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Good conduct metal 
Powdered metals. In this case, silver 
and cadmium oxide, blended to pro
duce a surprising combination of 
qualities in an electrical contact. The 
contact will serve beyond the call of 
duty in heavy duty electrical equip
ment, because it combines high con
ductivity with exceptional resistance 
to welding and arc erosion. You 

would never find these qualities to
gether in natural alloys. 

Powder metallurgy techniques 
developed by MaJlory for use in 
Elkonite® materials make possible 
the blending of many properties that 
could never before be combined
high density and high strength, duc
tility and machinability, for example. 

Powder metallurgy is a Mallory spe
cialty with rewards for everyone. It 
puts exciting new resources at the 
designer's command. It enables the 
manufacturer to build extra value in
to his products. And it gives the con
sumer a better product for his money. 
P. R. Mallory & Co. Inc., Indian
apolis, Indiana 46206. 

electrical and electronic components . battery systems . sequence timers • special metals 
MAiIORY 
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Liquid cooled Wide Band Power Amplifier Tube 
and Electromagnet Focusing Structure 

Wide Band Power Amplifiers 
with 3:1 Frequency Coverage 

Three Traveling-Wave Tube power 
amplifiers, which have an operating 
frequency range of better than 3 to 1, 
have been developed by The Bendix 
Corporation, Research Laboratories 
Division. These power amplifiers, a 
wide band driver tube and two high 
power tubes, are extremely short and 
compact, and they are capable of feed
through or "transparent" operation. 

The driver tube can produce an out
put of 10 watts throughout the 200- to 
1000-megacycle frequency range at a 
nominal gain of 15 db. Actual perform
ance data on a recent tube is shown 
above. The gain, however, can be in
creased to suit specific needs. A low 
VSWR is maintained over the entire 
frequency range from 170 to 1000 
megacycles by using coaxial r-f input 
and output transmission line to helical 
r-f circuit transitions. 

Together, the two high power tubes 
cover the 100- to 600-megacycle fre
quency range. Each tube can produce 
an output in excess of 100 watts at a 
minimum gain of 13 db. 

Because of their rugged construc
tional features, these tubes offer special 
advantages where extreme environmen
tal conditions are experienced. Metal
ceramic construction provides great 
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Saturated power output across the 5:1 
frequency range for the TW·143 type driver 

tube varies only:<:3 db 

insensitivity to shock, vibration, and 
temperature conditions. This type of 
construction also pelmits high tem
perature bakeout techniques to be 
used during vacuum processing which 
greatly contributes to long life oper
ation. 

These tubes utilize a triode electron 
gun which produces a hollow elec
tron beam and simplifies construction. 
Either solenoid or pelmanent magnet 
focusing structures can be used. The 
tubes are field changeable, and they 
can be liquid- or air-cooled. 

The broad band operating charac
teristics of these tubes were achieved 
by using computer programs to opti
mize the design. A correlation study 
has shown that the actual operating 

Research Laboratories Division 

characteristics compared very favor
a b l y  to t h e  c o m p u t e d  p erf o r m 
ance characteristics. These Bendix 
Computer programs will permit tube 
designs to be defined for specific per
formance characteristics throughout a 

designated frequency range with a 

minimum of effort. 
Bendix Research embraces a wide 

range of technology including acous
tics, nuclear, solid-state physics, quan
tum electronics, mass spectrometry, 
photoelectronics, electron beam and 
tube technology, measurement science, 
applied mechanics, energy conversion 
systems, dynamic conh"ols, systems 
analysis and computation, navigation 
and guidance, microwaves, digital tech
niques, data processing and control 
systems. Motivation: to develop new 
techniques and hardware for The 
Bendix Corporation to produce new 
and better products and complete, in
tegrated, advanced systems for aero
space, defense, industrial, aviation, and 
automotive applications. Inquiries are 
invited. We also invite engineers and 
scientists to discuss career position 
opporhmities with us. An equal op
portunity employer. Write Director, 
Bendix Research Laboratories Divi
sion, Southfield, Michigan. 

T�nc(i/ 
COR P 0 R A T I a rl 

WHERE IDEAS 
UNLOCK 
THE FUTURE 
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Radio Engineering laboratories Tropo Scatter Radio Terminals 

use Allen - Bradley Hot Molded Resistors 
because there are none more reliable! 

Radio Engineering Laboratories, Inc. must employ the most reliable compo
nents available to achieve the 99.9% reliability required-only 8.7 actual 
hours outage in a total year round-the-clock operation-in systems under the 
direction of the Defense Communications Agency. For this reason, extensive 
use is made of Allen-Bradley fixed and adjustable fixed resistors in REL'S 
2600 Series Tropospheric Scatter Radio Terminals. 

The Allen-Bradley hot molding process-invented and used· exclusively by 
A-B-produces such precise uniformity from resistor to resistor, from one 
million to the next, that long term resistor performance can be accurately pre
dicted. Their stable characteristics and conservative ratings have made Allen
Bradley hot molded resistors preferred wherever the ultimate in performance 
is demanded. 

Allen-Bradley's Type R adjustable fixed resistors-made by the same ex
clusive hot molding process-provide smooth and exact adjustment. They're 
ruggedly built and will remain stable under extremes of shock and vibration. 

For more details on the complete line of Allen-Bradley quality electronic 
components, please write for Publication 6024: Allen-Bradley Co., 1204 S. 
Third Street, Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada 
Ltd., Galt, Ontario. 

This illustrates reduction in volume 
achieved in R E L'S 2600 equipment. 
Racks at left show exciter and receiver 
using tube construction. At right are 
the equivalent solid state gear. Tran· 
sistorized circuitry and the use of 
Allen-Bradley Type CB %-watt resis
tors contributed to this size reduction. 
A-B pioneered and introduced the %
watt resistor. 

ALLEN - BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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RECORDERS 
Most choi!:es-Over 
Moseley models from one 
range basic to the most 
versatile recorders; all pa
per sizes; 2-pen, bench, 
rack, metric models 
Most features-ranges, AC 
or OC, built-in time sweeps, 
zero offset, advanced pa
per holddown, high sensi-. •  

tivity, stepped attenuators 
Most useful-greatest aC- l 
cessory choice: curve, line 
followers, log converters, 
_�f.'m '''"'''''''', •• ,,;

' 

detectors, character print' .• 
ers, keyboards, roll charts .1' 
Most performance - best 
ret.racecapabilityavailabLe;. j � 
retla�le, ru�ged; world-wide .1. 
repair service 

.' . 
I 
i 

I 

Model 7000A typifies Mose-'i 
ley recorders; provides si
lent electric Autogrip" pa- . 
per holddown for charts I 
'll"x 17" or smaller, 100 ! 
/Lv/in sensitivity at 1 meg-� 
ohm input resistance and 
.120 db common mode re: 

• joell •• , AC I" •• ".," to ' •• 
5 mv/in, reliable new mUl
ti-contact flat mandrel po
tentiometers, time sweeps 
both axes (with automatic· 
reset, adjustable width), 
extended multi-scale zero i 
offset. Price $2575 

i 
Model 2FRA. 11"x 1 7" , 2� 
pen recorder, $3575 
R"",,. "tal.,. F, L M ... · .j 
ley Co., 409 N. Fair Oaks I 
Ave., Pasadena, California I 
91102 1 
MDSELEV:$ , 
An affiliate of Hewlett-Packard 

'Trade Mark. Pat. Pend. 9322 

THE COVER 

The painting on the cover shows a painted turtle (Chrysemys picta picta) 
making a visual choice in a laboratory at Bryn Mawr College (see "The 
Evolution of Intelligence," page 92). The turtle is confronted with a pair 
of translucent Plexiglas panels on which two different colors are projected 
from behind; it makes a choice by pressing with its head or forefoot 
against one or the other of the panels. The turtle is rewarded for making 
a "correct" choice by a bit of fish, which is presented at the window in the 
far corner impaled on a prong fixed to a rotating wheel. The reward de
vice is triggered automatically, so as to exclude the possibility of the ex
perimenter's presence having any influence on the outcome of the ex
periment. If the turtle makes an incorrect choice, there is a six-second in
terval of darkness, after which the correct panel alone is illuminated (a 
procedure called "guidance") and the turtle is rewarded for responding to it. 
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Explosions in miniature 
put the pop in popovers 
Explode a tiny speck of solid rocket 
fuel and predict the exact muscle 
a ton of the stuff will give to a missile. 
From a dab of shortening, predict 
the "popping" probability in mother's 
popover recipe, or in a mass 
produced mix. 
Or establish the exact amount of 
heat which will cause a plastic baby's 
bottle to take its shape-or lose it. 
Such tabletop explosions, carried out 
in Perkin-EImer's Differential 
Scanning Calorimeter, are opening 

up a brand new field of low 
cost analysis. The DSC-l directly 
measures and records energy required 
to effect transitions associated with 
polymerization, fusion, crystallization 
and decomposition. Chemists in 
such varied fields as polymers, 
insecticides, fats, greases, explosives, 
organic chemical research and 
general chemical analysis are finding 
it invaluable. 
The Differential Scanning 
Calorimeter is just one of the many 

results of Perkin-EImer's multiple 
talents in instrumentation, precise 
optics, mechanics, chemistry, physics 
and electronics. The same skills are 
at work in other scientific 
instrumentation for countless 
applications throughout industry, 
research, space and national security. 
You can get complete information 
on both the instrument and latest 
techniques of differential scanning 
calorimetry by writing Perkin-Elmer 
Corporation, Norwalk, Conn. 

PERKIN-ELMER 
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UAN'11 

BE 

DONE 
? 

• 

TRY 
PAPER,"�:��:,�,,!:: 

s o m e t i m e s  n o t  
fully aware of paper's possibilities. Paper 
is so much more than just something to 
write on, read from, wrap packages with. 

The potential in paper is growing 
with every new development, every 
new use. Perhaps you're faced with a 
knotty problem right now. vVould you 
think of turning to paper for a solution? 
Maybe you ought to. 

To get an idea of what specialty 
papers - custom-designed for the job -
are accomplishing in industrial and 
technical applications, write for a free 
copy of our "Creative Imagination" 
booklet. 

And if you're working on a great idea 
that "can't be done" - give us a chance 
to think it through with you. You may 
have some very pleasant surprises in 
store. 

LETTERS 
Sirs: 

May I be allowed a reply to A. E. 
Mirsky's review of my book Essays of 
a Humanist [SCIENTIFIC AMERICAN, 
October, 1964]? Dr. Mirsky's compe
tence in molecular biology is undisputed 
and outstanding, but I must question 
his competence to review books of a 
general nature. His so-called review of 
my book is not a review at all but a 
criticism of a single essay on a single 
subject. The book includes essays on 
the history of Darwinism, on a novel 
approach to the mind-body problem, on 
the evolution of organization, on edu
cation, on conservation, on scientific 
natural history, on religion, on popula
tion, and a key one on humanism. Yet 
he does not even mention any of these, 
except to say that much of my Evolu
tionary Humanism "boils down to eu
genics." This statement is untrue and 
extremely misleading. 

Meanwhile he writes that my book 
is studded with examples of my uncrit
ical attitude, and accuses me of being 
"uncritical" in general. This seems a 
somewhat sweeping accusation to bring 
against a writer of comprehensive sci
entific works such as Evolution: the 
Modern Synthesis and Problems of Rel
ative Growth, of technical reports such 
as the Conservation of Wild Life and 
Natural Habitats in Eastern Africa, and 
of a series of papers that established 
field studies of behavior as being sci
entifically reputable and helped to lay 
the foundation of modern ethology. 

I-Ie may, however, have intended the 
accusation to apply only to this semi
popular work. If so, he has failed to 
note in the essay on Eugenics my crit
ical discussions of "fitness," of the im
plications of a high degree of hetero
zygosity, and of the fact that a small 
increase in mean mental capacity will 
bring about a large increase in the 
numbers of exceptionally well-endowed 
individuals (by the way, I did not state 
that "true geniuses" were characterized 
by exceptionally high I.Q.'s), or of my 
highly critical strictures of all racist 
theories and all failures to recognize 
that genetic and social improvement are 
inextricably linked. 

As regards his strictures on my treat
ment of the "social problem group" he 
is ignorant of the facts. The term is a 
technical one, coined by social workers. 
Recent studies in our new and more 

affluent society (for example, by Dr. 
Dorothy Morgan in Family Planning, 
Autumn, 1964) have shown that im
proved environmental standards have 
very little direct effect on the general 
shiftlessness, the low educational at
tainments or the size of family of such 
groups, thus strengthening the pre
sumption of a strong genetic component 
underlying their behavior; but that 
domiciliary visiting and patient explana
tion of family planning can overcome 
ignorance and can bring about spaced 
births and small families, and that this 
will indirectly bring about a better 
standard of family life and a more hope
ful general outlook. 

Nor does he mention my critical dis
cussions in other essays of problems 
such as biological organization, the 
evolution of improved mental faculties 
in animals, the effects of explosive but 
differential population increase, the con
servation of varied natural resources, 
and above all the nature and workings 
of the evolutionary process and its un
derlying mechanism, selection. 

Indeed, Dr. Mirsky's understanding 
of this major field of biology seems 
rather sketchy. If he had digested the 
outstanding modern works on the sub
ject, such as R. A. Fisher's Genetical 
Theory of Natural Selection, Bernard 
Rensch's Evolution above the Species 
Level, Ernst Mayr's Animal Species and 
Evoilition and George Gaylord Simpson's 
Major Features of Evolution, he would 
not assert with such assurance that we 
need much more detailed knowledge of 
human genetics before attempting any 
sort of eugenic improvement, even by 
the modest and voluntary methods sug
gested by H. J. Muller and myself. No 
detailed knowledge of genetics was 
needed by Darwin to deduce that nat
ural selection would produce adaptation 
and therefore the improvement of each 
creature in relation to its conditions; 
and that "this improvement inevitably 
leads to the gradual advancement of the 
organization of the greatest number of 
living beings throughout the world"; or 
by breeders to produce wonderful im
provements in domesticated animals and 
plants; or by God, nature, the elan 
vital or any other agency to bring about 
the astonishing diversification and ad
vance of life during evolution. Nor is 
it needed by us today to raise the level 
of desirable genetic potential in man, 
although of course the process could 
be materially assisted by deliberate 
manipulation of the social environment. 

Your columns are not the place for 
detailed discussion of Dr. Mirsky's criti
cisms. But I must reaffirm that his attack 
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on my views on eugenics is not a re

vie\\' of Essays of a Humanist, and I 
leave it to readers of the book to judge. 

JULIAN HUXLEY 

London 

Sirs: 
Sir Julian Huxley says that my "so

called review" of his book of essays is 
not a review because it is "a criticism 
of a single essay on a single subject." 
It is true that the review deals with a 

single subject: what Huxley calls "evo
lutionary humanism." It is also true that 
I said that "much of evolutionary hu
manism boils down to eugenics." It 
surely does. vVhy did I concentrate on 
evolutionary humanism? I did so be
cause in his preface Huxley says of his 
book: "But my main aim has been to 
set forth the facts and principles of evo
lutionary humanism, and my main hope 
is that my readers will be convinced of 
its importance and will take part in the 
great debate on man's destiny and fun
damental beliefs which are now begin
ning among thinking men and women." 
"'Tell, in my review I took part in the 
great debate. I did not refer to essays 
that, as Huxley said in his preface, were 
included "to lighten this perhaps rather 
solid menu." 

Huxley says that my review deals 
with "a single essay" and that it "does 
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Wild M-ll 
Schoo�Laboratory 

Microscope 

That's because each is not only the finest instrument in its class 

(structurally, optically and mechanically), but also because each is 

available with a complete range of attachments and accessories to 

meet your specific requirements, now and later. 

WRITE FOR CONDENSED CATALOG "M". 

'First name in a complete line of instruments for Surveying, Photogrammetry and Microscopy: 

HEERBRUGG 

WILD HE.R.RUGG INSTRUMENTS, INC. 
�ORT WASHINGTON, NEW YORK 

Full 
Factory S.",Ic •• 

In Canada: Wild of Canada Ltd., 
881 Lady Ellen Plac., Ottawa 3, Onta rio 
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You'll discover 

• * 

IN BAlTIMORE COUNH, MD. 

8 

IT is Industrial Tempo . . . and 
it is a combination of all the fac
tors that make Baltimore County 
the ideal location for your new 
plant, especially if you are en
gaged in research and develop
ment work. 

Baltimore County is located in 
one of the world's great concen
trations of science-research-en
gineering activity. Here, in close 
proximity, there are many lead
ing companies, splendid colleges 
and universities, an ample sup
ply of skilled labor, a truly favor
able industrial climate . . . all 
these and milch more! 

SELECTING A PLANT SITE? 

WRITE OR CALL: 

H. B. STAAB, Director Dept.S. 

BALTIMORE COUNTY 
Industrial Development Commission 

Jefferson Bui Iding, Towson, Md. 21204 

Phone: 823·3000 (Area Code 301) 

not even mention" others, among them 
"a key one on humanism." Actually I 
quoted from three essays and there were 
a number of quotations from the "key 
one on humanism." 

Huxley makes a number of specific 
complaints. I shall mention two that are 
especially Significant for a discussion of 
eugenics. He says that I failed to note 
his "highly critical strictures of all racist 
theories." Actually I wrote that "Huxley 
has tried to dissect racism from Calton's 
philosophy." Concerning genetics and 
intelligence he now says: "I did not state 
that 'true geniuses' were characterized by 
exceptionally high I.Q.'s." He makes this 
statement because in my review there 
was this quotation from his book: "It is 
to man's higher level of intelligence that 
he owes his evolutionary dominance; 
and yet how low that level still remains! 
It is now well established that the lm
man I.Q., when properly assayed, is 
largely a measure of genetic endow
ment. Consider the difference in brain
power between the hordes of average 
men and women with I.Q.'s around 100 
and the meagre company of Terman's 
so-called geniuses with I.Q.'s of 160 or 
over, and the much rarer true geniuses 
like Newton and Darwin, Tolstoy and 
Shakespeare, Coya and Michelangelo, 
Hammurabi and Confucius . . .  ." After 
this quotation my comment was: "There 
is, in fact, no reason to assume that Tol
stoy, Coya or Hammurabi had high 
I.Q.'s." It would be curious but tedious 
to deal with all of Huxley's detailed 
complaints. 

His main charge is my ignorance of 
certain subjects that he considers (and 
rightly so) to be of importance in dis
cussing eugenics. According to Huxley, 
I am "ignorant of the facts" concerning 
the "social problem group. " In his book 
he said (and I quoted this in my re
view): "By social problem group I mean 
the people, all too familiar to social 
workers in large cities, who seem to 
have ceased to care, and just carry on 
the business of bare existence in the 
midst of extreme poverty and squalor. 
All too frequently they have to be sup
ported out of public funds, and become 
a burden on the community. Unfortu
nately they are not deterred by the con
ditions of existence from carrying on 
with the business of reproduction; and 
their mean family size is very high, 
much higher than the average for the 
whole country." 

When I read this passage, I thought 
I knew just which people Huxley had in 
mind. It now appears that my ignorance 
was a barrier of which I was not aware. 
"Recent studies," he now says, " . . .  have 

shown that improved environmental 
standards have very little direct effect 
on the general shiftlessness, the low 
educational attainments, or the size of 
family of such groups, thus strengthen
ing the presumption of a strong ge
netic component underlying their behav
ior. . .. " This statement is in line with a 
passage in his book: " .. . the indications 
are that they are genetically subnormal 
in many other qualities, such as initia
tive, pertinacity, general exploratory 
urge and interest, energy, emotional in
tensity, and willpower." After quoting 
this in my review I said that almost 
nothing is known about the genetics of 
these characteristics and about the rela
tive importance of heredity and of en
vironmental conditions in the origin of 
these human qualities. From what Hux
ley now says, recent studies of which I 
have not been aware have provided 
evidence for his claims, and he cites 
Dorothy Morgan's study in particular. 

It was difficult to find the journal 
(Family Planning) in which Dr. Mor
gan's article appeared; it was not in 
some of the main libraries of science and 
medicine. In the meantime I wondered 
about the ingenious and resourceful pro
cedures Dr. Morgan might have used to 
resolve even partly one of the great 
problems of the social sciences. Finally 
we found Family Planning, and in the 
October 1964 issue (page 63) there is an 
article on Dr. Morgan's work by Renee 
Brittan. This article describes a birth
control service for "problem families" in 
the slums of Southampton. The problem 
families of Southampton are much the 
same as many families in U.S. cities; in
deed, they are like many who live 
around the corner on "Vest 95th Street in 
New York, 100 yards or so from where 
I live. When I read about the social 
problem group in Huxley's book, these 
were the people I had in mind. Renee 
Brittan refers to "what is politely termed 
'substandard' housing, in shocking tene
ment blocks with poor sanitary conven
iences, to families at the lowest level of 
subsistence, some mentally subnormal, 
many ill, and all social misfits, whose 
children were already known to the 
health visitors." This description would 
apply to families on West 95th Street. 
Millions of Americans know about this 
problem. 

Approaching the problem families of 
Southampton in a tactful and patient 
way, Dr. Morgan induced many of them 
to accept birth-control procedures. The 
result, as Huxley says, was beneficent. 
As for Huxley's other statement (fourth 
paragraph in his letter) about how Dr. 
Morgan's work has shown the ineffec-
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tiveness of improved environmental stan
dards and thus strengthened the pre
sumption of a strong genetic component, 
there is nothing at all about this in 
Renee Brittan's article. Huxley's far
reaching claim that improvement in the 
environment has little direct effect on 
the shiftlessness of these people is de
rived either from some other article or 
by subtle reading between the lines of 
this one. The existence of families such 
as those described in the Southampton 
report has always been one of the props 
of eugenics; but obtaining the kind of 
critical data that Huxley claims was ob
tained in the Southampton study has 
always been elusive. 

Another prop of eugenics is presented 
by Huxley in the next to the last para
graph of his letter. The paragraph be
gins, of course, with the comment that 
my understanding of evolutionary biol
ogy "seems rather sketchy." He soon 
comes to the problem of whether our 
knowledge of human genetics is ade
quate for a program of positive eugenics 
(that is to say, not merely the elimina
tion of weIl-defined defective genes). He 
thinks it is. Indeed, he says: "No de
tailed knowledge of genetics was need
ed ... by breeders to produce wonderful 
improvements in domesticated animals 
and plants . ...  Nor is it needed by us 
today to raise the level of desirable ge
netic potential in man .... " Since the 
time of Galton, and even centuries be
fore, the example of the breeder has 
inspired eugenicists. 

To proceed with man as the breeder 
does with animals is a proposal that is 
frequently made with great self-assur
ance, but it simply will not do. The 
breeder has clearly defined aims (such 
as an increase in milk production or egg
laying), whereas what is desirable in 
man is in itself a great problem. More
over, the breeder keeps his animals 
under conditions that are substantially 
the same for all of them, whereas for 
human beings the environment is so 
variable that the genetic potentialities of 
individuals are often obscure. 

No, before man can embark on a pro
gram of eugenics he will need far more 
knowledge and wisdom than he pos
sesses today. For one thing, more knowl
edge of human genetics is required. 
Huxley has brushed aside the criticisms 
of many of our leading human geneti
cists. It was in this connection that I 

said he is uncritical. 

A. E. MIRSKY 

The Rockefeller Institute 
New York, N.Y. 

Result-our Plenco 789 Light Grey Melamine-Phenolic com
pound was selected for use in the molded stands of Bausch & 
Lomb Elementary Science Microscopes like the one shown. 

B & L's Instrument Division, Rochester, N.Y., makes them 
for the young (and often rambunctious) "Dr. Pasteurs" of the 
school, hobby and toy markets. So this efficient, precision 
equipment has to be able to take it. It does. 

Besides color, good looks and molding characteristics that 
helped the microscopes win an outstanding design award for 
1964 -prime factors in the selection of Plenco 789 were its 
stability and punishment-proof qualities. "When demonstrating," 
reports B & L, "we do everything but drive spikes with the 
microscopes." 

How do you see your product? If phenolics is the answer, if 
service is important, take a close look at Plenco. It'll put things 
in focus. It does for Bausch & Lomb. For the molder, Kurz
Kasch, Dayton, O. For a whole Who's Who of other fine firms. 

PLENCO 
PHENOLIC MOLDING COMPOUNDS 

PLASTICS ENGINEERING COMPANY SHEBOYGAN, WISCONSIN 

Through Plenco research . . •  a wide range of ready·made or custom·formulated phenolic, 
melamine and epoxy thermoset molding compounds, and industrial resins. 
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Removing Dinosaur Tracks 
from quarry in Dorset, England. Scientists are lifting 24 
yards of trackway containing clearly defined dinosaur 
prints. A natural-diamond saw was used because of its 
ability to cut quickly and cleanly without causing splinter
ing or cracking. After removal, the slabs will be placed 
on the lawns of the Natural History Museum in London. 

Dressing Abrasive Wheels 
Two diamond tools dress a V-shaped form on the face of a 
resinoid-bonded wheel used to grind threads in taps at 
Morse Twist Drill & Machine Co., New Bedford, Mass. 
As the wheel is driven at 9500 s.f.m., the diamonds dress 
both sides of the V-form simultaneously. This is a com
pletely automatic operation, operating on a pre-set cycle. 
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LOOK WHAT THEY'RE DOING WITH DIAMONDS 

Grinding Ceramics 
Piezoelectric ceramics are ground at Honeywell Ceramics 
Department, Golden Valley, Minnesota. 

The wheel on the Blanchard grinder contains ISO-mesh 
diamond grit in a metal bond. Grinding is done at 3000 
to 4500 s.f.m. Finish requirement: 32 microinch. 

People with imagination are using industrial 
diamonds for unusual jobs like removing dinosaur 
tracks from a quarry, or for more ordinary jobs like 
cutting holes through ceramic tile floors. Although 
the jobs shown on these pages span completely dif
ferent industries and applications, they still share 
one important detail: with diamonds each job is 
done more quickly and more economically than 
before. Some of them couldn't have been done 
without diamonds. 

When you use diamonds, you get the unique 
combination of excellent cutting or grinding ability 
linked with fantastic endurance. The results: your 
diamond tools last longer than any other cutting 
tools you can use. Your people spend more time 
in actual production ... less time changing tools. 

The Diamond Research Laboratory in Johannes-

Drilling Ceramic Floor 
Three-inch core drill cut through ceramic tile floor at 
Los Angeles County General Hospital to make holes for 
an X-ray drainage sink. This bit, designed by Diamond 
Tool Research Co., was air-driven at 600 rpm. It took about 
15 minutes to drill a hole, six to eight inches deep, through 
ceramic tile and steel-reinforced concrete. 

burg, world's leading authority on diamond technol
ogy, is constantly engaged in finding new and better 
uses for industrial diamonds. 

If you cut, sharpen or smooth anything in the 
course of your business, you can probably use dia
monds, too. Why not test diamonds against the 
method you're now using? You'll learn how efficient 
-and economical-industrial diamonds can be. 

Industrial diamonds cut practically everything . .. 
especially your operating costs. Your wheel and tool 
manufacturer can show you how. Write to this maga
zine for more information. 

D. B..... I> World's I.ading supplier ::.q� of diamonds fOl'industl'Y 

Industrial Grit Distributors (Shannon), Ltd., Shannon, Ireland 

II 
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50 AND 100 
YEARS AGO 

[1 ScnoomcAMEiIcAN � 
JANUARY, 1915: "Undoubtedly the 

most important scientific event of 1914 
was the discovery by Prof. Kamerlingh 
Onnes that when certain metals are 
cooled to a temperature near absolute 
zero they cease to have any measurable 
electrical resistance and a current start
ed in a coil thus cooled will continue 
indefinitely without any appreciable 
diminution. Whether this discovery will 
ever have any commercial application 
in the field of electrical engineering it is 
impossible to say. At present it seems 
unlikely, and yet all our electrical ma
chinery of the present time had its be
ginning in experiments that seemed just 
as impracticable, from a commercial 
point of view, as this one." 

"On December 24 and again on 
Christmas Day, German aviators flew 
over England and dropped bombs. On 
the former day a machine appeared 
high above Dover and dropped a single 
bomb in an effort to hit Dover Castle. 
The bomb fell in the garden of the rec
tory and did no damage. British aero
planes arose in pursuit, but the German 
machines had too great a start and they 
were unable to overtake them. On 
Christmas Day a second German avia
tor flew over England and penetrated as 
far as Rochester, which is but 28 miles 
east of London and seven miles from 
Gravesend. The bomb which he dropped 
fell in a road and did no serious dam
age." 

"Encouraged by the former raids on 
Dusseldorf, Friedrichshafen and Brus
sels, the British authorities carried out 
a similar raid from the sea on Christmas 
Day. Seven aeroplanes participated in 
this raid, which was made off Heligo
land from two British cruisers and 
several destroyers and submarines as a 
base. The water craft managed to 
thread their way successfully through 
the mines and to get within a short 
distance from the coast, where they 
remained for three hours without being 
fired upon by the German ports or war
ships and where they safely re-em-
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barked three of the seven hydro-aero
planes with their occupants before 
returning home. Three other aeroplanes 
returned to their base and were picked 
up by submarines, which afterwards 
sank the aeroplanes so that they would 
not be captured. Flight Commander E. 
T. Hewlett (a son of Maurice Hewlett, 
the novelist) was the only one who did 
not return. His machine was found 
wrecked some eight miles off Heligo
land and its pilot was thought to have 
been lost." 

"Dr. Heber D. Curtis of the Lick 
Observatory has recently given a pre
liminary account of the results obtained 
from comparing a large series of nebular 
photographs made with the Crossley re
flector 12 to 16 years ago with a simi
lar series now being made with the 
same telescope. In this interval changes 
due to motions of translation or rota
tion in the nebulae are quite unappre
ciable or at most exceedingly small. 
This applies to several large irregular 
nebulae, including the Orion nebula, 
and to several prominent spirals, includ
ing the great nebula in Andromeda. It 
is inferred from these observations that 
the nebulae in question are enormous
ly remote and therefore, of course, enor
mous in size." 

JANUARY, 1865: "An immense tele
scope has just been completed for the 
Chicago University. The object glass is 
worth $11,187 and required two years 
for its completion by Mr. Alvan Clark 
of Cambridge, Mass. The telescope 
weighs 6,000 pounds, the length of the 
great tube being 18 feet and the mag
nifying power ranging from 80 to 
1,800." 

"Steam carriages on common roads 
have for many years been a favorite 
scheme with inventors. The idea is at
tractive to the mechanical mind, and it 
is no wonder that men of genius have 
been charmed with it. To roll over the 
highway, fast or slow at will, to travel 
from one end of the country to the oth
er without fear of wearing out horse 
flesh, to be ready at all hours and sea
sons for the journey, to have the con
trol of an almost illimitable force under 
one's hand, would certainly be pleasant 
in many respects, and every one of the 
sensations alluded to has already been 
realized. From the early pmt of the cen-

tury up to the present day inventors 
have brought forth one steam carriage 
after another, but at this time the num
ber in existence in this country, to say 
nothing of those in use, may be counted 
on the fingers. However alluring the 
scheme may seem, the day is far off 
when the system will be popular." 

"A lucifer match is now in the market 
that differs from anything hitherto in 
existence. Upon the side of each box is 
a chemically prepared piece of friction
paper. When struck upon this, the 
match instantly ignites; when struck 
upon anything else whatever, it obsti
nately refuses to flame. You may lay it 
upon a red-hot stove, and the wood of 
the match will calcine before the end of 
it ignites. Friction upon anything else 
but this prepared pasteboard has no ef
fect upon it. The invention is an En
glish one, and by a special act of Parlia
ment the use of any other matches but 
these is not permitted in any public 
buildings." 

"Nothing in the history of this coun
try, if we except the furor that followed 
the opening of the gold fields of Cali
fornia, has caused so much excitement 
in business circles as the rapid develop
ment of the petroleum oil interests. 
These are oil stock exchanges, oil stock 
journals and all the other appliances of 
regular commercial and financial opera
tions. Oil cities even have sprung into 
existence, and speculation is running up 
to fever heat; hundreds of joint stock 
companies have been organized. Thou
sands of persons are being allured to in
vest their money in the stocks of these 
companies under the stimulus of prom
ises of large dividends. Although there 
is substantial merit in the oil well pro
ductions of the country and it is true 
that there are many really substantial 
companies, it behooves those who are 
infected with the oil fever to be ex
tremely cautious how they invest their 
money or they will surely suffer loss. It 
is impossible for any sound-minded man 
to ignore the fact that thousands, if not 
millions, of dollars will be abstracted 
from the people's pockets and wasted 
upon a set of men who under the guise 
of respectability are nothing more or 
less than a set of genteel swindlers." 

"The extension of the electric tele
graph to Russian America, binding it to 
this country, is one of those great enter
prises which will open up new countries 
to the influence of civilization and tend 
to dissipate ignorance, the twin brother 
of barbarism." 
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Report from 

BELL 
LABORATORIES 

HIGH·SPEED SWITCH 

FOR MODERN TELEPHONE SYSTEMS 

"Ferreed" switches are key elements in the 
talking paths for telephone conversations in 
the Bell System's new electronic central office. 
In setting up connections through the office, 
the appropriate ferreeds are closed under the 
direction of the system's central control unit. 

As indicated in the drawing (top right), 
ferreed switches include glass-enclosed con
tacts operated by external magnets. Contacts 
close when central control causes short current 
pulses to energize the external magnets. A con
tact remains closed, without expenditure of 
additional power, until another pulse opens it. 

The name for the ferreed switch was coi ned 
from "ferrite, II the material used in the external 
magnet when this device was first described 
by Bell Telephone Laboratories in 1960, and 
"reed," referring to the magnetic members 
inside the glass enclosure. 

I n its most recent form as developed at 
Bell Laboratories, Remendur is used in place 
of ferrite. Remendur, also a Bell Laboratories 
development, is a cobalt-iron-vanadium alloy 
with square hysteresis loop and values of co
ercive force intermediate between those of soft 
magnetic materials and permanent magnets. 
The device achieves fast contact closure (about 
a half millisecond) with even faster control 
pulses-characteristics that are compatible 
with the high-speed, versatile performance of 
modern telephone communication systems. 

Bell Telephone Laboratories 
Research and Development Unit of the Bell System 

y 

Concept of the ferreed in simplified form. Windings around magnet and 

glass-enclosed reeds are arranged in such a way that the contact is opened 

or closed in response to pulses of current on the x and y leads. For the 

closed state shown here, simUltaneous pulses on both x and y leads effec

tively cause the Remendur to become one magnet. The two reeds are now 

magnetically attracted and the contact is closed. To open the contact, a 

pulse is applied to either the x or the y winding. This pulse effectively 

divides the Remendur into two magnets at the magnetic shunt plate. The 

ends of the Remendur then are both north (or both south) poles, and the 

contact is opened. 

Typical array of 64 ferreed elements used as network crosspoints in elec

tronic switching systems. Coincident current pulses on x and y leads (see 

drawing) permit operation of one ferreed crosspoint but not others in the 

same horizontal row and vertical column. Unit was carefully designed, in 

cooperation with the Western Electric Co., for efficiency of manufacture 

and economy. 
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Which Polyester Film is hetter? 

There are compelling reasons to switch to Celanar polyester film. 
For magnetic tape. Packaging. Engineering reproduction. Metalizing. 
Stationery and office supplies. And electrical applications. 

Celanar gives you more meaningful service for the price you pay. 

Case in point: The purer the polyester film, the better it processes. 
To make certain new Celanar is the purest you can buy, Celanese 
produces it in a sealed-off "White Room" clean enough for surgery. 
It is by far the most modern in the industry. 

Another case in point: Many of our customers felt that undetected 
environmental changes which might occur in shipment of polyester 
film could adversely affect their processing operation. As a result, we 
started shipping new Celanar with temperature recording flags. To 
the best of our knowledge, the other supplier doesn't. 

Other unique examples of the meaningful service that makes Celanar 
your best polyester film buy include the fact that Celanar is protected 
against dust contamination by use of non-fibrous plastic cores. That it 
is periodically shipped with Impact Recorders to protect you against 
accepting film jolted and damaged in transit. That its splice-free roll 
lengths are tailored to its customers' specifications. 

This is the kind of meaningful service you would expect from Celanese 
Plastics-whose operating philosophy is that the customer, not the 
supplier, is always right. Celanese Plastics Company, 744 Broad 
Street, Newark 2, N. J. Ceianese® Ceianar® 

Celanar® Polyester Film 

To ensure maximum purity, new Celanar is produced in 
a unique, hospital-clean, sealed-off "White Room" -the 
most modern in the industry. And that's just one of six 
meaningful service advantages you get when you switch 
to new Celanar polyester film. 

15 

© 1964 SCIENTIFIC AMERICAN, INC



Even where 

. 
this tag shows, 

L Estane' polyurethane 

materials are stable 
After exposures of up to 100 mega

roentgens, Estane polyurethane stays 

strong and flexible. It is surprisingly 

stable when exposed to radiation, in

cluding penetrating Gamma rays. 

If you want to give a product tough

ness, abrasion resistance, extended flex 

life, low temperature performance, re

sistance to fuels and solvents, low-gas 

permeability, learn about Estane ther

moplastic elastomer. It processes easily 

on standard thermoplastic equipment. 

For technical bulletin and applications 

brochure with sa.mple,write B. F.Goodrich 

Chemical Company, Department GA-1 

3135 Euclid Avenue, Cleveland 15, Ohio: 
In Canada: Kitchener, Ontario. 

B.F.Goodrich Chemical 
a d,yjsoon 01 The 8,f.Good'tCh Company 
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THE AUTHORS 
NORA K. PIORE ("Metropolitan 

Medical Economics") is an economist 
with the New York City Department of 
Health and adjunct professor of eco
nomics at Hunter College. She was 
graduated from the University of Wis
consin with A.B. and M.A. degrees in 
1934. Among her activities before she 
joined the city health department in 
1958 were service as a staff member of 
the Committee on Labor and Public 
Welfare of the U.S. Senate and as a 
program analyst in a New York State 
poverty study. Since 1961 she has di
rected a medical-economics research 
project established by the city health 
department and Hunter College. 

JOHN STRONG ("Infrared Astrono
my by Balloon") is professor of experi
mental physics at Johns Hopkins Uni
versity. A Kansan, he· was graduated 
from the University of Kansas in 1926 

and received a Ph.D. from the Univer
sity of Michigan in 1930. He served at 
the California Institute of Technology 
and at Harvard University before as
suming his present post in 1946. In con
nection with the subject matter of his 
article, he wishes to acknowledge his 
indebtedness to two former Air Force 
officials, Knox Millsaps and Daniel E. 
Hooks, "for encouraging our continua
tion in this field after the first phase of 
our program was completed." 

DAVID TURNBULL ("The Under
cooling of Liquids") is Gordon McKay 
Professor of Applied Physics at Har
vard University. Turnbull grew up on 
a farm in Illinois and was graduated 
from Monmouth College in 1936, ob
taining a Ph.D. from the University of 
Illinois three years later. From 1939 to 
1946 he taught and did research at the 
Case School of Applied Science, where 
as a result of studies on the kinetics of 
the oxidation of metals he became in
terested in solid-state physics and par
ticularly in crystal imperfections and 
structure-sensitive phenomena. From 
1946 until 1962, when he took his pres
ent post, he was with the General Elec
tric Research Laboratory, where from 
1950 to 1958 he was manager of the 
chemical metallurgy section. 

SIR JOHN ECCLES ("The Synapse") 
is professor of physiology at the Aus
tralian National University. He shared 
the Nobel prize for physiology and 

medicine in 1963; in 1958 he was 
knighted by Queen Elizabeth. Sir John 
writes; "My interest in nerve physiology 
dates from my medical-student days in 
Melbourne, when I became interested 
in philosophical problems relating to all 
the events experienced in consciousness. 
I became dissatisfied with the explana
tions given by psychologists and philos
ophers and decided to try and investi
gate for myself the basic phenomenon 
of nerve action. For that purpose I 
went to Oxford to work under Sir 
Charles Sherrington, who was then the 
acknowledged world leader in this 
field." Eccles was a Victorian Rhodes 
scholar at Oxford, receiving a D.Phil. 
there in 1929. He held fellowships at 
Exeter and Magdalen colleges at Ox
ford until 1937, when he returned to 
Australia as director of the Kanematsu 
Research Institute of Sydney Hospital. 
In 1944 he became professor of physi
ology at the University of Otago in New 
Zealand, taking his present post in 1951. 

Sir John was the author of the article 
entitled "The Physiology of Imagina
tion" in the September 1958 issue of 
SCIENTIFIC AMERICAN. 

RUTH SAGER ("Genes outside the 
Chromosomes") is an investigator in the 
department of zoology at Columbia Uni
versity. She was born in Chicago and 
was graduated from tbe University of 
Chicago in 1938, obtaining an M.S. 
from Rutgers University in 1944 and 
a Ph.D. from Columbia University in 
1948. Thereafter she worked for sev
eral years at the Rockefeller Institute 
before returning to Columbia in 1955. 

She is coauthor with Francis J. Ryan of 
Cell Heredity. In describing how she 
became interested in nonchromosomal 
inheritance, she writes; "I have always 
been intrigued by the physicist's ap
proach to scientific inquiry, particularly 
in the fact that the way to find out 
something really new is to question a 
basic tenet of existing theory. In this 
case, the theory that chromosomal genes 
constitute the total genetic apparatus of 
cells was already under fire. The serious 
possibility of a second genetic system, 
however, was rarely discussed. I found 
this situation challenging." 

GIORGIO DE SANTILLANA ("Ales
sandro Volta") is professor of the history 
and philosophy of science at the Massa
chusetts Institute of Technology. He is 
a native of Rome and was graduated 
from the University of Rome in 1925 

with a Ph.D. in physics. After teaching 
at the university for some years and 
helping to organize the School for His-

© 1964 SCIENTIFIC AMERICAN, INC



tory of Science, he went to the Sor
bonne as a student and lecturer. He 
moved to the U.S. in 1936 and became 
a naturalized citizen in 1945. His af
filiation with M.LT. dates from 1941. 

Among his books are GaWeo's Dialogue 
of the Great World Systems, The Crime 
of Galileo and The Age of Adventure. 
He wrote the article entitled "Greek 
Astronomy" in the April 1949 issue of 
SCIEKTIFIC A1IERICAN. 

M. E. BITTERMAN ("The Evolution 
of Intelligence") is professor of psychol
ogy and chairman of the department of 
psychology at Bryn Mawr College. He is 
a native New Yorker who was gradu
ated from New York University in 1941; 

the following year he obtained an M.A. 
from Columbia University and in 1945 

he received a Ph.D. at Cornell Universi
ty. During World "Var II he was in
volved in the training of specialized 
military personnel. Subsequently he 
taught at Cornell and the University of 
Texas. He spent a year as a visiting pro
fessor at the University of California at 
Berkeley and two years as a member of 
the Institute for Advanced Study before 
going to Bryn Mawr in 1957. Since 1955 

he has been coeditor of the American 
Joumal of Psychology. He conceived the 
general plan of his present work in the 
comparative intelligence of animals as 
an undergraduate but has pursued it in
tensively only in the past few years. 

GEORGE B. BENEDEK ("Magnetic 
Resonance at High Pressure") is associ
ate professor of physics at the Massa
chusetts Institute of Technology. Born 
in New York City, he was graduated 
from Rensselaer Polytechnic Institute in 
1949 and received a Ph.D. from Har
vard University in 1953. After two years 
at the Lincoln Laboratory of M.LT. he 
returned to Harvard as a research fellow 
in solid-state physics, being appointed 
lecturer in that subject in 1957 and as
sistant professor of applied physics in 
1958. He joined the M.LT. faculty in 
1961. Benedek describes his main inter
ests as "magnetic resonance, high-pres
sure physics, the Mossbauer effect, phys
ics of shock waves and magnetism in the 
critical region." He adds: "Right now I 
am doing what to me are very interest
ing experiments studying 'Brillouin scat
tering' of laser beams by sound waves in 
liquids and solids." 

ASA BRIGGS, who in this issue re
views E. P. Thompson's The Making of 
the English Working Class, is professor 
of history and dean of the School of So
cial Studies at the University of Sussex. 

preflight evaluation of 

space sentinels 
with the aid of a Tektronix oscilloscope 

.'1' 

At TRW Space Technology Laboratories'-in preflight testing under simulated space condi

tions-engineers use a Tektronix Oscilloscope to check performance characteristics of a nu

clear detection satellite. Designed and built by STL for Air Force-ARPA, these icosahedron

shaped satellites travel in pairs around the earth to detect nuclear explosions in space. 

Using the Tektronix Oscilloscope, STL engineers test space sentinels under conditions 

similar to those encountered in flight. Observing waveform displays, the engineers monitor 

equipment performance simply and reliably, keep an accurate log of test characteristics, 

and thus effectively evaluate operational features of the 20-sided spacecraft. 

Thorough preflight testing such as this aided in the successful flight of the first pair of 

nuclear detection satellites from Cape Kennedy in October 1963. Launched in tandem, the 
spacecraft were then put into separate orbits, one approximately 1400 behind the other, to 

form a reliable radiation-detection system. With such sensors, scientists believe it possible 

to detect nuclear explosions more than ten million miles from earth. 

But whether testing satellites or semiconductors, there is a Tektronix Oscilloscope to fit 

every quality-assurance program-and comprehensive field services to back up every 

instrument. For information, call your Tektronix field engineer or representative now. 

PROVED Type 545A Oscilloscope illustrated against the 

background of the Space Chamber has been superseded by 
the IMPROVED Type 5458 model. Same price, but with added 

capabilities and convenience. 
Type 5458 Oscilloscope (without plug-ins) . . . . $1550 

Tektronix, Inc. 

Use with one of 17 letter-series plug-ins or one of the new 

amplifier plug·ins (for 50 mvfem at de-to·33 Me). Type lAl 
Plug-In Unit also offers 5 mv/em at de-to·23 Me dual·traee, 

and approximately 500 p.v/em at 2 cps·to·14 Mc by cascad· 

ing the two amplifiers. 
Type lAl Plug·ln Unit , . . , , , , , . ,$600 

U, S. Sales Prices Lo,b. Beaverton, Oregon 

P.o. BOX 500· BEA VERTON, OREGON 97005 • Phone: (Area Code 503) Mitchell 4·0161 • Telex: 036·691 

TWX: 503·291·6805' Cable: TEKTRONIX· OVERSEAS DISTRIBUTORS IN 25 COUNTRIES 

TEKTRONIX FIELD OFFICES in principal cities In United States. Consult Telephone Directory. 

Tektronix Australia Pty., Ltd., Melbourne; Sydney' Tektronix Canada Ltd., Montreal; Toronto 

Tektronix International A.G., Zug, Switzerland. Tektronix Lid., Guernsey, C. I. 
Tektronix U. K. Ltd., Harpenden, Herts 
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Honeywell Presents 

"Science All Stars" 

Sundays 5:00 E.S.T. 

abc 
TV 

Starting Jan. 10th 

Announcing the 1965 season of the fascinating TV 
program that explores and explains the sciences 

Nominated for an Emmy Award, SCIENCE ALL STARS presents remarkable 

achievements by gifted teen-agers in ever y field from anthropology to nuclear 

physics with on-location participation by the nation's leading scientists 

Honeywell's stage for scientific achieve
ment promises to hit new highs in viewer 
interest as it begins its second season with a 
fresh new format. SCIENCE ALL STARS' 
success last year proved that a program ap
pealing to the intellect can attract a siza
ble and influential audience. Thanks to the 
charm, humor and amazing range of interest 
of each teen-ager, the program also proved 
it could be highly entertaining as well as 
informative. Not unimportantly these teen
agers and others like them are making im
portant additions to basic knowledge. 

A new dimension is added in 1965 as 
SCIENCE ALL STARS takes its cameras 
and its teen-agers on location to the actual 
laboratories of the nation's leading scien
tists, educators and government officials. 

On the first program of the new series 
we travel to NASA's famed Huntsville, Ala
bama Space Center where, flanked by the 
actual Saturn boosters, Dr. Wernher von 
Braun discusses propulsion with a young 
rocketry expert. On the same program a 15-
year-old girl will present her project to dis
cover a method of preventing tooth decay. 

On the second program we travel to San 
Francisco where Dr. Edward Teller pro
poses to a teen-age physicist that physics, 
chemistry and math should be taught as 
one subject. 

Other programs will present talented 

youngsters with such projects as speeding 
up the growth rate of plants ... a demon
stration of the vibrations of the nuclei 
of hydrogen atoms ... automated train 
operation ... proving Newton's laws with 
frictionless devices ... a project that com
pletely challenges present-day beliefs about 
the nature of the surface of Mars. You'll 
watch as young scientists create amino acids 
to show how life started ... demonstrate 
how Carbon 14 is absorbed by plants . . •  

show how to raise germ-free chickens. 
Many provocative questions are answered 

by the noted guests who will appear on 
"Science All Stars" this season: 

Dr. Wernher von Braun-Director, George 
C. Marshall Space Flight Center - Jan. 
10 and 24 

Dr. Edward Teller - Professor at Large, 
Univ. of Calif. - January 17. 

Dr. Loren Eiseley - Prof. of Anthropology, 
University of Pennsylvania and world au
thority on origins of man - Feb. 7 

Admiral Horacio Rivero - Vice Chief of 
Naval Operations - Feb. 14 

Dr. Konrad Bloch - 1964 Winner of Nobel 
Award for Medicine, Higgins Professor 
of Bio-chemistry, Harvard University
March 7 

DR. EDWARD TELLER expresses his belief that while medicine is getting more complicated 
P�ysics is gett �ng simpler in an i

.
nterv !ew with Tam Feeney and Kevin Gladding, Science Fai; 

winners who will demonstrate projects In botany and physics on "Science All Stars". 
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ER BRAUN u a demon-
stration model lucidly describes every step in 
the lunar landing mission to Rick Bennett, a 
young rocketry expert. 

General Bernard Schriever - Commander, 
Air Force Systems Command - March 21 

Dr. William McCorkle - Chief, Advanced 
Systems Lab., U. S. Army Missile Com
mand - April 4 

"Science All Stars" blends the enthusias
tic, adventuresome spirit of Science Fair 
winners and the mature insights offered by 
recognized leaders of the scientific commu
nity. By emphasizing the inherent excite
ment of scientific exploration, the program 
makes science more understandable to the 
average person and promotes the desira
bility of science as a career. In sponsoring 
"Science All Stars", Honeywell hopes to 
stimulate a wider interest among young 
people in considering science as a life work. 

You are invited to watch "Science All 
Stars" Sundays at 5:00 EST on the ABC 
TV Network starting January 10. (Check 
your TV listings for local program time.) 
Your comments will be appreciated. Ad
dress Dr. John Dempsey, Director, 

H Honeywell Research Center, Hop-
kins, Nlinnesota. "o.mIlU 

HoneyW"ell 

© 1964 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 AMERICAN January 1965 Volume 212 Number 1 

Metropolitan Medical Economics 

An account of a study of how medical care is financed in the nation's 

largest city: New York. One finding is that nearly a third of the bill 

for personal medical services in the city is paid out of public funds 

I
n New York City early in the 19th 

century a combined almshouse, pub
lic workhouse and house of correc

tion located on the Common near City 
Hall housed "102 sick, 82 lunatiks, 336 
prisoners and 842 crippled and aged 
persons and disabled veterans of the 
American Revolution and the "Var of 
1812." The city treasury paid for the 
care of additional sick and poor New 
Yorkers by disbursement of funds to a 
private hospital established in 1658 by 
the Church of New Amsterdam. 

In 1826 the city institution was 
moved to a site on the outskirts of town 
known as Belle-Vieu Farm. "Work on 
the new building," the archives record, 
"was hastened as the inmates of the old 
almshouse persistently invaded the City 
Hall across the road, bombarding the 
City Fathers with complaints and de
mands, and could not be driven out 
without giving rise to charges of cruelty 
and inhumanity." 

