 
this Sir Charles repeats his main argu
ment. In advanced Western society "we 
have lost even the pretense of a com
mon culture." The best-educated peo
ple often cannot communicate with one 
another "on the plane of their major 
intellectual concern." This breakdown is 
bad in every way. It causes us to mis
read the past, fumble the present, jeop
ardize the future. We must do our best 
to bridge the gap between the cultures 
and make possible, chiefly through edu
cation, concerted good action to which 
science and the humanities can con
tribute their full strength. 
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For reasons a little hard to explain 
the argument touched a nerve, although 
not the same nerve in both cultural 
camps. Snow made some men happy 
and gave others a pain-if not worse. 
F. R. Leavis was stirred to such parox
ysms that one might have thought 
Snow had been personally responsible 
for the demise of D. H. Lawrence. Sir 
Charles had done no such thing. In 
truth, the Rede Lecture justified neither 
the wild cheering nor the abuse. The 
ideas were not new, as he readily ad
mits; nor were they expressed with un
usual clarity and cogency. Yet they took 
hold and in varying degrees and dif
ferent ways influenced teachers, stu
dents, social critics, scientists, literary 
men, thoughtful persons of all kinds
although to what lasting or construc
tive effect it is impossible to say. Snow's 
explanation of the hubbub is unanswer
able. The "time was right," the "ideas 
were in the air," they were suited to 
the "mysterious operation" of the Zeit
geist. Moreover, Snow says, the ideas 
must have merit or they would not have 
triggered off such a response. 

Having reaffirmed his central posi
tion-all in an agreeably modest key
Snow turns to emendations and further 
thoughts. He takes notice of the criti
cism of the expression "two cultures." 
Does the word "culture" have the same 
meaning when used to describe Nean
derthal or Trobriand Island ways of 
life? Snow suggests that it does; each 
group in its "common attitudes, com
mon standards and patterns of behav
iour, common approaches and assump
tions" exists as a culture "within the 
anthropological scope." As for the ob
jections to his limiting the cultures to 
two, he admits to having overSimplified; 
but he holds to his original count as 
being "a little more than a dashing 
metaphor, a good deal less than a cul
tural map" and "fairly sensible." 

An important modification of Snow's 
original position relates to the sharp
ness of the cultural divide in the U.S. 
as compared with Britain. In the U.S. 
"the divide is nothing like so unbridge
able." For one thing, the effort is well 
under way in a number of our universi
ties to both educate nonspecialists in 
the sciences and put science students on 
speaking terms with the humanities; for 
another, a kind of third culture has 
arisen that is concerned with "how hu
man beings are living or have lived." 
This culture, which flourishes more vig
orously here than in Britain, is fed by 
many different streams: social history, 
sociology, demography, political science, 
economics, psychology, medicine and 

"social arts such as architecture." The 
sources are neither as scientific as phys
ics or chemistry nor as humanistic as 
literature or painting; yet they partake 
of both natures. The third culture uses 
facts, systematization, statistics, models, 
logical inference; yet it does not scorn 
insights not based on statistics, gener
alizations that go beyond observation, 
sympathies and social responsibilities. 
It is very much concerned with such 
problems as the human effects of the 
scientific revolution. It strives to gain 
understanding both of individual and 
collective behavior so as to make it 
possible to protect the innocent, make 
restitution to victims, rehabilitate the 
sinner and put out small fires before 
they become world conflagrations. The 
third culture sets an example to the 
other two; if it prospers, it may mediate 
their differences and conciliate their 
suspicions and their antagonisms. 

The balance of the second essay ram
bles from demography to Dostoevski. 
The conjunction of these opinions is not 
obvious, except that they serve loosely 
to support Snow's main thesis; they ex
hibit the breadth and catholicity of his 
interests, but they are in no sense in
dispensable. Whatever else might be 
said, one cannot fail to take Snow seri
ously or to recognize his commitment 
to the cause of peace, intelligent action 
and human betterment. 

THE FEYNMAN LECTURES ON PHYSICS, 

by Richard P. Feynman, Robert B. 
Leighton and Matthew Sands. Addi
son-Wesley Publishing Company, Inc. 
($8.75). This volume, the first of two, 
consists of lectures given by Feynman 
in the first year of a two-year introduc
tory physics course at the California 
Institute of Technology. The lectures 
were tape-recorded and then revised 
and reorganized by the three men 
named on the title page and by others. 
Designed for a fairly elite audience, 
even though beginning students, the 
text is not at all bashful about using 
mathematics and quickly introducing 
hard ideas. What makes this book stand 
out is its rather personal and informal 
tone (so characteristically Feynman's), 
its originality and independence of ap
proach, its agreeable and helpful digres
sions on the history and philosophy of 
the subject. The average physics text
book at this level is not so venturesome 
(nor are its intellectual requirements so 
severe). By scrapping many conven
tional frames of reference, by being 
relatively indifferent to the usual ner
vous-Nellie curriculum requirements, 
the authors have produced an interest-
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ing book. One would like to know how 
well the students took to it. Many 
illustrations. 

THE MUSHROOM HUNTER'S FIELD 

GUIDE, by Alexander H. Smith. The 
University of Michigan Press ($6.95). 
The safest place to hunt mushrooms (for 
those who intend to eat them and are 
not armed with a microscope, a hand 
lens, botanical tweezers and a wide 
knowledge of mycology) is the grocery. 
If this seems too restrictive, the best 
course is to venture forth armed with 
this authoritative field guide, now re
vised and enlarged. There are more 
than 3,000 kinds of mushroom in the 
U.S., of which some 200 are described 
here. For each kind the Guide gives 
identification marks, information on edi
bility, directions as to when and where 
to find it and large, clear photographs 
(of which 89 are in color). We are told 
that the poisonous and the edible spe
cies are the two extremes in mushrooms: 
not many kinds are deadly and not 
many taste good. Unfortunately the few 
poisonous species, such as the Amanita 
(which do not affect the victim for many 
hours, by which time "no first-aid meth
ods are of help and there is not too 
much that a doctor can do"), produce 
great numbers of mushrooms, are fre
quently found by collectors and are 
close enough in appearance to non
poisonous species-at least to the un
trained eye-so that grievous mishaps 
occur. In sum, hunt and collect but 
restrain impulsive gluttony. 

