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THIS BANKER SOLVED A PROBLEM 

THIS COMPUTER COULDN'T-HOW TO 

FINANCE ITSELF 

Read how professional bankers at First National 

City Bwnk take good banking one step further-to 

come up with imaginative new solutions to chal­

lenging new problems. 

P
ROFESSIONAL BANKING starts with a customer need. 

Such as financing the manufacture of computer sys­

tems that cost a fortune to develop, a fortune to build, 

and have a very slow payback. Exploring new borrowing 

methods to meet a host of other special requirements. 

Obtaining local currency for overseas financing und
·
er 

current dollar restrictions. Speeding up collections or 

otherwise improving money mobilization. Utilizing 

money to its fullest. 

Professionals at First National City Bank have been 

filling needs like these for a long time-often coming up 

with totally new ideas to do it. Example: Negotiable Cer­

tificates of Deposit-a recent, revolutionary innovation 

in short term investment. 

The key to this kind of imaginative banking is putting 

bankers with imagination to work on your problems. 

That's why First National City Bank hires the best 

people it can find, gives them a thorough training in all 
phases of commercial banking-then turns them loose 

with the freedom to pursue new avenues when the old 

ones don't lead anywhere. 

That's why the Bank's Corporate Financial Planning 

Department spends all of its time on problems that lie 

outside traditional banking patterns. Typical fields of 

interest include capital requirements, refinancing, re­

organization, realignment of capital structure, evalua­

tion for acquisition or merger. 

That's why, throughout First National City Bank, 

there is an attitude: Know the customer and his needs. 

Know the Bank-all of its available resources, counsel, 

services. Know banking inside out. And know how to 

break the rules of banking when necessary. 

All on the theory that men who know more-and who 

carry their knowledge one step further with imagina­

tion-make better bankers. 
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About 18 months ago, the U.s. Rubber 
Company took a good look at itself in the 
mirror, and said: 

"You know what? 
"I look like U.s. Rubber. They call me 

U.s. Rubber. But deep down, I've changed. 
I don't feel like U.S. Rubber any more." 

What U.S. Rubber feels like today is a 
company that's doing exciting work in 
chemicals, plastics, fibers and footwear, 
as well as in synthetic rubber. 

And not just in the United States, as 

the name implies, but in 23 countries all 
over the world. 

u.s. Rubber feels like its exciting new 
Vyrene® spandex elastic fiber, which has 
nothing to do with rubber. 

It feels like its sexy high-fashion Eski­
loos® boots, which have little or nothing 
to do with rubber. 

It feels like its revolutionarythermoplas­
tic auto body material, Royalex,®which is 
tougher than steel and lighter than alumi­
num. Never rusts or rots. And if dented, 

pops back to shape when heated! 
Even in tires, U.s. Rubber feels less and 

less like rubber. The most significant new 
tire material it is working with is a syn­
thetic: Royalene,® "the crackless rubber." 

What the U.S. Rubber Company 
really feels like today is a ... a UniRoy� 
Which will hencefortb 
be its new trade-mark 
all over the world. 

Now you know what 
aUniRoyal is.Andwhy. U.S.RUBBER 
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The Countess 0/ Lovelace 
(1816·1851) 

Woodcarving by William Ransom 
photographed by Max Yavno 

COMPUTER BIOGRAPHY -'The distinctive characteristic of the Analyti­
cal Engine, and that which has rendered it possible to endow mechanism with 
such extensive facuIties as bid fair to make this engine the executive right­
hand of abstract algebra, is the introduction into it of the principle which 
Jacquard devised for regulating, by means of punched cards, the most com­
plicated patterns in the fabrication of brocaded stuffs ... We may say most 
aptly, that the Analytical Engine weaves algebraical pallerns just as the 
Jacquard loom weaves flowers and leaves." 1 

JAugusta Ada, Countess of Lovelace, Sketch oflhe Analytical Engine Invented by Charles 
Babbage, note to her translation of the original edition, Geneva, 1842. 

INTERACTIONS OF DIVERSE DISCIPLINES - 2 

Jacquard's new technology of the industrial revolution gave impetus to the classical 
mathematics of Babbage. Today's management and behavioral sciences, interacting 

with the classical disciplines, can solve many complex problems of governments 
and industry. Over a decade ago Planning Research Corporation began the suc­
cessful use of this approach to problem solving, employing multidisciplined teams. 

Of the twenty-eight disciplines represented on the Corporation's staff, the largest 
number are being applied to computer system problems. T he Corporation is a 

prime source for automated management and command systems, for information 
storage and retrieval systems, for widely used machine language programs, and for 
real-time and time-sharing computer programs. In industry, Planning Research 
provides complete system services, from initial analysis and system design of the 
data processing problem to unbiased recommendation of appropriately engineered 
hardware, the required programming, the checkout, and the turnover of the com­
pleted software system. For particulars write to Dr. Alexander Wylly, Vice President. 

PLANNING RESEARCH CORPORATION 

Home office: 1100 Glendon Avenue, Los Angeles, California 90024 

© 1965 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 .AM E RI CAN" November 1965 Volume 213 Number 5 

ARTICLES 
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Mechanical hearts that operate inside the chest have now been placed in animals. 
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LAB 80 
transcription 
turntable ... 

become the finest 
fully automatic 
record changing 
unit? 

Just switch spindles! 

4 

Exclusive, proven Garrard prin· 
ciples have been brilliantly 
designed into the Lab 80 auto· 
matic spindle. A stack of 8 
records is safely supported on 
widely extended arms. The arms 
retract and the next disc is 
gently released. It drops 
quietly to the turntable, 
cushioned by air. The tone 
arm is unencumbered ... free of 
the automatic mechanism 
through the entire performance. 
The tripping cycle is unique. It 
works through magnetic repul· 
sion. Mechanical contact has 
been eliminated! 

All of the exceptional fea· 
tures of the Lab 80 are 
fully explained in a 32-
page Comparator 
Guide. For com· 

I 
plimentary copy, 
write  Garrard, 
Dept. GS·425, 
Westbury, New 
York 11591. 

Lab 80-$99.50 including both spindles. 
Price less base and cartridge. 

THE COVER 

The mazelike pattern that appears on the cover is a 1S0·diameter enlarge­
ment of a complete electronic circuit containing 22 transistors and 46 
resistors. The actual circuit is only an eighteenth of an inch square; the 
circuit layers are so thin that they produce interference colors. Manu­
factured by Fairchild Semiconductor, it illustrates the remarkable tech­
nology described in the article "Microelectronics" (page 56). Such circuits 
were originally developed for use in small computers carried in ballistic 
missiles. (The circuit on the cover can perform various logical functions.) 
Increasingly, however, these tiny objects, known as integrated circuits, 
are being adopted for nonmilitary computers and other electronic systems 
because of their low cost, high performance and extraordinary reliability. 
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Are you rinsing the salad greens 

in secondhand water? 

You are. 

You couldn't do otherwise. 

Because the clearest tap water flowing is still yesterday's water. It might have 

cooled a blast furnace, bathed a baby, helped make this sheet of paper, even 

irrigated the lettuce patch, on its route to your kitchen. Today, more and more 

water is used water. 

Making secondhand water clean enough to use, reuse and use once again is 

the challenging problem facing us now. In more than 40 years of helping industry 

meet that challenge, Calgon Corporation has discovered there is no substitute 

for sound, experienced engineering when it comes to solving water problems 

effectively. And at a realistic cost. 

Learn how you can help industry and government in your area work towards 

sound, clean-water objectives-and perhaps how Calgon can help you. Write for 

"The Challenging Problems of Water," Calgon Corporation, Dept. M, Calgon 

Center, Pittsburgh, Pa. 15230. 

Helping America answer the challenging problems oj water 
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Model 7000A is a typical Moseley 
x·y recorder, features new quiet 
AUTOGRIP' electric chart hold· 
down; 100 /Lv/in. dc sensitivity; 
1 megohm input impedance at 
null on all fixed and variable 
ranges; ac input ranges from 5 
mv/in.; new high·reliability po· 
tentiometers; time sweeps both 
axes; multi·scale zero offset. 
$2575. Model 700lA without ac 
ranges, $2175. 

Model 7100A is a typical Moseley 
strip·chart recorder, features 1 
megohm input impedance on all 
10 ranges; 1 mv sensitivity full 
scale (optional); I/:, second bal· 
ance time; instant change of 
chart speeds; quick paper roll 
change; remotely controlled 
"jump" speed (optional); many 
options for recorder·controller 
use. $1800. 7101A l·pen, $1390. 
Single range, single speed, 2·pen 
Model 7102A, $1100. l·pen 
Model 7103A, $875. 
Moseley Division of Hewlett· 
Packard today offers over 40 x·y 
recorders in all paper sizes, 1· 
and 2·pens, bench, rack or metric 
models, plus a wide line of ultra· 
compact, solid·state 5" and 10" 
strip·chart recorders for labora· 
tory or industrial use. 

Write for complete catalog. Moseley 
Division, 433 N. Fair Oaks Ave., Pasa­
dena, California 911 02. 
Data subject to change without notice. 
Prices f.o.b. factory. 'T. M .• Pat. Pend. 

HEWLETT IJfI 
PACKARD {hpj MOSELEY 

go.. _ DIVISION 

LETTERS 

Sirs: 
I should like to comment on the ex­

change of correspondence between Stir­
ling A. Colgate and Henry H. Kolm and 
Arthur J. Freeman published in the 
July Scientific American. This was con­
cerned with the early history of the 
revival of interest in the production of 
intense magnetic fields that took place 
in 1955. Since I was involved in many 
discussions that took place at the time 
of the original work by H. P. Furth and 
R. VV. vVaniek and by Simon Foner and 
Henry H. Kolm a few further observa­
tions on the sequence of events may be 
of interest. In the remarks below I have 
had the benefit of referring to a rather 
extensive file of correspondence that 
took place between the various pmtici­
pants during the summer of 1955. 

This seems to be a case, frequent in 
the history of science, where two groups 
became interested in the same line of 
research and made important advances 
independently and nearly simultaneous­
ly. Furth and Waniek used direct under­
damped capacitor discharges through 
single-layer bronze coils prior to June, 
1955. The coil design was of a type, 
originally devised by Francis Bitter, that 
used slotted disks 'sandwiched between 

Scientific American, November, 1965; Vol. 213, 
No. 5. Published monthly by Scientific American, 
Inc., 415 l\'iadison Avenue, New York, N.Y. ]0017; 
Gerard Picl. president; Dennis Flanagan, vice­
president; Donald H. �lillcr. Jr .• vice·president 
and treasurer. 

Editorial corrcspondcnc(� should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 Madison 
Avenue, New York, N.Y. 10017. Manuscripts are 
submitted at the author's risk and will not be 
retunled unless accompanied by postage. 

Ad,'ertising correspondence should be addressed 
to .Martin :M. Davidson, Advertising Manager, 
Scn:NTH'IC AMERICAN, 415 Madison Avenue, 
New York, N.Y. 10017. 

Suhscription corresJlondencc should be ad­
dressed to Jerome L. Feldman, Circulation :l\'Ian­
ager, SCIENTIJo'IC AMEIlICAN, 415 Madison Avcnue, 
New York, N.Y_ 10017. 

Offprint correspondence and orders should be 
addressed to Vfl_ H. Freeman and Company, 
660 l\'iarket Street, San Francisco, Calif. 94104. 
For each offprint ordered please enclose 20 cenls. 

Microfilm correspondence and orders should 
be addressed to Department SA, University i\'Iino­
films, AnI!- Arbor, Mich. 48107. 

Subscrilltion rates: one year, 87; Iwo years, $13; 
three years, 81B. These rates apply throughout 
the world. Subscribers ill the United Kingdom may 
remit to :Midlalld Bank Limited, 69 Pall Mall, Lon­
don SW I, England, for the account of Scien­
tific American, Inc.: one year, two ponnds ] I 
shillings; two years, four pounds Ii shillings; 
three years, six pounds 10 shillings. 

Change of address: please notify liS four weeks 
in advance of change. If available, kindly furnish 
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code numbers, if any. 

ADDENDUM 

In the article "Calcutta: A Pre­
mature Metropolis" (SCIENTIFIC 
AMERICAN, September) the cap­
tion for the input-output table on 
page 97 did not mention the 
source of the table. The table was 
adapted from "An Input-Output 
Table for vVest Bengal and Metro­
politan Calcutta," by R. Dhar. 
This paper was published as Cal­
cutta Research Study No. 13 by 
the Institute of Public Administra­
tion in New York. 

insulators. With this design they 
achieved fields of 500,000 gauss at room 
temperature. Later, by introducing a 
pulse transformer and using copper coils 
cooled in liquid nitrogen they reached 
fields of 600,000 gauss, but with some 
permanent deformation of the coils. 

Foner and Kohn independently 
realized the advantage of the under­
damped capacitor discharge and also 
conceived the idea of constructing the 
coil out of a solid helix. This coil design 
proved to be mechanically much superi­
or to the Bitter design and represented 
a major advance. With this coil design 
they were able to reach fields of 750,000 
gauss repeatedly without mechanical de­
formation of the coil in the fall of 1955. 
In the meantime, during the early part 
of 1956 M. A. Levine, Furth and 
'Vaniek used a two-million-ampere cur­
rent source to generate million-gauss 
fields in single-turn coils, but with some 
irreversible damage to the coil. 

To summarize, the use of under­
damped capacitor discharges with hard 
metal coils was developed independent­
ly by Furth and Waniek and by Foner 
and Kolm. Furth and vVaniek were the 
first to reach fields of a bou t 600,000 
gauss, but with some coil expansion. It 
was apparently the success of this work, 
plus their success in reaching 500,000 
gauss repeatedly, that revived interest 
in the field. Foner and Kolm conceived 
the idea of the solid helix and were the 
first to reach fields substantially above 
500,000 gauss with no irreversible dam­
age to the coil. 

HARVEY BROOKS 

Dean 
Division of Engineering and Applied 

Physics 
Harvard University 
Cambridge, Mass. 
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Syivania does exotic things with exotic materials. 
A new alloy is born. A custom alloy. Better than 

its predecessors. Often less expensive. With an im­

portance that grows as science advances. An alloy 

made possible by our deep involvement in powder 

metallurgy ever since we pioneered the process. 

A recent example of such an alloy is MT-104, a 

merger of molybdenum, titanium, and zirconium. 

It's proved against high temperatures. Harder 

than TZM, its arc-cast counterpart. Stronger than 

TZM. More uniform than TZM. But lower-priced. 

Our powder me�allurgy produces dramatic re­

sults like this with molybdenum, tungsten, nickel 

and other specialized metals. Because of the con­

trol this process gives us. And because we assure 

the results by developing special powder prepara­

tions, special sintering methods, custom-designed 

sintering equipment. 

Sylvania does unexpected things to produce un­

expected alloys that do what you dictate. 

Sylvania Electric Products Inc., Chemical & 

Metallurgical Division, Towanda, Penna. 18848. 

SYLVANIA 
GEN

'
E

R
RAL TELEPHONE & ELECTRONICS G1&E 

7 

© 1965 SCIENTIFIC AMERICAN, INC



CONTROL DATA 3300 Time Sharing System shown here includes the following peripheral devices: 

915 Page Reader, 405 Card Reader, 415 Card Punch, 852 Disk Storage Drive, 210 Entry and Display Station, and Tape Transports 

8 
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what say? "X=ZY+12 cos (CM-3)" 

"FISCAL BUDGET 1962 ... $3,765,574.32" 

"SALES A3646 . . .  $12.000 . . .  6-10-65" 

"SHIPPED 5-5-65 .. .  9 GROSS" 

"E=MC2" 

"INVENTORY J-67443-A ... 12 UNITS" 

tell it to the new 
CONTROL DATA: 3300/3500 
time-sharing systems 
for business/scientific 
computing 
CONTROL DATA 3300/3500 Computer 
Systems introduce time-sharing tailored 
to your individual data processing or 
computational requ irements, with new 
flexibility ideal for a whole spectrum of 
medium to high performance needs. Here 
is power to make business more scien­
tific - scientific problem-solving more 
businesslike. And with the comprehen­
sive range of Control Data peripherals 
available to you (many of them shown 
here) information can be input and out­
put in any preferred format, from widely 
separated locations. 3300/3500 Systems 
talk the language of research-produc­
tion control - engineering - accounting 
-business management-you name it. 
And, talk the language of ordinary indi­
viduals, through people-oriented peri­
pherals, newest breed of Control Data 
I/O devices that permit scores of people 
to use 3300/3500 Computer power simul­
taneously as if the system were totally 
dedicated to each user. 3300/3500 Com-

puters offer a choice of several power 
configurations ... automatic program 
relocation features ... main core memory 
of over one million characters . . . 1.25 or 
0.8 microsecond central memory cycle 
· . . new and powerful commercial data 
processing instructions ... improved per­
formance from existing software library 
· . . new time-sharing software systems. 
We can provide complete documenta­
tion, hardware and software demonstra­
tion, and practically immediate delivery! 

and talk about price/performance 
· . . better than anything yet, even from 
Control Data: If you're paying $10,000 or 
more monthly it's well worth looking into 
the CONTROL DATA 3300/3500 Time­
Sharing Systems. They're no mere ex­
perimental beginnings, but the first con­
crete and proven time-sharing systems 
in their price/power class. For informa­
tion contact our Representative in your 
area; or write our Minneapolis address. 

The biggest computers for the biggest installations come from 

CONTROL DATA 
CORPORATION 

8100 34th AVE. SO .. MINNEAPOLIS. MINN. 55440 
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Sy:.nbolof 
Progress 

for Over a 

Century 

As early as 1858, the Carl Zeiss 
symbol appeared on the first com­
pound microscope produced at 
Jena_ It soon became the hallmark 
of outstanding quality and precision 
craftsmanship_ 

As the result of the far-reaching 
constitutive elaborations of ABBE, 
co-founder of ZEISS, Carl Zeiss 
Jena microscopes gained world­
wide acceptance. 

Today, the Carl Zeiss Jena trade­
mark, engraved on each instrument, 
is a guarantee of meticulous crafts­
manship combined with modern, 
progressive engineering. 

For the critical demands of Industry, 
Laboratory and School, there is a 
Carl Zeiss Jena microscope in the 
tradition of unexcelled performance. 
May we send you detailed descrip­
tive literature for your specific needs? 

Representatives for USA: 

ERCONA 
CORPORATION 
Scientific Instrument Division 

432 Park Avenue South 
New York, N.Y. 10016 

Canada: Jena Scientific Instruments Ltd. 
23 Railside Road 
Don Mills. Ontario 

10 

50 AND 100 
YEARS AGO 

� SCHENmCAMERnCAN 11 
NOVEMBER, 1915: "Out of a threat­

ened calamity to American manufac­
turers dependent on dyestuffs has aris­
en a great and ever-increasing indus­
try during the past 12 months. At the 
outbreak of hostilities in Europe last 
August, textile and allied interests in 
the United States were brought face to 
face with a threatened shortage in the 
supply of dyestuffs from Germany. Be­
fore the war was 12 months old the out­
put of American coal-tar colors had been 
doubled. This naturally involved a nota­
ble increase in the production of coal­
tar dyes, which called into existence a 
number of new companies engaged in 
the manufacture of intermediates, es­
pecially aniline." 

"According to a report on the 1909 
opposition of Mars, just published under 
the direction of E. M. Antoniadi, 'the 
alleged existence of a geometrical net­
work of canals has received a lasting 
and unanswerable confutation.' Mr. An­
toniadi had the advantage of using on 
Mars the great Meudon refractor, the 
most powerful telescope in the Old 
World. In working with smaller in­
struments he himself had, like other 
observers, obtained frequent glimpses 
of narrow, straight lines, but in the 
Meudon instrument these lines were 
seen only when the definition was bad 
and the image of the planet 'flaring.' 
With good seeing, a complex natural 
structure of the so-called 'continental' 
regions of the planet was revealed, a 
variety of irregular bands and shadings, 
replacing the sharp, narrow lines drawn 
by Schiaparelli, Lowell and others." 

"The use of clouds of chlorine and 
bromine by the Germans in trench war­
fare has forced the Allies to use sponges 
or gauze soaked with some solution able 
to absorb the noxious gases. Ordinary 
'hypo' of the photographer, called so­
dium thiosulphate in the laboratory, is 
excellent for this purpose and is in 
common use. Unfortunately the reaction 
with chlorine or bromine liberates some 
hydrochloric acid and sulphuric acid, 

neither one very desirable in a sponge 
attached to a soldier's nose. The ad­
dition of sodium carbonate neutralizes 
these two acids, but a French formula 
used a good deal does not call for 
enough sodium carbonate to take care 
of all the acid liberated." 

"Only a misguided enthusiast would 
venture to make claims at the present 
time for the possible future usefulness 
of applied eugenics. The doctrines of 
heredity on which the new postulates 
are based must first be subjected to 
critical investigation. It is well enough 
to maintain in a general way that vitality 
is partly inherited and partly acquired. 
Many individuals have assumed, how­
ever, that the new science is primarily 
intended to foster a scheme of govern­
mental interference with marriage. The 
most earnest students of the subject 
have at best hoped to promote the 
gradual establishment of standards in 
public opinion." 

NOVEMBER, 1865: "In Pittsburgh, 
Cincinnati and other cities west of the 
Alleghanies, where bituminous coal is 
generally used for fuel, the smoke that 
constantly hangs in the atmosphere is 
a very great nuisance. The principles 
of the problem are very simple. The 
elements in bituminous coal that burn 
are carbon and hydrogen, and the burn­
ing is the combination of these with the 
oxygen of the atmosphere. vVhen smoke 
is formed, it results from the fact that a 
portion of the carbon does not combine 
with oxygen-in other words, is not 
burned. One of the successful plans for 
burning smoke in the furnaces of steam 
boilers is that patented in England by 
Charles Wye Williams. The flame and 
gases resulting from the partial com­
bustion of coal are carried into a 
chamber behind the grate and are here 
mixed with a fresh supply of air. The 
situation of the chamber causes the 
smoke to be maintained at a sufficiently 
high temperature to effect combustion." 

"Fraunhofer, in 1823, and Donati, in 
1862, had described the spectra of a few 
stars, but more recently Professor Miller 
and Mr. Huggins have constructed an in­
strument with which they have com­
pared the spectra of the moon and plan­
ets and some of the fixed stars, and even 
of the nebulae, with the spectra of the 
principal metals. They observe that 'the 
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Report from 

BELL 
LABORATORIES 

New circuits for communications 
The success of a modern large-scale communications system depends importantly on the circuits of which it is built. For this reason 

Bell Telephone Laboratories places great emphasis on exploring new approaches to high-performance, economical circuit design. 

The c;:ircuits illustrated below are but a few examples of recent Bell Laboratories 

developments that are helping to advance the techniques of communications. 

Circuit for mounting inside telephone hand­

set for use by people with impaired hearing. 
Circuit includes one PNP transistor, pro· 
vides up to 25 db gain, and has negative 
feedback for stability and to compensate 
for variations in component characteristics. 
Power is derived by taking a small part of 
direct current supplied to the telephone 
transmitter. Circuit board is flexible to per­
mit part of conducting path to be bent and 
entire unit to fit snugly in narrow handset. 

High-speed integrated logic package con­
sists of 3 separate flip-flop circuits assem­

bled together on a single header. On the 
ll-Iead ceramic header, all circuit inter­
connections are made using gold thermo­
compression bond wires. This device con­
tains 6 transistors (2 are required for each 
flip-flop) and 12 resistors. The individual 
flip-flops perform their switching functions 
with typical operating times of approxi­
mately 6 na noseconds. 

Parametric amplifier used in new micro­
wave radio system will provide low-noise 
amplification to a radio frequency signal 
which is frequency-modulated by 1200 tele­
phone conversations. It is a reflection type 
parametric amplifier operating in the 4-giga­
cycle range, providing approximately 13 db 
of gain using a varactor diode pumped at 
approximately 12 gigacycles_ Its very low 
noise figure, typically 3.5 db, permits in· 
creased systems capabilities which are used 
to increase the number of telephone chan· 
nels per radio channel. 

Integrated balanced microwave amplifier 

makes use of high·frequency germanium 
transistors for precise wide band applica­
tions. Each stage of amplifier (one stage 

shown) consists of a pair of electrically 

similar transistors whose inputs and out­
puts are combined by 3-db couplers. This 

arrangement eliminates tuning adjustments 
and provides excellent gain flatness and 
impedance matching. Multistage amplifiers 
of this type have been designed to operate 
with bandwidths of 1000 mc in the 0.5- to 
3-gigacycle range, with noise figures of 
about 6 db. 

Bell Telephone Laboratories @ 
Research and Development Unit of the Bell System "'T"" 

Compressor circuit used in several tele­
phone carrier systems raises volume of soft 

voice sounds and lowers volume of loud 
voice sounds. This new circuit effects a 

2-to-1 reduction in dynamic range of a tele­
phone signal, which is then transmitted with 
an improved signal-to-noise ratio. Nearly per­

fect compression is achieved over greater 
than the normal voice range, as a result 

of circuitry that varies the impedance of 
two precise silicon diodes. A 3-stage feed­
back transistor amplifier maintains desired 
stability and provides the required trans­
mission characteristics. 

Thin-film decoder for high-speed pulse 

code modulation systems converts binary 
pulse sequences into analog signals. Circuit 
consists of precision resistor network and 

multiply-encapsulated control diodes. Pre­

cision resistors (pointer) generate reference 
currents that are switched into resistive 
ladder network (I-shaped elements at bot­

tom of unit). Output voltage is proportional 
to binary code applied to diodes. Precision 
sufficient for decoding 9-digit binary codes 

is obtained, at code rates up to 12 me 
(108 mb/s pulse rates). 

II 
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These portable oscillographs 
will save you valuable lab/field time 
For maximum resolutioll of traces rep­
resenting extremely small variations in 
the dc to 30 cps parameter being meas­
ured, the Sanborn 7701A single-channel 
oscillograph combines every time-proven 
advantage of reliable, heated stylus, 
rectangular-coordinate recording with 
the wide adaptability of plug-in signal 
conditioners of your choice (now 6 
Sanborn types to choose from). Chart 
speeds pushbutton-selected, 0.5 mm/ 
sec to 50 mm/ sec; at min. speed, over 
30 hours of continuous recording are 
possible. Basic system, completely por­
table in 12" x 10" x 18" case, $1,075; 
interchangeable preamps from $75 to 
$600. 

When two conditions must be measured 
simultaneously - in the millivolt to 500 
volt range, or as low as 10 uv from AC­
excited transducers - the 320/321/322 

family of portable recorders offers dc-
125 cps response, individual-channel 
Range, Gain, Function, Stylus Heat and 
Position controls, 0.25 div. max. non­
linearity, four pushbutton chart speeds, 
low drift and high gain stability. Model 
320 designed for general-purpose dc 
to 125 cps recording, has 0.5 mv/mm 
max. sensitivity, floating input; price 
$1650. Model 32 I carrier-type with 
built-in oscillator for ac transducer ex­
citation, 10 uv/mm sensitivity; price 
$1650. Model 322 for general purpose 
dc-125 cps recording, 10 mv/mm sensi­
tivity; differential, balanced, high im­
pedance input; price $1395. Each system 
occupies only one cubic foot, may be 
used in portable case or rack-mounted. 

Call your local Hewlett·Packard/Sanborn field 
engineering office now for complete specifica­
tions or application assistance - or write: 
Sanborn Division, Hewlett·Packard Company, 
175 Wyman Street, Waltham, Mass. 02154. In 
Europe, Hewlett·Packard S.A., Route des 
Acacias 54. Geneva, Switzerland. 

HEWLETT � 

PACKARD (11m SANBORN 
_ DIVISION 

elements most widely diffused through 
the host of stars are some of them most 
closely connected with the constitution 
of the living organisms on our globe, in­
cluding hydrogen, sodium, magnesium 
and iron. On the whole we believe that 
spectrum observations on the stars con­
tribute something toward an experi­
mental basis on which a conclusion, 
hitherto but a pure speculation, may 
rest, viz.: that at least the brighter stars 
are, like our sun, upholding and ener­
gizing centers of systems of worlds 
adapted to be the abode of living 
beings.' " 

"Among those men who have devoted 
themselves to the study of that depart­
ment of medical science which relates 
to the cure of disease-therapeutics-one 
of the most eminent is the Frenchman 
Pierre Charles Alexandre Louis. Previ­
ous to his labors, while anatomy, physi­
ology and pathology contained a great 
mass of ascertained and unquestioned 
facts, almost every thing in the depart­
ment of therapeutics was the subject of 
disputes among physicians, so constant 
and so universal that they were the 
theme of universal ridicule. To illustrate 
Louis's method, it had been the most 
general practice to give antimony in 
lung fever. He selected for experiment 
100 patients sick with lung fever, and 
divided them into two parts as nearly 
equal as possible in regard to age, 
strength of constitution, force of the 
disease and all other conditions. To 50 
he gave antimony in the usual quantity 
and to the other 50 he gave no medicine 
whatever. The effect on each patient 
was carefully observed and recorded. 
The experiment was then repeated in 
another 100 patients divided in the same 
manner," 

"At the last meeting of the Poly­
technic Association in New York, Mr. 
Carter of Chicago gave some particulars 
in relation to the work of lowering the 
bed of the Illinois and Michigan canal, 
for the purpose of draining the Chicago 
River into the Mississippi. The citizens 
of Chicago have for some time been 
desirous of having the canal deepened, 
in order to drain the waters of the 
Chicago River into the Illinois River 
and thence into the Mississippi, instead 
of allowing them to flow, as at present, 
into Lake Michigan, where they foul 
the harbor by the sewage of the city. It 
has been decided to do this work at the 
expense of the city, and numerous gangs 
of workmen are to commence the task so 
as to complete it with the least possible 
delay." 
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If you didn't talk with a 
Marchant man last week, 

you don't know about the 
three latest developments 
in calculators. 
Marchant® has just introduced not one, but three 
new calculators you should know about. 

"Cogito" is Latin for "I think." Cogito™ is also the 
name of our great new American-made electronic 
calculator. Cogito will handle computations involv­
ing two twelve-digit numbers and present the twenty­
four most significant digits as the answer in split 
seconds. Cogito's completely automatic "floating­
decimal" system will handle fifty-two places in the 
product register. Cogito also has three storage mem­
ories, and, because it is fully electronic, Cogito is 
extremely q-u-i-e-t. 

The Marchant Transmatic™ 416-S is our new 
desk-top printing calculator. Automatic decimals 
control each operation and print the proper point in 
all factors and answers. Its multiplex memory stores 
a constant dividend, divisor, multiplier or multipli­
cand for continued use without re-entry. 

The new Marchant Two-StepTM is breaking all 

speed records for rotary calculators - even Mar­
chant's! Now you multiply in two steps, not three or 
four. Enter the multiplicand, put in the multiplier 
and you get your answer. Start the next problem 
immediately. No need to clear. Insta-Clear™ elimi­
nates the additional steps, clears the new Marchant 
Two-Step automatically. 
r-------------------, 
I If you didn't talk with a Marchant man last week I 
I - call him right now. He'll tell you which of these I 

. I three latest developments in calculators is best I 
I for you. You can also write for further information. I 
I SCM Marchant, Dept. SA-Ii, 410 Park Avenue, I 
I New York, N. Y. 10022. There's no obligation - I 
I so let's solve that calculator problem together. I 
L ___________________ � 

MARCHANT CALCULATORS .�'. 
SCM CORPORATION, 410 PARK AVENUE, NEW YORK, N. Y. 10022. I;;i;/� rw® 
OFFICES IN CANADA AND MAJOR CITIES THROUGHOUT THE WORI,D 

® 

From top left, the Marchant Two-Step, the Marchant 
Transmatic 416-5, and the Marchant Cogito 240-SR. 
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Even where 

this tag shows, 

Es,tane· 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. 

F or technical bulletin and applications 

brochure with sample, write B. F. Goodrich 

Chemical Company, Department GA-ll, 

3135 Euclid Avenue, Cleveland 15, Ohio. 

B.EGoodrich Chemical 
• d,w.stOn 01 The B,fGoodflCh COM!)."., 
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THE AUTHORS 
RUTH C. SILVA ("Reapportionment 

and Redistricting") is professor of po­
litical science at Pennsylvania State 
University, to which she went in 1948 

after two years as instructor at vVheaton 
College. Previously she had obtained 
bachelor's, master's and doctor's degrees 
at the University of Michigan. She has 
written extensively on apportionment 
and districting. In the course of various 
consulting activities she has served as 
research consultant to the U.S. Depart­
ment of T ustice on constitutional law 
and to th� State of New York on legisla­
tive apportionment. 

FRANK PRESS ("Resonant Vibra­
tions of the Earth") is head of the De­
partment of Geology and Geophysics 
at the Massachusetts Institute of Tech­
nology. He went there after several 
years as director of the Seismological 
Laboratory at the California Institute 
of Technology. Press is a graduate of 
the City College of the City of New 
York and received a Ph.D. from Colum­
bia University. In 1959, 1960 and 1963 

he was a member of the U.S. delega­
tion to the international conference on 
banning nuclear tests; from 1961 to 
1964 he was a member of the Presi­
dent's Science Advisory Committee. In 
recognition of his work with the U.S. 
program for the International Geophysi­
cal Year a mountain in Antarctica was 
named Mount Press. His current inter­
ests are the structure of the earth's crust 
and mantle and designing equipment 
for investigation of the moon and the 
planets. As a Government consultant he 
is concerned with arms control and the 
role of science and technology in the 
foreign-aid program. 

WILLEM J. KOLFF ("An Artificial 
Heart inside the Body") is professor 
of clinical investigation at the Educa­
tional Foundation' of the Cleveland 
Clinic Foundation and head of the De­
partment of Artificial Organs at the 
Cleveland Clinic.' Born in the Nether­
lands, Kol£l received an M.D. degree 
from the University of Leyden in 1938 

and a Ph.D. from the University of 
Groningen in 1946. He joined the Cleve­
land Clinic in 1950 and became a U.S. 
citizen in 1956. KoIff developed the first 
artificial kidney in 1941. His interest 
in an artificial heart began when he 
started work on a heart-lung machine 
in 1948. KoHrs clinical work is in the 

treatment of uremia, application of the 
artificial kidney in uremia, kidney trans­
plantation and the application of heart­
lung machines. His experimental work, 
besides that on the artificial heart, in­
cludes development of blood oxygena­
tors and new types of artificial kidneys 
and development of techniques for pre­
serving organs for transplantation. 

WILLIAM C. HITTINGER and 
MORGAN SPARKS ("Microelectron­
ics") are both at the Bell Telephone 
Laboratories; Hittinger is executive di­
rector of the Semiconductor Device and 
Electron Tube Division, and Sparks 
is executive director of Development­
Components and Solid State Devices. 
Hittinger, a graduate of Lchigh Uni­
versity, joined Bell Laboratories in 1954 

after six years with the vVestern Electric 
Company and two years with the Na­
tional Union Radio Corp. Sparks, who 
received bachelor's and master's degrees 
from Rice Institute and a Ph.D. from 
the University of Illinois, has been with 
Bell Laborat�ries since 1943. He has 
written extensively on transistors, junc­
tions in transistors and the properties of 
semiconductors. Sparks and Gordon K. 
Teal built the first junction transistor in 
1951. 

ARMIN C. BRAUN ("The Reversal 
of Tumor Growth") is a member of and 
professor at Rockefeller University (for­
merly the Rockefeller Institute) and is 
head of the university's laboratory of 
plant biology. He joined the Rockefeller 
Institute in 1938 after obtaining under­
graduate and advanced degrees at the 
University of Wisconsin. He has held 
visiting professorships at the University 
of Nebraska and Cornell University and 
has been a visiting lecturer at Harvard 
University and at the conference on 
pathobiology sponsored by the Univer­
sity of Colorado in 1964. Braun writes 
that he became interested in the bio­
logical sciences as a boy because "my 
father and older brother were enthu­
siastic naturalists, and throughout my 
youth I was exposed to .the wonders of 
the microscopic as well as the macro­
scopic world of living things." He adds 
that he has little time for hobbies but 
"I do derive pleasure from growing 
tropical plants, mostly orchids, in a 
small greenhouse adjoining my home in 
Princeton, N.J." 

RICHARD HELD ("Plasticity in Sen­
sory-Motor Systems") is professor of ex­
perimental and developmental psy­
chology at the Massachusetts Institute 
of Technology. As an undergraduate at 
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You have no idea of the many uses in 

which Allen-Bradley permanent magnets 
are doing "a better job !" 

• Allen-Bradley ceramic permanent magnet materials cover such a broad range 
of specifications, that they should be able to satisfy new and unusual design 
problems that may be baffling your engineers. Oriented, as well as nonoriented 
materials, are available. And of these, you'll find the new M05C permanent 
magnet material especially interesting. 

M05C is an oriented ceramic permanent magnet material that can open 
entirely new areas of permanent magnet applications. Outstanding is the fact 
that it can be produced in shapes previously limited to nonoriented materials. 
It also has a high energy product-2.6 times that of nonoriented materials. Then, 
too, there's a high coercive force and high residual induction. With these prop­
erties, this M05C material has given engineers a new design flexibility-and an 
economic edge-with the permanent magnet motors which they have developed. 

Allen-Bradley engineers will gladly work with your designers in the selection 
and application of the exact magnetic material for your project. For more 
complete information, please write: Allen-Bradley Co., 1204 South Third Street, 
Milwaukee, Wisconsin 53204. Export Office: 630 Third Ave., New York, N.Y., 
U.S.A. 10017. 

Allen·Bradley ceramic permanent 
m agnets a r e  available in a w ide 
range of sizes and shapes. 

ALLEN - BRADLEY 
QUALITY MOTOR CONTROL 

QUALITY ELECTRONIC COMPONENTS 
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Victor's 
incredible little 

chi 

(shown here 25 times actual size) 

ushers in the era 
of the desk-top 

electronic calculator! 

�VICTOR 8900 

Space-age micro-circuitry, applied with 
traditional Victor logic, makes it the fastest 
and easiest to use-as well as the most compact! 

Metal-oxide-silicon semiconductors, developed 
for our space program, are now applied by Victor to 
business calculators! Result: an electronic calculator 
smaller than a typewriter (only 11" wide, 7V2" high, 
25Ibs.) that yields intricate calculations at awesome 
speeds. Silently. With a 33% gain in productivity! 

See all factors on display. Each factor of every 
problem is displayed on our easy-to-read screen in 
logical problem-and-solution sequence. And with­
out a maze of unnecessary preceding zeros. The 
Victor 3900 provides automatic constants for all 
arithmetic functions. And the 10-key keyboard is 
designed with typical Victor simplicity and logic. 

Infallible floating decilllai. Enter the decimal 
point just as it appears in the problem. It shows up 
in the answer where it belongs. Automatically. With 

no presetting, no possibility of error. And the 
Victor 3900 gives you a generous 20-digit capacity! 

Rounds off nUlllbers autolllatically. Just tell 
the Victor 3900 where you want your numbers 
rounded off. Whole numbers? Two decimal places? 
Even 15 decimal places? Only the Victor can do it. 

Three storage registers. The Victor 3900 re­
cords and displays the contents of two separate 
accumulating registers. A third memory register 
stores factors for instant recall. 

See it in action now. Before you decide on any 
type of calculator-at any price-call your Victor 
representative, listed in the Yellow Pages under 
Adding-Calculating Machines. Or write: Victor 
Comptometer Corporation, Business Machines 
Group, Chicago, Ill. 60618. 
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Columbia University, from which he was 
graduated in 1943, he majored in science 
and engineering. Becoming interested in 
the work of the psychologist Wolfgang 
Kohler, he joined Kohler at Swarthmore 
College and obtained a master's degree 
in psychology there in 1948. Four years 
later he received a Ph.D. in experimen­
tal psychology from Harvard University. 
Held taught at Harvard and at Brandeis 
University before going to M.LT. in 
1962; he also spent a year at the Insti­
tute for Advanced Study in Princeton, 
N.J. He has been interested in questions 
of space perception for many years; his 
work with Kohler at Swarthmore was 
on electrical responses of the brain to 
visual stimulation. 

HAO WANG ("Games, Logic and 
Computers") is professor of mathemat­
ical logic at Harvard University. Wang 
was born in China and received a bach­
elor"s degree in mathematics from the 
National Associated University in Kun­
ming in 1943. He came to the U.S. in 
1946 and obtained a Ph.D. in logic at 
Harvard, remaining there as research 
fellow and assistant professor for several 
years. In 1954 he went to England as 
a fellow of the Rockefeller Foundation. 
He was John Locke Lecturer in Philos­
ophy at the University of Oxford in 
1955 and reader in the philosophy of 
mathematics from 1956 to 1961, when 
he took up his present position at Har­
vard. Wang is the author of A Survey 
of Mathematical Logic. 

JOHAN T. RUUD ("The Ice Fish") 
is professor of marine biology at the 
University of Oslo, an institution he has 
also served as dean of the science fac­
ulty and as rector. Born in a Norwegian 
seaport, Ruud went to sea in a merchant 
steamer before going to the University 
of Oslo as a student. There he became 
interested in the scientific problems of 
Norway's whaling industry, and after 
graduation he spent many seasons with 
the whaling and sealing Beets. That 
work led in 1938 to his appointment as 
director of the State Institute for Whale 
Resea.tch. Ruud has also served as chair­
man of the Norwegian Research Coun­
cil for Science and the Humanities. 
He was the discoverer of the Chae­
nichthyidae, the family of fishes without 
red blood cells that is discussed in his 
article. 

ERNEST NAGEL, who in this issue 
reviews Hegel: Reintelpretation, Texts, 
and Commentary, by Walter Kaufmann, 
is John Dewey Professor of Philosophy 
at Columbia University. 

At the Climax, Colorado observing station of the High Altitude Observatory. Chief Observer Bob James uses a 
Model 130 portable laser to align optics of one of the world's largest (40.6 em) coronagraphs.1 Laser is also 
used to align the observatory's spectrograph. 

Portable laser makes light work of 
observatory's alignment tasks 

Riding the solar flare patrol can be an exciting job, particularly if you're 

working in the clear, crisp air of a place like the Climax, Colorado observ· 

ing station of the High Altitude Observatory. From there you get to see 

some really spectacular solar scenery. But the work can be tedious, too, 

when you have to forego your observation for long periods of time while 

you painstakingly align your optical equipment. And sometimes that's 

just when you miss the best shows. 

But the work of aligning the complex optical equipment has now become 

easier. Procedures that once took days are now accomplished in hours, 

thanks to a new labor·saving device called the Spectra· Physics Model 130 

gas laser. With their portable Model 130, observatory scientists align the 

optics of coronagraphs and spectrographs, in bright daylight if desired, 

with none of the focusing or other problems experienced using a point 

source of light. 

Whether you're working in an observatory, a laboratory, or a classroom, 

you'll find the Model 130 cw gas New. high output (0.75 mw uniphase POW.,) Model 

laser offers you far more in preci-
1308 cw gas laser, 6328A (1.151-' or 3.39.u optional) 
completely self-contained; 13 Ibs; price $1225 

sion and performance than any other 

laser at anywhere near the price. 

May we send you literature, and put 

your name on the mailing list to re­

ceive Spectra· Physics Laser Techni­

cal Bulletins? Write us at 1255 Terra 

Bella Avenue, Mountain View, Calif. 

tJ. H. RUSH AND G. K. SCHNABLE, 

APPL. OPT. 3, 1347 (1964) 

--

Spectra-Physics 

EUROPEAN HEADQUARTERS: SPECTRA-PHYSICS, S.A., Chemin de Soma is 14, Pully, Switzerland 
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1. High resolution and simple use of the DY-2801A Ouartz Thermometer are shown in this actual 
readout of the temperature difference between the Ice,polnt and triple·poil\t of water. 
2. One probe of the DY-2801A IS pictured actual size; longer and shorter probes also are available. 
The probe is only .375 Inch in diameter. 
3. Because the DY-2801A derives digital temperature information from frequency rather than 
voltage variations. accurate measurements at great distances are easier. less error-prone and free 
from typical voltage-measuring probler(1s such as noise. cable resistance and inaccurate amplifica­
tion. It is therefore useful in oceanography. temperature measurement beneath the surface of the 
earth and industrial processing. The instrument's high resolution. repeatability and stability make it 
particularly valuable in the laboratory." 
4. Permanent digital recordings of temperature measurements are easily available. 
5. The traditional mercury lab thermometer is crude in relation 10 more advanced platinum 
resistance thermometers or thermistor devices. New techniques in the Hewlett-Packard quartz 
thermometer offer high accuracy and resolution. combined with ease of use. 
6. The sensor crystal (shown about 51/2 times actual size) resonates at 28.208 megacycles at 
0° C. Frequency change is linear at 1000 cycles per second per degree centigrade. The Hewlett­
Packard thermometer. whose probes contain this crystal. then measures and displays frequency 
in terms of degrees C or F. 

2 

3 
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First Major Advance in Thermometry Since 1887-from Hewlett - Packard 

Hewlett -Packard's new quartz crystal thermometer 

achieves a new order of accuracy and resolution, com­

bined with unprecedented ease of use. It is the first major 

advance in thermometry since the development of tem­

perature-measuring methods which depend on voltage or 

resistance change. 

The traditional wide-range mercury lab thermometer pro­

vides resolution no greater than 0.01 degree. Electronic 

thermometry devices which derive temperature informa­

tion from variations in voltage or resistance require com­

plicated bridge-balancing procedures and cannot be used 

at great distances from the point to be measured. 

A "reverse concept" in the Hewlett-Packard crystal lab­

oratory has made possible a thermometer which responds 

to temperature variations with frequency change rather 

than with voltage change. This technique overcomes many 

of the inherent disadvantages of previous instruments. 

In the design and manufacture of quartz crystal oscil­

lators used in frequency and time standards, Hewlett­

Packard went to great lengths to isolate crystal resona­

tors from temperature changes which alter their frequency 

of oscillation. Why not, then, devise a temperature-sensi­

tive crystal whose frequency-versus-temperature charac­

teristic is linear? Analytical procedures led to a practical 

solution with which such a crystal was produced. 

The result was a new thermometer which measures tem­

perature with 0.0001 ° resolution and displays it in direct 

digital readout, with positioned decimal and plus or minus 

indication. Measurements are made by means of a probe 

which encloses the quartz crystal. There is no need for 

bridge balancing, conversion charts, temperature refer­

ences or computer processing. Sensors may be located 

up to 1000 feet from the readout unit without noise pickup, 

HEWLETT 

cable resistance problems or amplifiers. Longer cables 

can be used with appropriate amplification. 

Chemists are using the new Hewlett-Packard Quartz Ther­

mometer in calorimetry, measuring heat changes caused 

by chemical reaction, and in measuring molecular weights 

of unknowns by dissolving them in a known benzine com­

pound and noting the change in its freezing point. For the 

petroleum industry, the device is useful for temperature 

measurements far below the surface of the earth, as well 

as for monitoring various processes through long cable 

systems. A special version for oceanographic studies will 

measure temperature at depths as great as 35,000 feet. 

By combining research into crystal technology with its 

experience and know-how in electronic measuring tech­

niques, Hewlett-Packard has introduced new and exciting 

capabilities in thermometry. 