Today the Bellevue Hospital complex, 
which stands on that original site, is 
one of 28 municipal hospitals with an 
aggregate capacity of 19,000 beds, op
erated by the New York City Depart
ment of Hospitals at a cost of $242 mil
lion in the fiscal year 1964-65. The 
identity of the New Amsterdam Church 
Hospital is lost in history. In accordance 
with the precedent set by its subvention 
from the city treasury, however, 75 or 
more voluntary hospitals will tbis year 
receive disbursements totaling $67 mil
lion from the city on a budget line pro
viding for "Payments to Charitable In-

by Nora K. Piore 

stitutions for the Care of the Medically 
Indigent Sick and Infirm." All together 
the city has earmarked $443 million
one out of every eight dollars in its 
$3,400 million executive budget for the 
current fiscal year-to provide or pur
chase medical, dental and mental health 
services and institutional care for city 
residents who need care and are deemed 
unable to pay for it. The Federal and 
state governments will spend almost as 
much in addition to buy health insur
ance for their employees in the city, to 
provide medical services to veterans, 
merchant seamen and members of the 
armed forces and their dependents who 
live in the city, and to care for New 
Yorkers in mental hospitals and reha
bilitation centers. 

These outlays from tax funds account 
for nearly a third of the total bill for 
personal medical services rendered to 
the 2.8 million families in New York 
City, and for more than half of the cost 
of care received by New Yorkers as in
patients in hospitals and related in
stitutions. Only a fraction of these pu b
lic expenditures goes for the care of 
the destitute portion of the popula
tion that is "on welfare." Almost 80 
percent of the patients in New York 
municipal hospitals are people who 
manage to cover their ordinary expenses 
but who lack the margin in income, sav
ings or health insurance to pay the hos
pital and the doctor when they get sick. 

These are the summary findings of a 
study made by the Urban Medical Ec
onomics Research Project, a joint under-

taking of the city's Department of 
Health and the Urban Research Center 
of Hunter College in the City University 
of New York. The study was financed in 
part by the Health Research Council of 
the City of New York, an agency that 
spends $8 million of city tax funds each 
year, or roughly one dollar per capita, in 
support of medical research in the medi
cal schools, hospitals and universities in 
the city. 

T
he facts emerging from the study do 
not quite fit the picture of the status 

quo on which most of its defenders, 
and many of its critics as well, appear 
to base their judgments. The steady rise 
in material wealth has enabled govern
ment agencies to extend their medical 
services far beyond the pesthouse and 
the poorhouse of earlier times, and the 
nation is currently performing better 
than many critics allege in distributing 
the medical benefits of an affluent soci
ety. In common with many urban social 
services, on the other hand, the adminis
tration and distribution of health ser
vices constitute a "system" only in the 
loosest sense. The City Charter autho
rization for expenditures on medical 
care still speaks the language of another 
century: "To promote the public health 
and to care for the emergent and needy 
sick." The concepts of who is needy and 
who is sick and what is required to pro
mote the public health have undergone 
enormous change. The addition of spe
cific services from year to year and gen
eration to generation came about in 
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response to the urgency of current 
needs. As a result in New York and 
other metropolitan communities respon
sibility for the unification of the "sys
tem" is dispersed throughout numerous 
public agencies and the services are too 
frequently uncoordinated, unbalanced 
and uneven in quality. 

Comparing death rates in the poorest 
area of the city with a middle-income 
neighborhood, George James, the city's 
Commissioner of Health, attributes 13,-
000 deaths a year-preventable in the 
light of present medical knowledge-to 
the conditions in which the poorest 
fifth of the city's population lives. Some 
of these un met needs could presumably 
be satisfied by more efficient allocation 
of resources. Inefficiency in the pub
lic sector in turn compounds the formi
dable economic and organizational prob
lems of the private sector, financed by 
consumer and insurance payments and 
by philanthropy, which shares the costs 
and the single pool of manpower, facili
ties and resources on which the health 
of the entire community depends. 

Defenders of the status quo must con-

cede that the pertinent issue for public 
concern is not whether government 
should be involved in financing medical 
care; it already is. The situation calls 
for answers to other questions: How 
present and future medical costs can 
best be distributed over the economy; 
how the mushroDming and archaic 
medical-relief establishment can be con
verted into a modern social instrumen
tality that will provide health services 
in an efficient and socially acceptable 
manner; how services and institutions 
financed by public funds can be ration
ally integrated with those financed by 
consumers and by philanthropy in order 
to secure the most efficient use of total 
resources allocated to health. Ample 
statutory precedent and economic lati
tude are available for developing better 
ways to finance and organize medical 
services. None of these would make 
nearly such a radical departure from 
the de facto present as is commonly 
thought. If the facts were more widely 
known and fully appreciated, the search 
for solutions might be freed from many 
inhibitions that now hinder it. 

The health problems of New York 
and the measures the city has taken to 
deal with them may not be entirely typ
ical of the nation as a whole. The sheer 
size of the city, however, and the het
erogeneity of its population practically 
guarantee that problems encountered 
there will be met in other cities. Given 
the trends in medical technology and 
the rise in urban social pressures every
where in the country, differences are 
before very long likely to be of degree 
rather than of kind. 

F
or some time the Social Security Ad-
ministration has prepared annual esti

mates of health-care expenditures by 
source of funds and type of service for 
the U.S. as a whole. The present study 
of the medical economics of New York 
City is believed to be the first effort to 
develop a systematic analysis of this 
kind for a single community. vVe took 
1961 as our sample year for establishing 
our methodology and our chart of ac
counts. As of 1961 we found that the 
public treasury provided $530 million, 
or nearly a third of the total medical-

MAIN MEDICAL COMPLEX in New York City developed around 

Bellevue Hospital (central buildings). The ll·block complex now 

includes tbe New York University Medical Center, the privately 

operated University Hospital (buildings near river at left) and a 

20 

© 1964 SCIENTIFIC AMERICAN, INC



care bill of $1,770 million [see illustra
tion on next page J. The estimates of out
of-pocket consumer expenditures and 
health insurance benefits necessarily 
present the largest uncertainties; they 
are derived from data obtained from 
sample surveys of households and are 
subject to the usual sampling and re
porting errors. The figures for the pub
lic sector have a firmer statistical base, 
but it was no simple task to disaggre
gate, classify, collate and reconcile data 
from many different sources. We found 
that no fewer than 25 separate agencies 
of government-14 city departments, 
five state and six Federal departments or 
agencies-are involved in disbursing 
money for medical care in New York 
City [see illustration on page 23J. Be
cause our objective was to identify 
and total public outlays from tax rev
enues for medical care rendered directly 
to individuals, the figures exclude health 
research, sanitation, control of air pollu
tion and other services conventionally 
identified with the public health func
tion of government. For these services 
in 1961 New York City appropriated 

federally operated Veterans Administra

tion Hospital (T-shaped building at right). 

$133 million, bringing the total public 
expenditures for health in the city to 
$660 million in that year. Our figures for 
the public sector also exclude such items 
as workmen's-compensation payments, 
mandated but not paid for by govern
ment, and insurance contributions for 
employees of the city's transit system 
and other quasi-public authorities paid 
for out of operating revenues rather 
than taxes. 

Public expenditures for medical care 
for New York City residents are rising 
rapidly in absolute terms; they are up 
from $530 million in 1961 to $734 mil
lion in 1965, an average increase of $51 
million per year. During that period 
state and Federal outlays increased 43 
percent while the amount contributed 
from city tax funds rose 33 percent. At 
the same time outlays for other public 
services also advanced, so that over the 
four-year period the relative importance 
of medical-care expenditures in the total 
New York City expense budget re
mained about the same. 

In spite of increased appropriations 
the city's public medical-care system is 
short of funds and continues to press 
urgent claims on the limited municipal 
revenues that are its principal support. 
The pressure is turned on the city be
cause the city's obligation is open-ended, 
whereas the state and Federal govern
ments provide services to special classes 
of people. The state principally provides 
long-term care for the mentally ill, 
whereas the Federal Government prin
cipally looks after "its own": its em
ployees and veterans and their depen
dents. All other tax-financed medical 
care is administered and largely financed 
by the City. The city's performance 
as general practitioner-delivering the 
infants, immunizing the children and 
filling their dental cavities, treating com
municable and acute diseases, rehabili
tating the handicapped and ministering 
to the aged, the infirm and the chroni
cally ill-is thus determined by the size 
of municipal appropriations. 

In 1961 the city budgeted $302 mil
lion for these purposes. Offsetting that 
figure were some $19.5 million collected 
from patients and third parties and $67 
million received in grants, matching 
funds and per capita reimbursement 
under various Federal and state pro
grams. The city receives no reimburse
ment, however, for in-hospital services 
rendered to people not on the relief 
rolls, except for the care of psychiatric 
and tuberculosis patients and the re
habilitation of children with physical 
handicaps. 

For the 80 percent of the city's pa-

tients who are not on relief rolls, eligi
bility for city care is predicated on 
means tests and ability to pay. The cri
teria vary from program to program but 
usually include money income, size of 
family, assets, probable duration and 
cost of the illness and the ability of 
legally responsible relatives to help pay 
the bill. Judged only by the money
income criteria of the Department of 
Hospitals, the members of more than 
half of the households of the city would 
have been eligible, as medical indigents, 
for hospital-care assistance in the census 
year 1960. This undoubtedly overstates 
the size of the medically indigent popu
lation to the extent that members of 
these households may have been cov
ered by health insurance, may have had 
savings or may have had relatives who 
could contribute to the payment of their 
hospital bills. Medical indigency can 
occur at any income level, however, 
when a costly illness cuts off income, 
exhausts insurance benefits and wipes 
out savings. 

O n the basis of actual admissions it 
is apparent that not less than a 

third and perhaps as many as 40 per
cent of the New Yorkers who enter a 
hospital can be classified as medical in
digents. These figures on the one hand 
measure the deficit in the ability of in
dividuals to pay for needed medical 
care out of income, savings or health
insurance benefits; on the other they re
flect the extent to which the city cur
rently undertakes to make up that defi
cit out of public funds. This level of 
public willingness to provide for the 
needy sick is a tradition that arises from 
New York's unique political, social and 
civic history. A long-standing alliance of 
the city's "first families" and of the lead
ers of successive generations of its im
migrant minorities-knitted together by 
such unlikely collaborators as trade 
union leaders, professional social work
ers, ward politicians and the faculties 
of the medical schools of the city (now 
six in number)-established the tradition 
and maintains it today. At $227 per 
capita, expenditures for medical care in 
New York City exceed the national 
average of $142 by 60 percent; the dif
ference is due both to public expendi
tures and to private and philanthropic 
ones. The chief difference in public ex
penditures lies in the city's extensive 
program of hospital care for persons 
who have low incomes but are not on 
welfare. The city spends about a fifth of 
its budgeted health funds on services to 
infants and children, a third on services 
to the aged and the remainder-slightly 
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MONEY FOR CARE OF NEW YORKERS was spent as shown in this table for fiscal 

year 1961. The har at left divides the total expenditure into private outlay, tax money desig

nated for medical purposes, and philanthropic and miscellaneous contributions. The middle 

bar splits the private expenditures into direct outlay and insurance funds. The bar at right 

divides insurance into consumer and employer sources. Figures are in millions of dollars. 

less than half-on services to adults 
under 65. 

Turn-of-the-century milk stations and 
school inspections to isolate children 
with contagious infections have evolved 
into a network of agencies supported by 
the state and the city that, at least on 
paper, provides newborn infants and 
children of preschool and school age 
with extensive preventive, case-finding 
and treatment services. Forty-four per
cent of all the babies born in the city 
each year are delivered in municipal 
hospitals or the wards of voluntary hos
pitals. Three out of seven deliveries in 
the city are paid for by the city. 
The same proportion of infants is ex
amined and immunized by Department 
of Health pediatricians when they are 
six weeks old and periodically there
after. On first entering public or paro
chial school half of the children are 
given medical examinations by school 

22 

physicians because they do not turn up 
with certification from private physi
cians. On an average day 2,800 children 
are in the hospital; of these a third are 
in municipal hospitals and perhaps an
other 15 percent are city-charge patients 
in voluntary hospitals. All these figures 
suggest that well over a third of the 
children in the city do not receive sys
tematic medical supervision from pri
vate practitioners, and that the city is 
the chief provider of the care they re
ceive. 

S
ervices provided for the aged range 
from house calls by physicians, 

homemaker and visiting-nurse calls, po
diatry, drugs, dentures and eyeglasses to 
nursing-home care for welfare clients 
and clinic, hospital and home-infirmary 
care for the medically indigent as well 
as for welfare recipients. On an average 
day there are 3,500 aged New Yorkers 

in the domiciliary or infirmary sections 
of homes for the aged and another 8,500 
are patients in the city's 86 proprietary 
nursing homes. Tax funds pay some part 
of the cost for almost all the elderly 
people in homes for the aged and for 
two-thirds of those in nursing homes. 
Of the 8,600 elderly people to be found 
in short-term hospitals on an average 
day, 3,600 are city-charge patients. The 
elderly also receive a substantial portion 
of the 746,000 days of care provided 
each year by the municipal hospitals for 
chronic disease, and they make up a 
large number of the 2,000 discharged 
hospital patients for whom municipal 
hospital staffs provide home care. Simi
larly, they account for many of the three 
million visits made each year to the out
patient clinics of the municipal hospitals. 

From such figures the exact propor
tion of the 800,000 aged people in the 
city who rely on public medical services 
can only be surmised. The provisions for 
medical assistance to the aged under the 
Kerr-Mills Act passed by Congress in 
1960 have slightly increased the number 
eligible for city-administered care. In 
New York City the principal effect of 
this legislation has been to shift the fis
cal burden so that the Federal and state 
governments now carry 75 percent of 
the expenditures formerly borne 100 
percent by the city. Thus in a one-day 
hospital census taken in 1958 it was 
found that 83 percent of 4,000 aged 
people were receiving care financed in 
whole or in part by the city; 62 percent 
were city-charge patients but not on 
welfare. At present it is likely that al
most all such city-charge elderly pa
tients come under the welfare provisions 
of the Kerr-Mills Act. One may specu
late that if Congress had passed the 
King-Anderson ("medicare") bill instead, 
at least some of these indigent elderly 
sick might have been enabled to move 
upward to the status of semiprivate 
patients rather than downward to the 
status of welfare recipients. 

For adults under the age of 65 the 
city provides a variety of in-hospital, out
patient and emergency-room services, 
treatment for tuberculosis, venereal and 
tropical diseases in Department of 
Health clinics and emergency psychi
atric care and some therapy for emo
tional illness in psychiatric wards and 
clinics. A one-day hospital census con
ducted in 1961 by the Associated Hos
pital Service of New York showed that 
more than a third of the 21,800 adults 
hospitalized for short stays were in mu
nicipal hospitals or were city-charge 
patients in voluntary hospitals. In that 
year the cost of care in such establish-
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AGEN CIES 

Department of Hospitals 

Payments to charitable institulions 

Department of Welfare 

Community Mental Health Board 

Department of Health 
._-

Employee health SI;)rvices and benefits 

>-
t:: Depal·tment of Education 
u 
� 
0:: New York City Youth Board 0 
>- ------

� 
UJ Department of Correction 
z . __ ._-_._. 

Board of Higher Education 
.. __ ._ .... __ ._ ... __ ..... __ .... 

Depal"lment of Purchase 

Miscellaneous departments 
---"---_ .. -.. - ��-.----.--

New YOI·k City Division of Veterans Affairs 
-

Debt service charges for capital improvements 

SUBTOTAL 

Department of Mental Hygiene 

UJ Depal"lment of Correction f-
<l: -

f-
(fJ Departnlent of Health 
� 
0:: ._------_ .. 

0 
Employee health benefits >-

� 
UJ 

Department of Education z 

SUBTOTAL 

Veterans Administration hospitals and clinics 
. __ ... __ .. __ . 

Depal"lment of Health, Education, and Welfare, and affiliates 

Depal"lment of Defense, Medicare 
-l 
<l: 
0:: 

Employee health benefits UJ 
0 
UJ 
u. 

Department of Justice, Federal Detention Headquarters, Hospital Unit 

Hill-Burton 

SUBTOTAL 

TOTAL 

GOVERNMENT FUNDS spent on personal health care of New 

Yorkers in 1961 are charted according to the agency administering 
the money (column at left). The "budget" column lists the amount, 

I 

SOURCE OF TAX FUNDS 
BUDGET 

$151,443 

41,460 

30,333 

22,331 

16,475 

9,402 

7,871 

976 

714 

235 

CITY 

$129,246 

34,747 

14,051 

12,953 
-_ .. 

8,643 
_. 

9,328 

3,949 

574 
-.-.- ... 

. .-� ... -. 

620 

235 
.._---- . . __ ._ .. _--

91 91 
---_ .... _.-

45 45 

6 3 
.. 

21,036 21,036 

$OM
, 

.n $235,521 

$129,791 

8,436 

1,000 

1,100 

445 

$140,772 

"'"� O�� 

10,400 

9,500 

5,581 

100 

1,196 

$86,077 

$529,267 $235,521 

STATE FEDERAL 

$19,997 $2,200 

6,713 

11,346 4,936 

9,378 

7,542 290 
.--..... -. .. -� .. -.".-.. -

37 37 

3,922 

402 
.. _---_ .. .. _-

i 
94 i 

.. ..... ---� ..... --

-----

i 
3 

$59,434 $7,463 

$129,791 

8,436 

1,000 
"-'--

1,100 

445 

$140,772 

$59,300 

10,400 

9,500 

5,581 

100 
.... _--

1,196 

$86,077 

$200,206 $93,540 

in thousands of dollars, coming from each agency. The columns at 

right show the source of the funds: city, state and Federal taxes. 

The bottom row gives the total spent at each level of government. 
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PER CAPITA SPENDING on medical care for New Yorkers exceeds that for people 

from other parts of the U.S. The two bars at left describe the spending of New York City 

residents. The bar at far left breaks down the per capita total ( 227) into private, tax and 

miscellaneous outlays. Private expenditures are divided in next har into direct payments 

and insurance funds. Figures in the colored half of each bar give the outlays in percentage 

of the total. The two bars at right indicate per capita spending on health care for citizens 

of the rest of the U.S. by the same convention. All the figures are for fiscal year 1961. 
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CITY FUNDS DEVOTED TO HEALTH CARE have risen considerably from 1961 to the 

present, according to this comparison of budgets for that year and 1965. The bar at far left 

gives the city expenditures for personal health care and related activities in millions of 

dollars (colored part of bar) and percentage of total (gray part). The next bar shows the 

Federal, state and city contributions to personal health· rare funds. The two bars at right 

similarly express the budget for 1965. In spite of medical·care legislation passed in the in· 
terim, resulting in a higher percentage of Federal expense in 1965, the total city outlay rises. 
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ments as hospitals, nursing homes and 
mental institutions absorbed 86 percent 
of the expenditures by all levels of gov
ernment on health services for adults; 
only 14 percent went to ambulatory ser
vices or care at home. Of course, the 
lower unit cost of noninstitutional ser
vices accounts for some part of this 
apparent imbalance; another part is due 
to the fact that many families that can
not meet a large hospital bill manage to 
pay for a visit or even several visits to a 
doctor's office. In a broad sense, aggre
gate tax expenditures for personal health 
can be said to furnish low-income fami
lies with a counterpart or substitute 
for the institutional services purchased 
through voluntary health insurance by 
the better-off members of the popula
tion; today the major portion of insur
ance benefits relates to hospitalization 
and surgery. 

The analogy is supported by the 
many similar diseconomies that are fos
tered under the two systems of financ
ing, all dissipating some of the potential 
benefits of the private and public money 
spent for medical care. Both set up a 
strong fiscal bias against adequate pre
ventive and ambulatory care. Recent 
studies by Paul M. Densen, the city's 
Deputy Commissioner of Health, and 
his associates indicate that a population 
with ready access to preventive and 
health-maintenance services experiences 
fewer days of hospitalization than a 
comparable population insured for hos
pital care only. In contrast, the financial 
and diagnostic criteria that qualify the 
adult New Yorker for city-aided health 
services are such that the city tends to 
get the patient when he is either very 
sick or wholly unable to afford treat
ment. 

A 
study prepared for the city in 1962 
by Herbert E. Klarman (now at 

Johns Hopkins University) estimated 
that $717 million was spent by all pub
lic, private and voluntary hospitals and 
related facilities in New York City and 
by state mental hospitals outside the 
city on behalf of city residents; half of 
these expenditures-$358 million-came 
from taxes. Such heavy dependence on 
tax funds is no novelty in the fiscal his
tory of hospitals in New York City. 
What is surprising is how little the tax 
burden has been relieved by the growth 
of voluntary health insurance. A genera
tion ago the city's Commissioner of Hos
pitals, S. S. Goldwater, expressed the 
hope that this then novel invention 
might relieve the city hospitals of "a 
pressure that has become almost intoler
able and that . . .  seems destined to grow 
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in intensity from year to year." Cur
rently an estimated 72 percent of the 
population of the city has some form of 
hospital insurance; nevertheless, the 
pressure on the city hospital-care system 
has in no way diminished. 

A significant element in the buildup 
of pressure is the extent and cost of 
mental illness. A full third of all the gov
ernment expenditures accounted for in 
our study, $188 million, went to treat 
the emotionally ill and mentally handi
capped. These public funds constituted 
80 percent of all outlays for mental 
health care received by New Yorkers. 
The usual fiscal bias against preventive 
and ambulatory services shows up 
strongly in these outlays: only 6 percent 
of the $188 million was for noninstitu
tional care. 

The state took over the care of the 
insane from the city in 1890; by 1961 
state tax revenues were fur)ding 73 per
cent of the costs and 70 percent of the 
care was being rendered in state institu
tions. Since 1954 some state money has 
been available for reimbursing the city 
for its outlays on short-term psychiatric 
care and community mental health ser
vices. Moreover, recent Federal legisla-

tion makes funds available for assisting 
in the construction of community cen
ters for the ambulatory treatment of 
mental illness. But the contrainduce
ments are there: because the state un
dertakes 100 percent of the cost of in
stitutional care, officials are reluctant to 
raise the local revenues required to se
cure Federal and state matching funds 
for extrainstitutional care. In sum, the 
fiscal inducements are all in the direc
tion of continuing to ship the patient off 
to the state hospital. 

T
he boundary between the public and 
the private sectors, which is drawn 

so strongly in ideological discussions of 
public medical-care policy, would ap
pear to be less clearly defined than is 
commonly supposed: in New York the 
city government is and has been a major 
purchaser of services rendered by pri
vate and nonprofit vendors. About a 
fifth of the total public expenditure for 
medical care of all kinds and nearly a 
third of the city-budgeted portion of 
these outlays go to vendor payments for 
the services of private practitioners or 
to voluntary hospitals and clinics. Some 
payments go through the Department of 

vVelfare to proprietary nursing homes 
and homes for the aged, to solo-practice 
physicians for house calls, to voluntary 
hospitals for outpatient services. More 
recently, the Department of vVelfare has 
been purchasing "package" care for wel
fare families from certain voluntary hos
pitals and from the Health Insurance 
Plan of New York City, a nonprofit pre
payment insurer that provides a com
prehensive medical service through 
group-practice units to 700,000 regular 
subscribers. 

The major flows from the public to 
the private sector go through the "Char
itable Institutions" budget of the city. 
These funds purchase hospital care from 
the voluntary hospitals for both welfare 
and non welfare patients. In the one-day 
hospital census of 1961, 5,239, or 23 
percent of the 22,897 patients in the 
voluntary hospitals, were clients of the 
city; disbursements from the city to 75 
voluntary hospitals that year totaled $36 
million and accounted for 13 percent of 
their operating expenses. In addition to 
the direct funds paid by the city for the 
care of city-charge patients in the chari
table institutions, the latter received 
fiscal benefits from the Government in 
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ABILITY OF A PATIENT TO PAY is determined partly by money 

income and size of family, as this chart of sample payment criteria 

snggests. Figures at bottom left and right of each bar show the 

respective minimum and maximum the city assumes a family of 

given size (below bar) and income bracket (top of bar) can spend 

annually on medical care. Such criteria are used only as guide

lines. In practice, other factors such as duration of illness and 

solvency of relatives are considered. The size-of-family and money

income criteria serve merely as the starting point for a dialogue 

between the city collector and the patient who received treatment. 
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the form of exemptions from real estate 
taxes and water charges. Data collected 
by Klarman in 1957 and 1958 yield an 
estimate of more than $8 million as the 
value of these exemptions. A third 
source of revenue for the voluntary hos
pitals is philanthropy, in the form of 
contributions or income from endow
ments. These funds constitute another 
13 percent of the aggregate operating 
expenses. The remaining 71 percent is 
made up from direct payments by pa
tients and from payments by third par
ties such as insurance companies. 

The 25 public agencies that adminis
ter health services to individuals derive 
their respective charters from statutes 
enacted over the years for a variety of 
public purposes by the city, state and 
Federal governments. At one time or 
another agencies at each of these levels 
of government have found it necessary 
or desirable to spend tax funds for treat
ment of individuals sick with tubercu
losis in order to protect the public 
health; for rehabilitation of the handi
capped in order to restore earning ca
pacity to people who would otherwise 

be public charges; for maternal and 
child health services, without a means 
test and without charge, in order to pro
duce a healthy adult population; for 
medical benefits to people such as vet
erans, to whom there is owed a special 
public obligation; for care of the needy 
aged, the infirm and the chronically ill 
for simple humanitarian reasons. 

Each new program has been grafted 
onto the city's existing institutions and 
administrative agencies. These have 
been periodically reorganized-over the 
past half century six of the city's mayors 
have appointed commissions on health 
services and hospital care. Patients, in 
their ignorance of departmental jurisdic
tions, have also helped to blur the lines 
separating them-mothers bring sick 
babies to well-baby clinics and adults 
present themselves at emergency rooms 
to avoid overcrowded clinics. The 25 
agencies constitute a patchwork array of 
services, with diflerent criteria of eligi
bility, separate medical as well as ad
ministrative records and diflerent meth
ods of providing and purchasing care. 
Nonetheless, they have come to serve a 

common and central function in the 
community not contemplated in the 
diversity of separate purposes for which 
they were originally created. Taken to
gether, they now constitute the sole or 
chief year-in, year-out source of medical 
care for a substantial portion of the 
population. 

In any one unit of the patchwork the 
best-qualified physicians may serve, and 
they may employ the most advanced 
techniques and physical equipment. The 
arrangements that admit the patient 
into the system and regulate the flow of 
services, however, remain largely un
changed from the days when one-shot 
preventive measures or episodic care 
was the core of medical practice. Pres
ent patterns of morbidity and the pres
ent capability of medical technology re
quire continuous supervision of the 
patient as well as the use of specialized 
personnel and diagnostic tools. The 
costly resources of modern medicine 
cannot be eflectively employed in minis
tering to the "emergent and needy sick"; 
they must be organized for the sys
tematic care of entire communities or 

SCHOOLGIRL BATHING BABY typifies the immigrant children 

who received health and hygiene education from the Department 

of Health prior to World War 1. The Little Mothers' League, an 

affiliate of the department, stressed infant and child care. The 

advantage of teaching the schoolgirl was twofold: her mother 

probably spoke no English, and she herself was a future mother. 
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population groups, in sickness and in 
health. 

Ever since the late 1950's the city's 
three chief medical-care agencies-the 
departments of Health, Hospitals and 
vVelfare-have been committed to re
forms aimed at the coordination of their 
fragmented services and the design of 
a system for integrating these with the 
care rendered, often to the same fam
ilies, by private vendors and voluntary 
organizations. These departments are 
also searching for ways to provide, in 
the control of chronic illness and the 
care of the aged, the kind of reforms 
pioneered by the public health profes
sion a half century ago in the control of 
communicable diseases and the care of 
children. 

E
fforts of this kind now seriously lag 

behind the advance of medical 
knowledge. In the spring of 1964 Rob
ert F. Wagner, mayor of New York, 
launched the city's counterpart of the 
Federal "antipoverty" campaign. He 
published with his own endorsement the 
recommendations of his Council on Pov-

erty. Recognizing illness and disability 
as major causes of ,urban dependency, 
the Council had placed improved medi
cal care for low-income families high on 
the agenda of needed social investment. 
The ink was scarcely dry on this pro
nouncement when the nonprofit Associ
ated Hospital Service-the New York 
Blue Cross-appeared before the State 
Insurance Commission to ask for permis
sion to increase its rates and to adopt 
"experience" rather than "community" 
rating standards in order to compete 
with the commercial insurance com
panies that skim the cream off the mar
ket by offering attractive rates to low
risk groups. The shift in rating standards 
was held up pending further study. 
Such a shift, coupled with rising rates, 
would further narrow the shelter offered 
by Blue Cross to the aged and the eco
nomically disadvantaged-and would 
correspondingly enlarge the roll of the 
city's medical dependents. 

The warmth of the medicare issue in 
national politics suggests that similar 
crises may arise elsewhere in the medi
cal economy of the U. S. In response to 

popular dissatisfaction it seems likely 
that the Federal Government and many 
states will be allocating more money in 
the near future-much of it by means of 
city administrations-for medical care of 
the indigent and for such special pur
poses as mental health, medical educa
tion and more and better nursing homes. 

Measures such as these will surely 
help to meet urgent needs. They may 
also, however, compound the ineffi
ciency of current practices, increase the 
dilemma of middle-income families and, 
by intensifying the atmosphere of public 
charity that now prevails, aggravate the 
very tendency toward social depen
dency they are intended to reverse. As 
the present study of medical economics 
in New York City has shown, the cost 
of care for one sick individual is now 
distributed by a variety of mechanisms 
among many people. Once this is recog
nized, there is every reason to consider 
ways of making these distributions ac
cording to explicit criteria of equity to 
the patient and efficiency in the use of 
some of the most precious resources in 
the possession of society. 

PATIENTS AT EXPERIMENTAL CLINIC are residents of a 

public housing project in which the clinic is located. Before the 

clinic was opened, residents of this project in Long Islaud City 

were an hour by bus from the nearest public clinic. The proximity 

to such public medical services enables elderly residents to remain 

in their own homes rather than move to homes for the aged. 
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Infrared Astronomy by Balloon 

Telescopes carried to high altitudes can capture radiation that 

never reaches the ground. One such observation of infrared rays 

indicates that the clouds of Venus are composed of ice crystals 

T
he earth's atmosphere isolates the 
earth's surface from the depths of 
space in two contrasting ways. 

The first is a blessing to the organisms 
that have evolved on the earth. The 
nitrogen, oxygen and ozone of the at
mosphere absorb ultraviolet radiation 
and X rays and thus form a shield 
against these harsh constituents of the 
shortwave end of the sun's electro
magnetic spectrum. By the same token 
water vapor and carbon dioxide absorb 
the longer-wave infrared radiation emit
ted by the earth, thereby keeping the 
temperature of the earth's surface at 
a mild level. The contrasting kind of 
isolation lies in the fact that these 
same substances black out much of 
the radiation that informs men about 
the cosmos. Earthbound telescopes are 
confined to detecting the wavelengths 
that pass through "windows" in the 
atmosphere: one in the visible region 
of the spectrum, one in part of the 
radio region and a series of narrow 
apertures in the infrared region [see 
top illustration on page 32]. 

In recent years astronomers have 
taken steps toward surmounting atmo
spheric isolation. Using aircraft and 
balloons, they have lifted astronomical 
instruments above most of the atmo
sphere; using rockets and other space 
vehicles, they have sent such instru
ments beyond it. Already the new ob
servations that these techniques have 
made possible have considerably ex
panded astronomical knowledge. Rock
ets have proved particularly useful for 
the study of radiation at wavelengths 
in the region of ultraviolet radiation and 
X rays; the equipment required to de
tect these radiations is light in weight 
and quick in response. Balloons are well 
suited to infrared investigations; their 
mode of flight permits extended periods 
of relatively motionless observation, a 
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prerequisite for the detection of radia
tion at these less energetic wavelengths. 
Balloons are also able to lift compara
tively large telescopes and spectrom
eters to altitudes above as much as 99.9 
percent of the obscuring water vapor 
in the earth's atmosphere. 

There is no shortage of astronomical 
problems that infrared studies can il
luminate. Even within the limits of the 
solar system there are intriguing ques
tions to be answered. To choose only 
one example, what is the atmospheric 
pressure on Mars? Infrared observations 
should provide an answer to this ques
tion. In the realm of the galaxy infrared 
astronomy also offers much promise. 
Can one detect the infrared radiation of 
"proto-stars," condensing clouds of mat
ter that have not yet become hot enough 
to emit light? Which of the stars that 
emit light have cool, invisible compan
ions or shells? Since infrared radiation 
penetrates clouds of particulate matter 
more readily than light does, what will 
infrared observations reveal about the 
cloud-obscured nucleus of the galaxy? 
In my estimation infrared studies, in 
answering these questions and many 
others, are capable of substantially in
creasing the sum of astrophysical infor
mation. 

Our group at Johns Hopkins Univer-
sity was initiated into balloon-borne 

infrared investigations in 1956, when 
Shirleigh Silverman, Frank B. Isakson 
and Malcolm Ross of the Office of Naval 
Research inquired if we had in mind 
any astronomical projects for which the 
Navy's two-man high-altitude balloon 
might provide a suitable platform. Our 
first thought was to examine the solar 
infrared radiation reflected by Mars and 
Venus. The Navy balloon's spherical, 
pressurized gondola was not the best 
imaginable base on which to mount a 

telescope equipped with a spectrom
eter, but the prospect of these ob
servations was so attractive that we 
soon managed to devise a means of 
making them. 

Our solution was a specially modified 
telescope of the Schmidt type: a re
flector with a transparent corrector 
plate. The primary mirror was 16 inches 
in diameter, although only 12 inches of 
it were in use at any one time. Both the 
mirror and the corrector plate, which 
was 12 inches in diameter, were made 
of fused quartz to resist expansion and 
contraction due to temperature change; 
the combination provided an instrument 
with the high-speed focal ratio of f/ 1.5. 
The surplus mirror area was purposely 
provided: in pointing the entire appa
ratus borne aloft by the balloon we 
wished to avoid the need for precise 
motions by its bulkiest part, the tele
scope. Instead the requirement for pre
cision was shifted to a relatively light in
terior component of the telescope: the 
"optical relay." To achieve this end the 
telescope was mounted in such a way 
that all its motions with respect to 
its accompanying spectrometer pivoted 
around a point in the center of the cor
recting plate. The optical relay, mounted 
on gimbals to swing around the same 
point, was kept lined up on the target 
planet by means of a servo-controlled 
light-sensitive apparatus called a star
tracker. 

vVith this system in action, once the 
heavy telescope was manually aimed at 
the planet it could drift as much as 
three degrees of arc off target, letting 
the image of the planet wander at ran
dom across the primary mirror's focal 
surface [see illustration at bottom of 
pages 32 and 33]. As this happened, 
however, the servo-controlled optical re
lay, locked on target, would unfailingly 
track the wandering primary image and 
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ABSORPTION of infrared radiation by water vapor high in the 

earth's atmosphere caused minuscule dips (below the letter "a") 

in a trace hy the Johns Hopkins University spectrometer. Dark, 

medium and light markings on the sensitized paper tape show the 

same signals at three increasing degrees of sensitivity. The infra· 

red wavelengths recorded here came directly from the sun. An 

b b c 

WATER VAPOR in tbe atmosphere of Venus extending above the 

planet's obscuring cloud layer caused the infrared absorption dips 

(below the letter "c") in tbis spectrometer trace. Like the reading 

for high·altitude terrestrial water vapor (top illustration) this one 

was made during a balloon flight on February 21, 1964, and the 

deep dips (below the letter "b") are similar calibrations. Both 

a b b 

image·chopper at the spectrometer's entrance slit rotates 26 times 

per second, so that radiation emerging from the instrument's array 

of exit slits reaches a photomultiplier as a series of individual puIs· 

es, each of which, when amplified, swings the trio of mirror gal. 

vanometers that produces the trace. The deep dips (below the letter 

"b") locate the narrow spectral line from a calibrating light source. 

c b b 

sections of tape reproduced on this page show some 30 seconds 

of scanning by the instrument's motor·driven array of 21 exit slits. 

During the February flight more than 500 such scans of the radia· 

tion reflected from Venus were recorded; the conclusion that the 

planet's atmospheric water vapor caused a 10.5 percent dip in the 

infrared signal received derives from an averaging of all scans. 
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form a second image, stationary to with
in three seconds of arc, at the pivot 
point of the gimbals. This second image, 
reflected by a small mirror controlled by 
a linkage, was focused on the spectrom
eter entrance slit. 

Infrared studies of Mars had the first 
priority in our program for the Navy's 
manned balloon. The planet was in op
position close to the earth in 1958, but 
a failure-the first of several-of the 
balloon's polyethylene bag prevented a 
flight at this favorable time. It was not 
until late in November, 1959, that the 
balloon, with Ross as pilot and C. B. 

Moore as observer, successfully lifted 
our instruments to an altitude of 80,000 
feet. The opposition of Mars having 
long since passed, the infrared target 
was Venus. vVith no more than an esti
mated . 1  percent of the earth's atmo
spheric water vapor between them and 
their target, the balloonists aimed the 
telescope and recorded absorption lines 
in the spectrum of solar infrared radia
tion reflected from Venus. 

The lines appeared at the intervals 
in the spectrum known to indicate ab
sorption by water vapor. The absorp
tion, however, was no greater than 5 

INSTRUMENT PACKAGE, inside metal housing, consists of the telescope and spectrom

eter mounted side by side (see top illustration on opposite page). Tbe cylindrical unit 

below is the command package; it receives the signals that control the balloon's flight. 
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percent of the background of reflected 
solar radiation, and the range of error in 
the observations was plus or minus 4 
percent. The uncertainty arose from the 
motions of the gondola. These were 
partly caused by the necessary activities 
of the gondola's occupants but were 
mainly the result of abnormal move
ments by the balloon-movements so 
severe that the mission almost aborted. 
That Ross and Moore were able to ob
tain any results at all was remarkable, 
and we were very pleased that our ap
paratus worked as well as it did. None
theless, the variation in the radiation re
corded was so large that it made the 
findings equivocal. 

In 1961 the sponsorship of our infra-
red-astronomy project shifted from 

the Navy to the Air Force, and we made 
plans to fly our equipment in unmanned 
balloons. In 1962 we had the discourag
ing experience of losing three poly
ethylene balloons during test flights. 
The next year we were not much luck
ier. A flight on May 4, 1963, used a 
stronger bag made of polyester resin, 
but now there was a failure in our 
equipment. This was hastily repaired 
and another flight was made on May 
10 with a polyethylene bag. The balloon 
burst. 

Fortunately for the progress of as
tronomy, while we were having difficul
ties Martin Schwarz schild of Princeton 
University, a pioneer in the field of 
balloon-borne telescopes, was enjoying 
success. In 1963 the infrared apparatus 
in his unmanned Stratoscope II detected 
water vapor in the atmosphere of Mars. 
vVhen our instrument package was once 
more ready for Right in February, 1964, 
our target again was Venus. 

More than four years had passed 
since the first Venus Right; in the in
terval a number of changes had been 
made in our equipment. In 1959 the 
rough pointing of the telescope had 
been the observer's job; now that the 
flights were unmanned this would have 
to be done automatically. vVhereas the 
1959 Right was made at night, the un
manned flights were now scheduled 
for the daylight hours; for such Rights 
we developed a system that would 
achieve the rough pointing of the tele
scope with servo controls that sensed 
the position of the sun. vVhen these 
locked on the sun, the instrument pack
age could be turned to the elevation 
and azimuth of Venus. Changes in eleva
tion would work against the restraint of 
gravity; changes in azimuth, against a 
counterrotating wheel, its mass con
sisting largely of the storage batteries 
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that powered the apparatus. The point
ing configuration is much like the one 
developed by Schwarzschild for Strato
scope I [see "Balloon Astronomy," by 
Martin and Barbara Schwarzschild; SCI
ENTIFIC AMERICAN, May, 1959]. This 
we copied in many respects, except that 
we located the counterrotating wheel 
below our telescope

' 
rather than above 

it. Placing this heavy component at the 
bottom seemed logical on two counts: 
first, our package would have to make a 
relatively hard parachute landing, and 
second, we wanted to make ground tests 
of the equipment without an obstruction 
overhead. 

The sun-sensing servo system we de
signed for the daylight flights would 
be able to do no more than line up the 
telescope approximately with Venus. A 
second and more refined sun-sensing 
system would be required to bring the 
instrument into position for observa
tions. This device, developed by Murk 
Bottema, could be programmed in ad
vance of flight time and could also over
come any errors in programming. Called 
the Beta-rho system, the sensor con
sisted basically of a light-sensitive cell 
pointed toward the sun at an angle (with 
respect to the long axis of the telescope) 
that was equal to the angle between the 
sun and Venus in a great circle on the 
celestial sphere. The change in this 
great-circle angle resulting from any 
movement of the observation site on 
earth is negligible. At our proposed 
flight date, when Venus would be in an 
ideal position for observation, the angle 
also changes very little with the time 
of day. Thus in effect one element in 
our sensor system was a constant [see 
bottom illustration on this page]. 

Although the sun sensor would be 
aimed at the sun, a prism in front of it 
was positioned so that it could rotate on 
an axis parallel to the long axis of the 
telescope. Unlike the great-circle angle, 
this roll angle would vary both with 
the geographical position of the balloon 
and with time: it would be preset for a 
place and time predicted on the basis 
of known upper-atmosphere wind di
rection and wind speed. Should the 
prediction be in error, a rotation of the 
prism around its axis would produce a 
correcting scan. The device takes ad
vantage of the celestial geometry that 
requires Venus to lie on the arc of a 
circle with a radius defined by the 
great-circle angle between the sun and 
Venus, regardless of the instrument's 
geographical position. If the balloon 
was not at the predicted geographical 
coordinates when it had reached observ
ing altitude, the rotating prism would 

DOME 

TELESCOPE IN ACTION, after remote command has opened protective doors, is preset 

to point generally toward Venus when the coarse sun sensors mounted on the housing 

above the reaction wheel point toward the sun. Servomotors adjust the telescope's elevation 

against the restraint of gravity; the wheel provides mass required for azimuth adjustment. 

SIGHT LINE TO SUN 
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TELESCOPE SIGHT LINE TO VENUS 
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TARGET ACQUISITION, the fine pointing required after the balloon·borne telescope is 

generally oriented, is the task of a refined sun sensor that is programmed to swing the 

telescope through a search arc. The angle (3 defines the radius of a circle, centered on the 

sun. The planet Venus will be located within narrow limits along one arc of this circle. 
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RADIATION "WINDOWS" in the normally opaque atmosphere 

are the clear areas shown in the partial electromagnetic spectrum 

(top). Two major windows admit visible light (left) and radio 

waves of one·centimeter length and longer (right) respectively. 

Infrared absorption from one to 15 microns (bottom) ranges from 

slight (for example, between eight and 13 microns) to total. The 

absorptive elements are identified by the hatching, horizontal for 

water vapor, diagonal for carbon dioxide and vertical for ozone. 

be set in motion. This action would 
cause the servomechanisms guiding the 
telescope to follow a circulat search 
path until Venus was brought before 
the star-tracker that controlled the tele
scope's optical relay. 

The star-tracker was another key 
component that had to be redesigned for 

SCHMIDT' PRIMARY MIRROR 

daylight observations. Although to hu
man observers the sky at 80,000 feet 
seems almost black, it is still bright 
enough to make selective detection of 
the light from Venus an impossible task 
for an unassisted phototube. After a 
considerable amount of work Morris 
Birnbaum of the Impro Corporation de-

I 
I 

vised a daytime star-tracker that would 
use image-dissecting techniques and 
photomultipliers to single out the visible 
light of Venus from the glow of the sky 
and so control the pointing servomech
anisms. We tested Birnbaum's star
tracker on the ground at sunset, when 
the task of differentiating between sky 

< 
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OPTICAL RELAY 

DESIGN OF TELESCOPE for high.altitude observations puts the 

burden of accurate pointing on a lightweight interior component 

ratber than on the entire heavy instrument. The oversized primary 

mirror of the Schmidt telescope can be as much as three degrees 

out of alignment, yet the optical relay, linked to a star-tracker, will 

deliver a secondary image to the instrument's monocentric point 
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glow and the light from Venus is about 
an order of magnitude more difficult 
than it would be at high noon 17 miles 
up. The apparatus locked on Venus 
perfectly. 

preparations for our flight began short-
ly before dawn on February 21 at 

Holloman Air Force Base near Alamo
gordo, N. M. At first the inflation of the 
balloon was delayed by wind, but he
lium was piped into the polyester bag 
beginning at 9:30 A.M. and the launch
ing was successfully completed at 
10:46 A.M. The balloon required more 
than two hours to reach observing al
titude; it was 1: 15 P.M. when rough 
orientation of the instrument package 
was achieved. The doors at the end of 
the telescope opened on command 
shortly after 1:30 P.M. The lower door 
shielded the optics of the telescope from 
the bright earth below; the upper door 
shielded them from the bright balloon 
above. Stretched between the doors at 
one side was a piece of fabric that 
shaded the instrument from the direct 
rays of the sun. 

The course plotted for the balloon 
on the basis of wind predictions was not 
realized; by the time the apparatus went 
into fine-scale operation to locate Venus 
the balloon was 100 miles from the an-

-'--a 

ticipated position and it was necessary 
to run the sun sensor's prism through 
its scanning cycle. The first leg of the 
scan happened to be in the wrong di
rection, but it was only nine minutes be
fore the prism brought the star-tracker 
into line with Venus. Once locked on, 
the planet was solidly tracked for the 
next two hours. 

The entire flight had a single ob
jective: to measure the amount of solar 
infrared radiation reflected by Venus 
at the wavelengths absorbed by water 
vapor. In making such a measurement 
we would normally have been faced 
with two spectroscopic alternatives. 
The spectrometer would spread the 
wavelengths received into a spectrum 
by means of a diffraction grating; either 
the grating could be moved back and 
forth and various infrared wavelengths 
passed through a fixed slit to the detec
tion apparatus, or the grating could be 
kept fixed and the slit moved back and 
forth instead. 

We chose a third alternative. Thanks 
to the ingenious suggestion of vV. S. 
Benedict, our spectrometer had not one 
slit but 23 slits, each located at the 
position of a water-vapor absorption line 
in the band at the infrared wavelength 
of 1.13 microns [see bottom illustration 
on page 36]. This stratagem greatly in-

with an error no greater than three seconds of arc. The primary mirror is 16 inches in 

diameter and the corrector plate is 12 inches in diameter. The overall configuration illus

trated produces a highly efficient instrument of reasonable weight with an //1.5 focal ratio. 

creased the amount of energy that could 
pass through the spectrometer; a single 
slit wide enough to pass as much en
ergy as 23 slits would not have been 
able to distinguish the absorption lines. 
In order to compare the amount of 
absorption at the positions of the 23 
lines with the absorption in adjacent 
regions, the slits were moved back and 
forth across the spectrum once every 
10 seconds. The resulting readings were 
not the usual kind of absorption spec
trum, with the absorption lines spread 
out in orderly array; the readings would 
simply indicate whether or not the ab
sorption at all the water-vapor lines was 
greater than that in the adjacent re
gions. In effect we sacrificed a spec
trum in order to obtain a quantitative 
chemical finding. 

The February 1964 flight provided 
both qualitative confirmation and 

quantitative refinement of the pioneer
ing observations made in 1959. Analysis 
of the spectrometric scans indicated 
that the amount of infrared radiation 
absorbed by the atmosphere of Venus at 
the water-vapor lines, compared with 
the amount absorbed in adjacent spec
tral regions, was 10.5 percent plus or 
minus .5 percent. If one takes into ac
count differences in calibration, this 
reading overlaps one extreme of the 
earlier one, namely 5 percent plus 4 
percent. In addition, once the Venus 
readings were completed, a reflecting 
screen was moved into place to feed 
radiation from the sun directly into the 
spectrometer. The absorption, caused 
by the water vapor in the earth's at
mosphere above the balloon, was only 
about a twentieth of that for Venus, or 
roughly .5 percent. 

If further proof is needed that the 
reading from Venus is genuine and not 
the result of terrestrial water vapor, and 
that all but a twentieth of the water 
vapor detected in the February flight 
was present in the atmosphere of Venus, 
another observation can be cited. This 
involves a comparison of the predicted 
and observed Doppler shift in the ab
sorption lines as a result of Venus' mo
tion with respect to the earth. William 
Plummer noted that in the course of one 
scan three of our spectrometer slits 
would cross a wavelength that hap
pened to be the wavelength of one of 
the emission lines of the element mer
cury (11,287 angstrom units, or 1.1287 
microns). This allowed him to use a 
mercury-vapor lamp for purposes of 
comparison. He closed two of the three 
slits; near the end of each scan the third 
slit allowed the light of the mercury line 
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TELESCOPE 

STA -TRACKER 

J��E UL TlPLIER 

FIRST -+----f---¥'" MONOCENTRIC POINT 

RELAY 

MIRROR 

AS PH E RIC +--H:::;::.F\r;:::::: 
MIRROR 

SPECTROMETER 

EXIT SLITS 

IMAGE-SLICER 

CHOPPER 

BLADE 

SCHMIDT PRIMARY MIRROR 

TWIN INSTRUMENTS are connected in the manner illustrated on 

this page. A relay mirror at the monocentric point (left) reflects 

the image formed by the servo·controlled optical relay to a second 

mirror, outside the telescope, that passes the collected infrared 

rays to the entrance slit of the spectrometer (right). Before that 

the circular beam is not only chopped into pulses but also sliced 
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PHOTOMULTIPLIER -i----t 
TUBE 

COLD 

BOX 

MIRROR GALVANOMETER 

AND PHOTORECORDER 

into a linear shape suitable for spectroscopy. The diffraction grato 

ing then spreads the narrow band of radiation into a nearly inch

wide display that impinges on 21 exit slits, each of them matching 

a point at which water vapor absorbs infrared waves. In this illus

tration the Schmidt corrector plate is absent; one aspherical unit 

in the all-mirror system corrects the primary mirror's aberration. 
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to reach the recorder and provide a fixed 
standard against which the shift of the 
water-vapor lines could be measured. 
The Doppler shift was predicted to be 
.495 angstrom; the measurement on our 
February flight was .49 angstrom plus 
or minus 10 percent. With such a high 
degree of independent agreement there 
is little reason to doubt the accuracy of 
the other spectrometer observations. 

.A(ter our February flight had been 
successfully concluded we decided 

that the next task for our infrared instru
ment package was to determine the na
ture of the clouds in the atmosphere of 
Venus. Was this obscuring layer of par
ticulate matter composed of water? Or 
was it perhaps ice, dust or even complex 
polymerized organic molecules? We 
were encouraged to look into the matter 
by a major improvement in our tele
scope. 

In order to analyze the clouds of 
Venus we needed to extend the range 
of infrared detection to the wavelengths 
around 3.5 microns. The quartz correc
tor plate of our telescope, however, was 
opaque to wavelengths well below 3 
microns. A new correcting system using 
nothing but mirrors and hence effective 
at any infrared wavelength was devel
oped from a design by E. W. Silvertooth 
of Custom Instruments, Inc., to replace 
the Schmidt plate. 

We launched our improved instru
ment on October 28 of last year. In 
addition to modifying the telescope, we 
had altered the spectrometer to suit the 
task of obtaining an infrared spectrum 
of Venus' cloud layer. A coarser diffrac
tion grating was substituted for the finer 
grating used during the February flight; 
this gave us a broader spectrum of 
wavelengths. Three detector tubes, 
mounted side by side, acted as three 
independent slits; the diffraction grating 
was rocked back and forth to make the 
spectral lines pass across the detectors. 
In this way we could record infrared 
wavelengths from 1.7 microns to 3.4 
microns simultaneously with all three 
detector tubes. 

At an altitude of 86,000 feet the tele
scope's automatic pointing and tracking 
devices brought it into line with Venus 
and held the planet's image steady for 
more than three hours. The spectrom
eter not only scanned the infrared spec
trum of Venus but also made compari
son scans of the solar spectrum; this 
enabled us subsequently to determine 
the spectrum characteristic of the planet. 