PROCEEDINGS OF THE INTERNATIONAL 

CONGRESS ON TECHNOLOGY AND 

BLINDNESS, edited by Leslie L. Clark. 
The American Foundation for the Blind 
($12). These proceedings of a congress 
held in New York City in 1962 are of 
exceptional interest, and for the aver
age reader they should prove a revela
tion as to the vigorous, many-fronted 
scientific and technical attack on blind
ness and the rehabilitation of the blind. 
Panels of specialists drawn from psy
chology, medicine, physics, engineer
ing and education considered questions 
dealing with such topics as "mobility" 
and mobility devices (for example elec
tronic-probe canes, senders and receiv
ers of sound, light and radio waves); 
reading machines; indirect access to the 
printed page (for example machine 
translation, automatic braille reproduc
tion); the mechanisms of seeing; the use 
of the remaining sensory channels to 
gather some of the information lost 
through blindness, and so on. To go 
through these pages is not only an ab-

sorbing intellectual experience but also 
a heartening one. 

D IRECTOR Y OF SELECTED SCIENTIFIC 

INSTITUTIONS IN THE U.S.S.R. 
Charles E. Merrill Books, Inc. ($14.75). 
SOVIET MEN OF SCIENCE, by John Tur
kevich. D. Van Nostrand Company, 
Inc. ($12). These two reference vol
umes should prove useful to U.S. sci
entists, whose contacts with scientific 
communities in the U.S.S.R. have, in 
spite of the frigidity of international re
lations, steadily increased and become 
more fruitful over the past 10 years. 
The Directol'y, prepared by the Battelle 
Memorial Institute for the National Sci
ence Foundation under a Government 
contract, sketches the administration of 
science and technology in the U.S.S.R., 
lists the academies of sciences and their 
main facilities and furnishes a direc
tory of selected scientific institutions. 
For each academy and institution in
formation is provided as to the principal 
staff members and their major research 
and teaching programs. Turkevich' book 
consists of some 400 biographies of 
leading Soviet scientists. Each entry de
scribes the subject's major interests and 
achievements and supplies data on his 
professional affiliations and honors. Like 
the Directory, this book has been made 
possible through a grant from the Fed
eral Government. 

ONE HUNDRED PROBLEMS IN ELE-

MENTARY MATHEMATICS, by Hugo 
Steinhaus. Basic Books, Inc., Publishers 
($4.95). Problems in elementary mathe
matics are not necessarily elementary 
problems in mathematics. Steinhaus, 
known for his professional papers as 
well as for his entertaining popular 
book Mathematical Snapshots, has col
lected in this volume problems and puz
zles of number theory, algebra, geom
etry, chess and other fields. Some are 
original, some comparatively new (at 
least in this country). All are ingeniOUS, 
some are quite difficult, some are un
solved and perhaps unsolvable. One 
need not know higher mathematics to 
understand the statement of the prob
lems, but even though fully worked
out solutions are given, a considerable 
aptitude for mathematical thinking is 
often indispensable to following the 
game. 

O CEANIC SCULPTURE, by Carl A. 
Schmitz; photographs by F. L. 

Kenett. New York Graphic Society 
($8.95). A superb collection of photo
graphs of Melanesian wood carvings: 
male and female figures, masks, magi-

"A ruthless 
autopsy of 

my mind ... " 

Hans 
Selye 
recalls 
the events and thoughts 
that shaped his career 

FROM DREAM 
TO DISCOVERY 
ON BEING A SCIENTIST 

Filled with insights and im

mensely readable, these re

flections offer an unusual 

view of a distinguished sci

entist's work, satisfactions, 

regrets, and hopes for the 

future. Scientists and lay

men alike will share the ex

citement and awe that Dr. 

Selye has found, as they 

read his observations on the 

philosophy, psychology, and 

logic-the pleasures and pit

falls--of scientific investiga

tion. Illustrated with 15 line 

drawings. $6.95 

CREATION 
STILL GOES ON 
By F. L. Boschke. A Euro

pean bestseller and winner 

of the Econ prize, this ac

count of the formation of the 

earth, its place in the uni

verse, and the origins of life 

is now available in America. 

The author, a German chem

ist, has drawn upon the find

ings of astronomy, physics, 

chemistry, geology, and bi

ology to provide an excellent 

introduction to a fascinating 

subject. With 32 pages, 8 in 

full color, of halftone illus

trations. $7.95 

McGRAW-HILL 
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cal boards, drums, doOt'posts, prow or
naments, shields and so on. Although 
fashioned with the simplest tools, high
ly stylized and unmistakably primitive, 
the carvings are magnificent. Some are 
almost overpoweringly grotesque and 
terrifying, some subtly sinister, some 
brilliantly humorous, some abstract, 
some unaffectedly representational. An 
elegant book. 

T HE STRUCTURE OF LINE SPECTRA, by 
Linus Pauling and Samuel Goudsmit. 

McGraw-Hill Book Company ($2.75). A 
reissue of a well-known monograph first 
published in 1930, just at the time when 
the quantum mechanics of Heisenberg, 
Schrodinger, Dirac and others was 
transforming atomic physics. The au
thors, while referring to this invention, 
do not base their treatment on it; they 
deemed it desirable to interpret line 
spectra in the more easily visualizable 
terms of the vector model of the atom, 
which results in a notably lucid pre
sentation. Paperback. 