The hp Quartz Thermometer measures temperature and 
temperature difference directly, providing digital readout of 
degrees C (-40 to +230) or F (-40 to +450). Resolution is as 
high as 0.0001°C. With standard equipment, measurements 
may be printed on paper tape, recorded in computer-com­
patible format on punched cards, punched paper tape or 
magnetic tape, or produced in strip-chart form. Probes can 
be exposed to pressures of up to 3000 psi, 10,000 G,s shock, 
1000 G,s vibration to 1000 cps, without change in calibration. 
When necessary, calibration is simple; only one temperature 
point need be checked. Two models are available, DY-2801A 
with 2 sensor probes for 2- point monitoring or difference 
readings to 0.0001°, $3250; DY-2800A with one probe, 0.1° 
resolution (optionally 0.01°), $2250. For more information 
write Hewlett-PackardlDymec Division, Palo Alto, California 
94 306, Tel. (415) 326-1755; Europe: Hewlett-Packard S. A., 
54 Route des Acacias, Geneva; Canada: Hewlett-Packard 
(Canada) Ltd., 8270 Mayrand Street, Montreal. 

Data subject to change without notice. Prices f. o. b. factory. 

PACKARD 
An extra measure of quality 
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Reapportionment and Redistricting 

The court decisions that reinforce the concept of "one man, one ()ote" 
are now operating to change two aspects of u.s. political structure: 
apportionment of electi()e offices and the form of election districts 

I
n Baker v. Carr, its historic decision 
of March, 1962, the u.s. Supreme 
Court implied that the Constitution 

precludes inequality of population be­
tween state legislative districts. In vari­
ous subsequent decisions the Court has 
partially spelled out its view of what 
"population equality" is required: the 
apportionment of seats and districting 
in the state must be so arranged that the 
number of inhabitants per legislator in 
one district is substantially equal to 
the number of inhabitants per legislator 
in any other district in the same state. 

It is easy to state this rule of thumb 
but rather difficult to put it into prac­
tice, as the halting efforts of the states 
to comply have made abundantly clear. 
The difficulties are not only political; 
some of them are technical. In particu­
lar, a great deal of confusion has arisen 
from a failure to appreciate that appor­
tionment and districting are two quite 
distinct aspects of the problem, each of 
which must be carefully examined in 
order to arrive at a rational solution. 
This article will discuss techniques that 
have been proposed by political scien­
tists (including the author) to put ap­
portionment and districting on a sound 
footing for a more nearly accurate rep­
resentation of the voters. 

�t us first review briefly the circum­
stances that precipitated the Su­

preme Cou·rt's ruling in the case of 
Baker v. Carr. This suit was brought by 
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by Ruth C. Silva 

a group of voters in Tennessee against 
state officials, the voters contending that 
they were denied the equal protection of 
the laws accorded by the 14th Amend­
ment because the value of their votes 
was "debased" by inequities in the state's 
existing apportionment and districting. 
Tennessee was still electing its state 
legislators on the basis of an apportion­
ment adopted in 1901, although in the 
intervening 60 years the number of the 
state's voters had grown from 487,380 
to 2,092,89 1 and there had been radical 
shifts in the distribution of the popula­
tion (mainly, of course, from rural areas 
to cities and suburban areas). As an 
example of the resulting inequalities, 
the petitioners charged that one vote in 
Moore County (rural) was equal to 19 
votes in Hamilton County (containing 
Chattanooga), since the number of in­
habitants per legislator was 19 times 
greater in the latter than in the former. 

The Supreme Court ruled t!J.at the 
petitioners had standing to challenge 
the constitutionality of the state's leg­
islative apportionment and districting 
under the equal-protection clause of the 
14th Amendment, that Federal courts 
have jurisdiction over the subject matter 
of apportionment and districting and 
that the petitioners had a justiciable 
grievance, that is, a grievance for which 
the courts could grant relief if the facts 
were proved as stated. The Supreme 
Court sent the case back to the Federal 
District Court to decide what the ap-

propriate relief would be if the alleged 
facts were proved. 

The decision amounted to an open in­
vitation for similar challenges by voters 
in nearly all the state�. The arrange­
ments for legislative representation in 
many states were soon demonstrated to 
be a wonderland of alleged inequities. 
The prize went to the state of Vermont, 
where it was found that the most 
populous district had 987 times more 
people than the least populous dis­
trict. Similar population inequalities 
were found in congressional districts. In 
Texas, for example, one district with a 
representative in Congress had a popu­
lation of 951,527 and another a popu­
lation of only 216,371; thus a ballot 
cast in the latter was said to have 4.4 
times the weight of a vote cast in the 
former. Throughout the nation a spate 
of suits was filed for "reform" of state 
arrangements for apportionment and/or 
districting. At this writing the courts 
have already ordered revision of the 
systems in 37 states. 

A year after the Baker case the 
Supreme Court decided an appeal in 
the case of Gray v. Sanders, this time 
invalidating Georgia's county-unit sys­
tem of nominating candidates for state­
wide office. In an obiter dictum, or in­
cidental comment, the Court spoke of 
"one person, one vote." Although this 
catchy phrase was only a dictum, it in­
dicated how the Court was thinking. In 
February, 1964, the Court cited the 
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Gray decision as authority for invali­
dating Georgia's congressional districts 
on the ground of population inequality 
(Wesberry v. Sanders). The Court, again 
in an obiter dictum, repeated the "rule" 
of equality in slightly more definite 
terms: "As nearly as practicable one 
man's vote in a Congressional election is 
to be worth as much as another's." In 
June of 1964 the Court ruled in an 

Alabama case (Reynolds v. Sims) that 
both houses of the state legislature must 
be apportioned on the basis of popula­
tion equality. In this decision the Court 
asserted that equality of population 
should be the controlling criterion in 
the construction of legislative districts. 
Justice Hugo Black in his opinion said 
that states could not be permitted to 
"dilute the vote" of some of their 

citizens "through the device of dis­
tricts." 

These, then, are the guidelines from 
the Supreme Court. What is so com­
plicated about putting them into prac­
tice? One might suppose that the estab­
lishment of equality in apportionment 
and districting should be only a matter 
of arithmetic. It is not, however, that 
simple. We shall consider first the prob-

ORIGINAL GERRYMANDER was depicted in the Boston Gazette 

of March 26, 1812. The district, produced by an anti·Federalist law 
setting up tbe senatorial districts in Massachusetts in such a way as 

to concentrate the Federalist vote in a few districts, was at first lik· 
ened to a salamander but later came to be known as a gerryman· 
der after Governor Elbridge Gerry, who signed the districting law. 
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MONTANA NORTH DAKOTA 

SOUTH DAKOTA 

NEBRASKA 
IOWA 

NEW HAMPSHIRE 

VERMONT 

RHODE ISLAND 

NEW YORK 

COLORADo 

KANSAS 

NEW MEXICO 

HAWAII 

APPROXIMATELY EQUAL • APPROXIMATELY DOUBLE 

.50 PERCENT LARGER • TRIPLE OR LARGER 

UNEVEN DISTRICTING of U.S. congressional districts is depict. 
ed as the situation existed after the 1960 census but before the ef· 
fects of the Supreme Court's decision in Baker v. Carr had been 
felt. (That case pertained to the Tennessee legislature but focused 
attention on all types of districting.) "Approximately equal" means 
either that the state had congressional districts of about the same 

population or that it elected its U.S. representatives at large; "SO 
percent larger" means that the congressional district with the high. 
est population had about half again as many inhabitants as the one 
with the lowest, and so on. Largest spread, from 177,431 to 802,944, 
was in Michigan, which redistricted last year and now has con· 
gressional districts ranging from 403,263 to 417,026 in population. 

lems of apportionment and then those 
of districting. At the national level in 
the U.S. they are treated as separate 
functions and are handled separately. 
The Federal Government apportions to 
each state a certain number of seats in 
the House of Representatives according 
to the state's population, as counted in 
the latest census. The state then districts 
itself geographically on the basis of the 
num ber of seats, each district to elect 
one representative. Many states use a 
similar procedure for their legislatures. 
They apportion seats to each county, 
town or other type of political unit, and 
each unit is then divided into districts 
corresponding to the number of legis­
lators to be elected in that unit. Some 
states skip the apportionment step: they 
simply carve up the state into legis­
lative districts. 

The most straightforward method of 
apportionment is to assign seats accord­
ing to a ratio: so many seats per thou­
sand (or larger number) of population. 
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For example, if a nation's total popula­
tion were 100 million and its legislature 
had 100 members, the ratio would be 
one to a million, and the states or 
provinces in the country would be ap­
portioned one seat in the legislature for 
each million inhabitants. This general 
method was used for apportioning seats 
in the U.S. House of Representatives 
among the states up to 19 11, and it is 
still widely used in apportioning seats in 
state legislatures to counties or towns. 
Although the method works reasonably 
well in many cases, it encounters the 
awkward problem of fractions in cases 
where a unit's population is not an exact 
multiple of the ratio. 

In 19 1 1  a more sophisticated method 
of apportionment was adopted. One 
seat is assigned to each state to begin 
with. After that the successive seats are 
apportioned one by one on the basis of 
priority numbers. These priorities are 
calculated for each state by dividing 
tha t sta te' s population by a certain 

divisor, which depends on the number 
of the last seat apportioned to the state. 
There are five different divisors that 
might be used. One is the number of 
the last seat itself. For example, in the 
second round of assignments (that is, 
determining the priorities of the various 
states for a second seat) the divisor 
would be one (the number of the first 
seat). A state with a population of 1 1  
million therefore would have a priority 
number of 1 1  million for a second seat; 
the priority number of a state with 
10 million population would be 10 
million. Similarly, in calculating the 
priorities for the 10th seat, the divisor 
would be nine. Another possible divisor 
is the number of the seat that is to be 
assigned: two for the second seat to be 
assigned to a state, three for each state's 
third seat, and so on until the last seat 
has been apportioned. Other possible 
divisors are the arithmetic mean be­
tween the numbers of the two succes­
sive rounds (for instance, 1.5 in the 
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second round) or the geometric mean 
between them ( 1.4 14 in the second 
round) or the harmonic mean ( 1.333 in 
the second round). 

Using any one of these methods, seats 
are assigned to various states having 
the highest priority numbers in each 
successive round until all the seats are 
apportioned. It turns out that the divisor 
that comes the closest to apportioning 
the number of seats precisely according 
to population is the geometric mean, 
called "the method of equal propor­
tions." In practice, however, the arith­
metic mean (termed the "major frac­
tions" method) also almost always yields 
the same distribution of seats. 

In the congressional apportionments 
of 19 1 1  and 1931 the major-fractions 
formula was used. In the last three ap­
portionments ( 194 1, 195 1 and 1961), 
Democratic congresses turned to the 
formula of equal proportions instead. 
As it happened, in those particular 
cases the formula gave the 435th seat 
in the House of Representatives to 
Democratic states, whereas the major­
fractions formula would have given it 
to a Republican or doubtful state that 
had a larger population than the one 
receiving the seat. 

The states have been far less precise 
than Congress in apportioning their 

own legislative seats among their coun­
ties and towns. Indeed, before the 
Supreme Court's ruling most of the 
states used one device or another to 
deliberately give extra seats to the less 
populous areas. Thirty states produced 
this result by assigning at least one seat 
to each county or town, however small 
in population. Thus in Kansas each of 
the 105 counties was guaranteed a seat 
in the lower chamber of the legislature. 
Since there were only 125 seats in all, 
only 20 seats were left for apportion­
ment according to population; as a con­
sequence the four most populous coun­
ties, containing 37 percent of the state's 
population, had only 12 percent of 
the seats in the chamber. Some states 
gave the rural areas an outright grant 
of a lower ratio of population per seat 
than was required for cities; New 
Hampshire's towns and city wards, for 
example, were required to have a double 
ratio of population to qualify for each 
seat after the first seat. Still another 
method used by some states was the 
placing of a maximum on the represen­
tation of the large cities; in Pennsyl­
vania, for example, the state constitution 
limited Philadelphia to no more than a 
third of the seats in the state House of 
Representatives. Then there was the 

REPUBLICAN DISTRICTING, described by Democrats as a gerrymander, produced this 
congressioual district (the 24th) in the Bronx section of New York City. Although the 
Bronx is predominantly a Democratic community, the area occupied by the district has re­
turned Paul A. Fino, a Republican, to the U.S. House of Representatives for many years. 

20 

21 

31 
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DEMOCRATIC DISTRICTING, described by Republicans as a gerrymander, produced 
this congressional district (the 30th) in Los Angeles. It elects a Democratic congressman. 
In a metropolitan region, where heavy population can produce several districts in a small 
area, the party drawing district boundaries can try to assure itself of favorable situations. 
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TENNESSEE'S DISTRICTING for seats in the state House of Rep­
resentatives showed several inequalities at the time of Baker v. 
Carr. The figures show the extent to which counties were overrep­
resented or underrepresented in relation to the formula in the 

state constitution for election of direct representatives, meaning 
those not shared with another county. The formula, which the 
legislature had long ignored, based representation on a ratio of 
county to state voting population. Tennessee redistricted recently. 

traditional practice, still in effect in 
eight states until the Supreme Court 
decision, of simply assigning the same 
representation to all units regardless of 
their population; in Vermont, for ex­
ample, each of the 246 towns had one, 
and only one, representative in the 
lower house of the legislature. In four 
states, among them Delaware, appor­
tionment on the basis of population was 
made all but impossible by the fact that 
the original apportionments were writ­
ten into the state constitution, so that 
reapportionment required a constitu­
tional amendment. 

All these devices must now, under the 
law of the land, be abandoned and 
replaced by formulas that will equalize 
representation as closely "as practica­
ble." The Supreme Court has in effect 
ruled that population is the controlling 
and most important basis for apportion­
ment and districting. Since representation 
is apportioned to territorial subdivisions 
such as states (U.S. congressmen), 
counties (New York assemblymen), 
towns (Connecticut representatives) or 
some other such territorial unit, it is 
often mistakenly said that area as well 
as population is a base for apportion­
ment as well as districting. This con­
fusion has been confirmed by the reso­
lution now being pressed in Congress 
by Senator Everett M. Dirksen of 
Illinois: it would authorize the states to 
district and apportion in certain cases 
on the basis of "factors other than popu­
lation." 

Except for Michigan and abortive 
efforts in Nebraska and Wisconsin, no 
state has attempted to apportion rep­
resentation on the basis of acreage or 
some other such territorial measure. In 
Reynolds v. Sims the Supreme Court 
said: "Legislators represent people, not 
trees or acres. Legislators are elected by 
voters, not farms or cities or economic 
interests." 
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The problem of districting is a great 
deal more complex than apportion­
ment. In districting the equal-popula­
tion rule is not in itself sufficien t to 
guarantee that various economic, politi­
cal, and cultural subgroups will be 
adequately represented in the legis­
lature. All the districts within a state 
may be absolutely equal in population 
and yet fail to give the various sub­
groups in the population the representa­
tion that is commensurate with their 
popular support; that is, the political 
parties, religious groups, ethnic or racial 
groups, income groups and so on may 
enjoy more or less representation than 
their membership would warrant. As 
everyone knows, "gerrymandering" to 
enhance or to minimize the voting 
weight of one group or another has been 
a common practice in every state. The 
state of Delaware, for example, is gerry­
mandered to favor the Democratic party; 
New York, to favor the Republicans. 

D istricting bodies have used two meth-
ods for legally packing the legis­

lature. One is to split up a stronghold of 
the opposition party and form districts 
each of which has a stronghold of one's 
own party attached to it, so that the 
opposition can carry few, if any, dis­
tricts. This is often accomplished by 
combining in one district a section of a 
city with an adjacent suburban or rural 
area. The other method concentrates the 
opposition's vote in a few districts where 
it is wasted in "overkill." For example, 
the districting of New York by Republi­
can legislatures has distributed the Re­
publican votes to much better advantage 
than Democratic votes. In the elections 
to the state senate in 1962 the Re­
publicans polled a minority of the votes 
in the state but nevertheless won the 
senate 33 seats to 25; they won in their 
districts by an average margin of 20,-
963 votes as the Democrats were win-

ning in theirs by an average margin of 
27,883. 

Gerrymandering can often be far 
from obvious. For example, in South 
Dakota, which has two representatives 
in Congress, an approximately straight 
line from north to south dividing the 
state into eastern and western halves 
would probably result in the election of 
two Republicans, but division of the 
state into northern and southern halves 
would probably elect one Republican 
and one Democrat. At the other ex­
b'eme, New York exhibits one of the 
most obviously gerrymandered districts 
in the country: Manhattan's famous "silk 
stocking" district. There the boundaries 
of the district wind around street corners 
to include the affiuent residential sec­
tions and to exclude Negro and Puerto 
Rican neighborhoods. 

Provisions in state constitutions de­
signed to prevent gross gerrymandering 
have not been very effective. The U.S. 
Supreme Court itself has shied away 
from the thicket of political gerry­
mandering. In 1960, in the case of 
Gomillion v. Lightfoot, the Court in­
validated a racial gerrymander in 
Tuskegee, Ala. When New York's silk­
stocking district was haled before the 
Court in 1964 (Wright v. Rockefeller), 
however, the Court held that the peti­
tioners had failed to prove a racial 
gerrymander. 

Perhaps the Court has avoided the 
question of political gerrymandering 
because precise criteria for districting 
have not been established. The Court 
has ruled that districts must be sub­
stantially equal in the number of rep­
resentative inhabitants, but even the 
word "population" has not yet been 
clearly defined. Does it mean the total 
population, the citizen population or 
only the voting population? Federal 
courts have not been consistent in their 
opinions on this issue. One Federal 
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district court recently upheld Hawaii's 
use of registered voters as the population 
base for senatorial districting on the 
ground that inclusion of nonvoting 
military personnel stationed in that state 
would result in "unfairness." On the 
other hand, in a Virginia congressional 
districting case, a Federal court ruled 
that "population" meant all residents in 
the state, including military personnel. 
The question is not an idle one, because 
many states have large pockets of non­
voters whom the voters do not neces­
sarily represent. In the Southern states 
where most Negroes are not registered 
to vote each voter's ballot for a U.S. 
representative carries several times more 
weight than that of a voter in the North. 

Apart from the definition of the repre-
sentative population there is the 

question of the meaning of "practicable 
equality" between districts. There has 
been considerable litigation on how 
much leeway this phrase allows. As the 
measure of inequality the legislatures 
and courts have most often used the 
difference between the least and the 
most populous districts in the state. 
Such a measure, based only on the ex­
tremes, is not a significant index of the 
prevalence of inequality among the 
districts. A somewhat better measure, 
also commonly used, is the extent of 
departure of the various districts from 
the mean: the average size of all the 
districts. A bill now pending in Congress 
(introduced by Representative Emanuel 
CelIeI' of New York) would require that 
every district in a state be within 15 
percent of the mean in population. Some 
courts have applied a somewhat more 
significant measure of whether or not 
a state's districting is equitable. This 
measure, called the Dauer-Kelsay index, 
indicates how far the state's districting 
system departs from the ideal of assur­
ing majority rule. In New York, for 
example, the index shows that in the 
1964 election of the state assembly the 
76 least populous districts, accounting 
for a total of only 33.4 percent of the 
state's citizen population (according to 
the 1960 census), elected a majority of 
the assemblymen. 

The Dauer-Kelsay index is a reason­
ably adequate measure of inequality (or 
equality) in districting, but statisticians 
prefer two other indexes that are con­
siderably more sensitive and provide a 

better picture of the entire distribution 
of representation. These, known as the 
Gini index and the Schutz coefficient, 
are summary indexes of the whole 
distribntion. They are sensitive to in­
equalities in all parts of the distribution, 

and make noncom parable data com­
parable. 

Finally there is the important ques­
tion of how well the construction of a 
district provides for representation of 
the people composing it. It has often 
been alleged that if the selection of a 
representative is to be meaningful, the 
voters must have a community of in­
terest on which they can express them­
selves. A fragmented or patchwork dis-

trict, lacking any common denominator, 
will make it very difficult for the elec­
torate to bring certain issues to a com­
mon focus or to speak with a coherent 
voice. For the most part legislative 
districts in the U.S. have been laid out 
without regard for considerations of 
community of economic, political or 
social interest; they have been con­
structed primarily in geographic terms. 
Most political scientists are agreed, how-

VERMONT'S DISTRICTING for the state House of Representatives formerly provided 
one representative for each town (white lilies). The arrangement produced large inequali. 
ties: the legislator elected from the most heavily populated town represented 987 people 
for each person represented by the legislator elected from the least popnlated town. This 
year the state established new district boundaries (dark lilies) for fairer representation. 
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COLORADO VOTERS were unevenly represented by the congres­
sional districts existing before Baker v. Carr. Range of population 
was from 195,551 in the 4th district to 653,954 in the 2nd district. 

REDISTRICTING IN COLORADO, done last year under impact 
of Baker v. Carr and other decisions, yielded districts with a popu­
lation range from 405,899 (4th district) to 493,887 (lst district). 

ever, on some general criteria for con­
struction of a constituency. The district 
should be in one piece; it should be 
"compact" (a word formerly defined in 
terms of topography and the means of 
travel and ease of communication be­
tween various parts of the district) and, 
as nearly as practicable, it should have 
common social, political and economic 
interests. 

Most views and measures of compact­
ness have been conceived solely in 
geographic terms and have ignored 
population distribution and factors such 
as community of social, political and 
economic interest. Recently, however, 
James B. 'Weaver and Sidney W. Hess, 
engineers at the Atlas Chemical Indus­
tries, have devised a measure of "com­
pactness" that indirectly recognizes such 
"area factors" as community of interest 
as well as topography and the means of 
transportation. The vVeaver-Hess plan 
enlists the aid of a computer in the dis­
tricting process. 

The Weaver-Hess formula measures 
the proximity of the district's population 
to the district's center and aims to con­
struct districts of maximum compact­
ness around population centers. The 
closer the population is to the district's 
center, the more compact is the district. 
Since topography and the means of 
transportation often influence the distri­
bution of population, and since popula­
tion patterns often coincide with in­
terest patterns, the Weaver-Hess con­
cept of compactness tends to avoid 
splitting communities of economic or 
other interests to the extent that these 
interests coincide with areas of high or 
low population densities. 

This new concept of compactness is 
essentially a "center of population grav-
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ity" idea. It is based on the moment-of­
inertia principle and uses the statistical 
technique of least squares, which locates 
the line of "best fit" to a series of data 
points in order to minimize the sum of 
squared distances from the points to the 
line. This "moment of inertia" measure 
utilizes both area and population. 

If a legislative district is composed 
of precincts with known populations, it 
is possible to make a calculation analo­
gous to moment of inertia about any 
given point in the district. The moment 
of inertia for each precinct would be 
the product of the precinct's population 

and the square of the distance between 
the precinct's center and the given 
point. To obtain the moment of inertia 
around that point for the whole district 
-in other words, the district's compact­
ness-the precincts' moments of inertia 
are summed. The sum will be smallest 
when the point around which the mo­
ments of inertia are calculated is the 
population center of the district, which 
is to say the district's center of popula­
tion gravity. If the population is dis­
tributed evenly throughout the district, 
the center of population gravity will be 
in the geographic center of the district. 

COMPUTER DISTRICTING of state legislative districts in Wilmington, Del., is compared 
with other plans. The former districts (left) were declared unconstitutional, so the Demo-
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If there is a more populous city in the 
northwestern part of the district, the 
district's center of population gravity 
will move toward the northwest. 

This concept of compactness suggests 
methods of area and demographic 

analysis that social scientists have long 
used successfully in drawing the boun­
daries of marketing, school and service 
districts. Weaver and Hess have com­
bined their concept of "compactness" 
with contiguity and population equality 
(as measured by deviation from the 
mean) into a districting procedure that 
is essentially a linear program of a 
transportation problem. The aim of the 
computer program is to construct legis­
lative districts by combining smaller 
areas of known population-such as 
census enumeration districts if total 
inhabitants are the population base or 
voting precincts if the number of voters 
is the base-into a given number of 
contiguous districts of approximately 
equal population and relatively maxi­
mum compactness. Discretion is in­
volved, of course, in defining the popu­
lation base and in specifying the 
permissible deviation from absolute 
population equality and relative weight 
of population equality to compactness. 

The Weaver-Hess program calculates 
the distance from each precinct's or 
other unit's center to any given point, 
computes the moments of inertia, sums 
them and districts by minimizing these 

sums. This is analogous to determining 
school location by minimizing child­
miles of travel between home and 
school. The larger the indivisible units 
to be combined, the greater will be the 
population inequalities between dis­
tricts. The smallest unit of population 
provided by the u.s. census is the 
"enumeration district," which usually 
has boundaries of the kind thought 
desirable for legislative districts-rivers, 
highways or railroad tracks. Since enu­
meration-district populations average 
fewer than 1,000 inhabitants, legislative 
districts are usually sufficiently large to 
allow rather precise population equality 
even though each enumeration district 
must be contained wholly in the same 
legislative district. 

A program that applies the idea of 
computer districting in a highly refined 
and practicable form has been worked 
out by Stuart Nagel of the University of 
Illinois. Its instructions to the computer 
include the number of units in the state 
that are to be combined into districts, 
the number of districts to be con­
structed, the average population size of 
the districts, the permissible deviation 
of individual districts from this average 
size, and the weight to be given to 
compactness with respect to population 
equality. (Nagel gives the two factors 
equal weight.) The program also allows 
the introduction of a "political factor," 
so that at the outset the proportion of 
the seats to be won by each party will 

be the same as that party's share of the 
votes cast in the last statewide election 
or some other election. This assumes, 
of course, that each party's share and 
geographic distribution of the vote will 
be substantially the same as at the given 
election. 

The Nagel program is highly flexible. 
It can adjust districting to special con­
ditions by only minor changes in the 
instructions and data cards fed into the 
computer. For example, if for economic 
or other reasons it is desirable to ensure 
that two or more population units will 
be placed in the same legislative dis­
trict, they can be treated as a single unit 
by combining them on one data card. 

Districting by computer has a num­
ber of technical advantages. It mini­
mizes the chance for arithmetic error 
and automatically checks various figures 
at each stage of computation. It pro­
duces alternative districting proposals 
and directly compares these alternatives 
for adherence to the accepted criteria. 
It minimizes bias and political manipu-

. lation. Moreover, compared with the 
costly present process of redistricting 
in the political arena-costly in time as 
well as in money and general confusion 
-districting by computer is objective 
and strikingly inexpensive. Once the 
general principles of representation 
have been agreed on, the legislative 
districting of a state can be accom­
plished in a few days at a cost of only a 
few hundred dollars. 

cratic state legislature drew new districts (center) that are nearly 
equal in population but have been criticized as favoring Demo· 

crats. Some hypothetical districts (right) drawn with the aid of 
a computer emphasize compactness in both population and area. 
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RESONANT VIBRATIONS OF THE EARTH 
\Vhen a Inajor earthquake occurs, the entire earth vibrates like 

a ringing bell. These extremely slow "free oscillations" yield 

information on the structure of the earth's crust and mantle 

P luck a taut string and it vibrates; 
strike a bell or a gong and it 
vibrates. The vibrations are called 

free oscillations, and they are excited in 
any mechanical system that is disturbed 
from equilibrium and then left alone. 
The earth also vibrates when it is dis­
turbed: an earthquake sets the entire 

3 

4 

� 
5 

by Frank Press 

globe to oscillating like a bell for weeks 
or months. In the past five years geo­
physicists have learned how to detect 
these global free oscillations and analyze 
them to obtain infolmation on the struc­
ture of the earth. 

The value of free oscillations to the 
geophysicist arises from the fact that 

2 

3 

4 

5 

VIBRATION OF A STRING can be represented as a traveling wave (left) or as two 

standing waves (right). In this case the traveling wave is the result of superposition of the 

first two modes of vibration of the string, vibrating 90 degrees out of phase. Any wave 

motion, even the most complex, can be represented as the sum of a large number of modes. 
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the total vibration of a body can be re­
garded as a superposition of indepen­
dent harmonic motions called normal 
modes. Each mode can be excited by 
itself, but complex vibrations involve 
the superposition of large numbers of 
modes. The characteristic frequencies of 
these modes are determined solely by 
the nature of the vibrating body-not by 
the special circumstances that excite the 
vibration. 

In the case of the earth all possible 
elastic motions of the planet can be 
represented by a superposition of free 
oscillations. Even the complex jumble of 
vibrations that emanates from an earth­
quake, which one usually thinks of as 
a series of different kinds of propagat­
ing waves, can be so represented. This 
follows from a dual aspect of waves: 
when a propagating wave interferes 
with itself, it is manifested as a "stand­
ing" wave. For example, the motion of 
a plucked violin string can be com­
pletely represented either by (1) a 
traveling wave that leaves the point at 
which the string is plucked and is re­
flected back and forth between the ends 
of the string or by (2) the modes, or 
standing waves, that are characteristic 
of the string [see illustmtion at left J. 
The wave motion by which seismic en­
ergy is transmitted is conventionally 
considered as a traveling disturbance afc 
fecting one part of the earth at a time; it 
can be considered just as correctly, and 
from a more general point of view, as 
belonging to some mode of vibration of 
the earth as a whole. This approach 
yields two dividends. It provides in­
formation on the structure and other 
characteristics of the earth as a whole, 
and it provides a "handle" with which 
to get at the information in certain very 
long seismic waves that are of special 
interest to geophysicists but that are 
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FIRST FOUR MODES of a vibrating string, the fundamental and 

first, second and third overtones, are illustrated. The string vibrates 

SURFACE PATTERNS (SPHEROIDAL) 

SURFACE PATTERNS (TORSIONAL) 

DEPTH PATTERNS 

n = 0 n = 1 

MODES OF A SPHERE are more complex. Here a few of the 

surface and depth displacement patterns are shown. In spheroidal 

(5) modes there is both radial and horizontal vibration; in tor· 

sional (T) modes, particles vibrate on a spherical surface. The 

subscript at the right of the desi gnation of each surface pattern 

E>E>E> C>E>C>O 
3 4 

between the dark· and light.colored positions. The mode number is 

one less than the number of nodes, or points of zero displacement. 

n = 2 n = 3 

describes the pattern in terms of vanatIOn in latitude; in these 

examples the vibrations are assumed to be independent of longi. 

tude. The subscript /I gives the depth pattern, or number of nodal 

surfaces. Any spheroidal or torsional mode can combine with any 

depth pattern; that is, it can be repeated at any number of levels. 
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TO RECORDERS �--�-------�---�----------�-----------------I 

EVACUATED CONTAINER 

AMPLIFIER 

VERTICAL PENDULUM SEISMOGRAPH designed by Ralph Gilman of the California 

Institute of Technology detects the vertical component of long earthquake waves. The 

mass tends to remain stationary as the earth moves. Relative motion at the capacitor plates 

generates an electrical signal that is fed to an analogue and a digital recorder. The 

filter feeds back spurious signals, representing motions other than those of the desired 

waves, to coils that keep the mass centered. The base of the instrument is two feet long. 

particularly difficult to define and ana­
lyze as individual waves. 

The normal modes of a sphere can be 
grouped in two classes: "spheroidal," 

or S, modes and "torsional," or T, 
modes. In the T modes each particle of 
a body vibrates back and forth on a 
spherical surface-on the outside of the 
body or on some interior "shell." The 
S modes involve not only this horizontal 
motion but also a radial motion in and 
out from the center. Now, in the case of 
a vibrating string only one integer is 
required to describe a mode of vibra­
tion: the "mode number" is one less 
than the number of nodes, or points of 
zero displacement [see top illustration 
on preceding pagel. It takes two in­
tegers to describe the modes of a vibrat­
ing membrane such as a drumhead. In 
the case of a sphere, which has three 
dimensions, three integers are required; 
they are designated l, m and n. 

The integers I and m define the pat­
tern of surface displacements, or of 
lines of nodes, with regard to the source 
of the disturbance. One integer, l, fixes 
the variation with latitude: the angular 
distance (measured at the center of the 
sphere) from the source. The other, m, 
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fixes the variation with longitude, or azi­
muth. When the oscillations are inde­
pendent of longitude, there are llines of 
nodal latitude in the surface pattern for 
spheroidal modes and I - 1 lines for 
torsional modes. The index n specifies 
the pattern of displacements with depth: 
the number of nodal surfaces [see bot­
tom illustration on preceding pagel. 

A mode of vibration can be com­
pletely described by either of the follow­
ing two symbolic expressions: ,,5r or 
"Tl"'. A double infinity of modes and 
frequencies is possible. There are an in­
finite number of surface patterns as I 
varies from 0 to infinity and, for each l, 
there are a fundamental mode (n = 0) 
and an infinite number of overtones as n 
varies. In a nonrotating sphere the fre­
quencies are independent of m. In the 
illustration (in which m is held constant 
so as not to affect the patterns) it can be 
seen that the sphere expands and con­
tracts radially in the ,,50 mode, "shakes" 
in the ,,51 mode and becomes football­
shaped in the ,,52 mode. In mode "T 2 
the hemispheres rotate in opposite direc­
tions around the same axis; in higher T 
modes the direction of rotation alter­
nates with smaller changes in latitude. 

The theory of elastic vibrations in 

spheres has been under development for 
a long time; it was discussed by the 
French mathematician Simeon Denis 
Poisson in 1829 and was worked out in 
detail and applied to the earth by sev­
eral noted British mathematical physi­
cists at the end of the 19th century and 
the beginning of this century; more 
than 50 years ago A. E. H. Love even 
made an estimate of one hour for the 
period of the earth's mode 052, assuming 
a homogeneous earth with the mean 
elastic properties of steel. It was only 
recently, however, that a fortuitous 
combination of circumstances led to the 
observation and theoretical verification 
of the earth's free oscillations. Hugo 
Benioff at the California Institute of 
Technology, Lucien LaCoste of LaCoste 
& Romberg and Maurice VI. Ewing and 
I at Columbia University's Lamont Geo­
logical Observatory developed instru­
ments sensitive to long-period earth 
movements and these instruments were 
deployed around the world. Electronic 
digital computers became available, 
along with new techniques for the in­
terpretation and numerical spectral 
analysis of seismic waves. And Chaim 
Pekeris and his colleagues at the Weiz­
mann Institute of Science in Israel made 
advances in the theory of wave propa­
gation, particularly for models of the 
real earth. 

The major effort in instrumentation 
has been to improve the response to 

long-period, low-frequency waves [see 
"Long Earthquake Waves," by Jack 
Oliver; SCIENTIFIC AMERICAN, March, 
19591. This has required the develop­
ment of electronic transducers that are 
selectively sensitive to very slow earth 
movements, with filters that minimize 
background noise and maximize the 
signal. Transducers that sense small 
changes in capacitance detect the move­
ments of the inertial mass in a pendulum 
seismometer [see illustration on this 
page], the differential change in the 
level of mercury in a "tiltmeter" [top il­
lustration on opposite pagel and the 
changing distance between the piers of 
a "strain meter" , [bottom illustration on 
opposite pagel. Optical interferometers 
and differential transformers also serve 
as transducers. The output from the 
transducer can be recorded not only as 
a wiggly line on a pen recorder or on 
photographic film but also in digital 
form, on magnetic tape that can be fed 
into a computer for subsequent analysis. 

Modern seismographs are limited in 
sensitivity not by design considerations 
but by background noise. Microseisms, 
which originate in the transfer of energy 
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from the wind or sea to the solid earth, 
can travel thousands of miles and 
register on an instrument. Industrial 
machinery is a source of noise; so is 
the diurnal heating and cooling of the 
outer few inches of the earth's crust. 
Even the periodic yielding of the solid 
earth under the influence of lunar tides 

can contaminate seismic signals. (One 
investigator's "noise" is of course another 
investigator's "signal"; earth tides are 
of particular interest to many geophysi­
cists.) 

The most sensitive pendulum seismo­
graphs can detect displacements of one 
millimicron, or a millionth of a milli-

TO RECORDERS 

meter. In an array of such instruments 
the detection capability increases­
roughly as the square root of the number 
of elements. A huge array is currently 
being installed in Montana for the pur­
pose of detecting small earthquakes 
and nuclear explosions. Its 500 seismo­
graphs, arranged in patterns covering 

TILTMETER detects a tilt in the earth's surface by measuring the 

relative change in capacitance as the mercury level in two reser· 

voirs changes. In this version designed hy Hugo Benioff and 

William Cile of Cal Tech the reservoirs are three to 100 feet apart. 

PIER QUARTZ TUBE 
A 

CAMERA 
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, 
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I 
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I
: 

TO RECORDERS 

LIGHT 

SOURCE 

RADIO-FREQUENCY 1 OSCILLATOR AND r RESONANT CIRCUIT 
I 
, 
, 

.. Lu ... 
PI�R 

PRISMS 

STRAINMETER designed by Benioff records strain, or a change 

in length over a given length, by measuring the changing distance 

between two piers. A quartz tube (top) extends from one pier 

almost to a second pier 10 to 100 feet away. A change in the small 

distance at A is measnred by either of two transducers (bottom) de-

CAPACITOR PLATES 

QUARTZ 
TUBE =1 

CENTERING MOTOR 

COAXIAL PIVOT 

RADIO-FREQUENCY 

OSCILLATOR AND 

RESONANT CIRCUIT 

AMPLIFIER 

FILTER 

[ 1Y COIL 

J; . 
� PERMANENT MAGNET

· 

I 1 
TO RECORDERS 

signed with Leonard Blayney. In one (le!t) half-silvered prisms 

serve as capacitor plates and also constitute an interferometer that 

calibrates the instrument. In another transducer (right) the ca­

pacitor plates are pivoted and spnrious signals are corrected for, 

as in the vertical pendulum seismograph, by a feedback system. 
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an area 200 kilometers on a side, may 
sense ground motions smaller than a 
ten-millionth of a millimeter! A strain 
seismograph, which is inherently more 
sensitive to very long waves, measures 
deformation in terms of the change in 
length over a certain length. Strain­
meters are limited by noise to sensing 
strains of 10-9-say one millimeter over 
1,000 kilometers-in the case of perma­
nent displacements and of 10-10 in the 
case of transient waves. 

I mentioned earlier the dual aspect 
of waves represented by propagating 
waves and standing waves, or free oscil­
lations. As a matter of fact, each of the 
two free-oscillation modes is related 
to a specific kind of propagating sur­
face wave. The torsional modes are the 
interference patterns of Love waves 
(named for A. E. H. Love, who dis­
covered them); the spheroidal modes 
are the standing-wave equivalents of 
Rayleigh waves (named for Lord 
Rayleigh, who described them in 1900). 
Love waves are transverse shear waves: 
the ground vibrates horizontally at right 
angles to the direction of the wave. 
Rayleigh waves are like water waves: 
particles in their path vibrate in ellipses 
that lie in the vertical plane along which 
the wave is being propagated. 

Free oscillations contain no informa­
tion about the earth's interior that is 
not carried by the propagating surface 
waves. Whether one chooses to analyze 
a seismogram in terms of Love or 
Rayleigh waves or of free oscillations is 
therefore a matter of convenience. The 
length of the waves is the determining 
factor. Seismic waves radiate from a 
source and travel around the world re­
peatedly; a single wave arrives at a seis­
mograph many times. In the case of 
waves with periods longer than about 
1,000 seconds, with wavelengths of the 
order of the earth's radius, it is difficult 
to distinguish among these various 
arrivals, and such waves are best studied 
as free oscillations. vVaves with periods 
shorter than 300 seconds or so are easily 
separated, however. Their lengths are 
shorter than about 1,500 kilometers and 
their speed is controlled by the proper­
ties of the earth's crust and upper 
mantle, properties that may differ below 
continents and ocean basins. By ob­
taining the propagation velocity of such 
waves in segments of their paths re­
stricted to a single geological province, 
one can deduce crust and upper-mantle 
structure in detail. These shorter waves 
are therefore better studied as propagat­
ing waves than as global free oscilla-
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(bottom) are displayed together. The spectra were derived as ex-
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(5) and torsional (T) oscillations are labeled according to mode 

number. Peaks correspond in the two spectra; amplitudes differ. 
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peaks in the spectra, on the other hand, shows no cross-correlation. 

3 3  

© 1965 SCIENTIFIC AMERICAN, INC



40 

'35 

30 

25 
w 
0 
::> I-
Z <.') « 2 20 
w 
� 
� -' w 
0:: 

15 

�/I\ y \ 

10 

5 

�0180 ,0182 

53,1 

� 

54,7 MINUTES 

A \ 

A A I 1\ � 
JV� \ 

\ 
,0184 ,0186 ,0188 

FREQUENCY (CYCLES PER MINUTE) 

MINUTE1S 

At1 
V 

J 
v 

I V 
.0190 .0192 

HIGH·RESOLUTION ANALYSIS of the earth's lowest·frequency mode of oscillation, 

the OS2 mode, revealed this double peak. Sucb muItiplets are caused by the rotation of 

the earth, which affects the symmetry between waves traveling in opposite directions. 

0-
9 '-' 
0:: 
0 I-
U 
G: 
>-I-:::i « ::> 0 
<d l-(/) 
« -' w 

500 

400 

300 

200 

100 
10 

0 " 
.

. 

. 
0 

---
• 

50 

/ .. ! 
0 V 0 

0
0 

0 0  .. � 0 ea.!. 0 

.... .It ••• .1.. 
. 

t o 0 . 

100 500 

PERIOD (SECONDS) 
1,000 

/. 

5,000 

ELASTIC QUALITY, or the extent to which energy is retained in a system, is measured 

by the factor Q. Here Q is plotted as a function of wave period as determined from 

propagating·wave data (small dots) and free·oscillation data (large dots). The increasing 

Q at long periods implies that this factor increases with depth in the earth's mantle. 

34 

tions, which necessarily average out the 
geology of the entire world. 

The propagation velocities of waves 
of various periods yield information 

on the structure of the earth because 
there is a correlation between the length 
of a wave and the depth it probes. 
Velocity data can be derived from the 
time at which waves arrive at a number 
of different stations [see top illustration 
on page 32], or arrive repeatedly at 
one station after circling the earth in 
both directions. The seismograms in the 
illustration record the arrival of Ray­
leigh waves from an earthquake in the 
Solomon Islands at seven stations in the 
U.S.; the seismograms are spaced ac­
cording to the distance of the station 
from the epicenter and are aligned in 
time. 

If a line is drawn connecting a point 
of constant phase in each seismogram, 
such as the crest of a certain wave, 
its slope gives the "phase velocity" of 
waves of a certain period. If, starting 
from the same point as the phase­
velocity line, one connects instead the 
centers of groups of waves having about 
the same frequency, the slope of the line 
gives the "group velocity" for waves of 
the same period. Both kinds of velocity 
turn out to be greater for longer waves 
than for shorter waves; indeed, a glance 
at the seismograms shows that there 
are longer waves at the head of the 
wave train and shorter waves toward 
the rear. This dispersion, or sorting out, 
of the waves according to period-fre­
quency modulation of the wave train, 
as it were-depends primarily on the 
variation of elastic velocity with depth 
in the earth: the long waves travel 
faster because they probe greater 
depths. Analysis of a seismogram for 
dispersion therefore tells one about the 
properties of various layers of the earth 
or of specific subcontinental or sub­
oceanic regions, depending on the 
periods of the waves being studied . 

Dispersion curves are built up from 
a large number of velocity observations 
[see bottom illustration on page 32]. 
One can also construct theoretical curves 
by working backward from assumptions 
about the earth's structure to the elastic 
velocities at various depths and thus to 
the speed with which waves of different 
lengths should propagate. There are 
theoretical curves that fit the observed 
data quite well. So far the fit is not 
unique because not enough data have 
yet been accumulated, but the available 
dispersion curves do at least limit the 
range of possible earth structures. Such 
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constraints are important to the in­
vestigator; as constraints accumulate 
from different kinds of data they narrow 
the range of uncertainty, much as in­
formation from a number of senses 
converges to define an object. 

Measurements of the earth's free oscil­
lations have extended the depth to 
which one can examine the earth's struc­
ture. In the bottom illustration on page 
32, for example, the data for waves with 
periods of less than about 300 seconds 
were obtained from measurements of 
Love waves. The data for longer waves, 
which reflect the properties of deep lay­
ers of the earth's mantle, came from 
analysis of the earth's torsional modes. 

Although long surface waves have 
been studied intensively for a decade, 
the necessary tools for observing free 
oscillations and a sufficiently large seis­
mic source to excite strong oscillations 
were not available at the same time 
until the great Chilean earthquake of 
May, 1960. Within a few weeks after 
that event teams from Cal Tech, Colum­
bia University and the University of 
California at Los Angeles reported ob­
serving some 40 fundamental spheroidal 
modes, 25 torsional modes and several 
spheroidal overtones. 

The experimental procedure for de­
tecting free modes begins with a 

seismogram cast in the form of a time 
series-a record of the variation with 

TIME ;. 
0 " 
1 n 
2 " 

" 
" 

., 
WAVELETS 

RESULTANT 

time of the amount of strain or tilt or 
other motion of the earth. The output 
from the detecting instrument is quanti­
fied at discrete time intervals-say once 
every 10 seconds-and recorded on tape 
as a series of digits. The sequence of 
digits begins with the first signal from 
the earthquake and may last for a pe­
riod of weeks or months, depending on 
how quickly the oscillations decay. (An 
analogue record is made simultaneously 
because it is easier to tell from a wiggly 
line than from a list of numbers whether 
or not the instruments are working.) 

The problem of identifying free oscil­
lations is simply one of decomposing 
the time series into its component 
modes. This is accomplished by the 
process of Fourier analysis. The nu­
merical procedure, carried out in a 
computer, is to multiply the time series 
by a sine wave of a given frequency 
and to average the product over the 
entire series. The averaging procedure 
cancels components of all frequencies 
but the one being considered, and the 
average is proportional to the strength 
of that component in the series as a 
whole. The process is repeated at one 
frequency after another until the entire 
frequency band has been scanned. The 
result is a spectrum with peaks at the 
frequencies of the earth's normal modes 
of oscillation. The height of each peak 
is a measure of the power, or the degree 
of excitation, of the mode. One might 
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2 

liken Fourier analysis to the process 
of passing a complex electrical signal 
through a sharp filter. The filter can 
be adjusted to reject all frequencies but 
one, and its output is then proportional 
to the degree to which the hmmonic 
component with that frequency is pres­
ent in the original signal. The spectrum 
can be made cleaner by the process 
of cross-spectrum analysis. If two time 
series are derived from widely separated 
stations, and if the signal is correlated 
but the noise is not, the contamination 
of the spectrum by noise can be reduced 
significantly. 

Stewart Smith of Cal Tech compared 
power spectra for the two great earth­
quakes of recent years, the one in Chile 
in 1960 and the one in Alaska last year. 
The earth's free-oscillation modes are 
plain to see from his data [see top illus­
tration on page 33]. There is a sequence 
of spectral peaks, most of which are 
present in both spectra. As a result of 
the theoretical predictions by Pekeris 
and his colleagues it is possible to assign 
the appropriate 5 and T mode numbers 
to each peak. As theory requires, the 
modes reflect the properties of the 
earth, not the individual earthquake: 
the peaks fall at exactly the same pe­
riods whether they were excited by the 
Chilean or the Alaskan shock. The 
amount of energy in each mode, how­
ever, depends on the location and di­
mensions of the source, so that not all 
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RESULTANT 

ASYMMETRIC WAVE PATTERN is radiated by an earthquake 

as it propagates along a fault. The top diagrams show how the 

waves excited at the first instant (0) and at five equal time in­

tervals thereafter are crowded together in the direction in which 

the earth is cracking and are spread out in the opposite direction. 

Such wavelets will be recorded as resultants of greater amplitude 

and higher frequency at a seismograph placed in the direction of 

fault progression (bottom right) than at an instrument on the 

opposite side of the epicenter (bottom left). The ratio of spectra 

from two such instruments yields fault length and rupture velocity_ 
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PERMANENT STRAIN CHANGE of 10-8 is indicated on a strain seismogram made in 

Hawaii for the Alaskan earthquake of 1964_ The sinusoidal motion with a 12-hour period 

is due to earth tides. Waves from the earthquake are hunched solidly hecause of 

the recorder's slow speed. Broken white line is added to delineate the permanent strain. 

the peaks are of the same magnitude in 
both spectra. By way of analogy, a vio­
lin string can be bowed heavily or light­
ly; it will sound the same fundamental 
frequency but will do so loudly or 
softly. 