This spectrum of wavelengths is pre
sented in the form of a curve, the peaks 
of which correspond to the wavelengths 
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LABORATORY FINGERPRINT of water·vapor absorption points in the infrared wave· 

lengths between 1.135 and 1.15 microns is matched with the positions of the spectrometer 

exit slits. This abundant array of slits literally multiplies the amount of energy that reaches 

the detector. The double·headed arrow indicates the extent of each left·to·right scan. 
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pose of this oscillation is shown in the schematic illustration. When no slits coincide with 

the absorption lines ("a," top) , maximum radiation is recorded (graph at right) . As.slits 

and lines coincide ("d," fourth from top) maximum absorption minimizes signal strength. 
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RELA Y MIRROR, supported by struts at the monocentric point of 

the telescope, is suspended on gimbals so that it moves in unison 

EXIT SLITS of the spectrometer are etched through a thin plate 

of stainless steel. They total 23 in number, but two of them were 
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with the optical relay. It reflects the secondary image through 

the brass tube (right) that leads to the adjacent spectrometer. 

closed during the February flight, allowing a third adjacent slit 

to pass a calibrating spectral line of mercury once in each scan. 
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most intensely reflected by Venus. As 
we have reported in The AstTOphysical 
Journal for November 15, 1964, we 
compared the curve with similar reflec
tion spectra obtained in our laboratory 
by Rodolphe Zander. These included 
the spectra of silica sand, liquid formal
dehyde, a petroleum oil, liquid water, 
ice, solid carbon dioxide, a cloud of 
frozen carbon dioxide particles, ordinary 
frost, a cloud of water vapor and a cloud 
of ice crystals. As the bottom illustration 
on this page indicates, the Venus curve 
closely corresponds to the reflection 
spectrum of a cloud of ice crystals. The 
other reflection spectra do not fit the 
Venus curve. The conclusion appears 
inescapable: the reflecting cloud layer 
on Venus is composed of ice crystals. 
This fits in very well with our earlier 
detection of absorption lines due to 
water vapor above the clouds . 

.k present we are designing an infra-
red telescope with a 48-inch aper

ture, a fourfold scale-up of our present 
instrument. We expect to use this larger 
telescope with a balloon, but there is no 
reason why infrared astronomy should 
be confined to the upper atmosphere. 
Mountaintop observatories have made 
their contributions' in the past; for ex
ample, my colleague William M. Sinton 
and I were able to make precise ob
sei'vafions of' the infnired emissions of 
the moon, Mars and Venus in 1952 
with the 200-inch telescope on Palomar 
Mountain. The principal drawback is 
that existing mountain observatories are 
not high enough and cold enough. The 
infrared study of a cold object-such 
as a dark part of the moon, or the plan
ets Venus, Mars, Jupiter and Saturn
is quite difficult when the observer must 
look out through the earth's own hotter 
atmosphere. It seems feasible that for 
specific, short-term observing projects 
a relatively modest instrument, such as 
our planned 48-incher, could be tem
porarily placed at very high mountain 
sites, where the problems arising from 
air temperature would be reduced to 
a minimum. 

A number of infrared projects are 
peculiarly suited to the artificial satel
lite. Foremost among them are studies 
that would require extended observa
tion times, for instance a systematic 
infrared survey of the entire celestial 
sphere. As long as the satellite instru
ment's pointing history was known and 
the scanning eventually covered all of 
the sky, the exact programming of scans 
would be unimportant. It is certain that 
many celestial objects that are presently 
invisible would be discovered. 

PREDAWN INFLATION of the polyester halloon proceeds under floodlights at Hollo· 

man Air Force Base, N.M., in preparation for the October 1964 observations of the cloud 

layer of Venus. Polyester proved a far more reliable balloon material than polyethylene. 

1.5 2 2.5 
WAVELENGTH (MICRONS) 

ICE·CRYSTAL COMPOSITION of the clouds of Venus was discovered during the flight 

of October 28, 1964. Spectrometer readings covered a range from 1.7 through 3.4 microns 

(white curve). When this curve was compared with the laboratory reflection spectra of 

various substances, the closest match was with an ice·crystal cloud (black). If the Venus 

curve is adjusted to minimize the low hump at 1.8 microns (due to water vapor absorp. 

tion) and the deep dip at 2 microns (due to carbon dioxide), the correspondence of the 

two curves is further increased. These data first appeared in The Astrophysical Joumal. 
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The Undercooling of Liquids 

A substance lS said to be "undercooled" when it remalns liquid below 

its "equilibrium cr,ystallization temperature/' or nominal freezing point. 

The study of such liquids has shed light on the freezing process 

T
he first systematic study of how 
water freezes into ice was under
taken more than 200 years ago by 

the German physicist Gabriel Fahren
heit. Earlier investigators had reported 
that the freezing temperature of water 
appeared to vary considerably from ex
periment to experiment, but Fahrenheit 
hoped nonetheless to use this tempera
ture as a calibration point in a new sys
tem of thermometry. He soon found that 
although the temperature at which 
freezing began in different water sam
ples was indeed widely variable, this 
temperature was never higher than a 
characteristic value (0 degrees centi
grade, or 32 degrees on the scale Fahren
heit eventually devised). Moreover, he 
observed that just after freezing began 
the temperature of the mixture of water 
and ice rose rapidly, leveling off at the 
maximum freezing temperature. He also 
noted that freezing invariably began 
with the formation of one or more tiny 
crystallization centers (a process that 
has since come to be known as "nuclea
tion") and then continued by the rapid 
propagation of crystallization fronts out
ward from these centers. It became evi
dent to Fahrenheit that the freezing of 
water takes place entirely at the inter
faces between the ice and the water and 
that the rise in temperature observed 
just after nucleation is caused by the 
liberation of the heat of crystallization 
at the rapidly moving freezing front. 

From these findings Fahrenheit con
cluded that a mixture of water and ice 
should reach a constant and reproduc
ible temperature that would be suitable 
as a calibration point in thermometry. 
This temperature, which is properly 
termed the "equilibrium crystallization 
temperature," is defined as the tempera
ture at which the interfaces separating 
the water from the ice (or the liquid 
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phase of any substance from its crystal
line phase) are stationary. Above or 
below the equilibrium temperature the 
interfaces move, in directions corre
sponding to melting at higher tempera
tures and freezing at lower ones. In spite 
of Fahrenheit's findings, the misleading 
terms "melting point" and "freezing 
point" are still commonly used to denote 
the equilibrium crystallization tempera
ture. 

When a substance is cooled below its 
equilibrium temperature, it is said to be 
"supercooled" or "undercooled." Thus 
water is undercooled when it remains 
liquid at temperatures below 0 degrees 
C. Under special conditions very pure 
water can be undercooled to as low as 
-40 degrees C. without crystallizing 
into ice, and many liquids can be under
cooled to an even greater degree. Our 
understanding of the undercooling of 
water and other liquids is still in a com
paratively primitive state. Since World 
War II, however, research in this area 
has been carried out at the General 
Electric Research Laboratory and else
where; as a result a much clearer pic
ture of the behavior of undercooled 
liquids is now emerging. 

The amount of undercooling that dif-
ferent samples of water will sustain 

before the onset of freezing frequently 
varies by as much as 15 degrees C. ; 
early experimenters reported similarly 
large variations for other liquids. In 
contrast, it was observed that the 
amount of undercooling sustained by a 
particular sample of a liquid before ini
tial freezing rarely fluctuates more than 
1 degree C. through a succession of 
melting and freezing cycles. This "criti
cal point" of undercooling can be sub
stantially raised by vibrating the sam
ple; it can be lowered by increasing the 

rate of cooling, but this shift is very 
small for very large changes in the 
cooling rate. It follows that undisturbed 
liquids can remain in the undercooled 
state for extremely long periods of time. 
Samples of the metal gallium, for in
stance, which has an equilibrium crys
tallization temperature of 29.75 degrees 
C. (slightly higher than normal room 
temperature), have been kept molten at 
temperatures from 5 to 15 degrees C. 
below their equilibrium temperature for 
more than a year. This behavior is par
ticularly remarkable in view of the fact 
that the freezing of such liquids is usu
ally completed within a few seconds or 
minutes (depending on the size of the 
sample) after nucleation occurs. 

It is the apparent capriciousness of 
the onset of freezing that makes any at
tempt to describe the freezing process 
in detail so difficult. Since the crystal
lization fronts, once they are formed, 
usually propagate quite rapidly, this 
capriciousness must reflect some basic 
characteristic of crystal nucleation. The 
problem of understanding the freezing 
process therefore depends in large mea
sure on finding an effective technique 
for investigating the phenomenon of 
nucleation. 

It seems clear that the critical point of 
undercooling associated with a par

ticular sample of liquid actually reflects 
the amount of undercooling required for 
the formation of the first crystal nucleus 
in the sample. The near constancy of 
this critical value for a particular sample 
compared with its wide variation among 
samples of the same liquid suggests that 
it cannot be an intrinsic property of the 
liquid. Such behavior is consistent with 
the interpretation that the initial freez
ing nuclei are formed on irregularities 
extrinsic to the liquid; at a given cooling 
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rate each of these irregularities would 
require a specific critical undercooling 
to serve as an active crystal nucleus. 
The proposed irregularities could be 
either impurity particles (commonly 
called "motes") suspended in the liquid 
or certain regions of the container walls. 
In either case nucleation initiated at 
such irregularities is called heteroge
neous nucleation, as opposed to homo
geneous nucleation, which occurs spon
taneously within the liquid without the 
aid of extrinsic irregularities. 

Since at a given cooling rate each 
mote requires a specific critical under
cooling to become effective as a crystal
lization center, freezing will always 
begin at the single mote for which the 
critical undercooling is least; thus the 
observed critical undercooling of a par-

ticular liquid sample would be nearly 
constant through repeated meltings and 
freezings. As a rule motes are present 
more or less inadvertently in a liquid; 
consequently the mote that initiates 
freezing in one sample might be quite 
different from the mote that initiates 
freezing in another. This would explain 
the observed wide variation of initial 
freezing temperatures among samples 
of the same liquid. 

The single mote that initiates crystal
lization in a body of liquid might con
stitute no more than one part in 1015 
of the body's vofume. It is difficult 
enough to control the impurity content 
of any substance to within one part in 
a million (106); to do so within one part 
in 1015 in a relatively large body of 
liquid is practically impossible. This 

means that crystallization in any liquid 
body larger than, say, a thousandth of 
a cubic centimeter will almost always 
be initiated by the mote effect. Since 
the temperature of a liquid rises im
mediately after the formation of the 
first crystal nucleus, the action of a sin
gle unspecified mote can thwart experi
ments aimed at observing homogeneous 
nucleation or even heterogeneous nucle
ation on specified test surfaces. 

�1 apparently effective technique for 
eliminating the mote effect in a 

large liquid body has only recently been 
recognized and exploited. The liquid is 
first subdivided in one of several ways 
into a large number of small droplets, 
each of which is isolated from the others 
by simple physical separation or by a 

ICE CRYSTAL is shown growing at the base of a thermometer that 

has been immersed in a body of undercooled water. The "den· 

dritic," or treelike, growth of the crystal, which resembles that of 

a snowflake, is characteristic of many substances that crystallize in 

their undercooled liquid phase. The photograph was made by 

R. B. Williamson and Bruce Chalmers of Harvard University. 
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thin coating of some second substance 
on the surface of the droplets [see ilills
tration on page 42]. The liquid can be 
subdivided by agitating it in an onJinary 
kitchen blender with a suitable film
forming substance. In such an aggrega
tion of droplets an independent nuclea
tion event would be required for the 
crystallization of each droplet. Con
sider, for example, a liquid body in 
which there are roughly a million motes 

per cubic centimeter. If the liquid were 
to be dispersed into tiny droplets, each 
with a volume of about a hundred-mil
lionth of a cubic centimeter, an average 
of no more than one droplet in every 
100 would contain one of the original 
motes. The vast majority of the drop
lets would be uninfluenced by the mote 
efl'ect and could presumably be under
cooled to a temperature at which homo
geneous nucleation would occur. 

The probability of a crystal nucleat
ing spontaneously in a homogeneous liq
uid is of course proportional to the 
volume of the sample. Hence even after 
the motes are efl'ectively isolated, a fur
ther reduction in the size of the droplets 
should result in a corresponding increase 
in the critical undercooling required to 
crystallize the liquid. Since the nuclea
tion frequency rises sharply with in
creased undercooling, however, this ef-

TWO·DIMENSIONAL MODEL of crystal nucleation and growth 

in an undercooled liquid was photographed at the General Electric 

Research Lahoratory. The tiny aluminum balls, which represent 

3t01115, are kept in continual motion by means of an electric 

vibrator mounted under the container; for these photographs the 

action has been stopped at several stages by a stroboscopic flash 

lamp in order to show the growth of the crystals. Crystallization 

was induced in the model by coating the balls in the crystalline 
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feet is generally small compared with 
the effect of isolating the motes. 

The fact that some substances can 
sllstain much greater undercooling in 
droplet form than in bulk has been 
known for nearly a century. Assayers 
have long been familiar with the mo
mentary brightening that often occurs 
just as molten gold globules begin to 
crystallize. This sudden brightening 
(sometimes called the "blick" effect, from 

the German word meaning "Hash") is 
caused by the heating of the under
cooled, but still red-hot, liquid gold by 
the heat of crystallization released at 
the rapidly moving crystallization front. 
Molten gold globules can frequently sus
tain criticalundercoolings of several tens 
of degrees C. below their equilibrium 
crystallization temperature (1,063 de
grees C.), whereas the critical under
cooling sustained by gold in bulk form 

is barely measurable. By observing the 
blick effect in various other metals C. E. 
i\Iendenhall and L. R. Ingersoll of 
the University of Wisconsin reported in 
1908 that quite large critical under
coolings were sustained when the metals 
were in the form of liquid droplets only 
.05 millimeter in diameter; they were 
able to undercool molten platinum in 
this manner by as much as 370 degrees 
C. below its equilibrium crystallization 

areas with an alcohol film, which simulates the cohesive forces 

between tbe atoms. In this respect the model is imperfect, since 

in an aetna I substance the interatomic forces are the same in the 

liquid as in the solid. N onetbeless, the model is thought to give 

a good representation of the changes in atomic arrangement that 

occur as a crystal grows in its liquid phase. The first crystal appears 

in the second photograph from the left in the top row. The last 

photograph in the series shows a hypothetical crystalline solid. 
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DROPLET TECHNIQUE is useful for controlling the effect on 

nucleation of "motes," or impnrity particles (black dots), which 

are usually present more or less inadvertently in any large liquid 

body (left). By vibrating the liquid vigorously in an ordinary 

kitchen blender with another snbstance, the test liqnid can be 

dispersed into a large number of small droplets (right), each of 

which is isolated from the others by a thin coating of the second 

substance. The vast majority of the droplets would be uninfluenced 

by the mote effect and could presumably be undercooled to 

a temperature at which homogeneous nucleation would occur. 

temperature (1,773.5 degrees C.) be
fore the first crystal nucleus appeared. 

The PQtential usefulness of the drop
let technique as a research tool did not 
begin to be fully appreciated until the 
late 1940's, when Bernard Vonnegut 
and Vincent Schaefer initiated their 
extensive investigation of the freezing 
process at the General Electric Research 
Laboratory. Stimulated by their experi
ments, my colleagues and I developed 
the droplet technique still further, ap
plying it to the study of crystal nuclea
tion in a large number of metallic liq
uids and even in a few organic liquids. 
We were able to observe the crystalliza
tion of individual droplets visually with 
the aid of a microscope. In addition we 
undertook to measure the changes in 
bulk properties-such as volume and 
energy content-that usually accompany 
crystallization. Perhaps the most defini
tive findings were obtained from the 
comparatively few volumetric studies of 
large aggregations of droplets. I shall 
describe these experiments first be
cause they provide a valuable ground
work for an interpretation of the more 
complex findings. 

In the volumetric experiments large 
numbers of droplets are isolated from 

one another by thin coatings of some 
inert substance and then placed in a de
vice called a dilatometer [see illustration 
on opposite page]. The change in vol
ume accompanying crystallization is cal
culated from the change in the level of 
the inert indicator fluid in the thin capil
lary tube at the top of the dilatometer. 
If the time required for the crystalliza
tion front to move across the droplet is 
short compared with the time required 
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for spontaneous nucleation to occur, the 
change in volume directly reflects the 
occurrence of nucleation. This condition 
was satisfied in our experiments by ad
justing the undercooling to produce nu
cleation periods measured in hours as 
compared to crystal-growth times mea
sured in milliseconds. Since we knew 
the distIibution of the droplets by size 
in the sample, we were able to calcu
late the mean nucleation frequency 
from the crystallization rate of the en
tire sample. At the same time we were 
also able to determine whether the prob
ability of nucleation in individual drop
lets was proportional to droplet area (as 
it would be if the surface film encour
aged nucleation) or to droplet volume. 

The most detailed volumetric studies 
were made of aggregations of mercury 
droplets coated with various films. The 
equilibrium temperature of mercury is 
about -39 degrees C. ; we observed that 
the critical undercooling sustained by 
our samples ranged from a low of about 
2 degrees C. to a high of nearly 80 de
grees, depending on the nature of the 
coating on the droplets. In contrast, the 
maximum undercooling sustained by a 
large body of mercury before the onset 
of crystallization is seldom greater than 
a degree or two below its equilibrium 
temperature. 

Among other things, the results of 
the volumetric experiments showed that 
there is a wide variability in the effec
tiveness of different kinds of impurity 
coating in promoting crystal nucleation. 
Aged mercury stearate, for example, 
promotes copious nucleation in mercury 
at small departures from the equilibri
um temperature. Presumably impurities 
of this kind initiate freezing in large 

bodies of mercury that have been only 
slightly undercooled. Droplets coated 
with mercury laurate or mercury benzo
ate, on the other hand, sustained under
cooling by as much as 77 degrees C. 
below the equilibrium temperature. It 
is only in these droplets that nuclea
tion may have occurred homogeneously, 
that is, without the aid of motes or im
purity films. In order to determine if 
nucleation was indeed homogeneous in 
these droplets we measured the crys
tallization rate of aggregations of the 
laurate-coated mercury droplets at sev
eral temperatures. Analysis of these data 
revealed that the nucleation frequency 
per unit of volume was uniform for all 
the droplets in a sample in a given tem
perature and that the probability of 
nucleation occurring in a given droplet 
was proportional to the volume rather 
than to the area of the droplet. These 
results constitute strong, but not abso
lute, evidence that it was homogeneous 
and not heterogeneous nucleation that 
was observed in the experiments. The 
variation of nucleation frequency with 
undercooling in the vicinity of the criti
cal undercooling temperature for mer
cury is represented graphically by the 
broken colored curve in the top illustra
tion on page 44. The experimental re
sults are indicated by the solid part of 
the curve, which extends only over the 
limited frequency range accessible to 
o bserva tion. 

A ccording to the simplest theory of 
ft nucleation the rise in nucleation 
frequency with increased undercooling 
near the critical undercooling tempera
ture should be steeper for substances 
capable of sustaining only very small 
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undercooling. This prediction was strik
ingly confirmed by the dilatometer mea
surements on certain hydrocarbons with 
long-chain molecules, in which homoge
neous crystal nucleation appears to be
gin at temperatures only a few degrees 
below the equilibrium temperature. As 
the top illustration on the next page 
shows, the nucleation frequency in the 
hydrocarbon n-octadecane (C1sH38) in
creases by a factor of about 8,000 per 
degree C. of undercooling in the critical 
region. The magnitude of this response 
to extremely small changes in tempera
ture, one of the most pronounced ever 
recorded for any physical process, is 
close to the value predicted by the sim
ple nucleation theory. 

In view of the generally steep rise in 
nucleation frequency with increased un
dercooling near the critical temperature, 
it is not surprising that some observ
ers have been led to conclude that the 
initiation of freezing requires a specif
ic critical undercooling. Theoretically, 
however, there should be a finite proba
bility of nucleation for any amount of 
undercooling greater than zero. Because 
this probability becomes so small so 
rapidly, nucleation is practically unob
servable at temperatures only slightly 
higher than the critical value. A cubic 
centimeter of clean mercury, for exam
ple, should sustain undercooling by 65 
degrees C. for about 100 days; if the 
same sample were undercooled by 60 
degrees C., it would remain liquid for 
10 million years, provided that it was 
neither seeded nor vibrated. 

A prediction that arose out of the 
volumetric experiments involved the 

effect of droplet size on undercooling. In 
general our findings indicated that the 
amount of undercooling required to pro
duce measurable nucleation in a mote
free sample should increase very slightly 
with large reductions in the diameter of 
the sample. In the case of mercury we 
calculated that the increase in critical 
undercooling should be only from 67 to 
77 degrees C. as the diameter of the 
sample is reduced from one centimeter 
to 10 microns [see bottom illustration 
on next page J. Although this prediction 
is as yet untested for mercury, it has 
been confirmed experimentally for iron, 
nickel and cobalt by P. Bardenhaur 
and his colleagues in Germany and J. L. 
Walker of the General Electric Research 
Laboratory. In liquid droplet form all 
the latter metals can be undercooled by 
as much as 300 degrees C. or more 
without crystallizing, whereas in bulk 
form they can rarely be undercooled 

more than a few degrees. vVhen coated 
with a silicate liquid and kept in an at
mosphere of inert gas, however, half
pound samples of these metals can often 
be undercooled by 200 to 275 degrees 
C. without crystal nucleation. Appar
ently this unusual resistance to nuclea
tion in bulk form is associated with the 
high equilibrium temperatures of these 
metals (all higher than 1,450 degrees 
C.); at such high temperatures most of 
the motes would either melt or dissolve. 

The crystallization of undercooled liq� 

uid droplets can be observed optically 
by means of the blick effect, by rough
ening of the surface of the droplet or 
by scintillations produced when light 
is scattered from the crystal surfaces. 
These optical techniques are rapid and 
convenient and have been applied by 
investigators at the General Electric Re
search Laboratory and elsewhere to a 
large variety of liquids. In every respect 
the results of these tests are qualitatively 
similar to those for mercury. Some ex
amples of the largest undercoolings re
corded optically are: water, 40 degrees 
C. ; n-octadecane, 15 degrees C.; gal
lium, 70 degrees C. ; sodium chloride, 
165 degrees C., and copper, 240 degrees 
C. Presumably the critical undercoolings 
required for detectable homogeneous 
nucleation are all equal to or larger than 
these figures. In addition several simple 
organic liquids, such as toluene, have 
been identified in which nucleation 
rarely occurs in the absence of motes re
gardless of the amount of undercooling. 
Unless they are suitably seeded, such 
liquids will harden into glasses with
out crystallization on being undercooled 
sufficiently. 

One of the most perplexing questions 
posed by the results of the droplet 

experiments is: Why, in view of the 
high velocities of the crystallization 
fronts once they are formed, is the re
sistance of simple liquids to the initia
tion of crystallization so extraordinarily 
high? The difficulty involved here is 
better appreciated when one considers, 
for example, the results of one of vValk
erOs experiments, which indicated that 
the crystallization fronts in nickel reach 
velocities as high as 5,000 centimeters 
per second at temperatures near 175 
degrees C. below the equilibrium tem
perature for nickel (1,452 degrees C.). 
This means that at the crystallization 
fronts the average time required for 
a nickel atom to go from the liquid to 
the crystalline state is less than 10-11 

second. Unless they are seeded or vi
brated, however, even large masses of 

nickel may remain liquid indefinitely 
when undercooled by 175 degrees C. 

The problem presented by these ap
parently contradictory findings can be 
solved in a formal way by supposing 
that a large amount of work must be 
done to form the interface between the 
crystal and the liquid. In other words, 
the energy density of a crystal immersed 
in its melt must increase considerably 
as the size of the crystal decreases; con
versely, the stability of the crystal as 
well as its equilibrium crystallization 
temperature must decrease with de-

1------ CAPILLARY TUBE 

--H------INERT FLUID 

------- DROPLETS 

DILATOMETER measures the effect of 

crystallization on volume in an aggregation 

of undercooled liquid droplets_ The change 

in the volume of the test sample is calcu

lated from the change in the level of the 

inert indicator fluid (gray area) in the thin 

capillary tube at the top of the dilatometer. 
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creasing crystal size [see illustration on 
page 46]. 

Regardless of the amount of under
cooling, any crystal will be stable 
enough to grow in its own liquid only if 
its diameter exceeds some critical value; 
most of the crystals with smaller diam
eters will melt back into the ambient 
liquid. On the atomic scale the process 
of nucleation consists of a sequence of 
atomic movements within the liquid, 
leading to the rearrangement of a criti
cal number of atoms to form a nucleus 
with a crystalline configuration. It is 
easy to see why such a sequence of 
events must be highly improbable, in 
spite of the fact that the atoms in the 
liquid move about rapidly. At 10 de
grees C. below its equilibrium tempera
ture a crystal nucleus of mercury con
tains some 100,000 atoms. Obviously 
the probability of such a large number 
of atoms rearranging themselves into a 
stable crystalline configuration must be 
very low. Thus clean mercury, without 
seeding or vibration, should sustain un-
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80 90 dercooling by 10 degrees C. for an in
definite period of time. 

NUCLEATION FREQUENCY increases rapidly with increased undercooling. The experi

mentally ohtained variations in the vicinity of the critical undercooling temperature for two 

substances, n-octadecane (solid black curve) and mercury (solid colored curve), are depicted 

in this graph. The extrapolated variations are indicated by the broken parts of tbe curves_ 
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It is not entirely clear why motes facili-
tate nucleation; one possibility is that 

they provide a template, or atomic pat
tern, on which the crystal nuclei are 
able to form. As Vonnegut has put it, 
motes "fool" the liquid into crystallizing. 
It seems likely that the effectiveness of 
a mote in promoting nucleation is great
er the closer its atomic configuration 
matches that of the forming crystal. In 
fact, all nucleating motes identified so 
far have been crystalline. The actual 
closeness of atomic fit, however, seems 
to be not the only factor involved in 
determining the nucleating effectiveness 
of a mote, although it is of obvious 
importance. 

Why vibrating a liquid often pro
motes crystal nucleation is even less well 
understood. Vonnegut has suggested 
that nucleation may be caused by the 
collapse of small cavities in the liquid 
that presumably have been formed by 
the vibration. At the instant of collapse 
an extremely high pressure would de
velop in the tiny region around the col
lapse focus. This disturbance would be 
relieved by a wave of alternating posi
tive and negative pressure, or compres
sion and expansion, propagating from 
the collapse focus. The equilibrium crys
tallization temperature in the wave, 
since it depends on pressure, would thus 
be alternately above and below its nor
mal value. As a result small regions in 
the vicinity of the pressure wave would 
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be undercooled by a larger amount than 
would be evident from the temperature 
of the entire sample. The larger under
cooling in these regions would of course 
increase the probability of nucleation. 
Although this explanation is plausible, 
it involves theoretical and experimental 
difficulties that have so far prevented 
any quantitative evaluation of its merit. 

We have seen that the behavior of 
undercooled liquids can be ex

plained by supposing that the work re
quired to form the interfaces between 
the liquid and the crystal is both posi
tive and large. The question of why this 
work is so large remains. For metals and 
other simple liquids the work required 
is equivalent to the energy expended in 
melting approximately half of a crystal 
layer one atom thick at the interface. 
Such a large amount of work is difficult 
to justify on the basis of some of the 
prevailing views regarding the structure 
of liquids. 

Of the two principal hypotheses of 
liquid structure, one holds that the in
stantaneous atomic arrangement in a liq
uid is such that the immediate environ
ment of any atom is quite like that in 
the crystalline phase of the same sub
stance. Opposed to this view is the mod
el that has been strongly supported by 
the work of Joel H. Hildebrand of the 
University of California at Berkeley, 
J. D. Bernal of the University of London 
and their respective colleagues, in 
which the atomic arrangement in a liq
uid is considered to be more like that 
in a very dense gas; that is, it is as ran
dom as it can be within the constraints 
imposed by the impenetrability of the 
atoms [see "The Structure of Liquids," 
by J. D. Bernal; SCIENTIFIC AMERICAN, 
August, 1960). 

In order to appreciate the reasoning 
behind the idea that the local atomic 
arrangement in a liquid is crystal-like, 
consider the changes in properties that 
normally accompany the melting of a 
crystalline metal. The most conspicuous 
changes are of course the decrease in 
viscosity-typically by some 40 orders 
of magnitude-and the disappearance of 
the long-range atomic order that charac
terizes crystalline structure. The changes 
in some of the other properties, on the 
other hand, seem quite trivial. In par
ticular the increases in volume and en
ergy content that accompany the melt
ing of a metal usually range from 2 to 5 
percent each. Moreover, X-ray diffrac
tion studies indicate that locally the 
atoms in a liquid appear to be arranged 
in roughly the same patterns as in the 

THREE ATOMIC ARRANGEMENTS were obtained by J. D. Bernal by packing hard 

spheres in three dimensions; two·dimensional analogues of Bernal's models are depicted 

here. "Loose-random" arrangement (top) was obtained by packing spheres randomly to max· 

imum density. When compressed, this arrangement collapsed to "dense·random" arrange· 

ment (middle), which wa� less dense than closely packed crystalline arrangement (bottom). 
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DIAMETER OF CRYSTAL (CENTIMETERS) 

EQUILIBRIUM CRYSTALLIZATION TEMPERATURE for crystals of mercury im

mersed in their own melt decreases sharply with decreasing crystal size below a certain 

diameter. Normal equilibrium temperature for mercury is -39 degrees C. (broken line). 

corresponding crystal. All this evidence 
naturally led to the concept that, at 
least in monatomic liquids (that is, liq
uids whose molecules consist of one 
atom each), the atomic movements re
quired for the transition from liquid to 
crystal would be quite small, with the 
result that the liquid would simply col
lapse into the crystalline configuration 
on being undercooled even slightly. 
This view of liquid structure is clearly 
contradicted by the behavior of under
cooled liquids observed in the experi
ments I have just described. 

Now consider the interpretation of 
undercooling in terms of the gas like, 
random model of liquid structure. The 
special meaning of randomness as ap
plied to the local arrangement of atoms 
in a liquid was brilliantly illuminated 
by the recent model experiments per
formed by Bernal and his colleagues. 
Bernal began by assembling uniform 
hard spheres randomly in a rectangular 
container to the highest possible densi
ty. When the resulting "loose-random" 
structure was compressed, it collapsed 
not to a crystalline structure but to an 
amorphous "dense-random" structure 
with a denSity roughly .86 times that of 
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crystalline structure [see illustration on 
preceding page]. The same structure 
was assumed by uniform hard spheres 
randomly packed to maximum density 
in a spherical container. 

Bernal examined the various local ar
rangements of atoms in both structures 
and found that the resulting configura
tions could, with some idealization, be 
described by means of a few geometric 
figures, assembled together in various 
ways to form the whole structure. It is 
significant that only two of these figures 
(the tetrahedron and the octahedron) 
occur in the description of the simplest 
crystal structures. The other figures, 
which actually predominate in the 
dense-random structures, are character
ized by pentagonal symmetry. Geomet
rically such figures are said to be non
crystallographic; that is, they cannot be 
packed with other, identical figures to 
form a crystalline configuration. Bernal 
concluded that the structure of mon
atomic liquids, judging from the X-ray 
diffraction data, is intermediate be
tween the loose-random and the dense
random models. 

For the purposes of our study per
haps the most important conclusion to 

arise out of Bernal's experiments is that 
a substantial reconstruction of the local 
atomic arrangement is necessary for the 
transition from the liquid to the crystal
line state. Even in the case of mon
atomic substances the liquid could not, 
because of the predominance of the 
noncrystallographic atomic configura
tions, collapse into the crystal; the tran
sitions must be brought about by crystal 
nucleation and growth. This view is re
inforced by the failure of the actual 
dense-random models to collapse into 
the more stable crystalline configura
tions when they are further compressed. 
Any liquid whose atomic structure is 
characterized by the dense-random mod
el would thus exhibit a high resistance 
to crystal nucleation. 

A more quantitative explanation of 
the behavior of undercooled liquids 

must wait until the formulation of a 
theory that will be able to account for 
the large amount of work required to 
form the interface between the crystal 
and the liquid. The outlines of such a 
theory are suggested by Bernal's dense
random model. Consider a liquid in 
which the atoms are randomly distrib
uted and that is in contact with some 
fixed solid surface. Because of the large 
repulsive forces between the atoms, all 
the atoms in the liquid can be consid
ered to have a definite diameter. It fol
lows that the centers of the atoms must 
be excluded from that part of the liq
uid that lies within a distance from the 
fixed surface equal to the atomic radius. 
Unless some drastic readjustment occurs 
in the arrangement or shapes of the 
atoms, the density of the liquid at the 
interface will therefore be only half that 
in the rest of the liquid. If the fixed sur
face were the crystal itself, the work ex
pended in forming the interface would 
be equivalent to that required to remove 
the half layer of atoms from the inter
facial surface of the liquid. Since this 
work would be done against the inter
atomic forces, it would be quite large. 
In actuality it would not be nearly so 
large as this simple model suggests, 
since neither the crystal surface nor the 
atoms in the liquid are rigid; it is there
fore conceivable that a readjustment in 
the arrangement of the atoms at the 
interface could occur, which would 
reduce substantially the work required 
for the transition from liquid to crystal. 
Nonetheless, it seems clear that the 
magnitude of the work required for the 
transition must be related in some way 
to the exclusion of the centers of the 
atoms from the interface between the 
crystal and the liquid. 
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�®@l�fu reports on: 

photographic data-recording made easier ... printing today • . •  knots to polyolefln 

A technology goes into hiding 
We hoot and shout that the new KODAK RAR Films for data
recording can be processed as hot as 130°F. You counter that 
you can find your thrills elsewhere than on a developing-tank 
thermometer. Maybe you're not getting the full impact. Con
sider the logic-

The hotter the process, the shorter the time to the results. 
Basic principle. 

The shorter the time, the less film is undergoing treatment 
inside the machine at a given instant. 

The less film the machine has to contain, the smaller the 
machine. 

Big machines that fill big rooms need tending by crews with 
a sense of responsibility. Little machines over in a corner of 
the department may draw no more attention than the pencil 
sharpener. 

A hundred feet of film can capture and give back a stagger
ing quantity of information. It works very directly. You can 
see the data. That's the good part. It was the bad part-the 
need to get involved in a fussy, unfamiliar technology-that 
limited the number of high-volume data-recording applica
tions. Now comes the day when the technology at last hides 
inside a little black box. 

We can't kid you. We don't know where to send you for an 
all-purpose data-recording system, like a pencil sharpener that 
takes all, calibers. Every engineer who has been thinking of 
photorecording without doing much of it has a special prob
lem. (If it weren't a special problem, an engineer wouldn't be 
needed.) Where to take the special problem hasn't been clear. 
Now that neat solutions are a lot more likely, we hereby make 
an offer: 

Any engineer who is considering a photographic approach to a data
recording problem he faces and who will sit down and describe the 
conditions in a letter to Eastman Kodak Company, Special Sensitized 
Products Division, Rochester, N, y, 14650, will receive a prompt and 
thoughtful answer, If we think he is over-optimistic, we'll say why. If 
we think some other company can help him better, we will direct him 
there. If we think that somewhere in the large corps of photo-tech
nologists we employ on a diversity of tasks there are a couple of 
fellow engineers who can tell him what to do to advance his cause 
without dipping him any deeper into photo-technology than he wants 
to be dipped, we will arrange to get him and those fellows together in 
a room with a blackboard. 

Shallow relief 
Another technology which a civilized party can consider 
worthy of his mild interest is printing. Here, with a new entity 
designated the KODAK Relief Plate, we have further compli
cated the complex interconnections among cost, speed, qual
ity, and utility of printing. 

We do not recommend our new product either for tomorrow 

morning's New York Times or for a $250-per-copy edition of 
Rembrandt reproductions. Handbills announcing a postpone
ment of the volunteer firemen's ball can deliver their message 
cheaper and just as effectively without it. For a journal of 
plant pathology which needs photomicrographs, gross photo
graphs, and drawings to illustrate nearly every paper, "shallow 
relief" could mean the difference between life and death as a 
feasible publishing operation. 

Huge rotary presses printed these words from cylindrical 
shells of great thickness compared to the depth of the areas 
where ink-covered metal was not to touch paper, as inside this 
"0." A rotary press is obviously more efficient than a flat-bed 
press, such as Gutenberg's. Even publications in far less de
mand than the one you are now reading need rotary presses 
for economy, but not huge ones. The modest-size rotaries 
need to print from thin, easily made plates bent to the requisite 
radius. To retain the strength to keep the outer surface reason
ably cylindrical instead of collapsing to an irregularly polyg
onal contour, and to minimize the need for certain mysterious 
and time-consuming adjustments called "make-ready" that 
the printer's customers do not understand but appreciate as 
the difference between pleasing appearance and mere legibility, 
the no-ink portions must remain shallow. 

One type of such low relief plate uses as its printing surface 
a polymer which an ingenious chemical reaction sensitizes to 
light for a few minutes before exposure under the photographic 
negative that determines where the plastic will remain and 
where not. It is further demanded that when this miraculous 
polymer whirls on the press it retain its bond to its sheet 
metal substrate and never crumble off a comma or a few 
hundred minimum-size halftone dots. 

For our own offering in low relief we have been more con
servative. By not asking so much of one substance, we ease 
the problems of bonding, fragility, conformity to the cylinder, 
exposure convenience, and many other factors that might bore 
you but not your printer. If your printer happens to print by 
offset instead of the venerable letterpress principle, his counter
part to the "make-ready" bit is striking a water: ink balance. 
A rotary press may have to reach full speed before a trial ratio 
can be judged. On a short run, involving large solidly inked 
areas, particularly with certain inks, for a fussy customer who 
has been taught strong feelings about printing esthetics, 20 % 
of the paper consumed may leave the plant via the baler. It 
has to be paid for somehow. If the job runs on KODAK Relief 
Plates, no ratio judgement is required. The water is simply 
turned off. 

In the unlikely event that your printer doesn't know all about this, 
tell him to get in touch with Eastman Kodak Company, Graphic Arts 
Sales Division, Rochester, N. Y. 14650. 

Greetings to all haymakers! 
Can you use any baler twine? We make it out of gas issuing 
from a hole in the ground. We aren't the only people who make 
polyolefin, but we are the only ones who found a way to lick 
its slipperiness. Now it takes knots of l25-lb. average strength. 
Comes in 2-ball bales of 9000 feet minimum. Has about the 
same bulk but less weight than the natural fiber that insects 
and rodents prefer. Absorbs virtually no moisture. Works 
satisfactorily on all prominent makes of hay baler but one. 
Eastman Chemical Products, Inc., Plastics Division, Kings
port, Tenn. (Subsidiary of Eastman Kodak Company) can 
supply free sample and name of nearest distributor. Lay in 
enough now for all year. Forget about rot. Don't forget that 
the kingpin of all technologies is agriculture. 

This Is another advertisement where Eastman Kodak Company probes at random for mutual 

interests and occasionally a little revenue from those whose work has something to do with science 
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LEITZ ORTHOLUX 
The Leitz Ortholux Universal Research 

Microscope is the choice of the research 

scientist determined to advance the arts of 

medicine, engineering, and chemistry. 
For over a century, Leitz products have 
combined careful attention to detail with the 
most advanced requirements of the scientific 
world. Ortholux applications are almost 
limitless. Fluorescent or phase contrast, 
bright·field or dark·field methods, incident 
or transmitted illumination (or both com· 
bined), polarized light, and many others. 
115 years of experience have developed 
Leitz craftsmanship into the high art that 
blends the functional design of the Ortholux 
Microscope with specific accessories for al· 
most every field of research. Write for de· 
tailed Ortholux catalog. •'. E. LEITZ, INC., 468 PARK AVE. SO., NEW YORK, N. Y. 

Djstrj � utors of tlte worl d·fam ous products of 
Ernst Leitz G.m.b.H., Wetzlar, Germany-Ernst Leitz Canada, ltd. 
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Arctic Disarmament 

A 
u.s. biophysicist and a Soviet 
geochemist have proposed the 
establishment of an inspection 

zone in the Arctic regions of the u.S. 
and the U.S.S.R. as an initial step to
ward a comprehensive disarmament 
treaty. The proposal, said to be the first 
made jointly by a u.S. and a Soviet 
scientist, was published in the Bulletin 
of the Atomic Scientists by Alexander 
Rich of the Massachusetts Institute of 
Technology and Aleksandr P. Vinogra
dov of the Vernadsky Institute of Geo
chemistry and Analytical Chemistry in 
Moscow. 

Rich and Vinogradov point out that 
the Arctic is the only part of the world 
where the territories of the two great 
powers adjoin each other, and that al
though it contains significant militaty 
installations, they are not of primary 
importance to either country. It would 
therefore be an ideal area in which to 
work out inspection procedures. Rich 
and Vinogradov suggest beginning with 
all or part of Alaska and a correspond
ing region in eastern Siberia, taking care 
to select areas of clearly equivalent 
military value to the two countries. The 
agreement would bar from these areas 
nuclear weapons and long-range bomb
ers and missiles. Airfields and bases 
might be allowed to remain; defensive 
installations such as radar would con
tinue to be operational. If the earth
quake region of the Kamchatka Penin
sula were included, it would provide a 
"fringe benefit": inspection there might 
help to solve the problem of distinguish
ing earthquakes and underground ex-

SCIENCE AND 
plosions, which has stood in the way of 
extending the nuclear-test·ban treaty to 
include underground tests. 

An Alaska·Siberia zone would have 
the advantage of requiring agreement 
between only the U.S. and the U.S.S.R. 
The plan might be extended into Green
land, where the U.S. has bases, with an 
equivalent expansion into eastern Si· 
beria. A considerably larger territory 
would then be disarmed with the addi
tion to the contracting parties of only 
Denmark (which, according to Rich and 
Vinogradov, has indicated its willing. 
ness to be included in a disarmament 
plan). A still broader plan, including 
Canada, Norway and Sweden, could ex
tend disarmament to the entire Arctic 
zone. This would separate the offensive 
forces of East and West over the entire 
northern part of the world and still leave 
the bulk of both military establishments 
intact. The development of a reliable in
spection system would provide "a con· 
siderable measure of reassurance and 
could contribute materially to fostering 
the kind of mutual trust that is a neces· 
sary prologue to additional disarmament 
measures." 

A Generation of Telescopes 

With a warning that "American as-
tronomy will surely stagnate in this 

century" unless new facilities for ground
based astronomical observation are built, 
a panel of the National Academy of Sci· 
ences has recommended a lO·year plan 
for constructing both optical and radio 
telescopes. The cost would be $224 mil· 
lion and would be borne mostly by the 
Federal Government, with some par· 
ticipation by universities. Such an in
vestment, the panel said, would rep· 
resent "one-half of 1 percent of that 
going into the space effort." The panel 
had eight members, all active in optical 
or radio astronomy. 

By way of background, the panel dis· 
cussed the present limitations in both 
fields. In optical astronomy, it said, "on
ly two existing telescopes are adequate 
for pushing current frontier problems to 
the observational limit." They are the 
l20-inch reflector at the Lick Observa
tory and the 200-inch on Palomar 
Mountain. In radio astronomy the major 
limiting factor is "the lack of instru· 
ments of the proper design to meet 
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problems now recognized." To remedy 
"the present serious situation" the panel 
recommended construction of "three 
major optical telescopes of the 150- to 
200-inch size, four intermediate-size tel
escopes (60 to 84 inches), a number of 
smaller instruments capable of impor
tant bright-star research and training, 
two major array-type radio telescopes 
capable of high resolution, two large 
parabolic steerable antennas of the 300-
foot class and a num ber of special-pur
pose radio instruments for the unique 
problems of great importance." 

Protein from Petroleum 
rr he feasibility of using microorga-
- nisms to manufacture proteins from 

crude petroleum is being explored by a 
group of researchers at the Lavera Re
finery of the Societe Fran9aise des Pe
troles B.P., a French partner of the 
British Petroleum Company. Alfred 
Champagnat, research director of the 
Societe; reports the latest findings of his 
group in a recent issue of Impact, a 
publication of the United Nations Edu
cational, Scientific and Cultural Orga
nization (UNESCO). 

It has been known for some years that 
a variety of microorganisms can live and 
actively reproduce at the expense of pe
troleum hydrocarbons in storage tanks, 
refinery slop tanks, oil-soaked soil and 
eVen under the bituminous covering of 
roads. In 1957 a microbiological re
search program was set up at the Lavera 
Refinery to evaluate the possible uses of 
such microorganisms. To date Cham
pagnat and his associates have reached 
two main conclusions: (1) The petro
leum-based microorganisms are rich in 
proteins that contain all the amino acids 
required to sustain animal life. More
over, the amino acids are present in 
roughly the same proportions found in 
proteins obtained from animal sources. 
(2) The microorganisms are capable of 
consuming certain paraffinic hydrocar
bons found in petroleum. Since the only 
other known method to deparaffin pe
troleum for use in diesel engines and 
domestic heating systems produces enor
mous quantities of unsalable paraffin, 
deparaffination by means of microorga
nisms might provide a more efficient 
stage in the normal refining process as 
well as a more economic by-product. 

What does Carl Miller want to know? 

Two things at the moment: 
• . .  The output characteristics of an experimental emitter in a high-vacuum 

system, stimulated by the focused output of a laser. 

• . .  The noise properties of a magnetically confined plasma at microwave 
frequencies. 

Why? 
Because Dr. Miller is responsible for wave electronics research at Cornell 
Aeronautical Laboratory and recognizes that this knowledge will help to 
extend the frontiers of this new scientific field. This research stems from an 
earlier undertaking in which CAL engineers combined their microwave 
electronics capabilities with those of Cornell Unive'rsity faculty members. 

In some 200 other programs a pioneering approach keeps CAL at the 
leading edge of research. To maintain its leading edge in new fields, the 
Laboratory also recently established new departments to expand its capa
bilities in avionics and aerospace vehicle research. 

The Laboratory's other specialized technical departments continue at 
the forefront of such areas as flight research, low-speed aerodynamics, 
hypersonics, computer sciences, applied physics, operations research, 
applied mechanics, transportation and systems research. 

If your experience qualifies you, we invite you to mail the coupon below. 
It will bring you an interesting briefing on this unique research team. 

Some positions are available at our Washington Projects Department as 
well as in Buffalo. 

� CORNELL AERONAUTICAL LABORATORY, INC. 
OF CORNELL UNIVERSITY 

�-----------------------------------� 

J. S. Rentschler CM 

CORNELL AERONAUTICAL LABORATORY, INC. 

Buffalo, New York 14221 

o Please send me a copy of your factual, illustrated prospectus, "A Community of 
Science," and an application blank. 

o I'm not interested in investigating job opportunities now, but I would like to see your 
latest "Report on Research at CAL." 

Name .... 

Street ....................................... . 
City ........................... ........................... ........................... State ... ......... Zip 
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Champagnat points out that "proteins 
from petroleum fermentation are just as 
natural as those of vegetables and an
imals, since they are the essential ele
ments of the cells of microorganisms that 
have adapted themselves to extract their 
carbon from hydrocarbons rather than 
sugars or carbohydrates." When they are 
dried, the cells of such microorganisms 
burst open and thus become digestible. 
They can be preserved for extended pe
riods by taking the same precautions as 
are already taken in the storage of flour. 
The dry microorganisms, when purified, 
appear in the form of a powder or whit
ish flakes, without any noticeable taste 
or smell of petroleum. They are particu
larly suited for consumption in those un
derdeveloped regions of the world in 
which cereals fOlm the major part of the 
protein diet, since their amino acid de
ficiencies are made up by those found 
in most cereals. The proportion of 
microorganisms added to such foods 
could be as high as 20 percent. 

The advantages of the petroleum in
dustry as a basis for the cultivation of 
edible microorganisms are numerous. As 
Champagnat remarks: "The culture of 
microorganisms does not require soil, is 
independent of climate, rainfall and 
abundant labor. It is carried o.Lit 'in '{Il-. 
dustrial equip�ent

' 
operated bY ' ;sm�li 

teams of specialists. It is, then, a kind 
of soilless culture with very high 
productivity, comparable to intensive 
breeding, say of chickens." He adds: 
"Crude oil, although perhaps not the 
most abundant carbonaceous material, 
is certainly the one most easily distribut
ed in the world, thanks to the gigantic 
tanker fleets. Its price is fairly stable in 
comparison with those of the other 
main raw materials and is relatively low 
because it is almost universally utilized 
as a source of energy... . The more 
than 700 petroleum refineries estab
lished in all the countries of the world 
constitute an infrastructure perfectly 
adapted to the addition of fermentation 
units-which could at the same time 
function as refining units." Champagnat 
has calculated that at the present rate 
of production of crude oil the potential 
production of protein-rich microorga
nisms could reach as much as 20 million 
tons a year. 

Textbooks Victorious 

A fundamentalist campaign has failed 
to prevent adoption in Texas of 

three high school biology textbooks on 
the ground that they discuss the theory 
of evolution (see "Science and the Citi
zen," October, 1964). In October of 
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last year the 15-member state Textbook 
Committee voted overwhelmingly to 
adopt all three books. The group oppos
ing adoption appealed this decision to 
the 21-member State Board of Educa
tion, an elective body. On November 9, 
after a day of deliberation, the Board of 
Education voted by a margin of two to 
one to support the Textbook Commit
tee's decision. In consequence the text
books-products of a five-year, $5 mil
lion project, supported by the National 
Science Foundation, to raise the level 
of high school biology teaching-may 
now be legally used in Texas schools. 
The three books, known familiarly as 
the "blue," "yellow" and "green" texts, 
are respectively Biological Science: 
Molecules to Man (Houghton Mifflin), 
Biological Science: An Inquiry into Life 
(Harcourt, Brace and World) and High 
School Biology (Rand McNally). 

Analysis in the Retina 

I n recent years it has become clear 
that not all analysis of visual infor

mation occurs in the brain; a great deal 
of it is accomplished by nerve cells in 
the retina of the eye. Now it appears 
that this retinal analysis goes even fur
ther thah had be�n.��upp'osed. H. B. 
Barlow; "'il.."'M. Hilkand W. R. Levick 
report in the Journal of Physiology that 
nerve cells in the rabbit's retina are 
able to abstract from the visual scene 
not only localized dimming and bright
ening but also direction of motion and 
speed of mohon. In the vertebrate eye 
signals from a number of photoreceptors 
converge on the ganglion cells: retinal 
nerve cells that send impulses along 
the optic nerve to the brain. Since 1938 
it has been known that different gan
glion cells respond to different features 
of the retinal image. Experiments with 
such animals as frogs, fishes, pigeons, 
cats and monkeys have shown that in 
one animal or another these features in
clude the onset or termination of il
lumination ("on" or "off" responses), the 
color of the light and the movement of 
objects or edges across the receptive 
field of a cell. 

At the University of California at 
Berkeley and at the University of Cam
bridge, Barlow, Hill and Levick, re
cording with microelectrodes from gan
glion cells in the retinas of anesthetized 
rabbits, discovered several new types of 
cell. The most interesting were units 
that showed directional selectivity: they 
discharged a much larger burst of im
pulses when an exploring spot was 
moved all the way across their recep
tive field in one direction than when it 

was moved in the opposite direction
and did so whatever the nature of the 
moving stimulus. The preferred direc
tion was different for different cells. 
These units were strongly inhibited by 
any stimulation of the retinal region 
just outside their own receptive fields; 
such inhibition apparently accounts for 
the behavior of "bug-detector" cells in 
the frog's retina that are more sensitive 
to the movement of small, dark objects 
than to larger shapes, which presum
ably extend outside the cell's receptive 
field. 

Barlow, Hill and Levick found other 
units in the rabbit retina that gave vig
orous discharges only in response to 
very rapid movement of an object
even a barely perceptible shadow of 
a thin thread or wire-across the field. 
Still other units, packed densely into 
the central area of the retina, had small 
fields and responded only to slow move
ments. The results with rabbits, accord
ing to the authors, confirms the fact 
that complex analysis of sensory infor
mation occurs in the retina and that 
each class of ganglion cell has its own 
"trigger feature" to which it is most sen
sitive. "Evidently in the rabbit the speed 
and direction of motion of the image are 
p:erpcularly important in determining 
which ganglion cells are stimulated in a 
particular part of the retina." 