BREAKTHROUGHS IN MATHEMATICS, ed-
ited by Peter Wolff. Signet Books 

(75 cents). Selections from Euclid, 
Archimedes, Descartes, Lobachevski, 
Boole, Dedekind and others, with com
mentary by the editor on the meaning 
and importance to the growth of mathe
matics of each of the contributions. All 
these selections have been dished up 
before, some of them many times, and 
the editor's commentary adds no fresh 
insights, but this is a convenient and 
inexpensive little introduction for the 
student. 

THE DAWN OF A NEW AGE, by Eu-
gene Rabinowitch. The University 

of Chicago Press ($6.95). A collection 
of papers on science and human affairs 
that have been published over the past 
20 years, most of them in the Bulletin 
of the Atomic Scientists. Rabinowitch 
is always to the point, mature in his 
social outlook, moderate in his counsel. 
One cannot help wishing that many 
more investigators spoke in his tone and 
that makers of political decisions lis
tened attentively to what he has to say. 

HISTORY OF PHARMACY, by Edward 
Kremers and George Urdang; re

vised by Glenn Sonnedecker. J. B. Lip
pincott Company ($9.50). A third and 
revised edition of a standard history. To 
make the book "more palatable to the 
student" considerable textual material 
from the preceding edition has been 
moved to the notes and references at 
the end, and other material, including 
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certain illustrations, has been omitted. 
For reference purposes, therefore, the 
library shelf should carry both the sec
ond and the third editions. 

FARADAY, MAXWELL, AND KELVIN, by 
D. K. C. MacDonald. Doubleday & 

Company, Inc. ($1.25). This charming 
little volume in the "Science Study Se
ries" contains three biographical essays 
on a famous trio of 19th-century physi
cists. The late D. K. C. MacDonald 
was a gifted explainer of hard scien
tific ideas and had a lively sympathy 
for and understanding of the personali
ties of his subjects. A rewarding book. 

ELEMENTS OF MATHEMATICAL LOGIC, 

by Jan Lukasiewicz. The Mac
millan Company ($6.50). An English 
translation of Lukasiewicz' respected 
lectures on mathematical logic, first de
livered at the University of \Varsaw 
in 1928. His explanations of fundamen
tal concepts, although dated in some 
respects, are exceptionally clear and 
open the subject invitingly to beginners. 

SYMBOLS OF PREHISTORIC MESOPO-

TAMIA, by Beatrice Laura Goff. Yale 
University Press ($25). A comprehen
sive survey of symbols used by the pre
historic peoples of Mesopotamia in their 
pottery, figurines, temple architecture 
and other artifacts� the intention being 
to relate dominant forms to the history 
of religion and contemporary mythol
ogy. More than 700 illustrations: photo
graphs, line drawings and plans. 

Notes 

THE ORIGIN OF ADAPTATIONS, by 
Verne Grant. Columbia University 
Press ($12.50). A large monograph that 
reviews and develops "the causal theory 
of organic evolution as applied to dip
loid sexual organisms." Illustrations. 

HISTORY OF ENGLISH THOUGHT IN 

THE EIGHTEENTH CENTURY, by Sir Les
lie Stephen. Harcourt, Brace & 'World, 
Inc. ($5.90). A soft-cover edition of a 
classic 19th-century survey of the deist 
controversy, of moral, philosophical 
and political theories and of the work 
of Locke, Pope, 'Wesley, Samuel John
son, Hume, Adam Smith, Burke and 
many others. 

COMBUSTION AND PROPULSION, edited 
by R. P. Hagerty, A. L. Jaumotte, O. 
Lutz and S. S. Penner. The Macmillan 
Company ($20). The fifth AGARD col
loquium, held in Braunschweig, Ger
many, in 1962, was concerned with 

high-temperature phenomena, which are 
the subject of the papers and discus
sions contained in this volume. 

QUAKTUM SCATTERING THEORY, ed
ited by Marc Ross. Indiana University 
Press ($4.95). Selected papers on col
lision processes and the formal theory 
of scattering. Paperback. 

THE SCIEKCE OF GENETICS, by Char
lotte Auerbach. Harper Torchbooks 
($1.85). A soft-cover reprint of an au
thoritative, simple and exceptionally 
lucid introduction for the general read- . 
er. Many effective illustrations. 

STRANGERS IN THE LAND, by John 
Higham. Atheneum ($1.95). A paper
back edition, corrected and with a new 
preface, of the patterns of American 
nativism from the beginning of the 
Civil War to 1925. 

BIOCHEMICAL FINDINGS IN THE DIF

FERENTIAL DIAGNOSIS OF INTERNAL 

DISEASES, edited by R. Schoen and 
H. Si.idhof. American Elsevier Publish
ing Company, Inc. ($20). A translation 
of a cooperative German work that dis
cusses the increasingly important and 
fruitful use of biochemical tests and 
analyses in the diagnosis of disease. 

TRANSFER OF LEARNING, edited by 
Robert F. Grose and Robert C. Birney. 
D. Van Nostrand Company, Inc. 
($1.75). A collection of selected read
ings on an "enduring problem in psy
chology," namely the extent to which 
special forms of training inspire the 
general capacities of the mind, or, to 
put it differently, how far the training 
of any mental function-reasoning pow
er in arithmetic, accuracy of movement 
in finger exercises-improves other men
tal functions. 

SLEEP AND vV AKEFULNESS, by Na
thaniel Kleitman. The University of 
Chicago Press ($12.50). A thoroughly 
revised and enlarged edition of a high
ly regarded reference work that pre
sents a detailed picture of present 
knowledge about sleep and wakeful
ness. Included is an exhaustive bibli
ography consisting of more than 4,300 
items. 

A SOURCE BOOK I PHYSICS, by Wil
liam Francis Magie. Harvard Univer
sity Press ($10). A reissue of a stand
ard work that gives extracts from im
portant contributions to physics Over 
three centuries ending with the year 
1900. 