Just as the peaks coincide in spectra 
derived from two earthquakes recorded 
at one site, so they coincide in the case 
of spectra from two widely separated 
strain meters measuring the same earth­
quake [see bottom illustration on page 
33]. In this case the two curves were 
analyzed for coherence, a measure of 
correlation. The coherence turned out 
to be high in the vicinity of the peaks 
but low between the peaks; that is, the 
frequencies of the modes coincided but 
those of the noise in the two records did 
not. Another check with theory is the 
fact that T modes, which have no ver­
tical component, do not show on spec­
tra derived from vertical pendulum in­
struments, whereas both 5 and T modes 
appear on spectra from horizontal pen­
dulums and strainmeters. 

The theoretical prediction and experi­
mental verification of the earth's free 
oscillations constitute one of the most 
elegant experiments in geophysics. As 
the spectra indicate, the mode with 
the lowest frequency, or the longest 
period, is the "football" mode, 052. Its 
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mean observed period is 53.95 minutes. 
(In terms of what one might call the 
music of the spheres, that corresponds 
to E flat in the 20th octave below mid­
dle Gl) This is amazingly close to the 
value of one hour Love predicted so 
long ago. As a matter of fact, the ob­
served periods of all the 5 and T modes 
are extremely close to sets of theoretical 
values that had been worked out for 
four different earth models. 

In the course of obtaining high-reso­
lution spectra at Cal Tech we noted 
a curious phenomenon: many of the 
modes registered not as single peaks but 
as multiplets [see top illustration on 
page 34]. Pekeris in Israel and Freeman 
Gilbert and George Backus at the Uni­
versity of California at 5an Diego soon 
found that this was caused by the ro­
tation of the earth, which makes the 
periods dependent-as they would not 
be in the case of a stationary earth­
on the longitudinal index m. Rotation 
destroys the symmetry between waves 
traveling from east to west and those 
traveling from west to east. The excita­
tion of the multiplets depends on the 
relative location of the source and the 
receiver: a seismograph at the South 
Pole would show no multiplets. Rota­
tional splitting is of great theoretical 
interest but makes it harder to obtain 

the precise values for modal frequencies 
that are needed to explore the earth's 
interior. "Geographic filtering" with 
data from many stations or even a spe­
cial installation at the South Pole may 
be required to eliminate the effect. 

The investigation of long waves and 
of free oscillations has given geo­

physicists a new tool for deducing the 
structure of the deep in terior of the 
earth and for studying the mechanism 
of earthquakes. One new aspect of earth 
structure that is currently being studied 
is the degree to which various layers 
tend to dissipate energy. The factor that 
electrical engineers and investigators 
of materials call Q is a measure of dis­
sipation in energy-storing systems; it is 
proportional to the energy stored in the 
system divided by the energy dissipated 
during a cycle. Electrical engineers ob­
tain Q from the sharpness of the reso­
nance curve in a circuit; materials scien­
tists measure Q in free elastic vibrations. 
Solids with high Q values "ring." Typi­
cal values are 100,000 for quartz, 1,000 
for steel, 100 to 1,000 for crystalline 
rocks. Q can also be characterized as 
the degree of perfection of elasticity, 
and one measure of it in the earth is the 
width of spectral peaks in the free oscil­
lations. The decay of Love and Ray­
leigh waves after repeated circling of 
the earth is an alternative measure. 

Using both methods, Don L. Ander­
son and Charles Archambeau of Cal 
Tech showed that the increase in Q with 
period corresponds to an increase in Q 
with depth in the mantle [see bottom 
illustration on page 34]. The longer 
waves sample the deeper portions of the 
mantle, where the rocks are surprisingly 
less dissipative, or more perfectly elas­
tic. The Q of rocks increases with pres­
sure, decreases with temperature and 
depends on the rocks' physical state 
and composition. Since both pressure 
and temperature increase with depth, 
geophysicists are trying to decide 
if the low Q in the upper mantle indi­
cates that temperature is more effective 
than pressure at these depths; in that 
case the reverse would have to be true 
at greater depths, where Q is of the or­
der of 1,000. Alternatively, the mantle 
might be partially melted in the low-Q 
zone. Does a low Q correlate with low 
strength? The weak upper mantle this 
implies would account for the buoyancy 
by which mountains are supported. It 
would explain the large-scale horizontal 
movements of the earth's crust that seem 
to be indicated by studies of the direc­
tions in which ancient rocks were mag-
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netized. The low-Q area, moreover, 
seems to coincide with a zone in the 
upper mantle of low shear velocity, in­
dicated by recent dispersion data. The 
reason for the unexpected decrease in 
velocity could be that the rate at which 
velocity decreases with temperature is 
simply greater, at this point on the 
scales, than the rate at which it in­
creases with pressure. On the other 
hand, it could imply that temperatures 
in the upper mantle are higher than 
had been thought and that a fraction 
of the mantle rock is melted. Geologists 
have speculated that there is a zone of 
molten basaltic rock at this level. 

Mark Landisman and Anderson have 
suggested another application of free-os­
cillation data: the derivation of the den­
sity distribution of the earth. The present 
method for deducing densities requires 
arbitrary assumptions as to chemical 
composition and other factors. It ap­
pears that when the effect of velocity 
has been allowed for, the free oscil­
lation periods are particularly sensitive 
to density, and studies are now under 
way in which the new techniques are 
combined with data on the overall 
velocity distribution of the earth and 
the earth's mass and inertia. 

Seismologists would like to find out 
just what goes on at the source of an 
earthquake-how long the fault is, for 
example, and how quickly it propagates. 
Benioff and Ari Ben-Menahem of Cal 
Tech suggested recently that an earth­
quake could be considered as a travel­
ing, radiating disturbance and that the 
resulting asymmetry of its radiation pat­
tern could be a clue to the length of the 
fault and the velocity of rupture. De­
tectors on opposite sides of a fault re­
ceive different signals as the crack in the 
earth propagates [see illustration on 
page 35] . On one side the waves are 
crowded together; the pulse is larger 
and of higher frequency. On the other 
side the amplitude is less and the wave 
is longer. Ben-Menahem suggested di­
viding the free-oscillation spectrum of 
the waves on one side by the spectrum 
of the waves on the other side; the ratio 
should depend on the length of the fault 
and the velocity of rupture. Ben-Mena­
hem went on to cast the idea in mathe­
matical form, defining a "directivity 
function" by the application of which it 
has been possible to determine the 
length and rupture velocities of a num­
ber of earthquake faults. In the case of 
the Chilean earthquake, for example, 

the fault was about 750 kilometers long 
and the crack propagated at between 
three and a half and four and a half 
kilometers per second. 

The longest possible elastic wave in 
the earth is the oS� mode, with a peri­

od of about 54 minutes. (In anticipation 
of seismic measurements on the moon in 
the not too distant future, incidentally, 
Bruce A. Bolt of the University of Cali­
fornia at Berkeley has calculated a 15-
minute period for the same mode for 
one model of the moon.) There are ac­
tually "waves" of infinitely long period: 
permanent deformations of the earth. I 
found that the Alaskan earthquake, for 
example, caused a permanent strain 
change of 10-8 in Hawaii. The strain is 
small, but since it was detected several 
thousand kilometers from the source 
[see illustration on opposite page] it must 
represent a permanent displacement of 
the order of a cen timeter. Such effects 
suggest a new field of study that has 
been dubbed "zero-frequency seismol­
ogy." It holds real promise as a means 
of learning about the actual mechanism 
of an earthquake and defining the rela­
tion of earthquakes to mountain-build­
ing and continental drift. 

QUARTZ ROD of a strain seismograph installed at the Cal Tech 

facility on Oahu, Hawaii, is shown in this photograph. The rod is 
about 100 feet long and has measured strains as small as 10-8• The 

seismogram on the opposite page was recorded by this instrument. 
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ARTIFICIAL HEART designed to fit into a calf's chest is made of 

Silastic, a smooth silicone rubber. Its structure is closely analo­

gous to tbat of a real heart. Deoxygenated blood from body enters 

heart through the vena cava and fills the right atrium (chamber at 

top left of photograph, partly concealed by twisting tube). It is 

passed on to the right ventricle (bottom left). Right ventricle 

pumps blood to the lungs via the pulmonary artery (twisting tube 

at top). In the lungs blood is oxygenated. It returns to the left 
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atrium (top of chamber at right), then to the left ventricle (bottom 

right). Finally the left ventricle pumps blood into the aorta 

(straight tube at top) and thereby through the circulatory system. 

The two tubes with metal connectors at bottom are for input of air 

needed to squeeze the flexible sacs inside the rigid chambers. Other 

tubes are for gauging pressure and release of residual air at 

the time the heart is inserted in the body. Dacron mesb forms 

a framework for the chambers. It is covered by smooth Silastic. 
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An Artificial Heart inside the Body 

An intensive effort is now being lnade to develop mechanical hearts 

that can be implanted in the chest. Such hearts have already been 

placed in animals, and the prospect of further progress is good 

I
n the recent report to the President 

entitled "A National Program to 
Conquer Heart Disease, Cancer and 

Stroke" the distinguished commission 
that had made the study commented: 
"Perhaps the most dramatic of all the 
research efforts are now being directed 
toward the development of an artificial 
heart to replace a diseased heart. This 
challenge . . .  as exciting as any across the 
entire range of science, is enormously 
complex, but the goal is feasible; the 
problems are not insuperable." 

Coming from a panel broadly repre­
sentative of the profession of medical 
science, this statement represented a de­
cided change in point of view. Up to a 
very few years ago the goal of planting 
an artificial heart in the body was not 
recognized as a bona fide scientific ef­
fort worthy of support, and papers de­
scribing experiments in that endeavor 
were not accepted by scientific or medi­
cal societies. Within the past five years, 
however, all of that has changed. Ex­
perimental animals (dogs and calves) 
have been kept alive for many hours 
with an artificial pump substituted for 
the natural heart in the chest. Artificial 
hearts in various versions are now avail­
able to investigators in a number of 
laboratories. The National Heart Insti­
tute is supporting the work by giving 
contracts to industry for development 
of these devices. 

The use of heart-lung machines out­
side the body to maintain temporary 
circulation of the blood during surgical 
operations is of course a familiar story. 
It allows a surgeon to operate on the 
heart for hours with the heart kept al­
most completely dry and yet without 
any interruption of the circulation. What 
we are concerned with here, however, 
is something quite different: the re­
placement of a dying patient's failing 
heart with a mechanical heart that is 

by Willem J. KollT 

implanted in its place in his chest and 
will take over completely and perma­
nently the function of the natural heart. 

There is reason to hope that we shall 
eventually be able to transplant a living 
heart into the human body. Thanks to 
the development of methods of sup­
pressing the immune reaction to trans­
plants, it is now possible to transplant 
a healthy kidney from one person to 
another with considerable chance of suc­
cess. In our own Department of Alti­
ficial Organs at the Cleveland Clinic 
we have successfully transplanted more 
than 20 kidneys, some of which have 
been functioning for more than two 
years, in human patients (none of them 
identical twins). Judging from certain 
experiments on dogs, transplanting the 
heart may be less difficult, from the 
standpoint of tissue reaction, than trans­
planting a kidney. Yet it is obvious that 
the transplantation of hearts could never 
offer a large-scale solution to the massive 
problem of heart disease and heart fail­
ure in the general population. The sup-

ply of available healthy human hearts 
(taken from the donors at death and 
kept functioning) would meet only a 
small fraction of the need. The heart of 
an animal comparable in size to man 
(a calf, pig or sheep) might serve a hu­
man recipient as a pump, but for the 
present and the near future the im­
munological barrier to transplants from 
one species to another is great. 

The artificial heart therefore seems 
the most promising answer for wide ap­
plication. Apparently the first experi­
menter to attempt to plant a mechanical 
heart inside the body was a Soviet in­
vestigator named V. P. Demikhov. In 
1937 he performed three such experi­
ments, implanting in animals a pumping 
contrivance that was driven by a rotat­
ing shaft powered from outside and in­
serted into the animal through a tube 
in the chest wall. Demikhov returned to 
this investigation with five more experi­
ments in 1958, but as far as we can 
learn he has not pursued the work 
further. 

ARTIFICIAL HEART IN CHEST is illustrated schematically. One ventricle is shown 

during diastole (left), the phase in which it is filled with blood, and during systole (right), 

the phase in which it contracts to expel blood. A flexible partition separates blood sac 

from air space within the rigid chamber. Source of compressed air is outside the body. 
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In the U.S. investigators interested in 
such problems have come together for 
discussions in an organization called the 
American Society for Artificial Internal 
Organs. At the annual meeting in 1957 
the society's president-elect, Peter Salis­
bury, explicitly discussed the possibil­
ity of making an artificial heart that 
would be implanted inside the chest. 
On December 12 of that year our group 
at the Cleveland Clinic executed this 
experiment for the first time. We re­
moved the heart from a dog, put an 
air-driven artificial heart in its place 
and closed up the chest. With the me­
chanical pump driving the blood through 
the dog's circulatory system, the animal 
lived for 90 minutes. This was the be­
ginning of many experiments in our 
laboratory. Among the early investiga­
tors of the problem elsewhere are Sel­
wyn McCabe of Washington, Bert K. 
Kusserow of the University of Vermont 
College of Medicine, F. W. Hastings of 

Harlan, Ky., William J. Fry and Francis 
J. Fry of the University of Illinois, Do­
mingo Liotta of Argentina and Kazuhiko 
Atsumi of Japan. Recently still other 
workers have joined the effort. Here I 
shall confine myself to a summary of 
our own work over the past eight years. 

Essentially the natural heart acts only 
as a pump [see "The Heart," by 

Carl J. Wiggers; SCIENTIFIC AMERICAN, 
May, 1957J. It is a double pump with 
two main working parts: the right ven­
tricle, which pumps the body's spent 
venous blood to the lungs for aeration, 
and the left ventricle, which pumps the 
reoxygenated blood back into the gen­
eral circulatory system. The two ventri­
cles work in unison, both discharging 
their load of blood simultaneously into 
their respective outlets, or arteries. This 
phase of the heart cycle-the expul­
sion of the blood by contraction of the 
ventricles-is called systole. The phase 

CIRCULATORY SYSTEM of a human being and its relation to the heart is outlined. Oxy­

genated blood is represented by a dark red; deoxygenated blood by a slightly paler red. 
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in which the ventricles are filled with 
blood, each from its own atrium, or 
auricle, is called diastole. 

In the natural heart each atrium fa­
cilitates the filling of its ventricle (which 
takes only about half a second) by con­
tracting to drive the blood in. This is 
not, however, absolutely necessary. The 
pressure in the filled atrium is sufficient 
to push blood into the relaxed, partIy 
empty ventricle. Indeed, there are mil­
lions of people walking about and lead­
ing normal lives without effective con­
traction of their atria owing to the 
lack of heart-muscle coordination known 
as atrial fibrillation. This indicates that 
an artificial heart can dispense with 
atrial contraction, and its construction 
is thereby simplified. The one require­
ment is that the atrium must be collap­
sible, so that as the blood pours into 
the ventricle no vacuum is formed. 

It is easy to see that there is another 
basic requirement for the artificial heart. 
The two ventricles must pump equal 
amounts of blood; that is, their outputs 
must be balanced. If they are not, either 
the blood vessels in the lungs or those 
in the rest of the body wiII become 
filled to bursting with an excessive ac­
cumulation of blood. In the natural 
heart the regulation of the ventricles' 
output is taken care of by the principle 
known as Starling's law. The principle 
is that the amount of blood pumped 
at each beat depends simply on the 
amount of stretching of the chamber 
muscles, which is determined by the de­
gree to which the ventricle is filled. The 
output of each ventricle therefore de­
pends on how much blood is pushed 
into it from its atrium. In the develop­
ment of the artificial heart the problem 
has been solved by a means that pro­
duces the effect of Starling's law. 

In detail the requirements for a me­
chanical heart can be specified as fol­
lows: It should be a double pump small 
enough to fit inside the chest. The right 
and left ventricles should have equal 
outputs (on the average). The atria 
should fill the ventricles with reasonable 
speed and should collapse like balloons 
as blood pours out of them. The pres­
sure of their input should not be more 
than 16 millimeters of mercury, and at 
the low point the atrial pressure should 
not fall below a negative pressure of 10 
millimeters with respect to the pressure 
of the atmosphere. The output pressure 
of the right ventricle should be at least 
20 millimeters of mercury and capa­
ble of rising to 80 millimeters; that of 
the left ventricle should have a range 
between 120 and 180 millimeters. The 
ventricles' pumping rate should cover 
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MOCK CIRCULATORY SYSTEM is designed for testing artificial 

hearts. Left ventricle of an artificial heart pumps blood or test fluid 

such as water through an analogue of the aorta (left), in which 

normal aortic pressure (82 centimeters of water) is simulated. Rate 

of /low is measured as blood goes to a receptacle called the right 

venous reservoir. Blood then goes through the right atrium and 
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right ventricle. The ventricle pumps blood through the pulmonary 

artery (right), the normal pressure of which is simulated by a 26· 

centimeter column of water. The circulatory cycle is completed as 

blood is channeled to the left venous reservoir and then into the 

left ventricle. If the artificial heart is functioning properly, 

the two venous reservoirs should maintain the same blood level. 
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EARL Y ARTIFICIAL HEART has pumping units run by electromagnetic power (section 

at left). Current in the solenoid (coil around cylinder) pushes diaphragm inward. Pressure 

transferred by hydraulic fluid forces ventricle sacs to contract and expel blood through tubes 

at top. Five solenoid pistons are coordinated (section at right) to exert equal pressure. 

MOTOR 
PENDULUM 

ANOTHER EARLY HEART uses the back·and·forth swing of a pendulum to expel blood 

from left and right ventricle sacs. The pendulum is the metal casing in which an electric 

motor is contained. An advantage of this scheme is that circulating blood cools the motor. 
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the range between 60 and 160 strokes 
per minute, and each should have a 
minimum output of 1.5 liters per min­
ute and a maximum of more than eight 
liters per minute. 

Of course it goes without saying that 
a mechanical heart to be planted in 
the body should be easy to insert and 
connect to the circulatory system and 
should require no maintenance. The op­
eration itself presents no insurmountable 
problem. While the natural heart is re­
moved and the artificial organ is being 
inserted the recipient's circulation can 
be maintained by a heart-lung machine, 
or the patient can be kept under hypo­
thermia (deep cooling), which enables a 
man to survive for a period as long as 
35 minutes even if the circulation is 
totally arrested. 

I can best illustrate the mechanics of 
the heart-and-circulation system by 

describing a simple model we set up for 
testing the functioning of our artificial 
hearts before we inserted them in ani­
mals. One side of this apparatus simu­
lates the activity of the right ventricle; 
the other, that of the left ventricle [see 
illustration on preceding page J. Each 
side draws its fluid (water) from a reser­
voir. The level of fluid in the reservoir 
represents the pressure in the venous 
system. Fluid from the right reservoir 
fills the right "atrium," which in turn fills 
the right "ventricle." When filled, the 
ventricle contracts and pumps its out­
put into a "pulmonary artery"-a col­
umn of water whose height represents 
the pressure of the blood in that artery. 
This output passes by way of a tube to 
the left reservoir (after theoretically cir­
culating through the lungs). The left 
reservoir supplies the left atrium and 
the left ventricle, which pumps its out­
put into an "aorta" at a pressure con­
siderably higher than that in the pul­
monary artery on the right side. 

The apparatus gives only a crude ap­
proximation of what the pressure rela­
tions would be in the living body, be­
cause the resistance of the column of 
water representing the aorta here is not 
the same as that of the elastic natu­
ral aorta. Nevertheless, the contrivance 
does indicate whether or not the arti­
ficial heart is functioning as a heart 
should. In particular it shows whether 
or not the pump is obeying Starling's 
law. The level of the water (or venous 
pressure) in the two "venous" reservoirs 
is supposed to regulate the degree of 
filling in the right and left ventricles. 
For instance, when the level rises in the 
left reservoir because of increased out­
put by the right ventricle, this height-
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ELECTROMAGNETIC HEART depicted in top illustration on op· 

posite page was designed by S. Harry Norton. Ventricle sacs lie in 

hydraulic fluid in the main chamber. When solenoids press on the 

fluid, blood goes through tubes at top left to lungs and rest of body. 

PENDULUM HEART was designed by the author with help from 

Globe Industries, Inc. Motor in the main chamber is connected by 

wires to an electric source outside the body. It swings back and 

forth, expelling blood from two ventricles through tubes at top. 

ened pressure should cause an increase 
in the filling and output of the left ven­
tricle, thus tending to equalize the two 
outputs. If the artificial heart is per­
forming properly, the level in the two 
reservoirs should always be equal. 

T et us now consider the various types 
L of artificial heart with which we 
have been experimenting. They vary 
greatly in form and method of opera­
tion, but we can conveniently examine 
the basic problems and ideas in terms of 
four factors: the elementary components 
and material of which the artificial heart 
is to be made, the source of energy, the 
driving mechanism and the regulating 
devices. 

The principal parts are of course the 
ventricles. They could be sacs made of 
an elastic material, which immediately 
suggests rubber. This rubber must, how­
ever, have very special properties. It 
must be impervious to attack by the 
body fluids and substances; it must be 
so inert and compatible with blood that 
it does not cause the blood to clot; it 
must not be injurious or stimulating to 

body cells or tissues (lest it induce can­
cerous growth); it should be strong and 
long-lived. It may be that natural rub­
ber, or some synthetic version of natural 
rubber, can be purified so that it is inert 
enough to meet these specifications; that 
possibility has not yet been fully ex­
plored. The most inert and satisfactory 
material we have found so far is a sili­
cone rubber called Silastic, made by the 
Dow Corning Corporation. This plastic 
product has proved suitable both for the 
chambers and for the valves of the ar­
tificial heart. In most of our artificial 
hearts we have used the ball type of 
valve, which heart surgeons often em­
ploy as a replacement for diseased or 
defective valves in human patients. 

The delicacy of the foreign.body 
problem was vividly impressed on us 
early in our experiments. Casting about 
for an appropriate material for valves in 
our artificial hearts, we decided to try 
the woven plastics that were already 
being used successfully for artificial 
aortas replacing diseased ones in human 
patients. The choice turned out to be 
a monumental mistake. This rough-

surfaced material, when placed inside 
the heart of a dog, soon became cov­
ered with a growth of fibrin, a fibrous 
product of the blood. The fibrin either 
chipped off, forming clots in the blood­
stream, or grew until it completely 
plugged the valve orifice in the heart. 
By further experimentation we deter­
mined that any rubber or plastics used 
for an artificial heart or valves must be 
perfectly smooth, and that the surface 
is safe from the formation of growths 
only in locations where the blood flows 
over it rapidly. 

We build our artificial hearts of Silas­
tic around a mold [see illustrations on 
next two pages]. This mold is made of 
a metal with a low melting point (Cer­
rotru), so that it can be removed by 
melting at low heat after the heart has 
been formed over it. Sheets of Silastic 
are folded and pressed around the mold 
and then cured by heat. After the metal 
has been melted out, what remains is a 
completely plastic heart without seams 
and with the ball valves already posi­
tioned inside. 

What kind of energy source might 
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STAGES OF MANUFACTURE of half of an artificial heart are 

shown in series of photographs. Two ball valves of Silastic are 

placed inside a mold of Cerrotru, a metal alloy with a low melting 

point (photograph at left). These go between atrium and ventricle 

(left) and hetween ventricle and aorta (right). Silastic is pressed 

into cups for the valve rings; it also forms prongs that hold 

the balls in place. The mold is put on Silastic (third from left) 

that will be folded and compressed around it. Electrical leads 

be used to power this heart? Electric­
ity comes to mind first. The ultimate aim 
is to make the energy available inside 
the body without having to transmit it 
from outside through a hole in the chest 
wall. Perhaps the energy will be sup­
plied by means of a small radio trans­
mitter worn on the chest or even a tiny 
steam engine inside the body driven 
by a well-shielded nuclear heat source. 
For the time being, however, we must 
be content in our experiments with de­
livering energy from an outside source 
to the artificial heart inside by way 
of wires or a tube passing through the 
chest wall. 

One of our early artificial hearts, built 
by S. Harry Norton of the Thompson­
Ramo-Wooldridge Corporation in col­
laboration with our group, was driven 
by electromagnets. The "ventricle," 
made of the plastic polyurethane, lay 
in oil inside a rigid case. To drive the 
pump five solenoids pushed disks in­
ward, compressing the oil and thereby 
squeezing the "ventricle" so that it dis­
charged its fluid into an "artery." Un­
fortunately the commercial solenoids 
available today, and probably for some 
years to come, are low in efficiency. vVe 
therefore turned to small electric motors, 
which are more efficient, as the driving 
mechanism for the next models. One of 
these was called the "pendulum heart." 
The motor swung back and forth, 
alternately compressing the separated 
right and left ventricles. Since the two 
chambers did not pump simultaneously, 
this device minimized the size of the 
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motor required. Another advantage was 
that the motor lay directly against the 
blood-containing chambers, so that the 
circulating blood carried off the heat 
generated by the motor. vVe also tried 
a "roller" type of artificial heart pow­
ered by a motor. In that model a roller 
passed over the ventricle, compressing it 
and driving the blood along as it rolled. 
It allowed a long diastole (filling of 
the ventricle); moreover, the device re­
quired no valve between the atrium and 
the ventricle, because when the roller 
reached the entrance to the ventricle it 
prevented any backflow of blood. 

Our electrically driven hearts were 
disappointing in several respects. 

The electrical mechanisms were ineffi­
cient, too weak, too heavy and gener­
ated too much heat. While I was in 
this frame of mind I had an opportunity 
to discuss some of our problems with 
the leading engineers at the Lewis 
Research Center of the National Aero­
nautics and Space Administration in 
Cleveland. They responded with a star­
tling suggestion: Why not use com­
pressed air instead of electricity as the 
power source? I recoiled; that idea 
would commit us to a system in which 
the power supply would have to be out­
side the body. I had visions of the pos­
sessor of an artificial heart walking 
around with something like a garden 
hose sticking out of his chest! The en­
gineers minimized that objection; they 
assured me that with compressed gas 
enough energy could be delivered to 

the mechanical heart through a fine 
tube no more than an eighth of an inch 
in diameter. 

I was persuaded that, during the 
basic experimental stage in which we 
were trying to find out if an artificial 
heart would work at all for any appre­
ciable length of time, our first concern 
must be to keep the heart pumping ef­
fectively, even if we had to resort tem­
porarily to an apparently clumsy driving 
mechanism for that purpose. We began 
then (in 1960) to devise artificial hearts 
driven by compressed air. The ventricle 
now could be a simple sac inside a 
rigid housing; for the systole, air forced 
into the housing would compress the 
sac and drive its blood through an out­
let valve [see illustration on page 39]. 

The change to the more efficient and 
powerful new type of drive had the 
hoped-for result. With an air-driven 
artificial heart in place of the natural 
heart dogs lived as long as 27 hours. 
They ate, drank and behaved normally 
in other respects. Their failure to sur­
vive longer than 27 hours was due not 
to any failure of the pumping mecha­
nism but to the formation of blood 
clots; after a time the clots broke loose 
and formed emboli that lodged in vari­
ous places in the body and blocked the 
circulation. 

Kirby Hiller and his associates at the 
Lewis Research Center built us a sophiS­
ticated driving mechanism for the arti­
ficial heart that makes it possible to 
simulate the pumping pattern of a nat­
ural heart. The machine writes an elec-

© 1965 SCIENTIFIC AMERICAN, INC



are inserted. The Silastic is vulcanized and 

cured. When the assembly is heated, the 

inner mold melts and flows out, leaving the 

valves in position (photograph at right). 

trical function in the form of a wave, 
and this wave form is then translated 
into a cycle of air pressure that has the 
same form [see illustration at left at 
bottom of next page J. The rise in the 
curve represents the increase in pres­
sure; the shape of the wave top repre­
sents the pattern and duration of high 
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pressure, and the descent of the curve 
represents the fall in pressure. The elec­
trical instructions are written to com­
mand a given rate and pattern of pump­
ing, and the obedience of the air input 
to these commands is controlled by three 
feedback mechanisms, one of which in­
dicates whether or not the ventricle of 
the artificial heart is making the neces­
sary movements. 

It turns out that the effective cycle 
of the air pressure driving the ventricle 
of an artificial heart takes the form of 
a curve in the shape of the lowercase 
letter h. The quick initial jump in pres­
sure (shown by the upright of the h) 
may be necessitated by the inertial re­
sistance of the blood in the filled ven­
tricle. In effect the pressure pattern in 
the chamber follows an almost square 
wave, the high-pressure level lasting 
until the ventricle has discharged its 
load. The entire cycle takes between 
half a second and a second. 

The paramount test of whether or not 
an artificial heart (or the natural heart, 
for that matter) is doing its job is the 
"cardiac output," or the volume of blood 
pumped per minute. The arterial blood 
pressure, usually taken to indicate this 
output, is actually an unreliable guide. 
This has been demonstrated by experi­
ments in which we have given nor­
adrenalin or some other drug that raises 
the blood pressure to a dog with an 

artificial heart. The drug produces sharp 
rises of the blood pressure in the aorta, 
the pulmonary artery and the left ven­
tI'icle, but the cardiac output actually 
falls, presumably because of the re­
sistance of the heightened pressure in 
the arteries. One concludes that al­
though a pressor drug may be given to 
relieve the anxiety of the physician, it 
does not necessarily improve the circu­
lation of the patient. 

It is apparent, then, that the cardiac 
output of a patient with an artificial 
heart will have to be monitored very 
carefully. Fortunately this can be ar­
ranged. In our experimental setups we 
have placed in the artificial ventricles 
transducers that record the chambers' 
movements so that we can actually see 
the strokes, or beats, of the heart on an 
oscilloscope. From these beats, which 
can be followed from minute to minute, 
hour to hour and year to year, the heart 
output can be calibrated and measured 
at any time. 

W
e have tested several different types 
of air-driven artificial heart. The 

principle lends itself to a wide variety 
of devices. For example, Kenneth Wood­
ward and his co-workers at the U.S. 
Army's Harry Diamond Laboratories 
built an artificial heart based on the 
fluid-amplification technique. The fluid 
amplifier is a mechanical analogue of 

ANTISUCTION BALLOON prevents harm to blood vessels caused 

by excessive suction when there is insufficient blood pressure to fill 

the ventricle of an artificial heart. Artificial heart equipped with 

balloon is shown in cross section during three phases. Normal 

systole is depicted at left. Ventricle is compressed and blood is 

expelled as chamber fills with air from tube at top right. Normal 

diastole is depicted in center. Ventricle is entirely filled with blood 

from atrium at top left. When venous blood pressure is inadequate 

during diastole (as in cross section at right), the balloon is sucked 

inward, preventing the creation of a vacuum iuside the chamber. 
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ATRIAL PRESSURE (CENTIMETERS OF WATER) 

STARLING'S LAW that the output of each ventricle depends on the amount of blood 

pushed into it from its atrium applies, as this graph shows, to artificial as well as real hearts. 

The curve reveals an alm()st linear relation between blood flow (in liters per minute on the 

vertical axis) and atrial pressure (in centimeters of water on horizontal axis). It is based 

on data for flow from ventricle of an air-driven artificial heart tested in mock circulation. 

the electronic tube: a stream of air or 
other fluid entering a system of chan­
nels is amplified or switched from one 
outlet to another by means of control 
jets from the sides [see "Fluid Control 
Devices," by Stanley W. Angrist; SCIEN­
TIFIC AMERICAN, December, 1964]. It 
is basically a simple system that oper­
ates without any moving parts. Wood­
ward's group applied the technique to 

a 

b 

c 

PUMPING PRESSURE in artificial heart is 

determined by a machine that translates 

electrical function in form of an h-shaped 

air-pressure wave (a) to desirable pattern of 

pressure for ventricle (b). Pressure curve 

for aorta (c) has second peak caused by rig­

id mock circulation in which it was tested. 
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drive an artificial heart with a stream 
of compressed air that is switched back 
and forth by the state of the ventricle. 
This heart has worked very well in our 
experiments. 

Another design, invented by Norton 
of Thompson-Ramo-Wooldridge, em­
ploys the reciprocating-engine idea. A 
plunger moving back and forth like a 
piston compresses the air that drives the 
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EFFECT OF PRESSOR DRUG on ciI'cu­

lation of a dog with an artificial heart in 

its chest is indicated. When the drug nora­

drenaline was administered (arrow), caus­

ing arteries to contract, pressure in aorta 

(a) and pulmonary artery (b) rose but the 

flow of blood from the heart decreased (c). 

ventricle at systole and then moves back 
to let the ventricle fill again. Norton's 
device has the advantage that the vol­
ume, or size, of the stroke can be varied 
from one beat to the next, although the 
plunger always returns to the same 
starting position. In this system, if the 
venous pressure were too low to fill 
the ventricle during the diastolic (back­
ward) stroke of the plunger, an ex­
cessive suction would produce a high 
negative pressure that might result in 
damage to the blood or blood vessels. 
To avoid that possibility we added an 
"antisuction" balloon that prevents ex­
cessive suction on the ventricle even 
when it is not filled to its potential ca­
pacity [see bottom illustration on pre­
ceding page]. Thus the venous pressure 
accurately controls the amount of expan­
sion of the ventricle for each stroke, and 
the ventricles' output closely follows 
Starling's law [see illustration at left]. 

A
t the present stage of our explora-

tions we are working on the prob­
lem of developing a compact artificial 
heart, bringing together the right and 
left ventricles, that will be small enough 
to fit inside the pericardial sac of a 
human-sized heart. The development of 
a pump that will be simple and reliable 
enough in construction and operation to 
substitute for the human heart is still a 
long way off. Nonetheless, the magnifi­
cent equipment built for us by the 
NASA laboratory and other collaborat­
ing groups has enabled us to carry on 
an intensive study of the physiological 
factors and requirements for an arti­
ficial heart. A calf with an artificial 
heart implanted in its chest has survived 
as long as 33 hours 30 minutes. The 
mechanical pump maintained the calf's 
blood circulation at a normal level and 
caused no formation of clots. The results 
of current experiments lead us to believe 
that the physiological problems are now 
well understood and that the achieve­
ment of a workable, permanent artificial 
heart depends only on the solution of 
certain technical problems that should 
be solvable. 

Nearly a fourth of the adult popula­
tion of the U.S. lives with at least the 
threat of heart disease hanging over it, 
and considerably more than half a mil­
lion people die of coronary disease each 
year. It may be disenchanting to think 
of living with an artificial heart in 
one's chest, with life itself depending on 
the functioning of the machine. In the 
face of imminent death, however, most 
people will accept an artificial heart if 
it can promise them a comfortable, en­
joyable existence. 
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�@@J®lli reports on: 

orthographical support for the Harvard team ... carefree data-recording ... 
sweetening the odds for radiography 

A hydrocarbon of unnatural shape 
The finest one of the freshest crop of organic textbooks calls 

A "tryptycene." This spelling ignores the suggestion from 

the Department of Classics at Harvard to the team of Harvard 
chemists who first prepared the rigid, 3-fold-symmetrical, 
propeller-like hydrocarbon in 1942. Classical scholars like 
triptychs better than propellers. We support the Harvard team 
orthographically and announce Triptycene (EASTMAN 9739) at 
the low, low price of $15.50 for 10 grams, which is about VB 
what we have seen the compound advertised at a year ago. 

The timing of this announcement is interesting. The genera­
tion that learned about triptycene in graduate school has now 
been out long enough to have made a small start toward pay­
ing off their mortgages, and their employers are daring to hope 
they will soon start thinking about practical matters. Here and 
there chemical thinking in three dimensions is being applied to 
such matters, whereupon the eminently non-planar triptycene 
comes to mind. 

In medicinal chemistry, for example, studies have been pub­
lished on the effect of non-planarity in the aromatic blocking 
group that constitutes one end of many different pharmacolog­
ical agents. In the absence of evidence that triptycene occurs 
anywhere in nature, would there be sinister implications if this 
work should eventually lead to something taken internally to 
extend human life or comfort? Another school of chemists­
those who work on colorants-take an obvious interest in how 
odd steric configuration might govern the behavior of their 
traditionally flat molecules toward light and substrates. What­
ever excitement they may feel at being propelled in profitable 
directions by this hydrocarbon propeller, they remain out­
wardly calm. 

Within the short time for this to reach print, we may also be offering 
derivatives of triptycene with a handle on the bridgehead for fastening 
to other moieties. Ask the source of all EASTMAN Organic Chemicals 
for the laboratory, Distillation Products Industries, Rochester, N. Y. 
14603 (Division of Eastman Kodak Company). The catalog of these 
wares has a new supplement, No. 43-4. We hope all who need it have it. 

Price subject to change without notice. 

For haters of chemistry 
Two new commercial realities await inquiry to Instrumenta­
tion Products, Eastman Kodak Company, Rochester, N. Y. 
14650, by engineers who need the sensitivity of photography 
for data-recording but rarely derive pleasure from the details 
of photographic chemical technology . 

• Certain late-model oscillographs are supposed to make 
their wiggle traces visible as fast as people can read. This they 
will actually do if loaded with KODAK LINAGRAPH Direct Print 
Paper. Records to be kept permanently or duplicated for dis­
tribution, however, had had to be treated in special image­
preserving chemicals. Now, with the latest improvements in 
the LINAGRAPH Paper, you put the records to be treated 
through the same chemicals for all oscillographs, late-model 
or early-model. 

• Data film for recording either real objects or indications 
from instruments can be processed in a minute at 90°F or half 
a minute at 105°F if the film happens to be KODAK 2490 RAR 
Film and the processing is done in KODAK 448 Monobath. This 
new solution neither requires a tense eye on clock or thermom-

eter nor any interest in the difference between a developer and 
a fixer, being both. Once it has completed its work, nothing 
further happens. ]f you intend to keep the film, wash it later. 
A quick rinse in warm water several weeks later is adequate. 

The writer shows his teeth 
Only a very small minority of readers of these words will 
ever have occasion to specify a brand of x-ray film. * We 
have other ways of getting hot news to them while it is still hot. 
The x-ray film news has now cooled off enough to be properly 
digested among the general populace. A dentist in Lima, Ohio 
has written to our president suggesting that we allay the radia­
tion fear by publicizing the news about our "fast film" and 
how it permits him now to take a complete series of 14 ex­
posures with one-half the radiation he formerly needed for a 
single exposure. 

Perhaps we should, but we are not wholly sure. We cer­
tainly don't want to be caught pooh-poohing. Philosophy and 
commerce have long irritated each other. Philosophical ge­
neticists who irradiate insects and mice and then warn us 
against crippling our great-great-great-grandchildren irk some 
busy practitioners who just want to stay busy. So do patients 
who stray too far in their reading from the sports or society page. 

There are also other practitioners. Time is well spent in 
cleverly hunting one of them down. Having found him, trust 
him. He recognizes the case and the means for gonadal protec­
tion during radiology no less than he recognizes the unde­
served compliment that genetic considerations imply for pa­
tients past a certain age. 

Between genetic peril and somatic peril lies a comfortably 
huge gap of many, many millirads. It comforts those prac­
titioners who might otherwise be philosophically troubled in 
recommending radiography to lengthen the odds against false 
teeth and twisted limbs and backs and unarrested diseases in 
the chest, gastrointestinal tract, and kidneys. 

Humanity, the physicians and dentists, and we in the radia­
tion business owe a considerable debt to the alarmists for the 
wide use today of fast fluorescent screens that let the film be 
exposed 95% by excited light and only 5% by x-rays, of filtra­
tion techniques that block off radiation too long in wavelength 
anyway to help the visualization -and of fast film, if we are to 
be permitted candor. 

Don't send for a booklet. Don't march into a physician's or dentist's 
office and demand x-rays. Just stay reasonable on the subject. 

Writer's right molars radiographed 
September 24,1952 with about 5.5 
roentgens. 

Same writer's same molars radio­
graphed April 6, 1965 with 0.21 
roentgen. 

·Note to the small minority; in the unlikely event that you do not already have a 
fresh catalog of KODAK X-ray Films, please notify Radiography Markets Division, 
Eastman Kodak Company, Rochester, N. Y. 14650. 

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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PHOTOGRAPHIC SCIENCES USE 
20 RIEGEL ENGINEERED PAPERS 

Photography would be too expen­
sive for the average man if it 
weren't for paper . .. many varie­
ties which have highly technical 
properties developed by imagina, 
tive research. Riegel alone makes 
over 20 specialty items for the 
photographic and facsimile indus­
tries. Some have chemical purity, 
radioactive .cleanliness. Many 
have fu nctiona l im pregnations 
and/ or coatings. 
What Riegel does for these criti­
cal applications we can do for 
you. Viz.: charcoal filled papers, 
electrically conductive papers, 
filtration papers, heat and/or age­
resistant papers, film/foil/paper 
combinations. Papers with fibers 
of glass, ceramics, plastics, 
asbestos, jute, cotton, rope, and, 
of course, wood. Some that seal 
with just a kiss of heat . .. some 
that stick to practically nothing! 
If you've any problem that paper 
may solve, write Riegel Paper 
Corporation, Box 250, Murray Hill 
Station, New York, N. Y. 10016. 

TECHNICAL PAPERS 

VERSA TlLllY 
pap�; RIEDEL 

Equitable Immigration 

Ater more than 80 years during 
which many potential immigrants 
to the U.S. were either barred 

or subjected to restrictive quotas be­
cause of their race or nationality, Con­
gress has passed a law eliminating such 
considerations as criteria for entry. The 
new regulations, which go into effect in 
July, 1968, place an annual limit of 
120,000 persons on immigration from 
the Western Hemisphere (hitherto not 
subject to any quota) and a limit of 
170,000 on immigration from elsewhere. 
The yearly maximum for any single 
nation outside the Western Hemisphere 
is 20,000 persons. This will reduce the 
present immigration rate for only two 
nations: Great Britain (former quota 
65,361; immigrants in 1964, 28,653) 
and West Germany (quota 25,814; im­
migrants in 1964, 22,628). Immigrants 
from previously less favored nations 
such as Italy (quota 5,666) and Greece 
(quota 308) will benefit proportionately, 
as will those from Asia, where most 
nations have been assigned nominal 
quotas of 100 a year. 

The law's revised system of prefer­
ences gives primary consideration to 
family ties. More than half of the visas 
available each year are allocated either 
to the children or to the brothers and 
sisters of U.S. citizens; another 34,000 
are allotted to the spouses and unmar­
ried children of U.S. residents who are 
not citizens. Other preferences include 
the allocation of 10,200 visas to political 
refugees, 17,000 to people of exception­
al ability in the professions, arts or 
sciences, and 17,000 to workers whom 

SCIENCE AND 
the Federal Government certifies as 
noncompetitive with U.S. labor. Sur­
plus visas in any of these categories will 
be made available to other immigrants 
on a first-come, first-served basis. The 
law contains one further change: be­
tween now and 1968 the portions of 
existing national quotas in excess of 
demand (for example the 36,000 not 
used by Britain in 1964) will no longer 
go unused. Instead the excess will be 
made available to other nations with a 
waiting list of potential immigrants. 

For Outstanding Contributions 

The first Arches of Science Award-
$25,000 and a gold medal for "out­

standing contributions by an individual 
to the understanding in America of the 
meaning of science"-was bestowed on 
vVarren Weaver last month. By far the 
most munificent for such contributions, 
the award was established this year by 
the Pacific Science Center in Seattle, 
vVash. Its name is intended to evoke 
the tall, freestanding arches that adorn 
the campus of the center, built orig­
inally to house the U.S. science exhibit 
at the Seattle World's Fair in 1962 and 
now operated as a museum of science. 

Weaver, chosen for the award by a 
national jury of 12 scientists and lay­
men, is a mathematician who has played 
a central role for more than 30 years 
in the public affairs of science in the 
U.S. and in the interpretation of science 
to his fellow citizens. From 1932 to 
1959 he was the Rockefeller Founda­
tion's bursar for the natural sciences. 
On assuming that office he made the 
astute determination to spend the foun­
dation's funds with "greatly increasing 
emphasis on biology and psychology 
and on those special developments in 
mathematics, physics and chemistry 
which are themselves fundamental to 
biology." Careers and programs of re­
search fostered under this policy in the 
U.S. and abroad have culminated in 
the contemporary triumphs of molecular 
biology. During World War II, Weaver 
organized and headed the Applied 
Mathematics Panel of the Office of 
Scientific Research and Development, 
the principal U.S. agency for "opera­
tional research." As president of the 
American Association for the Advance­
ment of Science in 1954, he helped to 
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THE CITIZEN 
establish in that organization its present 
preoccupation with public policy and 
the popularization of science. 

A willing and felicitous writer and 
lecturer, Weaver has an acute inter­
est in problems of communication. He 
was quick to recognize the importance 
of Claude E. Shannon's fundamental 
contribution to communication theory. 
With Shannon he wrote Mathematical 
Theory of Communication, an exposi­
tion addressed to scientists that has­
tened the recognition and impact of 
this work in fields outside mathemat­
ics. More recently-in Alice in Many 
Tongues-he has explored the question 
of why Lewis Carroll's masterpiece casts 
the same semantic and logical spell in 
40 different languages. 

For such activities Weaver was also 
honored a second time last month. In 
Paris he received the Kalinga Prize of 
the United Nations Educational, Scien­
tific and Cultural Organization. 

The Moonlike Planet (Cant.) 

New analyses of the pictures of Mars 
made by Mariner IV dispute the 

original interpretation that the Mar­
tian surface may have undergone little 
change, except for the formation of 
craters by meteorites, in the past two 
billion to five billion years. Three papers 
recently published as a group in Science 
maintain that the age of the Martian 
surface is only a fraction of the age first 
estimated and that erosion by water, 
dust storms or other processes could 
have been intense early in the planet's 
history. 

The three papers argue, in brief, that 
the rate of crater formation on Mars 
should be about 25 times higher than 
on the moon. The reason is that Mars 
is much closer to the asteroid belt be­
tween Mars and Jupiter, which pre­
sumably supplied most of the crater­
forming bodies. According to the first 
paper (by Edward Anders of the Uni­
versity of Chicago and James R. Arnold 
of the University of California at San 
Diego), the Martian surface observed by 
Mariner IV is pocked by only one-sixth 
as many craters as would be expected if 
it were as old as the maria ("seas") of 
the moon. Instead of 220 large craters 
(craters 20 kilometers or more in diam­
eter) per million square kilometers Mars 

Materials evaluation 
by irradiation 

... another new technology that is moving forward 
faster with HVEC Particle Accelerators 

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

Researchers find HVEC Particle Accel­
erators particularly useful for both de­
structive and non-destructive analysis 
of materials. 

Typical examples: 
• neutron and ion activation analysis 

• wear and corrosion stUdies 

• radiography of rocket propellants 

• neutron and flash radiography 

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

HVEC Particle Accelerators - with their 

precisely controllable energy, intensity, 

and low energy spread with freedom of 

particle choice - are ideally suited for 

applied nuclear research. 

For more details on particle accelerators, 
write High Voltage Engineering Corpora­
tion, Burlington, Mass., or HVE (Europa) 
N. V., Amersfoort, The Netherlands. Sub­
sidiaries: Electronized Chemicals Corpo­
ration, Ion Physics Corporation. ARCO 
Division, Walnut Creek, California. 

High Voltfge Engineering produces a complete line of particle accelerators ranging from 300·keY to 30·MeV. 