Superstrong Magnets 

The highest continuous magnetic 
fields ever generated by man have 

been achieved in a direct-current, water
cooled magnet at the National Magnet 
Laboratory, which is operated by the 
Massachusetts Institute of Technology 
under the sponsorship of the Air Force 
Office of Scientific Research. In an al
together different area of magnetry, 
involving fields that last for fleeting 
instants, an implosive technique devel
oped by C. M. Fowler at the Los Alamos 
Scientific Laboratory holds promise that 
the attainment of usable million-gauss 
fields may be near. High-intensity mag
netic fields of both the continuous and 
the brief types are valuable in research 
on the properties of matter. 

Up to now the highest continuous 
field, meaning a field that can be sus
tained indefinitely or for at least a 
minute, has been about 152,000 gauss, 
attained in a magnet at the Naval Re
search Laboratory in Washington. The 
achievement at M.LT. is a magnet that 
creates a continuous field of 255,000 
gauss. The magnet is a three-coil sole
noid that draws its power from gen
erators able to supply direct current 
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up to 40,000 amperes at 250 volts. It 
obtains 205,000 gauss from the coils 
alone; it can achieve 255,000 gauss for 
about a minute when two iron poles are 
inserted in the core, although the poles 
reduce the space available for experi
ments. The laboratory hopes to be able 
soon to push the peak continuous field 
to 300,000 gauss and to produce multi
second pulsed fields exceeding 400,000 
gauss. 

Ellorts to produce still higher fields 
encounter the problem of containing 
the large forces involved. The M.l.T. 
magnet, for example, creates pressures 
of 60,000 pounds per square inch, ex
ceeding those at the deepest points in 
the oceans. Fowler's technique is de
signed to surmount that problem. He 
surrounds a metal ring with an explo
sive, produces a magnetic field of up 
to 100,000 gauss in the ring and then 
detonates the explosive in such a way 
that the ring is compressed symmetrical
ly. The magnetic field increases as the 
area of the ring decreases. In this man
ner Fowler has produced fields as high 
as 15 million gauss. What remains to 
be developed is a technique for making 
observations during the microsecond 
duration of the field and under the de
structive circumstances of the implosion. 

Contraception for Sacred Cows 
rfhe plastic intrauterine devices that 

have proved successful in limiting 
human pregnancies may provide one 
answer to Ilidia's problem of unwanted 
reproduction on the part of the 40 mil
lion ownerless, hungry, scavenging, sub
standard, unproductive but nonetheless 
revered cattle that roam the country. 
Faced with the difficult task of improv
ing the milk production and draft ca
pacity of the nation's 120 million stan
dard-breed cattle and 45 million water 
buffalo, the Indian Ministry of Food 
and Agriculture has made little prog
ress in rounding up and disposing of 
strays and wild stock. In the past five 
years 38 "old cow's homes" have been 
set up as a means of segregating 
worthless cattle without offending Hin
du beliefs, but the culls have totaled 
less than 100,000. 

Because castration is almost as unac
ceptable to Hindus as slaughter, Frank 
"V. Parker, a U.S. Government rural re
development specialist long stationed 
in India, hit on the alternative idea of 
contraception. At his suggestion animal
husbandry experts at the Beltsville, Md., 
research center of the Department of 
Agriculture recently equipped 18 cows 
with plastic spirals and then attempted 

CHALLENGING ASSIGNMENTS 
IN A CREATIVE ENVIRONMENT 
CAN BE YOURS 

Close scrutiny and critical analysis 
by the career scientist, engineer and 
technician, are invited at the U. S. 
Naval Laboratories in California. 

The professional programs at the 
Laboratories offer a wide spectrum of 
assignments, set in an environment of 
creative inquiry. 

Depending upon your interests, dis
cipline, and choice of Laboratory, you 
may 

• enter a new field of oceanometrics j 
• investigate acoustic and non-
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awaits vou at the Naval Laboratories. �# 
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artiRcial insemination. A control group 
of 21 cows averaged 1.8 services per 
conception; all the protected 18 re
mained infertile durin g a series of 42 
services. News of the results has been 
optimistically received by the Indian 
Ministry of Food and Agriculture, and 
plans for a pilot project are under way. 

Exercised Brains 

It has long been assumed that an ani-
mal's experience must produce chem

ical or physical changes in its brain. 
vVhat, however, is the nature of the 
changes? A lengthy series of experi
ments has produced substantial evi
dence that at least some of the changes 
are reflected in the weight of the ani
mal's brain and in its enzymatic activity. 
The experiments are reported in Sci
ence by Edward L. Bennett, Marian C. 
Diamond, David Krech and Mark R. 
Rosenzweig of the University of Cali
fornia at Berkeley. 

Rats of the same parentage and sex 
(male) were separated after weaning at 
about 20 days of age and placed in one 
of three kinds of environment. In one 
environment, which served as a control, 
the rats were housed three to a cage 
and were given no special treatment. 
In a second environment, designed to 
provide enriched experience, the rats 
were housed in groups of 10 to 12 in 
large cages provided with an assortment 
of "playground" equipment: ladders, a 
treadmill, a trapeze and so on. In a 
third environment, which provided re
duced experience, rats were caged sin
gly in a dimly lighted and quiet room. 
After spending 80 days in one of these 
environments the rats were killed and 
their brains, identiRed only by a code 
number, were turned over to chemists 
and anatomists who conducted their 
examinations without knowing how the 
rats lived. 

At the end of seven successive experi
ments it was found that in 62 cases out 
of 77 the rats with enriched experience 
had developed a heavier cerebral cortex 
than had littermates that had been 
raised in isolation. The average increase 
in cortical weight was 4.6 percent. 
Examination of the cortex by regions 
showed that the greatest weight in
crease-6.2 percent-took place in the 
visual region, which was also 6.2 per
cen t thicker. 

The Berkeley workers point out that 
the absolute weight of the cerebral cor
tex cannot be correlated with experi
ence or "intelligence." For example, one 
genetic strain of rat that is poor at maze
solving has a cortex about 10 percent 
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heavier than a strain that is much better 
at it. Within each strain, however, ani
mals exposed to an enriched environ
ment develop a heavier cortex than do 
littermates raised in isolation. 

The second set of Rndings has to do 
with the amount of acetylcholinesterase 
in the brains of the experimental ani
mals. Acetylcholinesterase is an enzyme 
that inactivates acetylcholine, a sub
stance that facilitates the transmission 
of impulses from one nerve cell to an
other (see "The Synapse," by Sir John 
Eccles, page 56). Greater acetylcholin
esterase activity was found in the cere
bral cortex of rats exposed to an en
riched environment than in the cortex 
of rats raised in isolation. And again 
the greatest increase-3.6 percent-was 
found in the visual region. 

Another series of experiments showed 
that the same general increases in cor
tical weight and enzyme activity could 
be produced in adult rats that had 
shared a common environment for 105 
days after birth and were then trans
ferred to the differing environments for 
a period of 80 days. If anything, some
what greater changes were produced in 
the adult rats than in the young ones. 

The Berkeley investigators caution 
that the changes they have found in rat 
brains cannot be related in any obvious 
way with memory storage. "The demon
stration of such changes," they con
clude, "merely helps to establish the 
fact that the brain is responsive to en
vironmental pressure-a fact demanded 
by physiological theories of learning 
and memory." 

Faked Life from Other Worlds 

A fragment of a meteorite that fell 
in southwest France more than a 

century ago has proved on recent in
spection to be ingeniously doctored with 
terrestrial organic material. The doc
toring was almost certainly done by a 
19th-century practical joker who may 
have hoped to sway scientiRc opinion 
against Louis Pasteur's contemporane
ous denunciation of the notion that liv
ing organisms could spontaneously arise 
from nonliving matter. The attempted 
hoax fell flat, Edward Anders of the 
University of Chicago and his associates 
report in Science; instead of attracting 
attention, the doctored meteorite re
mained unexamined for 98 years. 

Following a meteor display on the 
night of May 14, 1864, 20 meteorite 
fragments were recovered in the vicinity 
of Orgueil, a village near Toulouse. 
All the fragments were brought to the 
natural history museum at Montauban 

in the course of the next few weeks. The 
Orgueil meteorite was of the peculiar 
variety known as a carbonaceous chon
drite; such meteorites are soft, dark in 
color and dissolve readily in water. It 
was the Rfth such meteorite to become 
known to scholars; in the 100 years 
since its fall only 15 other carbonaceous 
chondrites are known to have reached 
the earth and been recovered. 

The officials of the Montauban mu
seum sent specimens of -the Orgueil 
meteorite to other museums around the 
world and retained one 80-gram and 
one 34-gram piece for their own dis
play; museum records show that the 
smaller piece had been presented by the 
mayor of a nearby village between May 
27 and June 12, 1864. The jar in which 
both specimens were placed remained 
sealed from that year until 1962, when 
the 80-gram piece was sent to Bar
tholomew S. Nagy of Fordham Univer
sity for examination in a general study 
of carbonaceous chondrites. 

After nearly a century the smaller 
specimen at Montauban had crumbled; 
later in 1962 museum officials shipped 
most of it to Anders in Chicago and 
some to Jean Deunff, a French micro
paleontologist. Deunff was astonished 
to Rnd that mixed in with his sample 
were fragments of plant matter, sub
sequently identiRed as the European 
reed funcus. Anders and his associates 
found seed capsules of the same plant 
deeply embedded in their samples and 
also bits of gravel, fragments of coal 
and a substantial trace of protein ma
terial resembling glue. The hoaxer had 
apparently moistened the meteorite 
fragment until it was soft, inserted the 
various foreign bodies and then, using 
glue as a binder, faked a surface crust 
of the kind produced by atmospheric 
heating to replace the one destroyed by 
his manipulations. 

vVhile the investigators were specu
lating on possible motivations for so 
elaborate a hoax, Walter Sullivan of 
The New Yark Times pointed out to 
them that the Orgueil fall had occurred 
only Rve weeks after Pasteur had de
livered his stormy and widely reported 
defense of divine creation as the only 
possible initiator of life. With this co
incidence in mind, Anders and his as
sociates envision the hoaxer as an op
ponent of Pasteur's stand who knew that 
the chemical composition of legitimate 
carbonaceous chondrites had already 
suggested the possibility of extrater
restrial life to some of Pasteur's con
temporaries and hoped to provide the 
evidence needed to transform this pos
sibility into a certainty. 
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"Usually it takes months to get a computer system going. 
Ours was running six weeks after they rolled it in�' 

"We'd heard discouraging reports of 
computers that didn't begin to show 
promised results for a year after be
ing installed. That wasn't true with 
our NCR 315. Six weeks after it ar· 
rived, it was turning out a heavy load 
of sales statistics, stock turnover 
and inventory reports besides doing 
all kinds of other corporate data proc· 

essing. That was just the beginning. 
It's been processing about 500,000 
invoice items a month. And we're still 
exploring new applications. One ob· 
vious and welcome benefit is: we've 
shortened the time gap between the 
accumulation and the final evaluation 
of sales data. That means money in 
the bank for us. The 315 is more 

than earning its keep by saving time, 
increasing sales information, and 
thus increasing our control over our 
own business. Unusual? I'd call it es· 
sential." Joseph A. Grazier, President, 
American Radiator & Standard Sani
tary Corporation, New York City. 

Jk#.� 

THE NATIONAL CASH REGISTER COMPANY ® 
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Answer 
to basic 

measurement 
needs: 

Pioneer models join state-of-the-art voltage-sensing devices to make Hewlett

Packard's production line at Loveland, Colorado, today's prime source of value 

for basic electronic measurement. 

Still in continuous production at Loveland are improved versions of the com

pany's first voltmeter, developed almost 20 years ago. Today, Hewlett-Packard 

also offers many other types of voltmeters. They measure dc to 1000 mc, 1 
microvolt to 1000 volts. They include average-responding and peak-responding 

voltmeters, advanced RMS voltmeters, instruments with analog or digital read

outs, plus a combination of resistance- and current-measuring capabilities un

equalled in the industry. 

Notable contributions from Hewlett-Packard include circuit concepts to increase 

the stability of voltmeters, make them easier to calibrate, and prevent their 

self-contained electronics from distorting circuits under test. 

Long life and dependability of voltmeters were increased by Hewlett-Packard's 

development of photo-electric switches to replace mechanical devices. These 

switches introduced previously unknown instrument stability and permitted 

measurement of extremely small signals. Other innovations included techniques 

for measuring minute ac signals over extremely broad frequency ranges. 

Beyond electrical contributions, Hewlett-Packard took steps in mechanical 

improvements. Typical is the individually calibrated taut-band meter movement, 

used in many of today's instruments. Ruggedness and improved accuracy of 

taut-band movements over conventional pivot-bearing movements are enhanced 

by the fact that each meter scale is calibrated specifically to its own meter move

ment ... on a production-line basis and at no increase in instrument cost. 

Voltmeters r.o.b. Hewlett-Packard Loveland 

Most Hewlett-Packard voltmeters 

are produced at a new, modern plant 

in Lo veland, Colorado, 

just beyond the eastern face 

of the Rocky Mountains. 

Today, state-of-the-art instruments continue to come from Hewlett-Packard: 

The 740A DC Standard/Differential Voltmeter is, in one instrument, a 0.01 % dc standard, 

a 0.01 % differential voltmeter, a high impedance voltmeter, and an amplifier ... remarkably 

easy to use. Features include combination digital and analog readout for maximum resolu

tion; high accuracy differential ranges to 1000 v, accuracy independent of null conditions, 

isolated recorder output, floating and guarded input for common mode rejection; 60 db 

gain power amplifier; 10 to 1000 megohm impedance electronic vm; $2350. 

The 3400A RMS Voltmeter measures 100 /1V to 300 v, 10 cps to 10 mc. Offers a 10:1 full 

scale crest factor, increasing for downscale readings, twice that of any comparable RMS 

voltmeter, ideal for accurate noise or pulse measurements. Twelve ranges in precise 10 db 

steps to permit readings on the upper two-thirds of the linear scale. Small, compact, easy 

to use; $525. 

The 3440A Digital Voltmeter is a 0.05% 4-digit instrument, with 5 readings per second, 

BCD output, with plug-in versatility for ever-expanding function and performance advan

tages; $1160 without plug-ins. The newest plug-in, Model 3443A, gives 10 p'v resolution at 
the same speed and accuracy. Other plug·ins available_ 

Data subject to change without notice. Prices t.o.b. tactory 

An extra measure of quality 

HEWLETT-PACKARD COMPANY 
Palo Alto, California 94304 (415) 326-7000 
Europe: 54 Route des Acacias, Geneva; Canada: 8270 Mayrand St., Montreal 

9355 
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THE SYNAPSE 
How does one nerve cell transmIt the nerve impulse to another cell? 

Electron microscopy and other methods show that it does so by means 

of special extensions that deliver a squirt of transmitter substance 

T

he human brain is the most highly 
organized fOlm of matter known, 
and in complexity the brains of 

the other higher animals are not greatly 
inferior. For certain purposes it is expe
dient to regard the brain as being analo
gous to a machine. Even if it is so 
regarded, however, it is a machine of a 
totally different kind from those made 
by man. In trying to understand the 
workings of his own brain man meets 
his highest challenge. Nothing is given; 
there are no operating diagrams, no 
maker's instructions. 

The first step in trying to understand 
the brain is to examine its structure in 
order to discover the components from 
which it is built and how they are re
lated to one another. After that one can 
attempt to understand the mode of 
operation of the simplest components. 
These two modes of investigation-the 
morphological and the physiological
have now become complementary. In 
studying the nervous system with to
day's sensitive electrical devices, how
ever, it is all too easy to find physiologi
cal events that cannot be correlated with 
any known anatomical structure. Con-

by Sir John Eccles 

versely, the electron microscope reveals 
many structural details whose physio
logical significance is obscure or un
known. 

At the close of the past century the 
Spanish anatomist Santiago Ramon y 
Cajal showed how all parts of the ner
vous system are built up of individual 
nerve cells of many different shapes and 
sizes. Like other cells, each nerve cell 
has a nucleus and a surrounding cyto
plasm. Its outer surface consists of nu
merous fine branches-the dendrites
that receive nerve impulses from other 
nerve cells, and one relatively long 
branch-the axon-that transmits nerve 
impulses. Near its end the axon divides 
into branches that terminate at the den
drites or bodies of other nerve cells. The 
axon can be as short as a fraction of a 
millimeter or as long as a meter, de
pending on its place and function. It has 
many of the properties of an electric 
cable and is uniquely specialized to con
duct the brief electrical waves called 
nerve impulses [see "How Cells Com
municate," by Bernhard Katz; SCIENTIFIC 
AMERICAN, September, 1961). In very 
thin axons these impulses travel at less 

SENSORY NERV E FIBER 

STIMULUS 
SENSORY NERV E  FIBER 

MOTONE U RON AXON 

than one meter per second; in others, 
for example in the large axons of the 
nerve cells that activate muscles, they 
travel as fast as 100 meters per second. 

The electrical impulse that travels 
along the axon ceases abruptly when it 
comes to the point where the axon's 
telminal fibers make contact with an
other nerve cell. These junction points 
were given the name "synapses" by Sir 
Charles Sherrington, who laid the foun
dations of what is sometimes called 
synaptology. If the nerve impulse is to 
continue beyond the synapse, it must be 
regenerated afresh on the other side. As 
recently as 15 years ago some physiolo
gists held that transmission at the syn
apse was predominantly, if not exclu
sively, an electJical phenomenon. Now, 
however, there is abundant evidence 
that transmission is effectuated by the 
release of specific chemical substances 
that trigger a regeneration of the im
pulse. In fact, the first strong evidence 
showing that a transmitter substance 
acts across the synapse was provided 
more than 40 years ago by Sir Henry 
Dale and Otto Loewi. 

It has been estimated that the hu-

INHIBITORY 
N EURON 

SPINAL CORD 

REFLEX ARCS provide simple pathways for studying the trans· 

mission of nerve impulses from one nerve cell to another. This 

transmission is effectuated at the junction points called synapses. 

In the illustration the sensory fiber from one muscle stretch 

receptor (a) makes direct synaptic contact with a motoneuron 
in the spinal cord. Nerve impulses generated by the moto. 

neuron activate the muscle to which the stretch receptor is at· 

tached. Stretch receptor b responds to the tension in a neigh. 

boring antagonistic muscle and sends impulses to a nerve cell 

that can inhibit the firing of the motonenron. By electrically stim· 

ulating the appropriate stretch·receptor fibers one can study 

the effect of excitatory and inhibitory impulses on motoneurons. 
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man central nervous system, which of 
course includes the spinal cord as well 
as the brain itself, consists of about 10 
billion (1010) nerve cells. With rare ex
ceptions each nerve cell receives infor
mation directly in the fotm of impulses 
from many other nerve cells-often hun
dreds-and transmits information to a 
like number. Depending on its threshold 
of response, a given nerve cell may fire 
an impulse when stimulated by only a 
few incoming fibers or it may not fire 
until stimulated by many incoming fi
bers . It has long been known that this 
threshold can be raised or lowered by 
various factors. Moreover, it was con
jectured some 60 years ago that some of 
the incoming fibers must inhibit the 
firing of the receiving cell rather than 
excite it [see illustration at right J. The 
conjecture was subsequently confitmed, 
and the mechanism of the inhibitory 
effect has now been clarified. This 
mechanism and its equally fundamen
tal counterpart-nerve-cell excitation
are the subject of this article. 

Probing the Nerve Cell 

At the level of anatomy there are 
some clues to indicate how the fine axon 
terminals impinging on a nerve cell can 
make the cell regenerate a nerve im
pulse of its own. The top illustration on 
the next page shows how a nerve cell 
and its dendrites are covered by fine 
branches of nerve fibers that terminate 
in knoblike structures .  These structures 
are the synapses. 

The electron microscope has revealed 
structural details of synapses that fit in 
nicely with the view that a chemical 
transmitter is involved in nerve trans
mission [see lower two illustrations on 
next page J. Enclosed in the synaptic 
knob are many vesicles, or tiny sacs, 
which appear to contain the transmitter 
substances that induce synaptic trans
mission. Between the synaptic knob and 
the synaptic membrane of the adjoin
ing nerve cell is a remarkably uniform 
SDace of about 20 millimicrons that is 
t�rmed the synaptic cleft. Many of the 
synaptic vesicles are concentrated ad
jacent to this cleft; it seems plausible 
that the transmitter substance is dis
charged from the nearest vesicles into 
the cleft, where it can act on the adja
cent cell membrane. This hypothesis is 
supported by the discovery that the 
transmitter is released in packets of a 
few thousand molecules. 

The study of synaptic transmission 
was revolutionized in 1951 by the in
troduction of delicate techniques for 
recording electrically from the interior 
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EXCITATION AND INHIBITION of a nerve cell are accomplished by the nerve fibers 

that form synapses on its surface. Diagram 1 shows a motoneuron in the resting state. In 2 
impulses received from one excitatory fiher are inadequate to cause the motoneuron to fire. 

In 3 impulses from a second excitatory fiber raise the motoneuron to firing threshold. In 

4 impulses carried by an inhibitory fiber restore the subthreshold condition. In 5 the in

hibitory fiber alone is carrying impulses. There is no difference in the electrical im

pulses carried by excitatory and inhibitory nerve fibers. They achieve opposite effects 

because they release different chemical transmitter substances at their synaptic endings. 
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AFFERENT NERV E  FIBERS 

SYNAPTIC KNOBS 

MOTOR N E U RON AXON 

MOTONEURON CELL BODY and branches called dendrites are covered with synaptic 

knobs, which represent the terminals of axons, or impulse.carrying fibers, from 

other nerve cells. The axon of each motoneuron, in turn, terminates at a muscle fiber. 

D ENDRITE 

SYNAPTIC KNOBS are designed to deliver short bursts of a chemical transmitter sub. 

stance into the synaptic cleft, where it can act on the surface of the nerve·cell membrane 

below. Before release, molecules of the chemical transmitter are stored in numerous vesicles, 

or sacs. Mitochondria are specialized structures that help to supply tbe cell with energy. 

ASSUMED INHIBITORY SYNAPSE on a nerve cell is magnified 28,000 diameters in this 

electron micrograph by the late L. H. Hamlyn of University College London. Synaptic 

vesicles, believed to contain the transmitter substance, are bunched in two regions along 

the synaptic cleft. The darkening of the cleft in these regions i s  so far unexplained. 
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of single nerve cells . This is done by 
inserting into the nerve cell an ex
tremely fine glass pipette with a diam
eter of .5 micron-about a fifty.thou
sandth of an inch. The pipette is filled 
with an electrically conducting salt so
lution such as concentrated potassium 
chloride. If the pipette is carefully in
serted and held rigidly in place, the 
cell membrane appears to seal quickly 
around the glass, thus preventing the 
flow of a short.circuiting current through 
the puncture in the cell membrane. Im
paled in this fashion, nerve cells can 
function normally for hours . Although 
there is no way of observing the cells 
during the insertion of the pipette, the 
insertion can be guided by using as 
clues the electric signals that the pipette 
picks up when close to active nerve 
cells . 

When my colleagues and I in New 
Zealand and later at the John Curtin 
School of Medical Research in Canber
ra first employed this technique, we 
chose to study the large nerve cells 
called motoneurons, which lie in the 
spinal cord and whose function is to 
activate muscles. This was a fortunate 
choice: intracellular investigations with 
motoneurons have proved to be easier 
and more rewarding than those with any 
other kind of mammalian nerve cell. 

We soon found that when the nerve 
cell responds to the chemical synaptic 
transmitter, the response depends in 
part on characteristic features of ionic 
composition that are also concerned 
with the transmission of impulses in the 
cell and along its axon. When the nerve 
cell is at rest, its physiological makeup 
resembles that of most other cells in that 
the water solution inside the cell is quite 
different in composition from the solu
tion in which the cell is bathed. The 
nerve cell is able to exploit this differ
ence between external and internal com
position and use it in quite different 
ways for generating an electrical im
pulse and for synaptic transmission. 

The composition of the external solu
tion is well established because the so
lution is essentially the same as blood 
from which cells and proteins have been 
removed. The composition of the inter
nal solution is known only approxi
mately. Indirect evidence indicates that 
the concentrations of sodium and chlo
ride ions outside the cell are respectively 
some 10 and 14 times higher than the 
concentrations inside the cell. In con
trast, the concentration of potassium 
ions inside the cell is about 30 times 
higher than the concentration outside. 

How can one account for this re-
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markable state of affairs? Part of the 
explanation is that the inside of the cell 
is negatively charged with respect to 
the outside of the cell by about 70 milli
volts. Since like charges repel each oth
er, this internal negative charge tends 
to drive chloride ions (Cl-) outward 
through the cell membrane and, at the 
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same time, to impede their inward 
movement. In fact, a potential differ
ence of 70 millivolts is just sufficient to 
maintain the observed disparity in the 
concentration of chloride ions inside the 
cell and outside it; chloride ions diffuse 
inward and outward at equal rates. A 
drop of 70 millivolts across the mem-

OUTSIDE 

brane therefore defines the "equilibrium 
potential" for chloride ions. 

To obtain a concentration of potas
sium ions (K +) that is 30 times higher 
inside the cell than outside would re
quire that the interior of the cell mem
brane be about 90 millivolts negative 
with respect to the exterior. Since the 
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IONIC COMPOSITION outside and inside the nerve cell is mark

edly different. The "equilibrium potential" is the voltage drop that 

would have to exist across the membrane of the nerve cell to pro

duce the observed difference in concentration for each type of ion. 

The actual voltage drop is about 70 millivolts, with the inside 

being negative. Given this drop, chloride ions diffuse inward and 

outward at equal rates, but the concentration of sodium and po
tassium must be maintained by some auxiliary mechanism (right). 

METABOLIC PUMP must be postulated to account for the ob· 

served concentrations of potassium and sodium ions on opposite 

sides of the nerve-cell membrane. The negative potential inside is 

20 millivolts short of the equilibrium potential for potassium 

ions. Thus there is a net outward diffusion of potassium ions that 

must be balanced by the pump. For sodium ions the potential across 

the membrane is 130 millivolts in the wrong direction, so very 

energetic pumping is needed. Chloride ions are in equilibrium. 
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actual interior is only 70 millivolts nega
tive, it falls short of the equilibrium 
potential for potassium ions by 20 mil
livolts. Evidently the thirtyfold concen
tration can be achieved and maintained 
only if there is some auxiliary mecha
nism for "pumping" potassium ions into 
the cell at a rate equal to their spon
taneous net outward diffusion. 

The pumping mechanism has the still 
more difficult task of pumping sodium 
ions (Na +) out of the cell against a po
tential gradient of 130 millivolts. This 
figure is obtained by adding the 70 mil
livolts of internal negative charge to the 
equilibrium potential for sodium ions, 
which is 60 millivolts of internal posi
tive charge [see illustmtiol1s on p1'eced
ing page]. If it were not for this postu
lated pump, the concentration of sodium 
ions inside and outside the cell would 
be almost the reverse of what is ob
served. 

r n their classic studies of nerve-im
pulse transmission in the giant axon of 

+ I 
STIMULUS I 

I a 

the squid, A. L. Hodgkin, A. F. Huxley 
and Bernhard Katz of Britain demon
strated that the propagation of the im
pulse coincides with abrupt changes in 
the permeability of the axon membrane. 
\\Then a nerve impulse has been trig
gered in some way, what can be de
scribed as a gate opens and lets sodium 
ions pour into the axon during the ad
vance of the impulse, making the in
terior of the axon locally positive. The 
process is self-reinforcing in that the 
Row of some sodium ions through the 
membrane opens the gate further and 
makes it easier for others to follow. The 
sharp reversal of the internal polarity 
of the membrane constitutes the nerve 
impulse, which moves like a wave until 
it has traveled the length of the axon. 
In the wake of the impulse the sodium 
gate closes and a potassium gate opens, 
thereby restoring the normal polarity 
of the membrane within a millisecond 
or less. 

'With this understanding of the nerve 

impulse in hand, one is ready to follow 
the electrical events at the excitatory 
synapse. One might guess that if the 
nerve impulse results from an abrupt 
inflow of sodium ions and a rapid 
change in the electrical polarity of the 
axon's interior, something similar must 
happen at the body and dendrites of 
the nerve cell in order to generate the 
impulse in the first place. Indeed, the 
function of the excitatory synaptic ter
minals on the cell body and its den
drites is to depolarize the interior of the 
cell membrane essentially by permitting 
an inRow of sodium ions. When the de
polarization reaches a threshold value, a 
nerve impulse is triggered. 

As a simple instance of this phenom
enon we have recorded the depolariza
tion that occurs in a single motoneuron 
activated clirectly by the large nerve fi
bers that enter the spinal cord from 
special stretch-receptors known as all
llulospiral endings. These receptors in 
turn are located in the same muscle that 
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EXCITATION OF A MOTONEURON is studied by stimulating 

the sensory fibers that send impulses to it. The size of the "afferent 

volleys" reaching the motoneuron is displayed on oscilloscope A. 

A microelectrode implanted in the motoneuron measures the 

changes in the cell's internal electric potential. These changes, 

called excitatory postsynaptic potentials (EPSP's), appear on os. 

60 

10 10 

cilloscope B. The size of the afferent volley is proportional to the 

number of fibers stimulated to fire. It is assumed here that one to 

four fibers can be activated. When only one fiber is activated (a), 
the potential inside the motoneuron shifts only slightly. When 

two fibers are activated (b) ,  the shift is somewhat greater. When 

three fibers are activated (c), the potential reaches the threshold 
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I 
I 

� 

is activated by the motoneuron under 
study. Thus the whole system forms a 
typical reflex arc, such as the arc re
sponsible for the patellar reflex, or "knee 
jerk" [see illustration on page 56]. 

To conduct the experiment we anes
thetize an animal (most often a cat) and 
free by dissection a muscle nerve that 
contains these large nerve fibers. By ap
plying a mild electric shock to the ex
posed nerve one can produce a single 
impulse in each of the fibers; since the 
impulses travel to the spinal cord al
most synchronously they are referred to 
collectively as a volley. The number of 
impulses contained in the volley can be 
reduced by reducing the stimulation ap
plied to the nerve. The volley strength 
is measured at a point just outside the 
spinal cord and is displayed on an oscil
loscope. About half a millisecond after 
detection of a volley there is a wavelike 
change in the voltage inside the moto
neuron that has received the volley. The 
change is detected by a microelectrode 
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at which depolarization proceeds swiftly and 

a spike appears on oscilloscope B. The spike 

signifies that the motoneuron has generated 

a nerve impulse of its own. When four or 

more fibers are activated (d) ,  the moto· 

neuron reaches the threshold more quickly. 

inserted in the motoneuron and is dis
played on another oscilloscope. 

What we find is that the negative 
voltage inside the cell becomes progres
sively less negative as more of the fibers 
impinging on the cell are stimulated to 
fire. This observed depolarization is in 
fact a simple summation of the depo
larizations produced by each individual 
synapse. When the depolarization of 
the interior of the motoneuron reaches 
a critical point, a "spike" suddenly 
appears on the second oscilloscope, 
showing that a nerve impulse has been 
generated. During the spike the voltage 
inside the cell changes from about 70 
millivolts negative to as much as 30 mil
livolts positive. The spike regularly ap
pears when the depolarization, or reduc
tion of membrane potential, reaches a 
critical level, which is usually between 
10 and 18 millivolts. The only effect of 
a further strengthening of the synaptic 
stimulus is to shorten the time needed 
for the motoneuron to reach the firing 
threshold [see illustration at left]. The 
depolarizing potentials produced in the 
cell membrane by excitatory synapses 
are called excitatory postsynaptic poten
tials, or EPSP's . 

Through one barrel of a double-bar
reled microelectrode one can apply a 
background current to change the rest
ing potential of the interior of the cell 
membrane, either increasing it or de
creasing it. When the potential is made 
more negative, the EPSP rises more 
steeply to an earlier peak. When the 
potential is made less negative, the 
EPSP rises more slowly to a lower peak. 
Finally, when the charge inside the cell 
is reversed so as to be positive with 
respect to the exterior, the excitatOlY 
synapses give rise to an EPSP that is 
actually the reverse of the normal one 
[see illustration at right]. 

These observations support the hy
pothesis that excitatory synapses pro
duce what amounts virtually to a short 
circuit in the synaptic membrane po
tential. When this occurs, the mem
brane no longer acts as a barrier to the 
passage of ions but lets them flow 
through in response to the differing 
electlic potential on the two sides of 
the membrane. In other words, the ions 
are momentarily allowed to travel freely 
down their electrochemical gradients, 
which means that sodium ions flow into 
the cell and, to a lesser degree, potas
sium ions How out. It is this net flow of 
positive ions that creates the excitatory 
postsynaptic potential. The flow of nega
tive ions, such as the chloride ion, is 
apparently not involved. By artificially 
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MANIPULATION of the resting potential 

of a motoneuron clarifies the nature of the 

EPSP. A steady background current applied 

through the left barrel of a microelectrode 

(top) shifts the membrane potential away 

from its normal resting level (minus 66 mil· 

livolts in this particular cell). The other 

barrel records the EPSP. The equilibrium 

potential, the potential at which the EPSP 

reverses direction, is about zero millivolts. 
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EXCITATORY SYNAPSE INHIBITORY SYNAPSE 

CURRENT FLOWS induced by excitatory and inhibitory synapses are respectively shown 

at left and right. When tbe nerve cell is at rest, the interior of the cell membrane is uni

formly negative with respect to the exterior. The excitatory synapse releases a chemical 

substance that depolarizes the cell membrane below the synaptic cleft, thus letting cur

rent flow into the cell at that point. At an inhibitory synapse the current flow is reversed. 

altering the potential inside the cell one 
can establish that there is no flow of 
ions, and therefore no EPSP, when the 
voltage drop across the membrane is 
zero. 

How is the synaptic membrane con
verted from a strong ionic barrier into 
an ion-permeable state? It is currently 
accepted that the agency of conversion 
is the chemical transmitter substance 
contained in the vesicles inside the syn-

PRESY N APTIC MEMBRA N E  

SYNAPTIC CLE FT 

aptic knob. When a nerve impulse 
reaches the synaptic knob, some of the 
vesicles are caused to eject the trans
mitter substance into the synaptic cleft 
[see illustration below J. The molecules 
of the substance would take only a few 
microseconds to diffuse across the cleft 
and become attached to specific recep
tor sites on the surface membrane of the 
adjacent nerve cell. 

Presumably the receptor sites are as-

• 

SY N APTIC V ESICLES 

• • •• • 
• • •

• • • 
• 

• 
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• 

T RA N SM ITTER 
M OLECULES 
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SU BSY NAPTIC M E M BRANE 

SYNAPTIC VESICLES containing a chemical transmitter are distributed throughout tbe 

synaptic knob. They are arranged here in a probable sequence, showing bow they move 

up to the synaptic cleft, discbarge their contents and return to the interior for recharging. 
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socia ted with fine channels in the mem
brane that are opened in some way by 
the attachment of the transmitter-sub
stance molecules to the receptor sites. 
\Vith the channels thus opened, sodium 
and potassium ions flow through the 
membrane thousands of times more 
readily than they normally do, thereby 
producing the intense ionic flux that de
polarizes the cell membrane and pro
duces the EPSP. In many synapses the 
current flows strongly for only about a 
millisecond before the transmitter sub
stance is eliminated from the synaptic 
cleft, either by diffusion into the sur
rounding regions or as a result of being 
destroyed by enzymes. The latter proc
ess is known to occur when the trans
mitter substance is acetylcholine, which 
is destroyed by the enzyme acetylcho
linesterase. 

The substantiation of this general pic
ture of synaptic transmission requires 
the solution of many fundamental prob
lems. Since we do not know the specific 
transmitter substance for the vast ma
jority of synapses in the nervous system 
we do not know if there are many dif
ferent substances or only a few. The 
only one identified with reasonable cer
tainty in the mammalian central nervous 
system is acetylcholine. We know prac
tically nothing about the mechanism 
by which a presynaptic nerve impulse 
causes the transmitter substance to be 
injected into the synaptic cleft. Nor do 
we know how the synaptic vesicles not 
immediately adjacent to the synaptic 
cleft are moved up to the firing line to 
replace the emptied vesicles. It  is con
jectured that the vesicles contain the 
enzyme systems needed to recharge 
themselves. The entire process must be 
swift and efficient: the total amount of 
transmitter substance in synaptic termi
nals is enough for only a few minutes of 
synaptic activity at normal operating 
rates. There are also knotty problems 
to be solved on the other side of the 
synaptic cleft. What, for example, is the 
nature of the receptor sites? How are 
the ionic channels in the membrane 
opened up? 

The Inhibitory Synapse 

Let us turn now to the second type 
of synapse that has been identified in 
the nervous system. These are the syn
apses that can inhibit the firing of a 
nerve cell even though it may be re
ceiving a volley of excitatory impulses. 
vVhen inhibitory synapses are examined 
in the electron microscope, they look 
very much like excitatory synapses. 

© 1964 SCIENTIFIC AMERICAN, INC



OSCILLOSCOPE A 

�>- +1 I WW I 
ffij o -l\,-----+_ 

�§2 -1 ! 

a 
OSCILLOSCOPE B 

I 
-70 ---+--��---===' � 

I 
-80 --i-------i:-, , 

IE ,I 
5 MILLISECONDS 

I I 

�� I I 
I 
I 
I 

b 

I \ ' 
I \;zt , , , , 

--,--- , , , 

, I , I I. J 
5 MILLISECONDS 

INHIBITION OF A MOTONEURON is investigated by methods 

like those used for studying the EPSP. The inhibitory counter

part of the EPSP is the IPSP: the inhibitory postsynaptic poten· 

tial. Oscilloscope A records an afferent volley that travels to a 

number of inhibitory nerve cells whose axons form synapses on a 

nearby motoneuron (see illustration on page 56). A microelec-
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trode in the motoneuron is connected to oscilloscope B. The se· 

quence a, band c shows how successively larger afferent volleys 

produce successively deeper IPSP's. Curves at right show how the 

IPSP is modified when a background current is used to change 

the motoneuron's resting potential. The equilibrium potential 

where the IPSP reverses direction is about minus 80 millivolts. 
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INHIBITION OF A SPIKE DISCHARGE is an electrical sub

traction process. When a normal EPSP reaches a threshold (left), 

it will ordinarily produce a spike. An IPSP widens the gap be· 

tween the cell's internal potential and the firing threshold. Thus if 

a cell is simultaneouly subjected to both excitatory and inhibitory 

stimulation, the IPSP is subtracted from the EPSP (right) and no 

spike occurs. The five horizontal lines show equilibrium potentials 

for the three principal ions as well as for the EPSP and IPSP. 
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STIMULUS 

OSCILLOSCOPE 
MICROELECTRODE 
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MODIFICATION OF ION CONCENTRATION within the nerve cell gives information 

about the permeability of the cell membrane. The internal ionic composition i s  altered 

by injecting selected ions through a micro electrode a minute or so before applying an 

afferent volley and recording the EPSP or IPSP. In the first experiment a normal IPSP 

(a) is changed to a pseudo.EPSP (b) by an injection of chloride ions. When sulfate ions 

are similarly injected, the IPSP is  practically unchanged (b, c). The third experiment 

shows that an injection of chloride ions has no significant effect on the EPSP (e, j). 

64 

(There are probably some subtle differ
ences, but they need not concern us 
here. ) Microelectrode recordings of the 
activity of single motoneurons and other 
nerve cells have now shown that the in
hibitory postsynaptic potential (IPSP) is 
virtually a mirror image of the EPSP 
[see top illustration on preceding page]. 
Moreover, individual inhibitory synap
ses, like excitatory synapses, have a 
cumulative effect. The chief difference 
is simply that the IPSP makes the cell's 
internal voltage more negative than it is 
normally, which is in a direction oppo
site to that needed for generating a 
spike discharge. 

By driving the internal voltage of a 
nerve cell in the negative direction in
hibitory synapses oppose the action of 
excitatory synapses, which of course 
drive it in the positive direction. Hence 
if the potential inside a resting cell is 
70 millivolts negative, a strong volley of 
inhibitory impulses can drive the po
tential to 75 or 80 millivolts negative. 
One can easily see that if the potential 
is made more negative in this way the 
excitatory synapses find it more difficult 
to raise the internal voltage to the 
threshold point for the generation of a 
spike. Thus the nerve cell responds to 
the algebraic sum of the internal volt
age changes produced by excitatory and 
inhibitory synapses [see bottom illustra
tion on preceding page]. 

If, as in the experiment described 
earlier, the internal membrane poten
tial is altered by the flow of an electric 
current through one barrel of a double
barreled microelectrode, one can ob
serve the effect of such changes on the 
inhibitory postsynaptic potential. When 
the internal potential is made less nega
tive, the inhibitory postsynaptic poten
tial is deepened. Conversely, when the 
potential is made more negative, the 
IPSP diminishes; it finally reverses when 
the internal potential is driven below 
minus 80 millivolts. 

One can therefore conclude that in
hibitory synapses share with excitatory 
synapses the ability to change the ionic 
permeability of the synaptic membrane. 
The difference is that inhibitory syn
apses enable ions to flow freely down 
an electrochemical gradient that has an 
equilibrium point at minus 80 millivolts 
rather than at zero, as is the case for 
excitatory synapses. This effect could 
be achieved by the outward flow of 
positively charged ions such as potas
sium or the inward flow of negatively 
charged i0ns such as chloride, or by a 
combination of negative and positive 
ionic flows such that the interior reach
es equilibrium at minus 80 millivolts. 
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In an effort to discover the perme
ability changes associated with the in
hibitory potential my colleagues and I 
have altered the concentration of ions 
normally found in motoneurons and 
have introduced a variety of other ions 
that are not normally present. This can 
be done by impaling nerve cells with 
micropipettes that are filled with a salt 
solution containing the ion to be in
jected. The actual injection is achieved 
by passing a brief current through the 
micropipette . 

If the concentration of chloride ions 
within the cell is in this way increased 
as much as three times, the inhibitory 
postsynaptic potential reverses and acts 
as a depolarizing current; that is, it re
sembles an excitatory potential. On the 
other hand, if the cell is heavily injected 
with sulfate ions, which are also nega
tively charged, there is no such reversal 
(see illustration on opposite page J .  This 
simple test shows that under the influ
ence of the inhibitory transmitter sub
stance, which is still unidentified, the 
sub synaptic membrane becomes perme
able momentarily to chloride ions but 
not to sulfate ions. During the genera
tion of the IPSP the outflow of chloride 
ions is so rapid that it more than out
weighs the flow of other ions that gen
erate the normal inhibitory potential. 

My colleagues have now tested the 
effect of injecting motoneurons with 
more than 30 kinds of negatively 
charged ion. With one exception the 
hydrated ions (ions bound to water) to 
which the cell membrane is permeable 
under the influence of the inhibitory 
transmitter substance are smaller than 
the hydrated ions to which the mem
brane is impermeable. The exception is 
the formate ion (HC02 - ) ,  which may 
have an ellipsoidal shape and so be able 
to pass through membrane pores that 
block smaller spherical ions. 

Apart from the formate ion all the 
ions to which the membrane is perme
able have a diameter not greater than 
1. 14 times the diameter of the potas
sium ion; that is, they are less than 2.9 
angstrom units in diameter. Comparable 
investigations in other laboratories have 
found the same permeability effects, in
cluding the exceptional behavior of the 
formate ion, in fishes, toads and snails .  
It may well be that the ionic mecha
nism responsible for synaptic inhibition 
is the same throughout the animal king
dom. 

The significance of these and other 
studies is that they strongly indicate 
that the inhibitory transmitter substance 
opens the membrane to the flow of po
tassium ions but not to sodium ions. It 
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MEMBRANE PERMEABILITY during synaptic inhibition has been determined for 33 

kinds of negative ion. The size of sodium ions (Na + )  and potassium ions ( K  + )  when 

hydrated (bound to water molecule s )  is shown at the top of the chart. All the ions that 

pass through the membrane are smaller than the hydrated sodium ion and with one ex· 

ception (HC02 - , the formate ion ) all are smaller than 2.9 angstrom units in diameter. 

is known that the sodium ion is some
what larger than any of the negatively 
charged ions, including the formate ion,  
that are able to pass  through the mem
brane during synaptic inhibition. It is 
not possible, however, to test the effec
tiveness of potassium ions by injecting 
excess amounts into the cell because the 
excess is immediately diluted by an os
motic flow of water into the cell. 

As I have indicated, the concentra
tion of potassium ions inside the nerve 
cell is about 30 times greater than the 
concentration outside, and to maintain 
this large difference in concentration 
without the help of a metabolic pump 
the inside of the membrane would have 
to be charged 90 millivolts negative 
with respect to the exterior. This im
plies that if the membrane were sud
denly made porous to potassium ions, 
the resulting outflow of ions would 
make the inside potential of the mem
brane even more negative than it is in 
the resting state, and that is just what 
happens during synaptic inhibition. The 
membrane must not simultaneously be
come porous to sodium ions, because 
they exist in much higher concentration 
outside the cell than inside and their 

rapid inflow would more than compen
sate for the potassium outflow. In fact, 
the fundamental difference between syn
aptic excitation and synaptic inhibition 
is that the membrane freely passes so
dium ions in response to the former 
and largely excludes the passage of so
dium ions in response to the latter. 

Channels in the Membrane 

This fine discrimination between ions 
that are not very different in size must 
be explained by any hypothesis of syn
aptic action. It is most unlikely that the 
channels through the membrane are cre
ated afresh and accurately maintained 
for a thousandth of a second every time 
a burst of transmitter substance is re
leased into the synaptic cleft. It is more 
likely that channels of at least two dif
ferent sizes are built directly into the 
membrane structure. In some way the 
excitatory transmitter substance would 
selectively unplug the larger channels 
and permit the free inflow of sodium 
ions . Potassium ions would simulta
neously flow out and thus would tend 
to counteract the large potential change 
that would be produced by the massive 
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EXCITATORY SYNAPSE may employ transmitter molecules that open large channels 

in the nerve·cell membrane. This would permit sodium ions, which are plentiful outside 

the cell, to pour through the membrane freely. The outward flow of  potassium ions, 

driven by a smaller potential gradient, would be at a much slower rate. Chloride ions 

(not shown) may be prevented from flowing by negative charges on the channel" walls. 
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INHIBITORY SYNAPSE may employ another type of  transmitter molecule that opens 

channels too small to pass sodium ions. The net outflow of potassium ions and inflow 

of chloride ions would account for the hyperpolarization that is  observed as an IPSP. 
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MODIFICATIONS OF INHIBITORY SYNAPSE may involve channels that carry eitber 

negative or positive charges on their walls. Negative charges (left) would permit only 

potassium ions to pass. Positive cbarges (right) would permit only chloride ions to pass. 
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sodium inflow. The inhibitory transmit
ter substance would selectively unplug 
the smaller channels that are large 
enough to pass potassium and chloride 
ions but not sodium ions [see upper two 
illustrations at left J. 

To explain certain types of inhibition 
other features must be added to this 
hypothesis of synaptic transmission. In 
the simple hypothesis chloride and po
tassium ions can flow freely through 
pores of all inhibitory synapses. It has 
been shown, however, that the inhibi
tion of the contraction of heart muscle 
by the vagus nerve is due almost ex
clusively to potassium-ion flow. On the 
other hand, in the muscles of crusta
ceans and in nerve cells in the snail's 
brain synaptic inhibition is due large
ly to the flow of chloride ions.  This se
lective permeability could be explained 
if there were fixed charges along the 
walls of the channels. If such charges 
were negative, they would repel nega
tively charged ions and prevent their 
passage; if they were positive, they 
would similarly prevent the passage of 
positively charged ions.  One can now 
suggest that the channels opened by 
the excitatory transmitter are negatively 
charged and so do not permit the pas
sage of the negatively charged chloride 
ion, even though it is small enough to 
move through the channel freely . 

One might wonder if a given nerve 
cell can have excitatory synaptic action 
at some of its axon terminals and in
hibitory action at others. The answer 
is no. Two different kinds of nerve cell 
are needed, one for each type of trans
mission and synaptic transmitter sub
stance. This can readily be demon
strated by the effect of strychnine and 
tetanus toxin in the spinal cord; they 
specifically prevent inhibitory synaptic 
action and leave excitatory action un
altered. As a result the synaptic excita
tion of nerve cells is uncontrolled and 
convulsions result. The special types 
of cell responsible for inhibitory synap
tic action are now being recognized 
in many parts of the central nervous 
system. 

This account of communication be
tween nerve cells is necessarily over
simplified, yet it shows that some sig
nificant advances are being made at the 
level of individual components of the 
nervous system. By selecting the most 
favorable situations we have been able 
to throw light on some details of nerve
cell behavior. vVe can be encouraged by 
these limited successes. But the task of 
understanding in a comprehensive way 
how the human brain operates staggers 
its own imagination. 
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T H E  S C I E N C E  O F  P R O D U CT I O N .  W h e n  p r o d u c i n g  a d v a n c e d ,  c o m p l e x 

c o m m u n i cat i o n s  eq u i p m e n t  o n  a vast sca l e  to exact sta n d a rds,  sci e n ce i s  

needed o n  t h e  p rod u ct i o n  l i n e  a s  wel l  as i n  t h e  l a borato r y .  T hat's w h y  Weste r n  

E l ect r i c  e n g i n eers took t h e  scie nt if ic  a p p roach i n  deve l o p i n g  a n ew p rod u ct i o n  

p l a n n i n g  a n d  control  system i n  severa l o f  i t s  m u l t i - p rod u ct p l a n ts.  A c o m p u te r

i ze d  f i l e  conta i n s  d eta i l s  of a l l  eq u i p m e n t  a n d  m a te r i a l s  u sed by a p l a nt.  Req u i re

m e nts for a p rod u ct a re put on p u n c h e d  ta p e  or cards a n d  fed i nto t h e  c o m p ute r 

w h i c h  c o n v e rts t h e m  i nto effic i e n t  c o n t r o l  i nfor m ati o n : i t  p red i cts t h e  t i m e  n eeded 

for every a spect of m a n ufactu re,  sched u l es e q u i p m e n t, a l l ocates m a n power, a n d  

p rocesses a l l  d o c u m e n ts. B y  c o n t i n u a l l y  i m p rovi ng m a n ufactu r i n g  m et h ods,  

Wester n  Elect r i c  e n g i n e e r s  a n d  production p eo p l e  h e l p  t h e  Be l l  te l e p h o n e  c o m 

p a n i es, coast-to-coast, b r i n g  A m e r i ca t h e  fi n est i n  c o m m u n i catio n s  at l ow cost. 
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,"PO LARO I D " @  BY PO LAR O I D  C O R PO RATIO N  

Our 110B: 
the non-automated Polaroid camera 
for non-automated people. 

There are only t\\'o kinds of  Polaroid Land cameras 

made these days. The most automatic automatic and the 

most manual manual. This is the latter. It's for people 

who want to control their picture-taking at every step. 

You have to focus the 1 I 0B. You use the same large 

window for the coupled rangefinder and paraIIex-cor
rected viewfinder.  The lens is a fou r  element 1 271ll m ,  
f/<-/,.7 Rodenstock-Ysarex, with resolving p o w e r  to 7 0  

l ines p e r  mm. You'll  rarely be handicapped b y  that. 

You have to select a n  aperture. There are nine, from 
f/4.7 to f/90. (The latter is a special  lens cap aperture 

that gives you depth o f  focus from 20 inches to i n fi n ity.)  

I f  you feel these apertures are uncomfortably small, re
member that the most versatile film for this camera has 
an A . S . A .  e q u ivalent rating of 3200. 

And you have to set the speed of the shutter.  I t 's a 
Prontor with n ine  speeds from one second to 1 /300 sec-
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ond, plus bulb and a bui lt - in  l O-secon d  delay timer.  

But  the very fi rst thing you have to do is  select which 

o f  the seven Polaroi d  Land films you're going to use. 

They all give you pictures o n  the spot. You get black and 
white prints i n  10  seconds.  Color prints take a minute. 

And b&w transparencies are ready to proj ect in  2 minutes 
o r  less. 