© 1964 SCIENTIFIC AMERICAN, INC



INDEX OF ADVERTISERS 

AEROSPACE CORPORATION 

Agency: Gaynor & Dueas, Inc. 

ALLEN·BRADLEY COMPANY 

Agency: The FcnsJlOlt Advertising Agency, Inc. 

ALLlS·CHALMERS MFG. CO., 
DEFENSE PRODUCTS DIVISION 

Agency: Klau-Van Pietersom-Dunlap, Inc. 

ALUMINUM COMPANY OF AMERICA, 

III  

125 

CHEMICALS DIVISION .................. 15 

Agency: Ketchum, IHacLeod & Grove, Inc. 

AMPEX CORP, 58 

Agency: Cunningham & Walsh, Inc. 

AMPHENOL·BORG ELECTRONICS 
CORPORATION ...... ........ 20 

Agency: Marsteller Inc. 

AVCO CORPORATION 

Agency: Benton & Bowles, Inc. 

BARNEBEY·CHENEY COMPANY .. ..... liB 

Agency: Odiorne Industrial Adverlising, Inc. 

DELL TELEPHONE LABORATORIES .. 13 

Agency: N. W. Ayer & Son, Inc. 

BELLCOMM, INC., A BELL TELEPHONE 
SYSTEM COMPANY . .. ................ 131 

Agency: N. W. Ayer & Son, Inc. 

BRUSH INSTRUMENTS, DIVISION OF 
CLEVITE ................ I I  

Agency: Carr Liggett Advertising, Inc. 

BULOVA WATCH COMPANY, INC. 121 

Agency: Doyle-Dane-Bernbach-Inc. 

BUNKER·RAMO CORPORATION, THE. 115 

Agency: Fuller & Smith & Ross, Inc. 

CELANESE CORPORATION OF AMERICA. 83 

Agency: West, Weir & Bartel, Inc. 

CONTROL DATA CORPORATION. . . Back Cover 
Agency: Erwin Wasey, RUlhrauff & Ryan, Inc. 

CORNING GLASS WORKS ............. . 23 

Agency: The Rumrill Company Inc. 

DAVIDSON OPTRONICS INC. 14 

Agency: The McCarty Company 

EASTMAN KODAK COMPANY. 53 

Agency: The Rumril1 Company Inc. 

EDMUND SCIENTIFIC CO . .  .. .. 140 

Agency: Walter S. Chittick Company, Inc. 

ELECTRO INSTRUMENTS, INC. .. .... 129 

Agency: TeaweU, Inc. 

ENJAY CHEMICAL COMPANY, A DIVISION 
OF HUMBLE OIL & REFINING 
COMPANY 10 

Agency: ITSM Div., McCann-Erickson, Inc. 

GARRETT CORPORATION, THE, AIRESEARCH 
MANUFACTURING DIVISIONS ... 22 

Agency: J. Walter Thompson Company 

GENERAL ELECTRIC CO., LAMP METALS & 
COMPONENTS DEPT . ... 

Agency: Batten, Barton, Durstine & Osborn, Inc. 

127 

JUNE 1964 
GENERAL ELECTRIC CO., SILICONE 

PRODUCTS DEPARTMENT .............. . 12 

Agency: Ross Roy Inc. 

GENERAL MOTORS RESEARCH 
LABORATORIES .................... . 90 

Agency: Campbell-Ewald Company 

GENERAL PRECISION, INC., LlBRASCOPE 
GROUP, COMMERCIAL COMPUTER 
DIVISION 

AgelH.:y: Gaynor & Dueas, Inc. 

GENERAL TELEPHONE & ELECTRONICS 
LABORATORIES, INC . .. 

Agency: Kudner Agency, Inc. 

GOODRICH, B. F., CHEMICAL COMPANY, 
A DIVISION OF THE B. F. GOODRICH 
COMPANY 

Agency: The Griswold·Eshleman Co. 

HIGH VOLTAGE ENGINEERING 
CORPORATION ......................... . 

Agency: Kenyon & EckJlardl Inc. 

HONEYWELL RESEARCH CENTER. 

Agency: Balten, Barton, Durstine & Osborn, Inc. 

INTERNATIONAL TELEPHONE AND 

81 

19 

59 

69 

TELEGRAPH CORPORATION ... . ... .... 89 

Agency: Needham, Louis and Brorby, Inc. 

KVP SUTHERLAND PAPER COMPANY 119 

Agency; Grant Advertising, Inc. 

KNOPF, ALFRED A., INC . ..... ........ ... . ... 138 

Agency: Sussman & Sugar, Inc. 

LINCOLN LABORATORY, MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY. 132 

Agency: Randolph Associates 

M & T CHEM ICALS INC ........ Inside Front Cover 
Agency: :Marsteller Inc. 

MALAYAN TIN BUREAU, THE...... 119 

Agency: Gray & Rogers 

MALLORY, P. R., & CO. INC .... . Inside Back Cover 
Agency: The Ailkin-Kynett Co., Inc. 

McGRAW·HILL BOOK COMPANy .... 135 

Agency: Franklin Spier, Inc. 

MOBAY CHEMICAL COMPANY. 127 

Agency: 'flIC Griswold-Eshleman Co. 

MOSELEY, F. l., CO., AN AFFILIATE OF 
HEWLETT·PACKARD ... .... 82 

Agency: L. C. Cole Company-Inc. 

NEW ENGLAND LIFE INSURANCE 
COMPANY .. 

Agency: Batten, Barton, Durstine & Osborn, Inc. 

NORTHERN SCIENTIFIC/INC . 

Agency: Lou Saloutos AdvertiSing 

OLIVETTI UNDERWOOD CORPORATION. 

Agency: Geyer-Morey·Ballard_lnc. 
24 

PEUGEOT, INC. .. .. ...... 21 

Agency: Charles W. Hoyt Company, Inc. 

POLAROID CORPORATION, THE ........... 16, 17 

Agency: Doylc-Dane-Bernbach.lnc. 