� HIGH VOLTAGE 
"" ENGINEERING 
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why pay 
too much 
for computer 
tape handling? 
Investigate these lower-cost, super­
reliable IBM interchangeables. 

Datamec 0 2030 Tape Unit 
Interchangeable with IBM 7330 

Datamec 0 3029 Tape Unit 
Interchangeable with IBM 

729-1[ and 729-V 

Write Tom Tracy at Datamec, 345 
Middlefield Road, Mountain View, 
California 94041. 

@).t£Sv£21fJW§� 
A DIVISION OF HEWLETT-PACKARD 

leadership in low-costlhigh reliability 
digital magnetic tape handling 
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has only 37. This discrepancy implies 
that the Martian craters are only about 
a sixth as old as those found on the 
lunar maria, or between 300 million 
and 800 million years old. Anders and 
Arnold believe craters older than that 
have been obliterated by erosion. The 
only other way to account for the 
"missing" craters is to assume that mul­
tiple, overlapping impacts make the 
crater count unreliable. "In any event," 
they conclude, "the crater density on 
Mars no longer precludes the possibility 
that liquid water and a denser atmo­
sphere were present on Mars during the 
first 3.5 billion years of its history." 

One of the two papers supporting 
this general conclusion is by J. Witting, 
F. Narin and C. A. Stone of the Illinois 
Institute of Technology. The second is 
by Ralph B. Baldwin of the Oliver Ma­
chinery Company, who had predicted in 
1949 that Mars would be found to have 
a moonlike surface. 

Active RNA from a Test Tube 

The synthetic replication of a fully 
functioning genetic molecule inside 

a test tube, long a goal of molecular 
biologists, has been announced by Sol 
Spiegelman, Ichiro Haruna and their co­
workers at the University of Illinois. The 
genetic molecule synthesized is ribonu­
cleic acid (RNA), which provides the 
complete hereditary message for cer­
tain viruses. The RNA used in the Uni­
versity of Illinois experiments was ob­
tained from a virus called Q-beta, which 
normally replicates inside the colon bac­
terium Escherichia coli. 

About 10 years ago biochemists first 
extracted a natural enzyme from living 
cells that was capable of synthesizing 
long-chain molecules of RNA from 
chemically pure building blocks. Al­
though the RNA synthesized by this 
procedure had most of the chemical and 
physical properties of natural RNA, it 
lacked the biological activity of its nat­
ural counterpart. Subsequently many ef­
forts were made to produce synthetic 
duplicates of natural RNA, both from 
bacterial cells and viruses, but without 
success. 

Spiegelman and his co-workers suc­
ceeded by discovering an RNA-replicat­
ing enzyme (which they call replicase) 
in cells infected with the Q-beta virus. 
The replicase is not present in nonin­
fected cells, nor is it present in the virus 
itself. The virus consists solely of a mol­
ecule of RNA encased in a protein jack­
et. The replicase, also a protein, is 
formed by the cell's using instructions 
coded in the viral RNA. It was found 

that the Q-beta replicase is an effective 
RNA-copying agent only when it is 
supplied with Q-beta RNA and that it 
will not work with RNA from other 
viruses. 

The Illinois workers are able to pro­
duce infectious Q-beta RNA starting 
with nothing more than (1) Q-beta 
replicase, (2) a bit of Q-beta RNA to 
act as a template, (3) magnesium salts 
and (4) the chemically pure building 
blocks of RNA in the form of their 
triphosphates. To demonstrate that the 
infectivity is attributable to the syn­
thetic RNA alone and not to traces of 
the original natural RNA, the following 
experiment was conducted. A few of 
the RNA molecules grown in one test 
tube are transferred to a second, where 
a fresh batch is grown. From the sec­
ond test tube a few are transferred to 
a third test tube, and so on for 15 stages. 
In the 15th test tube the original RNA 
is so diluted that there is only one 
chance in 10 that a single molecule 
of the original RNA is present. 

Working with Spiegelman and Haru­
na were George S. Beaudreau, Ian B. 
Holland and Donald R. Mills. The work 
is reported in Pl'Oceedings of the Na­
tional Academy of Sciences. 

Fallen Satellite? 

A study of craters and meteorite 
fragments found in northern Ar­

gentina suggests that a large meteorite 
had a brief life as an orbiting satellite 
of the earth before plunging to the 
ground some 6,000 years ago. The area 
in which the craters are located is 
known as Campo del Cielo; it has been 
famous for its meteorites since Spanish 
explorers came on a 25-ton iron speci­
men in 1576. The results of a three­
year study of the region has now been 
reported in Science by a joint U.S.­
Argentine team of investigators. 

William A. Cassidy of Columbia 
University, Luisa M. Villar of the Uni­
versity of Buenos Aires and their as­
sociates surveyed Campo del Cielo be­
tween 1960 and 1963; they located 
nine impact craters ranging from 65 to 
380 feet in diameter and turned up 
more than 500 meteorite fragments 
weighing from one to 78 pounds. In­
spired by their activity, a local farmer 
unearthed still another meteorite that 
weighed more than three tons. Under 
the rim of one crater Cassidy and Villar 
found charred wood that yielded a 
radiocarbon date of 3800 ± 200 B.C. 

When the craters and meteorite lo­
cations were plotted on a map, they 
fell within an almost straight zone 
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it's smart to be dense! 
Annual sales of semiconductor integrated circuits will exceed 
$100 million next year - only eight years following their in­
vention - and Texas Instruments is the major manufacturer 
of these tiny, ultra-reliable devices! As "the next step beyond 
the transistor," they are the second semiconductor product to 
revolutionize the electronics industry in recent years. 

A semiconductor integrated circuit - which modifies elec­
trical signals to perform many tasks - contains scores of tran­
sistors, resistors and capacitors in a tiny sliver of silicon 
smaller than a grain of rice. This almost incredible component 
density gives several important advantages: increased relia­
bility, reduced size, weight and-most important-lower cost. 

Cost savings in a wide range of electronics equipment are 
possible because of drastic reductions in parts, packaging, 
design time, materials-handling, and assembly. As a result, 
most military electronics systems on the drawing boards today 
feature integrated circuits. And such significant cost advan­
tages are rapidly opening up new industrial and consumer 
applications, many of which have not yet been penetrated 
by electronics. 

As the world's largest semiconductor manufacturer, TI is 
uniquely prepared to serve this market. Tl invented the semi­
conductor integrated circuit in 1958, introduced it commer­
cially in 1959, and subsequently obtained patents. Tl inte­
grated circuits were first in space (IMP satellite), first in 
a major military program (Minuteman II), first in a con­
sumer product (Zenith hearing aid), and even first to be shot 
from guns (artillery fuse) ! 

Dramatic as these advances have been, the revolution has 
just begun. In the laboratory, TI now has integrated circuits 
performing more than a hundred circuit functions! These 
advanced circuit arrays will be organized to perform complex 
logical decisions in small, inexpensive computers. The "home 
computer" to program and control all household functions 
is not far away! 

Semiconductor integrated circuits are a prime example of 
Tl's ability to synchronize multi-divisional technical effort, 
enabling TI to grow 30 per cent a year over the past decade. 
Write Corporate Marketing for brochure on the business 
and facilities of TI. 

'n TEXAS INSTRUMENTS 

� v/.. INC 0 R P 0 RAT E D 
P. O. BOX 5474 • DALLAS 22, TEXAS 

RELY ON TI MATERIALS · COMPONENTS · ASSEMBLIES · SYSTEMS · SERVICES 
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LEITZ ORTHOMAT 
Versatile, easy-to-use, automatic micro-camera 

The Leitz Orthomat puts the most advanced 

photomicrographic techniques at your dis­

posal with push-button simplicity. Its exclu­

sive features are years ahead of any other 

micro-camera-even other "automatics." 

And the Orthomat works hand-in-glove with 

the incomparable Leitz Universal Research 

Microscope. Result: the Orthomat becomes 

an automatic camera-microscope capable of 

economically solving the most difficult pho­

tomicrographic tasks at a timesaving touch 

of a button. Write for more information on 

the automatic, Orthomat micro-camera. 
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nearly 50 miles long and a little more 
than a mile wide, running in a north­
east-southwest direction. This linear ar­
ray, together with mineralogical evi­
dence that all the meteorite fragments 
are probably from a single parent body, 
suggests that a big meteorite entered 
the earth's atmosphere with a very flat 
trajectory. This, the investigators note, 
"might result either from a grazing ap­
proach to the earth from a solar orbit 
or from decay of a closed terrestrial 
orbit." 

Protein from Coal 

Coincident with programs for using 
microorganisms that grow on pe­

troleum to make protein (see "Protein 
from Petroleum," by Alfred Cham­
pagnat; SCIENTIFIC AMERICAN, Octo­
ber) the U.S. Department of the In­
terior has announced that it is investi­
gating the potential of coal as a raw 
material for producing proteins. A team 
of investigators from the department's 
Bureau of Mines discussed the project 
in a paper read at the 150th national 
meeting of the American Chemical 
Society. The investigators pointed to the 
similarity between certain chemicals 
from coal and chemicals from petrole­
um that already have proved capable of 
supporting the growth of the microor­
ganisms that produce proteins. Already, 
the investigators said, some yeasts have 
been identified that thrive on chemicals 
obtained from coal tar. 

As an example of the potentiality of 
coal as a source of protein, the Bureau 
of Mines workers noted that certain of 
the yeasts that grow on chemicals from 
coal produce protein 2,500 times faster 
than domestic meat animals. A cow 
weighing 1,100 pounds converts its 
food into proteins at a rate of 1.1 
pounds a day, the bureau investigators 
said, whereas 1,100 pounds of micro­
organisms living on chemicals derived 
from coal can convert the paraffinic 
hydrocarbons of the chemicals into pro­
tein at a rate of 2,750 pounds a day. 

Earthquake Forecasting 

A panel of earth scientists has rec-
ommended a massive research 

program designed to develop methods 
of predicting earthquakes. In a report to 
the White House Office of Science and 
Technology the 13-member panel, 
headed by Frank Press of the Massa­
chusetts Institute of Technology, out­
lined a 10-year program of theoretical, 
laboratory and field studies estimated 
to cost $137 million. Geophysicists still 

NEW DiSCOVERiES i.N SCiENCE FROM RESEARCH iN ST. LOUiS 

St. Louis' 
Washington University 

expands toward 
major Science Center 

This year Washington University was 
one of the first universities to receive 
major science development grants un­
der a new National Science Foundation 
program. The University has launched 
a capital fund drive for $70,000,000. 
And the Ford Foundation has awarded 
it a $15,000,000 challenge grant. Much 
of this money will be used to develop 
a national science center here. 

Many avenues of information from 
the center to local industry will be pro­
vided through seminars, conferences, 
and courses. 

A novel partnership between the 
University and Monsanto Company 
also shows how its research facilities 
can work with local industry. The De­
fense Department has awarded them a 
$2,000,000 contract to work in part­
nership, to develop new "composite" 
materials for use in aerospace and 
mili tary applications. 

If this sounds like the kind of envi­
ronment you'd like to locate your new 
plant or laboratory, write for our 
brochure, "St. Louis-A Research 
Center." Contact A. G. Baebler, Mgr., 
Industrial Development Dept. 

UNIO 

ST. LOUIS. MISSOURI 63166 

Finally, a scientifically-proven 

pulsed ruby 
laser kit ;�;�.50! 
Perfect for school and 
laboratory experimentation 
Complete demonstration and 
experiment texts supplied S·· · � ' 
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This easy·to·assemble unit is a truly profes· 
sional experimental ruby laser with built·in 
safety features. Demonstrate the character· 
istics of coherent radiation, laser high· 
speed photography, measurement of the 
speed of light, initiation of chemical reac­
tions, optical ranging, interference and 
diffraction effects and pulse modulation 
studies. No school ... no experimental labor­
atory should be without at least one. 

FREE! • • •  a complete text on laser theories 
and applications - electromechanical radi­
ation, quantum electronics, lasing mecha­
nisms, experiments. Send in coupon below. � ELECTRO-OPTICAL 

!�V���E�c��t���ems. 'nco 
a subsidiary of Xerox Corporation 
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do not know what causes earthquakes, 
and part of the program is designed to 
help them find out. Prediction is some­
times possible, however, as in the case 
of weather forecasting, without com­
plete understanding of a natural proc­
ess. A major part of the program is 
designed to make prediction possible in 
this empirical sense by capitalizing on 
current evidence that a destructive 
earthquake may be preceded by small 
deformations of the earth's surface and 
an increase in the frequency of "micro­
earthquakes" in the area. 

To this end the report suggests a 
major effort to "instrument" the seismic 
regions of California and Alaska. Re­
gional deformations would be monitored 
by sensitive surveying instruments, in­
cluding lasers. Statistics on the numer­
ous microearthquakes, local strains and 
tilts in the earth, changes in gravity and 
magnetic-field readings would be tested 
for coherence with one another and for 
possible correlation with a major earth­
quake. All this would require a "new 
generation" of instruments, but accord­
ing to the report the necessary design 
principles are known. A central feature 
would be the installation of instruments 
in large arrays to reduce the effect of 
background noise. 

Harvested Rain 

A test recently completed by the U.S. 
Geological Survey has demonstrated 

the efficiency of a new technique for 
collecting the rainfall that otherwise 
goes to waste in semiarid and desert 
regions. Two similar nine-acre plots 
were selected on the White Sands Mili­
tary Reservation in New Mexico; shal­
low pits were dug into which the rain­
fall running off from each plot would 
drain. One of the test plots was left 
undisturbed; the surface of the other 
was cleared of desert vegetation and 
was then given a thin coating of a spe­
cial asphalt mix that had been devel­
oped by the Esso Research and Engi­
neering Company. During a 12-month 
test period both plots received eight 
inches of rainfall. The runoff from the 
asphalt-coated plot totaled more than 
a million gallons, representing a collec­
tion efficiency of 60 percent. In con­
trast, normal evaporation and plant 
transpira tion kept the collection effi­
ciency of the untreated nine acres down 
to 3 percent. 

Extrapolating from the test results, 
project engineers estimate that larger 
asphalt coatings could harvest runoff 
water at a cost of about 25 cents per 
1,000 gallons. This is nearly 40 percent 

Can you benefit 

from a G-E lamp 

that twists, bends, 

turns corners and 

does tricks? 

It's electroluminescence. Frankly, EL is still an infant. 
A very special lamp not too bright to look at, and not 
intended for seeing tasks. Thin as a dime. Flexible as a 
playing card. Operates on standard 120-volt, 60-cycle 
current without transformer or ballast. 

EL is available now in production quantities at reason­
able cost in green, white, yellow and blue. Imaginative 
manufacturers-working with G.E.-are usin� EL's new 
and different properties. Check the applications below 
with your imagination in gear. 

.-. -.. -
.U.= J 

EL's unique thinness (.025" 
thick) is ideal for readout appli· 
cations. Eight variations. 2". 
1" and %" digit sizes. EL read· 
outs use very little current. 

You can even play 
games with EL! Tic·tac·toe 
board is remote controlled 
by players. Story book 
figure at right is a nite· 
lite idea for a child's room. 

EL works for instruments and 
indicators. Its uniformly lighted 
surface is made to look at. Brighten· 
ing. dimming are easy to control. 

EL creates a miniature 
Broadway spectacular no big· 
ger than this magazine. Com­
bines light, color. motion 
strikingly. You have to see it 
to believe it! 

Like to imagineer further with EL? Write today for new, free 12·page 
folder. Illustrates many more examples. gives technical info, shows 
how EL is made, includes sample prices. Ask for EL Bulletin #3-4375-R. 
General Electric Co .• Miniature Lamp Dept.. M5·10, Nela Park. Cleve· 
land, Ohio 44112. 

Tngress/s Ovr Mos! Impor/'m! Prot/vel 

GENERAL . ELECTRIC 
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Another Brush Innn"'!IIf'u,nillln 

The Brush 
Mark 240 

If you can't record it 
with this recorder, 
chances are 

it didn't happen! 

What we've done is this: 
We took our famous Mark 200 

Recorder and made a 'compact' 
version for general purpose and 
medical requirements. Performance? 
The new 240 will do everything the 
Mark 200 wi II do. And as Aerospace 
people will tell you, that's plenty: 
System linearity better than 1/2%. 
Pressurized fluid writing system 
assures incredibly crisp traces on 
low cost chart paper. Presentation 
is true rectilinear and there's push· 
button choice of 12 chart speeds. 

Cost? The Mark 240 runs about 
ha If as much as a Mark 200. Sti II, 
you have a choice of either four 40 
mm analog channels, two 80 mm 
channels, or a combination* of two 
40s and one 80. (You can also have 
8·channel event·marker modules). 
There's a choice of 17 plug·i n pre· 

"see photo 

amplifiers, too. High gain d·c units, 
straight·through couplers and strain· 
gage and demodulator types. The 
Mark 240 is just 171/2" high x 19" 
wide x 201/2" deep. Mount it verti· 
cally or horizontally in standard 
19" racks to RETMA specs, on table· 
top carts or you name it! 

If your kind of recording calls for 
the utmost in resolution, precision 
and recording flexibility, ask your 
Brush representative for complete 
details about the new Brush Mark 
240. There's nothing else like it 
... anywhere! Brush Instruments 
Division, Clevite Corporation, 37th 
& Perkins, Cleveland, Ohio 44114. 
Just out! Three informative booklets 
on strain recording, temperature re­
cording and techniques of low· level 
recording. Wr ite for your copies 
today. They're yours for t he asking! 

brush 
CLEVITE 

INSTRUMENTS DIVISION 
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more costly than the average paid for 
city water and very much more costly 
than the price of irrigation water, where 
the rule of thumb is that 1,000 gallons 
of water is needed for every 10 cents' 
worth of crop. It nonetheless appears 
possible that large asphalted catchment 
basins could provide economically prac­
tical amounts of water in regions where 
neither well water nor desalinated ocean 
water is available. 

The Bathtub Vortex (Cant.) 

Strong support for the old hypothesis 
that water draining from a tank 

would swirl clockwise in the Southern 
Hemisphere if the influence of the 
earth's rotation were stronger than other 
influences is reported by five investi­
gators at the University of Sydney. 
Three years ago Ascher H. Shapiro of 
the Massachusetts Institute of Technol­
ogy conducted similar experiments that 
supported the parallel hypothesis that in 
the Northern Hemisphere the swirl 
would be counterclockwise ("Science 
and the Citizen," SCIENTIFIC AMERICAN, 
November, 1962). Each swirling effect 
can be expected, if the earth's rotation 
is the dominant influence, because of 
the conservation of angular momentum; 
seen from the Northern Hemisphere the 
earth's rotation is counterclockwise, 
whereas it is clockwise as seen from the 
Southern Hemisphere. 

The Australian investigators (Lloyd 
M. Trefethen, R. W. Bilger, P. T. Fink, 
R. E. Luxton and R. I. Tanner) say in 
Nature that they modeled their experi­
ments on Shapiro's, using a tank six feet 
in diameter and nine inches high with a 
central drain. They filled the tank to a 
depth of about seven inches, directing 
the filling hose so that the water swirled 
counterclockwise, and then they let the 
water settle for several hours. "Clock­
wise rotation was observed in all five of 
the later tests that had settling times of 
18 hours or more," the Australians say. 
In each case it took about 11 minutes, 
which was approximately half the drain­
ing time, for any rotation to appear. 
Summing up, the investigators write: 
"One can never prove . . .  that it was not 
some small air current which persistent­
ly maintained a circulation that gave 
the results we observed, and that a 

quantitatively comparable, but oppo­
sitely directed, air current caused Sha­
piro's results . . . .  Nevertheless, we have 
acquired confidence in the hypothesis 
that carefully performed experiments on 
liquid drainage from a tank will show 
clockwise rotation, if done in the South­
ern Hemisphere. " 
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INNOVATION! 

A WORLDWIDE PUSHBUTTON TELEPHONE 
(It's just like ringing a doorbell!) 

Imagine being able to pick up a tele­

phone, touch a button - and make 

immediate contact with someone 

overseas. 

Soon, U.S. military leaders will be 

able to do this. In 10 seconds or less. 

Even when they're half a world apart. 

What's the key to worldwide push­

button telephone service? An amaz­

ing new electronic switching sys­

tem. It was developed by the scien-

tists of GT&E's Automatic Electric 

subsidiary for AUTOVON-the Auto­

matic Voice Network of the Depart­

ment of Defense. 

Fast, versatile electronic tech­

niques provide "hot lines" that con­

nect without dialing when the tele­

phone is picked up at either end. 

Average time: two seconds. 

Priority callers can preempt a 

busy line. "Hot lines" can be re-

routed easily. Even a multi-conti­

nent conference call can be ar­

ranged, using up to 30 telephones 

-without an operator. 

At GT&E, research gets results­

in communications, chemistry, elec­

tronics, lighting, metallurgy. Re­

search, nurtured by a climate of in­

novation, is our solid base for future 

growth. General Telephone & Elec­

tronics Laboratories, Inc. 

FROM THE LABORATORIES OF G� E 
GENERAL TELEPHONE&ELECTRONICS G�L 
730 THIRD AVE.. N. Y.l 0017· GT& E SUBSIDIARIES: General Telephone Op:!ratmg Cos. In 33 states' GT& E laboratories' G1& E Internallonal- General Telephone Directory Co.· Automatic Electric· Lenkurt Electric· Svlvania Elp.ctric 
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INTEGRATED CIRCUITS made by Texas Instruments Inc. are among the most complex in production, contains 16 transistors, 

magnified about 20 diameters; actual circuits are a tenth of an 32 resistors and one capacitor. It receives the output from a com· 

inch long and a fifteenth of an inch wide. Each of these circuits, puter memory, amplifies it and sends it into a computer logic unit. 

BEAM·LEAD CIRCUITS developed by the Bell Telephone Lah· into islands, improving electrical performance. The picture, a 20-
oratories contain gold circuit leads, or connections, strong enough diameter enlargement, shows 323 (19 by 17) "logic gate" circuits, 

to hold the circuit together when the underlying silicon is etched each equivalent to two transistors, four resistors and seven diodes. 
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MICROELECTRONICS 
A new technology reduces entire electronic circuits to tiny 

modular "chips." Its in1portance lies less in 111aking circuits 

smaller than in making thel11 faster, cheaper and n10re reliable 

by William C. Hittinger and Morgan Sparks 

The intensive effort of the elec­
tronics industry to increase the 
reliability and performance of its 

products while reducing their size and 
cost has led to results that hardly any­
one would have dared to predict as 
recently as 10 years ago. At that time 
the junction transistor, a basic improve­
ment on the original point-contact 
transistor of 1947, was only four years 
old and just entering commercial pro­
duction. The few junction transistors 
on the market cost from $5 to $20 each, 
depending on their quality, and even 
the best of them were somewhat un­
reliable and limited to use in circuits 
operating at fairly low frequency. As of 
1955 no major item of military elec­
tronics had yet been transistorized; 
the commercial use of transistors was 
limited almost entirely to hearing aids. 
The first all-transistor radios appeared 
in that year. Delivery of the first "solid 
state," or transistorized, commercial 
computer was still three years in the 
future. 

Between 1955 and 1965 the electron­
ics industry developed and reduced to 
practice a remarkable microelectronic 
technology that has shrunk transistors 
and other circuit elements to dimensions 
almost invisible to the unaided eye. A 
complete circuit typically consisting of 
10 to 20 transistors and 40 to 60 re­
sistors can be built into a bit of silicon 
measuring only about a tenth or a twen­
tieth of an inch on a side. Between 100 
and 500 such "integrated" circuits can 
be manufactured simultaneously on a 
silicon wafer that is about an inch in 
diameter and less than a hundredth of 
an inch thick [see illustrations on these 
two pages]. 

The point of this extraordinary mini­
aturization is  not so much to make 
circuits small per se as to make circuits 

that are rugged, long-lasting, low in 
cost and capable of performing elec­
tronic functions at extremely high speed. 
Except in a few specialized applications 
-such as in rockets, space vehicles and 
hearing aids-the size of these micro­
electronic circuits is usually of second­
ary importance. 

With the new microelectronic tech­
nology it is hardly more costly to put 
100 circuit elements on a single chip 
of silicon than it is to put one, 10 or 
50. Moreover, the 100 elements can then 
be handled as a unit when the final 
system is being assembled. Whereas a 
good transistor cost about $1 as an in­
dividual unit in 1960, an integrated cir­
cuit containing several dozen transistors 
and other elements can now be bought 
for about the same price. 

The microscopic dimensions of the 
new circuits have improved performance 
in two ways. The basic function of a 
transistor is to regulate the flow of 
current in response to an input signal. 
The speed of response depends pri­
marily on the size of the transistor: the 
smaller the transistor, the faster it is. 
Early transistors, which were often 
described as being the size of a pea to 
dramatize their smallness, were actually 

enormous on the scale at which elec­
tronic events take place, and therefore 
they were very slow. They could re­
spond at a rate of a few million times a 
second; this was fast enough to serve in 
radio and hearing-aid circuits but far be­
low the speed needed for high-speed 
computers or for microwave communi­
cation systems,  such as those that relay 
messages from tower to tower across the 
country-and more recently from the 
earth to space and back. It was, in fact, 
the effort to reduce the size of transis­
tors so that they could operate at high­
er speed that gave rise to the whole 
technology of microelectronics. Roughly 
between 1960 and 1963, spurred by 
military requirements (particularly the 
Minuteman solid-fuel intercontinental 
ballistic missile), the new circuit tech­
nology became a reality. 

The second performance benefit re­
sulting from microelectronics stems di­
rectly from the reduction of distances 
between circuit components. The ulti­
mate factor limiting the speed at which 
a computer or any other electronic sys­
tem can operate is the velocity of light, 
which also sets the upper limit for the 
flow of electric current through a wire. 
Light travels about a foot in a billionth 

ACTUAL SIZE OF INTEGRATED CIRCUITS is represented in these schematic drawings 

of the silicon wafers on which the circuits are produced. The colored rectangles indicate 

the areas shown in the photographs on the opposite page. The Texas Instruments wafer is 

represented at the left; the wafer designed by Bell Laboratories is shown at the right. 
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TRANSISTOR PERFORMANCE AND COST are plotted for the period 1951-1965. Fre­

quency response has gone up by three orders of magnitude; failure rate and cost have 

dropped by about three orders of magnitude. Costs pertain to individual transistors. 

Comparable devices incorporated in integrated circuits are now only a few cents each. 

of a second. If a circuit is to operate a 
few billion times a second, the conduc­
tors that tie the circuit together must be 
measured in fractions of an inch. The 
microelectronic technology makes such 
close coupling attainable. 

Types of Electronic Devices 

Before we describe the new tech­
nology in greater detail, it may be help­
ful if we say a few words about four of 
the principal devices found in electronic 
circuits: resistors, capacitors, diodes 
and transistors. Each device has a 
particular role in controlling the How 
of electrons so that the completed cir­
cuit perfOtms some desired function. In 
a radio the function is to transform a 
weak electromagnetic signal of high 
frequency into a much amplified signal 
of lower frequency that can be used 
to actuate an electromechanical device 
such as a loudspeaker. In a television 
set more complicated circuitry is re­
quired to produce an electronic picture 
from a weak electromagnetic signal 
whose frequency is much higher than 
that of the ordinary radio signal. 

Elements of a circuit are classed 
either as active or passive, depending 
on how they modify the signal energy in 
a circuit. Passive elements such as re-
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sistors and capacitors have the property 
of impeding the How of signal energy 
or of storing it; they cannot, however, 
generate, modulate or amplify the sig­
nal. Diodes are also passive elements: 
when fed an alternating current, they 
allow only half of each cycle of cur­
rent to pass, so that what emerges is 
a direct current. This is the process 
called rectification. Active elements such 
as vacuum tubes and transistors have 
the essential property of generating, 
amplifying or switching the signal en­
ergy. Without them electronics could 
not exist. The circuit designer, under­
standing the properties of such elec­
tronic devices and their interactions, 
combines them so that they can perform 
useful functions. 

Prior to the invention of the tran­
sistor in 1947 its function in an elec­
tronic circuit could be performed only 
by a vacuum tube, a device that had ab­
sorbed vastly more engineering develop­
ment than any other circuit component. 
Tubes came in so many shapes and 
sizes and performed so many functions 
so well that in 1947 it seemed audacious 
to think that the transistor would be 
able to compete except in limited appli­
cations. The first transistors had no 
striking advantage in size over the 
smallest tubes; they were-and remained 

for many years-more costly, and al­
though they promised greater reliability 
and longer life, these attributes took 
years to demonstrate. The one great 
advantage the transistor had over the 
best vacuum tube was its exceedingly 
low power consumption. This advan­
tage, combined with its inherent sim­
plicity and potential for improvement, 
justified the immense international ef­
fort that was soon poured into its 
development. 

vVith the invention of the transistor 
all essen tial circui t functions could be 
carried out inside solid bodies, The 
goal of creating electronic circuits en­
tirely with solid-state components had 
finally been realized. This had been an 
explicit objective of electronic research 
at Bell Telephone Laboratories since 
the late 1930's. 

The Tyranny of Numbers 

In 1947, however, the future of elec­
tronics outside the entertainment in­
dustry was only dimly perceived. There 
was as yet no computer industry. The 
first electronic digital computer, the 
room-sized machine called ENIAC, was 
only two years old, but its 19,000 vacu­
um tubes far exceeded the number ever 
before built into a single electronic 
mechanism. They foreshadowed the 
"tyranny of numbers" that would soon 
be felt throughout the electronics indus­
try as government and industry turned 
increasingly to electronics to cope with 
problems of mounting complexity. 

Telephone engineers were probably 
among the first to recognize this par­
ticular tyranny. They had already de­
signed and built central-office switching 
systems that contained hundreds of 
thousands of electromechanical relays; 
they knew the cost and difficulty of 
manufacturing devices that would func­
tion for 10 to 20 years with an exceed­
ingly low failure rate [see "Telephone 
Switching," by H. S. Feder and A. E. 
Spencer; SCIENTIFIC Al"mRlcAN, July, 
1962]. Although telephone engineers 
recognized many advantages in replac­
ing electromechanical systems with all­
electronic ones, they could see no way 
to meet cost and reliability requirements 
with a technology based on vacuum 
tubes. 

Transistor technology has in large 
measure hurdled the economic barrier 
to large systems that the vacuum tube 
presented. The performance, cost and 
reliability of the transistor have all im­
proved dramatically during the past 
decade [see illustration on this page]. 
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During that span the performance of 
electronic systems increased manyfold 
by the use of ever larger numbers of 
components as they continued to evolve. 
Modern scientific and business com­
puters, for example, contain several 
hundred thousand components; the 
electronic switching systems now being 
built for telephone central offices con­
tain more than a million components 
[see illustmtion on this page]. 

Although further improvement of the 
transistor can be expected, it will not 
be at the dramatic rate of the past; 
intrinsic limits of design and manufac­
ture are being approached. At the same 
time the equipment builder is approach­
ing a limit in the size of systems he can 
afford to assemble piece by piece from 
discrete devices. 

This tyranny of numbers-the prob­
lem of handling many discrete elec-
tronic devices-began to concern the 
armed services as early as 1950. In that 
year the Navy asked the National Bu­
reau of Standards to study the problem 
and recommend a solution. This led to 
the "Tinkertoy" project, in which stan­
dard combinations of devices-including 
tiny vacuum tubes-were designed to fit 
within compact, uniform circuit mod­
ules. These modules in turn could be 

techniques were given such picturesque 
names as "cord wood," "Swiss cheese," 
"2-D" and "3-D . "  All shared the short-
coming of the original Tinkertoy con­
cept: the number of devices and inter­
connections needed to do a certain job 
remained the same as in a conventional 
electronic circuit. 

A more serious shortcoming was that 
the overall reliability of the electronic 
system was still inversely related to the 
number of individual circuit compo­
nents: the more components and inter­
connections, the less reliable the system. 
Thus a crucial limitation to the size 
of useful systems remained. Fortunately 
the scientists and engineers engaged 
in the development of new and im­
proved devices were developing skills 
that would lead to a solution. 

Integrated Circuits 

Two independent lines of develop­
ment led to the microelectronic tech­
niques that produced the present inte­
grated circuits-so named because all 
the elements of the circuit are insepara­
bly associated. One involves the semi­
conductor techL1ology developed for 

making transistors and diodes; the other 
is the thin-film technology that can pro­
duce high-quality resistors and capaci­
tors. The semiconductor technology can 
provide all four principal circuit ele­
ments, but its resistors and capacitors 
are not yet adequate for the most exact­
ing circuit requirements. To meet such 
requirements one can fabricate a hybrid 
integrated circuit in which diodes and 
transistors prod llced by the semiconduc­
tor technology are combined with resis­
tors and capacitors made by the thin­
film technology. We shall describe the 
latter technology first. 

Even before the invention of the 
transistor the electronics industry had 
studied the properties of thin films of 
metallic and insulating materials. Such 
films can range in thickness from a 
fraction of a micron, or less than a 
wavelength of light, to several microns. 
(A micron is a millionth of a meter; the 
wavelength of red light is about .7 
micron.) 

A typical thin-film resistor will con­
sist of a fine metal line only a few 
thousandths of an inch wide and long 
enough to provide the desired value of 
resistance. If high values are desired, 

variously combined and assembled by W 
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automatic machinery to provide almost 
any circuit function desired [see "Auto-
matic Manufacture of Electronic Equip­
ment," by Lawrence P. Lessing; SCIEN­
TIFIC AMERICAN, August, 1955]. Proj­
ect Tinkertoy attacked the size problem 
by providing a packing density of about 
eight electronic devices per cubic inch 
with the conventional devices available 
at that time. It  did not, however, re­
duce the number of devices and inter-
connections . 

A variety of similar programs, pri­
marily concerned with size reduction 
and standardization of devices, were 
conceived and financed during the 
1950's. The development of rockets and 
space vehicles toward the end of the 
decade provided the final impetus to 
such studies; added payload could be 
related directly to rocket cost at an 
average saving of about $20,000 per 
pound. Reducing the weight of portable 
ground equipment was also important, 
and to that end the Signal Corps 
sponsored the technique known as 
"Micromodule." This technique in­
creased the packing density to about 
400 parts per cubic inch by mounting 
miniature devices on uniform ceramic 
wafers, which could then be assembled 
in standard modules. Other assembly 

106 
6600 COMPUTER 

I 
7090 COMPUTER 

� w 
l-

1620 COMPUTER I 
V) 105 >-
V) 
n:: w 
0.. 

TELSTAR 
I-
Z 
:J 10' 0 
U 
I-
Z w 
Z 0 1Q3 0.. 
� 

TLEVISION SET 

•.... ------•... -----

0 
U 

102 
PORTABLE RADIO 

I 
HEARING AID I 10 

1950 1955 1960 1965 1970 

GROWTH IN ELECTRONIC·SYSTEM COMPLEXITY is indicated by the number of 

devices (such as resistors, diodes and transistors) required in representative electronic 

mechanisms developed since 1950. The 1620 and 7090 computers are those of International 

Business Machines Corporation. The 6600 computer, currently believed to be the most 

capable in the world, is built by Control Data Corporation. It contains about 100,000 
diodes, 350,000 transistors and 500,000 resistors, all assembled individually. Telstar is the 

Bell System's communication satellite. "ESS" refers to Bell's "electronic switching system." 
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the line can be laid down in a zigzag 
pattern. To form a capacitor one can lay 
down a thin film of insulating material 
between two thin films of metal; the 
appropriate value of capacitance can be 
closely controlled by adjusting the sur­
face area of the sandwich and the thick­
ness of the insulating material. 

Thin films are commonly deposited 
by evaporation or, if the film material is 

a refractory substance that does not 
readily vaporize, by "cathode sputter­
ing." Evaporation is achieved by heating 
the metal above its boiling point inside 
a vacuum chamber that also contains 
plates of glass or ceramic on which the 
metal is to be deposited. Films of the 
desired thickness can be produced in a 
matter of minutes. 

which positively charged ions of a gas 
are used to bombard a negatively 
charged target, or cathode, consisting of 
the refractory material that is to be de­
posited as a thin film. The gas particles 
act as high-speed projectiles that vapor­
ize the target material by bombardment 
rather than by heat. The substrate 
becomes coated with the atoms driven 
from the cathode. Sputtering also pro-Cathode sputtering is a process in 

P·TYPE 

SILICON CRYSTAL 

CIRCUIT UNIT 

5a MASKING AND ETCHING 

5b SECOND DIFFUSION 

9 METALLIZATION 

FABRICATION OF INTEGRATED CIRCUIT is an elaboration of 

the process used to make individual silicon transistors. The process 

begins (1) when a long single crystal of silicon about an inch in 

diameter is sawed into wafers a few thousandths of an inch thick. 

Each wafer will ultimately yield 100 to 500 individual circuits. 

This sequence will show how a transistor and a resistor are formed 

in one small portion of such a circuit. The original silicon wafer 

contains "dopants," or impurity atoms, that make it p-type (for 

"positive"). It is thus a good conductor of positive current. By 

epitaxial growth 12a) a thin layer of lI·type (for "negative") silicon 
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2a GROWTH OF N·TYPE 
EPITAXIAL LAYER 

2b OXIDATION 
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p 

6 OXIDAT I ON 

10 MASKING AND ETCHING 

is deposited over the p·type substrate; oxidation (2b) forms a 

layer of silicon dioxide (5iO.,) that seals the silicon below. A 

photolithographic process in';;olving extremely accurate masks 

and acid etching (3a) removes the silicon dioxide in certain areas 

to expose the ,,·type silicon. High.temperature diffusion in an 

atmosphere containing /J.\ype dopants (3b) converts lI·type silicon 

to p·type. Oxidation (4) again seals the entire surface. Another 

masking and etching step (Sa) selectively exposes n·type regions, 

and a second diffusion (5b) converts these regions to /J.\ype down 
to a carefully controlled depth. Oxidation (6) once more seals the 
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duces useful films in very few minutes. 
To form large numbers of passive de­

vices, such as resistors or capacitors, one 
or more thin-film layers are deposited 
on a large sheet of glass or ceramic. This 
is followed by a shaping operation, such 
as etching, to form the required outlines. 
Alternatively, the film can be deposited 
through a mask onto the substrate to 
define the outlines directly. In this way 

many identical thin-film devices can be 
made on a single sheet of material, 
which is then cut apart to yield individu­
al devices. One can easily see, how­
ever, that a group or network of devices 
can be tied together into a circuit mere­
ly by providing a pattern of intercon­
nections leading from one device to 
another. 

has particular interest because of its 
simplicity, high quality and durability 
employs the metal tantalum and some of 
its compounds. Resistors are formed by 
lines of tantalum nitride; capacitors are 
created by sandwiching a film of an­
odized, or oxidized, tantalum between 
two films of tantalum metal. Resistors 
are also anodized to adjust their values 
precisely and to provide a protective One system of thin-film circuitry that 

3a MASKING AND ETCHING 

3b FIRST DIFFUSION 

7a MASKING AND ETCHING 

7b THIRD DIFFUSION 

11a 11 b 

surface. Another masking and etching step (7a) and a third diffu· 

sion (7b), this time with n·type dopants, creates a tiny n·type 

region that will form the "emitter" of a transistor. Note that the 

U.shaped region to the right, which will become a resistor, remains 

sealed by silicon dioxide and thus is not affected by the third 

diffusion. Another masking and etching step (8) produces the 

pattern of windows that will enable metal to make contact with 

three regions on the transistor (emitter, base and collector) and 

two points on the resistor. These contacts are made (9) when 

metal is evaporated over the entire surface of the wafer. A final 

4 OXIDATION 

8 MASKING AND ETCHING 

12 

EMITTER (N) } . RESISTOR (P) 
BASE (P) TRANSISTOR 

COLLECTOR (N) 

UJ 
cr: w 
I­w 
� 
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masking and etching (10) creates a network of conductors and 

"pads," or terminals, that makes the circuit accessible to the 

outside world. A top view of the complete circuit (lla) shows a 

network of six transistors and three resistors, which are connected 

as shown in the symbolic diagram of the circuit 01 b). Fine gold 

wires are bonded to the terminals of the circuit and to posts on a 

lO·lead platform. This assembly is then sealed with a vacuum· 

tight cover (2). The circuit shown is an "input·gate circuit" 

manufactured for use in computers by Motorola Semiconductor 

Products Inc. Vertical dimensions are exaggerated for clarity. 
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layer of oxide. The various circuit com­
ponents are connected by metallic tan­
talum. By close monitoring of the 
process at each step, circuits made up 
of thin-film resistors and capacitors can 
be held to within a fraction of a percent 
of the appropriate electrical values. 

Semiconductor Technology 

The second stream of microelectronic 
development, Rowing from transistor 
technology, led to the most versatile 

circuit-building process of all. This ac­
tivity has been more intensive and sev­
eral times larger in scale than the thin­
film program. It is based on carefully 
grown single crystals of silicon, a semi­
conducting material whose electrical 
properties stand midway between those 
of metals and non-metals. The electrical 
properties of silicon can be sensitively 
and precisely manipulated by adding 
minute amounts of "dopants," or im­
purities. 

In the periodic table of elements 

silicon (and germanium) are found in 
the column labeled Group IV. The do­
pants are elements such as gallium and 
boron from the Group III column, or 
elements such as arsenic and phosphorus 
from the Group V column. \"'hen Group 
III dopants are added to silicon or ger­
manium, they create a deficiency of con­
duction electrons in the semiconductor. 
As a result the doped region contains 
"holes"-sites that would otherwise be 
occupied by electrons. The holes act as 
positive charges and therefore can carry 

GROWING OF SILICON CRYSTAL starts the process of manu· 

facturing an integrated circuit. Here a single crystal is being withdrawn 

slowly from a crucible of molten silicon. The scenes on these two 

pages were photographed at Texas Instru.ments and Western Electric. 

SLICING OF CRYSTAL produces the wafers on which dozens 

to hundreds of complete circuits are fabricated. The crystal 

is cut by a circular saw whose diamond edge is on the inside 

of the blade. The wafers are held together after being cut. 

VAPOR DIFFUSION introduces dopants and thereby alters the elec· 

trical properties of the epitaxial layer wherever it has been exposed 

by the previous etching step. This "boatload" of wafers is about to en· 

ter a diffusion furnace held between 900 and 1,200 degrees centigrade. 
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TESTING OF COMPLETED CIRCUIT is performed by a 14· 
point probe that makes contact with the various terminals. 

The circuit is one of Western Electric's, but it resembles in 

size the Texas Instruments circuit shown at the top of page 56. 
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a positive current; such a region is 
designated p-type. Group V dopants, on 
the other hand, create regions with an 
excess of conduction electrons; these 
electrons carry negative current and the 
regions are therefore designated n-type. 
The boundary between a p-type region 
and an n-type region within a single 
crystal is called a p-n junction. 

A structure with a single p-n junction 
can act as a diode: it has the ability to 
rectify alternating current or to function 
as a switch. The transistor is a two-

junction device in which the junctions 
separate three regions that can be either 
p-n-p or n-p-n. An electrical contact is 
affixed to each of the three regions,  
which are called the emitter, the base 
and the collector. 

Transistor performance was steadily 
improved as it became possible to bring 
these regions closer and closer together. 
This depended in turn on the ability to 
introduce Group III and Group V ele­
ments in extremely accurate amounts 
and in precise locations. It  is common-

place today to control the concentration 
of dopants to parts per billion and the 
junction separations to a fraction of a 
wavelength of light. The dopants are 
diffused into the semiconductor crystal 
at high temperatures. 

The diffusion process has been used 
since about 1955 to make high-per­
formance diodes and transistors. In this 
process a "boatload" of semiconductor 
crystals, usually in the form of silicon 
wafers about an inch in diameter, is 
placed in a furnace held closely at a 

EPITAXIAL LAYERS are grown on silicon wafers inside a 
furnace. The furnace atmosphere contains silicon doped with 

tiny amounts of additives that will give the epitaxial layer 

different electrical properties from those of the substrate. 

ACID ETCHING produces a minuscule pattern of windows in a protec­

tive layer of silicon dioxide that was formed on the wafer following the 

step shown at left. The windows delineate the tiny regions that will be­

come transistors and other elements in the finished integrated circuit. 

DIAMOND·TIPPED SCRIBER scratches a grid of fine lines 

between the rows and columns of circuits. After being jacketed 

in transparent plastic tape the wafer is drawn across a sharp 
straightedge, thus breaking the circuits into individual "chips." 

FINAL PACKAGING is a delicate operation; here a vacuum pencil is 

used to pick up the circuit and position it accurately in a metal case. 

After positioning, the circuit is cemented in place with a glass-frit ad· 

hesive. The rectangular frame around the package facilitates handling. 
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CIRCUIT DIAGRAM shows the complexity of the Texas Instruments circuit pictured at 

the top of page 56 and helow. The 24 zigzag lines represent resistors; the 16 circles repre­
sent transistors. The short straight line facing a curved line is the circuit's single capacitor. 

In the actual circuit 32 resistors are needed to do the work of the 24 in the diagram. 

CLOSEUP OF CIRCUIT shows details of packaging. The circuit chip actually contains a 

total of 23 transistors and 68 resistors, which can be used to form other kinds of circuits. 

FORTY-NINE CONVENTIONAL COMPONENTS, the equivalent of those in the inte­

grated circuit above, are shown actual size. The 16 transistors are in metal cans; the 32 
resistors and one capacitor (the rectangular object with dots) are sealed in a plastic-like 

compound. The integrated circuit itself appears at bottom right in its hermetic package. 
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temperature in the range between 900 
and 1,200 degrees centigrade. In the 
furnace the crystals are surrounded by 
a vapor containing atoms of the desired 
dopant. These atoms enter the crystal 
by substituting for the semiconductor 
atoms at regular sites in the crystal lat­
tice and move into the interior of the 
crystal by jumping from one site to an 
adjacent vacancy. 

At each diffusion step in which n-type 
or p-type regions are to be created in 
certain areas, the adjacent areas are pro­
tected by a surface layer of silicon diox­
ide, which effectively blocks the passage 
of impurity atoms.  This protective layer 
is created very simply by exposing the 
silicon wafer at high temperature to an 
oxidizing atmosphere. The silicon diox­
ide is then etched away in conformity 
with a sequence of masks that accurate­
ly delineate a multiplicity of n-type and 
p-type regions .  

To define the microscopic regions that 
are exposed to diffusion in various stages 
of the process, extremely precise photo­
lithographic procedures have been de­
veloped. The surface of the silicon di­
oxide is coated with a photosensitive 
organic compound that polymerizes 
wherever it is struck by ultraviolet ra­
diation and that can be dissolved and 
washed away everywhere else. By the 
use of a high-resolution photographic 
mask the desired configurations can thus 
be transferred to the coated wafer. In 
areas where the mask prevents the ultra­
violet radiation from reaching the or­
ganic coating the coating is removed. 
An etching acid can then attack the 
silicon dioxide layer and leave the un­
derlying silicon exposed to diffusion. 
The multiple pattern of tiny images that 
forms the mask for each step is reduced 
and replicated photographically from 
master drawings that are usually two or 
three feet square to minimize drafting 
irregularities [see illustration on page 
66]. The copying lenses for the job 
must have exceptionally high resolution 
and low distortion . 

Contributing greatly to the manufac­
turing technique is a unique crystal­
forming method known as epitaxial 
growth. This is a term used by crystal­
lographers to describe the growth on a 
crystal surface of a second material that 
preserves the crystalline structure of the 
original substrate. Electronic engineers 
have borrowed the term and applied it 
broadly to include the controlled depo­
sition on a single semiconductor crystal 
of a layer of the same semiconductor. 
The new layer, which grows at the rate 
of about five microns a minute, can 
have almost any desired composition of 
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ITT Scientist awarded medal by Franklin Institute 
for being 25 years ahead of his time. 