Getting o n -the-spot results, 

of  course, is  the big difference 

between the 1 I 0B and any or

dinary camera you happen to 

have arounrl .  

The developing and print 

ing, we confess, is  automated. 

But the camera itself isn't. 

And if you aren 't-then this is  
your  camera. 
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CHLAMYDOMONAS, the one·celled alga that is the subject of the 

author's genetic experiments, is enlarged about 26,000 diameters 
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in an electron micrograph made by George Palade of the Rocke· 

feller Institute. Major organelles are identified on opposite page. 
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GENES OUTSIDE THE CHROMOSOMES 

There has been evidence for many years that hereditary information 

exists apart from the chromosomal genes. Now nonchromosomal genes 

have been identified by the traditional methods of genetic analysis 

The science of genetics encom
passes any and all systems in
volved in the heredity of living 

organisms, but in practice it has been 
largely restricted to the study of chro
mosomal genes: the molecular carriers 
of heredity that are arranged in linear 
order in the threadlike chromosomes in 
the nucleus of the living cell. The fact 
is, however, that more infOlmation is in
volved in the heredity of organisms than 
is contained in the chromosomes. Evi
dence of additional genetic systems has 
been accumulating slowly for some time. 
Within the past few years studies in my 
laboratory at Columbia University have 
demonstrated the existence of a second 
genetic system that is quite amenable 
to analysis. This system consists of a 
class of genetic determinants located 
elsewhere than in the chromosomes. 
These determinants are particulate ele
ments, stably replicated and transmitted 
from one generation to the next; they 
can exist in either normal or mutant 
form and they influence a wide vmiety 
of cell traits. They are probably com
posed, like the chromosomal genes, of 
nucleic acid. No one has yet isolated one 
of these determinants, and they have 
still to be located in a specific region of 
the cell, but on the basis of genetic 
analysis they fully deserve to be called 
nonchromosomal genes. 

The first example of a nonchromo
somal gene was described in 1908 by 
the German botanist Carl Con·ens, one 
of the three biologists who had redis
covered the laws of inheritance enunci
ated in 1865 by Gregor Mendel. Con·ens 
thought it likely that all organisms had 
more than one genetic system, and he 
and his students investigated the prob
lem in a number of plant species. Inter
est in nonchromosomal inheritance was 
soon overshadowed, however, by the 
explosive development of chromosomal 

by Ruth Sager 

genetics. The convincing experiments 
that correlated the distribution of Men
del's "factors" of heredity with the ob
servable details of chromosome behavior 
focused attention on the chromosomal 
genes to the exclusion of other heredi
tary phenomena. Biologists tended to 
forget that nothing in the orderly meth
odology of chromosomal genetics pre
cluded the existence of additional ge
netic systems. Although a few hundred 
well-authenticated examples of nonchro
mosomal traits have been described in 
organisms as diverse as insects, flower
ing plants, algae, yeasts and fungi, this 
evidence has largely been ignored in 
textbooks and in the mainstream of ge
netic theolY. This is not to say, of 
course, that it was not best to concen
trate on the chromosomal system first. 

PLASMA MEMBRANE 

EYES POT -7.l�vnrA'--

RIBOSOMES-----h'fffft+.�'-',· 

VACUOLE--����� 

CHLOROPLAST __ -+.��, 
RIBOSOMES 

STARCH PLATE---��;;',;''k 

MITOCHONDRION 

It is the most accessible system, and it 
must not only be understood but also 
brought under control in order to con
duct experiments dealing with nonchro
mosomal inheritance. 

In principle the difference in the pat
terns of inheritance of the two systems 
is elementary. The salient fact of Men
delian, or chromosomal, heredity is that 
genes from the male and female parents 
contribute equally to the genetic con
stitution of the progeny. This is true in 
diploid organisms, whose body cells 
have two sets of chromosomes, and in 
the more primitive haploid organisms, 
which have only one set [see top illus
tration on page 73]. A nonchromosomal 
gene is identified by its failure to follow 
the Mendelian pattern. Instead the non
chromosomal genes from the female par-

�--MITOCHONDRION 

NUCLEUS 

NUCLEOLUS 

·�����7+----.GOLGI BODY 

CHLOROPLAST 

ORGANELLES of Chlamydomonas cell include the chloroplast for photosynthesis, ribo

somes for protein synthesis and mitochondria for energy conversion. The chromosomes are 

in the nucleus. The flagella provide motility and the eyespot is a rudimentary eye. 
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LIFE CYCLE of Chlamydomonas includes a sexual phase. Two cells of opposite sex shed 

their cell walls and form a zygote that undergoes meiosis and produces four progeny 

cells. These may then divide asexually (not shown here) to form clones, or colonies of cells. 

ent are usually transmitted, during the 
sexual cell-division process called meio
sis, to all the progeny and those from 
the male to none [see bottom illustration 
on opposite page J. The most obvious 
explanation for this maternal inheritance 
pattern in most organisms is that the 
nonchromosomal gen�s are outside the 
nucleus in the cytoplasm of the cell; in 
higher plants and animals it is the fe
male gelm cell, not the male pollen or 
sperm, that supplies most of the cyto
plasm for the fertilized egg. This expla
nation does not account for maternal 
inheritance in some haploid organisms, 
however; there are microorganisms in 
which the male and female contribute 
equal amounts of cytoplasm in fusing to 
form new cells. The mechanism of ma
ternal inheritance must therefore involve 
more than the mere presence or absence 
of certain cell constituents. 

Whatever the mechanism, maternal 
inheritance is the primary criterion 

for the recognition of nonchromosomal 
genes. To classify an inheritable trait as 
being chromosomal or nonchromosomal 
one needs only to study its pattern of 
transmission in test crosses. Two major 
difficulties account for the fact that in 
spite of this apparent ease of analysis 
the investigation of nonchromosomal 
genes has made little progress until 
recently. 

The first difficulty has been in finding 
mutant genes. Genetics is based on 
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comparisons between "wild type," or 
normal, genes and mutant, or altered, 
forms. An unusual trait-say white eyes 
in a normally red-eyed fruit fly-signals 
the presence of a mutant gene that can 
be followed through generations and 
studied in detail. Spontaneous muta
tions of nonchromosomal genes in natu
ral populations are rare in comparison 
with those of the chromosomal genes. 
Moreover, the radiations and chemical 
compounds with which geneticists in
duce chromosomal mutations have not 
been effective in producing nonchromo
somal mutations. The result is that mate
rial with which to study the nonchro
mosomal system-and even to decide 
just how important it is in any orga
nism's total heredity-has been hard to 
come by. 

The second difficulty in the study of 
nonchromosomal heredity lies in the 
maternal pattern of inheritance that 
most clearly distinguishes it. As long as 
all of the female parent's nonchromo
somal genes, and none of the male par
ent's, are transmitted to all the progeny, 
one cannot bring to bear the standard 
techniques of genetic analysis, which 
depend on the manner in which the two 
parents' genes are distributed and ex
pressed among the progeny. 

'We have been able to overcome both 
of these technical difficulties in my 
laboratory by working with a very co
operative microorganism, the green alga 
Chlamydomonas. This organism belongs 

to the class of the phytoflagellates, hap
loid organisms on the main line of evo
lution to both the higher plants and the 
animals. Although it can be handled in 
the laboratory as easily as a simple bac
terium, Chlamydomonas contains within 
its single cell the primitive counterparts 
of such specialized tissues as eye, kidney 
and muscle. The organelles, or subcellu
lar organs, of Chlamydomonas are simi
lar to those of the cells of higher forms. 
There are mitochondria for generating 
energy, ribosomes for synthesizing pro
teins, a large chloroplast for photosyn
thesis and other such typical structures. 
In addition the organism reproduces 
sexually, having two "mating types," or 
sexes, determined by a single chromo
somal gene. Other genes have been lo
cated in all of its eight chromosomes. 

S orne years ago we began to search 
for a compound that would induce 

nonchromosomal genes of Chlamydom
onas to mutate. We found the first such 
mutant by accident. We had placed cells 
susceptible to the antibiotic streptomy
cin on a culture medium that contained 
the antibiotic, and about one in a 
million cells survived and multiplied 
to form streptomycin-resistant colonies. 
Each colony resulted from a mutation
from streptomycin-sensitive (ss) to strep
tomycin-resistant (sr). Crossing tests 
showed that most of these mutations 
were chromosomal but that about 10 
percent of them had a maternal-inheri
tance pattern: they were nonchromo
somal. We found that the chromosomal 
mutations were spontaneous, arising at 
random before the cells were placed on 
a streptomycin-containing medium. The 
nonchromosomal-gene mutations, how
ever, arose only after sensitive cells 
had been grown in the presence of toxic 
but sublethal concentrations of strepto
mycin. They were induced mutations. 

The question then arose whether the 
drug was inducing specific mutations to 
drug-resistance or acting as a general 
mutagen. Subsequent studies made it 
clear that the streptomycin was acting 
nonspecifically, and that it could induce 
mutations in many different nonchromo
somal genes. Under special inducing 
conditions each cell treated with strep
tomycin multiplies to form a colony, and 
we find mutant cells of various kinds in 
almost every colony. This remarkably 
high level of mutagenic efficiency is 
quite different from that of chromo
somal-gene mutagens, which affect only 
a small fraction of a population. 

Do nonchromosomal genes control a 
class of cell traits different from the 
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CHROMOSOMAL GENES are transmitted as shown here. In 

haploid organisms such as Chlamydomonas (left) two cells fuse; 

the resulting zygote undergoes meiosis to produce four progeny. 

Higher plants and animals are diploid (right). Precursors of fe-
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NONCHROMOSOMAL GENES, however, exhibit maternal in

heritance. In haploid (left) and diploid (right) organisms all prog-

DIPLOID 

'--------) 

@ @ 
male and male germ cells undergo meiosis to form germ cells (eggs 

and sperm or pollen) and fertilization follows. In haploid and 

diploid organisms chromosomal genes (colored dots lind circles) 

from male and female parent contribute equally to progeny. 

DIPLOID 

'---------) 

eny ordinarily get all their nonchromosomal genes (colored rings) 

from the female parent; genes from the male (black) are lost. 
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tlEl MALE-STERILITY FACTOR 
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INTERACTION of chromosomal and nonchromosomal genes in corn is shown. The 

chromosomal fertility-restoring gene (black dot) counteracts the nonchromosomal male

sterility factor (gray ring); progeny (middle left) are fertile. When female plants of this 

line are crossed with plants lacking the fertility-restorer, however, half of the progeny are 

male-sterile, because the fertility-restoring gene is distributed to only half of the progeny_ 

traits determined by chromosomal 
genes? Probably not. We have so far 
studied about 30 different nonchromo
somal-gene mutations, and most of them 
resemble chromosomal mutations in 
their effects; in many cases both kinds 
of gene affect the identical traits. Even 
when they influence different traits, the 
two genetic systems are apparently 
closely integrated in their action. For 
example, in Chlamydomonas there is a 

A A 

a B 
� 

chromosomal gene A (for "amplifier"); 
this gene has no apparent effect in strep
tomycin-sensitive cells, but in the re
sistant mutants it greatly amplifies the 
cell's resistance to the antibiotic. It is 
equally effective in amplifying resist
ance brought about by either chromo
somal or nonchromosomal genes. This 
interaction is purely physiological; gene 
A has no influence on the inheritance of 
either kind of resistant mutation. 

I 
I 
I 
I 
I 
I 

A 

b 

> --------------- + --------------
B a a 

-
b B b 

= 

UNLINKED RECOMBINATION is diagrammed for two genes on different chromosomes 

(left). In the course of meiosis the four alleles may be assorted in four different ways. 

C 0 

c d 

C d 
--

c 0 

LINKED RECOMBINATION can result from "crossing over." Alleles that were together 

on a chromosome (left) are separated and appear in new combinations in progeny (right). 

x y 

INTRAGENIC RECOMBINATION involves a crossing-over of two portions of one gene_ 

By this process two alleles with mutations (x, y) might give rise to a normal gene (right)_ 
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Similar interactions of chromosomal 
and nonchromosomal genes have been 
described in yeast and com; in the latter 
the system is of considerable economic 
importance. Com plants are hermaph
rodites with both male and female flow
er parts, respectively the pollen-bearing 
tassel and the ear. Several different non
chromosomal-gene mutations have been 
found that interfere with normal pollen 
formation, causing a com plant to be 
"male-sterile" although it still produces 
normal ears. Pollen sterility is valuable 
in hybrid-seed production because the 
sterile plants cannot fertilize themselves 
and cross-fertilization is ensured. Some
times, however, this male-sterility is 
suppressed by one of several chromo
somal genes called "fertility-restorers." 
In the presence of the proper restorer 
gene the nonchromosomal trait of ste
rility cannot express itself and fertile 
pollen is produced. Then, in plants of 
the next generation that have lost the 
restorer gene, the nonchromosomal gene 
is again operative [see top illustration 
on this pagel. Pollen formation is thus 
controlled by sets of interacting chro
mosomal and nonchromosomal genes in 
a manner analogous to the streptomycin
resistance system in Chlamydomonas. 

Equipped with a variety of mutant 
nonchromosomal genes produced 

by streptomycin treatment, we were 
ready to face the hard questions: What 
are these genes and how do they func
tion? We began to approach these ques
tions by applying the classical methods 
of genetic analysis. The genetic studies 
I shall report here are interesting not 
only for the information they revealed 
but also as a demonstration of the power 
of genetic analysis. 

The two basic processes observed in 
such analysis are "segregation" and "re
combination." Segregation refers to the 
manner in which " pair of alleles, or 
alternative forms of the same gene, that 
come from the two parents are distrib
uted to the progeny. As can be seen in 
the top illustration on the preceding 
page, chromosomal genes from both par
ents are distributed in a strict one-to
one ratio because half of the products 
of meiosis get the maternal chromosome 
and half get the paternal one. In the 
case of nonchromosomal genes [bottom 
of preceding pagel there is no segrega
tion: all the progeny get the maternal 
genes. 

Recombination is the process by 
which genetic material from the two 
parents is mixed and redistributed 
among the progeny. If, for example, two 
genes are on different chromosomes, or 
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"unlinked," they segregate independent
ly in meiosis. A progeny cell may there
fore get either allele of each gene [see 
thil"d illustration ITOm bottom on oppo
site page J. If two genes are on the same 
chromosome, or "linked," their chances 
of passing together to the same progeny 
cell depend on their distance apart 
along the chromosome. Recombination 
between linked genes results from an ex
change process that occurs more or less 
at random along the chromosome during 
meiosis [see second illustration ITOm 
bottom on opposite page J. Recent ge
netic studies have shown that recombi
nation can occur not only between 
genes but also within a gene: a progeny 
cell can receive a gene that is a recom
binant of portions of two alleles [see 
bottom illustration on opposite page J. 

When we set out to look for segrega
tion and recombination of nonchromo-

a Sde OSS 
\ / 

STREPTOMYCIN 

MEDIUM +-

somal genes, we of course came up 
against the problem to which I have al
luded: the difficulty of working with a 
maternal-inheritance system. Nonchro
mosomal genes in Chlamydomonas fol
low the typical one-parent transmission 
pattern. The two mating types are desig
nated mt- and mt+; only the mt+ cell 
regularly transmits its nonchromosomal 
genes to the progeny. In such a system 
segregation and recombination would 
seem to be precluded. We knew, how
ever, that exceptions to the maternal
inheritance rule had been reported in 
several organisms. As we worked with 
the streptomycin-resistance and strep
tomycin-sensitivity genes we observed 
that once in a great while the non
chromosomal genes from both parents, 
rather than from just one, came through 
to the progeny. We still do not know 
precisely how this happens, but we have 

b 

MINIMAL 

MEDIUM 

learned to capitalize on the event. vVe 
plate the zygotes, the cells that result 
from fusion, on culture media that favor 
the survival of the exceptional zygotes 
in which both parents' nonchromosomal 
genes survive [see illustration below J. 

By means of this technique Zenta 
Ramanis and I select exceptional zy

gotes resulting from multifactor crosses 
and trace the subsequent segregation 
and recombination of the nonchromo
somal genes. To illustrate the kind of 
results we have obtained I shall describe 
a cross involving two pairs of mutant 
nonchromosomal genes and three un
linked pairs of chromosomal genes that 
served as markers. In this cross the fe
male parent was designated, on the basis 
of the genes it carried, aCl sd act-I" 111S-1" 
mt+; the male parent was aC2 sr act-s 
111S-S mt-. The nonchromosomal genes 
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SELECTION of exceptional zygotes that transmit the male parent's 

nonchromosomal genes is explained. Ordinarily a cross (a) hetween 

streptomycin-dependent ("sd," colored ring) female (+) and 

streptomycin-sensitive ("ss," black ring) male (-) cells yields only 

sd cells like the female parent, and the zygotes must he plated on 

streptomycin medium if live progeny are to he recovered. Similar

ly, in the reciprocal cross (d) most zygotes have only ss progeny 
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like the female parent. To select exceptional zygotes that transmit 

nonchromosomal genes from the male parent, one plates the upper 

cross on minimal medium (b) and the lower cross on streptomycin 

medium (c). In both cases exceptional zygotes are selected that 

transmit both sd and ss genes to all progeny, which grow equally 

well with or without streptomycin. Each progeny cell divides 

asexually to form a clone containing pure sd and pure ss cells_ 
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are aCl and aC2 and also sd and Sl"; aCl 
and aC2 are mutants that block photo
synthesis and thereby create a require
ment for acetate in the medium; sd 
stands for streptomycin-dependence and 
81' for streptomycin-resistance. Among 
the chromosomal genes act-r and act-s 
determine resistance to the antibiotic ac
tidione, ms-r and ms-s affect resistance 

to the substance methionine sulfoximine, 
and mt+ and mt- of course determine 
the mating type. 

More than 99 percent of the zygotes 
resulting from this cross give rise to 
progeny that segregate normally for the 
three pairs of chromosomal genes but 
that like the female parent are all aCl sd. 
The 1 percent of exceptional zygotes, 
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EXPERIMENTAL CROSS is diagrammed (a) involving cells with three pairs of chromo

somal genes and two pairs of nonchromosomal genes (see text). The exceptional zygotes 

transmit to the progeny both sets of nonchromosomal genes. Progeny cells divide and the 

nonchromosomal genes begin to segregate. The bottom row of the diagram shows, schemat. 

ically, the kinds of cell that result. Some are still mixed, others pure for one or both of the 
genes; still others (far right) have new mutant or wild· type recombinants. The lower 

diagram (b) indicates the approximate proportions in which various combinations appear. 
Cells carrying a new recombinant may carry any form (white segments) of the other gene. 
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which we selected out by plating the 
cells on a medium containing no strep
tomycin, give quite different results: all 
the nonchromosomal genes are pre
served and transmitted to the progeny, 
each of which therefore contains one set 
of chromosomal genes and two sets of 
nonchromosomal genes. The three chro
mosomal pairs, segregating normally, 
serve to identify the four products of 
meiosis [see illustration at left l. 

Each of the four kinds of progeny cell 
begins to divide in the asexual proc
ess called mitosis to form clones of cells 
that remain genetically identical with 
respect to their set of chromosomal 
genes. Now, however, the nonchromo
somal genes begin to segregate! At each 
division some daughter cells arise that 
have only one of each pair of nonchro
mosomal genes-cells that are pure sd 
or sr, pure aCl or aC2' By classifying 
samples of progeny after different num
bers of cell divisions and determining 
the frequencies with which each type 
appears, we have begun to learn how 
nonchromosomal genes segregate and 
recombine. These are our preliminary 
findings: 

1. Segregation begins during the first 
few doublings after meiosis. After four 
or five cell divisions between 50 and 60 
percent of the progeny are still mixed 
in nonchromosomal-gene constitution, 
but the rest are pure for one or both of 
the genes. The occurrence of segrega
tion just after meiosis tells us that at this 
stage each gene must be present in one 
copy or a very few copies. 

2. The aCl/ aC2 pair segregates in an 
average ratio of one to one, indicating 
that equal numbers of copies of the two 
versions are present in the mixed cells. 
Individual clones vary greatly, however, 
in their aCl/ aC2 ratio, suggesting that 
segregation may not be equational; that 
is, a mixed cell may give rise to one 
daughter that is pure aCl or pure aC2 
while the other daughter remains mixed. 
Whether or not the sd/sr pair also seg
regates one to one is not yet established, 
and several other aspects of the non
chromosomal segregation process are 
still under investigation. 

3. The aCl/ aC2 and the sd/ sr pairs 
segregate independently of each other 
in both time and space. After several 
doublings we recover, on the average, 
equal numbers of the parental combina
tions aCl sd and aC2 SI' and of the recom
binants aCl sr and acz sd. In other 
words, the two pairs of nonchromosomal 
genes behave as if they are carried on 
separate particles. 

4. Each daughter cell always receives 
one or another form of each nonchromo-
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somal gene. In this sense aCl and aC2 
are alleles, as are sd and sr. 

5. In addition to the parental non
chromosomal alleles, several alleles not 
present in the parents arise from this 
cross. There are clones that are ss like 
the wild-type strain from which sd and 
SI' arose by mutation, or ac + like the 
wild-type strain of which aCl and aC2 
are mutants, and also new mutant sr', 
sri' and ac' clones with levels of resist
ance, dependence or acetate require
ment different from those of either par
ent. Genetic analysis of these strains by 
backcrossing experiments shows that 
the new types are genetically stable; 
they can be considered true intragenic 
recombinants analogous to the intra
genic chromosomal recombinants shown 
in the bottom illustration on page 74. 
vVe think that ss arose from an exchange 
between SI' and sd in which both mu
tated areas of the gene were replaced by 
normal sections, and that ac + arose by a 
similar exchange between aCl and ac� 

D ata of this kind make it possible to 
state that in Chlamydomonas the 

nonchromosomal genes we have been 
studying are particles carrying primary 
genetic information. Each gene is pres
ent in one copy or a few copies per cell, 
but the number may be different for 
different genes. The nonchromosomal 
genetic system, which constitutes a siz
able fraction of the organism's heredity, 
usually shows the characteristic mater
nal inheritance in crosses. Occasionally, 
however, nonchromosomal genes from 
both parents are passed to the progeny, 
where they segregate in subsequent cell 
divisions. 

The results show, moreover, that the 
nonchromosomal genes are not distrib
uted at random during cell division but 
by means of a highly oriented mech
anism. This is demonstrated first of all 
by the fact that each nonchromosomal 
gene, although present in only one copy 
or a few copies, is transmitted regularly 
at each cell division. Second, the mu
tated and normal forms of nonchromo
somal genes behave like alleles when 
they are present together in the same 
cells, segregating so that each daughter 
cell gets at least one of them. Finally, 
intra genic recombination between non
chromosomal alleles requires some kind 
of consistent close pairing of two struc
tures in order for a precise exchange of 
precise portions of a gene to take place. 

The occurrence of close pairing also 
says something about the chemical com
position of nonchromosomal genes. At 
the present time the nucleic acids are 
the only large molecules known to have 

If you love children, your heart will go out to Tommy 
Littleraven, a 9-year-old American Indian boy who is 
attending school off the reservation for the first time. Going 
to school in town frightens Tommy. He is afraid that his 
non-Indian schoolmates are laughing at his tattered cloth
ing, at his faulty English. 
He yearns to join the school club, buy personal books, 
clothing, go out for a soda with the other boys. But his 
parents are too poor to give him pocket money. And so 
Tommy wanders off by himself and dreams that someday 
he will have the money to do what his non-Indian school
mates do. 

if you love children 
Make a dream come true! You, your school or group can make this dream 
come true for an Indian child like Tommy. Contribute $12.50 a month and provide one 
Indian youngster with suitable clothing, personal books and a cash allowance. You will 
receive the photograph and story of the child you help and enjoy a warm person-to-person 
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the physical and chemical potentialities 
for the close pairing and intramolecular 
exchange implied by the recombination 
process. We therefore consider our ge
netic data the first evidence for the 
nucleic acid composition of nonchromo
somal genes. There is supporting evi
dence from biochemical studies. 

In most organisms the primary ge
netic material is deoxyribonucleic acid 
(DNA). Most of it is in the cell nucleus, 
but apparently not quite all of it. In the 
Chlamydomonas chloroplast we have 
found a DNA fraction with distinctive 
chemical and physical properties. We 
can distinguish it from nuclear DNA be
cause various DNA's differ in what is 
called their base composition. All DNA 
contains the same four bases in two 
linked pairs: the base adenine paired 
with thymine and guanine paired with 
cytosine. The two pairs occur in differ
ent proportions, however, in DNA from 
different organisms or even from differ
ent parts of the same cell. The base com
position is reflected in the density of a 
DNA sample, so it is possible to separate 
two DNA's by spinning them in a high
speed centrifuge. When DNA is centri-

4.5 

4 

fuged and its fractions are tested for ul
traviolet absorption at 260 millimicrons 
(the wavelength most readily absorbed 
by DNA), the optical density of each 
fraction shows its DNA content. When 
we centrifuge an extract of DNA from 
whole Chlamydomonas cells, we find 
two DNA's, one of them a light fraction 
that accounts for only about 5 percent 
of the total. When we test an extract of 
DNA from intact chloroplasts, this light 
fraction accounts for about 40 percent 
of the total [see illustration below J. It is 
clearly a special chloroplast DNA. 

Chloroplast DNA has now been found 
in a number of other algae and in higher 
plants. Similar "satellite bands" of non
nuclear DNA are observed in extracts 
from some animal cells. Recently David 
J. L. Luck and Edward Reich of the 
Rockefeller Institute have for the first 
time been able to demonstrate directly 
that DNA is localized in mitochondria, 
which are common to all plant and 
animal cells. 

The existence of both extrachromo
somal genes and extranuclear DNA calls 
for a new and sharply revised pic
ture of cell heredity. Primary genetic 
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CHLOROPLAST DNA, or deoxyribonucleic acid, is demonstrated by measuring the optical 

density in the ultraviolet of fractions of two DNA's: an extract from whole cells (black 

curve) and one from chloroplasts (color). A light fraction, about 5 percent of the whole

cell DNA, accounts for much of the chloroplast DNA: it must be localized in that organelle. 
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information is apparently distributed at 
many sites within cells in addition to 
sites on the nuclear chromosomes. How 
many sites there are and how many ge
netic systems and what their chemical 
identity is remain open questions. Be
cause a substantial fraction of the non
chromosomal genes studied so far influ
ence the functioning of chloroplasts and 
mitochondria, it seems a fair possibility 
that organelle DNA may be the carrier 
of some nonchromosomal genes. No ex
perimental evidence has yet demon
strated, however, that organelle DNA 
has a genetic role. Nonchromosomal 
genes carried elsewhere in the cell could 
influence the activity of an organelle, so 
the mere fact that a nonchromosomal 
gene affects the development of a chlo
roplast, for example, proves nothing 
about the location of that gene. More
over, a number of chromosomal genes 
are known to influence the function of 
chloroplasts and mitochondria. 

Some investigators have reasoned 
from the available data that the chloro
plasts and mitochondria must be self
replicating bodies, but I do not think the 
significant question is whether or not 
organelles are autonomous. The smallest 
self-replicating unit is the cell; subcel
lular organs are only components of a 
highly integrated system. The problem 
is rather: How do the chromosomal and 
nonchromosomal genetic systems inter
act and what is the particular role of 
each gene in each system? 

It seems likely that nonchromosomal 
genes affect other subcellular systems 
as well as the chloroplasts and mito
chondria. The sd and sr genes in Chlam
ydomonas, for example, appear not to 
affect either of these organelles. We 
have been trying to find out if it is the 
ribosomes that are affected by the muta
tions. Our evidence indicates that ribo
somes of the sd and Sl" strains do not 
differ from those of the wild-type ss 
strain in their protein-synthesizing abil
ity in the presence of streptomycin, so 
apparently these genes are not acting at 
the level of ribosome formation. It seems 
likely, therefore, that there are sites of 
nonchromosomal gene action other than 
the chloroplast, the mitochondrion and 
the ribosome. I should also point out 
that none of our results precludes the 
possibility that cells contain still other 
genetic systems not based on nucleic 
acids and that hereditary mechanisms 
may involve principles as yet unknown. 

The further analysis of nonchromo
somal heredity will require the applica
tion of methods similar to those devel
oped for the chromosomal system. The 
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inherent power and high resolution of 
genetic analysis ensure its continuing 
usefulness; provided that genes can be 
made to mutate, they can be identified 
even if they exist at concentrations far 
below the resolving power of physical or 
chemical methods. At the same time the 
identification of extranuclear DNA has 
opened the way to a correlated line of 
investigation, and future studies of non
chromosomal genes will require the 
most intimate interlocking of evidence 
from these complementary disciplines. 

What is the significance, Rnally, of 
the existence of more than one ge

netic system in cells, systems operating 
with some local autonomy? Are the 
cytoplasmic systems vestigial remnants 
of primitive forms of life or even, as has 
also been suggested, the remains of 
what was initially some kind of parasitic 
invasion of cells? I think the nonchromo
somal systems must, on the contrary, be 
playing an essential role in the life of 
modern cells, or they would long since 
have disappeared. I think, moreover, 
that they played a role from the very 
beginning. Life began, I would specu
late, with the emergence of a stabilized 
tripartite system: nucleic acids for repli
cation, a photosynthetic or chemosyn
thetic system for energy conversion, and 
protein enzymes to catalyze the two 
processes. Such a tripartite system could 
have been the ancestor of chloroplasts 
and mitochondria and perhaps of the 
cell itself. In the course of evolution 
these primitive systems might have co
alesced into the larger framework of the 
cell, in which most of the primary ge
netic information was shifted to spe
cialized structures: the chromosomes. 

Why was all the genetic information 
not shifted to the chromosomes? I think 
the answer may lie in the cell's require
ments for flexibility in growth. Chromo
some replication is closely geared to the 
cellular division cycle, but organelles 
seem not to be governed entirely by that 
cycle; to some extent chloroplasts and 
mitochondria grow independently of cell 
division in direct response to environ
mental stresses. The same may be true 
of other cytoplasmic systems. Under 
these circumstances it may be desirable 
that some of the genetic information 
involved in organelle development be 
free to replicate at times different from 
those at which the chromosomal DNA 
does. The nonchromosomal genetic sys
tems, then, may be of continuing 
importance in providing flexibility for 
organelle growth in response to a 
changing environment. 

The Mobius loop has fascinated mathematicians and parlor magicians 
for years. At Sandia, researchers recently discovered that it also forms 
the basis for excellent nonreactive resistors. An elementary Mobius 
resistor can be made by adhering two I-foot strips of aluminum tape 
to opposite sides of a dielectric ribbon (1), twisting these a half turn 
(2) and joining their ends. Current leads soldered to opposite surfaces 
of the loop (3) complete the unit. The design formulas governing this 
basic configuration permit endless variations in performance, size, 
and shape. Besides being nonreactive, Mobius resistors will not couple 
to metallic objects, external fields, or themselves, nor will handling, 
folding or winding disturb the balance. 

Sandia scientists and engineers work in many fields, including: test 
equipment design, reliability studies; component development; aero
thermodynamics; and aerospace nuclear safety. 

Sandia Corporation is a Bell System subsidiary and a prime contractor 
of the Atomic Energy Commission engaged in research, design and 
development of the non-nuclear phases of nuclear weapons. With 
Sandia you would work in Albuquerque or in Livermore in the San 
Francisco Bay area. 

Sandia recruits on many major campuses and is primarily interested 
in recent and current outstanding graduates in many of the engineering 
and scientific disciplines at all degree levels. Consideration of applicants 
is based solely on qualifications and without regard to race, creed. 
color or national origin. U. S. citizenship is, however. required. For 
current opportunities, contact the Sandia recruiter at your college or 
write Professional Employment Organization 3151, Ref. 569-3, Sandia 
Corporation, Box 5800, Albuquerque, New Mexico, 87115. 

ALBUQUERQUE, NEW MEXICO / LIVERMORE, CALIFORNIA 
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A world of experience 

in INDUSTRY 

MARKETING ORGANIZATIONS ... Communication/com
putation/control systems to provide widespread opera� 
tions with sales results, inventories, payrolls, research . . •  

instant communication and processing of these and other 
elements essential to a modern marketing operation. 

To many kinds of industries in the 

world's free countries, Collins is 

applying Information Science ... 

combining automatic communica

tions, computation and control 

equipment into total systems, cus

tom-designed to meet varied and 

exacting requirements. 

COMMERCIAL RADIO BROADCASTING ' . • •  Complete systems, including 
studio, transmitting and antenna systems ... serving the listening public 
in virtually every country of the world. 

HEAVY INDUSTRY ... Systems 
plus programming techniques 
designed for materials control, 
inventory control, design con· 
trol, process automation . . .  
and similar control o f  other 
processes essential to a mod
ern production operation. 

RAI LROADS . . .  systems for moni
toring reservations, traffic and 10· 
gistics; the most advanced methods 
in voice and teletype communi ca· 
tion; in data communication; in data 
switching and processing. 

ELECTRONIC MANUFACTURERS 
... Specialized electronic com

ponents manufactured by Collins 
are incorporated in equipment 
produced by electronic manufac� 

turers, large and small, through .. 
out the world. 
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AVIATION • • •  The most complete selection of 
airborne communication/computation/control 
equipment in the industry; microwave for air 
traffic control; data systems for reservations, 
traffic and logistics control; high frequency sys· 
terns for long-distance communication; radar 
for turbulence avoidance ... filling all these 
requirements for airline, executive and military 
aviation throughout the world. 

TELEVISION . . .  Microwave equipment to carry 
programs between cities, from studios to trans
mitters and for community TV systems, pro
viding reception outside normal areas; relay 
equipment to interconnect schools in state
wide networks for closed-circuit television in
struction. 

PETROLEUM INDUSTRIES • • •  Com
munication and remote control for 
pipeline operational functions; high 
frequency two-way communication 
between base stations and field lo
cations. 

GOVERNMENT, TOO • • •  All phases of communication/com
putation/control, applied to tactical operations and logistic 
control for world-wide military operations; for civil govern .. 
ments, too, in most countries of the free world. 

TELEPHONY AND TELEGRAPHY • • •  Microwave and multiplex equipments provide highly reliable 
circuits to carry voice and teletype messages throughout the world. 
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ALESSANDRO VOLTA 

I-Iis "pile," or battery, opened the age of electric power and settled 

his celebrated arguluent with Luigi Galvani. Curiously he then played 

no part in the epochal developments that his invention made possible 

I
t is difficult to appreciate now, when 

electricity is so commonplace, what 
a marvel and mystery it was only 

200 years ago. By the same token it 
is not easy to evoke a clear picture of 
the situation that confronted the early 
investigators of electrical phenomena. 
Electricity manifested itself in ways 
that were sometimes dramatic but that 
were also somewhat peculiar, for ex
ample in lightning or in amber rubbed 
with wool. Ascertaining the laws that 
governed its behavior was a process of 
groping by trial and error aided occa
sionally by a Rash of intuition. 

One can recapture some of the mysti
fication of those times and some of the 
excitement of dispelling it by retracing 
the intellectual steps of an early inves
tigator of electricity. Such a man was 
the Italian physicist Alessandro Volta, 
whose involvement in a major contro
versy with his countryman Luigi Gal
vani led him to construct his famous 
"pile" -the first electric battery and the 
first source of continuous electricity. 
With this device he opened the age of 
electricity, although he himself took lit
tle part in the Rood of developments 
that followed quickly on his invention. 

Volta was born on February 18, 1745, 
in the ancient Lombard town of Como. 
He had four brothers, three of whom 
became priests, and four sisters, two of 
whom became nuns. His father, Filippo, 
had himself been in the Jesuit order for 
11 years before deciding at the age of 
41 to marry a girl of 19. Filippo Volta 
was of noble birth, but he was a poor 
manager of the family funds. Years later 
Alessandro wrote: "My father owned 
nothing except a small dwelling worth 
about 14,000 lire; and he left behind 
him 17,000 lire of debt." 

As a child Alessandro was a source 
of concern to his family. He seemed 
dull-witted and was so slow in learning 
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to talk (he said nothing until he was 
four) that his parents decided he was 
a mute. At four his mind ignited; by 
seven he was regarded as being excep
tionally bright in school. After Alessan
dro became famous his father said: "We 
had a jewel in the house but did not 
know it." 

Because of his family's straitened cir
cumstances Volta received his educa
tion through the endeavors of relatives 
in the church. From them and from his 
immediate family he was under pres
sure to enter the priesthood. He was in
tensely curious about natural phenom
ena, however, and by the time he was 
14 he knew that he wanted to be a phys
icist. He also expressed the opinion that 
there were so many priests, nuns, mon
signors and archdeacons in the family 
that it was unnecessary for him to aid 
in sanctifying it. 

Volta's early interest in nature did not 
detract from literary inclinations that he 
maintained throughout his life. His ex
cellent classical education had made 
him well versed in Latin poetry. He 
once composed a long Latin poem on 
nature and science; it dwelt particular
ly on the researches of Joseph Priestley 
and also praised Benjamin Franklin and 
James Watt. The poem has considerable 
literary merit; the ear attuned to Latin 
verse will detect in Volta's lines an echo 
of Lucretius. 

When he was 16, Volta was much 
under the inRuence of an older friend, 
the Canon Gattoni, who provided him 
with his first experimental equipment. 
Volta did not, however, share Gattoni's 
orthodox views. He went so far as to 
write his friend a long dialogue designed 
to prove the heresy that not only men 
but also animals have souls. 

The same adventurous turn of mind is 
apparent in Volta's first published scien
tific paper, De vi attractiva ignis elec-

trici (Concerning the attractive f01'ce of 
electric fire). Written when Volta was 
24, the paper was addressed to Giovan
ni Battista Beccaria, professor of phys
ics at the University of Turin and a 
prominent experimenter in electrostat
ics. In it Volta undertook to show that 
all electrical phenomena can be attrib
uted to one Ruid or force that is akin 
to, if not identical with, universal gravi
tation. 

That was the last of Volta's Rights of 
speculation. His basic drive was for ex
perimentation, and it soon led him to 
master the technique of basing conclu
sions on experimental findings. Even by 
the time his first paper was published 
he had been experimenting with elec
tricity for several years. He was 18 
when he began a correspondence with 
a respected French physicist and inves
tigator of electrical phenomena, the 
Abbe Antoine Nollet. 

Electrical science was of course in its 
infancy when Volta took it up. Sev

eral investigators had discovered during 
the preceding century that a number of 
substances behaved like amber when 
they were rubbed. In 1660 Otto von 
Guericke had built the first machine 
for generating an electric charge; it was 
a sulfur ball turned by a crank and 
charged by friction. In 1733 this inven
tion, together with the discovery four 
years earlier that electricity would Row 
from one place to another through a 
suitable conductor, led Nollet and 
Charles Fran<;:ois de Cisternay Du Fay 
to perform an engaging experiment that 
involved their own bodies. Du Fay was 
suspended horizontally by silk cords in 
a dark room and charged up with an 
electric machine of the von Guericke 
type; when Nollet touched him, he emit
ted large sparks. The experiment caught 
the fancy of the French court, where 
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LAST PORTRAIT OF VOLTA shows him in old age with repre

sentations of two of his inventions: the pile and the electrophorus. 
The date of the portrait and the name of the artist are unknown, 

although the time was about 1820. Volta died in 1827, aged 82. 
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VOLTA'S ELECTROPHORUS was his first important invention. 

He announced it in a letter of 1775 to Joseph Priestley, accompany· 

ing the letter with illustrations similar to these, which appeared in 

a publication of the time. The apparatus cousisted of a lower and 

an upper metal plate (A and C) separated by a disk (8) of 

nonconducting material such as resin. The resin was given a 

negative charge by friction, and a posItIve charge was induced 

in the upper plate when it was placed on the resin and then 

grounded and lifted off. Thereafter the upper plate could be 

charged repeatedly by placing it on the resin and lifting it. The 

electrophorus was thus a replenish able source of static electricity, 

which earlier investigators had obtained only by direct friction. 
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LUIGI GALVANI is portrayed as he appeared in middle age. He and Volta were long in 

dispute over what Galvani called "animal electricity" and Volta called "metallic electricity." 

slab of resin it used a thinner slab of 
weakly conductive material; as a re
sult the upper plate could pick up a 
very small electric charge. This device 
was a kind of microscope of electricity, 
and it was what first brought Volta's 
name to the attention of other men of 
science. Later Volta used the condens
ing electroscope to perfect an early form 
of the kind of electrometer that deter
mined an electric potential difference by 
balancing the electric force against the 
force of gravity. 

By this time Volta was making fre
quent and extended trips abroad, a cus
tom that brought him in contact with 
many prominent investigators and other 
figures. On one trip in 1771 he paid 
his respects to Voltaire, little imagining 
that not too long afterward Napoleon 
would stop in front of a wreath in
scribed "To the Great Voltaire" and 
strike out the last letters to make it "To 
the Great Volta." While on a trip in 
1789 Volta wrote home: "I have at last 
met the great Franklin." The acquaint
ances Volta made on these tours un-

86 

doubtedly helped to fortify his reputa
tion against the strains of the long con
troversy with Galvani. 

Galvani, who was a physician and 
professor of anatomy at the University 
of Bologna, had begun experimenting 
with electricity in 1780. His interests 
included the effects of electric dis
charges on the nervous system of the 
frog. He discovered quite by accident 
in 1786 that the amputated hind legs of 
a frog would kick convulsively if they 
were made part of an electrical circuit. 
(On the occasion of the discovery the 
circuit was closed by one of Galvani's 
assistants, who happened to touch the 
crural nerve of the frog with a scalpel 
at a moment when an electric machine 
nearby gave off a spark.) 

In many experiments with this phe
nomenon, extending over several years, 
Galvani found that it occurred when 
there was a nearby flash of lightning, 
and that the frogs' legs would twitch 
even in good weather if they were hung 
on an iron fence on a hook made of 
brass or copper. Pondering the phenom-

enon, Galvani recognized that it could 
be explained in one of two ways. Ei
ther electricity was a special animal 
property, in which case the outside in
fluences merely caused the property to 
manifest itself, or the contact of two 
metals brought on the kicking, in which 
case the legs merely acted as an indi
cator of an outside charge. Galvani de
cided that it was the former: the animal 
tissue contained a vital force, which he 
called "animal electricity." 

He published his results in 1791, and 
they created a sensation. Apparently he 
had found a key to the mystery of life. 
Among those impressed by the results 
was Galvani's friend Volta, to whom 
Galvani had sent one of the dozen copies 
of the paper, which he had had printed 
as a pamphlet. 

� first Volta thought, with Galvani, 
that there was some kind of elec

trical disproportion between nerve and 
muscle, and that when metal connected 
the nerve and muscle of a frog's leg, the 
balance was restored. As Volta experi
mented with the phenomenon, however, 
he began to have doubts. He observed 
that muscles would contract even when 
they were not part of an electrical cir
cuit; they did so when electric contacts 
were merely applied to the nerve. Grad
ually he came to the view that more at
tention should be paid to the role of the 
metals. 

The story has been told many times 
as a beautiful example of nature taking 
good sense by the hand and guiding it 
to discovery. This concept, however, 
does less than justice to the fearfully in
tricate situation with which the experi
menters were confronted. True, there 
were lucky breaks, such as the discovery 
that the contact of copper hooks and 
iron railings gave the best contraction of 
the frogs' legs. That looks decisive now 
but it did not then. The situation re
mained a jungle of possibilities. 

Such was the setting for one of the 
great decisions of history, a decision 
that involved nothing less than the 
turning point of the scientific revolu
tion. vVas the new force of the electric 
current a special aspect of life or did it 
arrive to found the technological era? 
To whom was to belong the only form 
of immortality permitted by fast-rolling 
oblivion, namely posterity's choice of his 
name to designate the fundamental elec
tric unit? 

It was only historic justice that the 
decision fell to Volta. Whereas Galvani 
stood for the old kind of biological sci
ences, Volta was the new kind of physi-
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cist: quantitatively minded, even if he 
had no mathematics, and a master of 
the new experimental approach. He also 
had the modern ruggedness. Whereas 
the sensitive, tormented Galvani was a 
born victim of circumstances, Volta had 
the gift of impassive adjustment. On the 
advent of French power in Italy in 
1796 Galvani refused the oath of alle
giance on conscientious grounds and 
retired to a silent poverty, from which 
he was rescued too late by the generosity 
of the conqueror. Volta, although he 
resented the invasion, moved into the 
French orbit as soon as it was prudent 
to do so. That remained his pattern. 
Throughout his life storm upon storm 
of success was to break on that brow 
and leave it unlined. He went through 
life unmoved. 

In his years of trial after 1792, how
ever, he stood alone and found few 
to understand him. His opponent had 
taken 10 years to prepare his case, and 
the case was strong. Nature had even 
lQaded the dice in Galvani's favor, inas
much as there was in fact more than 

one electricity involved. There was an 
artificial electricity that could provide 
spectacular discharges, comparable to 
those of the electric eel, whereas it was 
still difficult to elicit even the smallest 
shocks and sparks from metallic elec
tricity. There was also the electricity of 
the tissues that is now recorded by elec
trocardiographs. It was, to be sure, a 
feeble kind of electricity, but on the 
other hand nature had provided the 
most sensitive electroscopes in the form 
of frogs' legs; natural, or metallic, elec
tricity did not get the right responses in 
the usual electrostatic instruments. Fi
nally, the picture was blurred by actions 
at a distance and induction not yet 
rightly understood. As soon as Volta 
thought he had found a secure starting 
point in the presence of a bimetallic 
arc, Galvani was able to cut the ground 
from under him by showing that mus
cular contractions could be elicited with
out any metal in the circuit. 

It took great firmness and clarity of 
mind to withstand the onslaught. "I 
know those gentlemen want me dead," 

Volta wrote to a friend in those days, 
"but I'll be damned if I'll oblige them." 
He had to work out his own electro
scopes to detect metallic electricity, 
namely the sensitive tissues of his 
tongue and his eye; he had to show that 
it was the nerves and not the muscles 
that were stimulated. He concluded his 
second memoir firmly: "It is the differ
ence of metals that does it." 

purSUing this approach made it neces-
sary for Volta to rebuild the whole 

structure of electrical concepts. It was 
here, in particular, that he had to define 
tension and distinguish it from quantity. 
"The quantity of electricity," he wrote, 
"which is put in motion by the contact 
of metals is not small, it is in fact con
siderable, but the current has so little 
tension that it gives no signs on the elec
trometer, and can be easily stopped by 
poor conductors. It is an ample flow, but 
a gentle one." This statement was de
scriptively perfect. 

To Galvani's master argument that 
removed metals altogether, Volta re-

EXPERIMENTS BY GAL V ANI with frogs' legs are depicted in 

this engraving, which was one of fonr accompanying his publica. 

tion of the results in 1791. He had found that dissected frogs' legs 

would twitch when touched by metal in the presence of electricity. 

Among his sources of electricity were an electrostatic machine, 

shown at left on the table, and a Leyden jar, at right on the table. 
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FIRST ELECTRIC BATTERY, which Volta called "pile," is shown 

in the illustration that accompanied his announcement of the in· 

vention. The announcement was in the form of a letter to Sir Joseph 

Banks, president of the Royal Society of London; the letter was 

published in the Philosophical Transactions of the Royal Society 
in 1800. At top the battery appears in a form that Volta called a 
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"chain of cups." It consisted of dissimilar metals, such as silver 

(designated "A" for "argentum") and zinc (Z), immersed in salt 

water; "they are made all to communicate by forming them into a 

sort of chain, by means of so many metallic arcs." The lower figures 

show aspects of the "columnar" form of the battery, in which silver· 

zinc couples were separated by disks of moistened. pasteboard. 
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plied by extending the concept of con
ductor and motor contact to bodies of 
the second class, as he called them, 
namely liquids. This concept led him to 
the problem of adding electromotive 
forces in chains of conductors. By mov
ing now from electrokinetics to electro
statics, by ingeniously juggling his inad
equate instruments and his puny charg
es, he managed at last to build up his 
pure contact forces to a tension detect
able in the electrometer. Again it was a 
measuring procedure that led him to his 
goal. After having searched for two 
years for a means of multiplying the 
contact tension of metals by adding up 
contacts, he hit on his idea of the bat
tery, which he communicated to Sir 
Joseph Banks, president of the Royal 
Society, in a letter dated March 20, 
1800. The battery was originally a pile 
of disks: copper-zinc couples, each sep
aJ'ated from the next by a disk of card
board moistened with acidulated water. 
The 10-year battle had been won: elec
tric power had come into the world. 

Volta and Galvani both had their 
greatness and their limitations. Just as 
the unfortunate Galvani had invented 
galvanic electricity and believed its na
ture to be animal-a misconception that 
led his followers into the sands of vital
istic quackery and almost killed his dis
covery-so Volta in saving that discov
ery had actually discovered electro-
chemistry without knowing it. He Interpretation by William Thonson 

stopped in sight of the promised land. 
He left it to Anthony Carlisle and Wil-
liam Nicholson of England to achieve 
within a few weeks the electrolysis of 
water. They had only to read the letter 
to Banks and build a battery. Volta Reactor 
never cared to venture into the immense Materials 
new field. It is strange to think that he Evaluation 
was still in his robust fifties when the 
tide of electrochemical discoveries broke 
on the world, when Humphry Davy 
electrolyzed the alkalies and produced 
the voltaic arc. 

It is noteworthy that in a famous 
demonstration of the pile in Paris in 

1801, with Napoleon present, Volta 
gave an absurd amount of attention to 
the ways of making his battery assume 
the appearance of an electric eel by 
dressing it in a skin. This was not silly 
gadgeteering, nor was it the cultural 
lag that made the creators of the rail-

1 way try to imitate the coach-and-four. OS \ 
It was the final settling of the old quar-
rel with Galvani about animal electric-
ity. Galvani's articulate nephew Giovan- T i 

PROBLEM: The application 

of electron microscope and 

metallographic techniques 

to the basic analysis of the 

microstructure of high

temperature, gas-cooled, 

graphite reactor components. 

Of particular interest are fuel 

migration, matrix integrity, 

and cladding efficiency. This 

is typical of many such 

problems facing the materials 

evaluation scientists in the Los 

Alamos Scientific Laboratory. 
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ni Aldini had still been defending the 
cause of galvanism after Galvani's 
death, so Volta had reason for his atti-
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tude. He had knocked down the idea, 
but he still had to drag it out. 

It would be easy to conclude that 
this last act of the episode is an exam
ple of a mind remaining polarized on 
its moment of creation. Yet nothing in 
history is as simple as that. One should 
see that Volta had to go on playing his 
part in the drama. He had conquered a 
strongpoint; it then became his business 
to hold it in the troubled times ahead. 
That was why his thought continued to 
have a powerful influence on the next 
generation. He stood for good method 
against adventure. 

Davy, as early as November, 1800, 
had concluded that the power of action 
of the battery is "in great measure pro
portional to the power of the conducting 
fluid substance between the double 
plates to oxydate the zinc." Volta, how
ever, had already taken the position 
that the mere contact of two metals was 
enough. In fact, he supplied what 
seemed to be a convincing proof. Tak
ing a disk of copper and one of zinc, he 
held each by an insulating handle and 
applied them to each other for an in-

stant. After the disks had been separat
ed, the electroscope showed that they 
were electrified with opposite signs. 
Volta fully understood the phenomenon 
and explained the impossibility of con
structing a pile from disks of metal 
without making use of moist separators. 
He showed in 1801 that, in a pile of 
disks of different metals in direct con
tact, the disks at the top and the bot
tom of the pile will be in the same state 
as disks in direct contact. For him the 
moist layers only played the part of 
conductors. 

How, then, did he conceive the op
eration of the pile? Consider first a 
disk of zinc laid on a disk of copper 
resting on an insulated support. One 
may assume, from the single-fluid the
ory that Volta had learned from Frank
lin, that electricity will be driven from 
the copper to the zinc. One may then 
represent the tension of the copper as 
-1/2 and that of the zinc as + 1/2, the 
difference being arbitrarily taken as 1, 
and the sum, because of the insulation, 
as O. In this line of reasoning Volta was 
using "tension" for an amalgam of two 

ideas that today are distinct, namely 
charge and potential. 