PRINCETON APPLIED RESEARCH CORP . ..... 54 

Agcncy: Mort Barish Associates 

QUESTAR CORPORATION 120 

RCA ELECTRONIC COMPONENTS AND 
DEVICES . ....... ......... .. .... 57 

Agency: Al Paul Lefton Company Inc. 

REPUBLIC AVIATION CORPORATION ........ 113 

Agency: de Garmo Incorporated 

ROVER MOTOR COMPANY OF NORTH 
AMERICA LIMITED, THE ..... ..... ....... . 79 

Agency: Freeman & Gossage, Inc. 

SCM CORPORATION ................. . 103 

Agency: Batten, Barton, Durstine & Osborn, Inc. 

SILICON TRANSISTOR CORPORATION ..... 14 

Agency: A. D. Adams Advertising Incorporated 

STOKES, F. J., COMPANY, A DIVISION OF 
PENNSALT CHEMICALS CORPORATION. 55 

Agency: The Aitkin·Kynett Co., Inc. 

SUNNYVALE CHAMBER OF COMMERCE .... 79 

Agency: Giulie Associates 

SU PERSCOPE, INC. .. . ..... ........... ....... . 126 

Agency: Weverka & Associates Inc. 

SYLVANIA ELECTRIC PRODUCTS INC., 
CHEMICAL & METALLURGICAL 
D,VISION, SUBSIDIARY OF GENERAL 
TELEPHONE & ELECTRONICS 
CORPORATiON .. .. ............ 139 

Agency: Kudner Agency, Inc. 

SYLVANIA ELECTRONIC SYSTEMS, 
DIVISION OF SYLVANIA ELECTRIC 
PRODUCTS INC., SUBSIDIARY OF 
GENERAL TELEPHONE & ELECTRONICS 
CORPORATION 101 

Agency: Kudner Agency, Inc. 

TUBE METHODS INC. ................... 114 

Agency: John � .. Iiller Advertising Agency 

UNITED AIR LINES ............... ..... ..... .  92, 93 

Agency: N. W. Ayer & Son, Inc. 

UNITED STATES STEEL CORPORATION. 

Agency: Batten, Barton, DurSLine & Osborn, Inc. 

WHITE, S. S., DENTAL MFG. CO., 
INDUSTRIAL DiViSiON ... . ......... . . .. . 124 

Agency: W. L. Towne Company, Inc. 

WYLE LABORATORIES. 

Agency: Norman Rose & Associates 

XEROX CORPORATION ..... ...... 77 

Agency: Papert, Koenig, Lois, Inc. 

YALE UNIVERSITY PRESS. .. ... 138 

Agency: English and Company 

137 

© 1964 SCIENTIFIC AMERICAN, INC



To preserve your copies of 
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"A must for every 
natural history 

book shelf." 
-ROGER TORY PETERSON 
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lM�TlQ1R�lL. 
lm1[�TORY OF 
M�MlM[AL� 
By FRAN�OIS BOURLIERE 

Tbird Edition, Revised 
This is one of the most fascinat
ing books of mammalian lore 
ever written, and one of the 
most popular with specialists and 
general readers alike. It presents 
the first comprehensive picture 
of what naturalists and biolo
gists together have learned about 
mammals of land, water, and 
air. More than 100 photos and 
drawings. 

$6.95, now at better bookstores 

ALfRED'A'KNOPF 
� 

THE SUPERSONIC TRANSPORT 

PHOGHESS REPOHT OF THE NASA SPE

CIAL COMMITTEE ON MATEHIALS RE

SEAHCH FOH SUPEHSONIC THANSPOHTS. 

Richard H. Raring, J. W. Freeman, 
J. W. Schultz and H. R. Voorhees in 
NASA Technical Note D-1798; May, 
1963. 

SOME RADIATION PHOBLEMS IN THE Su
PEHSONIC ENVIHONMENT. D. L. Dye 
and W. R. Sheldon in SAE Paper 
683C; April, 1963. 

THE SUPEHSONIC THANSPOHT-A TECH

NICAL SUMMAHY. Staff of the Langley 
Research Center in NASA Technical 
Note D-423; June, 1960. 

X-RAY ASTRONOMY 

EVIDENCE FOH X RAYS FHOM SOUHCES 

OUTSIDE THE SOLAH SYSTEM. Riccardo 
Giacconi, Herbert Gursky, Frank R. 
Paolini and Bruno B. Rossi in Physi
cal Review Letters, Vol. 9, No. 11, 
pages 439-443; December, 1962. 

NEUTHON STAH MODELS. A. G. W. Cam
eron in The Astrophysical Journal, 
Vol. 130, No. 3, pages 884-894; No
vember, 1959. 

A DEFECTIVE CANCER VIRUS 

ANALYSIS OF THE DEFECTIVENESS OF 

Rous SAHCOMA Vmus. II: SPECIFICA

TION OF RSV ANTIGENICITY BY HELP

EH Vmus. H. Hanafusa, T. Hanafusa 
and H. Rubin in P1'Oceedings of the 
National Academy of Sciences, Vol. 
51, No. 1, pages 41-48; January, 
1964. 

THE DEFECTIVENESS OF Rous SAHCOMA 

Vmus. Hidesaburo Hanafusa, Teruko 
Hanafusa and Harry Rubin in Pro
ceedings of the National Academy of 
Sciences, Vol. 49, No. 4, pages 572-
580; April, 1963. 

RESPONSE OF CELL AND OHGANISM TO 

INFECTION WITH AVIAN TUMOH VI

HUSES. Harry Rubin in Bacteriological 
Reviews, Vol. 26, No. 1, pages 1-13; 
March, 1962. 