Twenty-five years ago Alec 
Reeves, ITT scientist, invented 
the system which allowed the 
recent Mariner IV spacecraft to 
transmit television pictures from 
Mars to Earth. It's called Pulse 
Code Modulation or PCM. 

Only now, 25 years later, has 
science, with the introduction of 
transistor devices and other 
semiconductors, caught up 
with PCM's great potential. 

PCM, of course, was never 
intended for outer space 
projects. It was a way to slice a 
telephone call, a television 
picture or other electric 
communication into pieces or 
"bits." These then could be 
transmitted long distances and 
reconstructed instantaneously 
at the receiving end. 

Today PCM permits multiple· 
telephone conversations to be 
sent simultaneously over a 
single line facility. It's already 
installed in England and widely 
used in the United States. 

For his remarkable idea, Alec 
Reeves was awarded this year's 
Stuart Ballantine Medal of the 
Franklin Institute. 

Helping people and nations 
communicate, that's a vital part 
of the work of all the people at 
ITT, world's largest international 
supplier of electronic and 
telecommunication eqUipment. 

Inlemat;onal Telephone and Teleg,"ph Co'po'"tlon, NewYmk, N.Y. ITT 
65 

© 1965 SCIENTIFIC AMERICAN, INC



66 

Now at lower cost! 
Technical-grade 

cerium by the ton 

If you've been intrigued by the 
promising possibilities of cenum 
oxide for your product or proc­
ess, only to be turned away by 
the cost. now's the time to take 
another look. 

Molycorp's new plant at Moun­
tain Pass, Calif., is now producing 
large, commercial quantities of 
technical-grade cerium oxide (as 
well as lanthanum concentrate 
and 99.9% europium oxide). A 
new solvent-extraction process 
makes this cerium oxide available 
at lower cost than ever before. 

Mail the coupon today for price 
information and a detailed speci­
fication. 

.-------------------- -

· MO!JL.COT,i' 
Molybdenum Corporation 
of America 
Dept. Sl1, 280 Park Ave., 
New York, N.Y. 10017 
Please tell me more about the new 
availability of cerium oxide from 
Molycorp. 

Name, ____________________ __ 

Tille ______________________ _ 

Company __________________ __ 

AddreSSi ____________________ _ 

City ______________________ _ 

, State Zip _____ f 

'�---.-.-.-.. -------.. � 

PRECISION MASK for laying down the pattern of elements in an integrated circuit is 

drawn on a large scale by a computer at Western Electric. By means of precision photo. 

graphic lenses the mask is reduced to microscopic size and replicated as may be required 

to cover the surface of a silicon wafer. The overall reduction in scale is about 500 to one. 

electronically active impurity atoms. It  
is the highly controlled epitaxial layer 
that is further altered locally by the 
diffusion process described earlier. 

When this technology is used to make 
individual transistors, about 1,000 are 
diffused into a single one-inch wafer 
of silicon that is about .006 inch thick. 
The transistors are sometimes separated 
by sawing them apart, but closer spac­
ing can be achieved if a diamond point 
is used to inscribe a grid of fine lines 
between the individual devices. If the 
inscribed wafer is drawn across a sharp 
edge-in two directions at right angles 
to each other-it will break cleanly into 
tiny square "chips." Fine wire leads are 
then bonded to the emitter and base 
regions on each chip and the chip is 
sealed in a vacuum-tight can to form a 
finished transistor. Last year about 100 
million transistors were produced in the 
U. S. by this method. 

Epitaxial growth in combination with 
oxide masking and diffusion have given 
the device designer extremely flexible 
tools for making an almost limitless 
variety of structures. The best of the 
transistors produced in this way are 
so reliable that in a billion device-hours 
of operation (for example 100,000 tran-

sis tors tested for 10,000 hours) the 
failure rate ranges between one and 10. 

Extension of the Tech n ology 

These processes for transistor fabrica­
tion were well established by 1960. 
Engineers at Texas Instruments Incor­
porated saw the possibility of produc­
ing complete circuits within a silicon 
chip by forming all the circuit elements 
by diffusion and connecting them by 
fine bonded wires. Fairchild Semicon­
ductor made similar circuits in silicon 
chips but connected the elements by a 
planar, or essentially two-dimensional, 
pattern of aluminum evaporated as a 
thin film over the silicon dioxide layer 
used during the oxide masking opera­
tion [see illustration on pages 60 and 
61]. 

Such assemblages, known as silicon 
integrated circuits, were rapidly devel­
oped in the preferred planar form 
between 1960 and 1963 to meet the 
requirements of the solid-fuel missile 
program. Designers of commercial com­
puters and other complex nonmilitary 
equipment were quick to recognize that 
integrated circuits promised reliability, 
performance and economy unmatched 
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WHO HAS ... 

the world's largest 

airline weather center, 

with daily reports from 

weather satellites ... 

jet schedules you 

can count on ... 

and maybe the juiciest 

steaks in the sky ... 

W ho but 

UNITED AIR LINES 
Welcome aboard the Extra Care Airline 
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1 6 1 7: "Napier's Bones" 
an inspiration for a 
calculating tool . . . 

. . .  to perform AxB ­
probably i nvented to 

save t ime and reduce 

e rror i n  compi l i ng  

h is  8·p lace tab les of  

In (X). These  famous 

tables opened new 

realms i n  a rithmetica l  

computations.  Even  

to  the modern 

sc ientist, Nap ier's 

contributions are 

mathematical  too l s  

o f  fundamenta l 

s ignificance. 

1 965 : the L O C I* 
an inspiration for a 

desk-top digital computer 

* LOC I - LOga ri t h m i c  C o m p u t i n g  I n strument 

. . . to perform AxB, a s  some do, a nd 

V A +  BxC/D, as others do, a n d  even I n (X) 

and eX (X is any rea l n u m be r) .  For the 

modern sc i e nt i st, o n l y  LOC I opens such 

new rea l m s  of mathemat i c a l  ana lys is  at 

h i s  desk - w ith the response of l a rger 

comp uters a n d  the conve n i e nce of s i m p l e  

ca l c u lators. 

PR I C E  RANGE:  $2750-$8450 

Wang olatoraiorie:J, 3nc. 
836 North Street • Tewksbury, Mass. 0 1 876 

Telephone (61 7) 851 ·731 1 
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by any other technique. Today inte­
grated circuits are produced commer­
cially in great variety and large volume 
by such firms as Texas Instruments, 
Fairchild, Motorola Semiconductor 
Products Incorporated and the Westing­
house Electric Corporation . The West­
ern Electric Company, the manufactur­
ing arm of the Bell System, is building 
integrated circuits for military purposes 
and Bell Laboratories is exploring their 
application to commercial telecommu­
nications .  Meanwhile Western Electric 
is producing thin-film circuits combined 
with high-performance diodes and tran­
sistors for certain demanding tasks in 
the Bell System. 

Almost certainly the integrated cir­
cuit will undergo many improvements 
before its potential is exhausted. About 
a year ago engineers at Bell Laboratories 
made one such improvement with the 
"beam lead" technique. Here the word 
"lead" (as in "lead into," not the metal 
lead) refers to the metallic conductors 
that connect the individual devices in an 
integrated circuit. Originally these leads 
were made of aluminum applied over 
the top surface of the integrated circuit 
chip and terminated near the edges of 
the chip in "pads" of relatively large 
area. Fine gold wires a quarter of the 
thickness of a human hair were then 
bonded to the pads by heat and pressure 
to make the circuit accessible to the ex­
ternal world. The cost of making the 
wire bonds, and also their low but finite 
failure rate, stimulated a search for an 
alternative scheme. 

The remedy was to replace the alumi­
num intraconnections with intraconnec­
tions of gold. At the same time the size 
of the gold leads was increased, so that 
with respect to the mass of the tiny 
circuits they have the strength of struc­
tural beams.  This makes it possible to 
etch through the back of the silicon 
substrate in which the circuit is em­
bedded and thereby provide a strong 
overhanging lead that can be used to 
attach the circuit to the interconnection 
pattern of the electronic system . In 
addition, the back-etching makes it pos­
sible to isolate the various devices in 
the circuit, thus eliminating unwanted 
electrical interactions that tend to de­
grade circuit performance. 

Packaging and Reliability 

The first packages used for integrated 
circuits were a simple adaptation of the 
metal cans that had been used to house 
transistors.  Whereas the transistor pack­
age has only three leads extending from 
its base, however, the integrated-circuit 

package has many more, typically eight 
to 12. These packages, which are vac­
uum-tight and rugged, can be assem­
bled into complete systems by attaching 
them to printed circuit boards. Recently 
a new flat package has been designed 
speCifically for integrated circuits. Ex­
tending from two edges of the package 
are ribbon leads that can be attached 
to printed circuit boards or three-dimen­
sional wiring arrays.  Circuits containing 
either the cylindrical or the flat package 
routinely withstand centrifugal tests that 
produce accelerations of 20,000 g's, 
which is roughly the acceleration experi­
enced by a well-hit golf ball as it leaves 
the tee. (One g is the acceleration due 
to gravity at the surface of the earth . )  

These various forms o f  packaging add 
significantly to the cost of integrated 
circuits.  Efforts are being made, there­
fore, to prOVide a stable, protective 
surface over the silicon chip so that 
cheaper packages, supplying only me­
chanical protection, can be used. Re­
cently circuits "potted" in plastic have 
been developed for use in noncritical 
applications, and further improvements 
can be expected in the future. 

The reliability of integrated circuits 
has not yet been established with as 
much certainty as the reliability of dis­
crete devices, both because of the mag­
nitude of the task and because of the 
insufficient period of time since the cir­
cuits were developed. It seems reason­
ably safe to say, however, that the reli­
ability of the latest integrated circuits is 
at least equivalent to that of high-quality 
individual components . This implies that 
a given system made from such circuits 
should have a considerably higher level 
of reliability than one made from con­
ventional devices because far fewer 
packaged units would be needed. 

There are many variations of circuit 
design and assembly that might be 
placed under the heading of microelec­
tronics, but the thin-film circuit and the 
semiconductor integrated circuit-and 
combinations of the two-represent the 
leading developments in the field. To­
gether they should be able to meet the 
needs of the electronics industry for 
some years to come. 

Future Directions 

For the rather more distant future 
one may hope to find new conceptions 
that will drastically reduce the number 
of devices now needed to perform a 
given function . One has the feeling that 
present circuit theory, tied as it is to the 
familiar circuit elements, fails to pro­
vide system functions as directly and 
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Creative Illen 
mth the tools to innovate 

If you had a multi-million dollar department, staffed with several hundred top 

scientists specializing in materials ,  searching full time for answers to questions 

involving design/performance/service life . . .  a department with more than 20 
years of materials R & D  under its belt . . .  if you had such a department, it would 

be like having us. Materials . . .  that 's our department. 

Example: Sealants that cure without heat to indestructible silicone rubber. They 

seal and bond auto windshields , aircraft fuel tanks, buildings , bathtubs . . .  

wherever cold, heat, pressure , water or weather can cause problems . Problems 

have a way of inviting innovations from us! 

For a diet of new materials ideas, become a reader of our bi-monthly magazine, 

MATERIALS NEWS. Get it  free by writing Dept. 9023, Dow Corning Corporation, 

Midland, Michigan 48641 . 
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In more and more schools . . .  
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last year ! )  
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terial contained in the textbook . 

Teachers who have used them find that their students 

respond with a better grasp of the whole subj ect and 

with more enthusiasm for the assigned readings.  

The more than 500 articles that are presently available 
cover a broad spectrum of current thought and research 

in the life sciences, the physical sciences, and the social 
sciences . Each Offprint, still only 20c. 

Send for a free descriptive brochure to: 

w. H. Freeman and Company 
660 Market Street, San Francisco 4, California 

Warner House, 48, Upper Thames Street, London, E. C. 4  

simply a s  possible. I t  should b e  possible 
to develop a new class of functional de­
vices that use basic properties of matter 
to obtain results now achieved by sheer 
multiplication of devices .  

A n  example o f  a functional device 
that has been in use for many years is 
the piezoelectric quartz-crystal resona­
tor. This is a device that provides an ac­
curate frequency, or timing, impulse in 
many electronic systems.  Its operation is 
based directly on the piezoelectric ef­
fect, in which a crystal produces a volt­
age when it is mechanically deformed 
or conversely is mechanically deformed 
when it is subjected to a voltage. Quartz 
not only exhibits this effect but also its 
crystal structure is highly elastic, so that 
it vibrates in selective modes with low 
internal friction. These two proper­
ties can be exploited to maintain a pre­
cise frequency in an electronic circuit. 
If one tries to duplicate such a resonant 
circuit with standard circuit elements, 
one needs many more components and 
the result is much less satisfactory. 
Moreover, one cannot point to anything 
in the quartz-crystal resonator and say 
this acts as a capacitor, this as a resistor 
and so on. One might say that it works 
out of internal necessity. 

Several laboratories now have pro­
grams seeking to develop functional 
devices .  Before such programs can be 
fully effective, however, new analytical 
tools will be needed to formulate the 
functions one wishes to perform in a 
way that suggests how the functions 
may be achieved. The functional-device 
approach is therefore a long-range pro­
gram , but it is one that promises large 
returns if it succeeds .  

Meanwhile the microelectronic tech­
nology we have described will continue 
to grow vigorously. Discrete components 
will be of decreasin g importance for 
future systems, but like the vacuum tube 
they will remain available and useful for 
many tasks. 

'Within the electronics industry inte­
grated circuits have upset the tradi­
tional division of effort between compo­
n ent suppliers and system designers. 
The component supplier is now capable 
of movin g up one level in complexity by 
providing circuits in place of individual 
devices. Thus he can vie with the sys­
tem designer and encroach on design 
territory once regarded as the system 
engineer's exclusive domain. System 
builders, in self-defense, are learning 
how to make integrated circuits . It is not 
at all clear how traditional roles will 
evolve with time, but then the electron­
ics industry thrives on change. 
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© 1965 SCIENTIFIC AMERICAN, INC



© 1965 SCIENTIFIC AMERICAN, INC



O l ivett i U n d e rwood i n n ovates : 
a co m pact e l ect r i c  typewr i te r  t h at d o es n 't 

m a ke m ista kes w h e n  yo u d o, P rax i s  48.  

A com p l ete ly new mechan ica l  pr i n c i p l e  makes the com pact Praxis 4 8  l etter pe rfect. Its u n i q u e  "cha racter 
sensor" feat u re prevents the 4 errors of typ i n g: u nsight ly c rowd i ng, b l u rr i ng, f lying ca ps and i m p roper  spac­
i ng.  The Praxis is neat, ha ndsome.  N o  less im porta nt,  i t  costs l itt le  more tha n most manua l  typewriters. $295. 

0 1  i vett i  U nd e rwood i n n ovate s :  
t h e  ca l c u lato r  

t h at ta kes a l l  t h e  s h o rtc uts ,  Logos 2 7  

With its t h ree memories ,  the Logos 2 7  saves e n d l ess ree ntry a n d  operator t i m e .  As does its % key for a utomatic ca lcu lat­
ing of d i scount ,  tax a nd net;  dec i m a l  whee l  for a utomatic cut-off and round-off ; n2  key, combi ned with u n l i m ited m u lt i p l i ­
cat ion ca pacity, for ra i s i n g  to a ny powe r .  Order now for spr ing  de l ivery ,  p l a n  to b r i n g  new speed to you r  c a l c u lat ions .  $ 1 100_  

g o l i vett i u nd e rwood i n n ovates 

© 1965 SCIENTIFIC AMERICAN, INC



The Reversal of Tumor Growth 

The fact that cancers are usually irre()ersible lS sometimes taken as 

showing that they are caused by mutation. Some "multipotential" cells 

in plants and animals, howe()er, can change from malignant to normal 

I
t is fashionable today to attempt to 

explain the abnormal growth char­
acteristics of a tumor cell on the 

basis of the chemistry of the cell's 
genetic material: the nucleic acids. This 
seems reasonable because there can now 
be little doubt that the cellular change 
that gives rise to tumor cells is inher­
itable. Tumor cells, on dividing, pro­
duce tumor cells like themselves, and 
rarely do the descendants change back 
to normal cells. An interpretation of the 
nature of the inheritable cellular change 
that is often favored is that the malig­
nant transformation involves a perma­
nent alteration of the cell's genetic 
makeup-specifically of its deoxyribo­
nucleic acid (DNA). Such changes in 
the DNA, which are known as muta­
tions, could result from either the loss 
or the permanent rearrangement of 
some of the genetic material present 
in a cell. They could also result from 
the addition and integration of new 

by Armin C. Braun 

genetic material into the cell's genome, 
or set of genes. There appears, never­
theless, to be another possible explana­
tion to account for the abnormal growth 
behavior of a tumor cell. The inheritable 
cellular change that leads to abnormal 
growth may lie not in any alteration of 
the information carried by the genes 
but in an altered expression of their in­
formation. 

It is well known that in its ordinary 
chemical activities the normal, differen­
tiated cell uses only part of its genetic 
information. Perhaps 10 to 20 percent 
of its genes are active at any one time; 
the rest are repressed and hence non­
functional. It is also known that by 
changing the environment in which 
cells are grown an experimenter can 
sometimes repress certain genes and ac­
tivate others. This results in new pat­
terns of synthesis in a cell and may lead 
to striking differences in the behavior 
of a cell. It may be, therefore, that in 

some tumor cells the malignant pattern 
of behavior results from the fact that 
certain genes are activated and certain 
others are repressed. 

There is an obvious test for this con­
cept. Can a tumor cell be transformed 
back to the normal state, in which it 
exhibits normal behavior, by manipulat­
ing the conditions under which it is 
grown? It turns out that this can indeed 
be accomplished with certain types of 
tumor cell. They are called "multi­
potential" cells, because they are capa­
ble through intracellular regenerations 
of giving rise to a wide variety of dif­
ferent cell types. The most spectacular 
experiment has been achieved with 
tumor cells from certain plants; in this 
experiment an entire plant, consisting 
of fully differentiated cells and tissues, 
has been grown from a single multi­
potential tumor cell! 

I shall discuss four examples of multi­
potential tumor cells-two from plants 

CROWN GALL TUMOR cut from a tobacco plant continues its 

profuse growth in a laboratory flask, nourished by a basic culture 

medium solidified with agar. The crown gall disease begins when 

a wounded plant is infected by a bacterium; the tumor cells will 

then flourish even if the parent plant and bacterium are removed. 

SLOWER·GROWING TUMOR, although abnormal, still retains a 

significant remnant of the normal plant's capacity to form differen­

tiated tissues in that it can form tissues that resemble leaves and 

buds. Called a teratoma, such a growth can be forced into chang­

ing from abnormal to normal (see illustration on next two pages). 
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REVERSAL PROCESS is demonstrated in this sequence of draw­

ings_ First, a tobacco teratoma (a) provides a single tumor cell 

that is moved to filter paper resting on "nurse" tissue (b). The cell 

multiplies (e); it is moved (el) to a basic culture medium in a 

flask, where it grows into an array of abnormal teratoma buds and 

leaves. One bud is then grafted onto the cut stem of a normal 

and two from animals-that have shown 
this capacity to heal themselves and 
recover completely from the tumorous 
state. They are special cases; most other 
types of cancerous cell have not so far 
given evidence that they can recover 
from the tumorous condition and revert 
to normal cell types. These four cases, 
however, indicate clearly that at least 
in some tumors it is possible for the cells 
to regain the normal state. 

The first example deals with a tumor-
ous disease of plants known as the 

crown gall disease. This disease has 
been studied thoroughly and therefore 
can be described in greater detail than 
the others [see "Plant Cancer," by Ar­
min C. Braun; SCIENTIFIC AMERICAN, 
June, 1952]. Let us note to begin with 
that the cancers of plants are in many 
respects strikingly similar to those of 
animals. They can be initiated by many 
of the same kinds of agents; the trans­
formed cells grow autonomously with­
out control by the host plant; they re­
produce true to their tumor type; they 
lack the structure and functions of 
normal cells. In short, they show the 
essential biological characteristics of 
malignant animal cells. 

The crown gall disease is caused by 
a tumor-inducing principle (TIP) pro-
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duced by infection of the plant with a 
certain bacterium. This principle can 
transform normal cells of the plant into 
tumor cells within a matter of hours. 
Once transformed, the changed cells 
will proliferate of their own accord, in­
dependently of the growth-restraining 
influences of the plant or the bacterium 
that originally gave rise to them. Cells 
taken from a crown gall tumor in 
which all bacteria have been killed will 
grow profusely and indefinitely on a 
simple culture medium on which normal 
cells cannot grow at all. A small frag­
ment of crown gall tissue completely 
free of bacteria will grow into a typical 
tumor when it is transplanted from the 
culture or the diseased plant into a 
healthy plant of the same kind. These 
studies show that the cells transformed 
to the tumorous state have undergone a 
profound and inheritable change. 

The way the change comes about 
does not, however, suggest a sudden 
genetic mutation; rather, it seems more 
consistent with the assumption that 
some alteration in the cell that affects 
the activity of the genes has occurred. 
Studies show that the change to the 
tumorous state varies in degree and 
that it depends on the phYSiological 
state of the cell at the time that the 
transformation of a normal cell to a 

tumor cell takes place. The mere pres­
ence of the bacterium and the tumor­
inducing principle will not transform 
normal cells unless the plant has been 
conditioned-that is, made susceptible 
-by means of a wound inflicted on its 
tissues. In other words, the principle 
takes effect only if the cells have been 
subjected to the irritation accompany­
ing a wound. 

Moreover, the effect is not a one­
step process but takes place gradually 
and progressively over a period of about 
three days. Cells transformed to the 
tumorous state about 34 hours after the 
wound has been inflicted on the plant 
are benign and grow only slowly. If the 
transformation takes place about 50 
hours after the wound, the tumor cells 
grow somewhat faster. In contrast, cells 
that are transformed in the period be­
tween 60 and 72 hours after wounding 
grow very rapidly and are fully autono­
mous. Detailed examination has dis­
closed that this drastic transformation 
occurs if the change is induced at the 
stage in the wound-healing cycle just 
before the normal plant cells begin to 
divide most actively in the process of 
repairing the wound. 

The degree of transformation is trans­
mitted to the offspring of the changed 
cells. Slow-growing tumor cells have 
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tobacco plant (e) and allowed to develop (j). A bud from this less 

abnormal growth is grafted to a second normal plant (g) and al­

lowed to develop again (h). When a bud from this second plant is 

grafted onto a third host (i), the new growth gradually becomes nor­

mal; it flowers (j) and sets seed (k). A plant raised from this seed 

(l) is completely normal; its cells will not grow on the medium (m)_ 

slow-growing descendants; moderately 
fast-growing cells reproduce their own 
kind, and fully malignant, autonomous 
cells give rise to fast-growing tumors. 
Here, then, is a case of transformation of 
cells to three different degrees of the 
tumorous condition, with the degree of 
change controllable at will. 

What cellular factors might be re-
sponsible for bringing about such 

alterations in behavior? To find the 
answer to that question we must look 
to the factors that regulate the normal 
growth and development of cells. These 
factors, in general, are hormones. In 
plants the hormones that regulate cell 
growth and division are of two kinds: 
the auxins, which control the cell's 
growth in size, and the cytokinins, 
which act together with the auxins to 
trigger cell division. Because of the fun­
damental role these two hormones play 
in regulating cell growth and cell divi­
sion it is likely that they play a central 
role in establishing the abnormal pattern 
of growth that is characteristic of plant 
tumor cells. 

Experimental studies have now clear­
ly demonstrated that tumor cells do, in 
fact, produce these hormones. Mature, 
differentiated plant cells do not, but 
when they are transformed into the 

tumor cells of the crown gall disease, 
they manufacture both hormones in 
copious quantities. This production not 
only can account in large part for their 
abnormal growth but also throws light 
on a specific difference between the 
normal cell and a tumor cell. A com­
parison of the three types of tumor cell 
I have described above-slow-growing, 
moderately fast-growing and rapidly 
growing-provides a clue to this differ­
ence. 

Tumor cells of the type that grow 
very rapidly can synthesize all the hor­
mones and other essential growth fac­
tors they need for their continued rapid 
growth from a minimal culture medium 
consisting only of mineral salts, sugar 
and three vitamins. They are therefore 
fully autonomous. The moderately fast­
growing tumor cells can also produce 
all those essential substances but not in 
amounts required for their rapid growth. 
The growth of such cells can be speeded 
up to the high rate of the fully trans­
formed cells by adding the hormone 
auxin, plus glutamine (an amino acid) 
and inositol (a component of the B­
vitamin complex), to the basic culture 
medium. The very slow-growing tumor 
cells, in turn, can be boosted to the 
same growth rate by adding to the 
medium not only these three substances 

but also aspartic acid (an amino acid) 
and cytidylic and guanylic acids (build­
ing blocks for nucleic acid). The differ­
ence between the three types of tumor 
cell is thus a quantitative matter. All 
three can grow continuously, although 
at different rates, on the basic culture 
medium, and the slower two can be 
speeded up to the maximum rate by 
being supplied with certain additional 
ingredients. 

Normal cells, on the other hand, 
cannot grow at all on the basic medium. 
This represents a qualitative difference 
between them and the tumor cells. In­
deed, the difference can be pinpointed 
more specifically. Like the slow-growing 
tumor cell, a normal cell can be forced 
into rapid growth on a culture medium 
supplemented with the ingredients nec­
essary for the rapid growth of the 
slowest-growing types of tumor cell. In 
addition, however, the normal cells 
must be supplied with one added in­
gredient the tumor cells do not require: 
cytokinin, the hormone that triggers cell 
division. The normal differentiated cell 
does not synthesize the hormone. All 
three types of tumor cell do produce it, 
and this distinction sets them apart 
from the normal cell. 

The experiments indicate, then, that 
the transformation from the normal cell 
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to the fully autonomous tumor cell en­
tails a series of changes in metabolism. 
In the normal cell the systems that 
synthesize the factors required for 
growth and division of the cell are in­
active; in the tumor cell all these sys­
tems are activated, and the degree of 
activation of these systems in a tumor 

cell determines the rate at which the 
tumor cell will grow. The substances 
that must be supplied to normal cells 
to stimulate their growth in a culture 
are just those specifically required by 
dividing cells, that is, the basic ma­
terials for making nucleic acids, certain 
special proteins involved in cell division 

and certain structures needed by the 
new cells, including membranes (for 
which inositol is required). The fully 
autonomous tumor cell, released from 
the restraints that regulate metabolism 
in the normal cell, becomes capable of 
synthesizing all these substances from 
simple food elements. In other words, 

VARYING GROWTH RATES among tumor cells demonstrate their 

various abilities to synthesize hormones and other essential sub-

stances from basic nutrients. A fully malignant tumor (first) grows 

best, a moderate one (second) less rapidly and a weak tumor (third) 

IDENTICAL GROWTH RATES are achieved by adding nutrients. 

None are needed by the malignant tumor (first). Growth of the mod-
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erate tumor (second) has been speeded by adding auxin, an amino 

acid and a B-vitamin component. The weak tumor (third) requires 
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in the tumor cell a new pattern of syn­
thesis is turned on. In this turning on 
the preliminary wounding and irritation 
of the cells play a crucial role. Once 
normal plant cells have been subjected 
to that triggering irritation they can 
be transformed into tumor cells not only 
by the tumor-inducing principle of bac-

even less than that. A clump of normal cells 

(fourth) shows no signs of growth at all. 

six extra nutrients; the normal plant cells 

(fourth) need six and hormone cytokinin. 

teria but also by various other tumori­
genic agents. 

The fully transformed crown gall 
tumor cell gives every sign of being 
permanently changed in character. In 
our laboratory at the Rockefeller Insti­
tute (now Rockefeller University) we 
have been growing such cells for more 
than 10 years without their showing 
the slightest tendency to revert to the 
properties or behavior of a normal plant 
cell. If, however, the multipotential cells 
of certain plant species are transformed 
only to a moderate degree, the tumor 
cells retain a significant remnant of 
normal behavior. These cells do not 
produce the characteristic unorganized 
crown gall tumor in a plant; instead 
they form a growth consisting of a 
chaotic mixture of partly developed 
plant tissues and organs. This type of 
growth, called a teratoma, shows some 
organization, but it is of an abnormal 
kind. The cells are clearly tumorous: 
they will grow profusely and indefinite­
ly on a simple culture medium that does 
not support the growth of normal cells. 
Yet they retain in the culture a pro­
nounced capacity for forming organized 
structures recognizable as leaves and 
buds, although these are highly abnor­
mal. The tissues are not a mixture of 
normal and tumorous cells; we were 
able to demonstrate that they are com­
posed only of tumor cells by growing 
teratoma tissue from single multipoten­
tial tumor cells. 

Suppose the abnormal tumor buds in 
such tissue were grafted to a normal 
plant. Might they, by being forced into 
rapid and organized growth, develop 
into normal shoots? If the tumor cells 
were actually mutants, irreversibly al­
tered by mutations of their genes, such 
an outcome would be highly improba­
ble. If, however, the cells' abnormal be­
havior was merely the result of a change 
in the expression of the genes' activity, 
perhaps the experiment might bring 
about a recovery of the cells. 

The experiments to explore this hy­
pothesis began with the grafting of 
fragments of teratoma tissue, grown 
from single cells, to the tips of the cut 
stems of tobacco plants. The teratoma 
tissues grew rapidly and organized 
highly abnormal leaves and buds. Tu­
mor buds were removed and grafted to 
the cut stem tips of tobacco plants; the 
grafted buds grew slowly into highly 
abnormal shoots. Cells taken from all 
parts of these shoots grew well on a 
simple artificial medium, indicating that 
they were still tumorous. On the tobac­
co plant the abnormal shoots were al­
lowed to grow to a length of four to 

six inches; then their tips were removed 
and grafted to another plant. This time 
the shoots grew somewhat more rapidly 
and were closer to normal in appear­
ance. vVhen this procedure was pursued 
a third time, the grafted tip usually 
grew into a normal shoot. It flowered 
and set fertile seed, which when planted 
gave rise to normal tobacco plants. 

The transformed tumor cells had 
made a complete recovery. The re­
covery, and the gradual process by 
which it took place, seem to rule out 
any likelihood that the change to the 
tumorous state was the result of muta­
tion at the level of genes in the cell nu­
cleus. The evidence suggests rather that 
there was only a change in the expres­
sion of the cells' genetic potentialities. 
In their tumorous condition the crown 
gall tumor cells retained all the factors, 
genetic and non genetic, that had been 
present in the normal state; nothing 
was lost or permanently rearranged. 
The cells were made tumorous simply 
by activation of some of the ordinarily 
inactive genes; the cells returned to the 
normal state when those genes were 
again repressed and rendered nonfunc­
tional. 

The second example I shall cite, but 
discuss only briefly, has to do with a 

tumor disease of plants that is inborn, 
not induced by an outside agent. Hy­
brid plants grown from a cross of two 
tobacco species (Nicotiana glauca and 
Nicotiana langsdoTffii) invariably de­
velop many tumors after they have 
reached maturity. The tumor cells of 
these plants confirm their tumorous 
state by the classic test: by their ability 
to grow profusely on a simple medium 
that will not support the growth of 
normal cells and by the fact that they 
can be successfully transplanted. Some 
years ago Philip R. White (now at the 
Jackson Memorial Laboratory in Bar 
Harbor, Me.) found evidence that these 
cells could be switched back to orga­
nized growth simply by changing the 
physical environment in which they 
were cultured. When they were grown 
on a medium solidified by agar, they 
developed in the unorganized way typi­
cal of tumor cells; when, on the other 
hand, they were immersed in the 
same medium in the liquid state, the 
cells formed organized tissues possess­
ing the normal appearance of leaves 
and shoots. White believed at the time 
that their recovery from the tumorous 
state was due to the reduced amount 
of oxygen in their submerged growing 
environment. Studies by Folke Skoog 
and his colleagues at the University of 
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Wisconsin later showed, however, that 
the difference between the normal and 
the tumorous cells lay largely in their 
relative production of the auxin and 
cytokinin hormones. A high ratio of 
auxin to cytokinin in the cells led to 
unorganized growth; the reverse, to 
organized growth. Apparently the en­
vironmental conditions affect the growth 
patterns of the tissues' proportionate 
production of the two hormones. 

�t us now consider two examples in 
the animal world showing that the 

recovery of cells from the tumorous 
condition is not by any means confined 
to plant life. A few years ago two Aus­
trian investigators, Friedrich Seilern­
Aspang and K. Kratochwil, reported 
remarkable findings in studies of the 
newt, an animal well known for its 
ability to regenerate injured or lost tis­
sues. They injected methylcholanthrene 
and other cancer-producing substances 
under the skin of the experimental ani­
mals; the animals rapidly developed 
massive malignant growths that infil­
b'ated and destroyed normal tissues and 
metastasized freely to other parts. Many 
of the newts died from the complica­
tions. In many instances, however, after 
the tumor had grown to a large size its 
cells stopped dividing and reverted to 
perfectly normal, differentiated cells; 
the animals then recovered completely 
from the disease. The Austrian investi­
gators found that they could demon­
strate such recovery most readily by in­
ducing the tumor at a site close to the 
base of the tail and removing part of the 
tail to stimulate the regenerative proc­
esses in the animal. 

It can be argued that the newt, like 
a plant, is a rather low form of life and 
therefore gives little indication of what 
may happen in higher animals. Very 
recently, however, the journal Cancer 
Research reported a striking case of 
similar recovery in a mammal. In this 

INNATE TUMOR DISEASE arises when 

the tobacco species Nicotiana glauca (top 

left in illustration at left) is crossbred with 

Nicotiana langsdorffii (top right). As the hy. 

brid offspring matures (center) the abnor· 

mal growths develop spontaneously. A cell 

from such a tumor, placed on a culture medi. 

urn solidified with agar, multiplies in typi­

cally unorganized fashion (bottom left). If 

the cell is placed in a liquid medium (bot­

tom right), however, its growth shows or­

ganization_ This is because cells on a solid 

medium synthesize more growth-promoting 

auxin than cytokinin, which promotes cell 

division; in the case of cells growing in 

the liquid medium, the ratio is reversed. 
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instance, reported by Lewis J. Klein­
smith and C. Barry Pierce, Jr., of the 
University of Michigan, the experi­
mental animal was the mouse and the 
growth involved was a highly malig­
nant teratocarcinoma (a type of tumor 
that occurs in man as well as in the 
mouse). Typically the growth contains 
cells of bone, cartilage, nerve tissue, 
tooth buds, hair follicles and many 
other well-differentiated cell types. The 
differentiated cells are mixed in a com­
pletely disorganized array in the tumor, 
and interspersed among them are many 
embryonal cancer cells. During serial 
transfer of such a tumor from mouse to 
mouse the broad spectrum of cell types 
is reproduced indefinitely. 

Kleinsmith and Pierce were interested 
in the origin of this great variety of 
different cells in the tumor. Did the 
various types of cell arise and prolifer­
ate independently or did they perhaps 
come from a common precursor or stem 
cell? To test the latter hypothesis the 
investigators implanted single embryo­
nal cancer cells in the peritoneal cavi­
ties of mice. They found that these 
single cancer cells developed into malig­
nant tumors that killed the animals in 
two to three weeks. The tumors con­
sisted, however, of the typical mixture 
of different cell types. That is to say, 
the single cancer cells had given rise 
not only to embryonal cancer cells like 
themselves but also to as many as 14 
well-differentiated cell types that were 
completely benign. These studies clearly 
show, then, that a cancer cell in a mam­
mal can produce benign, or normal, 
offspring. Moreover, it also seems likely 
from earlier studies in Pierce's labora­
tory that embryonal cancer cells them­
selves may often develop into benign, 
differentiated cells. In other words, they 
are multipotential cells, highly malig­
nant in the undifferentiated state but 
capable of giving rise to cells of various 
types that have lost their malignant 
properties. 

We are thus confronted with the 
basic question: Why is it that multi­
potential cells recover from the cancer­
ous state whereas other tumor cells do 
not? The answer to that question would 
appear to rest in the fact that multi­
potential cells are endowed with broad 
morphogenetic, or regenerative, capac­
ities. Such cell types can very effectively 
remodel metabolic patterns, as is clearly 
evident from the results described in 
this article. The apparent irreversibility 
of the tumorous state in the great ma­
jority of instances may simply reflect 
an inability of most differentiated body 
cells to undergo intracellular regenera-

QUESTAR KEEPS YOU SAFE FROM ALLIGATORS 

They may be tame as pussycats for all we know, but 
we prefer them at a goodly distance. If you too are 
prudent or just want to remain distant to avoid 
frightening timid animals, Questar will reach out 
for you and get fine closeup pictures, like this one, 
sharper pictures than a telephoto lens can produce. 

For each Questar is a work of art, a superfine 
astronomical telescope, so exquisite in power of 
definition that no man's hand can improve it Lest 
you think these words extravagant, consider please 
that Questar's optics cannot be mass produced, nor 
even adequately made by hand each time we try. 
Each lens and mirror must be matched and "mar­
ried" by aspheric hand retouching. 

Since no one can buy lens-mirror sets of such 
quality in any market, we accept the grim need to 
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800 diameters. That's right, 800x. Questar is so fine 
its images never get fuzzy-you just run out of light 
at such impracticably huge enlargements. 

You think this picture sharp? It really has only a 
fraction of the detail that could be seen in Questar's 
eyepiece, from some 60 feet away. Any way you 
look at it, the image our splendid little artifact deliv­
ers is not only beautiful, but often thrilling to behold. 
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One of n series briefly .leseribing G,U's research in depth 

A Noble Approach 
to an Old Problem 

Edison was first. 

He converted heat to electricity in a vacuum tube back in 
'83. But there was a barrier. We're knocking it down. 

In a gas-filled thermionic tube, electrons can be boiled 
off of an emitter and directed to a collector, giving 
current flow. But only briefly. Then a cloud of electrons 
forms in the path ... a space charge inhibiting further flow. 

One way to get rid of this barrier is to neutralize 
it with positive ions, charged atoms of some gas. Many 
experimenters use vaporized cesium. But its atoms 
impede electron flow, requiring close interelectrode 
spacing. So GM Research physicists chose some of the 
noble gases-argon, neon, and xenon. They offer less 
impedance. 

Our expeJ:imental emitter is a mixture of fissionable material 
and good electron-emitting material. Exposed to a 
neutron barrage in a reactor, the emitter gets hot from its 
own nuclear fission, sending electrons toward the 
collector. This same fission produces fragments that 
bombard the noble gas, generating ions to counteract 
the space charge. 

We have developed a theory to predict the ion generation 
rate and have experimental data that backs it up. 
We think we understand why and how things happen. 

General Motors is in the energy conversion business. 
The direct conversion of heat to electricity, with a device 
having no moving parts, interests us. 

General Motors Research Laboratories 
Warren, Michigan 

0.5 

_Theory 
0.4 • EJtperiment 

10 

Neon + 0.1% Argon 
• 

15 20 
Applied Volts 

Characteristics of tubes filled with gases ionized by fission fragments. Resulting 
current is a function of ion generation rate. which is increased greatly 
(from 1.8 to 2.6 x 10" ions per em' per sec) by small addition of argon. 
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REVERSAL OF MALIGNANCY in the case of a newt that has been injected with cancer· 

producing compounds (a) is a frequent occurrence even after the tl1mors have grown 

to a considerable size (b). The rate of recovery is markedly enhanced when the site of 

the malignancy is near the base of the tail the newt is regenerating after removal (c). 

tions of the kind that are characteristic 
of a multipotential cell. 

It is likely that in some instances the 
malignant properties of tumor cells 

can be attributed to alterations of the 
genetic material itself. A well-docu­
mented example of this is found in 
chronic myelocytic leukemia, a disease 
of humans, where the loss of part of 
one of the chromosomes, the so· called 
Philadelphia chromosome, is correlated 
with the abnormal growth behavior of 
the cell. In cases such as this the trans­
formed cell is rendered permanently 
incapable of recovering the normal pat­
tern of chemical synthesis and regula­
tion. It is nevertheless quite conceivable 
that if one understood the function in 
cellular metabolism of the genes that 
had been lost from the cell in chronic 
myelocytic leukemia, it would be pos­
sible to cause those cells to behave as 
normal cell types do by continually 
supplying them with the metabolic 
products normally produced by the 
activity of those genes. Such cells 
might, moreover, be permanently con­
verted into normal cell types by re-

introducing in the proper form and 
place the genetic information the cells 
have lost. 

Although the basic mechanism for 
tumorous growth in the case of chronic 
myelocytic leukemia is different from 
that found in the examples given earlier, 
the end result is the same; in all in­
stances the genetic information re­
quired for continued production of the 
nucleic acids, the specialized proteins 
and other substances that are speCifical­
ly needed for continued cell growth and 
division is functional in the tumor cells. 

It appears, therefore, that a long 
step forward in understanding the tu­
mor problem may be achieved by dis­
covering how the genes in a cell are 
selectively turned on and off. This is a 
very fundamental problem, certain as­
pects of which are now just beginning 
to be understood. It offers the a ttrac­
tive possibility that we may one day 
learn, as the multipotential cell has 
learned, how to switch the pattern of 
synthesis in a cell from one that makes 
it grow as a malignant cell to the pat­
tern that will restore it to normal be­
havior. 

the flexible 
component in 

a technology 
of change ... 

• If you're looking for a good illus­
tration of the word "flexibility," come 
to us. \Ve have been known, on a few 
hours' notice, to revise manufacturing 
specifications, equipment, and procedure 
in the making of a specialty paper. 

• This is one of the ways our clients 
benefit from our role as an exclusive 
developer of technical and industrial 
specialty papers. Each assignment can 
be individually handled and geared to 
today's rapid technological development. 

• Let us do some thinking along 
with you. You'll find us richly versed in 
the papermaking field, ready to help 
solve "impossible" problems, not just on 
paper, but in paper. 

• There is great excitement in paper 
and its potentials. We invite you to share 
our sense of that excitement, and to 
learn more about the remarkable ways 
paper can work for 
you: send for your 
free copy of our 
"Creative Imagi­
nation" booklet. 
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PLASTICITY IN SENSORY-MOTOR SYSTEMS 

An anilnal's own movenlents change what it sees and hears. Laboratory 

experilnents that taInper ,vith this feedback loop sho,v that it is a key 

to developing and n1aintaining spatial orientation in advanced lnammals 

A nyone who has worn eyeglasses is 

ft likely to have experienced dis-
torted vision the first time he put 

them on. The distortion may have been 
severe enough to cause him trouble in 
motor coordination, as in reaching out 
to touch something or in being sure of 
where he stepl)ed. Such a person will 
also recall, however, that in a day or 
two the distortion disappeared. Evi­
dently his central nervous system had 
made some adjustment so that the 
things he saw through the glasses looked 
normal again and he could have re­
newed confidence in his touch and step. 

This process of adjustment, particu­
larly as it operates in recovery from . 
radical transformations of vision (as 
when the world is made to appear up­
side down or greatly shifted to one side 
by special goggles), has attracted the at­
tention of scientists at least since the 
time of the great 19th-century investi­
gator Hermann von Helmholtz. What 
has intrigued us all is the finding that 
correct perception of space and accurate 
visually guided action in space are in 
the long run not dependent on unique 
and permanently fixed optical properties 
of the paths taken by light rays travel­
ing from object to eye. This finding, 
however, must be squared with the 
normally high order of precision in 
spatial vision and its stability over a 
period of time. How can the visual 
control of spatially coordinated action 
be stable under normal circumstances 
and yet sufficiently modifiable to allow 
recovery from transformation? Recovery 
takes time and renewed contact with the 
environment. Adaptation must result 
from information drawn from this con­
tact with the environment. If the end 
product of adaptation is recovery of the 
former stability of perception, then the 
information on which that recovery is 
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by Richard Held 

based must be as reliable and unvary­
ing as its end product. The investiga­
tions my colleagues and I have under­
taken (first at Brandeis University and 
more recently at the Massachusetts In­
stitute of Technology) have been di­
rected toward discovering this source of 
information and elucidating the mecha­
nism of its use by the perceiving or­
ganism. A useful tool in our work has 
been deliberate distortion of visual and 
auditory signals, a technique we call 
rearrangement. 

Visual rearrangement can be pro­
duced experimentally with prisms [see 
"Experiments with Goggles," by Ivo 
Kohler; SCIENTIFIC AMERICAN, May, 
1962]. Similarly, the apparent direction 
of sounds can be distorted in the labora­
tory by suitable apparatus. We have 
used such devices to show that in many 
cases the viewer or the listener subject­
ed to these distortions soon adapts to 
them, provided that during the experi­
ment he has been allowed to make vol­
untary use of his muscles in a more or 
less normal way. 

The proviso suggests that there is 
more to the mechanism of perceptual 
adaptation than a change in the way 
the sensory parts of the central nervous 
system process data from the eyes and 
ears. The muscles and motor parts of 
the nervous system are evidently in­
volved in the adaptation too-a revela­
tion that has been very important in our 
efforts to discover the responsible source 
of information. The concept of a relation 
between sensory and motor activities in 
the adaptive process is reinforced by 
what happens when humans and certain 
other mammals undergo sensory depri­
vation through prolonged isolation in 
monotonous environments, or motor dep­
rivation through prolonged immobiliza­
tion. Their performance on perceptual 

and motor tasks declines. By the same 
token, the young of higher mammals 
fail to develop normal behavior if they 
undergo sensory or motor deprivation. 

Taken together, these findings by vari­
ous experimenters suggested to us that 
a single mechanism is involved in three 
processes: (1) the development of n01111al 
sensory-motor control in the young, (2) 
the maintenance of that control once 
it has developed and (3) the adaptation 
to changes or apparent changes in the 
data reported by the senses of sight and 
hearing. A demonstration that such a 
mechanism exists would be of value in 
understanding these processes. More­
over, it would help to explain a phe­
nomenon that otherwise could be ac­
counted for only by the existence of 
enormous amounts of genetically coded 
information. That phenomenon is the 
adjustment of the central nervous sys­
tem to the growth of the body-on the 
sensory side to the fact that the afferent, 
or input, signals must change with the 
increasing separation between the eyes 
and between the ears, and on the motor 
side to the fact that the growth of bone 
and muscle must call for a gradual 
modification of the efferent, or output, 
signals required to accomplish a partic­
ular movement. This problem is es­
pecially critical for animals that grow 
slowly and have many jointed bones. 
The possibility that the need for geneti­
cally coded information has been re­
duced by some such mechanism is of 
course contingent on the assumption that 
the animal's environment is fairly sta­
ble. For these reasons it is not surprising 
that clear evidence for adaptation to 
rearrangement and for dependence of 
the young on environmental contact in 
developing coordination has been found 
only in primates and in cats. 

Such, in brief, is the background of 
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our effort to discover the operating 
conditions of the suspected mechanism. 
Our conclusion has been that a key to 
its operation is the availability of "reaf­
ference." This word was coined by the 
German physiologists Erich von Holst 
and Horst MittelsUidt to describe neu­
ral excitation following sensory stimula­
tion that is systematically dependent on 
movements initiated by the sensing 
animal; von Holst and Mittelstadt also 
used the word "exafference" to describe 
the result of stimulation that is in de-

pendent of self-produced movement. 
"Afference" alone refers to any excitation 
of afferent nerves. These concepts should 
become clearer to the reader from the 
remainder of this article. 

.Nl1ong the contributions von Helm-
holtz made to science were many 

that were later incorporated into psy­
chology. His experiments included work 
on the displacement of visual images by 
prisms. He was the first to report that 
the misreaching caused by such a dis-

placement is progressively reduced dur­
ing repeated efforts and that on removal 
of the prism the subject who has suc­
ceeded in adapting to this displace­
ment will at first misreach in the op­
posite direction. 