Now, if one places another disk of 
copper on top of the zinc, with moist 
pasteboard between, there will be con
tact only through the moist conductor, 
and the copper will receive a charge 
from the zinc. The states will be repre
sented by -2/3 for the bottom copper 
disk, + 1/3 for the zinc and + 1/3 for 
the top copper disk, giving a sum of 0 
as before. If one places another disk of 
zinc atop the pile, the states will be rep
resented by -1 for the bottom copper 
disk, 0 for the intermediate pair of 
disks and + 1 for the top zinc disk. This 
is how the tension will increase as the 
pile is built up. 

It is clear that the image behind the 
theory is that of the Leyden jar, an 
early form of the condenser. The ex
perimenter will receive the shock of a 
discharge when he touches the top and 
bottom disks. The great difficulty that 
remained (and Volta was aware of it) 
was that the pile does not discharge it
self as a condenser does; it maintains its 
state. "This endless circulation or per-

ELECTRIC ARC LIGHT, which became known as the voltaic arc, 

is shown as demonstrated by Humphry Davy at the Royal Institu

tion in London. His source of power was a 2,OOO-cell voltaic battery 

built in the basement with money from public subscription. He 

used charcoal electrodes to produce the arc; a contemporary ac

count said the light was "so intense as to resemble that of the sun." 
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petual motion of the electric fluid," 
Volta wrote, "may seem paradoxical, 
and may prove inexplicable, but it is 
nonetheless real." His neat mind re
coiled from the obscurities of chemical 
action. This was true even when he 
came to deal with it in explaining that 
bane of early experimenters: the polar
ization of batteries. Yet he went on 
avoiding the thought of any link between 
chemical change and electric force. 

Volta's rigor may appear obdurate 
and sterile to the modern mind armed 
with hindsight. No doubt it did bar him 
from the exciting realm of new discov
eries that blossomed during his lifetime. 
One should consider, however, how be
wildering the situation in electricity was 
then, and what misleading speculations 
it could prompt in lieu of sound theo
ries. Volta stood for clarity and pru
dence. The same virtues that had guid
ed him surely through the jungle of 
galvanism now acted as a brake. 

Typically enough, at 50, when he had 
completed his work, Volta made up his 
mind to marry. Even more typically, he 
went to two of his clerical friends for 
advice. For 25 years he had had a 
liaison with a well-known singer known 
as Mademoiselle Paris; should he regu
larize the situation? One of the clerics 
thought he should. Volta, however, had 
habitually followed the advice of a 
brother who was an archdeacon. Tak
ing the brother's advice, he married a 
woman of good family; she has been 
described as ill-favored but implacable 
in the administration of the family es
tate. Volta now settled down to a new 
life as a father, a senator and eventual
ly a count of the Napoleonic empire. 

One should probably not call him to 
task for the accommodations of his old 
age. With the fall of Napoleon, Volta 
did what everyone else in his region 
did: he quietly returned to being a 
good Austrian subject. The Austrians 
were old protectors, after all, and they 
were ready to forgive. Volta was not of 
the stuff that martyrs are made of, and 
the new time of nations in their bilth 
pangs-with its heroic stands, its exiles, 
its romantic dreams and its braving of 
police persecution-was not for him. He 
was a man of the old order and wanted 
to live out his time on his country es
tate in Camnago. It was, perhaps, a not 
unattractive end. There is poetic sym
metry in the fact that the protagonist 
in the most far-reaching of all revolu
tions-compared to which the whole 
Napoleonic adventure was mere sound 
and fury-should have been a quiet con
servative. 

This photograph was taken with a Questar 
telescope. We think no other instrument 
could show such sharp detail. 
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Questar, which requires no tripod for most pur· 
poses. Prices begin at $795. Send for your copy 
of the new 4O-page booklet with 8 pages of 
color and much general information, with essays 
on optics, seeing and telescopic photography. 
One dollar postpaid in U.S., Mexico and 
Canada. By air to West Indies and Central 
America, $2.30. By air to Europe, N. Afri�a and 
S. America, $2.50. By air to Australia and else
where, $3.50. 

QUIESTA� 
BOX 20, NEW HOPE, PENNSYLVANIA 
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THE EVOLUTION OF INTELLIGENCE 

It has been assumed that the intelligence of animals on variOUS rungs 

of the evolutionary ladder differs only in degree. New experiments on 

animals from fish to monkey show that the differences are qualitative 

S
uppose an animal is given a choice 

between two alternative courses 
of action, one of which is rewarded 

consistently and the other never. If the 
alternatives are readily discriminable, 
the animal will, after a number of trials, 
develop the habit of choosing the re
warded one. By plotting trials against 
errors, the experimental psychologist 
constructs a curve called a learning 
function that summarizes the course of 
the animal's mastery of the problem. 

It has been known for some time that 
learning functions based on such simple 
problems do not differ significantly 
among diverse animals; the curves for 
a monkey and a fish, for example, have 
a similar shape. This fact, implying 
some intellectual continuity throughout 
the evolutionary hierarchy of animals, 
tended to corroborate a theory of an
imal intelligence that prevailed during 
the first half of the 20th century. 

According to this theory, an animal 
is born with tendencies to react in cer
tain ways to certain stimuli-tendencies 
based on inherited neural connections 
between sensory and motor systems. 
The animal's ability to learn is simply 
its ability to modify these connections 
(to break some and to form others) as 
needs and circumstances dictate. Dif
feJ'ences in intelligence from species to 
species are differences only of degree. 
The higher animals can form more con
nections than the lower animals because 
of better sensory and motor develop
ment and because their nervous sys
tems afford more elements for this pur
pose. Hence the evolution of intelligence 
merely entails refining old processes and 
replicating old neural equipment. 

Since learning was thought to involve 
qualitatively similar processes through
out the evolutionary hierarchy it seemed 
that there was nothing to be gained 
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from studying many different species, 
and that there was much to be lost 
in terms of experimental efficiency. At
tention became concentrated on a few 
mammals-primarily the rat-selected 
for reaS0ns of laboratory custom or con
venience and treated as being represent
ative of animals in general. The num
ber of animals under study narrowed, 
and so did the likelihood of discovering 
any differences that might in fact exist. 

The investigations I have been con-
ducting for several years with my 

associates at Bryn Mawr College were 
inspired by the conviction that the 
traditional theory called for more criti
cal scrutiny than it had received. We 
began with the knowledge that the 
simplest problems would not serve 
to reveal distinct modes of intelligence 
and different neural mechanisms at work 
in various animals. Hoping that experi
ments based on more complex problems 
would point to such differences, we 
complicated matters for our test animals 
by introducing certain inconsistencies 
in reward. Thus we developed several 
kinds of experiment on which our di
verse subjects (monkey, rat, pigeon, tur
tIe and fish) gave diverse performances. 
The two I shall describe in this article 
are habit-reversal and probability
learning experiments. 

In habit-reversal experiments animals 
are rewarded for choosing alternative 
A rather than B until a preference for 
A has been established, then B rather 
than A is rewarded. When a preference 
for B has been established, A is again 
rewarded, and so forth. Trained in this 
way, a rat or monkey shows a steady 
improvement in performance. It may 
make many errors in mastering early re
versals, persisting in the choice of pre
viously rewarded alternatives, but as 

training continues it shifts its preference 
more and more readily. A fish, in con
trast, shows no improvement at all; later 
reversals are accomplished no more 
readily than earlier ones. 

Although the various sensory, motor 
and motivational characteristics of the 
five species we have been studying call 
for different experimental environments, 
we have been able to keep certain ele
ments of the test apparatus analogous. 
In each case the animal is confronted 
with a pair of translucent Plexiglas 
panels on which various colors and pat
terns are projected from behind, and it 
makes a choice by pressing against one 
or the other of the panels in its own 
way: the fish strikes or bites, the pigeon 
pecks, the monkey pushes with its hand, 
the turtle or the rat presses with its 
head or forefoot or both. A correct 
choice is rewarded with food (a Tubifex 
worm for the fish, a bit of fish for the 
turtle, some grain for the pigeon, a 
pellet of sucrose for the rat, a peanut 
for the monkey), after which there is 
a brief interval of darkness and then 
the next choice is offered. If the ani
mal makes an incorrect choice, there 
is a six-second interval of darkness 
(called a "time-ouC), after which the 
correct panel alone is illuminated (a 
procedure called "guidance") and the 
animal is rewarded for responding to it. 
Guidance after error guarantees that the 
animal will not stop responding alto
gether in the course of a reversal before 
it has had a chance to learn that the 
previously unrewarded alternative now 
is rewarded. The time-out between error 
and guidance delays access to the re
ward and thus penalizes precipitous, 
undiscriminating choice. Without the 
time-out it would not matter much to 
the animal whether its choices were 
correct or not. 
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RESPONSE CIRCUITRY 

FISH IN A DISCRIMINATION TANK is presented with a visual 
problem in which the lights projected on two stimulus disks are 
differently colored. By pressing its head against the proper disk 

AUTOMATIC REWARD DEVICE 

the fish triggers an automatic reward device: the pincers above the 
eyedropper (top right) close, squirting a Tubi/ex worm into the 
tank. The experimental apparatus was designed by the author. 

93 

© 1964 SCIENTIFIC AMERICAN, INC



PIGEON MAKING A CHOICE is offered two visually distinct stimuli. (The center light is 

used in another type of test.) If the correct choice is made, some grain is presented in 

the rectangular opening. The experimental sequence is programmed by relay circuitry. 
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The entire experimental sequence is 
programmed by some simple relay cir
cuitry and the responses are graphically 
recorded. With this introduction of auto
matic control and the removal of the ex
perimenter there is a gain in objectivity: 
the animals can no longer be influenced 
by features of the experimenter's be
havior. The task of data collection also 
becomes less arduous and can be en
trusted to a co-worker of limited train
ing, who can take data from several 
subjects concurrently. 

In our experiments we employ both 
spatial and visual problems. A spatial 

problem is one in which the alternatives 
are identical to the eye (that is, the 
stimuli projected on the two Plexiglas 
panels are the same) and reward is cor
related with the position of the panel. 
A visual problem is one in which the 
alternatives look different-blue light 
and green light, for example, or a tri
angle and a circle-and reward is cor
related with appearance, regardless of 
position. The results of experiments 
based on spatial and visual problems 
can be plotted in comparable fashion, 
as the two graphs on page 97 indicate. 

The experiment that provided the 
data plotted in the top graph was con
ducted with rats. Each animal was given 
40 trials per day and was reversed 
whenever it made no more than six er
rors on any given day. The curve traces 
the average number of errors made in 
accomplishing each reversal by the 
group of rats tested. It reveals that the 
original problem (Reversal 0) was mas
tered with few errors, that the first re
versal was mastered with difficulty and 
that adjustment to succeeding reversals 
was progressively less difficult. The bot
tom graph shows a similar progressive 
improvement in habit reversal made by 
pigeons as they were confronted with a 
visual problem. The plot of average er
rors per reversal points to a stage of in
creasing difficulty followed by a stage of 
steady improvement. Both for the pi
geon and for the rat the first reversal is 
usually the point of maximum difficulty 
in spatial problems; the point of maxi
mum difficulty tends to occur later in 
visual problems. 

The fish follows a markedly different 
pattern. Neither of the two types of 
fish used in our experiments has shown 
progressive improvement in habit re
versal. In two representative experi
ments fish were tested on spatial and 
visual problems, and each animal was 
reversed whenever it made six or fewer 
errors on a given 40-trial day. 'When 
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we plot the results in terms of average 
errors per reversal, both curves rise 
from the original problem to the first 
reversal but then fail to decline with 
continued training [see upper illustra
tions on page 98]. 

Before we can conclude that the fish 
is incapable of improvement in habit re
versal, two other possibilities must be 
considered. The first is that the fish is 
in fact capable of progressive improve
ment, but only after more reversals than 
higher animals require. This possibility 
seems unlikely; in experiments with fish 
as many as 150 reversals have failed to 
yield evidence of improvement. Another 
possibility is that the conditions under 
which the fish has been tested are to 
blame for its poor showing, that the 
difference in performance is to be traced 
not to a difference in capability but to 
an inequality in some contextual vari
able such as sensory demand, motor 
demand, degree of hunger or attract
iveness of reward. 

�though the environments we con-
struct for the various animals are 

roughly analogous, there is no way of 
equating them exactly with respect to 
such variables. Do a fish and a pigeon 
distinguish between a pair of red and 
green lamps with equal ease? Probably 
not. Does a Tubifex worm have the 
same reward value for a fish that a 
sucrose pellet has for a rat? Probably 
not. We do not know how to select 
stimuli that will be equally discrimina
ble or rewards that will be equally at
tractive. Can we ever, then, rule out the 
possibility that a difference in perform
ance of two different animals in such an 
experiment stems from a difference in 
some confounded contextual variable? 

Fortunately, yes, thanks to a tech
nique known as systematic variation. 
Consider, for example, the hypothesis 
that a fish fails to show progressive im
provement in a given experiment be
cause it is far less hungry (or far more 
hungry) than a rat that does show im
provement. This hypothesis implies that 
at some level of hunger the fish will 
show progressive improvement. Thus 
we can test it-although we cannot 
produce in the fish the precise de
gree of hunger in a given rat-by 
repeating the experiment with subjects 
of widely different degrees of hunger. 
Hypotheses about other contextual vari
ables have been tested by similar sys
tematic variation. Progressive improve
ment in habit reversal has been sought 
without success in the fish under a wide 
variety of conditions, whereas the rat 
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GUIDANCE is offered an animal after it makes an incorrect choice, as the pigeon has done 

on its first trial (top le/t), No reward is given and the lights go out in the box for six sec· 

onds (top right). Then the correct panel alone is lighted and the pigeon is rewarded for 

pecking at it (2). Thereafter the pigeon is shown selecting the proper panel even when faced 

with the wrong alternative (3) or a change in the position of the correct panel (4 and 5). 
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and the pigeon do progress under an 
equally wide range of conditions. In
deed, it is difficult to find a set of con
ditions under which the pigeon and the 
rat fail to show improvement. 

The results of experiments on habit 
reversal in the painted turtle are in 

a sense intermediate between those for 
the fish on the one hand and those for 
the pigeon and the rat on the other. In 
spatial problems the turtle shows pro
gressive improvement; in visual prob
lems it does not. The data from two re
cent experiments with turtles, one group 

RAT SOLVING A SPATIAL PROBLEM is confronted by two visually identical stimuli. 

The rewarded alternative is determined by its position. When the animal chooses correctly, 
a sucrose pellet drops into the cup between the panels. The rat then initiates the next trial 

by going into the other section of the box and pulling a lever on the wall (bottom). 
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trained in a spatial problem and the 
other trained in a visual problem, are 
plotted at the bottom of page 98. Both 
curves give the average number of er
rors made per reversal. The curves rise 
from the initial presentation of the prob
lem to the first reversal; then the spatial 
curve declines but the visual curve does 
not. We conclude simply that experi
ments on habit reversal tap an intellec
tual capability of higher animals that is 
not at all developed in the fish and is 
manifested by the turtle only in a re
stricted class of problems. 

O ther intellectual differences between 
our test animals appear when the 

rewarded alternative is changed within 
a given trial session (not from session 
to session). Experiments involving this 
technique are called probability-learn
ing experiments. In a typical probabil
ity-learning experiment alternative A 
would be rewarded on, say, a random 
70 percent of the trials and B would be 
rewarded the other 30 percent. As in 
experiments on habit reversal, we con
front the animal with either a visual 
task or a spatial one. vVe can employ 
either the guidance method (in which 
an incorrect choice is followed by a 
time-out, presentation of only the cor
rect alternative and finally a reward) 
or the non correction method (in which 
the trial ends whether the rewarded or 
the unrewarded alternative is chosen). 
Trained without guidance, subjects of 
all species tend to "maximize," choosing 
the 70 percent alternative on all the 
trials. (An occasional subject comes to 
the situation with a preference for the 
30 percent alternative and persists in 
choosing it.) If guidance is used, how
ever, striking differences appear among 
the various species. 

Some representative results for the 
rat and the fish are presented in the 
two graphs on page 99. During the 
first stage of the experiments reflect
ed in the graphs the animals were 
trained on a visual problem-horizontal 
v. vertical stripes-by the guidance 
method. The choice of horizontal stripes 
was rewarded in 70 percent of the trials 
for the first 30 days and in 100 percent 
of the trials for the next 10 days. The 
rat tended to maximize under these con
ditions: after several days it began to 
choose the 70 percent alternative much 
more than 70 percent of the time; with 
the shift in the reward ratio to 100 per
cent the trend toward absolute prefer
ence continued as it might have even 
without the shift. In contrast, the fish 
showed a choice pattern we characterize 
as "matching." It began to choose the 
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70 percent alternative about 70 percent 
of the time after a few days of training, 
and when the reward ratio was shifted 
to 100 percent, it rapidly began choos
ing the rewarded alternative in every 
instance. In other words, the fish pro
duced a choice ratio that tended to 
match the reward ratio. We found that 
in spatial problems too the rat maxi
mizes and the fish matches as long 
as guidance is used (although without 
guidance both species tend to maxi
mize). 

vVhereas the rat and the monkey usu
ally maximize in experiments on proba
bility learning even when guidance is 
used, they sometimes show a correspon
dence between choice ratio and reward 
ratio of a rather different kind from that 
revealed by the fish. The mammals pro
duce a pattern of systematic matching. 
Occasionally, for example, a group of 
rats will choose the rewarded alterna
tive of the preceding trial. This tend
ency toward reward-following produces 
a 70 percent choice of the 70 percent 
alternative when the reward ratio is 70 
to 30, and a 50 percent choice of each 
alternative in a problem in which the 
ratio is 50 to 50. An opposite strategy
to avoid the rewarded alternative of the 
preceding trial-sometimes has been 
used by the monkey. No such systematic 
tendencies are reflected in the matching 
of the fish, which can be characterized 
as random. 

A pattern of random matching is also 
produced by the pigeon when it is tested 
on a visual problem. Since the rat ei
ther maximizes in such cases or begins 
reward-following, the experiments on 
probability learning have provided us 
with a clear functional difference be
tween the rat and the pigeon. 

Experiments on probability learning 
yield results for the turtle that are rem
iniscent of the result of experiments on 
habit reversal. The efforts of the turtle 
can be described as random matching 
in visual problems but maximizing or 
reward-following in spatial problems. In 
both kinds of experiment, then, its be
havior is ratlike in spatial problems but 
fishlike in visual problems. 

We can use such categories of intel-
lectual behavior (ratlike or fishlike) 

to tabulate the results of our experi
ments on habit reversal and probability 
learning. Such a table [second illustra
tion from top on page 100] suggests the 
following generalizations: As we ascend 
the evolutionary scale we do not find a 
pattern of intellectual continuity but one 
of discontinuity. Moreover, the modes of 
adjustment evolved by the higher ani-
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HABIT-REVERSAL EXPERIMENT involving a group of pigeons trained on visual prob

lems yielded the results summarized in this graph. The birds were given 40 trials per day. 

They made a mean number of 15 errors in mastering the original problem. Difficulty in 

coping with reversals continued past the first one, reaching a maximunt on the fourth 

reversal, when most animals had to be trained for six days before achieving reversal. 

mals appear earlier in spatial than in 
visual contexts. 

The monkey and the rat are not dif
ferentiated by the criteria used to con
struct our table. The two mammals do, 
however, show differences in their styles 
of probability learning, with the reward
following of the rat giving way in the 
monkey to the opposite strategy (avoid
ing the rewarded alternative of the pre
ceding trial). It is notable that this 
strategy of the monkey has been ob
served so far only in spatial problems, 
providing support for the generalization 
that as we go up the evolutionary scale 
new modes of adjustment appear earlier 
in spatial than in visual settings. 

The idea of advance has long been 

implicit in the idea of evolution. 'iVe 
are thus led to ask if the ratlike modes 
of adjustment are really effective in the 
sense that they help the animal to cope 
with its environment. Do they actually 
represent a higher intelligence? In gen
eral the answer is yes. Progressive im
provement in habit reversal represents 
a flexibility that cannot help but be 
of value in an animal's adaptation to 
changing circumstances. As for proba
bility learning, the ability to maximize 
produces a higher percentage of correct 
choices than does matching. In a prob
lem where the reward ratio is 70 to 30, 
for example, the probability of correct 
choice is 70 percent if the subject is 
maximizing but only 58 percent-(.70 X 
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.70) + (.30 X . 30)-for an animal that is 
matching. Systematic matching is no 
more successful than random matching 
by this criterion, and yet we know that 
human subjects employ systematic 
matching in trying to find a principle 
that will enable them to make the cor
rect choice 100 percent of the time. If 

the use of systematic matching by lower 
animals is based on some crude, stra
tegic capability, it represents a con
siderable functional advance over ran
dom matching. 

physiological differences. My colleague 
R. C. Gonzales has lately been conduct
ing experiments on habit reversal and 
probability learning with adult rats 
lacking extensive portions of the cere
bral cortex, a prominent feature of the 
mammalian brain that is absent from 
the brain of the fish and first appears 

Having found behavioral differences 
among the various types of animal, 
we are now trying to trace them to 
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MAXIMIZING is illustrated for rats (black curve) and fish (colored curve). The animals 

were trained on spatial problems in which one alternative was rewarded on 70 percent of 

the trials. The rat, after 10 days, chose the advantageous alternative almost invariably. The 

fish matched its choice ratio with the reward ratio for 20 days, at which time guidance was 

discontinued and it tended to choose the advantageous alternative on almost every trial. 

in the reptilian brain. The decorticated 
rats showed progressive improvement 
in habit reversal on spatial but not 
on visual problems. In experiments on 
probability learning they maximized 
on spatial problems but took to random 
matching on visual problems. The in
tellectual behavior of these decorticated 
rats was exactly like that of the turtle, 
an animal with little cortex. 

Summarizing the meaning of these ex
periments calls for sketching the origins 
of the study of animal intelligence. A 
century ago, as Charles Darwin devel
oped his theory of evolution, he denied 
not only the physical uniqueness of man 
but also the intellectual uniqueness. In 
doing so he used the only evidence 
available to him: episodes described by 

naturalists, hunters, pet-owners and zoo
keepers. It was not until the start of the 
20th century that the study of animal in
telligence was brought from the realm 
of the anecdote into the laboratory by 
Edward L. Thorndike, who was then 
working at Harvard University. Thorn
dike's experiments led him to deny the 
existence of intellectual uniqueness any
where in the evolutionary hierarchy of 
animals. It was he who set forth the 
theory that differences from species to 
species are only differences of degree, 
and that the evolution of intelligence 
involves only the improvement of old 
processes and the development of more 
neural elements. 

Our studies of habit reversal and 
probability learning in the lower ani-
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. DIFFERENCE IN INTELLIGENCE of the five animals studied by the author (column at 

left) are tabulated according to the subject's response to spatial and visual problems in 

experiments on habit reversal and probability learning. The behavior of each animal in 

each test situation is characterized as ratlike (progressive improvement in habit reversal 

and maximizing or nonrandom matching on probability.learning tests) or fishlike (no such 

improvement in habit reversal and random matching on probability.learning tests). 

mals suggest that brain structures 
evolved by higher animals do not serve 
merely to replicate old functions and 
modes of intellectual adjustment but to 
mediate new ones (a contradiction of 
the Thorndike hypothesis). Work with 
decorticated rats points to the same con
clusion. Yet it should be observed that 
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these recent studies represent a new 
turn in the investigative path founded 
by Thorndike himself. Clearly bring
ing the study into the laboratory was 
the real first step toward replacin g 
guesses with facts about the evolution 
of intelligence and its relation to the 
evolution of the brain. 

3 4 5 6 8 
NUMBER OF REVERSAL 

DECORTICATED RAT tested on visual problems showed no progressive improvement in 

habit reversal on the test summarized in this graph. The curve rises, then remains level. 
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AI Hirt swings out for United's Red, White & Blue! 

United's Red, White & Blue gives you the widest 
choice of jet services nonstop from coast to 
coast. The first choice is Red Carpet First Class, 
a new and luxurious experience in air travel. And 
United offers an exclusive extra choice, Stand
ard service-comparable to our distinctive One
Class service. The thrifty choice is United's 
Coach - there is no lower jet fare nonstop from 

coast to coast. 
AI Hirt has captured the verve and excitement 

of United's Red, White & Blue jet service in an 

original composition he wrote and recorded es
pecially for United. The tune is called "Red, 
White & Blue" and it's featured on his special 
RCA Victor album, "The High-Flying Trumpet of 
AI Hirt." The album also includes many other 
favorites of AI Hirt, such 

as: "Walkin' "; "I Can't Get 
Started"; "Muskrat Ram

ble"; "Talkin' 'Bout That 
River"; "Hello,  Dolly!"; 
"Down by the Riverside." 

UNITED 
'® 

THE NATION'S NUMBER ONE AIRLINE/KNOWN FOR EXTRA CARE 

p--------------------------------------------------------------

Mail coupon for AI Hirt Album and United's Red, White & Blue Story
only $1.50 mono, $1.75 stereo 

UNITED'S RED, WHITE & BLUE RECORD OFFER, P.O. Box 1101, Dept. SA-I, 
Indianapolis, Indiana 46206 

NAME 

ADDRESS 

CITY & STATE 

Yes, I want "The High-Flying Trumpet of AI Hirt." 

Please send me ____ mono albums @ $1.50 each. 
stereo albums @ $1.75 each. 

ZIP CODE 

I enclose ______ in cash, check or money order (payable to United Air Lines). 
------------------------------------------------------------- -
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HIGH-PRESSURE PRESS at the Lincoln Laboratory of the 

Massachusetts Institute of Technology was employed by the author 

and his colleagues in their experiments aimed at measuring the 

effect of high pressure on nuclear magnetic resonance in iron. The 

press is capable of generating and containing pressures as high 

as 65,000 atmospheres. The iron sample is encased in a cylindrical 
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carbide die (squat disk at center). Pressure is applied from above 

the sample by a movable carbide piston; an identical piston below 

the sample is stationary. The four coil springs, which serve to 

steady the upper piston, are each about eight inches long. Metallic 

foil is sometimes used for electrical shielding. Most of the pres

sure-generating machinery of the press is above upper piston. 
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Magnetic Resonance at High Pressure 

New tools for probing the electric and magnetic fields of individual 
atoms in a solid can detect changes in the electronic structure that 
take place when the atoms are forced closer together by high pressure 

I

n 1905 Percy W. Bridgman, then a 
23-year-old student in the physics 
department of Harvard University, 

had a fortunate accid-ent. He had con
structed a high-pressure chamber with 
a glass window for an optical experi
ment and was increasing the pressure of 
the liquid in the chamber when the 
thick glass of the window suddenly 
burst, scattering fragments in all direc
tions. The explosion destroyed an essen
tial part of his apparatus and Bridgman 
had to order a new part from Europe. 
\,yhile waiting for it he worked on im
proving the apparatus. One of its weak
nesses, characteristic of all high-pres
sure equipment at the time, was the 
leakiness of its joints. Bridgman de
signed a new packing of soft material 
that could easily be assembled or taken 
apart. On testing this design he found 
to his surprise that the joint never 
leaked, no matter how high he raised 
the pressure. He had hit on an arrange
ment that kept the pressure within the 
packing material always greater than the 
pressure in the enclosed fluid. 

Bridgman saw that the new principle, 
making possible leakproof joints and 
fittings, "opened an entirely new pres
sure field, limited only by the strength 
of the containing vessels and not by 
leak." For the rest of his long and pro
ductive life he followed this vision, sys
tematically studying the properties of 
matter at high pressure. The experimen
tal methods at his disposal were quite 
successful for exploratory work, but they 
often failed to provide the detailed in
formation needed today by the theoreti
cal physicist interested in the nature of 
solids. The chief drawback of the older 
measurements was that they reflected 
the combined effect of several of the 
microscopic properties of a given solid. 
For example, one could measure the 

by George B. Benedek 

electrical resistance of a solid at high 
pressure. This resistance, however, re
sults from the combined action of the 
motion of the conducting electrons of 
the metal, the vibrations of its atoms 
and the scattering of the conducting 
electrons by the vibrating atoms, and it 
is quite difficult to distinguish the rela
tive importance of each of these prop
erties. What was needed were new 
experimental techniques that would re
veal the microscopic properties of the 
solid separately and distinctly. 

\,ye are now coming into possession of 
such experimental tools. In the past 20 
years the solid-state physicist has de
veloped new means for probing the 
microscopic world inside solids with 
a precision and delicacy hitherto un
dreamed of. He has been able to secure 
details of the electric and magnetic 
fields within and around individual 
atoms, and he has been able to perceive 
clearly the coupled oscillation of the 
atoms around their equilibrium posi
tions. With this knowledge he can cal
culate and predict many of the micro
scopic and macroscopic properties of 
solids. It is the purpose of this article to 
show how some of these modern tech
niques provide a dramatic visualization 
of the alterations in atomic structure 
that are produced when the atoms in 
the solid are forced closer together by 
high pressure. 

T
he first experiment I shall describe 
is a measurement of the effect of 

pressure on the magnetic field at the 
very center of an atom in solid iron. 
Each of the atoms in the iron sets up 
around and within itself a magnetic field 
that originates in the following way. 
Magnetic fields are of course produced 
by the motion of electric charges; in the 
atom the moving charges are the elec-

trons. The innermost electrons move 
around the atomic nucleus with speeds 
approaching the speed of light, and 
even the less tightly bound outer elec
trons have a speed of about 100 million 
centimeters per second. In addition to 
the magnetic field developed by its 
rapid orbital motion, the electron spins 
on its own axis and thereby sets up an 
additional magnetic field. Therefore one 
expects the magnetism of an atom to 
have two sources: (1) the orbital angular 
momentum of the electrons and (2) the 
spin angular momentum. Indeed, both 
effects are active in producing the mag
netism of isolated atoms. An iron atom 
in a solid, however, is surrounded by 
neighboring atoms that act to "quench" 
the free orbital motion of the electrons. 
This quenching is due to the electric 
fields of the atoms, which exert torques 
on an electron's plane of orbital motion 
and cause the plane to twist rapidly 
among different random orientations in 
space. As a result the orbital angular 
momentum in any particular direction is 
on the average reduced to zero and the 
orbital motion makes no contribution to 
the magnetism of the atom. Only the 
spin-produced magnetism remains; the 
spin does not "feel" the electric field of 
neighboring atoms. 

The spins of the electrons in iron 
atoms interact to produce one of na
ture's marvels: the phenomenon of fer
romagnetism. If two iron atoms are so 
close together that the spinning elec
trons of one atom overlap those of the 
other, a torque is exerted on the electron 
spins in each of the atoms. In iron this 
torque twists the spins of electrons in 
neighboring atoms parallel to each 
other. The transmission of alignment 
from atom to atom gives rise to parallel 
spin alignment in as many as 10,000 
billion billion (1022) atoms! 
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ELECTRON ORBITAL ANGULAR· 
MOMENTUM VECTOR 

ELECTRON SPIN ANGULAR· 
MOMENTUM VECTOR 

ELECTRON 

MAGNETISM OF AN INDIVIDUAL ATOM is generated by two kinds of electron mo

tion: 0) the rapid orbital movement of the electrons around the nucleus and (2) the spin of 

each electron around its own axis. In either case the arrangement of the resulting magnetic

field lines (not shown here) is determined by the directions of the angular-momentum vec

tors (straight arrows) produced by the two kinds of motion. In solid iron the close proximity 

of the atoms to one another has the effect of "quenching" the electrons' orbital movement; 

the orbits of the electrons circling the nuclei are tilted into various planes at random by the 

electric fields of the neighboring atoms (radial lines at left and right). As a result of this 

randomness the electrons' orbital motions produce no net magnetism in the substance. In 

contrast, the electron spin angular-momentum vectors in neighboring atoms remain aligned 

parallel to one another because of the strong torques exerted between the electron spins. 

Let us now imagine that we have en
tered the submicroscopic world of mag
netically aligned iron atoms carrying 
with us a probe capable of measuring 
the magnetic field as we move from 
point to point. The probe would indi
cate extraordinarily rapid fluctuations. 
In the region between atoms, where the 
density of electronic charge is low, the 

magnetic field will be relatively weak. 
As one moves close to the center of an 
iron atom, however, the field will be 
extremely strong. The average strength 
of the magnetic field inside a mag
netized bar of iron is 20,000 gauss; at 
the center of the iron atom it is as high 
as 330,000 gauss! 

vVe know that this is the case because 
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IN FERROMAGNETIC IRON the electrons in neighboring atoms act on one another to 

line up their spin angular-momentum vectors in the same direction (colored arrows); 

orbital angular-momentum vectors are oriented randomly (black arrows). In iron as many 

as 10,000 billion billion (022) atoms may line up their electron spin vectors in parallel. 
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an excellent probe has been placed in 
the center of an atom by nature; it is 
the atomic nucleus. The nucleus itself 
can be magnetic because it too consists 
of moving and spinning charged par
ticles: the nucleons. The magnetic field 
produced by a nucleus is typically 2,000 
times weaker than that produced by an 
atom. When the spinning iron nucleus 
feels the 330,000-gauss magnetic field 
around it, however, it responds by pre
cessing like a wobbling top around the 
direction of the field with a frequency 
of about 45 million cycles per second. 
If there is any change in the strength of 
the magnetic field at the nucleus, it will 
produce a corresponding change in the 
frequency of precession; the nuclear pre
cessional frequency is in fact directly 
proportional to the strength of the mag
netic field at the nucleus. This fre
quency is therefore an ideal indicator of 
the magnetic field at the center of the 
atom. 

'Ve can now measure the precessional 
frequency very accurately. The key is to 
be found in the experimental techniques 
of nuclear magnetic resonance. The 
principal ideas of this method of experi
mentation are not difficult to under
stand. One surrounds the sample under 
study with a coil of wire and sends 
through the coil an electric current that 
oscillates back and forth millions of 
times per second. The oscillating cur
rent produces within the coil and within 
the sample a rapidly oscillating mag
netic field. When the frequency of this 
"driving" magnetic field is tuned so that 
it is equal to the precessional frequency 
of the nucleus, the two oscillating sys
tems come into resonance with each 
other and the nuclear magnets absorb 
energy from the driving field. The nu
clei absorb energy by tilting their axes 
of spin down from the direction of the 
steady magnetic field of the iron as a 
whole; this absorption is large enough 
to produce a detectable change in 
the effective resistance of the high
frequency coil. 

By measuring the frequency of oscil
lation in the coil when nuclear absorp
tion occurs, one can at once determine 
the nuclear precessional frequency and 
hence the strength of the magnetic field 
at the center of the atom. In fact, it is 
possible to determine the frequency of 
nuclear precession in iron nuclei with an 
accuracy of about 2,000 cycles per sec
ond in 45 million cycles per second. 
Therefore if the magnetic field at the 
nucleus changes by a fraction as small 
as five parts in 100,000, it can still be 
detected. To put it another way, if the 
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330,000-gauss magnetic field at the 
center of the atom changes by as little 
as 15 gauss, we can detect the change. 

N ow the stage is set for the high-
pressure experiment. We place the 

sample of iron inside the high-frequency 
coil, using iron that is in the form of a 
powder so that the oscillating magnetic 
field can penetrate each of the iron par
ticles. The sample and coil are then im
mersed in a fluid that can be squeezed 
to very high pressure. The pressure in 
the liquid transmits itself to the iron, 
thereby squeezing it and forcing the 
iron atoms closer together. The first 
magnetic-resonance studies of iron 
under high pressure were conducted at 

GRAVITATIONAL FIELD 

pressures as high as 10,000 atmo
spheres. At this pressure the distance 
between the atoms of the iron decreases 
by about .2 percent. The change in in
teratomic distance produced a change in 
the magnetic field at the iron nucleus 
of about 550 gauss. 

The press employed to squeeze the 
liquid was the same one Bridgman him
self had built in 1926. Recently an en
tirely different kind of high-pressure 
chamber has become commercially 
available. With this new system one 
can generate pressures in the sample 
that can be as high as 100,000 atmo
spheres. If magnetic-resonance experi
ments could be conducted in such a 
press, it would be possible to observe 

MAGNETIC FIELD 
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the effect of bringing the atoms almost 
10 times closer than was possible in the 
experiments at 10,000 atmospheres. 

In the new presses the pressure is 
transmitted from carbide pistons to the 
sample through a soft solid material: 
silver chloride. Other experimenters had 
used the presses to measure the effect 
of pressure on the electrical resistance of 
metals; no one had succeeded, however, 
in devising electrical leads capable of 
transmitting in and out of the tiny 
high-pressure region the high-frequency 
current needed to achieve nuclear mag
netic resonance. After some experimen
tation J. D. Litster, one of my graduate 
students at the Massachusetts Institute 
of Technology, was able to adapt the 
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PRECESSION of a spinning iron nucleus under the influence of a 

steady magnetic field (center) resembles the gyroscopic action of 

a spinning top (left). The frequency of this precession is directly 

proportional to the strength of the magnetic field that acts on 

the nucleus. By applying an additional horizontal magnetic field 

(right), which oscillates back and forth at exactly the same rate as 

the axis of the precessing nucleus, the two oscillating magnetic 

systems can be brought into resonance with each other; the nuclei 

will then absorb energy from the horizontal field by tilting their 

axes of spin down from the direction of the steady magnetic field. 
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PRECESSIONAL FREQUENCY of a spinning iron nucleus, and 

hence the strength of the magnetic field at the center of the atom, 

can be determined by means of the technique of nuclear magnetic 

resonance. The iron sample is inserted in a coil of wire, through 

which an electric current oscillates back and forth millions of times 

per second. The oscillating current produces within the coil and 
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within the sample a rapidly oscillating magnetic field. When the 

frequency of this field and the frequency of the precessing nuclei 

are in resonance, the absorption of energy by the nuclei is large 

enough to produce a detectable change in the effective resistance 

of the high-frequency coil. In this way it is possible to determine 

the precessional frequency in the iron nuclei with great accuracy. 
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POWDERED IRON SAMPLE 

COIL 

SEALING WASHERS 

HIGH-FREQUENCY 

OSCILLATING CURRENT 

FROM PRESSURE-

HIGH-PRESSURE CHAMBER used in the first magnetic-resonance studies of iron under 

high pressure was capable of sustaining pressures as high as 10,000 atmospheres. Pres
sure-transmitting liquid (light colored area) enters chamber through a steel tube (bottom) 

connected to pressure-generating press. Colored dots in chamber represent iron particles_ 
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nuclear-resonance coil-and-sample as
sembly to the new kind of press [see 
illustration on opposite page J. With this 
arrangement it was possible to compress 
iron particles to pressures as high as 
65,000 atmospheres while simultaneous
ly observing their nuclear resonance. 
The upper limit of 65,000 atmospheres 
was set solely by the strength of the 
press, which was generously made avail
able to us by Harry C. Gatos of the Lin
coln Laboratory of M.I.T. At this pres
sure the distance between the iron atoms 
was reduced by about 1.3 percent, and 
the magnetic field at the nucleus was 
changed by about 3,600 gauss. 

One striking result of the measure
ments up to 65,000 atmospheres was 
that at pressures up to at least 60,000 
atmospheres the increase in nuclear
resonance frequency is directly propor
tional to pressure. This at once sug
gested that the nuclear-resonance 
frequency could serve as a continuous 
gauge for the pressure inside the press. 
Such a gauge is much needed in these 
presses; otherwise a rather elaborate 
procedure is required for measuring the 
pressure even at a few fixed points as 
the pressure goes up. The first ultrahigh
pressure nuclear-resonance experiment 
had thus provided us with an unex
pected technological dividend. 

W
hat, however, do these measure-
ments tell us about more central 

questions? What, for example, is the 
arrangement of the electrons in ferro
magnetic iron? We are looking for a 
quantitative description of the electronic 
structure in terms of quantum mechan
ics. Essentially this boils down to deter
mining the probability of finding an 
electron inside any given tiny volume 
within the atom. The experiments yield 
some information on this point. 

The magnetic field at the center of 
the iron atom is a measure of the elec
tron "spin density" there. If the spin 
density simply indicated the density of 
electrons, one could readily calculate 
the probability of finding an electron 
within a certain volume at the nucleus. 
The actual situation, however, is more 
complicated. Some electrons are spin
ning in the direction of the atom's fer
romagnetism; others are spinning in the 
opposite direction. The electrons' mag
netic field at the nucleus is produced by 
what we might call the net spin density, 
or the "spin up" density minus the "spin 
down" density. From the measured 
strength of the field (330,000 gauss) we 
can calculate this net density, .and from 
the effect of pressure on the field at the 
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nucleus we can calculate the change in 
the net density at the nucleus. 

Our aim, however, is to obtain more 
specific information. We would like to 
know how the distribution of each cate
gory of electrons-those spinning up and 
those spinning down-is affected by 
changes in the available volume. There 
is no way to probe for these quantities 
separately, but they could be calculated 
if we knew the sum of the spin densities 
as well as the difference-that is, "spin 
up" density plus "spin down" density as 
well as "spin up" minus "spin down." 
Fortunately there was a means of mea
suring the effect of high pressure in 
changing the sum of the densities. The 
measuring technique that solved the 
problem is based on the Mossbauer 
effect [see "The Mossbauer Effect," by 
Sergio De Benedetti; SCIENTIFIC AMEH
ICAN, April, 1960]. 

The experiment consists in determin
ing the effect of pressure on the energy 
of gamma rays emitted by the "excited" 
nuclei of the isotope iron 57 in ferro
magnetic iron. The excited nuclei are 
deliberately introduced into the iron in 
the following way. A film of the radio
active isotope cobalt 57 is deposited on 
the surface of the sample of iron and 
allowed to diffuse into it. The nucleus 
of cobalt 57 decays by first swallowing 
up one of its surrounding electrons. In 
so doing the nucleus gains a unit of 
negative charge and becomes an iron-57 
nucleus. This nucleus has too much en
ergy to be stable; that is, it is excited. 
The excess energy is dissipated by the 
emission of a succession of gamma rays, 
one of which has an energy of 14.4 kilo
volts. It is from this gamma ray that we 
can obtain information about the elec
tronic charge density at the nucleus. 

"But surely," you will say, "the energy 
of the gamma ray will reflect only 
changes in nuclear structure and will 
have no connection with electronic 
structure." It is said in textbooks that 
nuclear radioactivity cannot be affected 
by changes that take place among the 
electrons outside the nucleus. This is 
almost, but not quite, correct. Although 
virtually all of the gamma rays' energy 
is derived from the nuclear process, 
the electrons make a small contribution 
to the total energy through an inter
action with the nucleus. The radius of 
the nucleus in the excited state is 
slightly different from the radius of 
the nucleus in the "ground" state; as a 
result the transition from one state to 
the other causes a change in the energy 
of the electrostatic interaction of the 
electrons and the nucleus, and this dif-

LEAD LAVA GASKET 

LEAD STEEL CAP 

COIL-AND-SAMPLE ASSEMBLY, devised by J. D. Litster, a graduate student at M.I.T., 

made it possible to compress iron particles (colored dots) to pressures as high as 65,000 
atmospheres while simultaneously observing their nuclear magnetic resonance. Solid silver 

chloride (light colored area) is used for transmitting pressure to the powdered iron sample. 

ference is reflected in the energy of the 
emitted gamma ray. The energy added 
by the change is called the "isomer 
shift." Depending in part on the total 
spin density of electrons at the nucleus, 
the isomer shift is proportional to that 
density. The shift therefore provides an 
indication of the total electron density 
(spin up plus spin down) at the nucleus. 

To be sure, the effect we must mea
sure is extremely small. Calculations 
show that the isomer shift produced by 
all the atomic electrons is 100 million 
times smaller than the purely nuclear 
effect. Furthermore, we must remember 
that of all the electrons the outermost 
electrons will be most affected by pres
sure. The frequency of a 14.4-kilovolt 
gamma ray is 3 X 1018 cycles per 
second; to this frequency the outermost 
electrons contribute only 1.5 X 107 
cycles per second. We must therefore 
be prepared to detect a change in the 
energy of the gamma ray that is con
siderably smaller than a million-mil
lionth of the total energy. 

T
wo related but separate phenomena 
make such detection possible. The 

first is that in terms of energy the ex
cited state of iron 57 is extremely well 

defined; indeed, the 14.4-kilovolt gam
ma radiation emitted by the isotope is 
among the most monochromatic electro
magnetic radiations known. The second 
phenomenon was observed by Rudolf 
Mossbauer in his discovery of the Moss
bauer effect. He found that some of the 
iron-57 nuclei in a solid did not recoil 
when they emitted gamma rays; the 
momentum of recoil was taken up by 
the solid as a whole. Since recoil would 
broaden the narrow spectral line of 
gamma ray wavelengths through the 
Doppler effect, 'its absence meant a line 
of unprecedented sharpness. 

Any change in the frequency of the 
monochromatic iron-57 gamma ray can 
be detected by a simple and elegant 
trick. If the radiation falls on an absorb
ing foil consisting of iron-57 atoms 
whose nuclei are in the ground state, 
and if the radiation from the source has 
precisely the right frequency to cause 
the nuclei in the absorber to make the 
transition to the excited state, then 
the incident radiation will be strongly 
absorbed and few gamma rays will pass 
through the foil. If, on the other hand, 
the gamma ray frequency is not exactly 
the same as the difference between the 
excited and the ground states, many 
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FOIL COUNTER 

APPARATUS illustrated here was employed by R. V. Pound, 

R. Drever and the author to study the effects of high pressure on 

the gamma ray emissions from an isotope of iron called iron 57. A 

sample of ordinary iron was first impregnated with the radioactive 

isotope cobalt 57, which decays to excited iron 57. The sample was 

then placed in a high.pressure chamber (le/t) with a window of 

beryllium, through which gamma rays emitted by the excited atoms 

could emerge and strike a sheet of foil (center) consisting of iron 

57 in the ground state. Ordinarily the foil would absorb most of the 

gamma rays, but at high pressure their frequency would no longer 

be in resonance with the energy difference between the excited and 

the ground states, and they would therefore pass through the foil 

instead of being absorbed. To reestablish resonance in this changed 

situation the foil and the gamma·ray·emitting iron source were set 

in motion with respect to each other. At a certain velocity of the 

rel�tive motion the rays will have the resonance frequency and will 

be absorbed by the foil. The velocity required to shift the gamma 

radiation to this resonance frequency thus gives a very precise 

measure of the amount of change in the energy of the emitted gam· 

rna rays that was produced by the high pressure in the chamber. 

gamma rays will pass through the foil. 
We thus have "resonant" absorption 

of the gamma ray. One can sweep across 
the resonance-absorption line simply by 
moving the source with respect to the 
absorber; the velocity of motion changes 
the apparent frequency of the source 
through the Doppler effect. By sweep
ing the velocity of the source with re
spect to the absorber one can sweep 
out the profile of the gamma ray spec
tral line by measuring the absorption of 
the gamma rays as it is related to the 
relative velocity of the source and the 
absorber. The maximum absorption will 
occur when the relative velocity of 
source and absorber is zero, but if the 
gamma ray energy of the source is some
how made different from that of the 
absorber, the resonant absorption will 
occur only when the relative velocity is 
different from zero. In fact, by measur
ing this velocity shift from zero one 
can measure with great precision any 
change in the energy of the gamma ray. 

R. V. Pound of Harvard University 
has built equipment that is capable of 
measuring shifts in gamma ray energy 
as small as 1016 times less than the 
energy of the gamma ray. His equip
ment made possible the detection of any 
shift in the frequency of the gamma ray 
spectral line, even if that shift was only 
a thousandth as much as the width of 
the line. With this extraordinary appara-
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tus Pound, R. Drever and I undertook to 
study the effect of pressure on the en
ergy of the gamma rays from iron 57 in 
ferromagnetic iron. The change in en
ergy of the gamma rays was measured 
as the pressure on the sample was in
creased to 3,000 atmospheres. We found 
that at this pressure the gamma ray fre
quency changed by about 23,000 cycles 
per second in the total frequency of 3 X 
1018 cycles per second. That is a change 
of a little less than a hundredth of a 
trillionth from the energy of gamma 
radiation emitted by excited iron atoms 
not under pressnre. 

From this shift and the other known 
data, including Bridgman's determina
tions of the compressibility of iron, it 
was possible to compute how much the 
total electron spin density (spin up plus 
spin down) at the nucleus of the iron 
atom changes with a given change in 
relative volume. Knowing this quantity, 
and the dependence of net spin density 
(spin up minus spin down) on volume, 
we were then able to calculate the de
pendence on volume of each spin den
sity-spin up and spin down respec
tively. The experiments showed that on 
applying the pressure the spin-up and 
the spin-down density both increased by 
nearly the same amount. The fractional 
increase in the spin density was almost 
the same as the fractional decrease in 
the volume of the solid as a whole. 

One can present the following theo
retical picture as to how pressure might 
affect the electronic structure of iron 
atoms. When the volume available to 
the atom is reduced, the outer electrons 
are forced inward; this uniformly in
creases their charge density in the inte
rior. In other words, there is an increase 
in the "probability density" of the elec
trons. The increase in density is in
versely proportional to the decrease in 
the available volume. On this basis one 
would expect that the fractional change 
in spin density at the nucleus would be 
equal to the fractional decrease in vol
ume produced by the pressure. This is 
just what we found experimentally. The 
experiment and theory together provide 
us with a simple picture of the changes 
in electronic structure accompanying 
the application of high pressure. 

T
o sum up our studies of ferromag-

- netic iron at high pressure, we have 
used the atomic nucleus as a precise and 
sensitive probe of the magnetic and 
electric fields at the center of the atom. 
By observing the changes in these fields 
produced by pressure we can determine 
the concomitant changes in electronic 
structure. In this way we are aided in 
forming a clearer image of the distribu
tion of electric charge and magnetic 
spin that are the sources of all the prop
erties of the solid. 
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Antisubmarine warfare is a tricky 
business. 

No one knows this better than ITT. 

Today ITT is charged with one of 
the most ambitious programs ever 
undertaken by the U. S. Navy in the 
area of antisubmarine warfare. 

It's called AUTEC-the new Atlantic 
Undersea Test and Evaluation 
Center. AUTEC will encompass a 
section of ocean off the Bahamas 
100 miles long, 20 miles wide 
and 6,000 feet deep. 

I I / I /�=---::>" \ \ \ I ( / " ' --- " \ \ 
\ I�I)I 

\ \ \ \ ","--</ / / I I 
........ _-/ 

Is it fish or foul play? 
ITT will lace this ocean area 
with a network of hydrophones 
and other sensitive instruments, 
erect tracking gear to permit 
precision evaluation of our most 
advanced antisubmarine weapons. 

ITT has been in this antisubmarine 
warfare business a long time. 

World War II's HUFF-DUFF system 
that enabled antisubmarine 
warfare units to pinpoint U-boat 
radio transmissions, no matter 
how brief, was an ITT development. 

And in 1957 an ITT System 
company developed equipment 
to record underwater acoustical 
environments. Now, ITT sonar 

simulators using tapes of actual 
conditions can train up to 
10 sonarmen at once. 

Currently, ITT is developing 
DINAH, an advanced underwater 
detection system based on 
electro-magnetic principles. 

International Telephone and 
Telegraph Corporation. World 
Headquarters: 320 Park Avenue, 
New York, New York 10022. 
World's largest international 
supplier of electronic and 
telecommunication equipment. 
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MATHEMATICAL GAMES 
Some comments by Dr. Matrix 
on symmetries and reversals 

by Martin Gardner 

R
eaders who saw the article in this 
space last January may recall that 
Dr. Matrix and his shapely 

daughter Iva Toshiyori-Iva uses the 
maiden name of her Japanese mother
had been appearing nightly at the Pur
ple Hat Club in Chicago. So sensational 
were the numerologist's "readings" that 
he obtained a six-week booking at one 
of the plushier Las Vegas hotels. Ac
cording to several well-authenticated 
reports the old swindler not only got a 
top price for his act but also managed 
to win $70,000 at the blackjack tables 
by playing his own modification of the 
system explained by the mathematician 
Edward O. Thorp in his eye-opening 
book Beat the Dealer. It is said that 
Miss Toshiyori helped her father by 
making surreptitious calculations on a 
small transistorized computer concealed 
in her handbag. 