CHEMICAL STIMULATION 
OF THE BRAIN 

CHEMICAL THACING OF NEUHAL PATH-
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Flexible idea for 
handling temperatures 

up to 3000°C 

SYLVANIA DOES 
EXOTIC THINGS 

WITH EXOTIC METALS 
Our knitted tungsten wouldn't make a very good pair of 

mittens. But for handling wide variations of temperature in 

electric furnaces, this closely woven mesh of tungsten wire 

is just the material to use. 

A new development of Sylvania's metallurgical research, 

"knitted" tungsten solves the problem of thermal·shock 

damage to expensive furnace elements. Unlike solid mate· 

rials, tungsten mesh expands and contracts, as tempera· 

ture goes up and down, without permanently changing 

shape. As a result, furnace elements now have 3 to 4 times 

longer life than ever before possible. 

Awarded first prize by the American Society for Metals in 

its competition for "unique product of 1963 among all non· 

ferrous materials," tungsten mesh is a dramatic result of 

Sylvania's creative imagination, broad knowledge and 

extensive experience in the field of refractory metals. 

Sylvania knows refractory metals as only a specialist can. 

And is a recognized leader in the research, development and 

manufacture not only of tungsten and molybdenum, but of 

chemicals, phosphors and semiconductor materials as well. 

To extend that leadership even farther, Sylvania is now at 

work on many advanced developments in all these important 

areas. Chemical & Metallurgical Division, Sylvania Electric 

Products Inc., Towanda, Pennsylvania. 
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SHOWS TIME, TIDES, POSI
TION OFSUN,MOON, STARS 
NEW SPILHAUS 
SPACE CLOCK 

19 DI FF ERE N T  REA D
INGS A T  A GLA N C E 

PERFECT FATHER'S DAY GIFT 
Startling scientific achievement" yet com· 
pletely practical and functional. De�igncd for 

the Apace age by world renowned scientist, Dr, Athpistan Spilhaus, Dean of 
Technology, Univer�ity of l\Iinnesota. Handsome eonversation piece
ronstantiy up·to·date encyclopedia of the sky. The Spilhaul! Space Clock 
ha� heautiful fruit wood case and � sky·blue dials. Blend.'! with decor of any 
home, office, club room. classroom, museum, display window, hotel, etc. 
I�atlte dial �hows sun position, duily !lun rise and set, moon position, moon 
rise and set, pha�e of moon. low and high tide time, current stage of tide, 
day and month of year, current pOAition of stars ill sky, time of stur ri�e 
and at!l.r /let, relationships of sun, moon and stars, sidereal or �tar tilll�, Left 
d.i::..' shoWM local time. Right dial shows world time includinll;: major U.S. 
CII!es and UniverMI (Greenwich) time. Oper8te� on house current-reo 
Q!-ures only one simple "elting for any geo,(ruphic location. Measures 16'" 
lugh x 1 (J.i" wide x 4J.i' depp. Presentatioll plaques available. Complete 
s"tisfaction �Imnlnteed or money refun<ied. 
Stock No. 1201-5 ... Sh p. Wt. 12Ibs • . . .  5175 F.O.B. (+55.00 F.E.T .) 

Photographers! Adapt your camera to thi s Scope for ex
cel/ent Telephoto shots and fascinating photos of moon! 

See the Stars, Moon, 
Planets Close Up! 

3' ASTRONOMICAL 

REFLECTING TELESCOPE 

60 to 180 Power-Famous Mt. 
Palomar Type I An Unusual Buy! 

Sec the Rings of Saturn, the fl\8cinating 

���I��t, �����s �?Ve����erEq �:to:i'�l 
mount with lock on both axes. Alumi
nized and overeoated 311" diameter high. 

. .  . speed f/lO mirror. Telescope comes 
eqlllpped w�th a r.OX eyepIece and a mounted Harlow Lens. Optical Finder 
Telesl'olle lllcluded. Hardwood portable trinod. FREE with 8eolle: 

�1�1�1�'�\O�J�,� 8�'i �;;8Wsl?JlES�O'����gg�?K OF HEAVENS" 

Stock No. 85,050-5 . . ..................... 529.95 Postpaid 

41,4' Astronomical Reflector Telescope I 
255 Power. New Vibration Free Metal Pedestal Mount. 
Stock No. 85.105-5 . . . . . • . .  579.50 F.O.B. Barrington, N.J. 

SUPERB 6" REFLECTOR TELESCOPEI !n;
;e

e�i::;!c
f��o�� t�j5iid:.�tting circles. equutorial mount, pedestal base. 

Stock No. 85,086-5 ........ 5195.00 F.O.B. Barrington, N.J. 

ADJUSTABLE SPANNER WRENCH -. -. Remove Your Retaining 
Rings, Disassemble Lenses, 

Cameras, etc. 
Made for U. S. Air Force
available at a fraction of Gov-

�:�:��� t��T\ha1 e;��y i������ 
Inent and camerll. repair man 

or just plain tinkerer should own. Adjustable for � ... to 12" 
diameter retaining rings. Complete with six different pairs 
of points to fit all typcS of slots and holes. 3", 6" and 12" main 
bars. All steel and nicely plated. The finest tool we have ever 
come across for this type of retaining ring work AND a real 
bargain at Ollr low orice, St ock No. 1_0_. _35_5_- _5_, _..:.:.:.:..:..:.:.:.:..:..:.:..:.::::. " SCIENCE TREASURE CHESTS 

ScTer;tc;e Trea sure Chest-Extrfl·POwerful magnet!!, 
P?lanzl!"'g filter�, comnRSS. one'WIlY mirror film. rori"m. 
dlffra'":tl?n gratlll!J: and lots of other items for hundreds 
of thrlllllljt experiments. plus a Ten.Lens I{it for mak· 
ing telescopes. microscopes, etc. Full in�tructiolls in· 

,_ cluded. 
Stock No. 70,342-5 ............... 55.00 Postpaid 
5 ci�,"!ce Tre;a.sure .Chest DeLulie-Everything in 

Chest above plus excltlllg additIOnal Items for more advflllced exneri· 
ments iuuludi":2; crystal-,I;rowintl, kit, electric motor, molecular models set, 
first·surface mlrror�. and lots more. 
Sto(:k No. 70,343·5 . . ............. $10.00 Postpaid 

ANALOG COMPUTER KIT f�-"...-,---- Demonstrates baSIC analog com-
� putlng prInCiples-can be uRed (eJl tor multiplicatIOn dlvlRion. pow-
� ._ _ __ ers, roots, log. operationR. trig 

� . . 
._ ... _. . . 