Helmholtz' findings and those of 
similar experiments by many other 
workers have often been interpreted as 
resulting from recognition of error and 
consequent correction. We doubted this 
interpretation because of our conviction 
that a single mechanism underlies both 

ACTIVE AND PASSIVE MOVEMENTS of kittens were compared 

in this apparatus. The active kitten walked about more or less 

freely; its gross movements were transmitted to the passive kitten 
by the chain and bar. The passive kitten, carried in a gondola, re-

ceived essentially the same visual stimulation as the active kitten 

he cause of the unvarying pattern on the wall and on the center post. 

Active kittens developed normal sensory-motor coordination; pas­

sive kittens failed to do so until after being freed for several days. 
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MIRROR APPARATUS tests subject's ability to guide his unseen hand to a visible target. 

Subject first marks under the mirror the apparent location of the corners of the square 

as he sees them in the mirror. He then looks through a prism, as depicted in the illustration 

below, after which he makes more marks. They show his adaptation to the prism effect. 

VIEW THROUGH PRISM displaces a visual image. Some subjects looked at their motion. 

less hand, some moved the arm back and forth in a left.right are, and some had the arm 

moved passively in a similar arc. They then made marks under the mirror as shown in the 

illustration at the top of the page. Typical results appear in illustrations on opposite page. 
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adaptation to rearrangement in the adult 
and the development of the young. An 
error-correcting process could hardly 
explain the original acquisition of co­
ordination. If an infant initially has no 
sense of the spatial relation between his 
efforts to move his hand and their 
visual consequences, he cannot recog­
nize a visible error in reaching. Yet 
infants do acquire eye-hand coordina­
tion in their earliest months. Hence we 
suspected that error recognition was no 
more necessary for adaptation in the 
adult than it was in the development of 
the infant's coordination. To test this 
assumption we designed an experiment 
that prevented the subject from recog­
nizing his error. If he still managed to 
correct his reach to allow for a displaced 
image, it would be evident that there 
was more to the matter of adaptation 
than the simple fact that the subject 
could see his error directly. 

With this objective in mind we de-
signed the apparatus shown in the 

top illustration at the left. In this appa­
ratus the subject saw the image of a 
square target reflected by a mirror and 
was asked to mark on a piece of paper 
under the mirror the apparent position 
of the corners of the square. Because of 
the mirror, he could see neither the 
marks nor his hand. After he had marked 
each point 10 times, withdrawing his 
hand between markings so that he would 
have to position it anew each time, the 
mirror and marking sheet were removed 
and a prism was substituted. Looking 
throllgh the prism, the subject then 
spent several minutes moving his hand 
in various ways, none of which involved 
deliberate reaching for a target. There­
after the original situation was restored 
and the subject made more marks under 
the mirror. These marks revealed that 
each of the subjects was making some 
correction for the displacement of image 
that had been caused by the prism. 

Having thus established that at least 
partial adaptation can occur in the ab­
sence of direct recognition of error, we 
lIsed the apparatus to test the role of 
motor-sensory feedback in adaptation. 
Our main purpose was to see what 
degree of adaptation would occur under 
the respective conditions of active and 
passive movement-in other words, un­
der conditions of reafference and ex­
afference in which the afference was 
equivalent. In these experiments the 
subject's writing arm was strapped to a 
board pivoted at his elbow to allow 
left and right movement. He then looked 
at his hand through a prism under three 
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conditions: (1) no movement, (2) active 
movement, in which he moved the arm 
back and forth himself, and (3) passive 
movement, in which he kept his arm 
limp and it was moved back and forth 
by the experimenter. In each case he 
marked the apparent location of points 
under the mirror before and after look­
ing through the prism. 

Comparison of these marks showed 
that a few minutes of active movement 
produced substantial compensatory 
shifts [see illustrations at -right). In­
deed, many of the subjects showed full 
adaptation, meaning exact compensa­
tion for the displacement caused by the 
prism, within half an hour. In con­
trast, the subjects in the condition of 
passive movement showed no adapta­
tion. Even though the eye received the 
same information from both active and 
passive conditions, the evidently crucial 
connection between motor output and 
sensory input was lacking in the passive 
condition. These experiments showed 
that movement alone, in the absence of 
the opportunity for recognition of error, 
does not suffice to produce adaptation; 
it must be self-produced movement. 
From the point of view of our approach 
this kind of movement, with its con­
tingent reafferent stimulation, is the 
critical factor in compensating for dis­
placed visual images. 

What about an adaptive situation in-
volving movements of the entire 

body rather than just the arm and hand? 
vVe explored this situation in two ways, 
using an apparatus in which the sub-
ject judged the direction of a target 
only in reference to himself and not to 
other visible objects [see top illustration 
on next page). This kind of direction· 
finding is sometimes called egocentric 
localization. 

The apparatus consisted initially of a 
drum that could be rotated by the ex­
perimenter, after which the subject, sit­
ting in a chair that he could rotate, was 
asked to position himself so that a target 
appeared directly in front of him. Later 
we dispensed with the drum and merely 
put the subject in a rotatable chair in a 
small room. After the experimenter had 
randomly positioned the target, which 
was a dimly illuminated slit, the subject 
rotated himself to find the target. 

The first of the two ways in which 
we tested the role of reafferent stimula-
tion involving movement of the whole 
body was an experiment in adaptation 
to short-term exposure to prisms. After 
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MARKINGS made by a subject before and after looking through a prism as described in il· 

lustrations on opposite page are shown. He kept hand still while viewing it through prism. 
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marks. They show no adaptation to horizontal displacement of images caused by the prism. 
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several trials at locating the target, the ACTIVE MOVEMENT of subject's hand produced a clear adaptation to displacement of 

subject put on prism goggles. He then images by prism. Tests showed importance of such movement in sensorimotor coordination. 
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DIRECTION·FINDING by egocentric localization, in which a subject judges the direction 

of a target only in relation to himself and not to other visual cues, uses this apparatus. Tar· 

get is randomly positioned at subject's eye level; he then rotates himself so that the tar· 

get is directly in front of him. He does this hefore and after wearing prism goggles with 

which he either walks on an outdoor path or is pushed along the same path in a wheel· 

chair. Change in direction.finding after wearing prisms measures adaptation to the prisms. 
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PROLONGED EXPOSURE to prisms produced varying degrees of adaptation to them de· 

pending on whether a subject's movement was active (solid lines) or passive (broken lines). 
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walked for an hour along an outdoor 
path or sat in a wheelchair that was 
pushed along the same path for the 
same length of time. Thereupon he re­
moved the goggles and went back to 
the target.finding apparatus for more 
tests. Any error in target-finding after 
wearing the prism goggles would be a 
measure of the adaptation the subject 
had made to the visual displacements 
produced by the prisms. 

Again the degree of adaptation 
achieved by the subjects who had been 
involved in active movement was far 
greater than that of the subjects who 
had been carried in the wheelchair. 
This was true both when one subject 
had been exposed to the active condi­
tion and another to the passive and 
when a single subject had been exposed 
successively to each condition. Even 
more striking contrasts appeared in our 
second test, which involved wearing 
prisms for several hours at a time under 
conditions of active and passive move· 
ment. In these circumstances several of 
the subjects who were able to move 
voluntarily achieved full adaptation, 
whereas subjects whose movements 
were passive achieved virtually no 
adaptation. 

I n this connection it will be useful to 
mention an experiment we conducted 

on directional hearing. The sound ema­
nating from a localized source reaches 
the listener's nearer ear a fraction of 
a second sooner than it reaches his far­
ther ear. This small difference in the 
time of arrival of the sound at the two 
ears is the first stage in ascertaining the 
direction from which the sound comes. 
If, then, a subject's ears could be in 
effect displaced around the vertical axis 
of his head by a small angle, he would 
err by an equivalent angle in his loca­
tion of the sound. This effect can be 
produced artificially by a device called 
the pseudophone, in which microphones 
substitute for the external ears. Sub· 
jects who have worn a pseudophone for 
several hours in a normally noisy en­
vironment show compensatory shifts in 
locating sounds, provided that they 
have been able to move voluntarily. In 
addition they occasionally report that 
they hear two sources of sound when 
only one is present. vVhen measure­
ments are made of the two apparent 
directions of the source, they differ by 
approximately the angle at which the 
ears were displaced around the center 
of the head during the exposure period. 
I have called the effect diplophonia. 

The reports of doubled localization 
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Reliable power to explore the planets 
... THROUGH RCA THERMOELECTRICS 

You are looking out from Phobos-the inner, 
smaller moon of Mars-at a "next-generation" 
earthcraft as it orbits the planet prior to landing. 

Its mission: to tell what the atmosphere of 
Mars is made of; to measure temperatures on 
the planet's surface; to analyze the Martian 
soil; to look for signs of life itself! 

Today, these feats exist only on drawing 
boards; no spacecraft has yet been constructed 
to land on Mars, make these measurements, 
and then transmit all the findings back to earth. 

When this future spacecraft becomes a real­
ity, one of its key components will be a power 
source to supply electrical energy for obtaining 
and relaying such sophisticated data. RCA 
thermoelectric technology, which makes possi­
ble the reliable conversion of nuclear heat to 
electricity, will contribute to energy-producing 
devices for such pioneering missions. 

Already, RCA is helping make thermoelec­
tric conversion practical. Using a silicon-ger-

manium alloy, RCA has developed a thermo­
electric converter system which transforms the 
intense heat of a nuclear reactor directly into 
electricity ... without moving parts. 

This type of system can produce power in 
space for years, no matter how far it journeys 
from the earth. One nuclear-thermoelectric 
powered spacecraft, using RCA converter ele­
ments like the one at right, has generated over 
500,000 watt-hours of electricity in space by 
this unique technique. 

Helping develop reliable, long-lasting power 
supplies for space exploration is another way 
RCA solid-state research helps keep our nation 
in the forefront of scientific progress. 

Segment of RCA thermoelectric power 
generator (about half-size) converts heat 
from a nuclear reactor directly into elee· 
tricily-without moving parts. 

.. 
RCA mcrRO",C CO","NENT< AND D""C," 

� i.;  The Most Trusted Name in Electronics 
�® 
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PHELPS DODGE COPPER, ALUMINUM B 
.AND ALLOY PRODUCTS e 

Chicago is a Phelps Dodge city. 
Electricity streaks through the town in our 
underground cables. Housewives launder in machines 
that contain magnet wire we made. 
Dimes and nickels jingle in pop vendors Oill' refrigeration 
tube helps keep cold. A boy learns Sousa on a horn 
with Oill' brass in it. Aluminum window frames 
we extruded checker the faces of towers 
on the rise. And on it goes. You don't 
always see us. But in copper and aluminum, 
Phelps Dodge experience and 
imagination are at work 
wherever you look. 
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following adaptation suggest that com­
pensation for rearrangement consists in 
the acquisition of a new mode of coordi­
nation that is objectively accurate for 
the condition of rearrangement but that 
coexists along with the older and more 
habitual mode. If this is true, the 

gradual and progressive course of adap­
tation usually found in experiments must 
be considered the result of a slow shift 
by the subject from the older direction 
of localization to the newer direction. 

All these experiments strongly sug­
gested the role in adaptation of the 

close correlation between signals from 
the motor nervous system, producing 
active physical movement, and the con­
sequent sensory feedback. This correla­
tion results from the fact that the feed­
back signals are causally related to 
movement and that in a stable environ-

PASSIVE TRANSPORT of a subject wearing prism goggles while 

viewing a random scene is depicted. Purpose of the apparatus was 

to test the hypothesis that suhjects moving actively through such a 

scene, which looks the same with or without prisms, would show a 

degree of adaptation to the prisms whereas subjects moved passive. 

ly would not. That is what happened. Tests showed a link between 

visual and motor processes in the central nervous system by alter. 

ing the correlation between motor outflow and visual feedback. 
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VERIFICATION EXPERIMENT sought to show role of correlation of sensory feedback 

and active physical movement by impairing it. Means of decorrelation was the rotating­

prism apparatus shown here. It produces apparently continuous movement of subject's hand 

in one dimension, thus breaking the link between actual movement and visual feedback. 

VERTICAL HORIZONTAL 
DISPLACEMEN T DISPLACEMENT 
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RESULTS OF DECORRELATION are shown in markings made by a subject before and 

after looking through rotating prism. In one condition (left) prisms displaced images ver· 

tically; in another (right), horizontally. Markings after long exposure are spread out in 

the direction of displacement, showing a loss of precision in visual.motor coordination. 
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ment there is a unique feedback signal 
for any particular movement. The corre­
lation is reduced by environmental in­
stability: the presence either of objects 
that themselves move or of passive 
movements of the body that are pro­
duced by external forces. Under these 
conditions more than one feedback 
signal may accompany any particular 
movement. 

From a theoretical point of view the 
importance of body movement and 

particularly of self-produced movement 
derives from the fact that only an or­
ganism that can take account of the 
output signals to its own musculature is 
in a position to detect and factor out the 
decorrelating effects of both moving 
objects and externally imposed body 
movement. One way to verify the im­
portance of the correlation would be to 
set up an experimental situation in 
which the correlation was impaired or 
deliberately decOlTelated. If the con­
sequence was a loss of coordination, evi­
dence for the role of normally correlated 
reafference in maintaining normal co­
ordination would be strengthened. 

We conducted such an experiment in 
visual perception by means of an ap­
paratus that provided a prism effect of 
continually varying power [see top 
illustmtion at left J. In such an appa­
ratus an object such as the hand seems 
to move constantly, and the movement 
perceived is wholly independent of 
whatever actual motion may be taking 
place. The same arrn movement made 
at different times will produce different 
retinal feedbacks. Since the subject does 
not control the continual changes in his 
visual input that are produced by the 
prism, his nervous system has no means 
of distinguishing these changes in the 
input from those that are self-initiated . 

With this apparatus we conducted 
various experiments, again including 
active and passive arm movements of 
the type described previously. We found 
that the coordination between eye and 
hand was significantly degraded under 
conditions of active movement but not 
under conditions of passive movement . 
Similar results appeared in tests made 
by Sanford Freedman of Tufts Uni­
versity of the effect of decorrelation on 
hearing. Again the performance of sub­
jects who were allowed to move actively 
during decOlTelation deteriorated badly, 
whereas the performance of subjects 
whose bodily movements were restricted 
did not deteriorate. Both the visual and 
the auditory experiments confirmed the 
importance of the correlation between 
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movement and sensory feedback in 
maintaining accurate coordination. 

In another test of our hypothesis about 
reafference we undertook to see 

what would happen when subjects 
looked through prisms at a random 
scene, lacking in the lines and curves 
that provide normal visual cues. The 
straight lines characteristic of normal 
scenes look curved when viewed 
through a prism. When the prism is 
removed, such lines seem to curve in 
the opposite direction. What if straight 
lines looked curved after a subject had 
removed prism goggles through which 
he had viewed a random scene? 

Our hypothesis was that such an ef­
fect would be produced in subjects who 
moved actively while viewing the ran­
dom field but not in those whose move­
ments were passive. If such a result oc­
CUlTed, we would have shown that the 
subjective geometry of the visual field 
can be altered by reafference. This find­
ing would have the surprising implica­
tion that a motor factor is involved in a 
process traditionally regarded as purely 
visual. We would have demonstrated in 
another way the close, one-to-one corre­
lation between movement and visual 
feedback and would have further evi­
dence of a link between motor and 
visual mechanisms in the central nervous 
system. 

Our apparatus for testing this hy­
pothesis consisted of a large drum that 
had on its inside surface an irregular 
array of small spots [see illustration on 
page 91]. These spots looked the same 
whether viewed with a prism or not. 
Each subject, before putting on prism 
goggles and entering the drum, was 
tested for his perception of a vertical 
line; we did this by having him indicate 
when a grating of bars given varying 
curvatures by prisms appeared straight. 
Thereafter, entering the drum with the 
goggles on, the subject either walked 
around in the drum or was transported 
on a cart. He stayed in the drum for 
half an hour and then, after removing 
the goggles, again took the test with the 
grating of bars. Without exception the 
active subjects perceived curvature 
when looking at lines that were actually 
straight, whereas the passive subjects 
perceived little or none. 

Having established by these various 
means the role of reafference in adap­
tation to changed sensory inputs, we 
decided to examine its role in the de­
velopment of visually controlled co­
ordination in the newborn. The contri­
bution of experience to the development 

Why probe the structure 
of the atomic nucleus? 
Here's why 

Los Alamos Scientific Laboratory is at work on design of a linear accelerator 

capable of producing 1 milliampere average current of 800 MeV protons. 

With such an accelerator, a broad program of studies is possible. 

For example, the proton beam could be used for studies in nucleon-nucleon 

interaction and the study of nuclear structure. Meson probes could also study 

what the Bethe Panel calls the most important problem in high energy 

physics-the pion-pion interaction. 

With a plentiful supply of mesons, we could make mesic atoms in abundance, 

produce neutrinos in an unsurpassed manner and provide a copious supply 

of thermal neutrons-the "life-blood" of applied atomic energy programs. 

Would you like to help in the planning stages for such an accelerator? We 

need physicists interested in ion source development, slow wave structure 

synthesis, quadrupole magnet design, beam position and energy measure­

ment systems, beam transport calculations, beam buncher calculations and 

construction. 

Because of the unique nature of much of Los Alamos' mission, employees 

must be United States citizens. 

Your inquiry will be held in confidence. Write Director of Personnel, 

Section 65-110. 

Alamos School System. 

a senior at Los Alamos 

An equal opponunity employer 

of ads featuring art by students in the Los 

painting is by Carolyn B. Wilder, who was 

School when it was painted. 

SCIENTIFIC LABORATORY 
OF THE UNIVERSITY OF CALIFORNIA 
lOS ALAMOS. NEW MEXICO 
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A Highly Specialized Group of 

electronic, mechanical, and op­

tical engineers and technicians-

Offers research, development, 

design, fabrication, installation 

and maintenance services in the 

application of electronics to: 

automation; data processing; 

training and simulation; meas­

urement and control; testing and 

inspection; and similar areas -

In the form of: feasibility studies 

and reports; development of 

special purpose equipment; de­

sign of complete systems. 

r:n 
AUSTIN 

ELECTRONICS 
Research • Development • Production 
450 W. First Avenue • Roselle, N. J. 
A DIVISION OF THE AUSTIN COMPANY 

Personalized Bibliographic Service is a new, 
unique bibliographic service designed espe­
cially for today's user of business, profes­
sional and scientific books. It provides the 
busy individual with a monthly descriptive list­
ing of virtually every new professional title 
published in his field of interest. You choose 
from over 1000 professionally-orientcd topics 
ranging from absorption spectroscopy to 
zoological taxonomy. Detailed literature de­
scribing any listed book .is also available. 
Charter membership offers book purchase 
advantages. Subscription rates start at $3.50 
per year for minimum topic selection. Write 
today for complete description of service. 
No obligation, 

Personalized 
Bibliographic 

Ser�ice 
BIBLIOGRAPHER' BOOK DEALER 

20434 S.W. Cypress St., Santa Ana, Calif. 92707 

of perceived space and of spatially ori­
ented behavior has been debated for 
some centuries. During the past few 
decades a number of experimental ap­
proaches to the issue have been made. 
The technique most often used involves 
depriving very young animals of sensory 
contact with the environment. It has 
been hoped that the procedure would 
decide whether or not sensory experi­
ence, as opposed to maturation alone in 
the absence of such experience. is re­
quired for the development of spatial 
discrimination. 

I n certain species of higher mammals, 
including man, various forms of visual 

deprivation ranging from total absence 
of light to mere absence of gross move­
ment in a normally illuminated envi­
ronment have all resulted in deficiencies 
in visually guided behavior. Unfortu­
nately these deficiencies are not easily 
interpreted. They can be attributed, at 
least in part, to several alternative 
causes, including pathological changes 
in the anatomy of the retina and its pro­
jections to the brain. Since our findings 
implicated movement-produced stimu­
lation, they enabled us to test this factor 
without depriving animals of normal 
visual stimulation. 

The experiments my colleague Alan 
Rein and I have performed to study the 
earliest development of vision originated 
from observations made by Austin R. 
Riesen of the University of California at 
Riverside and his collaborators. Riesen's 
research demonstrated that kittens re­
strained from walking from the time of 
their earliest exposure to light develop 
marked deficiencies in the visual control 
of behavior compared with unrestrained 
animals reared normally. The deficien­
cies of Riesen's animals may have re­
sulted either from the lack of varia­
tion in visual stimulation, which was 
the explanation he preferred, or from 
the lack of visual stimulation correlated 
with movement, which was our own hy­
pothesis. 

To decide between these alternatives 
we devised an apparatus in which the 
gross movements of a kitten moving 
more or less normally were transmitted 
to a second kitten that was carried in 
a gondola [see illustration on page 85]. 
These gross movements included turns 
to left and righ t, circular progress 
around the center post of the apparatus 
and any up-and-down motions made by 
the first kitten. The second kitten was 
allowed to move its head, since prior ex­
perimenters had reported that head 
movement alone was not sufficient to 

produce normal behavior in kittens, and 
it could also move its legs inside the 
gondola. Both kittens received essential­
ly the same visual stimulation because 
the pattern on the walls and the center 
post of the apparatus was unvarying. 

Eight pairs of kittens were reared in 
darkness until the active member of 
each pair had enough strength and co­
ordination to move the other kitten in 
the apparatus; the ages at which that 
state was attained ranged from eight to 
12 weeks. Two other pairs were exposed 
to patterned light for three hours a day 
between the ages of two and 10 weeks; 
during exposure they were in a holder 
that prevented locomotion. Thereafter 
all 10 pairs spent three hours a day in 
the apparatus under the experimental 
condition; when they were not in the 
apparatus, they were kept with their 
mothers and littermates in unlighted 
cages. 

After an average of about 30 hours 
in the apparatus the active member of 
each pair showed normal behavior in 
several visually guided tasks. It blinked 
at an approaching object; it put out its 
forepaws as if to ward off collision when 
gently carried downward toward a sur­
face, and it avoided the deep side of a 
visual cliff-an apparatus in which two 
depths, one shallow and the other a 
sharp drop, appear beneath a sheet 
of glass [see "The 'Visual Cliff,' '' by 
Eleanor J. Gibson and Richard D. Walk; 
SCIENTIFIC AMERICAN, April, 1960]. 
After the same period of exposure each 
of the passive kittens failed to show 
these types of behavior. The passive 
kittens did, however, develop such types 
of behavior within days after they were 
allowed to run about in a normal en­
vironment. 

In sum, the experiments I have de-
scribed have led us to conclude that 

the correlation entailed in the sensory 
feedback accompanying movement­
reafference-plays a vital role in pel'Cep­
tual adaptation. It helps the newborn to 
develop motor coordination; it figures 
in the adjustment to the changed rela­
tion between afferent and efferent 
signals resulting from growth; it oper­
ates in the maintenance of normal co­
ordination, and it is of major importance 
in coping with altered visual and audi­
tory inputs. The importance of the 
correlation in all these functions has 
been revealed by experiments that 
tamper with its normal operation. In 
the process these experiments have un­
covered a fundamental role of the 
motor-sensory feedback loop. 
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"Polaroid"® 

• 

Thi s is a ceramic crysta llogram. 
Exposu re time: 45 minutes 
Development time: 30 minutes 

Polaroid announces the 
XR-7 system for 
x-ray crystallography. 
Every crystal has its atoms arranged 
in a network around several inter· 
secting axes. Just how this network 
is structured will determine the 
crysta I' s properties. How the crysta I 
will conduct heat or light or elec· 
tricity, for example. 

This atomic structure can be photo· 
graphed. It's done by sending a 
beam of x·rays through the crystal 
(where they bounce off the atoms) 
and recording the pattern that 
emerges on film. The resulting 

picture is called a crystallogram. 

Until now, crystallograms have been 
made with conventional x·ray film. 
The film has to be loaded in a dark· 
room. It needs very long exposures 
(hours in many cases). And it has 
to go through conventional dark· 
room developing and drying. That's 
a long time for one picture. When 
you consider that the fi rst few crys· 
tallograms serve only to orient the 
crystal properly, you can see why it 
sometimes takes a whole day or 
more to analyze just one crystal. 

With the XR· 7 system, Polaroid has 
come up with a dramatic shortcut. 
A crystallogram can now be made 

in 5 minutes, for instance, instead 
of an hour. In 45 seconds instead of 
30 minutes. And so on. 

The system, which is actually quite 
simple, has been designed for oper· 
ation with most x· ray diffraction 
units and cameras. It is built around 
the capabilities of exceptionally sen· 
sitive (3000·speed) Polaroid Type 
57 4x5 Land film. 

The main part of the system is the 
Polaroid XR·7 cassette-essentially, 
a device to hold and expose the film. 
(The 4x5 film packet slides right in· 

to it.) When loaded, the inside of the 

cassette is a three· layer sandwich 

consisting of a lead·backed intensi· 
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This is a ceramic crystal logram. 
Exposu re tim�: 4 min utes 

. 

Development time: 10 seconds 

fying sc reen with a special phosphor 
coat ing ,  the 4x5 film negative, and 
a uniq u e  ai r·fi lled pillow. 

D u ring e x pos ure ,  the x·rays strike 
the intensifying screen which fluo· 
resces and converts the x·ray in­
formation into visible light. This, in 
turn, exposes the 4x5 negative 
which the pil low holds in perfect 
conta ct with the screen. 

After exposure, the packet is pul led 
out and the f inished picture is 
peeled apart 1 0  seconds later . Al l 
d arkroom t i me is completely elimi· 
na ted . And because the film is so 
sensitive, exposures can be meas· 
u red in minutes a nd seconds rathe r 

than hours a nd half hours. This un­
paralleled speed of the X R · 7  system 
is, of course, its primary a d vantage. 
But that's not al l .  

With on- the-spot pict u res, the crys· 
ta l l ographer can make changes in 
crysta l orienta t i on right away. And 
can go on taking p ictures in one 
continuous operat i on until  he gets 
the al ignment he wants. 

The extreme sens i t iv ity of the film 
offers sti l l  two more a d vantages. 
One, it permits using relativel y  l ow 
operating voltages. And two, it per· 
mits using grea ter distances be· 
tween the crysta l and the film plane 
(this produces an easier- to· read pic-

ture with larger a nd more wide ly  sep· 
a rated d i ffract ion spots) . Because 
increased d istances require longer 
exposures, nothing over 3 cm has 
ever been pract ica l before. The X R - 7 
system can be u sed a t  5 cm as wel l 
and a 5 cm extension comes w i th it. 

What wil l this remarkable system 
mean to the peopl e  who work with 
it? Fie l d  tests have given us a good 
idea . They've alrea d y  shown it can 
increase overall productivity any· 
where from 2 to 8 times. Which 
amounts to a virtua l revol ut ion in 
x·ray crysta l l ography. 

Polaroid Corporation 
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Games, Logic and Computers 
A close kinship among them lS delnonstrated by a galne of solitaire 

played with colored "dolninoes." TVhether or not the game can be won 

is analogous to whether or not a problem can be solved by computer 

Today much of the work once done 
by human muscles and brains is 
being delegated to machines, and 

people in all walks of life are asking: 
What human abilities are irreplaceable? 
\iVhat can machines not do? It may sur­
prise the reader to learn that, whereas 
the first question has no definite answer, 
the second has a straightforward mathe­
matical solution. 

Even before the first modern comput­
ing machine was built the late British 
logician Alan Turing asked the question: 
What can computers not do? In his at­
tempt to create a theory of what can be 
computed and what cannot, Turing de­
vised a slow and simple imaginary com­
puter that he proved to be theoretically 
capable of performing all the operations 
of any computer. He used his machine 
to demonstrate the close kinship of com­
puter theory and logic, branches of 
mathematics that are both concerned 
with mathematical proof and with nota­
tions that can present our thoughts in 
exact form. This article will undertake 
to illustrate some fundamental concepts 
in the area of overlap between comput­
er theory and logic by means of games. 

The human mind can grasp only rela­
tively small numbers and quantities. 
The discipline of mathematics, on the 
other hand, is primarily concerned with 
infinity. Finite mathematical operations 
and infinite mathematical entities pre­
sent a significant and fascinating con­
trast. The smooth transition from in­
tuitively comprehensible individual cases 
to unrestricted general situations is a 
remarkable achievement of the human 
intellect. Abstract considerations con­
cerning games can introduce us to this 
phenomenon quite naturally. 

Finding the sequence of moves most 
likely to lead to victory in a game such 
as ticktacktoe presents a logical prob­
lem precisely analogous to finding the 
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by Hao Wang 

series of steps that will yield a solution 
to any mathematical problem of a given 
class. In certain games there is no opti­
mum strategy that will guarantee vic­
tory; in certain classes of problems 
there is no algorithm-no general meth­
od of supplying a series of steps leading 
to a solution. Since a computer program 
is simply an algorithm designed for 
execution by machine, this means that 
there are classes of problems that com­
puters cannot solve. Before considering 
the difficulties of constructing algo­
rithms for solving problems (also of de­
vising programs for arriving at solutions 
and of working out optimum strategies 
for winning games), let us examine why 
it is that their construction not only is 
useful but also represents an ultimate 
goal of mathematics. 

Obviously it would take infinite time 
and energy to memorize the multi­

plication table if, instead of just includ­
ing the products of all single-digit num­
bers taken two at a time, the table in­
cluded the products of all multidigit 
numbers taken in this way. Man has 
made this infinite multiplication table 
unnecessary by memorizing, along with 
the multiplication table for single-digit 

numbers, a list of steps involving "carry­
ing" and the addition of partial products 
that will yield the product of any two 
multidigit numbers. 

We know that the operations of ele­
mentary arithmetic involve formal rules, 
and most of us recall that certain other 
operations, such as the extraction of 
a square root, can be done according to 
a fixed list of sequential steps. As we 
get to problems of greater complexity 
it becomes less clear that they can be 
solved by algorithm. Consider the fol­
lowing problem: "Given the two positive 
integers 6 and 9, find their largest com­
mon divisor." The reader will immedi­
ately see the answer: 3. If the two num­
bers were 68 and 153, readers who are 
inclined to try various possibilities 
might still find the answer (17). If it 
could be shown, however, that the gen­
eral problem "Given two positive in­
tegers a and b, find their greatest com­
mon divisor" can be solved by algo­
rithm, then anyone or any machine 
capable of performing the speCified op­
erations could solve it for any a and b. 
Such an algorithm exists; it was devised 
by Euclid [see illustrations at top of 
page 100]. 

The usefulness of algorithms is equal-

DOMINO PROBLEM involves assemhling three colored tiles called domino types to form 

a block that can be infinitely extended with colors matching on all adjacent edges (oppo­

site page). It is assumed that the player has an infinite quantity of each domino type and 

that no domino can be rotated in two dimensions. The prohlem is solved by finding a rec­

tangular hlock in which the color sequence on the top edge is the same as that on the bot­

tom edge and the sequence on the left edge is the same as that on the right. Such a unit 

(heavy outline on opposite page) can be repeated in all directions to fill an infinite plane. 
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:R 
GCD :R 

:R 
THIS R0UTINE C0MPUTES THE GREATEST C0MM0N 
DIVIS0R 0F TW0 INTEGERS A AND 8. 

: R 
EXTERNAL FUNCTI0N (A,B) 
N0RNAL tri0DE I S INTEGER 

ENTRY T0 GCD. 
L210P HD1A IN = 3 - A*(B fA ) 

WHENEVER REMAIN.E.O,FUNCTI0N RETURN .ABS.(A) 
:3 = A 
A = REMA IN 

TR A NSF ER T0 L�0P 
END (ilF FUNCT I �N 

TYPE INPUT 

A=8,B=12* 
THE GCO elF A AND B IS 

4 

TYP E INPUT 
A=12345678,9=87654321* 
THE GCD 0F A AND B IS 

9 

1, Consider two positive 
integers, a and b. Proceed 
to next instruction. 

2, Compare the two numbers 
under consideration 
(determine if they are 
equal, and if not, which 
is larger), Proceed to 
next instruction, 

3, If the numbers are equal, 
each is the answer; stop, 
If not, proceed to next 
instruction. 

4, Subtract the smaller 
number from the larger one 
and replace the two numbers 
under consideration by the 
subtrahend and the remainder, 
Proceed to instruction 2, 

ALGORITHM IN COMPUTER LANGUAGE provides a series of steps by which the 

largest common divisor of any two numbers can be found. At bottom are computed solu· 

tions for two pairs of numbers. Procedure is in the language called MAD (for Michigan 

algorithm decoder). Letter 0 is printed with a line through it to distinguish it from zero. 

SAME ALGORITHM is stated in ordinary 

language. The process of division is reno 

dered as repeated subtraction. The series of 

steps is known as the Euclidean algorithm. 
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TURING MACHINE designed to perform steps of the Euclidean 

algorithm displays the numbers 4 and 6 on its tape in this schemat· 

ic illustration. (Each digit is represented by a stroke; asterisk sig· 

nals separation of numbers.) The logical control of the machine 

consists of instructions determined by a mark on the square of tape 

being scanned and the position of the memory dial. Steps of the 

Euclidean algorithm lead to changes on the tape illustrated in se· 

quence at bottom. The machine first determines which number is 

larger by a "comparison loop" in which it replaces strokes to right 

and left of asterisk with symbols ("A" at left and "8" at right). 
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IAIA I*IBIBI I I II I 1*1 I I 

I * I I I I I II I I! I 
When one set of strokes is exhausted, the machine begins a "sub· 

traction loop," erasing the symbols of the smaller number and con· 

verting the symbols of the larger number back into strokes. These 

are separated from the two strokes representing the remainder of 

the subtraction by an asterisk. The process of comparison and sub· 

traction is repeated with 4 and 2 on tape, and then with 2 and 2; 
finally, 2 and 0 appear on tape. As comparison loop begins, 

blank tape on one side of asterisk evokes a halt signal (!) from 

logical control, and the machine stops with the answer (2) on 

its tape. Machine is idealized because its tape is potentially infinite. 

© 1965 SCIENTIFIC AMERICAN, INC



ly apparent in the realm of games, 
where they provide instructions for the 
most advantageous moves. The mathe­
matician, of course, is less interested in 
winning a game than in understanding 
the abstract structure of that class of 
games. By considering the existence or 
nonexistence of a winning strategy, he 
gains insight into the abstract struc­
ture of the game and those of the same 
kind. 

Take, for example, the game known 
as nim. Any number of objects, say six 
matches, are arranged in three piles. 
Two players, A and B, draw in turn, 
each taking any number of matches 
from any one pile. Whoever takes the 
last match is the winner. Since the fi­
nite quantity of matches will in the end 
be exhausted, it is obvious that the 
game allows no draw. It is significant 
that only one of the two players has a 
winning strategy, depending on the size 
of the initial three piles and who moves 
first. In the particular game defined 
by piles of one, two and three matches 
the winning strategy belongs to B, the 
player who moves second. This can be 
proved by means of a schematic tree 
with the node of each set of branches 
representing a situation at a stage of 
the game, and the branches from each 
node the possible moves a player can 
make in that situation [see top illustra­
tion at right J. 

Suppose we are to play this game 
with three piles containing 10 million, 
234 and 2,729 matches. It is theoretical­
ly feasible to tabulate all the possible 
sequences of moves with these three 
piles and then to tell by inspection 
whether A or B has a winning strategy. 
No one, however, would be willing or 
able to undertake such a tabulation. 
The mathematician would undertake a 
systematic search for shortcuts to make 
the operations easier and to achieve 
economy of thought. A search of this 
kind has in fact been made for the 
game of nim, and a simple recipe has 
been worked out for determining which 
player has the winning strategy. The 
recipe states that A can always win if, 
when the numbers of objects in the three 
piles are expressed in binary notation, 
they add up to a figure that contains 
an odd number. Such a recipe can rep­
resent a dazzling but unimportant stunt 
or a way of achieving significant mathe­
matical insight, depending on the nature 
of the game and the directness of its 
relation to major mathematical and logi­
cal problems. 

A game such as nim is said to be 
"unfair," because one player always has 
a winning strategy. A game such as 
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TREE FOR GAME OF NIM indicates that the player who moves second, B, has a winning 

strategy. At beginning of game (bottom) there are piles of one, two and three matches (digits 

at each node of tree give number 0/ matches remaining in piles). Players remove one or 

more matches from a single pile until someone wins by removing the last match. Branches 

show all the possihle moves for A and the unanswerable response of B to each of them. 

INFINITY LEMMA is suggested by a tree that continues at top. The lemma is a proposition 

to the effect that if there are infinitely many connected branches in a tree, and only finitely 

many branches from each of its nodes, then there must be one node at every level from 

which branches extend indefinitely upward; these, taken together, form an infinite path 

through the tree. The lemma can be paraphrased: "If the human species never disappears, 

there exists today someone who will at any future time have a living descendant." 
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ticktacktoe is said to be "futile," be­
cause each player has a nonlosing strat­
egy that eliminates the possibility of a 
winner. These characterizations can be 
restated as a theorem: Every game is 
either futile or unfair if there is a fixed, 
finite upper boundary to the length of 
each path on its tree and only finitely 
many branches come directly from each 
node. The theorem holds because if 
there are no endless games and only 
finitely many legal moves at each stage, 

A 

2 

then the total number of possible se­
quences of moves is finite. If we repre­
sent all the permissible plays by a tree, 
we see that if neither player has a win­
ning strategy, then each player has a 
nonlosing strategy. 

The theorem does not apply directly 
to the game of chess, because there 
are no precise rules to prevent end­
less matches. Let us assume, however, 
that we could introduce rules to ex­
clude endless chess matches, without 

B 

(Axy A Bx'y) v (Bxy A Cx'y) v (Cxy A Ax'y) 

OR OR 

(Ayx A Byx') v (Byx A Cyx') v (Cyx A Ayx') 

OR OR 

3 

- (Axy A Bxy) v � (Bxy A Cxy) v - (Cxy A Axy) 

imposing a limit on the absolute num­
ber of moves allowed in a complete 
match. We would then be able to apply 
to chess a proposition known as the in­
finity lemma, which states that if there 
are infinitely many connected branches 
in the tree of a game and only finitely 
many branches from each node, then 
there is an infinite path. 

Given the infinity lemma and the as­
sumption that new rules have excluded 
endless matches, it follows that the 

C 

4 

Axx 

-= NOT 

v=OR 

A=AND 

x'= x + 1 

RULES FOR DOMINO PROBLEMS are set forth in the formal 

shorthand used by students of mathematical logic (glossary is at 

top right). At top center is a set of dominoes: A, Band C. The first 

expression states that colors must match on left and right edges, 

second that colors must match on top and bottom edges. Tbe 

third rule is that dominoes must not be placed one atop another. 

The fourth expression, a constraint typical of those used to compli. 

cate games in approximating difficult problems of computation, 

states that only A can lie on the main diagonal of the plane. The 

positions on the plane are described by Cartesian coordinates. In 

designation such as "Ayx" domino's position on horizontal axis is 

given by the first variable, y, and vertical position by the second. 
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tree representing the game of chess has 
only finitely many branches. Otherwise, 
in view of the fact that there are only 
finitely many branches from each node, 
there would be an infinite path (an end­
less game). Hence there are only finite­
ly many possible sequences of moves 
and, as we showed earlier, chess is either 
unfair or futile. 

The proof of the infinity lemma is 
fairly straightforward. Take the node 
at the very bottom of the tree. Since 
we are assuming infinitely many branch­
es but only finitely many branches di­
rectly from any one node, at least one 
of the nodes on the next level must be 
the bottom of a subtree with infinitely 
many branches. Let us call this node 
X. Our hypothesis states, however, that 
there are only finitely many branches 
directly from X. Therefore one of the 
nodes on the next level above X must 
be the root of an infinite subtree. By 
repeating this argument we see that on 
every level there is at least one node 
that is the root of an infinite subtree 
and that these roots together determine 
an infinite path through the tree. An 
anthropomorphic way of applying the 
infinity lemma would be to state that 
if the human species never disappears, 
there exists today someone who will at 
any future time have a living descendant. 

O
ne chooses to examine a game, of 
course, according to the importance 

of the mathematical questions it raises. 
In 1960, while I was studying certain 
problems in logic at the Bell Telephone 
Laboratories, I devised a new game of 
solitaire played with "dominoes" that 
are actually colored tiles. More recently 
my colleagues and I at the Harvard 
Computation Laboratory have found 
some surprising and significant appli­
cations of this game. Several problems 
that arise in the domino game are exact 
analogues of problems that Turing ma­
chines are designed to solve. The con­
ditions under which a domino game is 
played can be made to correspond to 
the computations of Turing machines, 
so that working with dominoes grants 
us another view-sometimes a particular­
ly revealing one-of certain mathemati­
cal problems. 

In a domino game we are given a 
finite set of square tiles (the dominoes); 
the tiles are all the same size but each 
edge of a tile has a stipulated color 
and the colors are combined in sev­
eral specified ways. We assume that we 
have infinitely many copies of each type 
of domino, and that we are not permit­
ted to rotate a domino in two dimen­
sions. The object of the game is to cover 

Cover a section of the Cartesian plane 
with black and white tiles so that no 

block (of the size outlined at right 
or larger) has edges at left and right 
and top and bottom that match. Is there 
a method of filling an infinite plane 
in this way? 

FOUR PROBLEMS are presented by the author to the resolute reader. Only this problem 

and the problem at bottom have known solutions. Solution to this problem is on next page. 

We can make a string of O's and 1 's 

yield "progeny" by these rules: 
1. If the string has fewer than 

three symbols, stop. 

2. If the string begins with 0, 
delete the first three symbols 

and append 00 to the end. 

3. If the string begins with 1, 
delete the first three symbols 

and append 1101 to the end. 

Is there an algorithm to 

determine whether one of two 

given strings is a progeny 
of the other? 

011010001001 
01000100100 
0010010000 
001000000 
00000000 
0000000 
000000 
00000 
0000 
000 
00 

(stop) 

101110110011 
1101100111101 
11001111011101 
011110111011101 
11011101110100 
111011101001101 
0111010011011101 
101001101110100 
0011011101001101 
10110100110100 
1101001101001101 

(progeny continue) 

SECOND PROBLEM is to find an algorithm that shows whether two strings of O's and l's 

are related. The problem is complicated by the fact that certain strings may give rise to 

infinite progeny. An alternative solution would be to prove that no such algorithm can exist. 

Is there an algorithm to decide 

if a polynomial equation with 

integral coefficients has roots 
that are integers? 

Equations of this type include 

x2- 4x + 3 = 0 
and 

The first equation has only one 

unknown, x. It thus has the form 

and for such equations the desired 
algorithm is known: 

1. Find all the divisors of ao. 
2. Substitute each for x and 

calculate the resulting values for 

the left side of the equation. 

3. If any yields the value 0, it 

is a root. If none do, the equation 
has no roots that are integers. 

The problem is to devise such an 
algorithm for equations, ·such as 
the second, that contain more 

than one unknown. 

THIRD PROBLEM has been known as "Hilbert's 10th problem" since the German mathe· 

matician David Hilbert listed it in 1900 as an outstanding problem confronting matbematics. 

TEN·DOMINO PROBLEM calls for arranging these tiles in a block in which the color 

scheme is the same for top and bottom and left and right edges. Solution is on page 106. 
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a 

ab 

abba 

abbabaab 

abbabaabbaababba ... 

SOLUTION TO FIRST PROBLEM on preceding page is illustrated. To repeat its construc­

tion, let a represent a black tile, b a white one (left) . Write a and replace it witb abo Replace 

b with ba and continue to replace a and b in this way. Transcribe this sequence onto top 

row of plane and copy each symbol along diagonal from top right toward bottom left. 

an infinite plane with dominoes in such 
a way that adjoining edges have the 
same color. If the plane can be covered 
with a given set of dominoes, the set is 
said to be solvable. 

Consider the set of three dominoes in 
the illustration on page 98. The set is 
solvable because it can be assembled 
into a nine-domino block that satisfies 
the rule with respect to edges and can 
be repeated in every direction. Given 
a solution for the whole plane, we can 
obviously chop off three quadrants, or 
quarters, to get a solution over one 
quadrant. The converse is less obvious, 
but it can be established with the help 
of the infinity lemma. Since there exists 
a solution over an infinite quadrant, 
there exist partial solutions of its quad­
rants-solutions of any area n by n. 
We can make an infinite tree out of 
such partial solutions and show by the 
infinity lemma that there is an infinite 
path in the tree that yields a solution 
over the whole plane. Thus if it is pos­
sible to fill a quadrant of the infinite 
plane, it is possible to fill the whole 
plane. 

We can use dominoes to simulate 
various Turing machines and to 

create an equivalent of Turing's impor­
tant "halting problem." This is more 
easily done if we specify what domino 
goes at the origin of the plane-what 
domino we put down first. With greater 
effort we can accomplish the same thing 
either by specifying that celtain domi­
noes occur on the main diagonal or by 
omitting any restriction other than those 
mentioned earlier. Let us consider this 
equivalence between the halting prob­
lem and the domino game in greater 
detail. 

104 

Turing devised his simple computer 
to emulate a human calculator. A man 
solving a mathematical problem is like­
ly to use pencil and paper for writing 
and erasing numbers; he may also have 
a collection of mathematical facts in 
the form of a book of tables and, con­
tained in his mind or in the book, a set 
of instructions for performing the proper 
steps in the proper sequence. The imagi­
nary Turing machine also has a mark­
ing device and an eraser for writing 
numbers according to instructions from 
a logical control unit that follows a pre­
pared table of commands. The num­
bers are written in the fOlm of single 
strokes on square cells of an infinitely 
long tape serving as the memory unit. 
(Since no actual machine can have an 
infinite memory, the Turing machine is 
idealized. ) 

One square of the tape at a time is 
considered by a scanner that relays 
the symbol on the square to the control 
[see bottom illustration on page 100]. 
The control then consults its internal 
instructions by means of a dial that 
points to a location designated "Cur­
rent instruction." Depending on the sym­
bol at hand, the instruction speCifies one 
of four commands: (1) Print a mark on 
the square, erasing it if necessary, (2) 
Move the tape one square to the right, 
(3) Move the tape one square to the left, 
(4) Halt! Then the instruction indicates 
the next instruction location. A Turing 
machine can be endowed with the req­
uisite number of instruction locations 
and commands, as well as a tape with 
infinitely many squares, to solve any 
specified mathematical problem (if that 
problem is in a class solvable by algo­
rithm). 

Turing devised the halting problem 

to exemplify a problem for which no 
program could yield all the correct solu­
tions. He surpassed the power of any 
possible single machine by formulating 
a question about all Turing machines. 
He was able to show that although each 
machine, depending on its tape, would 
either halt or continue operating in­
definitely, there is no general algorithm 
to determine this behavior, no recipe 
equivalent to the one for determining 
the invariable winner of a given game 
of nim. Now, it is possible to find for 
each Turing machine a set of dominoes 
such that the machine will eventually 
halt if and only if the set of dominoes 
does not have a solution. It is then a 
direct consequence that the domino 
problem is unsolvable. If we could solve 
the domino problem, we could solve the 
halting problem; we cannot solve the 
halting problem and so we cannot solve 
the domino problem. In other words, 
there is no general method for decid­
ing if any given set of dominoes has a 
solution. 

The domino problem is an example 
of an infinite decision problem of the 
kind that frequently turns up in logic, 
in computer theory and in mathematics 
in general. It is an infinite problem 
in the following sense. Any solution to 
the domino problem must be a single 
method that provides the correct yes 
or no answer to an infinite number of 
questions in the fOlm: "Does a cer­
tain set of dominoes cover the plane?" 
Whereas any specified set of domino 
types is finite, there is of course an in­
finite set of such sets, and therefore 
an infinite number of questions. 