After closing in Las Vegas the pair 
flew to western Canada for several 
weeks of skiing. Then in early October 
I received from Dr. Matrix the cryptic 
number 13212 that, as I explained last 
month, predicted the name of the man 
who would be elected President. The 
letter was postmarked Zero, Mont. A 
postcard from Iva arrived the following 
week from Unityville, S.D. Her father 
had bought a Jaguar, she disclosed, and 
they were driving leisurely about the 
country on their way to Miami. 

\Vhen Iva's second card came from 
Two Rivers, Wis., I guessed that the 
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pair were on a winding route that would 
probably take them through towns with 
numerical names in ascending serial or
der. Cards followed from Triplet, Va., 
Four Oaks, N.C., Five Forks, W.Va., 
Six, W.Va., Seven Mile, Ohio, Eight 
Mile, Ala., Ninety Six, S.C., and Ten 
Mile, Tenn. The next communication, a 
telegram from Dr. Matrix decoding his 
prediction, arrived on the day after the 
election. They were staying at the Mor
al Rot Hotel in Miami Beach; would I 
care to pop down for a visit? 

I would indeed. After consulting an 
atlas I was tempted to drive down, 
sending them postcards from Odd, Va., 
and Evensville, Tenn., but on second 
thought it did not seem worth the 
trouble. I took a plane. 

At three that afternoon I found Dr. 
Matrix and Iva sitting in the hotel's 
Marquis de Sade Cocktail Room. Money 
had agreed with both of them. Dr. 
Matrix had put on weight. His bony 
cheeks had filled out, so that he now 
resembled less a green-eyed hawk than 
a green-eyed owl. In the lounge's dim 
light Iva looked younger and more 
tantalizing than ever. 

"That prediction of yours," I said to 
Dr. Matrix, "leaves much to be desired. 
It's true that it yields 'L. B. J.' when 
applied to the Pledge of Allegiance, 
but one of my readers has just pointed 
out that if you partition the numerals 
13-2-12 and then consult the 13th chap
ter of the King James Bible-that is, 
the 13th chapter of Genesis-verse two, 
you'll find that the 12th word is 'gold,' 
a clear allusion to Barry Goldwater." 

Dr. Matrix blinked his eyes solemnly 
and Iva smiled faintly. "An astonish-

A curious reflection pattern in pi 

ing coincidence," he said, "but I'm real
ly not surprised. Improbabilities, you 
know, are extremely probable, and they 
always mean something. Did I ever 
mention before that in the Dewey deci
mal system for libraries the classification 
number for numerology is 133.335?" 

I took pencil and paper from my 
jacket as I shook my head. 

"If you add that number to its re
versal, 533.331," Dr. Matrix continued, 
"the result is 666.666-a double form of 
the mark of the beast." 

"That interests me," I said. ''I've just 
had a book published called The Ambi
dextrous Universe. It's all about mirror 
reversals and left-right symmetries." 

''I'm halfway through it. An interest
ing book, but I wish you had consulted 
me before you wrote that section on 
words, letters and numbers. I could 
have given you much better material." 

"Examples, please," I said, pencil 
poised. 

Iva glanced at her wristwatch. "You 
boys must excuse me. I want to get in 
a swim before the sun's too low." She 
nodded in my direction. "See you at 
dinner, Nitram." 

"Consider," Dr. Matrix went on after 
we had reseated ourselves, "the present 
international scene. Surely the great left
right split between the United States 

- and the Soviet Union is mirrored by the 
fact that the initials of the two giants 
are left-right reflections: U.S. and S.U. 
And have you noticed that the famous 
B and K team of Bulge and Khrush that 
followed Stalin is echoed by the new 
B and K team of Brezh and Kos? Only 
now the order is reversed-the B, not 
the K, is on top." 

Dr. Matrix borrowed my pencil and 
rapidly jotted down the value of pi to 
32 decimals [see illustration below J. 
"JVlathematicians consider the decimal 
expansion of pi a random series, but to 
a modern numerologist it's rich with re
markable patterns." 

He bracketed the two appearances of 
26. "Twenty-six, you observe, is the first 
two-digit number to repeat. Note how 
the second 26 marks the center of a 
bilaterally symmebical series." Dr. Ma-
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What tells the machine, "I am a 5"? 
Designing recognition logic is a key to 
developing systems for recognizing 
handwriting, multi font printing, or 
magnetic-ink characters. Engineers face 
the questions: What minimum information 
must the scanner sense from a character, 
and what measurements are necessary to 
ensure accurate recognition? 

There are a number of aspects of character 
recognition you might work on: computer 
simulation of new recognition logic, 
investigation of the probability of accurate 
recognition for different styles of writing or 
printing, or development of new methods 
of scanning the characters. 

The field of character recognition and 
associated areas such as document handling 
could be of great potential for you at IBM. 
Write to Manager of Employment, 
Dept. 658A, IBM Corporate Headquarters, 
Armonk, New York 10504, 

An Equal Opportunity Employer IBM ® 

III 
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OCEANOGRAPHERS 
NEW DIMENSIONS IN 

DEPTH 
Nucleus Positions up to $14,170 to start* 

A new program directed toward significant ex
pansion of in-house oceanographic capabilities 
has been instituted at the u.s. NAVY UNDER
WATER SOUND LABORATORY, in New London, 
Conn. Scientists who join this expanding effort 
will enjoy the distinction of developing and 
directing major oceanographic research at a labo
ratory recognized for 23 years as a key research 
organization for ASW applications of SONAR, 
RADIO, INFRARED, and related PHYSICAL 
SCI ENCES. 

Specialized requirements of this program extend 
to PHYSICAL, CHEMICAL, BIOLOGICAL, and 
GEOLOGICAL aspects of ocean phenomena, 
OCEANOGRAPHIC INSTRUMENTATION devel
opment, and environmental studies associated

· 

with ASW problems. This new research group 
will be closely associated with other scientists 
and organizations engaged in military oceanog
raphy and acoustics research and will provide 
complete capabilities in depth for oceanographic 
research and study. 

1 OCEANOGRAPHER ($14,170 to start*)-to 
• plan and direct oceanographic investigation 

aimed at studying the physical, biological, and 
chemical properties of the ocean and the inter
relationships between acoustic and electromag
netic energy in the ocean and the environment 
within which it exists. To develop staffing re
quirements to meet rapidly broadening oceano
graphic endeavors. 

2 OCEANOGRAPHERS ($12,075 to start*)-to 
• participate as senior member in the prosecu

tion of an expanding oceanographic program 
requiring both extensive theoretical and experi
mental capabilities. (The USL Bermuda Research 
Laboratory and extensive shipboard experimental 
facilities are now available for this program.) 

*These starting salaries will be increased on a regular 
step basis. All the benefits of Career Civil Service are 
included. These positions encourage independent research 
and the implementation of Rand D ideas. 

Consider These Benefits-the professional 
challenge of getting in on the ground floor; free
dom of thought and action-and the facilities
to initiate ideas and see them through; the 
opportunity for graduate study at nearby univer
sities; the usual cultural and recreational diver
sions of the Connecticut coast; and association 
with one of the best-regarded activities in the 
country. 

Please send personal qualifications direct to 
Code 150 J, Attn: R. W. Hasse, Jr. 

u.s. NAVY 
UNDERWATER SOUND LABORATORY 

NEW LONOON. CONNECTICUT 

An Equal Opportunity Employer 
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Four sets 0/ distinct digits that are self-replicating 

trix inserted vertical bars to enclose 18 
numerals, then bracketed six other num
ber pairs shown in the illustration. The 
number pairs 79, 32 and 38 on the left 
are balanced by the same three pairs in 
reverse order on the right! He also called 
attention to the sets of five digits on 
each side of the first 26. The first set 
sums to 20, the number of decimals pre
ceding the second 26. The second set 
sums to 30, the number of decimals pre
ceding the second bar. Together they 
sum to 50, the two-digit number follow
ing the last bar. The sequence between 
bars starts with the 13th decimal and 
13 is half of 26. The three pairs-79, 32 
and 38-have six digits that sum to 32, 
the pair in the middle as well as the total 
number of decimals shown. The 46 and 
43 on each side of the second 26 sum 
to 89, the number pair preceding the 
first bar. 

"I could talk for hours about that 
crucial number 32," Dr. Matrix contin
ued. "It's one of the ubiquitous con
stants of nature. An object falling to the 
earth accelerates 32 feet per second per 
second. Water freezes at 32 degrees 
Fahrenheit. There are 32 crystal classes. 
Man has 32 teeth. There are 32 elec
trons in the filled fourth energy level 
of atoms. There are 32 fundamental, 
long-lived particles. And so on. Of 
course 32 is 2 raised to the power ob
tained by adding 3 and 2." 

"And there are 32 counties in Ire
land," I put in. "That's one reason why 
James Joyce, in Finnegans Wake, uses 
32 as a symbol for the fall of Finnegan." 

"Someday," said Dr. Matrix, "I intend 
to write a commentary on Joyce's num
ber symbolism. But back to pi. I wish I 
had time to go into the subtler proper
ties and the historical significance of 
those first 32 decimals. Let me say, 
though, that 62-64 in the center of that 
series between the bars indicates the 
three eventful years that have just 
passed as the world moves from 33 on 

the right, the year Hitler became chan
cellor, to George Orwell's 84 on the left. 
Correctly interpreted, you know, pi con
veys the history of the human race." 

"Do you have," I asked, shifting the 
topic purposely, "any left-right reversal 
items that might provide puzzles?" 

"Thousands," sighed Dr. Matrix. 
"Consider for a moment the digits from 
1 to 9. Arrange them in descending or
der, reverse and subtract [see illustra
tion above]. The result is quite unex
pected. The same nine digits reappear 
in the answer." 

''I've seen that before," I said, "in 
medieval books on numerology." 

"Of course," replied Dr. Matrix. "I 
bring it up because few recreational 
mathematicians know the other examples 
of what I call 'self-replicating sets' of 
distinct digits." 

The problem, as Dr. Matrix explained 
in more detail than I can give here, is 
that of finding a set of n digits, no two 
alike, such that when they are arranged 
in descending order and reversed and 
the new number is taken from the old, 
the same n digits reappear in the result. 
No examples exist, Dr. Matrix assured 
me, for sets of one, two, five, six or 
seven digits. For three digits the unique 
example is 954. For eight digits 9875-
4210 is unique. The example of nine 
digits given above is also unique, and 
for 10 digits 9876543210 is obviously 
the only case. For four digits there is 
again only one example. Can the read
er discover it? 

"By the way," Dr. Matrix added, 
"your readers might enjoy dividing 987-
654321 by 123456789. It's hard to be
lieve, but the answer is 8.00000007+, 
seven decimal zeros followed by 7. A 
pity the quotient isn't exactly 8, but 
that's the way things are sometimes, in 
numerology as well as physics. Let's go 
up to my suite. It's so dark here I can 
hardly see what I'm writing." 

Dr. Matrix paid the tab with a gener-
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This little blade is the big reason 
Allison's T56 turboprop engine can deliver 

22% more power and 5% better fuel economy 

Allison is on target with improved turboprop power for the C-130, P-3A and E-2A 

The turbine blade pictured above is hollow. Air

cooled. 

By replacing solid turbine blades in Allison's T56 

Series III Turboprop, it permits higher turbine inlet 

temperatures and lower turbine blade temperatures. 

Result: 22% more power and 5% better fuel econ

omy-with no change in weight or envelope. 

Now aircraft like the C-130, P-3A and E-2A can 

have greater payload, range, speed and cruise ceiling. 

Now the T56-tops in reliability among military 

engines flying today-is made even more reliable. 

With fewer overhauls needed because engine "hot" 

parts last longer. 

Improving superior products like the T56 is an

other reason why Allison's defense, aerospace and 

nuclear projects are on target. 

..Allison 
THE ENERGY CONVERSION OIVISION Of 
GENERAL MOTORS, INDIANAPOLIS, IND. 
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Dr. Matrix' 13·inch ruler 
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ous tip, and we took an elevator to his 
rooms on the top floor. "What's your 
room number?" he asked as we made 
ourselves comfortable. After I told him 
he closed his eyes for a minute, then 
opened them suddenly and said: "A 
most unusual number. It's the only 
three-digit number with the following 
property: multiply it by a certain digit 
and the result is the reverse of what you 
get if you add that same digit to it 
instead." 

'Tm writing all this up for January," 
I said. ''I'll include that and give the 
answer in February. Any puzzles in
volving the number of the new year?" 

"I assumed you'd ask me that," Dr. 
Matrix answered with one of his rare, 
crooked smiles. "You recall that in your 
department for October, 1962, you 
asked readers to insert plus or minus 
signs wherever they pleased inside the 
series 123456789 and in the reverse se
ries 987654321 so that in each case the 
series totaled 100?" 

I nodded. "And in the 'Letters' de
partment for January, 1963, we printed 
computer results giving 11 different so
lutions for the ascending series, 15 for 
the descending." 

"To complete the record," Dr. Ma
trix said, "if a minus sign is allowed 
in front of the first digit, there are three 
more answers for the descending series 
and one unique answer for the ascend
ing. [For the interested reader these 
are: - 9 + 8 + 76 + 5 - 4 + 3 + 21; 
- 9 + 8 + 7 + 65 - 4 + 32 + 1; - 9 
- 8 + 76 - 5 + 43 + 2 + 1; - 1 + 2 
- 3 + 4 + 5 + 6 + 78 + 9.] You might 
ask your readers to see if they can insert 
five signs within the ascending series to 
make a total of 65, the new year. Five 
is the smallest number of signs that will 
do it, and there's only one answer, even 
if a minus sign is permitted in front of 
the l." 

"How about the descending series?" 
"If no minus sign is allowed in front, 

the minimum number of signs required 
to make 65 is six, with five different 
solutions. They're of no special interest. 
But if a minus sign in front of the 9 is 
permitted, there's another unique five
sign solution. Your readers might enjoy 
looking for that also." 

''I'm sure many will," I said. "But let's 
be realistic. All the problems you've 
mentioned so far are relatively trivial. 
Can you give me something with a bit 
more substance?" 

Dr. Matrix stood up, walked over to 
a desk and returned with what appeared 
to be a silver ruler. When I examined 
it, I saw that it bore only four marks 
[see illustration at left]. "An old friend 

in Tokyo sent me this," said Dr. Matrix. 
"It's 13 inches long and the marks are 
placed so that one can measure exactly 
any integral length of inches from 1 
through 13." 

I studied the ruler. "I see what you 
mean. From 0 to 1 measures one inch. 
From 0 to 2 measures two. Three can 
be measured by the 10 and 13 marks, 
four by the 6 and 10 marks, and so on." 

Three marks, Dr. Matrix told me, are 
sufficient for a nine-inch rod if one 
wishes to measure, in one step, any in
tegral length from one to nine inches. 
But on a 12-inch ruler four marks are 
required for measuring lengths from 
one to 12. Can the reader find a suitable 
way of placing the four marks on a 12-
inch rod, and prove that three are not 
enough? And what is the maximum 
number of different integral lengths 
that three marks, suitably placed on a 
12-inch rod, will measure? 

A more difficult question: On a 33-
inch stick, what is the smallest number 
of marks that permit measuring all in
tegral lengths from one through 33? 
Show how the marks should be placed. 

These questions will be answered in 
this department next month, but the 
general problem of finding a formula 
or procedure for obtaining the minimal 
markings of rods of any length, as far 
as Dr. Matrix knows, is still unsolved. 
Many simple questions can be asked 
that are difficult to answer. For in
stance, although nine marks are neces
sary on a yardstick for measuring from 
one to 36, nine marks can be placed on 
a longer rod so that more than 36 
lengths are measurable. If nine marks 
are placed on a stick of any size, what 
is the maximum number of consecu
tive integral lengths, starting with one, 
that the stick will measure? What is the 
maximum number of different lengths, 
not necessarily consecutive, and the 
shortest stick that allows measuring that 
number? I do not know the answers to 
these and similar questions. 

Dr. Matrix and I were discussing 
various combinatorial approaches to the 
ruler problem when I va came into the 
room wearing a bright orange bikini. 
I stopped thinking about combinatorial 
arithmetic to concentrate my attention 
on the dynamics of oscillating solids. 

[Thanks to John Bales, University of 
Texas, for the Dewey decimal item; 
Donald C. Rehkopf, English teacher in 
an Oak Park, Ill., high school, for the pi 
pattern; Martin Cohen, Beverly Hills, 
Calif., for the division of 987654321 by 
its reversal, and Don T. Hastings, a De
troit engineer, for problems involving 
the insertion of signs in the nine-digit 
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COMPARATIVE MORPHOLOGY 

OF VASCULAR PLANTS 

Adriance S. Foster. University of Califor
nia. Berkeley. and Ernest M. Gifford. Jr .• 
University of California. Davis 

This book provides a factual description 
of the main groups of vascular plants and 
presents the procedures. general principles. 
and objectives of comparative morphology. 
The relationships among morphology. tax
onomy. and experimental morphogenesis 
are emphasized. "It would be difficult to be 
anything but enthusiastic about this excel
lent presentation of morphological facts and 
interpretations which reflect the experience 
and acumen of the authors .... Admirably 
suited for the classroom. Comparative Mor
phology will be equally desired for the ref
erence shelf and the laboratory. This volume 
is indeed a lively addition to a previously 
somewhat stereotyped field of pUblication." 

WILLIAM L. STERN 
in the AIBS Bullerin. October 1960 

1959. 555 pages. $9.50 

PHYSICAL GEOGRAPHY 

OF ASIATIC RUSSIA 

The late S. P. Suslov. University of Len
ingrad. Translated from the Russian by 
Noah D. Gershevsky. UniversityofWash
ington. and edited by Joseph E. Wil
liams. Stanford University 

The lifework of one of Russia's outstand
ing geographers. this study covers the 
physical geography of a vast but generally 
little known area. Geographers. geologists. 
geomorphologists. botanists. and zoolo
gists have found it to be a mine of informa
tion." ... a very readable. beautifully pro
duced book. highly recommended to any
one interested in Asiatic Russia." 

E. T. STRINGER 
in the New Scientist. October 19. 1961 

"The appearance of an English translation 
of the great Russian geographer Suslov's 
monumental work is a notable event for 
Western geographers." 

GEOFFREY WHEELER 
in the Geographical Journal. March 1962 

1961. 594 pages, $15.00 

The Architecture of 

Molecules 
LINUS PAULING and ROGER HAYWARD 

This beautiful pictorial volume provides an easily understood and scien

tifically accurate introduction to the subject of how atoms are arranged 

and interconnected in molecules and crystals and to the way in which the 

geometry of this organization accounts for some of the properties of sub

stances. 

Professor Pauling's clear and authoritative discussion of molecular archi

tecture is illustrated by a series of fifty-seven full-page drawings, reproduced 

in full color. These drawings were executed by Roger Hayward, the dis

tinguished illustrator of Pauling's books General Chemistry and Col/ege 
Chemistryand of SCI ENTIFIC AM ER ICAN's department, • TheAmateur Scientist." 

The book has been planned espeCially for young people who are just 

beginning to develop an interest in science. It should serve as a valuable 

teaching aid and a rich source of enjoyment for anyone-whether novice or 

expert-who has a curiosity about the nature of the world and an eye for 

its beauty. 

Just published. 160 pages, 57 color plates, $10.00 

INTRODUCTION TO ELECTRO

MAGNETIC FIELDS AND WAVES 

Dale R. Corson. Cornell University, and 
Paul Lorrain. University of Montreal 

Teachers at more than 70 colleges and 
universities in all parts of the United States 
adopted this textbook during the fall sem
ester of 1964." .. . I consider this a fine text 
for a year course in electromagnetic theory 
at the senior level. It is well-written. the 
illustrations are good. and the problems are 
both interesting and challenging. I recom
mend that the reader consider adding it to 
his personal library and also consider adopt
ing it for class use, if appropriate." 

F. W. VAN NAME. JR. 
in the American Journal of Physics, July 1963 

1962, 552 pages, $12.00 

W. H. FREEMAN AND COMPANY 

660 Market Street 

San Francisco, California 94104 

I enclose payment of $ (California 
residents add 4% sales tax). Send me, post
paid, the books listed above. I understand 
that if I am not satisfied the books may be 
returned for full refund within 10 days after 
they are received. 

NAME ____________________ ___ 

ADDRESS __________________ __ 

o Send me a complete catalogue of 
Freeman Books in Science. 

1 15 
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Broadly based across 

a wide spectrum 

of technologies, the 

Research Laboratories offer 

the scientist opportunities 

for challenge and 

professional growth. 

Extensive cross-ferti I ization 

of ideas and creative 

freedom encourage *' accompi;shment. 
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UNITED AIRCRAFT RESEARCH LABORATORIES 
EAST HAR TFORD, CONNECTICUT 06108 

If you are interested in basic 
or applied research programs, 
write Mr. E. E. Ciriack, 
Research Laboratories, 
East Hartford 8, Conn. 
an equal opportunity employer 

Forming the 3.by·11 rhomboid 

series. Using only a desk adding ma
chine and the help of his secretary, Has
tings recently finished the incredible 
task of tabulating the sums of all possi
ble ways of adding plus and minus 
signs to both the ascending and the de
scending series.] 

�st month's hexiamond problems are 
answered above and below. The 3-

by-ll rhomboid can be formed in more 
than one way, but no pattern has yet 
been found that does not exclude the 
piece called the bat. The star's solution 
is believed to be unique except for rota
tions and reflections. 

In this department for November it 
was erroneously stated that the har

monic series does not sum to 100 until 
it has more than 2199 terms. This should 
have been 2100, which was the figure 
used by William Ransom in the cited 
calculation. Daniel Asimov, a student at 
the Massachusetts Institute of Technol
ogy, has pointed out the error and has 
also calculated the exact point in the 
power series at which the sum of the 
harmonic series passes 100. At 2143 
terms the sum is below 100; at 2144 it 
exceeds 100. 

Only known solution for the star 
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FABULOUS MEXICO 
• • •  WHERE 

EVERYTHING 
COSTS LESS 

THE LAND OF RETIREMENT AND VACATION 
BARGAINS-THAT'S MEXICO 

WHERE you can build a model'n home for $4500 and an American 
retirement income lool{s like a fortune. It's the land where your 

vacation money can buy double or more what it might back home-pro
vided you know where to go for Mexico's besl values. 

Norman Ford's big book FABULOUS l\IEXICO-'VHERE EVERY
THING COSTS LESS tells you exactly where to get a.ll of this country's 
best vacation and retirement values, where you can live like a prince 
on what you might just get along on in the U.S.A. 

Norman Ford knows 1\lexico from north to south, fronl east to west, 
and he tal;;:es you to vacation and retirement areas that lool;;: mOre like 
the South Seas than Tahiti itself; to whole sections of just perfect 
weather where it's iil{e June all year round; plus resort after resort, 
towns, cities, spas and what not else where you'lI have a vacation to 
remember at a cost so low it could seem unbelievable. 

If you want a delightful retirement area with plenty of Americans 
around to talk to, he leads you to all the principal retirement towns, as 
well as dozens of little known, perhaps even more delightful areas, 
where costs are way far down, there's plenty to do and meeting people 
is easy. Always, he shows you modern, flower-bedecked hotels and inns 
that charge hardly half of what you might expect to spend in even such 
a land of vacation and retirement bargains as l\'Iexico. 

There's a great deal more besides: everything from exploring ancient 
pyramids as old as Egypt's to finding fabulous hunting and fishing. If 
you might want to share in the high interest rates Mexican banl{s pay 
or to buy equally high-earning real estate or stal·t a business of your 
own, this detailed guide to a fabulous land tells you what you must do 
to start your money earning so much more than in the U.S. 

FABULOUS MEXICO-WHERE EVERYTHING COSTS LESS opens 
up Mexico to you. It's a big book, yet it costs only $1.50. So send for 
yours today. 

Stop Saying That Travel Is too Expensive 

Passenger carrying FREIGHTERS 
are the secret of low cost travel 

FOR no more than you'd spend at a resort, you can take that trip 
you've fllways talked about: to the 'Vest Inclies, Europe, the l\Iediter

ranean, around the world. In fact trips to almost evel'ywhere are within 
your rneans. 

And what accommodations yon get: large rooms with beds (not 
bunks), probably a private bath, lots of good food and plenty of 
relaxation as you speed from port to port. 

Depending upon how fast you want to go, a round-the-worhl cruise 
('UII be yours for as little as $250-$300 a month. And there are shorter 
trills. Fast, uncrowded "o�'ages to l�ngland. l:'rance, the �lediterra.nenn; 
two or three week "vacations up and down the Pacific Coast or elsewhert'. 
Na.me the llort anrl tht· chalwes are �'OU can find it listed in 'l'ltA YEL 
ROETES AROL:.N"U TH1!; ,,'ORLD, the world's original a.nd most com
(,Iete guide to passenger cUl'I'ying freighters. 

This is the hook that names the lines, tells where they go, how much 
they charge, briefly describes accommodations. Hund"eds of thousands 
of travelers all o\'er the woJ'ld swear by it. During the 30 years in which 
it's been lJublished, hundreds of travel writers and travel editors have 
said, "To learn how to travel (or as little as you'd spend at a resort, get 
Tru,vel Routes .4. round tile "·orld." 

It's youl's for just $1, and the big new 110-)lage edition irwludes prac
tically every passellger carrying service stal·ting ft'om or going to New 
YOl·k. Ca.na.da. New Orleans, the raciti(: Coast, )Iexi('o. South .4.meri('u, 
]<�ngland, :E'l'ance, the :'Uediterrulleun . . Arl'ica, the Indies, Australia, the 
South Seas, .lapan, Hawa.ii ... te. There's a whole section called HO\V TO 
SEE THE WOULD AT LOW COST. 

A big $1 worth, especially as it can open the way to more travel than 
you ever thought possible. For your copy, simply fill out coupon. 

AMERICA BY CAR 
This bool< is your insurance of seeing all the four-star sights in 

whatever corne·I: of the U.S. or Canada you drive to (and it even covers 
l\lexico as well). 

Day by day, America b�r Car tells you where to go fr0111 Alaska to 
l\lexico. 'Vhether you're visiting New England or California. Florida or 
the National Parks, the Creat Lal,es. tIle Mississippi, California, the 
East. the South or the Southwest, the Indian country, etc., it tells you 

road by road the scenic way to go and it al
ways directs you to the important sights 
along the way and in the cities. 

In Niagara or Los Angeles, 'Vashington or 
New Orleans, the Black Hills or Montreal. 
America. by Car t.akes the guesswork out of 
travel. Of course it names hundreds upon 
hundreds of recom.mended places to eat and 
stay. 

America is so \Jig, you can easily overlook 
01' forget important sights or make many a 
wrong turn. So get j\.merica. by Cnr, the book 
that makes sure you'll see everything of con
sequence and always travel right. 

America by Car is fully 170,000 ,vords in 
length (as large as three ordinary sized nov
els). But it costs only $2.50, 'vhile it helps you 
see any pal't of America as you've probably 
never before explored th is part of the world. 

Where to Retire or Vacation 
at what look like prewar prices-and where no one 

ever heard of nerves or worries 

These Are America's Own Bargain Paradises 

Norman FOI'd's newly revised book Off-the-Beaten Path names the 
really �ow cost Florida retirement and vacationing lowns, the best 
values 111 Texas, the Southwest, Califol·nia. the South and East, Canada, 
and a dozen other areas which the crowds have not yet discovered. 

Fabulous places like that undiscovered region 'vhere winters are as 
",ann and sunny as l\1.ian1i Beach's yet costs can he two-thirds less. 01' 
that island that looks like Hawaii yet is 2000 miles nearer (no expensive 
sea or air trip to get there). Or those many other low-cost exquisitely 
beautiful spots all over the Vnited �tates and Canada which visitors 
in-a-hul'ry overlook (so costs are low and stay low). 

)<;very page of OFF-THE-B'Ei\TEN PATH opens a different kind of 
l'acationing or retil'ement paradise whi('h you can afford-places as 
glamorous as far-off countries yet every one of the]" looated right ]leur 
a.t hUJlrl. I-,ike these: 

• France's only remaining outpost in this part of the world-completelY 
surrounded hy Canadian territory ... or a village more Scottish than 
Scotland . .. 01' age-old Spanish hamlets right in our own U.S., "there 
no one ever heard of nervous tension or the worries of modern day life. 

• Resort villages where visitors come by the score, so you always meet 
new people . . hut they never come by lhe thousands to raise prices 
or c),owd you out. 

• That remarkable town where a fee of 3¢ a day gives you an almost 
endless round of barbecues, musicals, concerts, picnics, pot luck sup
pers, smorgasbord dinners and a fine arts program. That southern 
island first discovered by millionaires who had all the world to roam 
in . .  and now their hideaways are open to anyone who ){nows 
where to find them. 

You read of island paradises aplenty in the United States and Canada, 
of art colonies (artists search for picturesque locations whet'e costs are 
low!), of areas with almost a perfect climate or with flowers on every 
side. Here are the real U.S.A.-brand Shangri-Las made for the man or 
'woman Who's had enough of crowds. Here, too, are unspoiled seashore 
villages, tropic-like islands, and dozens of other spot.s just about perfect 
for your retirelnent or vacation at some of the lowest prices you'v'" 
heard of since the gone-forever prewar days. 

Th�y're all in the rnitt>d Stutes and Camula, and for goo(l measure 
you also read about low-cost paradises in l-Ia\\'aii, the Virgin Islands 
and Puerto Rico. 

Off-the-Beaten rath is a big book filled with facts that open the way 
to freedom from tension and a vacation or retirement you can really 
afford. About 100,000 words and plenty of pictures. Yet it costs only $2. 

Bargain Paradises of the World 
Do you know where to find an island right near the U.S. so nearly like 

Tahiti in appearance, beauty and color even the natives say it was 
made from a rainbow? (And that costs here are so low you can not only 
reach it but also stay a while for hardly 1110re than you'd spend at a 
resort in the U.S.?) 

Do you know where to find the world's best mountain hideaways 0" 
its most dazzling surf-washed coastal resorts, where even t.oday you 
can live for a song? 

Do you loww whel'e it costs less to spend a while, the surroun(lings 
are pleasant. and the climate well nigh perfect in such places as 
Mexico, the 'Vest Indies, France, along the Mediterranean, and in the 
world's other low cost wonderlands? 

0,' if you've thought of more distant places, do you l{now which of the 
South Sea Islands are as unspoiled today as in Conrad's day? Or which 
is the one spot world travelers call the most beautiful place on earth, 
where two can h\'e in sheer luxury, with a rctinue of servants for only 
$195 a month? 

Bargain PUI'udises of the "·ol'ld. a big book. proves that if you can 
afford a vacation in the V.S" the rest of lhe world is closer than you 
think. Author Norman D. Ford, honorary vice president of the Bl'itish 
Globe Trotters Club, show.s that the American dollar is respected all 
o\'er thc world, and buys a lot more than you'd give it credit for. 

Yes, if you're planning tq· retire. this book shows that you can live for 
months on end in th� world's wonderlands for hardly more than J'oll'd 
slHmd fOI' a' few months at home. Or if you've dreamed of taking tiJne 
out for a, real rest, this book shows ho\y you ('nn afford it. 

In any case, when it can cost as lit.tle as $24.50 from the U.S. border to 
reach some of the world's Bargain Paradises, it's time you learned how 
much you can do on the money you've got. Send now for Bargain 
Paradises of the '''orld. Price $1.50. Use coupon to order. 

MAIL TO HARlAN PUBLICATIONS, 43 Eagle St. 
GREENLAWN (Long Island), N. Y. 11740 

I have enclosed $ (cash, check, or money order). Please send 
me the books I have checked below. YOU 'WILL REFUND MY MONEY 
IF I AM NOT SATISt'IED. 

o Alnerica by Car. $2.50. 

o Bargain Paradises of the 'Vorld. $1.50. 

o Off-the-Beaten Path-these are America's own bargain paradises. 
$2.00. 

o Fabulous Mexico-'Vhere Everything Costs Less. $1.50. 

o Travel Routes Around the 'Vodd (how to travel by freighter). $1. 

o SPECIAL OFFER: All 5 books above ($8.50 value) for $6 

Print name ________________________________________________ __ 
Street ____________ ______________________________ ____________ _ 
City _________________________ State ________ Z ip Code _______ __ 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

O
n the theory that even a gourmet 
welcomes an occasional potluck 
meal, this department again pre

sents a potpourri of easy experiments. 
Some are new and some are not. They 
cost little and make no great demand 
on craftsmanship. Aside from their en
tertainment value, their chief virtue 
may be that they provide an excellent 
excuse for putting off odd jobs that 
need to be done around the house. 

The first experiment comes from 
George Stibitz, a consultant in applied 
mathematics who lives in Potter Place, 
N.H. "It is well known," writes Stibitz, 
"that the principles governing the trans
mission of vibrations through elastic 
tubes also apply in the case of the trans
mission of signals on telephone lines. 
Among these principles is the familiar 
one that only those frequencies present 
in the driving function can be found in 
the propagated signal. No direct cur-

gla5s or 

rigid plastic. 
manomete .... 

anvil 

On a paradoxical pump, re()ersing cubes, 
()ortex rings and ()arious other matters 

rent will appear in the line, for example, 
unless direct current is developed by the 
generator. 

"The validity of this principle can be 
investigated by an easily assembled hy
draulic analogy. First join a length of 
rubber tubing approximately a quarter 
of an inch in diameter to a length of 
clear tubing of glass or rigid plastic. The 
soft tubing can be a foot long. Heat the 
hard tubing at a point a foot from the 
joint and bend it into a right angle. Next 
place a heavy block of wood in the cen
ter of a dishpan so that the top of the 
block extends about an inch above the 
edge of the pan. Place a vertical sup
port, such as an apparatus stand, near 
the edge of. the pan and attach the free 
end of the hard tubing to the support 
as shown in the accompanying illustra
tion [below J . 

"The support assembly can be cali
brated to serve as a manometer for in
dicating water pressure. Fill both the 
tubing and the pan with water and rest 
the joint of the tubing on the block as 
shown. Now provide some means for 
vibrating the soft tubing near the point 
at which it joins the hard tubing. I use 
a Vibro-Graver as the power source. 
The block serves as an anvil. When the 

.soft 

vibrator goes into action, it is obvious 
that the water in both tubes must oscil
late around fixed positions because the 
system contains no valves. It is also 
obvious that the average pressure in the 
tubes must be zero and that no steady 
How could occur. 

"To test this assumption turn on the 
vibrator and observe the manometer. A 
word of caution: Unless you have made 
the manometer tube several feet tall be 
sure to stand back or you will get wet! 
A steady stream of water will shoot 
from the orifice at an average pressure 
of several pounds per square inch. 

"A startling fact is that this system 
acts like a pump with valves of some 
200 percent efficiency, whereas if there 
were valves, none of them could be ex
pected to perform with even 100 per
cent efficiency. In the case of my own 
apparatus I have measured the 'stroke' 
of the vibrating element; that is, I 
worked the vibrator by hand and mea
sured the resulting displacement of wa
ter, which is about .1 cubic centimeter 
per stroke. The vibrator runs at 120 
cycles per second. With perfect valves 
the output should amount to 12 cubic 
centimeters per second, or 720 cubic 
centimeters per minute. An actual run 
produces some 1,500 cubic centimeters 
per minute. If the vibrator is moved 
along the soft tube, a point can be 
found at which the direction of the 
pumping reverses. Still further displace
ment of the vibrator in the same direc
tion restores the How to its original di
rection but at a lower volume . 

Arrangement 0/ the valveless pump 

"An explanation of the pump's para
doxical behavior is found in the phase 
relations of the vibrations in the two sec
tions of tubing. The rigidity of the sys
tem is not symmetrical around the point 
of vibration. For this reason water in 
the hard tube does not necessarily vi
brate in step with that in the soft tube, 
and a net longitudinal vibration appears 
at the point where the impulses are ap
plied. Synchronized with this longitudi
nal vibration is a variation in resistance 
to How that is set up by the deformation 
of the soft tubing. When pressure is ap-
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plied at the proper point, the soft tube 
is squeezed during that portion of the 
cycle when the water is flowing from 
the hard tube into the soft one, and 
the soft tube is expanded when the wa
ter is flowing in the other direction. The 
combined actions generate a unidirec
tional flow. 

"The effect caught my eye quite by 
chance when I was working on a pneu
matic pump I invented for producing a 
flow of blood in superficial arteries. I fixed 
spent two weeks finding out why the 
effect occurs. Mathematically there ap
pears to be no limit to its efficiency. 
By 'tuning' the vibrator a little-varying 
both the pressure and the point at which 
vibrations are applied to the soft tube
one can doubtless make the system per
form at higher efficiencies than I have 
observed." 

r ' 

-- ) ), - --- (' � 
.� 

James H. 'Wiegand of Sacramento, 
Calif., calls attention to the equally 

strange behavior of high-polymer fluids 
subjected to a shearing force. A second 
force develops at right angles to the 
shearing force; this phenomenon is 
known as the Weissenberg effect. Ac
cording to Wiegand, the second force 
arises from the tendency of the giant 
molecules constituting the fluid to re
turn to their normal orientation when 
they are deranged by the force of shear. 
The effect can be demonstrated by an 
apparatus Wiegand desclibed in the 
Journal of Chemical Education for Sep
tember, 1963. 

Apparatlts for demonstrating the Weissenberg effect 

vViegand clamps a vessel such as a 
drinkin g glass in a metal fixture that is 
in turn held in the chuck of a hand drill 
supported vertically by an apparatus 
stand. 'Vhen the drill is turned, the 
carefully centered glass spins in the nor
mal, upright position around its vertical 
axis. A stationary glass tube about two 
centimeters in diameter is also clamped 
to the stand so that it extends coaxially 
down into the glass to within a few mil
limeters of the bottom [see illustration 
on this pagel. 

For the high-polymer solution Wie
gand dissolves seven grams of unfla
vored Knox gelatin in 35 milliliters of 
water heated to about 130 degrees but 
not to more than 140 degrees Fahren
heit. When the gelatin has dissolved 
and the solution has cooled to about 90 
degrees, the mixture is transferred to 
the drinking glass. If the glass is now 
rotated, the fluid will behave in the ex� 
pected manner: it will climb the wall of 
the glass as the surface assumes a para
boloidal shape. When the fluid has 
cooled to about 86 degrees, a remark-

able effect begins to appear. A portion 
of the fluid climbs the outer surface of 
the stationary tube and simultaneously 
rises inside the tube at the expense of 
fluid adhering to the wall of the rotating 
glass. The effect becomes more pro
nounced as the temperature continues 
to drop. Finally the column inside the 
tube grows by the upward movement of 
the liquid from the bottom of the glass. 
If rotation is continued until the con
tents have chilled to the gel point (82 
degrees F.), the center tube becomes 
solidly plugged. The plug can be re
moved easily by warming the glass. Oth
er fluids can also be used to demonstrate 
the phenomenon, including polyisobu
tylene and the thick fraction of egg 
white. Wiegand prefers gelatin, primar
ily because of its availability and ease 
of preparation. 

Not all paradoxical effects such as 
those represented by the valveless 

pump and high-polymer fluids that seem 
to defy gravity are "real" in the sense 
that physical forces account for the ob
served behavior. Some must be ascribed 

to faulty perception. An example is sub
mitted by Arthur Schlang of Mineola, 
N.Y. It involves an interesting three
dimensional variation of the familiar 
reversing-cube illusion. 

In its commonest form the illusion 
consists of a perspective drawing of a 
cube made by connecting the adjacent 
corners of two overlapping squares by 
four straight lines. As one looks at either 
one or the other of the two points within 
the figure where three lines meet, the 
perspective of the cube seems to change. 
Usually the eyes must come to rest for 
a few seconds on one or the other of the 
points before the illusion of reversal oc
curs. Schlang constructs a real cube of 
wire, with a short length attached at 
one corner to serve as a handle; it is 
aligned with the diagonal between the 
near and the far corner of the cube [see 
top illustration on next pagel. The wires 
are soldered together at the corners. 

To see the illusion hold the handle 
between the forefinger and the thumb 
of one hand with the cube at the nor
mal reading distance and, with one eye 
closed, look at the far corner of the 
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assembly 

Details 0/ the wire cube 

cube. 'Within a matter of seconds the 
orientation of the cube will appear to 
reverse, as in the case of the perspective 
drawing. When the reversal occurs, roll 
the handle slowly between finger and 
thumb. The cube will appear to turn 
backward! Open the closed eye. The 
cube will instantly snap back to its true 
orientation. 

Now hold the handle vertically with 
the cube on top. Again close one eye 
and fix attention on the far corner. 
When the illusion of reversal occurs, in
cline the cube away from you until the 
handle is horizontal. During this move
ment the wire handle will appear to 
bend at the pOint at which it is attached 
to the cube and the cube will swing 
upward until it seems to perch on one 
corner at the tip of the handle. Roll the 

handle. Now the cube appears not only 
to turn in the wrong direction but also 
to rotate on its vertical axis as if driven 
by the handle through a pair of crown 
gears, which change the angle of drive 
by 90 degrees. One can also equip 
the cube with a "synchronous satellite." 
Place a small object such as a cork on 
a wire and attach the wire to the han
dle of the cube so that the cork is about 
an inch above the equator of the cube 
(assuming the south pole to be the 
corner to which the handle is attached). 
When the illusion of reversal occurs and 
the cube is rotated, the cube and its 
satellite will appear to move in oppo
site directions. A little experimentation 
will disclose a number of other unex
pected effects, including a set of inter
locking curves that assume various 
forms when the unit is turned rapidly 
and viewed from different angles. The 
curves show up best if the cube is made 
of polished wire. 

The experiment strikingly discloses 
a role of binocular vision in the percep
tion of shape, position and distance. 
Under most circumstances the geometry 
of a scene can be judged adequately by 
one eye, which reports the relative sizes 
of objects, their characteristic patterns 
of light and shade and their relative 
apparent motions as well as variations 
in the intensity of lighting between near 
and far objects. For this reason a one
eyed person is not impossibly handi
capped when viewing most objects and 
can place a considerable amount of 
confidence in his visual perceptions. A 
three-dimensional object that is depicted 
by a perspective drawing in two dimen
sions is really a monocular representa
tion and appears practically the same 
whether viewed by one eye or two. 
That monocular vision does not always 
convey enough information about the 
real world for accurate perception, how
ever, is indicated by the fact that the 
illusion of reversal ordinarily does not 
appear when the wire cube is viewed by 

axbvedical axis tilt 20° axis tilt 37° 
Curves generated by the wire cube 
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both eyes. (A few people find, inciden
tally, that they cannot achieve the re
versal even with one eye.) 

Many seeming paradoxes would van
ish if we were endowed with 

sharper, more reliable eyes. As matters 
stand the experimenter must often base 
his conclusions on indirect evidence. 
Students of the Right of birds long won
dered, for example, how large birds 
such as turkey buzzards manage to Ry 
effortlessly above unbroken plains on 
sunny days of Rat calm. Ultimately, by 
using the visible motion of the birds as 
indirect clues to air movement, some 
observers concluded that the birds were 
carried aloft by vortex rings. These 
rings, which can attain quite large di
mension� form when local masses of 
heated air in contact with the surface 
detach and Roat upward, much as bub
bles originate in a pan of gently boiling 
water. To stay aloft soaring birds mere
ly circle in the local updraft that consti
tutes the core of the vortex ring [see 
"The Soaring Flight of Birds," by Clar
ence D. Cone, Jr.; SCIENTIFIC AMElU
CAN, April, 1962]. Although such rings 
can ascend at a rate of many feet per 
minute, their movement has little ef
fect on the neighboring air. In many 
respects they behave like solid objects. 
Even when projected at high velocity 
through still air, however, they do not 
create a breeze. 

These properties can be investigated 
with a simple vortex-ring generator that 
has been improvised from a coffee can 
by Tom Clements of Hightstown, N.J. 
He uses a can of the type that comes 
with a polyethylene top. A centered 
hole about an inch in diameter is cut 
in the bottom of the can [see top illus
tration on opposite page ]. Vortex rings 
are projected from the hole by tapping 
the plastic top. The rings can be made 
visible by filling the can with smoke. 
(To make a generator for producing 
smoke, heat until soft one end of a glass 
tube into which a cigarette will slide 
easily and draw the glass to a gentle 
taper. Light the cigarette and drop it 
into the tube so that the unlighted part 
seats against the taper. Blow into the 
large end of the tube.) 

To demonstrate how vortex rings 
propagate through still air, make a de
tector by constructing a grid of fine silk 
threads suspended from a horizontal 
bar. A grid a foot square with threads 
at half-inch intervals works well. Shoot 
vortex rings at the grid at distances 
ranging from one foot to 10 feet. Ob
serve how all threads remain undis-
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turbed except those directly in the path 
of the ring. Observe also how the ring 
expands comparatively little during its 
flight. Note how the rolling motion of 
the vortex ring picks up air in front of 
it, pushes it aside and finally deposits it 
relatively undisturbed in its wake as if 
the ring were a fully streamlined body. 

The energy of a vortex ring can be 
demonstrated by shooting a ring at a 
lighted candle. Even a comparatively 
small ring will blow out the flame at a 
distance of a few feet; large ones will 
break soap bubbles 15 feet away. To 
prove that the observed properties of 
the rings do not arise in the smoke, re
peat the experiments without smoke. 
How do vortex rings behave when they 
strike obstructions such as hard walls? 
What happens when two collide head 
on? The answers to such questions are 
left to the ingenuity of the experimenter 
[see "Quantized Vortex Rings in Super
fluid Helium," by F. Reif; SCIENTIFIC 
AMERICAN, December, 1964]. 

Jets of air also exhibit properties on 
which interesting experiments have 

been based. Shortly after the introduc
tion of gas lighting in the 19th century, 
for example, musicians observed that 
sustained notes of certain pitch, such as 
those in the upper register of the cello, 
would cause the lights to dim! Even
tually, after much investigation by such 
British physicists as John Tyndall and 
Lord Rayleigh, the cause was traced to 
the instability induced by sound waves 
in the laminar flow of gas constituting 
the jet of the burner. By carefully regu
lating the gas pressure they found it 
possible to produce jets that would re
sume laminar flow at the end of a dis
turbance. With such jets they made an 
apparatus for investigating the shape of 
sound waves. It was a primitive but sur
prisingly effective counterpart of the 
modern oscilloscope. 

Burners for generating these "sensi
tive" flames can take many forms. I 
make one version by heating to softness 
one end of a glass hlbe roughly eight 
millimeters in diameter and pulling it 
into a hairlike capillary. A nozzle is 
then formed by breaking the capillary 
at a point about .005 inch in diameter. 
I use gas from the tank of a propane 
torch and adjust the pressure for a flame 
about two centimeters high that floats 
some 10 centimeters above the nozzle. 
As part of the adjustment procedure it 
is usually necessary to increase the di
ameter of the nozzle by the cut-and-try 
method of snipping off additional bits 
of glass. A properly adjusted flame is 

Stayt hole with old
.styl e 

coffee can ( 

Cut star 
with tin 
snlp.s. 

Preparation 0/ can to produce vortex rings 

blue at the bottom and tipped with yel
low. Sustained sounds of 400 cycles and 
higher, such as the A note above middle 
C on the piano, cause the flame to drop 
about two centimeters toward the noz
zle. A sharp sound, such as a click, will 
usually blow out the flame. Even a snap 
of the fingers will do so at distances of 
up to 30 feet. 

The instantaneous response of sensi
tive flames can be demonstrated by ob
serving the flame as reflected by a mov
ing mirror. The mirror provides the 
equivalent of the horizontal sweep of 
an oscilloscope. In one arrangement a 

Vodex y; ng.s wil' ex
tinguish a cand Ie at a 
yange of four feet. 

/ / I. 

mirror of the size of those used in auto
mobiles is suspended from its upper cor
ners by a pair of threads and set into 
wobbling vibration around its vertical 
axis with a push on one end. The flame 
is seen in the mirror as a ribbon of re
Hected light. When a sustained sound 
is projected against the base of the 
flame, the sound waves appear as un
dulations along the upper edge of the 
ribbon. A more convenient horizontal 
sweep can be made by mounting a set 
of eight pocket mirrors around the pe
riphery of a wooden disk that can be 
continuously rotated on a centered ver-
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tical shaft. The mirrors successively 
sweep the image of the flame across the 
field of view in the direction of the ro
tation. 

Sensitive flames can also be made to 
function as oscillators for generating 
sound waves. For these experiments I 
use a nozzle about a millimeter in diam
eter and adjust the jet so that it is on 
the verge of instability-the point at 
which the flame changes from the 
smooth shape of a candle flame to one 
that flares and roars. If a pipe about 
two inches in diameter and two feet or 
more long is now lowered over the 
flame, a point will be found at which 
the apparatus sings. The pitch of the 
tone depends on the distance between 
the flame and the end of the pipe. The 
sound is initiated by some random event 
that triggers instability. The resulting 
compression wave then traverses the 
pipe and is reflected back to the jet 
from the end, initiating the next cycle. 

Another interesting oscillator, also 
powered by heat, is known as Trevel
yan's rocker. It consists of a specialIy 
shaped block of hot metal in contact 
with a thin strip of lead. The combina
tion will sing a minute or longer if the 
block has been heated close to the melt
ing point of lead. 

A version of the apparatus made by 

Nozzle-and-flame arrangement 

%-- 02. brass 
(about �".x �"" �") 

\ 
/1 

lead -1 �b" 
/ 

I 
knife 

ed� 
[l?teel 

approximate. 
center of ,gYdvity 
of end block 

M(I!)onite c3yd-table. top 
acting as sound Yddiator 

Details 0/ Trevelyan's rocker 

Roger Hayward, who illustrates this de
partment, consists of a rectangular block 
of brass about half an inch square and 
three-quarters of an inch long. A groove 
is filed in one of the corners to form 
a pair of knife edges spaced three
sixteenths of an inch apart, as shown in 
the accompanying illustration [above J. 
The other end of the block is drilled 
for a push fit with a brass rod six inches 
long and an eighth of an inch in diam
eter. A second block of any metal is 
similarly drilled for a push fit with the 
other end of the rod. The lead block 
must have a single knife edge. 

When the knife edges of the heated 
brass block are placed at right angles 
across the knife edge of the lead block, 
the brass-block assembly promptly goes 
into torsional vibration and emits con
tinuous sound at about 100 cycles per 
second. The vibrations are generated 
primarily by the lead. It is almost im
possible to place the brass on the lead 
so that each of the two brass edges 
bears equal weight. Therefore initialIy 
one brass edge transmits more heat to 
the lead than the other. The lead ex
pands with enough violence to rotate 
the brass so that somewhat greater pres
sure is then exerted between the other 
brass edge and the lead. This volume 
of lead now absorbs heat at an acceler
ated rate and expands, rocking the brass 
in the other direction and initiating the 
next cycle. The rate of vibration is es
tablished by the natural resonance in 
torsion of the masses that are coupled 
through the elastic rod. 
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HOW A NEW KIND OF RCA TRANSISTOR ... 

Will Help Man Land On the Moon 
To walk upon another world for the first time in human 
history is probably the greatest adventure ever planned. 
Yet by the turn of this decade man expects to set foot 
upon the moon. 

Already the first step has been successfully taken; un
manned spacecraft have been directed to the lunar sur
face. But the final conquest will require an ingenious 
system of space logistics that will not only land astro
nauts on the moon, it will also return them safely to an 
orbiting vehicle on which they will travel back to earth! 

Such a complex feat will be facilitated by "landing 
and rendezvous radar" that both tracks and guides the 
astronauts' capsule to the moon's surface-and then back 
again to the craft orbiting in space. 

Basic to this space communications and guidance sys
tem will be a new RCA "overlay" transistor - a device 
which can generate stronger signals at higher frequencies 
than any transistor ever made. And yet this transistor 
requires only about the same power as the ignition sys
tem of your car. 

Not science-fiction, but here today, RCA "overlay" 
transistors already are helping to forecast weather and 
plot jet stream courses by rocket sonde ... identify friend 
or foe (IFF) with airborne "beacons" ... detect enemy 
ground movement by portable radar. 

Advancing the art of electronics in space and earth 
travel is another way in which RCA solid-state technol
ogy is serving industry and the national defense. 