. nroblems, physics formulae. elec-
t nclty and magnetism problems. Operates on 2 flash
light batteries. Electric meter and 3 potentiometf'rs 

�������l
w�de

?ii;:c�!e��X. Answer Indicated on dial. 20" 

Stock No. 70.341-5. 
MAIL COUPON FOR FREE CATALOGI 

YOURS FREE FOR THE ASKING 
Write today for completely new and 
enlarged 148 page catalog full of in
teresting optical and scientific items. 
Includes a wide variety of optical parts 
(imported, war surplus) and hard to 
J!et items for the experimenter and 
hobbyist. Request catalog "S". 
EDMUND SC I ENT IFIC CO., 
Barrington, N.J. 

S END NEW GIANT CATALOG "S" 

Name. 

Address ..... 

War Surplus! 

American.Made 7XSO Binoculars 
Big savings! Dranel npw! Crystal
clear vlewlng-7 power. Every oOli
cal element, !s coated. An excellent 
night glass-the size recommended 
for satellite viewing, Individual eye 

��e��SatFt&bl�d!� j� ��ft�8���;: 
jng Case included. American 7x50's 
normally cost 5274.50. Our war 

surplus price saves you real money. Stock No. 1544-5 ................ only 574.80 pstpd. 
7 x 35 AMERICAN MADE BINOCULARS Stock No. 9t;4-S ........... $60.50 pstpd. (Tax inpJ.) 

G x 30 Binoculars-similar to above and a terrific bar
gain. Stock No. 963-5 ......... $33.00 pstpd. (Tax included) 

Make Your Own Powerful Astronomical Telescope 
GR I N D  Y OU R  OWN 
A S T R O N O M I C A L  M I R· 
ROR. Kits contain mirror 
blank, tool, abrasivcs, di· 
agonal mirror and eye· 
piece lenses, You can build 
instruments ranging in value 

from 875.00 to hundreds of dollars. 

Mirror 
Diam. Thickness Price 

4V411" 
'W $ 7.50 Ilpd. 

6- 1- 11.95 ppd. 
8- l31a" 19.50 ppd. 

10" H4" �g:�� } f.o.b. 
12Y:z"" 2 V.'" Barrington 

NEW Z-O-O-M TELESCOPE 
ZOOMS FROM 25X TO BOX 
Fine Quality, erect image zoom 
telescope, for naturalists and 
hobbyists. 50 mm hard coated, 
achromatic objective. Eeparate lIooming and focusing ad· 
justments. Field of view at 25X is l-clegree, 30 minutes: 
lIooms to O·degrees. 35 minutes at 30X. Ma!l;nification scale 
marked on eyepiece mount. High resolution over entire field. 
Excellent for both terrestriaL and celestial observatio[l. In
cludes sunglass for safe solar observation. 2272" long 0[1 
sturdy 10'" tripod. 

Stock No. 70,623-5.. . . .$35.00 Postpaid 

'FISH' WITH A WAR SURPLUS ��' 
GIANT MAGNET , 

Bring Up Under-Water Treasures :---
Real fun! Profitable, too! Slmp!y trail this .:..... :.. 
powerful 5 lb. Magnet out the stern of ;,..,.. 
your boat-retrieve outboard motors, - .:-

fishing tackle, anchors. other metal valu-
ables. Alnico V-Type Magnet has terrific 
lifting power-2000 Gauss ra.ting-lIrts over 12.5 Ibs. on 
land-more under water. Many inrtustnal uses. too: re
cover tool� and parts [rom inaccessible spots, hoW work 
In place, rHI shop floors of metal fragments, pins, cte. 
Stock No. 70,571-5 5-lb. Magnet .. ... . .$12.50 Pstpd. 
Stock No. 70,570-S 3Y2·Jb. lifts 40 Ibs. . . .. , .... $ 8.75 Pstpd. 
Stock No. 70,572-5 7Y2-lb.lifts 150 Ibs ........ $18.75 Pstpd . 
Stock No. 85,152-S 15%-lb. Magnet, 

lifts 250 Ibs.. .. ................ ...... $33.60 FOB 

TERRIFIC BUY! 
AMERICAN MADEl 

Up '0 3" Working Distance 
Wide 3-Dimensional Field 

Used In production, in research or at 
home: tor Inspections, examinations, 
counting, checking, assembling, 2 sets 
of objpctives on rotating turret. Stand
ard pair of wide field lOX Kellner Eye 
pieces give you 23 power and 40 power 
clear � sharp erect image. Helical rack 
and pinion (ocuRing. Interpu(:i1lary dis
tance adjustabl{'. So good we'll SHIP 
ON A lO-DAY FREE TRIAL. 

Or der Stock No. 85,056-5.. . .full price 599.50 F. O. B. 