We have thus reduced problems 
about sets of dominoes to prob­

lems about machines, and we have es­
tablished results about dominoes by 
appealing to known results about ma­
chines. The next step is to reduce the 
question of interpreting a formula in 
logic to the problem of solving a set of 
dominoes. Since the condition that a set 
of dominoes has a solution can be ex­
pressed by a simple formula in logic, this 
reduction yields an answer to a long­
outstanding decision problem in logic. 

If we wish to express the condition 
that a set of three domino types has 
a solution in the first quadrant of our 
infinite plane, we think of the familiar 
Cartesian coordinates for the positions 
of dominoes in the quadrant and repre­
sent each domino by a predicate: Axy, 
for example, indicates that domino A 
occurs at position (x,y). If we use x' for 
x + 1, the required condition can be 
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Meaningful from 
Milwaukee to Madagascar 
And in Montreal. Or Mali. We have changed the way we 

sign our name to reflect the growth, innovation and 

changes that are taking place here at Allis-Chalmers. 

Part of this is a unique combination of capabilities to 

serve many different peoples in many parts of the world. 

Whatever language they speak, we want to be sure they 

recognize and remember Allis-Chalmers. And, of course, 

that goes for you, too! 

A ALLIS-CHALMERS 
6518 
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SOLUTION TO 10·DOMINO PROBLEM is a rectangular block of 36 dominoes, two of 

which are separated by heavy black line through center of illustration. The solution is not 

unique, that is, other configurations of the 10 dominoes are possible and equally acceptable. 
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given by a number of clauses that re­
quire very few quantifiers (construc­
tions with "for all" and "there is"). '''' e 
are generous only with such finite opera­
tions of formal logic as "not," "and" and 
"or" [see illustration 011 page 102]. We 
can conclude that for any given set of 
dominoes we can find a corresponding 
"AEA formula" (a sentence beginning 
"For all x there is a y such that for all 
z . . .  ," followed by a logical combination 
of predicates without quantifiers) such 
that the set has a solution if and only if 
the formula is not self.contradictory. In 
other words, we can translate a domino 
question into a logical formula by speci· 
fying certain constraints and then deter· 
mine if the domino set is solvable by 
seeing if the formula is or is not self· 
contradictory. Therefore, since the gen· 
eral domino problem is unsolvable, there 
is no general method for deciding if an 
arbi�rary AEA formula is self-contradic· 
tory. 

The result is useful because the com­
plexity of formulas in logic is to a large 
extent measured by the number and 
order of quantifiers, and the formulas 
of logic are often put into different 
classes according to the structure of 
quantifiers. It is surprising that as sim­
ple a class as that of AEA formulas 
(with three quantifiers only) is unde­
cidable. In fact, with this result the 
decision problems for all quantifier 
classes are answered. Given any string 
of quantifiers we can now tell if the 
class of formulas determined by it is 
decidable. 

The decision problem of logic is sig­
nificant because all mathematical theo­
ries can be formulated in the framework 
of elementary logic. The question of 
whether or not a formula (F) can be de­
rived from a set of axioms (A) is re­
duced to deciding if the logical formula 
"A but not F" is not self-contradictory. 
In this sense all mathematics is reduci­
ble to logic. Indeed, one measure of the 
complexity of a mathematical problem 
is given by the structure of its corre­
sponding formula in logic. It is therefore 
an important enterprise to determine the 
complexity of various classes of logical 
formulas. 

We can justifiably say that all mathe­
matics can be reduced, by means of 
Turing machines, to a game of solitaire 
with dominoes. In most instances the 
reduction does not make a mathematical 
problem any easier to handle. Neverthe­
less, proving certain problems to be 
unsolvable by computer can be facili­
tated by reducing them to domino prob­
lems. 
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ATOM-LAYER SHAVER 

How do you trim a resistor only 400 atom layers 
thick? Western Electric faced this problem in 
thin film circuits being manufactured for use in 
advanced communications equipment for the 
Bell telephone network. 

Resistance values in such circuits are de­
termined by pattern geometry, since film thick­
ness is approximately un i form throughout. 
Resistance can be increased by decreasing the 
thickness of the film. 

With film this thin, physical grinding or polish­
ing is out of the question; but the same effect 
can be achieved by converting part of the film 
to nonconduc�ing tantalum pentoxide. And this 
can be done by anodizing the film in an elec­
trolytic bath. 

The problem here, however, is how to anodize 

@w(!st(!rn Electric 
� MANUFACTURING & SUPPLY UNIT OF THE BEll SYSTEM 

only those portions of the circuit requiring ad­
justment. No masking procedure proved satis­
factory. Western Electric engineers solved the 
problem with a lucite block having a raised area 
that is a precise mirror image of those parts of 
the circuit requiring adjustment. 

Slots 10 mils in diameter are machined into 
the block which is then placed in the anodizing 
bath. Capillary action pulls the liquid up through 
the slots and into the raised area. When lowered 
onto the block, the circuit touches only the 
raised portions. Hence the liquid can reach only 
the desired sections of the circuit. 

Manufacturing ingenuity of this order is 
Western Electric's job within the Bell System. 
It is one of the reasons Bell system communica­
tions are the world's best. 
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THE ICE FISH 

This oddly shaped and nearly transparent denizen of antarctic 

waters lacks t,yO characteristics once thought to be present in 

all vertebrates: it has no red blood cells and no helTIoglobin 

S
hortly after I received my under­

graduate degree in zoology I 
spent a season in the Antarctic 

aboard the whaling factory ship Vi­
kingen. One day in October, 1929, as 
the ship lay at anchor in a fjord of the 
South Atlantic island of South Georgia, 
I walked along the deck and stopped to 
watch some members of the crew get 
ready for a fishing trip in the fjord. One 
of them, an old whale-Henser who had 
spent several seasons around South 
Georgia, said to me: "Do you know 
there are fishes here that have no 
blood?" Certain that he was trying to 
pull a greenhorn's leg, I answered: "Oh, 
yes? Please bring some back with you." 

Knowing my animal physiology, I was 
perfectly sure that such a fish could 
not exist; in fact, many textbooks firm­
ly state that all vertebrates possess red 
blood corpuscles containing the respira­
tory pigment hemoglobin. There are a 
few trivial exceptions to this rule. The 
larvae of the common eel do not de­
velop red blood corpuscles until they 
metamorphose into young adults. The 
lamprey, the primitive eellike fish that 
feeds by sucking the blood of other 
fishes, has a respiratory pigment that is 
slightly different from hemoglobin. 

\tVhen the Henser and his friends re­
turned from their day's fishing, I asked 
them: "\tVhere are your bloodless fish?" 
As I expected, they replied that they 
had not caught any. Then, after my re­
turn home in 1930, I happened to men­
tion the episode to a fellow student, 
Ditlef Rustad. Two years earlier Rustad 
had spent a season in the Antarctic as 
the biologist on a Norwegian expedi­
tion, and much to my surprise he said: 
"I have seen such a fish." He produced 
photographs of what he called a "white 
crocodile fish," which he had examined 
at Bouvet Island in the South Atlantic. 

The seemingly bloodless fish proved 
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by Johan T. Buud 

to be a member of the chaenichthyid 
family; the family is one of many in 
the order Perciformes, or perch like 
fishes, the largest and most diverse 
group of bony fishes. Within this enor­
mous order the chaenichthyids belong 
to the suborder Notothenioidei, a group 
of fishes found exclusively in the Ant­
arctic or waters adjacent to it. On the 
basis of Rustad's photographs the Swed­
ish ichthyologist Orvar Nybelin later 
declared that the crocodile fish from 
Bouvet Island was a new species, which 
he named Chaenocephalus bouvetensis. 
This species was distinct from another 
species of the same genus: C. aceratus, 
which had been known from South 
Georgia and other islands in the region. 
In his description of the new species, 
published in 1947, Nybelin quoted 
Rustad to the effect that the blood of 
the fish was colorless and noted that 
C. acerattls was also said to have color­
less blood. So it was that 20 years 
after Rustad's visit to Bouvet Island the 
relevant ichthyological literature men­
tioned for the first time a fact of which 
whalers in the Antarctic had been aware 
for half a century. Only one earlier ref­
erence to an antarctic fish with colorless 
blood is known: in 1931 L. Harrison 
Matthews, now scientific director of the 
Zoological Society of London, men­
tioned in his book South Georgia that 
such fishes were found there and also 
that their gills were white instead of the 
usual red. The whalers had called the 
fishes crocodile fish because of the shape 
of their jaws or ice fish because of their 
transparency. 

In 1948 my attention was directed to 
the ice fish for a second time. One of 

my students, Fredrik Beyer, returned 
that year from the Antarctic, where 
he had served as the biologist accom­
panying the "Brattegg" expedition. He 

brought back with him some specimens 
of a third chaenichthyid species­
Champsocephalus esox; they had been 
caught with hook and line in the harbor 
of Punta Arenas, the subantarctic port 
in the Straits of Magellan. Beyer re­
ported that when the fish were alive 
they had had creamy white gills and 
colorless blood. 

A further opportunity to look into 
the riddle of the ice fish came in 1950, 
when a whaling company operating 
around South Georgia asked our group 
at the University of Oslo to undertake 

ANTARCTIC ICE FISH caught off the is· 

land of South Georgia is a member of the 
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a survey of the South Georgia "cod"­
actually a species of the nototheniid 
family, which, like the chaenichthyids, 
belongs to the Notothenioidei. This fish 
was so common in those waters that the 
development of a commercial fishery 
was being considered. Another of my 
students, Steinar Olsen, undertook the 
survey; he also promised to keep his 
eyes open for any species of ice fish 
he might run into. In 195 1 Olsen re­
turned with preserved specimens of 
three separate species of ice fish-and 
samples of their blood. The blood was 
nearly transparent, with a slightly yel­
lowish cast. Under the microscope a few 
cells could be recognized as white cor­
puscles, but neither red corpuscles nor 
any blood pigment could be found. 

So far, so good: we had some facts 
to go on. The ice fish evidently lacked 
both red blood corpuscles and hemo­
globin. But vertebrates ought to have 
some means of storing oxygen in their 
blood. On what kind of mechanism did 
the ice fish rely? The first step toward 
answering the question would be to de­
termine the oxygen-storage capacity of 
a freshly drawn sample of bloo.d, and 
to do this it would be necessary to go 
to the Antarctic equipped with the ap­
propriate apparatus. My chance came 
in 1953, when I volunteered as leader 

of an international whale-marking ex­
pedition. 

Our plan was to cruise in antarctic 
waters for six or seven weeks before 
the 1953-1954 whaling season began, 
marking as many whales as possible; our 
marking party would then be landed at 
Husvik Harbor on South Georgia just 
before Christmas to await a vessel due 
to sail back to Europe sometime in Jan­
uary. This schedule would give me two 
or three weeks on South Georgia during 
which I might have an opportunity to 
catch and study some ice fish. 

Everything went as planned; we 
landed at South Georgia a few days be­
fore Christmas and three ice fish-all 
of them belonging to the local species 
C. acerattls-were brought to me on 
the first and second day of my visit. 
This was before I had been able to set 
up my little laboratory and test my ap­
paratus. The obvious thing to do was 
to draw the blood from the specimens 
and store it in a refrigerator until I had 
everything under control; at the same 
time I assumed that additional ice fish 
could be obtained more or less at will. 

The gills of C. acerattls were indeed 
creamy white, and the freshly drawn 
blood was nearly transparent. I found 
that, if the blood was left undisturbed, 
it clotted to the consistency of jelly in 

two or three minutes. 'When the blood 
was spun in a centrifuge, a sediment 
of white corpuscles settled out of it. 
This sediment constituted less than 1 
percent of the blood by volume; the 
fluid above it was as clear as water. 

After the blood samples had been 
adequately aerated, I determined their 
oxygen content; it was .67 percent by 
volume. This was a surprisingly low 
value. Ice fish are not small; some are 
two feet long or longer. It is generally 
assumed that a good-sized animal must 
have some reasonably efficient means of 
storing oxygen in its blood, so that its 
circulatory system can carry this vital 
element from the respiratory mem­
branes to the tissues in the body most 
distant from them. Therefore my first 
conclusion was that something was 
wrong either with my apparatus or with 
the stored blood samples. 

To check the apparatus I ran an 
analysis of the oxygen content of my 
own blood and the blood of some red­
blooded nototheniid fishes; everything 
came out correct. Since there was no 
experimental error, the next check re­
quired another ice fish. Then my wait 
for more specimens of ice fish began. 
They seemed to have disappeared com­
pletely from the vicinity of Husvik Har­
bor; no ice fish entered our fish traps, 

species Chaenocephalus aceratlts. It has the large mouth and slim 

body characteristic of all 16 species in the family Chaenichthyidae 

(see illustration on next two pages). This species lives on the bot· 

tom. It is not a small fish; it grows to a length of about two feet. 
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and none took my baited hooks. As the 
day of our marking party's departure 
for Europe drew near I sent out an 
appeal to all the other whaling stations 
on South Georgia. Success! Felix Rich­
ards, the physician at the Leith Harbor 
station, appeared one afternoon in a 
motorboat carrying a live ice fish in 
a barrel of seawater. 

I went to work immediately with 
some freshly drawn blood. The average 
of eight analyses was .72 percent of 
oxygen by volume-a result essentially 

the same as the earlier one. It was 
evident that the oxygen in saturated ice 
fish blood is no more than the amount 
the blood plasma can take up in solu­
tion; no other mechanism for the storage 
of oxygen could possibly be present. 

This conclusion raised two related 
questions. First, how is it possible for 
a vertebrate of this size to survive in 
spite of what amounted to a complete 
anemia? Second, how did this lack of 
red blood corpuscles and hemoglobin 
evolve? The questions can be asked 

about all 16 species of chaenichthyid 
fishes. So far, however, the only species 
for which the oxygen capacity of the 
blood has been determined is C. acera­
tus. Let us examine what is known of 
the ecology of this species to see what 
light it may cast on our two questions. 

F irst, Olsen's studies of 1950 and 
195 1 on South Georgia showed that 

although the adults of two other local 
chaenichthyid species live in the open 
ocean, feeding on the same shoals of 
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shrimplike krill that are the staple food 
of the baleen whales in antarctic waters, 
the young of these species and both the 
young and the adults of C. acerattls live 
near the bottom in deep fjords and along 
the continental shelf. This means that 
these particular ice fishes have a quite 
stable cnvironment; these deep waters 
are well aerated, rich in food and vary 
in temperature only a few degrees 
throughout the year (from 2 or 3 de­
grees above zero centigrade to 1.7 de­
grees below zero). This steady low tem-

CHAENOCEPHALUS 

1 C. ACERATUS 

2 C. BOUVETENSIS 

CHAENICHTHYS 

3 C. RHINOCERATUS 

4 C. RUGOSUS 

PSEUDOCHAENICHTHYS 

5 P. GEORGIANUS 

CHIONODRACO 

6 C. KATHLEENAE 

7 C. MYERSI 

8 C. HAMATUS 

perature is significant because in cold­
blooded animals such as fishes the con­
sumption of oxygen roughly doubles 
with a rise in temperature of 10 degrees 
C. It appears that even during the cool 
antarctic summer C. acerattls moves 
from offshore waters to deeper ones, 
and so avoids the increase in metabolic 
rate that would result from an increase 
in the water temperature. 

Next, the shape of the ice fish's body 
-the big head and mouth and the rath­
er narrow body and tail-suggests a 

DACODRACO 

sluggish way of life. These antarctic 
fishes resemble the angler fish, the 
sculpin or the sea robin of warmer 
waters; can we assume that their ex­
istence is somewhat similar? Imagine an 
ice fish resting on the bottom waiting 
for prey-mostly smaller fishes-to come 
within reach of a quick, snapping move­
ment. The lurking ice fish is nearly in­
visible; except for a few dark spots ar­
ranged in vertical bands its body is 
transparent, merging almost perfectly 
with the stems of the surrounding kelp. 

9 D. HUNTERI 

CHAENODRACO 

10 C. WILSONI 

CRYODRACO 

12 C. PAPPENHEIMI 

CHAMPSOCEPHALUS 

13 C. GUNNARI 

14 C. ESOX 

PAGETOPSIS 

15 P. MACROPTERUS 

NEOPAGETOPSIS 

James C. Tyler. This species and Cryodraco pappenheimi are the 

only two ice fish that are not surely known to have white gills or 

colorless blood. The outline drawings show the conformation and 

the relative size of representative species among the 10 genera that 

comprise the ice fish family; each is shown at one-sixth of natural 

size. Where several species are named only the first is illustrated. 

III 
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BLOOD·PRODUCING ORGANS of the spiny.rayed fishes are 

shown in this drawing of a sectioned yellow perch. They are the 

front portion of the kidney, the front portion of the alimentary 

tract, the spleen and, to a lesser extent, the liver. A microscopic 

examination of 18 spleens taken from specimens of C. aceratzts 

revealed no evidence of the development of red blood corpuscles. 

The size of its mouth means that quite 
large prey can be taken with a single 
bite; thereafter the ice fish can take a 
long rest while it digests the food that 
came its way. 

What, in terms of oxygen demand, 
must the ice fish accomplish in the 

course of a quick meal of this kind? 
For the first stage of muscular activity 
no oxygen is required; the dominant 
chemical event is the production of the 
waste product lactic acid. It is only 
later that oxygen is needed, partly for 
the combustion of the lactic acid and 
partly for the regeneration of other sub­
stances involved in the first stage. This 
oxygen debt is paid off by drawing on 
the. store of oxygen held in solution in 
the blood plasma. Thus far in the se­
quence, at least, the anemic ice fish is 
no worse off than any other vertebrate. 

In vertebrates that have red blood 
corpuscles the oxygen removed from the 
blood plasma is readily replenished by 
drawing on the oxygenated hemoglobin 
in the red cells. Moreover, the amount 
of oxygen stored in the oxygenated he­
moglobin is usually much greater than 
the amount dissolved in the plasma. For 
example, the blood of two specimens 
of red-blooded nototheniid fishes I ex­
amined on South Georgia respectively 
contained oxygen at the volume levels 
of 5.99 percent and 6.24 percent This 
is an oxygen capacity of the same order 
of magnitude as that possessed by fishes 
that live under similar circumstances 
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in arctic waters; in both cases about 
90 percent of the available oxygen is 
bound to the hemoglobin molecules in 
the red cells. 

What can the anemic ice fish sub­
stitute for this second store of oxygen 
on which most vertebrates draw? What 
alternative mechanism exists for paying 
the oxygen debt built up in muscles and 
other tissues? The oxygen removed from 
the blood plasma can only be replaced 
by means of a quicker intake of oxygen 
from the environment, together with 
a quicker or greater transport of oxy­
gen from the site of intake to the site 
of consumption. These two generalized 
mechanisms are exactly the ones on 
which I believe the ice fish relies. 

To consider oxygen transport first, I 
am fairly confident that compared with 
other fishes the ice fish has a larger 
volume of body fluid and blood. The 
heart of the ice fish is unusually well 
developed, and the only red muscle to 
be found in the fish is the dilated part 
of the aorta called the bulbus arteriosus. 
This suggests that the circulation of the 
blood through the ice fish's gills and 
body is strong and persistent. 

As for the intake of oxygen from the 
surrounding medium, two anatomical 
facts must be considered. First, the gill 
chamber of the ice fish appears quite 
large, but measurements reveal that the 
gill surface area is not exceptional in 
size. Moreover, studies soon to be pub­
lished by Jon Steen and Trom Berg dis­
close that the epidermal membrane cov-

ering the gills is fairly thick; this does 
not favor a quick exchange of gases. 

What may be significant is the sec­
ond fact: the ice fish is almost com­
pletely without scales, which means 
that respiration can occur through the 
naked skin over most of its body. A 
former student, Finn Walvig, has ex­
amined the skin's microscopic structure 
and found the skin richly supplied with 
blood vessels. The space between these 
vessels and the surrounding water is so 
large, however, that the ice fish's skin is 
also not particularly well suited to the 
exchange of gases. 

We must therefore assume that the 
ice fish's respiratory exchange of gases 
is not unusually effective. It remains 
possible that the ice fish overcomes its 
oxygen handicap to some extent by cir­
culating an unusually large volume of 
body fluid; this is known to be the case 
in other fishes under emergency oxygen 
conditions. What remains to be deter­
mined is to what extent, if any, the ice 
fish may be dependent on anaerobic 
(oxygenless) metabolism for its survivaL 

Thus far I had learned that five of 
the 16 species of chaenichthyid fishes 
had white gills and colorless blood. Was 
this true of the family as a whole? The 
reader may have already wondered why 
early descriptions of the various species 
belonging to this family make no men­
tion of gill color. The explanation is 
simple. Almost without exception the 
fish collections brought back from the 
Antarctic by explorers were preserved 
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in alcohol; this bleaches the specimen's 
gills and sometimes further discolors 
them because the alcohol extracts pig­
ments from the body of the specimen. 
The ichthyologist whose eventual task 
it is to describe such preserved fishes 
cannot possibly give any verdict about 
the original coloration of the gills; in­
deed, he can be expected to assume that 
in life they were the usual red color. 
Only if the man who actually collected 
the fish and saw it alive has made a note 
of the gill color-as Rustad did for 
C. bouvetensis-will the describer have 
the benefit of this information. 

Fortunately there are other ways to 
overcome this absence of data, and I 

believe I have done so for 11 of the 16 
chaenichthyid species. In the course 
of my work on C. aceratus I observed 
that the clot of blood remaining in the 
bulbus arteriosus of the fish after death 
had a consistency and appearance quite 
different from clots found in the bulbus 
of red-blooded fishes. The clot in a 
red-blooded fish is soft and opaque; 
under the pressure of a needle it disin­
tegrates easily into individual corpus­
cles, the majority of which can be recog­
nized as red blood cells. A clot removed 
from the bulbus of an ice fish, on the 
other hand, is nearly transparent and 
has a rubber-like consistency; it resists 
any attempt to break it down into small­
er particles. This is exactly what one 
would expect of clotted blood plasma 
containing no cells apart from a minute 
number of white corpuscles. 

Through the courtesy of F. C. Fraser, 
keeper of zoology at the British Museum 
(Natural History), I was able to remove, 
and examine the clots from the bulbus 
of 11 separate species of chaenichthyid 
fishes in the museum's collection. All 
the clots appeared to be much the same 
as those I had found in C. aceratus. 
Although such an observation is not 
conclusive, I felt it was safe to assume 
that 12 species of chaenichthyid fishes, 
and probably all the other chaenich­
thyid species, have in common an al­
most complete lack of red corpuscles. 

Our second basic question-how this 
anemia arose-must now be examined. 
Are the chaenichthyid fishes completely 
unable to produce red corpuscles? Or is 
the formation of red cells only sup­
pressed and are the few cells that form 
nonetheless then destroyed so rapidly 
that they are extremely scarce or totally 
missing? In a normal bony fish the 
blood-forming tissues are the kidney, 
the spleen, the upper end of the ali­
mentary tract and, to a lesser extent, 
the liver. Because the spleen is easy 
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SKIN SECTION from the forward edge of an ice fish's pelvic fin reveals the layer just 

below the epidermis (top) that is richly supplied with capillaries and larger hIood vessels. 

Although tbe number of blood vessels elsewhere in the skin of C. aceratfts varies, the 

overall vascular system is well developed. The author suggests tbat the blood vessels of 

the skin constitute a second respiratory surface supplementing the ice fish's inefficient gills. 

both to dissect out and to preserve, 
Walvig and I decided to enlist the co­
operation of the shore party at Husvig 
Harbor on South Georgia in collecting 
a number of ice fish spleens. Walvig 
analyzed the collection and published 
his results in 1958; in summary, no cells 
could be found that appeared to be red 
corpuscles in the making. This finding 
reinforced my opinion that the red-cell 
deficiency is total, at least in the case 
of C. aceratus. 

O ther findings cast doubt on whether 
this is true of all chaenichthyid 

species. The Soviet biologist L. D. Mar­
cinkevic examined seven chaenichthyid 
species during an Antarctic expedition 
in 1957. His conclusions were published 
in 1958; he states that he has found red 
corpuscles in limited numbers in the 
fishes' blood vessels and also that he has 
found evidence of red-cell formation in 
the liver. Although the scarcity of red 
cells in Marcinkevic's specimens-they 
are about half as abundant as white 
cells-means that they could play no 
significant part in oxygen transport, the 
possibility remains that what I have as­
sumed to be a total deficiency may in­
stead be only partial. If such is the case, 
further investigation may reveal vary­
ing degrees of reduction in the l1l11ll­
ber of red corpuscles and the amount of 
hemoglobin in the separate species of 
chaenichthyid fishes. 

With this theoretical consideration in 
mind, James C. Tyler of the Academy 
of Natural Sciences in Philadelphia has 
proposed that there may exist "white­
blooded," or hemoglobin-deficient, spe­
cies of fish among several other 
antarctic fish families. In fact, two no­
totheniid species he collected in 1958 
and 1959 proved to possess fewer red 
cells and lower amounts of hemoglobin 
than is normal among bony fishes. The 
deficiencies, however, were far from 
being in a class with those of C. acera­
tus and the other species of the chae­
nichthyid family I have examined. 

Without attempting to guess what 
future studies will show, I believe that 
the answer to the question of how these 
anemic fishes have managed to evolve 
is to be found in their unique ecological 
setting. In the case of the ice fish, for 
example, its major physiological asset­
an unusually large volume of blood cir­
culation-by itself would probably not 
be enough to keep the animal alive in 
temperate waters. Only when this char­
acteristic is combined with the Antarc­
tic's low and stable water temperature 
and that environment's abundant supply 
of food and oxygen is the survival of 
these peculiar animals possible. In fact, 
it is hard to imagine any other marine 
or freshwater environment that would 
offer a similar chance of survival should 
another family of anemic fishes begin 
to evolve elsewhere in the world. 
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S
OMEWHERE in the corner of Mortimer's 

brain he knows exactly how it goes. 
A stranger sits behind an overly-neat 
desk-a set of steel-grey eyes summing, 
categorizing, pigeon-holing. 

Fill in the blanks, Mortimer. 

Age, weight, degree, working experience, 
wife's maiden name, number of children, 
favorite sport. Any identifying marks or 
scars? Color of eyes? (Green? Hazel? 
Who cares?) 

Mortimer Hall knows it's time for a 
change. He knows it's time to update that 

tl 

• 

lin 
u 

old resume. Why not? It's easy. Just a 
couple of sheets of paper. Just him boiled 
down to 200 square inches of double 
spaced typewriting. Just a few dozen tiny, 
personal details about his private life, his 
work, his aspirations and his family. Just 
drop it in the mail to a total stranger with 
steel-grey eyes who thinks the whole 
world is made of summed, categorized, 
pigeon-holed, 200-square-inch, double­
spaced people. That's all. 

Will Mortimer Hall update his resume? 
Maybe. Maybe not. Most likelY,not. 

Moral: Talk to us. If you've got a thing 
about resumes, skip it. Phone, wire, letter, 
post card or-for that matter-a resume. 

We have openings for good men across 
the board in research, development, en­
gineering, production, sales, marketing, 
you name it. Just contact Norm Skelton 
(182, 5' 11 ", blue eyes, married, three chil­
dren). Call him at (415) 962-2705 or write 
him at Fairchild Semiconductor,3l3 Fair­
child Drive, Mountain View, California. 

ortimer 
all, . 
B.S.E.E 

.--;. 
, 
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MATHEMATICAL GAMES 
A selection of elementary 
word and number problems 

by Martin Gardner 

T
his month I present one of my 
occasional collections of short 
problems. As usual, only elemen­

tary mathematical skills are called for, 
and the problems are purposely varied 
in difficulty and in the type of mathe­
matics involved. The first problem, as 
a matter of fact, is not mathematical 
but linguistic; whenever word puzzles 
have appeared in the department, read­
ers have seemed to enjoy them. The 
answers to the problems will be given 
next month. 

1. 

Dmitri A. Borgmann, the distin­
guished expert on wordplay, has writ­
ten a book called Language on Vacation 
(just published by Scribners) that can 
best be described by borrowing an ad­
jective from the movie Mary Poppins­
supercalifragilisticexpialidocious. It is 
the best, most comprehensive book ever 
written on what Borgmann likes to call 
"recreational linguistics." Borgmann's 
first objective is "to elevate recreational 
linguistics to the same high level of es­
teem now enjoyed by recreational math­
ematics." Readers with appetites "jaded 
by the ubiquitous crossword puzzle," as 
Borgmann puts it, will find the book 
an almost bottomless mine of problems 
involving palindromes, reversals, ana­
grams, antigrams, pangrams, geometric 
word forms, curious letter patterns, 
numerological aspects of words and 
hundreds of other oddities previously 
known only to a small circle of logo­
philes. 

To honor the appearance of this re­
markable compendium, here are some 
unusual word problems that arise in 
connection with a suggestion made last 
year by Nicholas Temperley, a student 
at the University of Cambridge. Tem­
perley proposed that devotees of word­
play produce, as a working tool, an 
anagram dictionary. Every word in En-
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glish is first converted to its "alphabeti­
cal anagram," in which its letters appear 
in alphabetical order. SCIENTIFIC, for 
example, becomes CCEFIIINST. These 
alphabetical anagrams are then arranged 
in alphabetical sequence to form the 
dictionary. Each entry in the volume is 
an alphabetical anagram, and under it 
are listed all the English words that can 
be formed with those letters. Thus 
BDEMOOR will be followed by BEDROOM, 

BOREDOM and all other words formed 
by those letters. AEIMNNOST will be fol­
lowed by MINNESOTA and NOMINATES. 

Some entries even have mathematical 
interest. AEGILNRT, for instance, will be 
followed by such mathematical terms as 
INTEGRAL, RELATING and TRIANGLE as 
well as other words such as ALTERING. 

EIINNSTXY will be followed by both 
NINETY-SIX and SIXTY-NINE. AGHILMORT 

will have among its anagrams both AL­

GORITHM and LOGARITHM. If a cross­
word puzzle gives the clue BEAN SOUP 

and an indication that this is an ana­
gram, someone armed with the anagram 
dictionary need only alphabetize its let­
ters and look up ABENOPSU to find SUB­

POENA. If the clue is THE CLASSROOM, 

it takes only a moment to discover 
SCHOOLMASTER. 

Most of the entries will begin with 
letters near the front of the alphabet. 
Temperley estimates that more than 
half will start with A, which is to say 
that more than half of all English words 
contain A. (This is not true of common 
words, but rarer words tend to be 
longer and are more likely to have an 
A.) After I the number of entries will 
drop sharply. Beyond 0 the list is ex­
tremely short. 

Can the reader answer these ques­
tions? 

1. What will be the dictionary's last 
entry? (Place names, such as Uz, the 
home of Job, are not included.) 

2. What will be the first and second 
entries? 

3. What will be the last entry start­
ing with A? 

4. What will be the first entry start­
ing with B? 

5. An entry, ABCDEFLO, begins with 

the first six letters of the alphabet. What 
is the word? 

6. What will be the longest entry that 
is itself a word? (Short examples include 
ADDER, AGLO'V, BEEFY, BEST, DIPS, 

FORT. ) 
7. What will be the longest entry that 

does not repeat any letter? 

2. 

A young lady was vacationing on 
Circle Lake, a large artificial body of 
water named for its precisely circular 
shape. To escape from a man who was 
pursuing her, she got into a rowboat 
and rowed to the center of the lake, 
where a raft was anchored. The man 
decided to wait it out on shore. He 
knew she would have to come ashore 
eventually; since he could run four 
times faster than she could row, he as­
sumed that it would be a simple matter 
to catch her as soon as her boat touched 
the lake's edge. 

But the girl-a mathematics major at 
Radcliffe-gave some thought to her 
predicament. She knew that on foot 
she could outrun the man; it was only 
necessary to devise a rowing strategy 
that would get her to a point on shore 
before he could get there. She soon hit 
on a simple plan, and her applied math­
ematics applied successfully. 

What was the girl's strategy? (For 
puzzle purposes it is assumed that she 
knows at all times her exact position on 
the lake.) 

3. 

This frustrating topological puzzle 
calls for a door key and a piece of heavy 
cord at least a few yards long. Double 
the cord, push the loop through the key­
hole of a door as shown in the top draw­
ing in the illustration on the opposite 
page, then put both ends of the cord 
through the projecting loop as in the 
middle drawing. Now separate the ends, 
one to the left, the other to the right 
[bottom drawing]. Thread the key on 
the left cord and slide it near the door, 
and secure the cord's ends by tying them 
to something-the backs of two chairs, 
for example. Allow plenty of slack. 

The problem is to manipulate the key 
and rope so that the key is moved from 
spot P on the left cord to spot Q on the 
right cord. After the transfer the rope 
must be looped through the door in 
exactly the same way as before. 

4. 

This harmless-looking little problem 
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in combinatorial geometry, taken from 
an old, forgotten puzzle book, has more 
to it than first meets the eye. Forty 
toothpicks are arranged as shown at the 
top of the next page to form the skeleton 
of an order-four checkerboard. The 
problem is to remove the smallest num­
ber of toothpicks that will break the 
perimeter of every square. "Every 
square" means not just the 16 small ones 
but also the nine order-two squares, the 
four order-three squares and the one 
large order-four square that is the out­
side border-3D squares in all. 

(On any square checkerboard with n2 

cells the total number of different rec­
tangles is 

of which 

(n� + n)2 

4 

n(n + 1) (2n + 1) 
6 

are squares. "It is curious and interest­
ing," wrote Henry Ernest Dudeney, the 
noted British puzzle expert, "that the 
total number of rectangles is always 
the square of the triangular number 
whose side is n." ) 

The answer given in the old book 
was correct, and the reader should have 
little difficulty finding it. But can he go 
a step further and state a simple proof 
that the answer is indeed minimum? 

This far from exhausts the puzzle's 
depth. The obvious next step is to in­
vestigate square boards of other sizes. 
The order-one case is trivial. It is easy 
to show that three toothpicks must be 
removed from the order-two board to 
destroy all squares, and six from the 
order-three. The order-four situation is 
difficult enough to be interesting; be­
yond that the difficulty seems to in­
crease rapidly. 

The combinatorial mathematician is 
not likely to be content until he has a 
formula that gives the minimum num­
ber of toothpicks as a function of the 
board's order and also a method for 
producing at least one solution for any 
given order. The problem can then be 
extended to rectangular boards and to 
the removal of a minimum number of 
unit lines to kill all Tectangles, including 
the squares. I know of no work that has 
been done on any of these questions. 

The reader is invited to try his skill 
on squares with sides from four through 
eight; I shall present the best available 
solutions next month. A minimal solu­
tion for order-eight, the standard check­
erboard (it has 204 different squares), is 

A 

2 

3 A 

B 

Move the key from P to Q 
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The Celestron 10 
The superior optical qualities of the 
Schmidt type telescope, which combine 
the benefits of both lens and mirror 
systems, are presented in the Celestron 
10, a compound catadioptric system of 
150" e.f.l. This is an observatory quality 
telescope in large aperture, but its com· 
pact construction makes it equally con· 
venient for your mountain·top excursions 
or permanent installation. Objects 
viewed through the Celestron 10 appear 
1000 times brighter than to the unaided 
eye, and it will resolve down to 0.4 sec­
onds of arc. 

Complete with pier, clock drive and set­
ting circles $ J 870.00. Write for details. 

Celestron Pacific 
13214 Crenshaw Boulevard, 

Gardena, California 

'Ihe�_uest 
&tlie 

@ommitment 
The Age of Space is also the Age of 
Land and Sea. At Lockheed there are 
no environmental limits to techno­
logical exploration and progress. 
On land: highly advanced vehicle 
systems for missions of the future. 
In the sea: deep submersibles to 
probe the ocean depths. In space: 
Agena, most versatile vehicle 
system of the age. 

Engineers and scientists are invited 
to write Mr. K. R. Kiddoo, 
Professional Placement Manager, 
Sunnyvale, California. An Equal 
Opportunity Employer. 

LOCKHEED 
MISSILES .. SPACE COMPANY 
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A toothpick puzzle 

not easy to find, and it will be disclosed 
next month for the first time. 

5. 

An infinity of points lie inside the 
closed curve shown below. Assume that 
a million of those points are selected at 
random. Will it always be possible to 
place a straight line on the plane so that 
it cuts across the curve, misses every 
point in the set of a million and divides 
the set exactly in half so that 500,000 
points lie on each side of the line? The 
answer is yes; prove it. 

6. 
Gerald L. Kaufman, a New York City 

Million-point puzzle 

architect and the author of several 
puzzle books, devised t!:Jis clever logic 
problem. 

Three playing cards, removed from 
an ordinary bridge deck, lie face down 
in a horizontal row. To the right of a 
King there's a Queen or two. To the left 
of a Queen there's a Queen or two. To 
the left of a Heart there's a Spade or 
two. To the right of a Spade there's a 
Spade or two. 

Name the three cards. 

7. 

Five paper rectangles (one with a 
corner torn off) and six paper disks 
have been tossed on a table. They fall 
as shown in the illustration on page 
120. Each corner of a rectangle and 
each spot where edges are seen to inter­
sect marks a point. The problem is to 
find three sets of four "cocircular" 
points: four points that can be shown 
to lie on a circle. 

For example, the corners of the iso­
lated rectangle [bottom right in illus­
tration 1 constitute such a set, because 
the corners of any rectangle obviously 
lie on a circle. vVhat are the other two 
sets? This problem and the next are 
recent inventions of Stephen Barr, au-
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Accutron® doesn't tick. If it ticked, it 
would probably be wrong. Watches tick. The 

Accutron timepiece has no watch works. Instead, the unchang­

ing vibrations of a tuning fork split every second into 360 parts. 

(The same movement is used as a timer 

in satellites.) 

We guarantee accuracy within one 

minute a month� For $125, you can't 

go wrong. 

® 
Ol(l-fa�hion('d bal:U1cc 

whet'! is still u�cd in ;111 wind. 
self-wind. ;llId dl'ctric 

w:Jldh'�. It is not used in the 
Accutron movelllent. 

Accutron by Bulova l) Shown: Model "605", 18K gold, gold·tone dial, $300. Other styles from $125. "'Accutron jeweler will 

adjust timekeeping to this tolerance if necessary. Guarantee is for one full year. ©Bulova Watch Co., Inc. 
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120 

Problem-Makers 

Have a Future 

at Bellcomm 

Bellcomm's highly professional staff 
does systems engineering for the 
National Aeronautics and Space 
Administration's manned space flight 
effort. 

It solves problems. 

It also thinks up problems. Defines 
them. Uncovers them. 

If setting up problems pleases you 
as much as solvi ng them, you might 
find work at Bellcomm more interest· 
i ng-more rewarding-and more un· 
usual. Fieldsof interest include physiCS, 
mathematics, computing and program· 
ming, engineering, flight mechanics, 
chemistry, propulsion, guidance and 
trajectory analysis. 

Bellcomm welcomes the resumes of 
highly qualified thinkers. Address: Mr. 
N. W. Smusyn, Personnel Director, 
Bellcomm,lnc., Room 1310·M,110017th 
St., N. W., Washington, D. C. 20036. 

We'll give your resume a prompt 
and careful review. 

An equal opportunity employer. 

@ 
Bellcomm, Inc. 
A Bell System Company 

Find three sets 0/ four cocircular points 

thor of Experiments in Topology and A 
Miscellany of Puzzles: Mathematical 
and Othe1'Wise, both published by Crow­
ell. They will appear in a new puzzle 
book on which he is working. 

8. 

"Mathematicians are curious birds," 
the police commissioner said to his wife. 
"You see, we had all those partly RIled 
glasses lined up in rows on a table in 
the hotel kitchen. Only one contained 
poison, and we wanted to know which 
one before searching that glass for fin­
gerprints. Our laboratory could test the 
liquid in each glass, but the tests take 
time and money, so we wanted to make 
as few of them as possible. We phoned 
the university and they sent over a 
mathematics professor to help us. He 
counted the glasses, smiled and said: 

"'Pick any glass you want, Commis­
sioner. We'll test it first.' 

"'But won't that waste a test?' I 
asked. 

"'No,' he said, 'it's part of the best 
procedure. We can test one glass first. 
It doesn't matter which one.' " 

"How many glasses were there to 
start with?" the commissioner's wife 
asked. 

"I don't remember. Somewhere be­
tween 100 and 200." 

What was the exact number of 

glasses? (It is assumed that any group 
of glasses can be tested simultaneously 
by taking a small sample of liquid from 
each, mixing the samples and making a 
single test of the mixture.) 

9. 

Recreational mathematicians have 
devoted much attention in the past to 
chessboard "tours" in which a chess 
piece is moved over the board to visit 
each square once and only once, in 
compliance with various constraints. 
Last year John Harris of Santa Barbara, 
Calif., devised a fascinating new kind 
of tour-the "cube-rolling tour"-that 
opens up a wealth of possibilities. 

To work on two of Harris' best prob­
lems, obtain a small wooden cube from 
a set of children's blocks or make one 
of cardboard. Its sides should be about 
the same size as the squares of your 
chessboard or checkerboard. Paint one 
side red. The cube is moved from one 
square to an adjacent one by being 
tipped over an edge, the edge resting 
on the line dividing the two cells. Dur­
ing each move, therefore, the cube 
makes one quarter-turn in a north, 
south, east or west direction. 

Problem l. Place the cube on the 
northwest corner of the board, red side 
up. Tour the board, resting once only 
on every cell and ending with the cube 
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FERROELECTRICS 

Ford scientists change certain properties of metals 

by applying polarized ferroelectric materials 

It is well known that many of the physical properties 

of solids depend upon the number of free charge 
carriers (usually electrons) per unit volume. This 

number, and hence the properties, can be changed 
by placing the solid in an electric field so that more 
free charges are attracted to or repelled from a 

given unit volume. Previous attempts to accomplish 
control over the properties have used direct applica. 

tion of the highest attainable electric fields (approxi. 

mately 107 volts/cm), and the observable effects 

have always been very small. 
Ford Molor Company scientists have developed 

a method of changing the number of charge carriers 

in a solid by wedding a thin film of the solid to a 

crystal of polarized ferroelectric material (barium 

titanate, triglycine sulfate, and potassium dihydrogen 
phosphate, for example). Common ferroelectrics, in 

Shown here is a diagram of how the resistivity of a thin metal film 
deposited on a ferroelectric material is modified by the polarization of the 
ferroelectric substrate. The ferroelectric is shown in a polarized state, i.e. 
with all its atomic cells or electric dipoles aligned parallel and opposite 
surfaces carrying opposite surface charges. (Since ferroelectrics are insula­
tors, there is no way for these surface charges to flow together and cancel.) 
In the left-hand drawing, the charge on the surface adjoining the metal film 
is positive, thus attracting more negative free charges into the conductor 
and effectively decreasing its resistance. I n the right-hand drawing, the 
polarization of the ferroelectric has been changed and the surface adjoin­
ing the metal film is negatively charged. Negative free charges thus are 
repelled from the conductor and its resistance is effectively increased. 

a polarized state, carry opposite electrical charges 

on opposite surfaces of the material, and the surface 

charge densities correspond to electric fields of 109 
volts/cm. When a solid connected to a charging 
source is brought in contact with the charged surface 
of a polarized ferroelectric, the number of charge 
carriers per unit volume in the solid will change to 

cancel the surface charge of the ferroelectric (see 
diagram). The properties of the solid which depend 
upon charge carrier density can thus be modified. 

This new method of changing the density of charge 

carriers in a solid is about 100 times more effective 

and much safer than the method utilizing the direct 

application of a high voltage electric field. In addi­

tion, the studies point the way to several new and 
useful devices such as computer memory elements, 
optical display devices and sensitive amplifiers. 

PROBING DEEPER TO SERVE BETTER 
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If You're Thinking About Making A Move Right Now, 

Make It A Big One. 

When the C-5A project came to Lockheed, opportunity came to you. Right now, you can get in on the ground floor of the 

biggest airplane program in history. Work with the most famous airlifter team in the 

world. Get an intellectual toe-hold on one of the most challenging assignments of the 

decade. This may be the opportunity you've been waiting for ... if you've been waiting for 

a big one. The sooner you apply, the faster you can begin enlarging your own horizons. 

Send resume to Charles Munro, Professional Employment Manager, Lockheed-Georgia 

C- 5A-� 
LOCKHEED 
The opportunities don't come any bigger 

Lockheed-Georgia Company, Marietta, Georgia: 

A Division of Lockheed Aircraft Corporation 

Company, 834 West Peachtree Street, Atlanta, Georgia, Department llSC. Lockheed IS an equal opportumty employer. 
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IMMEDIATE 

OPPORTUNITIES AT 

LOCKHEED-GEORGIA 

ON THE C-SA 

The world's largest jet airlifter 
Engineers and scientists will find 
immediate ground-floor opportun­
ities in the following fields: 

DESIGN 
Structural and Functional 
DRAWING CHECKING 
STRUCTURES ANALYSIS 
Strength 
Loads 
Dynamics 
Weights 
VALUE ENGINEERING 
Production Design 
Value Analysis 
Materials and Processes 
Standards 
Design Manuals 
RELIABILITY ENGINEERING 
Aviation Safety 
Analysis 
MAINTAIN ABILITY 
OPERATIONS RESEARCH 
MATHEMATICAL LOFfING 
DEVELOPMENT TEST 
ENGINEERING 
Structural 
Mechanical 
Metallurgical 
Instrumentation 
SYSTEMS ENGINEERING 
Propulsion 
Mechanical and Hydraulic 
Electrical 
Electronic 
AERODYNAMICS 
Performance 
Stability and Control 
Wind Tunnel 
THERMODYNAMICS 
Heat Transfer 
Propulsion 
MANAGEMENT SYSTEMS 
REQUIREMENTS 

ENGINEERING ARTISTS 

MANPOWER CO-ORDINATION 

ENGINEERING CONTROL 
CO-ORDINATION 

TECHNICAL CONTRACTS 

TECHNICAL WRITERS 

FLIGHT TEST 

APPLICATIONS ENGINEERING 

ADMINISTRATIVE 
ENGINEERING 

ENGINEERING PROCEDURES 
ANALYSIS 

Send resume to Ch arles Munro, 
Professional Employment Manager, 
Lockheed-Georgia Com pany, 834 
West Peach tree Street, Atl anta, 
Georgia, Department USC.Lockheed 
is an equal opportunity employer . 

• L o c k h eed-Ge o r g i a  Company, 
Marietta, Georgia: A D ivision of 
Lockheed Aircraft Corporation 

The opportunities don't come any bigger 

lockheed-Georgia Company, Marietta, Georgia: 

A Division of lockheed Aircraft Corporation 

red side up in the northeast corner. At 
no time during the tour, however, is 
the cube allowed to rest with the red 
side up. (NOTE: It is not possible to 
make such a tour from corner to diago­
nally opposite corner.) 

Problem 2. Place the cube on any 
cell, an uncolored side up. Make a "re­
entrant tour" of the board (one that 
visits every cell once and returns the 
cube to its starting square) in such a 
way that at no time during the tour, 
including at the finish, will the cube's 
red side be up. 

Both problems have unique solutions, 
not counting rotations and reflections of 
the path. 

The first of last month's pentomino 
problems was to pick, from among 

the 33 different two-move pentomino 
games on the four-by-four board, the 
game that has only one winning reply 
by the second player. It is the game 
that was numbered 26 and is shown 
again at A in the illustration below. The 
first play leaves a space on the right that 
can be filled only by the L-pentomino. 
But if the L is placed in that space, the 
first player can win by playing on the 
left. If, on the other hand, the second 
player puts any piece except the L on 
the left, the first player can win by 
playing the L on the right. To win, 

A 

D 

B 

E 

therefore, the second player must place 
the L on the left as shown. 