RCA ELECTRONIC COMPONENTS AND DEVICES 

The Most Trusted Name in Electronics 
... and the world's most b1'oadly based elect?'onics company 

New RCA"Overl.y"Translslor. Tn an 
area smaller than the head 
of a pin, this unique device 
contains 156 microscopic 
transistor jun ctions con
nected in paral1el for maxi
mum power amplification at 
extremely high freq uencies. 
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by Asa Briggs 

THE MAKING OF THE ENGLISH WORKING 

CLASS, by E. P. Thompson. Pantheon 
Books; a Division of Random House 
($ 15) . 

When one wishes to examine the 
responses of human societies to 
industrialization, two kinds of 

studies are valuable: detailed empirical 
investigations of existing communities 
and broad historical surveys of crucial 
periods of social transformation. The 
relation between techniques and values, 
which assumes importance in any de
bate about economic development, is 
deservedly attracting the attention not 
only of sociologists and anthropologists 
but also of a new school of social his
torians .  E. P.  Thompson's massive vol
ume is a landmark in historiography. 
Based on highly varied source materials 
and informed by a lively and powerful 
historical imagination, it deals with what 
is perhaps the most crucial period in the 
history of industrialization: the first few 
decades of the first industrial revolu
tion-the industrial revolution that took 
place in Britain in the late 18th and 
early 19th centuries. 

It was during the 1780's that the 
British economy made its great leap 
ahead. New techniques, new forms of 
production and new social relations were 
all closely associated with one another. 
People were conscious of a deep trans
formation. "The general diffusion of 
manufactures throughout a country," 
wrote Robert Owen, the advocate of 
controlled social change, "generates a 
new character in its inhabitants . . .  an 
essential change in the general character 
of the mass of the people." W. Cooke 
Taylor, who welcomed spontaneous 
change, said much the same: "The man
ufacturing population is not new in its 
formation alone: it is new in its habits of 
thought and action, which have been 
formed by the circumstances of its con-

BOOKS 
Historical sociology applied 
to the British working class 

dition, with little instruction, and less 
guidance, from external sources ." 

As part of the transformation a new 
social vocabulary emerged-the vocabu
lary of c,�ass. �� ,fore �hen �:en ha� 
talked of rank, order and degree, 
of "middling folk" and "common peo
ple ." The term "working class," which 
had been preceded by "upper class" and 
"middle class," was coined only in the 
early 19th century. The new terms had 
an intense emotional charge. They also 
implied experiments in social organiza
tion . Before long it was difficult to 
avoid an analysis of society in class 
terms. "They revolve in their eternal 
circle of landlords, capitalists and la
bourers," wrote John Stuart Mill in 
1834, "until they seem to think of the 
distinction of society into those three 
classes as if it were one of God's or
dinances not man's, and as little under 
human control as the division of day 
or night." 

Thompson seeks to show how a work
ing class emerged in Britain: a class 
with a distinct sense of group identity 
and distinct modes of behavior. He also 
seeks to show what the general social 
implications of the emergence of this 
class were. He stops short, however, on 
the eve of Chartism, the first national 
movement of working-class protest, and, 
unlike many earlier writers, he goes 
back in time long before the invention 
of the' steam engine and the leap in 
the volume of industrial production. 
He chooses to begin his biography of 
the working class with an account of 
the preindustrial inheritance that in
fluenced its formation and early at
titudes. Although he is interested in 
social semantics, he is more interested 
in the social experience that lay be
hind the coining of words .  

There is a contrast here between 
recent writing and the picture presented 
by Friedrich Engels in his famous Con
dition of the Working-Class in England 
in 1844. Engels wrote about preindus
trial society in lyrical rather than in 
analytical vein, dwelling on the "idyllic 
simplicity and innocence" of social re-

lations, "the leisure for healthful work 
in garden or field" and even "the piety 
and the probity" ordinary people dis
played. The only penalty-and to Karl 
Marx and Engels it was the most serious 
of all penalties-was "vegetation ." "In
tellectually," wrote Engels, "they [the 
people of the preindustrial villages 1 
were dead; lived only for their petty pri
vate interest, for their looms and gar
dens, and knew nothing of the mighty 
movement which, beyond their hori
zon, was sweeping through mankind." 
Thompson is unhappy about this kind 
of generalization, although he considers 
it less dangerous than many other gen
eralizations .  He wants to understand 
the preindustrial world, not to exploit 
it for purposes of polemical contrast. 
Fascinated as he is by class and by the 
industrial pressures of the 19th century, 
when the Marxist theory of class was 
formulated, he is equally fascinated by 
older views of society and by the 18th 
century, when there was far more to 
life, he suggests, than vegetation. He 
wants to test Owen and Cooke Taylor 
as well as Marx, to explore questions 
of continuity as well as of change, to 
see whether or not politics or religion 
before the advent of the steam engine 
influenced the way Englishmen, at least, 
thought and felt after it had been in
troduced into the factories. 

For this reason the first part of his 
book is not really about economics at 
all . It is called. "The Liberty Tree," 
and it deals with traditions and ideas 
that were still in the air when the first 
smoke rose from the chimneys of the 
new factory towns. He starts, in fact, 
not with Manchester but with prein
dusb'ial London, where there was a 
radical tradition before anyone talked 
of socialism. Radicalism expressed it
self not only in formal statements of 
political theory but also in the actions of 
the mob and the popular disturbances 
that were generically called "riots." In 
this age-the age of William Hogarth 
and Tom lones-society was stratified, 
but there were recognized areas of free 
expression, an implicit and sometimes 
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an explicit challenge to "authority" and 
a proud sense of the Englishman's 
"birthright ." As Thompson observes, 
"behind every form of popular direct 
action some legitimizing notion of right 
is to be found." 

Thompson does not exhaust the 
themes he touches on in this section of 
his book. Rather he communicates his 
enthusiasm for getting to know more 
about them. He wants to fit Tyburn and 
its gallows into his picture as compre
hensively as Manchester and its mills . 
He has an eye for "Brechtian values": 
the fatalism of the submerged sections 
of London society (a fatalism mitigated 
by belief in luck), the irony of the poor 
in face of the homilies of the Establish
ment (homilies that became more sys
tematic under the influence of the Evan
gelicals and the Utilitarians) and the 
self-preservative tenacity of the weakest 
members of the social order. He wants 
to follow the example of French social 
historians such as Louis Chevalier by 
pursuing the phenomena of violence and 
crime. 

Yet Thompson is quick to show that 
Britain was sui generis. There was a 
tradition of religious dissent in the 
provinces that was bound up with the 
pressure for liberty. Methodism, he sug
gests, was socially an ambivalent move
ment, a model for the makers of new 
organizations, particularly working-class 
organizations, but also torn from within 
by tensions between authoritarian and 
democratic tendencies. It could provide 
the "inner compulsion" that would en
able the industrial discipline of the 
factory to work "naturally"; at the same 
time it could fire ordinary people to 
work together with a strong sense of 
community. Thompson may perhaps 
lean too heavily on evidence relating to 
the least attractive side of Methodism, 
but he recognizes that as the industrial 
system developed, religious stimuli and 
reactions were as much a part of the 
story as the facts of wages and profit. 
During the transitional years of social 
transformation, religious and secular 
egalitarianism could overlap as well as 
compete. So too could millennial visions, 
and Thompson is particularly vivid and 
illuminating in his brief account of this 
element in Protestant sectarianism. 

The section ends, as it begins, with 
London in the early years of the French 
Revolution, with the dissemination of 
Jacobin ideas from London to the prov
inces and with Thomas Paine and the 
repressions under the younger Pitt. 
Thompson argues that in spite of all the 
differences in social framework (more 
might have been said about these dif-
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feJ'ences) the English artisans who 
studied Paine with such intense interest 
were not unlike the Parisian sansculottes 
of 1793-1794. Just as there were revo
lutionary leaders in France who became 
involved in social revolution, so also 
were there English Jacobins, particular
ly John Thelwall, who even in a pre
industrial context were on the threshold 
of passing from radicalism to socialism. 

Taken as a whole this section has 
fascinating general bearings. It  shows 
how the stamp of history affects social 
orientations in a period of industrial 
revolution. The official politics of the 
time had little to say about industry, 
unlike the official politics of developing 
countries today, yet even in these "new 
countries" it is necessary to examine the 
entire fabric of a society in order to 
understand reactions to technological 
change. Industrial changes always start 
from a social base line, or a series of 
such base lines. In Britain before the 
rise of factories there was always a 
vociferous demand for freedom, and 
enough zones of toleration in society for 
the demand to have a chance of expres
sion. Other societies may start from 
quite a different pOint of departure. As 
a matter of fact the revolutionary agita
tion of the 1790's in Britain was sup
pressed just at the time when industrial 
progress was speeding up. Thompson 
writes: "England differed from other 
European nations in that the flood tide 
of counterrevolutionary feeling and dis
cipline coincided with the flood tide 
of the Industrial Revolution; as new 
techniques and forms of industrial or
ganisation advanced, so political and 
social rights receded." 

Unfortunately at this point in Thomp
son's analysis there are omissions, even 
a falling back on cliches about "bour
geoisie" and "proletariat." The repres
sion would not have succeeded if there 
had not been a popular element in 
Britain opposed to both France and the 
French Revolution. Before there was a 
clearly defined sense of class there had 
been a strongly felt sense of nation. 
Moreover, in the contemporary world 
there are many complexities associated 
with the very idea of "popular" pres
sure. Thompson never carefully ex
amines the work of the political econo
mists, who at that time were prophets 
of change, and he takes the attacks 
made on them at face value. The insight 
and walmth that are never missing in 
his account of working folk are seldom 
present when he looks at other groups 
in society. He has little appreciation of 
the values associated with "enterprise ." 
In this sense there is lUlming through 

his book a polemical element, which I 
am sure he would be the last person to 
deny. He implies, indeed, that if his
tory is to be felt as well as studied, 
human feelings cannot be overlooked. 

In the second section of his book 
Thompson turns to "The Curse of 
Adam," to the rich variety of the world 
of work and the bleak discipline that 
was brought into existence to direct and 
control it. The words "industry" and 
"work" could no longer be separated 
from each other. Again he looks for 
continuity: "Too much emphasis upon 
the newness of the cotton mills can lead 
to an underestimation of the continuity 
of political and cultural traditions in the 
making of working-class communities." 
In this quest for continuity he falls back 
on the idea of the industrial revolution 
"not as a settled social context but a 
phase of transition between two ways 
of life ." In such a phase of transition 
there were bound to be disputes relating 
not only to the cost of living-these 
were to be basic to the logic of trade
union development-but also to issues 
centering on custom, status, justice, 
fairness, independence, rights and so on. 

After surveying the fortunes and 
changing ways of life and work of 
different sections of what was to become 
the working class, Thompson seeks to 
place in proper perspective the pro
longed historical controversy about 
whether workers became worse off or 
better off during the early years of the 
industrial revolution. He is less con
cerned with economics than with psy
chology and sociology, although he does 
have some pertinent points to make 
about economics; he notes, for example, 
that John H. Clapham, in his mas
sive economic history of Britain, never 
mentions the fact that there was unem
ployment during the early industrial 
revolution. 

In his interpretation of the psychol
ogy and sociology of the transitional 
phase, Thompson presents a significant
ly different analysis from that advanced 
by Neil Smelser in his difficult but re
warding study in applied sociological 
theory: Social Change in the Industrial 
Revolution. What Smelser, who was ex
clusively concerned with the cotton
textiles industry, described as "regres
sive" phenomena of disturbance figure 
in Thompson's analysis as necessary 
educative ingredients in the making 
of the unprecedented sense of class .  
Smelser examines strains and stresses 
within the value system of the prefac
tory family; Thompson looks at the 
growing pains of a new industrial sys
tem. The one seeks for evidence of dis-
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University surveys indicate: 

STARTING SALARIES 

OF ENGINEERS 

ARE DECEPTIVELY HIGH 

By James M. Jenks 

TWO SEPARATE STUDIES of the salaries made by college 
graduates appear to contradict the commonly held 

belief that engineers today make out better financially 
than their classmates who major in non-technical 
subjects. 

Both surveys were conducted by large universities. 
The first polled graduate engineers; the second, com
pany executives. And both resulted in identical find
ings! That is, the average engineer today - despite a 
deceptively high starting salary-climbs fast but not far. 

The need for technically trained men in recent years 
has exceeded the supply to such an extent that com
panies have been forced to bid for their services-to 
actually set-up "recruiting" offices on college campuses 
all over the country. Thus, starting salaries have gone 
up and up. But the income ceiling for these technically
trained men is lower than that for managerial personnel. 

Despite the substantial head start engineers have, the 
differential in money earned over a ten-year period 
averages out at $7,000 more for the management man. 

And from the tenth year on, the administrator's salary 
obviously outstrips that of the engineer by a wider and 
wider margin. 

This, of course, is not to say that engineering students 
would be wise to shift to the study of business adminis
tration-or that working engineers face a bleak future. 
Quite to the contrary, the continuing growth of tech
nology means that men with technical backgrounds are 
as ideally qualified for the highest rewards industry has 

-- -- ---� 

to offer -if they also have a knowledge of the under
lying principles of business. 
FREE ... "FORGING AHEAD IN BUSINESS" 
If you want to avoid the thorny barriers to success -
if you're ambitious, determined to move up fast - send 
today for the Institute's 32-page descriptive booklet, 

"Forging Ahead in Business . " 

It explains what a man must know today to make 
$15,000 or more a year ... what he must do to accumu
late this knowledge. It tells why men of equal ability 
fare so differently in the race for better jobs and bigger 
salaries. It analyzes the causes of failure ... the reasons 
for success. And it outlines an executive-training pro
gram which is so complete and so scientific that each 
day subscribers are brought a little closer to a mastery 
of business procedures. 

There's no charge for "Forging Ahead in Business." 
And no obligation ... other than the obligation to read 
it thoughtfully, and decide for yourself whether the 
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integration and functional readjustment, 
the other for evidence of latent power 
and for historical movement through 
unresolved conflict . These differences in 
analysis represent something more than 
the difference between "sociological im
agination" and the application of a so
ciological model with sequential phases. 
They provide quite different answers to 
basic questions .  If the two approaches 
were related not to past experience but 
to current diagnosis, they could lead 
to radically different interpretations of 
what is happening now. 

There is, indeed, a remarkable, if 
oblique, topical relevance and aptness in 
Thompson's preoccupations. Although 
this topicality may raise difficult ques
tions of historiography, it is an unquali
fied gain for the student of society. The 
debate on standards of living in the 
18th and early 19th centuries tells us 
more about people now than about peo
ple then . It forces the intelligent reader 
to think not about 18th- and early 19th
century Britain but about 20th-century 
India. The fact that many of the ques
tions posed in welfare controversies seem 
unanswerable does not rob them of their 
appeal. 

In the third section of his book, 
where Thompson turns to the actual 
making of the sense of a working class, 
he remains provocative and challenging. 
In much the most sensitive account yet 
written of the Luddites, who wrecke,d 
the factory machinery they regarded as 
their enemy, he makes the reader think 
twice about the current use of the word 
"Luddite" as a term of unqualified con
tempt. Since it has become a cliche in 
the debate about economic progress, 
any critical reexamination of how the 
term first came into existence is of re
freshing relevance. 

To Thompson the Luddite movement 
was transitional. "We must see through 
the machine-breaking to the motives of 
the men who wielded the great ham
mers. As 'a movement of the people's 
own,' one is struck not so much by its 
backwardness as by its growing matur
ity. Far from being 'primitive' it ex
hibited, in Nottingham and Yorkshire, 
discipline and self-restraint of a high 
order. One can see Luddism as a man
ifestation of a working-class culture of 
greater independence and complexity 
than any known to the 18th century." 
The historical evidence Thompson col
lects and interprets, however, is  suf
ficiently complex for readers to make up 
their own minds whether he goes too 
far in his reversal of accepted interpre
tations. 

The same is true of an even bigger 
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reversal of "orthodox" historical scholar-
. ship that Thompson proposes. He is 
prepared to believe that between 1810 
and 1820, when the British sought to 
repress popular movements on the 
grounds that they were conspiratorial 
and subversive of all established order, 
there really was a serious revolutionary 
threat. J. L. and Barbara Hammond, 
vivid and eloquent social historians, be
lieved that the government invented the 
threat as a pretext, that it treated in
dividuals and groups unfairly because it 
relied on spies, agents provocateurs and 
manipulated evidence. Thompson dis
agrees: "What is most noticeable in the 
Hammonds' handling of the sources is 

, 
a marked disposition to commence their 
research with the assumption that any 
bona fide insurrectionary schemes on 
the part of workingmen were either 
highly improbable or, alternatively, 
wrong, and undeserving of sympathy, 
and therefore to be attributed to a luna
tic, irresponsible fringe. But it is diffi
cult to see why, in 1812, this should be 
assumed. With a year's intermission, 
war had continued for almost twenty 
years. The people had few civil and no 
trade union liberties. They were not 
gifted with historical clairvoyance, so 
that they might be comforted by the 
knowledge that in twenty years (when 
many of them would be dead) the 
middle class would secure the vote." 

Thompson's compassion is associated 
with one acute historical observation . 
He notes that insofar as the historian 
does not quite know how to interpret 
the historical evidence relating to "con
spiracy" during this period, the reason 
lies partly in the ambiguous evidence 
relating to the attitudes of people who 
made up the new working class. The 
main reason the sources are clouded is 
"that the working people intended them 
to be so." In this connection Thompson 
introduces the useful idea of an "opaque 
society," that is, a society in which a 
major group does not disclose its true 
thoughts and aspirations to other groups, 
in which "secret traditions" are more im
portant than open arguments. The idea 
can be applied to many societies, and 
not only to the working class .  In regard 
to Britain, Thompson expresses it poeti
cally: "From Despard to Thistlewood 
[two alleged working-class conspirators] 
and beyond there is a tract of secret 
history, buried like the Great Plain of 
Gwaelod beneath the sea. We must re
construct what we can ." 

From the 1820's on we can recon
struct much. This was, after all, the 
period leading up to the open expres
sion not only of class consciousness but 

also of class conflict. By 1832 the work
ing class was no longer in the making; 
it had been made. "To step over the 
threshold, from 1832 to 1833, is to step 
into a world in which the working-class 
presence can be felt in every county of 
England, and most fields of life." Al
though Thompson is enlightening about 
William Cobbett and Robert Owen and 
provides a tidy chronology of successive 
working-class movements, he tends in 
his last few pages devoted to "class con
scious{less" to rely on a number of set 
categories. A fuller analysis of "middle 
class" attitudes seems necessary at this 
stage of the argument; during the criti
cal debates on the Reform Bill of 1832, 
which gave the vote to a large section of 
the middle class without enfranchising 
the working class, there was less una
nimity in the middle class than he sug
gests . There were also many nuances in 
class relations, and large numbers of 
people who did not think in class terms 
at all . 

Nonetheless, as Thompson points out, 
the discussion as to who should have 
the vote was of pivotal importance in 
defining attitudes and tactics not only 
in the debates leading up to the Reform 
Bill of 1832 but also in the Chartist 
period that followed. Once the middle 
class had been given the vote the mili
tant members of the working class felt 
deprived until they had won it-deprived 
as citizens and lacking any effective 
means of exercising control over the 
developing industrial economy. "Collec
tive self-consciousness," Thompson con
cludes, "was indeed the great spiritual 
gain of the Industrial Revolution, 
against which the disruption of an older 
and in many ways more humanly com
prehensible way of life must be set." It 
took many years for that collective self
consciousness to express itself fully, al
though Thelwall had recognized at the 
very beginning of the process that 
"every large workshop and manufactory 
is a sort of political society, which no 
act of parliament can silence and no 
magistrate disperse ." By demonstrating 
chains of connection Thompson has re
arranged history, and it will be impos
sible for any historian in the future to 
ignore what he says about links and 
continuities. 

The main work that remains to be 
done in this field concerns parallels . Was 
the formation of the English working 
class of 1832 "a unique formation"? 
What about the making of the English 
middle class? How did the particular 
forms of industrialization in the period 
Thompson has examined in-fluence social 
relations? What happens when the tech-
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nical base is changed? Only scholars 
who are as knowledgeable about their 
own societies as Thompson is about his 
can lead us toward the comparative 
social history we most need. 
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PROBABILITY Al\D CERTAINTY, by 
Emile Borel. \'Valker and Company 

($3.50). PATHWAYS TO PnOBABILITY, by 
Amy C. King and Cecil B. Read. Holt, 
Rinehart and Winston, Inc. ($2.50). 
These two relatively slight works dem
onstrate once again that the theory of 
probability is of inexhaustible interest. 
Borel's book, which appears in the at
tractive "Sun Book" series, is a transla
tion from the French of this eminent 
student's theories and views. on different 
aspects of probability, from the law of 
large numbers and the probabilities of 
causes to entropy, the Petersburg para
dox and statistical deviation. Addressed 
to a nonspecialist audience, the essay 
affords Borel the opportunity to promul
gate one of his pet ideas, namely that 
extremely unlikely events are not merely 
highly improbable but in fact impos
sible. To this category he assigns Sir 
James Jeans's "miracle" that the water 
in a pan heated over a hot flame might 
turn to ice and also the conjecture that 
a group of monkeys let loose on a few 
typewriters might by their random ef
forts turn out the text of King Lear. 
The King and Read volume is little more 
than a syllabus of the history of prob
ability from Cm'dan, Pascal and Fermat 
to R. A. Fisher's mathematics of the tea
tasting lady. Clearly presented, with 
amusing items here and there and a few 
of the major concepts explained in some 
detail, this is an affable primer. 

THE CREAT PSYCIIOLOG1STS: FRO!.1 

ARISTOTLE TO FREUD, by Robert 1. 
Watson. J. B. Lippincott Co. ($7.50). A 
sound, lucid and readable history of 
psychology that, in addition to treating 
the modern experimental period and its 
immediately preceding philosophical 
phase, goes beyond Descartes to the 
Creeks. The book runs from Thales to 
C. C. Jung, but the greatest of the 
author's great are Aristotle (34 pages) 
and Freud (32 pages). William James 
gets 22 pages, Descartes 19, Wilhelm 
Wundt, who founded experimental psy
chology, 17, and J. B .  Watson, who 
founded behaviorism, 16, but mostly 
you can be great if you get six to 10 
pages. A fault in  the treatment is  its 
concern with choosing the leading 
figure of a school: among peers it ele
vates one into greatness and depresses 

another into near greatness or even ob
livion. Still, in 20 chapters the book tells 
one quite a bit about the contributions 
of threescore psychologists, even if it 
does place J. M. Charcot, T. A. Ribot 
and Pierre Janet in the shadow of Alfred 
Binet as the leader of the French school. 

TI-IE COMMON LAW, by Oliver Wen-
dell Holmes, edited by Mark De

"Volfe Howe. Harvard University Press 
($5). A reissue, with a notice and a 

graceful introduction by Howe, of 
Holmes's famous treatise on the law, 
Rrst published in 1881. The Common 
Law is that rare thing, a classic that still 
speaks to us. It lives not so much as 
legal history but as a source of Holmes's 
searching philosophical ideas on the 
nature of our society. Aristocratic in 
outlook, not indiJ-ferent to the blandish
ments of metaphysics, Holmes was 
nevertheless of an essentially pragmatic, 
realistic and skeptical tem per. His 
thought evolved, as Howe points out, in 
a direction away from the established 
notions of moral culpability as a basis 
for law and toward the overriding im
portance of the common good. Both as 
a majority spokesman for the Supreme 
Court and as so often a dissenter, he left 
a memorable imprint on our society. 
One of his aphorisms appears in the 
fourth sentence of his book: "The life of 
the law has not been logic: it has been 
experience." Another, less well known 
but no less pertinent to the circum
stances of our time, is that "the first 
requirement of a sound body of law is 
that it should correspond with the ac
tual feelings and demands of the com
munity, whether right or wrong." 

COMPUTERS AND THOUGHT, edited by 
Edward A. Feigenbaum and Julian 

Feldman. McCraw-Hill Book Company 
( $7.95). A collection of 20 articles rep
resenting advances in the use of com
puters in many different spheres. In
cluded are classic papers such as A. M. 
Turing's "Can a Machine Think?" and 
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swerers of baseball questions, a pattern
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a computer model of elementary be
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.t\. REGENTS OF THE SMITHSONIAN 

IXSTITUTION, 1962. U .S. Government 
Printing Office ($4 .75). The current re
port contains, in addition to the usual 
secretary's account of the branches of 
the Institution, a considerable number 
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gain. 
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Chelsea Publishing Company ($7.50) .  
The noted German mathematician Con
stantin Caratheodory first put forward 
his general theory of measurement and 
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present work, a translation, was as
sembled by the author and is made up 
of selections from his papers. Although 
the manuscript was completed before 
his death, a considerable amount of 
editing had to be done to eliminate in
consistencies and other rough spots that 
were the inevitable by-products of mak
ing whole such a mass of heterogeneous 
material. 
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larly in her ability to raise them to nor-
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mal educational levels . Her methods 
were much admired for years, then fell 
into disfavor, and in recent years, with 
so-called new methods of teaching, they 
have regained recognition. A remarka
ble book by a remarkable human being. 

BEYOND TIME, by Michel Siffre. Mc-
Graw-Hill Book Company ($5.95) .  

The story of a young Frenchman who, 
for some inexplicable reason, spent 63 
days alone in an icy cavern 375 feet 
underground below the French Mari
time Alps . The adventure appears to 
have produced nothing of scientific 
value other than the fact that Siffre 
could do what he did without perishing 
or losing his mind. An eerie and faintly 
unpleasant tale. 

THE VICTORIA AND THE TRITON, by 
Bern Dibner. Blaisdell Publishing 

Company ($1.95) . A relaxed and unpre
tentious account of two circumnaviga
tions of the globe, by Magellan's Victo
ria in a voyage that lasted three years 
and by the nuclear submarine Triton, 
which, submerged, retraced the Vic
toria's route in three months. Illustra
tions .  P"lperbacked. 
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A SOURCE BOOK IN ANIMAL BIOLOGY, 

by Thomas S. Hall. Hafner Publishing 
Company ($15) . A reprint of a book 
first published in 1951 that consists of 
selections from the writings of leading 
contributors to animal biology, begin
ning with Leonardo da Vinci and An
dreas Vesalius .  

THESE FRAGILE OUTPOSTS, by Bar
bara Blau Chamberlain . The Natural 
History Press ($6 .95) .  A knowledgeable, 
well-written, effectively illustrated sur
vey of the geology of Cape Cod, 
Martha's Vineyard and Nantucket. Es
sential for those who love these sandy 
outposts and instructive for anyone in
terested in geology. 

FLORA OF MISSOURI, by Julian A. 
Steyermark. The Iowa State University 
Press ($18.50) .  This 1,700-page volume 
presents a comprehensive treatment of 
the more than 2,400 species of ferns 
and flowering plants growing in the 
plains area of Missouri . Hundreds of 
maps and line drawings. 

THE CONCISE OXFORD DICTIONARY OF 

QUOTATIONS. Oxford University Press 
($ 1 .95 ) .  A most satisfactory abridgment 
of the parent volume, which is the best 
dictionary of quotations available, this 

paperback is a pleasure to use and a 
bargain. 

INSIGHT AND RESPONSIBILITY, by Erik 
H.  Erikson. W. W. Norton & Company, 
Inc. ( $5) .  A collection of six lectures, 
delivered over the past seven years, on 
the social and ethical implications of 
psychoanalysis. 

PIEZOELECTRICITY, by Walter Guyton 
Cady. Dover Publications, Inc. ($5) .  A 
revised two-volume edition of a stan
dard introduction to the theory and ap
plications of electromechanical phe
nomena in crystals, an effect discovered 
in 1880 by Pierre Curie and his brother 
and intensively studied within the past 
20 years . Paperbacked. 

THE SEA, edited by M. N.  Hill . Inter
science Publishers ($28) . The third and 
final volume of this superb survey, 
earlier installments of which have been 
reviewed in these columns, deals with 
the earth under the sea and the sea's 
history. Magnificently i llustrated with 
many charts and plates. 

EVOLUTION OF THE ATHEROSCLEROTIC 

PLAQUE, edited by Richard J. Jones. 
The University of Chicago Press ($6 .75) .  
The papers in this volume, presented at 
a symposium held in Chicago in 1963, 
consider the relations between the 
serum lipids and the arteriosclerotic 
lesion and review the process of athero
genesis from its earliest inception 
through ulceration and thrombosis . Il
lustrations .  

YOUNG GEOGRAPHERS, by Lucy 
Sprague Mitchell .  Basic Books, Inc. ,  
Publishers ($3) .  A reprint of Mrs. 
Mitchell's stimulating little book, first 
published in 1934, designed to guide 
teachers in rousing the interest of chil
dren in geography by wedding the sub
ject to their own experiences . Many 
illustrations .  

WILLIAM HERSCHEL AND THE CON
STRUCTION OF THE HEAVENS, by Michael 
A. Hoskin . W. W. Norton & Company, 
Inc. ($6) .  This book presents a number 
of William Herschel's great papers on 
stars and star systems, based on his own 
prodigious observations of the heavens 
during the period 1783-1802. Hoskin 
adds his commentary and interpreta
tion. 

THE READER
'
S ADVISER, edited by 

Hester R. Hoffman. R. R. Bowker Com
pany ($20) .  The 10th edition of this an
notated guide to leading books in 34 
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major subjects, periods and fields of 
knowledge from fiction and poetry 
through science and philosophy. An in
dispensable reference companion. 

ACOUSTIC BEHAVIOUR OF ANIMALS, 

edited by R.-G. Busnel. American 
Elsevier Publishing Company ($45). 
This elegantly produced 950-page book 
collects a mass of information, much 
of it hitherto unpublished, on animal 
acoustics:  the sounds animals hear and 
make. The noisemakers covered are 
birds, mammals, fishes, amphibians and 
arthropods.  

SELECTED WORKS IN ORGANIC CHEM

ISTRY, by A. N. Nesmeyanov. Pergamon 
Press ($30).  This is the first of four 
promised volumes containing selected 
papers in organic chemistry and organo
metallic research by a distinguished 
Soviet scientist who was for 10 years 
president of the Academy of Sciences of 
the U.S .S .R. The papers are translated 
from the Russian by Avraham Birron 
and Z. S. Cole. 

MATHEMATICAL GAMES AND PAS

TIMES, by A. P. Domoryad. Pergamon 
Press ($5).  A translation from the Rus
sian of a collection of mathematical 
recreations.  Most of those described are 
standard, but a few are original or intro
duce a novel turn to an established pas
time. 

PROCEEDINGS OF THE INTERNATIONAL 

CONFERENCE ON THE IONOSPHERE, 

edited by A. C. Stickland. The Institute 
of Physics and the Physical Society (five 
pounds five shillings) . Papers given at a 
conference held at Imperial College at 
London in 1962, the main topics being 
ionospheric constitution and radiations, 
geomagnetism and the ionosphere, ir
regularities and drift in the ionosphere 
and the mathematics of wave propaga
tion through the ionosphere. 

REASON AND NATURE, by Morris 
Raphael Cohen. The Free Press of Glen
coe ($2.45).  A soft-cover reissue of a 
well-known essay on the scientific meth
od by a foremost American philosopher 
who died in 1947. 

KIRK-OTHMER ENCYCLOPEDIA OF 

CHEMICAL TECHNOLOGY: VOLUME IV, 

edited by Anthony Standen and others. 
Interscience Publishers ($45) . This vol
ume of the revised second edition of the 
Kirk-Othmer Encyclopedia covers topics 
from calcium compounds to chloram
phenicol. 
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In more and more schools ... 

PARTNERS IN 

THE CLASSROOM 

A GOOD TEXTBOOK AND 

CIENTIfIC OFFPRINT ERICAN 

In more and more classrooms today 
SCIENTIFIC AMERICAN Offprints are 
being adopted side by side with the 
textbook. (Presently in use in more 
than 500 college and university 
courses-a 60% increase over the 
number at this time last year!) 

The textbook supplies the foundation 
of the course. The Offprints provide 
the latest bulletins from the frontiers 
of research, complementing and rein· 
forcing the basic material contained in 
the textbook. 

Teachers who have used them find that 
their students respond with a better 
grasp of the whole subject and with 
more enthusiasm for the assigned 
readings. 

T he more than 430 articles that are 
presently available cover a broad spec· 
trum of current thought and research 
in the life sciences, the physical sci· 
ences, and the social sciences. Each 
Offprint, still only 20¢. 

Send for a free descriptive brochure to: 

, W.H.FREEMAN AND COMPANY 
Ii I 660 Market Street 

San Francisco 4 

134 

California 

Warner House 

48 Upper Thames Street 

London, E.C. 4 
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Readers interested in further reading on 
the subjects covered by articles in this 
issue may find the lists below helpful. 
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JECT OF EXPENDITURES AND SOURCE 

OF FUNDS. Louis S. Reed and Dorothy 
P. Rice. U.S. Department of Health, 
Education, and Welfare Social Secur
ity Bulletin, December, 1963. 

SOCIAL WELFARE EXPENDITURES AND 

THEIR FINANCING. Community Coun
cil of Greater New York, 1957. 

INFRARED ASTRONOMY 
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RADIOMETRIC OBSERVATIONS OF MARS. 

William M. Sinton and John Strong 
in The Astrophysical Journal, Vol. 
131, No.2, pages 459-469; March, 
1960. 

RADIOMETRIC OBSERVATIONS OF VENUS. 

William M. Sinton and John Strong 
in The Astrophysical Journal, Vol. 
131, No.2, pages 470-490; March, 
1960. 

THE TERRESTRIAL PLANETS. Carl Sagan 
and W. W. Kellogg in Annual Review 
of Astronomy and Astrophysics, Vol. 
1, pages 235-266; 1963. 

WATER VAPOR IN THE ATMOSPHERE OF 

VENUS. Murk Bottema, William Plum
mer and John Strong in The Astro
physical Journal, Vol. 139, No. 3, 
pages 1021-1022; April, 1964. 

THE UNDERCOOLING 
OF LIQUIDS 

KINETICS OF CRYSTAL NUCLEATION IN 

SOME NORMAL ALKANE LIQUIDS. 

David Turnbull and R. L. Cormia in 
The Journal of Chemical Physics, Vol. 
34,No.3,pages 820-831; March, 1961. 

NUCLEATION. Bruce Chalmers in Prin
ciples of Solidification. John Wiley 
& Sons, Inc., 1964. 

NUCLEATION. J. H. Hollomon and D. 
Turnbull in Progress in Metal Physics, 
Vol. IV. Interscience Publishers Inc., 
1953. 

NUCLEATION IN THE SOLIDIFICATION OF 

METALS. G. M. Pound in Liquid 
Metals and Solidification. American 
Society for Metals, 1958. 

PRINCIPLES OF SOLIDIFICATION. David 
Turnbull in Thermo-dynamics in 
Physical Metallurgy. American Soci
ety for Metals, 1950. 

STUDIES ON THE FREEZING OF PURE LIQ
UIDS, I: CRITICAL SUPERCOOLING IN 

MOLTEN ALKALI HALIDES. E. R. 
Buckle and A. R. Ubbelohde in Pro
ceedings of the Royal Society, Vol. 

259, No. 1298, Series A, pages 325-
340; December, 1960. 

THE SYNAPSE 

EXCITATION AND INHIBITION IN SINGLE 

NERVE CELLS. Stephen W. Kuffier in 
The Harvey Lectures, Series 54. Aca
demic Press, 1960. 

PHYSIOLOGY OF NERVE CELLS. John C. 
Eccles. Johns Hopkins Press, 1957. 

THE PHYSIOLOGY OF SYNAPSES. John 
Carew Eccles. Academic Press, 1964. 

THE TRANSMISSION OF IMPULSES FROM 

NERVE TO MUSCLE, AND THE SUBCEL

LULAR UNIT OF SYNAPTIC ACTION. B. 
Katz in Proceedings of the Royal So
ciety, Vol. 155, No. 961, Series B, 
pages 455-477; April, 1962. 

GENES OUTSIDE 
THE CHROMOSOMES 

CELL HEREDITY. Ruth Sager and Francis 
J. Ryan. John Wiley & Sons, Inc., 
1961. 

NUCLEO-CYTOPLASMIC RELATIONS IN 

MICROORGANISMS. Boris Ephrussi. Ox
ford University Press, 1953. 

ON NON-CHROMOSOMAL HEREDITY IN 

MICRO-ORGANISMS. Ruth Sager in 
Function and Structure of Micro-Or
ganisms, edited by M. R. Pollock and 
M. H. Richmond. Cambridge Univer
sity Press, in press. 

THE PARTICULATE NATURE OF NON

CHROMOSOMAL GENES IN CHLAMY

DOMONAS. Ruth Sager and Zenta 
Ramanis in Proceedings of the Na
tional Academy of Sciences, Vol. 50, 
No.2, pages 260-268; August, 1963. 

ALESSANDRO VOLTA 

ALESSANDRO VOLTA AND THE ELECTRIC 
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THE GROUP of Engineers and Scientists 

WHO DEVELOPED the C-141 StarLifter Fan Jet Transport 

WH ICH CARRI ES more than 68,500 pounds of cargo over 3600 nautical 

miles at speeds over 440 knots 

IS NOW working on the development of the CX-HLS (Heavy Logistics System) 

cargo carrier. 

H IG H LY QUALI FI ED by their collective experience in the design, de

velopment and manufacture of the C-130 Hercules 

turboprop and C-141 StarLifter fan jet transports 

for the U. S. Air Force 

TH EY ARE recognized world-wide for their high degree of competency in design

ing and building the rugged aerial cargo vehicles to meet requirements 

anywhere, anytime around the globe. 

TH EY STRIVE constantly to add highly imaginative, original and creative talent 

to their own - offering opportunity to the ambitious with ideas. 

I F YOU are particularly good in Aerodynamics or Structural Analysis, for instance, 

they'd certainly like to talk to you about joining them. The man to write is: 

Charles Munro, Professional Employment Manager, Lockheed-Georgia Com

pany, 834 West Peachtree Street, Atlanta, Georgia 30308, Dept. A-80. 

-and, of course, there are substantial opportunities for Engineers and Scientists in other 
specialized fields, and you are invited to inquire for further information about them. 

Lockheed-Georgia Company 
A Division of Lockheed Aircraft Corporation 

An equal opportunity employer 
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60 to 180 Power-famous Mt. 

Palomar Type! An Unusual Buy 

See the R.ings of Saturn, the 
fascinating planet Mars. 
huge craters on the :Moon, 
Phases of Venus. Equa
torial moun t wi th lock on 
both axes. Al uminized and 
overcoated 3" diameter 
high-speed f/lO mirror. 

T.elescope comes equipped with a 60X eyepiece and a 
mounted Barlow Lens. Optical Finder Telescope in
cluded. Hardwood portable tripod. FREE with 
Scope: Valuable STAR CHART plus 272-page 
"HANDBOOK OF HEAVENS" plus "HOW TO 
USE YOUR TELESCOPE" BOOK. . 
Stock No. 85,050-5 ............... $29.95 Postpaid 

4¥.!." Astronomical Reflector Telescope ! 
Up To 25.5 Power. New Vibration Free Metal Pedestal Mount. 
Stock No. 85,105-5 . . • . . . . . . . . . . . • . .  579.50 F.O.B. Barrington, N.J, 

SUPERB 6'" REFLECTOR TELESCOPE I 
In�. electric clock drive. settin& circlell. equatorial mount, pedestal base. 
-4 eyepieces for up to 576X. 
Stock No. 85.08G-5 . . . . . . • . • . • • • . • .  S19S.00 F.O.B. Barrington, N.J. 

SHOWS TIME, TIDES, POSI
TION OFSUN,MOON, STARS 
NEW SPILHAUS 
SPACE CLOCK 

19 READINGS AT A GLANCE 
3 DIALS-COMPLETELY ILLUMINATED 
Startling llcientific achievement, yet com

pletely practical and functional. Designed fOf 
the pace age by ..... orld enowned scienti�t. 
Dr. Athelstan Spilhaus, Dean of 1'echno'oIl:Y, 

University of Minnesota. Handsome conversation piece-constantly IIP
to-date encydopedia of the IIky. The Spilhaull Space Clock has beautiful 
fruit wood case and 3 sky-blue dials. Blend8 with decor of any home, oftice, 
club room. c.9Sllroom, museum, display window. hotel. etc. Larlte dilll 
showlI sun position, daily lIun rise and IICt. moon position, moon riae and 
set. phase of moon, low and high tide time. current stalte of tide, day alid 
month of year. current position of stars in sky. time of star rise and Bt .ar 
eet, relationship8 of 8un. moon and stars. Bid�real or star time. Left ,d!a1 
shows local time. Rifitht dial shows world time includinfit major U.S. cl�les 
and Universal (Greenwich) time. Operates on house current-requil'es 
only one simple IICtting for any geographic location. Measures 16'" high :l 
ll}-i'" wide x 4J.-S" deep. Satisfaction Of money back. 
Stock No. 1202-5 5hp. Wt. 12 Ibs . . . .. SUS F. O. B. (+S5 F. E. 1.) 
SPECIAL 220-V., 50-CYCLE MOTOR-illuminated dials 

Stock No, 1203_5 
(No taxon foreign orders) . • • • . . . . . . . . . .  5215 F. O. B, (+SS F, E. T.) 

NOW! LEARN TO USE THE FANTASTIC TOOL OF TOMORROW! 
Measure • • •  Check, • •  Solve. " " Study • • •  Create with 

MOIRE PATTERNS KIT 
COST· CUTTING, TIME-SAVING, SUPER ACCURATE RESULTS IN liMITLESS APPliCATIONS 

brfmkthrough in a new technology. clear acetate in lantern slide size measuring 3).('" x 4" (020" thick ) alld 
Ul!8� for res"arch"rs, product de - ..... hite Kromekote 3�'" x 4J.-S" (. 012" thick); (1) Coarse grating. (2) 65-

.,,';.,,- "· ..• "·.;·.'_C·;:;.';:.;;.Ci.;-_;:; ... ;.. part in billion. Measur"s Ii rating, (3) Logarithmic scale grating. (4) Radial linea. 5-�egr�es , 
: diffu�lon of mo'eoules ' circles. (6) Fresnel zone pla.te. (7) Sphere proJection. 

lines. distortion of ;ection: t ..... o pieces 3)4'" x 4" i50-dot soreen on film; 20-
ate predictable een 8'" x lO.!-i"; COpy of Dr. Oster's 32-page book. 

another. Using Pattems"-an authoritative introduction to the . and circular fa9cinating world of moire. 
, • • . .  S8.50 Ppd. patte��:c��tb�t� ��:�� �:: �g:nt�·S;��·�� above' with'o'ut book . . . . . . . . . . • . .  SG.SO Ppd. 

MOIRE PATTERN ACCESSORY KIT. For additional experiments. Contains balloon, calcite, two kinds or diffrac
tion gratings. one-way mirror foil, polarizing materials, Ronchi rulings, assortment or lenses. 
Stock No. 60,487-S . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . ........ . . . . .. . , . . . . •  , . , ...... 58.00 Ppd. 

Make Your Own Powerful Astronomical Telescope 
GR I N D  YO U R, O WN 
A S T R O N O M I C A L  M I R
ROR. Kits contain fine an
nealed pyrex mirror bLank, 

.tooL. abrasives, diagonal mir
ror and eyepiece lenses. You 

build instruments ranging 
dollars. 

Price 
$ 7.50 

11.95 
19.50 

�g:�� } 

Stock No. 30,058-5 In wooden case . . • • • . S31.50 Ppd. 

SOLVE PROBLEMSI TELL FORTUNES I PLAY GAM ES 

N
'
EW WORKING MODEL 
DIGITAL COMPUTER 

ACTUAL MINIATU REVERSION 
OF GIANT ELECTRONIC 

BRAINS 
Fascinating new see-through model computer 
aetuaUy Ilolve!! problems, teache6 computer 
fund(l,mental�. Adds. 8ubtract�, multiplies. �hifta. complements. carrie!!' 
memorizes. counts, comPares. sequences. Attractively colored. rigid plu
tic parts easily assembled. 12" x 3�" :l 4�·. Incl. step-bY-6tep assem
bly diagrams, 32-page instruction book covering operation, computer 
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MAil COUPON FOR FREE CATALOG' 

Powerful Pocket-size Scope with Measuring Reticle 
LOW-COST SOX MICROSCOPE 

Direct Measurements to .001" 

Compact. easy to handle. excellent for surface 
measuring metals. fibers, printing, etc. Ulle lor 
ehecking, mea�uring small parts---quality con
trol-speed production-detect ,inferior mer
chandi>l(l. Clear plastic base admih plenty of 
light. keeps scope in �hnrp foclls for meaHlring 
�1 0" by .001" divisions witho\lt calculation • .  
eVen estimates to .0005-. Scope clln be re
moved from base and used alone with chrome 
reflector incl. 4)4- high; base O·�· diameter, 
Weight 2 ounces. 
Stock No. 60,465 .. S • . . $10.95 Ppd. 

Superior to any 6ub6tage mirror available. for ease, 
accuracy. unlimited angular movement. Extremely 
\Iseful for lab experiments, optical bench work. or 
"breadbonrd layouts", .First Auriace. plano mirror 
housed in 1��fI"dillm. steel hemisphere-cone of il
l umination larger than built-in illuminator. Alumi· 
num coating with .-ilicon monoxide over"oat, I!-atis
faotory for ultraviolet and visib!" light. Permllnent 
magnetic pilla.rllmollntt'd in aluminum bMe. 3-point 
contact with magnet!!", rotates 0 dCJl:rces-OO dell:ret's 
to plane of base. Magnetic flat-bottom base holds 

to any ferroue surfaco. An Ie plate attaching hole. Keeper-mount incl., 
IJermits permanent mounting. 

. ...... $12.50 Ppd. 
-----------------

. �=-'-'-'-'-'-'...;.;.-'-'�"_:-'.;.. $
.;.

3
:...

.00 Post pa i d 

War Surplus! 
American .. Made 7X50 Binoculars 

Big savings I Brand new I Crystal
clear viewing-7 power. Every opti
cal element is coated. An excellent 
night glass-the size recommended 
tor sateltlte viewing. Individual eye 

tO
eY�at��bbl���I. I� ri:fit�g���;: 

ing Case included. American 7x50's 
normally cost $274.50. Our war 

��r;r��rf!�Cr5��':�. ��� .r��� .����:: .. . only 574.80 ppd. 
7 x 35 AMERICAN MADE BINOCULARS 

Stock No. 964 .. S. , • . . . . . . . . . . .  S60.50 ppd. (Tax Incl.) 
6 x 30 Binoculars - similar to above and a terrific bargain. 
Stock No. 963-S . . . . . • . . . . .  S33.00 ppd. (Tax included) 

TERRIFIC BUYI 
AMERICAN MADEl 

Up to 3' Workidg Distadce 
Wide 3-Dimensional Field 

Used In production, In research or at 
home: tor Inspections. examinations, 
counting, checking. assembUng, 2 Bets 
of objectives 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 pinlon focusing. Interpuplllary dis
tance adjustable. So good we'll SHIP 
ON A lO-DAY FREE TRIAL • 

...... ....... full price 599.50 F. O. B. 
ORDER IY srOCK NUMIU SIND CHICK OR MON" ORDU. SA"srACrlON GUAUN'UD' 
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BATTERY. Bern Dibner. Franklin 
Watts, Inc., 1964. 

COMO AD ALESSANDRO VOLTA NEL II 
CENTENARIO DELLA NASCITA: 1745-
1945. Dott. Carlo Marzorati-Editore, 
1945. 

GALVANI-VOLTA: A CONTROVERSY THAT 

LED TO THE DISCOVERY OF USEFUL 

ELECTRICITY, Bern Dibner. Burndy 
Library Publication No. 7, 1952. 

THE EVOLUTION 
OF INTELLIGENCE 

ANIMAL INTELLIGENCE. E. L. Thorn
dike. The Macmillan Company, 1911. 

SOME COMPARATIVE PSYCHOLOGY. M. E. 
Bitterman, Jerome \;Yodinsky and 
Douglas K. Candland in American 
Journal of Psychology, Vol. 71, No. 
1, pages 94-110; March, 1958. 

TOWARD A COMPARATIVE PSYCHOLOGY 

OF LEARNING. M. E. Bitterman in 
American Psychologist, Vol. 15, No. 
11, pages 704-712; November, 1960. 

MAGNETIC RESONANCE 
AT HIGH PRESSURE 

EFFECT OF HYDROSTATIC COMPRESSION 

ON THE ENERGY OF THE 14.4-KEV 

GAMMA RAY FROM FE"' IN IRON, R. V. 
Pound, G. B. Benedek and R. Drever 
in Physical Review Letters, Vol. 7, 
No. 11, pages 405-411; December, 
1961. 

MAGNETIC RESONANCE AT HIGH PRES

SURE. George B. Benedek. John Wiley 
& Sons. Inc., 1963. 

THE M6sSBAUER EFFECT. Sergio De 
Benedetti in Scientific American, Vol. 

202, No.4, pages 72-80; April, 1960. 
RECENT "VORK IN THE FIELD OF HIGH 

PRESSURES, P. \;y. Bridgman in Ameri
can Scientist, Vol. 31, No. 1, pages 
1-35; January, 1943 . 

MATHEMATICAL GAMES 

CALCULATION OF II TO 100,000 DECI

MALS. Daniel Shanks and John W. 
\;Yrench, Jr., in Mathematics of Com
putation, Vol. 16, No. 77, pages 76-
99; January, 1962. 

THE AMATEUR SCIENTIST 

EXPERIMENTAL SCIENCE. George M. 
Hopkins. Munn & Co., 1890. 

THE SCIENTIFIC AMERICAN BOOK OF 

PROJECTS FOR THE AMATEUR SCIEN

TIST. C. L. Stong. Simon and Schuster, 
1960. 

THE THEORY OF SOUND. John W. S. Ray
leigh. Dover Publications, Inc., 1945. 
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Since 1888 industry has found Western a rewarding discovery 

Western makes the machinery that helps in
dustry make money. And Western has proven 
its value in the only way business can accu
rately measure it-in dollars and cents. 

Many industries have discovered the value 
of Western know-how ... industries engaged 
in steelmaking, shipbuilding, lumbering, 
printing, petroleum refining and aircraft 
manufacturing ... industries that process 
cement and sugar, as well as those that 
voyage to the far reaches of hydrospace. 

Since 1888 Western has served the needs 

of industry with over 500 various products. 
These include both special machinery and 
standard power transmission drives. 

Let us show you what our seven divisions 
can do to serve your needs-whatever your 
line, whatever the size of the job. We'll do 
both the designing and the building ... pre
cisely, efficiently, economically. Send today 
for Corporate Capabilities Bulletin. Write to 
Post Office Box 182, Lynwood, California. 
Or phone: area code 213, NEvada 6-0911. Or 
cable: WESTGEAR, Lynwood, California. 

Everett, Washington; Belmont, Lynwoo d, Pasadena, California; Houston, Texas • Offices in principal cities 

weSTeRn 
GEAR CORPORATION 

-
Systems Management Precision Products 

Electro Products Industrial Products Southwestern 

Graphic Arts Heavy Machinery 

COPYRIGHT 1964 WESTERN GEAR CORPORATION 
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"If I have seen farther than Descartes, 

it is by standing on the shoulders of giants." 

Sir Isaac Newton 

"Giants" that help chemical research 

today are not all flesh and blood. 

Some are large and complex machines 

that can open new doorways for the 

imagination. 

For example, with certain types 

of computers we can make complex 

calculations at great speeds -

even forecas t how a compound may 

behave before we make it. 

The main benefit of automated 

instrumentation, however, is more 

time for our researchers. More 

time to do the dreaming, thinking, and 

hard work that only a creati ve human 

being can accomplish. 

Allied Chemical Corporation 

61 Broadway, New York 6, N.Y. 

Divisions: 

Barrett • Fibers • General Chemical 

International · National Aniline 
Nitrogen • Plastics • Semel-Solvay 

Solvay Process · Union Texas Petroleum 

In Canada: 

Allied Chemical Canada. Ltd .• Montreal 
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