BUILD A SOLAR ENERGY FURNACE 
A fascinating new field. Build your own Solar 
Furnace for {'xperimentatlon-many practical 
URes. Easy! Inexpensive! Use scrapwood! 
We furnish Instruetion'3. This sun powered 
furnace wltl generate t.('rrific heu t-2000° to 

3000°. Fuses enamel to metal. Sets paper aflame in 
second�. Use Gur Fresnel Lens. 
1 1" Sq. Fresnel Lens F.L. 19" 
Stock No. 70,533-5 . . . . . . . .. . , • •  , • •  , .$6.00 Postpaid 

MARVELS OF THE 

UNIVERSE ON SLIDES 
Forty mounted, identified 
35mm de luxe black and 
white slides dramntlca!ly 
display awe-lnf;lpiring views 
of northNn hemisphere con
l'itcIl3tions. Set inelud(>s title 
slide, 5 seasonal & regional 
star maps that introduce, in 
order, 34 consteHation slides. 
You identify 46 constellations 
-more than one on some 

City.. . ... Zone .. .... State.. �!��i ��.
ngg�i��:�� ���� .s����. 

a��. ��1t:�OCOhW;s���id 

I·W·!j!\!J�?iUIf!:rftj!I!!IJ"!OYrrn'fiflll 
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WAYS MEDIATING THE THIRST DRIVE. 

Alan E. Fisher and John N. Coury 
in Thirst: Proceedings of the First 
International Symposium on Thirst in 
the Regulation of Body Water, edited 
by Matthew J. Wayner. Pergamon 
Press, 1964. 

MATERNAL AKD SEXUAL BEHAVIOR IN
DUCED BY INTRACRANIAL CHEMICAL 

STIMULATION. Alan E. Fisher in Sci
ence, Vol. 124, No, 3214, pages 228-
229; August, 1956. 

MAGNETOTHERMOELECTRICITY 

ETTINGSHAUSEN EFFECT AND THERMO

MAGNETIC COOLING. B, J. O'Brien 
and C. S. Wallace in Journal of Ap
plied Physics, Vol. 29, No. 7, pages 
1010-1012; July, 1958, 

NEW VVAYS IN THERMOELECTRICITY. 

D. A. Wright in British Journal of 
Applied Physics, Vol. 15, No. 3, pages 
217-227; March, 1964, 

ORIENTED SINGLE-CRYSTAL BISMUTH 

NERNST-ETTINGSHAUSEN REFHIGERA

TORS. T. C. Harman, J. M. Honig, 
S. Fischler, A. E. Paladino and M. 
Jane Button in Applied Physics Let
ters, Vol. 4, No. 4, pages 77-79; Feb
ruary, 1964. 

THEORY OF THE LONGITUDINALLY Iso

THERMAL ETTINGSHAUSEN COOLER. 

C. F. Kooi, R. B. Horst, K, F. Cuff 
and S. R. Hawkins in Journal of Ap
plied Physics, Vol. 34, No, 6, pages 
1735-1742; June, 1963. 

FLOWER PIGMENTS 

THE CHEMISTRY OF FLAVONOID COM

POUNDS. Edited by T. A, Geissman. 
The Macmillan Company, 1962. 

THE STORY OF POLLINATION. B. J. D. 
Meeuse. The Ronald Press Company, 
1961. 

VISUAL SEARCH 

COLOR CODING AND VISUAL SEARCH, 

Sidney L. Smith in Journal of Experi
mental Psychology, Vol. 64, No. 5, 
pages 434-440; November, 1962, 

DECISION-TIME WITHOUT REACTION

TIME: EXPEHIMENTS IN VISUAL SCAN

NING. Ulric Neisser in The American 
Journal of Psychology, Vol. 76, No. 3, 
pages 376-385; September, 1963, 

THE TUNNEL OF EUPALINUS 

ALTERTHUMER AUF DER INSEL SAMOS. 

Ernst Fabricius in Mittheilungen des 
Deutschen Archiiologischen Institutes 
in Athen, Vol. 9, pages 163-197; 
1884. 
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Electronic explorer 
This capsule goes hunting for trou

ble in the gastric system. It carries 

an astonishingly small telemetering 

unit which sends diagnostic data 

from the body to receiving instru

ments. It is powered by the tiniest 

battery in the world-a Mallory 

mercury cell. 

The high energy and exceptional 

stability of Mallory battery systems 

contribute to the success of many 

new self-powered products. In tran

sistor radios, they bring clearer 

sound, more listening hours. In 

battery-powered cameras, they make 

picture-taking far easier than ever. 

They're the tiny energy cells that 

have helped shrink hearing aids to 

unbelievably small size. 

Ultra-miniature mercury batteries 

are only one of many unique Mallory 

products whose out-of-the-ordinary 

qualities can add new convenience, 

reliability and value to the products 

you make and sell. Mallory scien

tists and engineers constantly an

ticipate your needs in battery power, 

electrical and electronic components 

and powder metallurgy. P. R. Mallory 

& Co. Inc., Indianapolis 6, Indiana. 

electrical and electronic components. battery systems. sequence timers. special metals 
MAiIORY 
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ARGONNE'S 3600 

ACCELERATES SCIENTIFIC 

ANALYSIS TOWARD 

PEACEFUL USE OF 

THE ATOM 

Photos courtesy Argonne National Laboratory 

At Argonne National Laboratory in Illinois, science is 
proving how nuclear energy can benefit the world through 
peaceful application. In their experiments, Argonne 
scientists produce vast amounts of information enabling 
them to harness nuclear energy and use it constructively 
-for heat, light and fuel, for deeper understanding of 
man's biological make-up, and for discovery of new 
methods and materials to achieve peaceful progress. 

To preserve the value of this increasing volume of experi-
mental data, they use a CONTROL DATA 3600 Computer 
System to rapidly analyze the data and produce practical 
computations-analyses that are assisting in the develop-
ment of nuclear fuels, new methods in medical radiology, 

new power reactor designs. 

The problems being solved by Argonne scientists are 
paralleled by other progressive organizations the world 
over who are putting the CONTROL DATA 3600 to work 
in science, industry, and economics. The reason: the 
CONTROL DATA 3600 offers more computations per 
dollar than any other commercially available computer 

system in operation today. 

For more detailed information on the CONTROL DATA 
3600, we invite you to inquire direct or through your 
nearest Control Data representative. 

CONTROL DATA 
. - - . - . • 

8100 34th AVE. SO . •  MPLS. 20, MINN. 
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