On the five-by-five board the first 
player has an obvious win by playing 
the I-pentomino in the center, as shown 
at B below. His opponent must play 
on one side and the first player then 
wins by playing on the other side. The 
shortest possible game on this board has 
two moves [CJ and the longest has five 
[DJ. The short-game pattern is unique, 
but there are many solutions to the long 
game. 

The first player can win on the five­
by-six board only if his first move is the 
one shown at E. There is no simple 
proof, and space does not allow show­
ing correct responses to all possible sec­
ond moves. 

The Y-pentomino is rectifiable. The 
drawing at F shows the smallest rec­
tangle that can be formed with replicas 
of this piece. The pattern illustrated is 
one of four possible rectangles. 

I hope readers will understand that it 
was not possible to reply to some 100 

correspondents who sent correct solu­
tions to the interplanetary-code message 
in this department for August. More 
than half of these solutions included a 
correct interpretation of the final state­
ment, identifying the earth as the source 
of the message. 

c 

F 

Answers to pentomino problems 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

A
y pinch of topsoil taken from the 
ground in any part of the world 
could contain among its teeming 

millions of microorganisms a few that 
secrete antibiotic substances capable of 
being used in the treatment of such seri­
ous diseases as diphtheria, tuberculosis 
and leprosy. Do such organisms actually 
exist? No one knows, but the success 
more than a quarter of a century ago of 
the first effort to treat a patient with a 
secretion of the mold Penicillium nota­
tum was an event of sufficient promise 
to have sent an army of biological pros­
pectors into the field and to have kept 
them there ever since. 

No precise count has been made of 
how many soil specimens these workers 
have examined. Estimates put the figure 
at close to a million. As in the case of 
mineral prospectors on the old Western 
frontier, however, few of these modern 
hunters have made lucky strikes. The 
million or so samples analyzed to date 
have yielded fewer than 500 organisms 
secreting substances that are poisonous 
to other organisms. Fewer than a dozen 
of the 500 can be used in the treatment 
of human disease, and the secretions of 
only five are routinely prescribed by 
physicians. All the others are either too 
weak or too toxic to human beings or are 
effective only in the test tube. Yet in 
spite of its many disappointments the 
quest continues. 

Last year the quest was joined by 
Bill Hulett, a high school student in 
Charleston, Miss. He reports that the 
thrill of rediscovering penicillin and 
two other known antibiotics more than 
rewarded his many failures. "Anyone 
who likes to combine the joys of the 
open country with the fascinations of 
the laboratory," Hulett writes, "should 
make a hobby of hunting antibiotics. 
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How to isolate from samples of topsoil 
microorganisms that secrete antibiotics 

Soil organisms are fun to collect and 
interesting to grow. The analytical pro­
cedures are simple, inexpensive and full 
of surprises because the experimenter 
can never predict their outcome. 

"My project began in 1963 when I 
came across a paper by the noted micro­
biologist Selman A. Waksman. In it he 
pointed out that although disease-pro­
ducing organisms have been finding 
their way into the soil for millions of 
years, they have not crowded out all 
other organisms. Waksman suggested 
that, in the continuing struggle for sur­
vival, disease organisms in the soil must 
be destroyed by substances that are 
manufactured by other organisms. 

"I wondered if such organisms inhab­
ited our local soil. For background in­
formation I consulted my father, who is 
a physician, and borrowed some of his 
textbooks on bacteriology. Information 
on analytical procedures and culturing 
techniques was solicited from several 
manufacturers of antibiotics. 

"During this preliminary phase I 
learned that the destruction of micro­
organisms is not difficult. Even bacteria 
that produce the most deadly diseases 
in man can be killed by fairly mild 
treatment with heat, acid, alkali and 
other chemical compounds. The trick 
is to kill the offending microorganism 
without harming the human host. The 
most widely and frequently used drug 
for accomplishing this is penicillin, the 
antibiotic discovered in 1928 by Alex­
ander Fleming. Unfortunately penicillin 
is not effective against all diseases; 
neither is any combination of the other 
widely used antibiotics, which include 
streptomycin, Chloromycetin, Aureomy­
cin and Terramycin. I learned too that 
all groups of microorganisms must be 
regarded as potential sources of useful 
antibiotic drugs and that the amateur 
has as good a chance as anyone of dis­
covering them. 

"With that background and encour­
agement I set up my experiment. My 
soil specimens were collected from a 
variety of nearby locations: at the base 
of an oak tree, from a pine woods, a 

pecan grove, a sumac thicket and so on. 
The culture that produced the most or­
ganisms came from a meadow. The one 
that produced the fewest-one-was col­
lected near my house. Yet the organism 
in this specimen secreted an antibiotic! 
The specimen that produced the most 
antibiotics-three-was collected near a 
fishpond. In all, antibiotic activity was 
found in six out of 23 specimens-a good 
batting average in spite of the fact that 
the six represented only three antibi­
otics, all of which are well known. 

"The soil organisms were cultured on 
several media to encourage growth of 
the maximum variety. Organisms that 
grow as colonies were then isolated and 
subcultured in nutrient broth. The 
broth was tested for antibiotic activity 
by saturating a small disk of blotting 
paper with the solution and placing it 
on a test culture of bacteria. Activity 
was indicated by a circular zone sur­
rounding the paper disk in which the 
growth of the bacteria was inhibited. 
The width of the zone varies in propor­
tion to the strength of the antibiotic 
activity. 

"For test bacteria I used Sarcina 
lutea, the harmless organism adopted 
by the National Bureau of Standards 
for the control of commercial penicillin 
production. It is easily grown and re­
sponds uniformly to the presence of 
antibiotics .. The zone of inhibition ap­
pears to the unaided eye as a clear cir­
cle surrounded by the bright yellow of 
the normal culture [see bottom illustra­
tion on page 129]. 

"To familiarize myself with the pro­
cedure I first made up a culture of Sar­
cina lutea and exposed it to several 
commercially prepared antibiotics. Small 
disks of blotting paper cut with a paper 
punch were moistened with drug solu­
tions and placed on the plates of agar 
nutrient that had been freshly inocu­
lated with Sarcina lutea. I had procured 
a culture of pure Penicillium notatum 
and cultivated it on nutrient broth un­
der the same conditions I planned to 
use for culturing soil organisms. Blot­
ting paper saturated with this broth was 
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also tested on a nutrient agar plate of 
the Sarcina lutea. The resulting zones 
of inhibition varied from one to eight 
millimeters in width; the average was 
three millimeters. 

"Some of the required apparatus, such 
as an incubator, can be constructed at 
home. I built an incubator of 1/4-inch 
plywood. It is essentially a box with a 
hinged door and an electric heater. The 
dimensions are not critical-any well­
constructed cabinet of ample size will 
do. I joined the plywood rectangles by 
means of soft-pine corner strips that 
were fastened by brads and glue. The 
hinged door opened downward and was 
held shut by hooks or a magnetic latch 
of the kind used in kitchen cabinets. 
The latches, hinges, handles and other 
cabinet hardware were obtained from 
one of the large mail-order houses. The 
incubator was fitted with shelves cut 
from perforated aluminum of the do-it­
yourself type stocked by most hardware 
dealers. One could substitute 1/4-inch­
square wire mesh of the kind known as 
hardware cloth if perforated aluminum 
were not available. 

"The incubator was heated by five 
Christmas-tree lamp bulbs of Type 
No. 46. I installed miniature porcelain 
sockets for six bulbs but found that five 
heated the unit adequately. These lamps 
operate on 6.3 volts and are powered 
by the filament transformer of an old 
radio set. The heater assembly was in­
stalled in the bottom of the box, as 
shown in the accompanying illustration 
[right J. Room temperature did not vary 
widely, so that I did not equip the in­
cubator with automatic temperature 
control. If automatic control were need­
ed, it should be easy to improvise. One 
could substitute a single 60-watt lamp 
bulb for the miniature lamps and con­
trol it by a small thermostat of the kind 
used in chicken brooders. Such thermo­
stats are listed in farm catalogues of 
the large mail-order houses for about $5. 

"When it is used in locations where 
the temperature varies widely, the incu­
bator should doubtless be insulated. 
Good insulation would be provided by 
an inch or so of rock wool in the space 
between a pair of nested boxes. Alter­
natively, the incubator could be made 
of slabs of foam plastic. My completed 
unit was sanded, painted with enamel 
and equipped with a door handle and a 
carrying handle. 

"I also made several other pieces of 
apparatus: an alcohol lamp (used for 
sterilizing test tubes), inoculating nee­
dles, wire loops for manipulating solu­
tions and a test-tube rack. The lamp 

thermom etet' 
L--

Incubator for culturing soil organisms 

box 

ha rdware-c loth 
shelves,�" mesh 6.3-volt filament 

miniature Chri.:;tmas-tree '(imps 
In porcelain .sockets 

Details 0/ the incubator 
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Hardware cloth used to make a rack for test tubes 

consists of a small glass bottle, the neck 
of which makes a snug fit with a wick 
of sack cord 3/8 inch in diameter. I 
have also made lamps out of bottles with 
larger necks. These were fitted with a 
perforated cork that in turn fit the wick­
ing. The cork was protected from the 
flame by a metal washer made of alumi­
num foil. Incidentally, holes of any de­
sired size can easily be burned through 
corks by means of a red-hot file tine. 

"My inoculation needles and wire 
loops were made of straightened paper 
clips. The end of each wire was inserted 
in a six-inch length of six-millimeter 
soft-glass tubing and the joint was 
heated in the flame of a Bunsen burner 
until the materials sealed. Wooden 
handles would have been as good but 
they were not as easy to make. A loop 
about an eighth of an inch in diameter 
was made at the outer end of some of 
the wires; this provided a handy device 
for picking up and transferring a large 
drop of culture solution. 

"I was surprised at the number of 
shallow containers one requires for mak­
ing these experiments. Initially I bought 
four Pyrex Petri dishes for 65 cents 
each. When the project got under way, 
it became apparent that I would need 
dozens of them, so I hunted for alternate 
vessels. Finally I found a source of pre­
sterilized Petri dishes made of plastic. 
They are priced at $7.50 per 100 and 
are shipped in five sealed packages of 
20 each. Eventually I used 250. 

"Also required are three dozen test 
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tubes approximately half an inch in di­
ameter and five inches long. A rack for 
holding the test tubes can be made of 
hardware cloth. Mine measures six inch­
es wide, eight inches long and four 
inches high. The mesh can be spread 
enough to accept the tubes. The top and 
ends of the rack consist of a single piece 
of mesh six inches wide and 16 inches 
long. Square bends made four inches 
from the ends serve as supports for the 
top. A second piece of mesh of the same 
width but only 10 inches long forms the 
bottom shelf of the holder. This nests in­
side the larger piece when square bends 
are made one inch from the ends [see 
illustration above]. Test tubes, stop­
pered by plugs of absorbent cotton, can 
be sterilized by being baked for 20 
minutes at 300 degrees Fahrenheit in a 
kitchen oven. 

"In general, I sterilized glassware in 
an autoclave-an old pressure cooker my 
mother had discarded. Six ounces of 
water was placed in the cooker along 
with the glassware and heated on the 
kitchen stove. A steam pressure of 15 
pounds per square inch was maintained 
for 15 minutes to complete the sterili­
zation. Because the pressure cooker was 
not large enough to take conventional 
half-liter flasks I used a variety of cov­
ered containers-peanut butter jars, 
fruit jars, jelly jars and so on-for agar 
preparations and other solutions. 

"Harmless bacteria and penicillium 
cultures can be obtained from the Amer­
ican Type Culture Collection, 2112 M 

Street NW, Washington, D.C. 20036. 
(Pathogenic bacteria are not distributed 
to amateurs.) Substantial discounts are 
given on orders accompanied by docu­
mentary proof that the buyer is a 
student. Agar and related preparations 
can be procured from distributors such 
as Difco Laboratories, Detroit, Mich. 
48201, and General Biological Supply 
House, 8200 South Hoyne Avenue, 
Chicago, Ill. 60620. 

"In general, I maintained sterile con­
ditions by means of techniques de­
scribed in this department for March, 
1958. I did not use a sterile transfer 
chamber, however, when manipulating 
the cultures. If Fleming had used a 
transfer chamber he might not have 
discovered penicillin, because the or­
ganism appeared on one of his cultures 
as a contamination. On the other hand, 
I did not deliberately encourage con­
tamination. Only one culture was spoiled 
by what appeared to be an airborne 
organism. 

"Five types of agar nutrient were 
tested initially. The first consisted of six 
grams of Difco nutrient agar added to 
250 milliliters of water. Incidentally, 
distilled water was used for all prep­
arations. The mixture was heated to 
approximately 150 degrees F. and 
stirred until the agar dissolved. It was 
then sterilized by autoclaving at a pres­
sure of 15 pounds for 15 minutes. 

"Agar medium of the second type 
consisted of 16 grams of BBL Sabouraud 
Dextrose agar; the third contained 14 
grams of Difco Littman Oxgall agar. 
These nutrients were prepared in pre­
cisely the same way as the first type. 
The fourth type was speCially com­
pounded for the culture of actinomy­
cetes. To 250 milliliters of distilled 
water I added five grams of Difco agar, 
.01 gram of ferrous sulfate, .1 gram of 
potassium chloride, . 1 gram of mag­
nesium sulfate, 2.5 grams of powdered 
skim milk and 2.5 milliliters of glycerine. 
The ingredients were heated to 150 de­
grees F., constantly stirred until dis­
solved and then autoclaved. 

"The fifth type consisted of potato 
agar. Twenty-five grams of cubed po­
tato was boiled for 10 minutes in 50 
milliliters of water. The fluid was 
strained and to the clear solution was 
added 10 grams of glucose and eight 
grams of plain agar. Distilled water was 
then added to make a total volume of 
250 milliliters, after which the prepara­
tion was autoclaved. 

"The nutrient broth required for sub­
culturing was prepared by boiling 10 
grams of lean fresh chopped beef for 10 
minutes in 50 milliliters of water. When 

© 1965 SCIENTIFIC AMERICAN, INC



Eat 'em up: 
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and factory fresh ... 
Thanks to a UOP discovery, these potato chips taste every bit as good as the 
day they were made. The product: butylated hydroxyanisole. More simply known 
as BRA. This is the ingredient that helps keep potato chips and many other 
fat-containing foods fresh and free from rancidity and spoilage problems. 

BRA is an original development of UOP research and is today supplied 
in a complete line of formulations to the world-wide food industry by 
the UOP Chemical Company division, under the trademark of Sustane®. 

Sustane is a specific illustration of UOP's concentration on chemical product 
innovation-the ability to solve a problem, anticipate a need, help create a market. 
This customer orientation is typical of the chemical products UOP supplies 
to the pharmaceutical, fragrance, flavor, food, rubber, plastics and textile 
industries, as well as to petroleum refiners. Research, products, service. 
This is the growing UOP /1965. 

uniVERSAL OIL PRODUErS EOmPAny 
Des Plaines, Illinois, U.S.A., in the greater Chicago area 
WHERE RESEARCH IS PLANNED WITH PROGRESS IN MIND® 

© 1965 SCIENTIFIC AMERICAN, INC



Moving air is easy ... controlling it takes an expert 
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it had cooled, the solution was filtered. 
Ten milliliters of un sulfured molasses, 
five grams of glucose and enough dis­
tilled water were then added to make 
up 250 milliliters. The resulting broth 
was autoclaved at a pressure of 15 
pounds for 20 minutes. 

"Each agar medium was poured while 
warm into previously sterilized plastic 
Petri dishes. On cooling, the material 
jelled. Approximately 20 milliliters was 
placed in each dish. Five milliliters of 
nutrient broth was placed in each test 
tube. All test tubes, after being plugged 
with a loose tuft of cotton, were then 
resterilized by autoclaving at 15 pounds 
for 20 minutes. 

"Organisms were collected by digging 
about five inches below the surface of 
the ground and placing about 10 grams 
of soil in a sterile container with a 
close-fitting cover. Subsequently two 
grams of each specimen was trans­
ferred to a sterile test tube containing 
10 milliliters of distilled water. The so­
lution was shaken vigorously for 30 sec­
onds and placed in the test-tube rack, 
where it was allowed to settle for five 
minutes. Subsequently a loopful of the 
clear fluid from the test tube was 
streaked over plates of agar. 

"Early in the project tests disclosed 
that the maximum variety of organisms 
could be grown using only three of the 
five nutrients: nutrient agar, Sabouraud 
agar and Littman agar. Use of the ac­
tinomycetes agar and potato agar was 
discontinued. The organisms of every 
soil specimen were thereafter cultured 
on agar plates of these three types. 

"The inoculated plates were incu­
bated at 84 to 88 degrees F. for inter­
vals ranging from four to seven days, 
depending on apparent growth. All cul­
tures were inspected daily. The colonies 
grow in varied forms. Some appear as 
irregular white patches, others as fuzzy 
greenish mounds. Still others seem to 
consist of white hair and to grow in 
concentric circles. Some are green with 
fuzzy white edges. 

"As large, readily identifiable colonies 
appeared, specimens were transferred 
from the colony (by means of an inocu­
lation needle) to nutrient broth for sub­
culturing. The subcultures were incu­
bated for intervals ranging from seven 
to 10 days at the same temperature as 
the primary cultures. Unfiltered broth 
was then tested for antibiotic activity. 
Incidentally, . all culture vessels were 
labeled and detailed records were kept 
of every step in all experiments. 

"For evaluating the activity of the 
subcultures, plates of nutrient agar were 
first inoculated with Smcina Ilitea bac-

Cultures of soil organisms growing on agar 

ZOlle of inhibiti.on surrounding antibiotic disk 
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Yale's dramatic cartographic discovery­
the earliest map of America yet found 
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Here is the most exciting cartographic discovery of this century-the earliest 
and only map ever found indisputably showing any portion of the Western 

Hemisphere and, specifically, the North American continent as discovered by 
the Norse under Leif Ericson. This map, along with the Tartar Relation, a 

manuscript of Asian exploration, was part of a medieval history written in the 
thirteenth century. The story of their accidental rediscovery, the painstaking 
research necessary to establish their authenticity, and the conclusions of the 
British and American experts assigned to this task are told in this extraor­
dinary volume. 
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by R. A. Skelton, Superintendent of the Map 
Room of the British Museum 
Thomas E. Marston, Curator of Medieval 
and Renaissance Literature, Yale University Library 
George D. Painter, Assistant Keeper of 
Printed Books of the British Museum 

Foreword by Alexander O. Vietor, Curator of 
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In this intriguing book Dr. Dubos suggests that the state of health or disease 
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The Ecological Theater and 
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$10.00 
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evolution. $5.00 

Scales and Weights 
by Bruno Kisch 
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illustrated with 98 plates depicting scales, weights, and containers from the 
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available through your bookstore 
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teria. A small disk of blotting paper 
was then cut with a paper punch from 
a sheet of paper that had been sterilized 
in the kitchen oven by being baked at 
300 degrees F. for 30 minutes. The disk 
was moistened with the subculture broth 
to be tested, placed in the center of the 
inoculated agar plate and incubated at 
the same temperature as the cultures 
for seven days. Inhibition zones, if any, 
were then measured and recorded. In 
cases where antibiotic activity was in­
dicated I immediately inoculated addi­
tional test tubes of nutrient broth with 
the responsible organism to ensure a 

continuing supply. The test was then 
repeated. In cases where plates became 
contaminated or a zone of inhibition 
was in doubt, the test was promptly 
repeated. 

"In the course of the project I also 
checked a number of commercial anti­
biotics with the same procedures. Sensi­
Disks bought from Difco Laboratories, 
for example, were used for observing 
the antibiotic activity of tetracycline, 
chloramphenicol, penicillin, triple sulfa, 
streptomycin and oxytetracycline. I also 
prepared penicillin by culturing Peni­
cillium notatwn strain No. 10002, 
obtained from the American Type Cul­
ture Collection. The organism was kept 
alive by weekly reculturing on potato 
agar and was tested by the same tech­
nique used for evaluating soil specimens. 
The resulting zones of inhibition were 
not as large as those produced by Sensi­
Disks of penicillin but ranged from two 
to eight millimeters in diameter, aver­
aging three millimeters. 

"In all I analyzed 23 specimens of 
soil in four and a half months of ex­
perimenting. From these I identified 129 
grossly different colonies of soil or­
ganisms and subcultured them in nu­
trient broth. Two of the specimens that 
exhibited antibiotic activity produced 
zones larger than three millimeters 
wide, two produced zones that ranged 
from one to three millimeters, and the 
zones of five measured less than one 
millimeter. Three cultures from the most 
interesting soil specimens were sub­
mitted to a commercial laboratory for 
evaluation. Two turned out to be peni­
cillium molds. The third, which I had 
labeled specimen No. 1 13, proved to be 
a mixture of gram-positive and gram­
negative bacteria. Only the gram-posi­
tive bacteria had antibiotic activity. This 
substance was identified as Fluvomycin, 
one of the lesser-known antibiotics, 
which is effective against pathogenic 
bacteria and fungi. As they say, you 
can't win 'em all-or even very many­
but it is fun to try!" 
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by Ernest Nagel 

HEGEL: REINTERPRETATION, TEXTS, 

AND COMMENTARY, by Walter Kauf­
mann. Doubleday & Company, Inc. 
($6.95). 

G
oethe once remarked, in comment­

ing on the artificial and pom­
pous manner of thought and ex­

pression he found in one of Hegel's dis­
ciples: "What are the English and the 
French to think of the language of our 
philosophers when we Germans do not 
understand it ourselves?" The appalling 
obscurity so frequently encountered in 
Hegel's own writings has nevertheless 
been no obstacle (and may even have 
been a help) to their having a profound 
influence on subsequent philosophical 
and religious thought, on the study of 
human history and culture, and on po­
litical, legal and social theory. The fruits 
of this influence are a mixed harvest, 
some of which Hegel would surely have 
disowned. Partly because his language 
is often ambiguous and cryptic, and 
partly because many of his central ideas 
are basically unclear, his followers have 
been able-not always on cogent grounds 
-to construe even his views on major 
issues in quite different ways and to de­
velop them in divergent directions. For 
example, his philosophy has been es­
teemed as valuable by some professed 
diSciples because of its allegedly sys­
tematic account of reality as the pro­
gressive manifestation of an immanent 
World Spirit, and by others because of 
its use of a supposedly distinctive dia­
lectical method. His social philosophy 
has been interpreted as a rationale for 
political conservatism, as a foundation 
for a truly liberal society, and as a justi­
fication of totalitarianism. He influenced 
thinkers in various disciplines who re­
jected his philosophy as a whole or who 
were even unfamiliar with it at first 
hand. Some of them, such as Karl Marx 
and John Dewey, used the conceptions 
they borrowed from him only after 

BOOKS 
A modern assessment of 
the philosophy of Hegel 

transforming them almost beyond rec­
ognition. Hegel is the source of a broad 
stream of historically significant ideas, 
but the stream has always had numerous 
branches. 

The academic study of Hegel since 
his death in 1831 has had fluctuating 
fortunes. It has been flourishing in Ger­
many for the better part of a century 
after recovering from a period of sharp 
decline, and it has been receiving in­
creasing attention in countries where 
Marxism is official doctrine. On the 
other hand, although it was firmly en­
trenched in major universities in Britain 
and the U.S. during the latter part of 
the 19th century and the first decade of 
the 20th, it has steadily lost ground in 
these countries since World War I. One 
factor contributing to this decline was 
the impact of new developments in logi­
cal analysis on Anglo-American philoso­
phers, who used the standards of intel­
lectual workmanship they had acquired 
from modem logic to deflate many pre­
tensions of Hegelian metaphysics. Phil­
osophical systems do not, however, suc­
cumb easily, even to apparently devas­
tating criticism; they can often be re­
interpreted in such a way as to reveal 
neglected merits or minimize the signif­
icance of admitted failings by dissociat­
ing them from acknowledged virtues. In 
any case, interest in Hegel among 
Anglo-American scholars has been grow­
ing in recent years, and the latest fruit 
of the revival is this book by Walter 
Kaufmann of Princeton University. 

Kaufmann's aim is to present a com­
prehensive reinterpretation of Hegel's 
thought. His book also contains transla­
tions or relevant documents hitherto un­
available in English, and a fresh transla­
tion, with detailed commentary, of the 
important preface to The Phenomenol­
ogy of the Spirit, Hegel's first and pos­
sibly most original major work. The 
book is the only one in English that 
makes extensive use of recently discov­
ered Hegel correspondence and other 
manuscript material, and it clothes its 
meticulous scholarship and wide learn­
ing in an eminently readable style. Kauf­
mann sketches the climate of opinion 

in which Hegel lived and gives a good 
account of his personal fortunes. He 
presents the development of Hegel's 
ideas as attempts to resolve intellectual 
problems that agitated reflective men 
of his time; he states what he believes 
is the gist of all but one of Hegel's books 
published during his life (the exception 
being The Philosophy of Right), and he 
corrects a number of gross but common 
misconceptions about Hegel, for ex­
ample the belief that Hegel's dialectic 
proceeds according to the familiar 
triadic sequence of thesis-antithesis­
synthesis, and that he subordinated 
every human aspiration to the interests 
of the state. 

It is central to Kaufmann's approach 
to distinguish between what Hegel 
maintained his philosophy established 
and what it actually accomplished; in­
deed, Kaufmann takes issue with vari­
ous expositions of Hegelian doctrines 
for failing to understand them in the 
light of this distinction. Kaufmann be­
lieves many of Hegel's claims are in 
fact spurious. For instance, he denies 
that Hegel established the existence of 
a distinctive dialectical process in hu­
man history, or of a uniquely determined 
sequence of all possible world views 
proceeding from the crudest to the most 
profound, and he asserts that in spite 
of Hegel's pretension to have con­
structed a tightly knit system of thought 
"what is systematic [in itl is merely the 
arrangement." He nevertheless shows 
that if Hegel's philosophy is read in the 
context of the problems to which it was 
addressed, rather than from the per­
spective of Hegel's claims for it, much 
in it is richly illuminating and merits 
serious study. Kaufmann's book is on 
many counts a substantial contribution 
to the understanding of Hegel. 

Although the import and validity of 
many things in Hegel are debatable, the 
locus of his problems and the broad 
objectives of his philosophy are reason­
ably clear. Born in 1770, he came to 
maturity during a turbulent period 
when hallowed beliefs about the nature 
of man and society were being serious­
ly challenged-sometimes from opposite 
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directions-by a wide assortment of 
ideas. In one way or another Hegel 
responded vigorously to the rationalism 
of the French Enlightenment, the con­
ceptions of human excellence advocated 
in the literature of German classicism 
and romanticism, the Kantian notion of 
the moral life as the pursuit of duty 
divorced from inclination, and the skep­
tical conclusions concerning the scope 
of human reason that are implicit in 
Kant's account of man's cognitive pow­
ers. Although Hegel was no simple­
minded idolator of traditional institu­
tions, he was sensitive to their values. 
At the same time, in spite of his lack of 
sympathy for some views that were 
highly critical of the established order, 
he did not find them without merit, nor 
was he unaware of incongruities be­
tween other ideas, also critical of tra­
dition, to which he was attracted. 
Accordingly he felt a great need for 
reconciling all these ideas, in order 
"to restore the human being again in 
his totality." 

Hegel welcomed the downfall of the 
ancien regime, and he believed social 
institutions must be subjected to rational 
scrutiny. On the other hand, he con­
demned the egalitarian doctrines of the 
French Revolution, and he was a severe 
critic of the rationalism of the Enlight­
enment. As he construed the individual­
istic theory of absolute natural rights 
on which their social criticism and pro­
grams were based, the theory cannot do 
justice to the civilizing role of social 
institutions or the hierarchical organi­
zation of society; indeed, he blamed the 
influence of the theory for Germany's 
national disunity. Moreover, he rejected 
the ideal of human freedom advocated 
by the Enlightenment, on the ground 
that it gives absolute priority to the 
satisfaction of individual desires, and 
mistakenly supposes that man is free 
by nature but becomes enchained by 
the state. In Hegel's view, which was 
greatly influenced by the enthusiasm of 
Goethe and Schiller for Greek antiquity, 
the state provides the necessary condi­
tions for the fulfillment of man's nature, 
so that "genuine" human freedom can 
be achieved only through a philosoph­
ically informed (or "self-conscious") par­
ticipation in the organized cultural ac­
tivities of society. There are therefore 
good reasons for assuming that one of 
Hegel's cardinal objectives was to me­
diate between critics and defenders of 
the social order, by showing that in 
spite of the limitations inherent in every 
form of organized society every institu­
tion has an indispensable function in 
the social economy of its time and plays 
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an important role in the development 
of human freedom. "The insight to 
which philosophy should help us," 
Hegel declared in a revealing passage 
of his posthumous Philosophy of History, 
"is that the actual world is as it ought 
to be . .  " Thus philosophy is not a com­
fort; it is more, it reconciles, it trans­
figures the actual, which seems unjust, 
into the rational." 

Hegel's philosophical system is in 
part a generalization of this approach 
to reconciling differing social ideals 
and conflicting evaluations of social in­
stitutions. 'Whatever else the system 
contains, it does present a boldly imag­
inative account of the virtues and cor­
responding failings that characterize 
not only various forms of institutional­
ized life but also different human atti­
tudes and passions, scientific and com­
monsense notions, religious doctrines 
and philosophical perspectives. This 
aspect of Hegel's thought is particularly 
prominent in his Phenomenology, and 
it is the one on which Kaufmann sets 
greatest store. Hegel surveyed an im­
pressively wide-ranging series of re­
current outlooks on things, with the 
intent of showing that none is tenable 
if it is embraced without reservation, 
and that each extreme view somehow 
generates another contrasting extreme. 
According to him, for example, naIve 
confidence in the certainty of sensory 
experience overlooks the general as­
sumptions implicit in the interpretation 
of what is directly experienced, and it 
leads to an equally na'ive confidence in 
the certainty of intuitively evident in­
tellectual principles; similarly, a moral­
ity based on unreflective custom opens 
the gates to an individualistic morality 
of worldly success that is disruptive 
of custom. 

But Hegel's philosophy is more than 
a gallery of such contrasting types of 
social institutions and intellectual com­
mitments. Even in the Phenomenology 
the portraits of psychological attitudes 
and world views are not arranged in 
arbitrary sequence. The sequence has a 
definite hierarchical order that is alleged 
to be uniquely determined by a "dia­
lectical" process to which Hegel be­
lieved he held the clue. The order is 
in effect an attempt at a theodicy-a 
justification of the essential rationality 
at the heart of things; it represents the 
manifestations of the World Spirit in an 
endless series of embodiments, each a 
fuller realization of the Spirit's nature 
than its predecessors. Hegel believed 
that this order is implicit in the catego­
rial features of human thought as well 
as of its objects, and that it is generated 

by the intrinsic incompleteness of every­
thing finite. He maintained that the 
concepts of both common sense and 
science are radically incomplete-in his 
language they are "abstract" and the 
products of the "Understanding"-be­
cause the various traits that finite things 
possess are not theirs "absolutely," but 
only by virtue of the roles the things 
play in the endless series of increasingly 
more inclusive systems of which things 
are parts. Accordingly "the truth is the 
whole," a Hegelian dictum that con­
demns all discursive thought as being at 
best "one-sided" and "relative." Hegel 
does not explain, however, how his own 
contention that reality is spiritual es­
capes this condemnation, nor does he 
make clear why what is admittedly only 
a part of the "whole truth" (the fact that 
5 is a prime number, say) cannot be 
absolutely true about some part of the 
whole. 

Hegel persuaded himself that since 
every abstract concept stands in rela­
tions of logical opposition to its various 
contraries as well as to other concepts 
(for example, being a man is logically 
opposed to being a woman, and also 
to being a king), it is intelligible only 
by virtue of its relations to them. In 
consequence he maintained that the 
contraries of a term are somehow in­
volved in both the meaning of the telID 
and in the things to which it is appli­
cable. There is thus an alleged latent 
"contradiction" in the concepts of the 
Understanding and in the things sub­
sumed under them-an internal strain 
that is fatal to the apparent self-suffi­
ciency of anything which falls short of 
the infinite totality of things, and which 
ultimately results in changes that absorb 
the finite in "sublimated" form into a 
more complete reality. Accordingly, ex­
cept for purely physical things, whose 
changes Hegel believed are "perpetually 
self-repeating" and produce nothing 
new, everything else-particularly ideas 
and social institutions-is subject to in­
evitable dialectical transformations. 

Although Hegel contended that these 
dialectical transitions are "necessary" 
because of the inherent "contradictions" 
in everything finite, he used words in 
such a scandalously loose manner that 
it is difficult to know what he meant 
by this assertion. The transitions are 
certainly not established by deductive 
argument; they are based on more or 
less plausible but usually tacit assump­
tions, or on suggestive ambiguities and 
even puns. As Kaufmann points out, the 
sequence of transitions is not always 
the same in Hegel's own presentation 
of them. According to Kaufmann, Hegel 

© 1965 SCIENTIFIC AMERICAN, INC



GREAT MOMENTS AT CHICAGO 

NEWS 
FLASH . . .  

30 BILLION 
YEARS 

OLD 

One evening this spring, Dr. Maarten Schmidt sighted from Palomar a celestial object so distant 
it seemed to lie close to the beginning of time. Its light, he calculated, had begun its journey to earth 
soon after the postulated birth of the universe. Spectacular news - the first real clue to support Einstein's 
"big bang" theory of the universe's creation. 

Dr. Schmidt lost no time in sharing the news - news that had already traveled 30 billion light 
years - with Dr. Subrahmanyan Chandrasekhar, editor of The AstTophysical JouTnal, published by The 
University of Chicago Press. In another twinkling, Dr. Schmidt's findings were appended to the April 
issue of the JouTnal, already on the press.* So it was that this specialists' journal (a journal that each 
month this year has found itself handling late news from outer space), became the means by which the 
daily press and thus the entire world learned of the great discovery. 

Though they do not often operate in the stop-the-presses tradition, all of the university's 29 special­
ized journals perform similarly notable service. Without them-and the books bearing the Press's imprint 
-scholars would be deprived of a crucial means of sharing the results of their labors: 

Physical Climatology by William D. Sellers. 288 pp. $7.50 

Elements of Cloud Physics by Horace Robert Byers. Illus. 
200 pp. $7.50 

Quasi-Stellar Sources and Gravitational Collapse. Edited 
by Ivor Robinson, Alfred Schild, alld E. L. Schucking. 
492 pp. $ 1 0.00 

Gravitation Theory and Gravitational Collapse by Kent 
Harrison, Kip S. Thorne, Masami Wakano, and John 
Archibald Wheeler. 194 pp.  $6.50 
Stellar Structure, "Stars and Stellar Systems," Vol. VIII. 
Edited by Lawrence H. A lIer and Dean H. McLaughlin. 
672 pp. $ 1 7.50 

Galactic Structure "Stars and Stellar Systems," Vol. V., 
Edited by Adriaan Bl aaulI", and Maarten Schmidt. 
632 pp. $ 1 5.00 

Man on Another World by Gosta Ehrellsviird. The prob­
a b i l ities of l i fe on the M oon, Venus, and M a rs.  $ 5 . 9 5  

The Collected Papers o f  Enrico Fermi, Volume II: 
United States, 1939·54. 1105 pp. $22.50 

Scientific Journals - Subscription and m a nuscript i nfor· 
m ation o n  Chicago's scientific journals m ay be obtained 
by writing to the University Press. Journals are i n  the 
fields of astrophysics, botany, geol ogy, biol ogy and 
m edicine, a nd physiological zoology. 

'''Large Redshifts of Five 
Quasi·Stellar Sources" 
by Maarten Schmidt, 
Astrophysical Journal, 

UNIVERSITY 
OF 

April 1, 1965, Vol. 141, No. 3, 
$6.00; one year's SUbscription 
(12 issues) $35.00' 

135 

© 1965 SCIENTIFIC AMERICAN, INC



employed the German equivalent of nec­
essary as an inclusive antonym of ar­
bitmry rather than as a synonym of 
logically necessary; he therefore thinks 
that Hegel's intent is misrepresented by 
commentators who construe the word 
in the latter sense. Kaufmann may be 
right, but he is not entirely convincing. 
Hegel did not clearly distinguish causal 
relations from logically necessary rela­
tions, and even when he was dealing 
with dialectical transformations in so­
ciety, he discussed them without men­
tioning specifically causal determinants 
of such changes as distinct from logical 
determinants. Nor is it clear whether 
Hegel understood dialectical transitions 
to be temporai or logical or both. He 
often described them in ostensibly tem­
poral terms, and he maintained that he 
was able to explain them in terms of 
their role in the genesis of more de­
veloped systems. On' the other hand, 
he presented such changes no less fre­
quently as a logical progression of forms 
of reality when the forms are analyzed 
so as to exhibit their increasing struc­
tural complexities, irrespective of the 
temporal order in which they may be 
realized. 

However this may be, Hegel believed 
that a "rational" order is embodied in 
everything actual, and that in particular 
there is an immanent purpose or "rea­
son" in human history. In fact, he tried 
to show with some attention to detail 
that the rise and fall of nations has not 
been just a series of meaningless hap­
penings, but that on the contrary history 
exhibits the cunning operation of the 
WorJdSpirit in the progressive develop­
ment of "genuine" human freedom. 
Hegel's assertion that he had thus es­
tablished the identity of the rational 
with the actual, and had demonstrated 
the "insight" that "the actual world is 
as it ought to be," is effectively punc­
tured by Kaufmann. Nevertheless, Kauf­
mann thinks it is seriously misleading to 
characterize Hegel's reading of the past 
as inhumanly optimistic; in partial sup­
port of his own interpretation that 
Hegel had a tragic vision of history, he 
cites Hegel's famous description of 
history as a "slaughter bench on which 
the happiness of peoples, the wisdom of 
states and the virtue of individuals have 
been sacrificed." In his admirable effort 
to be fair to Hegel, however, Kaufmann 
is sometimes overly generous. It is diffi­
cult to defend Hegel from the accusa­
tion that he was insensitive to human 
suffering, when one finds him saying 
that the contemplation of the agonies 
men have so commonly endured must 
not make us "fall into the Litany of 
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Lamentations"-since the "so-called well 
or ill faring of these or those isolated 
individuals cannot be regarded as an 
essential element in the rational order 
of the Universe." There is real substance 
in Santayana's judgment that Hegel 
sanctified "a brutal law of success and 
succession" and "despised every ideal 
not destined to be realized on earth." 

Contrary to the familiar adage, Peter's 
ideas of Paul are not always better clues 
to Peter's nature than they are to Paul's. 

Still, Kaufmann's predominantly human­
istic interests are certainly reflected in 
the negligible attention he pays to 
Hegel's philosophy of nature and socio­
political doctrines. He dismisses Hegel's 
views on physics, chemistry and biology 
in less than a page as "comparative­
ly unimportant"-undoubtedly a sound 
summary judgment when those views 
are assessed for their current influence. 
His book seeks, however, "to establish a 
comprehensive reinterpretation of Hegel 
-not just of one facet of his thought 
but of the whole phenomenon of Hegel." 

Surely "the whole phenomenon" cannot 
be understood without a reasonably full 
examination of Hegel's essentially an­
thropomorphic and teleological view 
of nature, and without a careful analysis 
of his intellectual method in order to 
make clear why, for example, it enabled 
him to denigrate Newton's analytical 
procedures in astronomy as inferior to 
Kepler's "holistic" approach. Perhaps a 
more serious shortcoming of Kaufmann's 
book is the absence of any discussion 
of Hegel's views on various sociopolitical 
topics-the family, the rationale of pri­
vate property, representative govern­
ment, crime and punishment. This 
omission cannot be defended on the 
ground that Hegel's treatment of these 
themes is unimportant. To be sure, 
Kaufmann does flatly deny that The 
Philosophy of Right, Hegel's chief polit­
ical treatise, is the work of an apologist 
for the Prussian monarchic state, but 
he gives little evidence to support this 
denial, and he does not mention Hegel's 
personal role in opposing the extension 
of political suffrage. Moreover, although 
Kaufmann is informative concerning 
Hegel's influence on a number of later 
philosophers, particularly on Heidegger 
and Sartre, he is disappointingly silent 
on the important role Hegelian ideas 
have played in the development of 
legal thought, functionalism in anthro­
pology, and relativism in social science 
and history. 

Kaufmann's interpretation of Hegel 
deals with him primarily as a great seer 
-as a "physician of culture," to use a 
phrase of Nietzsche's-rather than as a 

philosopher whose dimensions are to be 
measured by the adequacy of his vision 
and the cogency of his arguments. In 
any event, Kaufmann does not attempt 
to go through Hegel's thought "bit by 
bit" in order to untangle the countless 
gnarls in it. But since he has no illusions 
about the validity of Hegel's claims 
either for the system or for the dialectic, 
he does not make clear why Hegel 
merits attention as a major philosopher. 
In a review four years ago of a book on 
Hegel, Kaufmann wrote: "What is still 
wanted is a good book on Hegel that 
shows how he dealt with many of the 
problems with which Marx and Kierke­
gam'd, sociologists and theologians, prag­
matists and existentialists, analytic phi­
losophers and literary critics have been 
dealing since." Kaufmann's book is un­
doubtedly a useful one, but the good 
book he described four years ago as un­
available is still unpublished. 

Short Reviews 

THE SCIENCE OF SMELL, by R. H. 
Wright. Basic Books, Inc., Publish­

ers ($4.95). R. H. Wright is a physical 
chemist who has spent some years as 
a member of the British Columbia Re­
search Council studying olfaction and 
olfactory responses. One of the practical 
aims of his research is to find chemical 
substances that, without being toxic, 
would lure insects to traps or saturate 
their sensory mechanisms so that they 
could not locate mating partners. This 
is only one of the many topics treated 
in this exceptionally interesting book. 
A series of experiments on fish migra­
tion demonstrated that after fish have 
been spawned in freshwater streams 
and have journeyed out to sea they 
find their way back home by recogniz­
ing the smell of the water; fish that had 
their olfactory pits plugged were quite 
unable to smell their way home. Insects 
have an acute smelling apparatus and 
will travel great distances in the direc­
tion of an alluring scent. As the smell 
draws them on they must, as another 
series of experiments showed, be able to 
navigate their course by taking their 
bearings from the environment; for ex­
ample, they need to see the bottom be­
low them, and if their view of the bot­
tom is obscured, they are quite unable 
to make their way to the source of the 
odoi:. The olfactory powers of dogs, it 
turns out, are not much keener than 
man's, although they may be sensitive 
to certain odors to which man does not 
respond. It is remarkable how many 
branches of science are brought into the 
study of smell: nerve physiology, which 
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\'1IIuc<.l functions followcd by 15 chaptcrs (multiform func­
tions, unifol'm pCI'iodic fUnctions, Hicmann's method, con­
rormal mapping. etc.) slill unmatched for concrcteness, 
completeness. 202 prohs. 122 figs. xx\"iii + 855pp. 6'k x 
9%. 2 vats., Puperbd. $5.00 

1278. THEORY OF ELASTICITY AND PLASTICITY, 
H. M. Westergaard. Originally Vol. III of Har\'ard Mono­
graphs in Applied Scien('e. COIllPact, inVitingly written 
account of fundamental ideas. mathematical techniqUes. 
54 probs. 19 IIgs. xiii + 176IlP. Paperbd. $1.75 

1347. MECHANICS, Wm. Osgood. Complete first cour.�e, 
from elementary lopic� (statics. Newton's laws) to ad­
vallceu theory. 4G-! du-thelll-yourself problcms. 1[i7 Jigs. 
xU + 4!)6pp. Paperbd. $2.50 

$2.00 
sol\'c thcm on your own. In only one or t\\"o instanccs do the 
solutions assume anything more on your part than thc 
theorems of elcmcntary math. 

.Math studcnts at all le\'els, tcachers, everyone who cnjoys 
the challcnges of math, here is an informative and stimu­
iating book for both at-home rea(iing aud classroom fUll. 
::iolutiolls anu proofs are all J}l'o\'i(icu ill full, somc niLll 
simplcr altcrnates. 

First Eng. trans. of "'l'dullll)h der Mathematik." 'l'rans. by 
David Antin. l'refaces. Index. 11:! I1gs. x + 3!)3pp. 
5% x 8lh. 1348. l:)apcri)(i. $2.00 

• 

1359. ELEMENTS OF CHEMISTRY. Antoine Lavoisier. 
Thc boole that I"ounded modcrn chcmistry. 11'acsimile of 1790 
I';ng. cd. Ncw intra. by IJrof. D. McKie. 13 (iouble-pagc 
plates �how 18th-ccntury cquhmlCtlt. xxxii + [i3!)pp. 

Papcl'bd. $3.00 

518. THE STRANGE STORY OF THE IlUANTUM, B. 
Hoffman ... 'fhc lillcst account for laYIlHl11. Up to U)[iU. 
:!7GIlP. IJapcrbd. $1.50 

1279. NATURAL PHILOSOPHY OF CAUSE & CHANCE. 
Max BOI'II. A brillianl, pcrccptive luol{ at tllC surprising 
role of chancc in nature, the acceptance of that role by 
lIIany I"calms of scieute. ?\ ew prcl"ilCc, :! new aPllen(iices 
(1!)lHL xiii + 23tlpJ). l'uperbd. $1.50 

1122. THE HISTORY OF SURGICAL ANESTHESIA. 
T. E. I(eys. I,'wm Grecce nnd �)..(YJ)t to cther and the mod­
crt} scielltc or. paill-killing. "Well-nritLcu, lavishly illus­
trateu," :::;ci. liook Club Hev. 46 ills. xxx + 193pp. 

IJal)erbd. $2.00 

487. THE DEVIL'S DICTIONARY. Ambl'ose Bierce. 
":::;omc of t1w iIIOSt gorgcous \dtticisms ill the Eng. lan­
guagc" (.l\ICIIClwlI) in a truc American classic. 144PJl. 

l'lII1cr!J(i. $1.00 

1216. LANDSCAPE GARDENING IN JAPAN, Josiah 
Gonder. Artistic and philosophic Signilicallcc of lanterns, 
SWlleS, \·cgetation, etc.; 77 full-Ilagc Ilhotos of famous 
Hardens and natural settings; o\'cr 50 sl{ctches. diagrums, 
plans; t.ext rich in bacl,grounds, suggestions idcas xv + 
299pJ). S% x 11�. l'al)erbd. $2.75 

1385. INTRODUCTION TO PHOTOGRAPHIC PRINCI· 
P�E�, L. Larmore. No other text explains the theory, 
prmclplcs of photography us clcurly, conCisely, thoroughly 
as this onc lIocs: properties of light, magnification, tlllll 
sJ)ccd�, colur scparation ncgativcs, lens aberration, etc. 15 
cxpcnlllents. [i7 Jlroblems. 131 1Igs. ix + :!:!9pp. 

l'aperbd. $1.50 

1345·6. FLUID MECHANICS OF TURBOMACHINERY, 
G. F. Wlsllcenus. Enlarged with 5 ncw chaptcrs on major 
changes in last 15 years, this is a Hne lreatment of the 
application of Buid mccllaujcs to theory of' ccntrifugal 
pUIlIIJ1!, hY(iraulic turbines, related machincry. Problems 
�14 ligs. xxxviii + 74'Jpl). 2 \'ols., rllpcrbLl. $5.50 
1441. OPERATIONAL METHODS IN NONLINEAR ME. 
C.HANIC�, L. A: Pipes. CoJlccLion of prohlclIls fOL' physi­
C!sts, cllgltleers. IIlvolvc�1 with nonlinear differential equa­
tl.�1.1S and thc1l' solutions. A Do\'er origilll.ll. 13 liA's. 
V111 + 99pJ). l'aJ)crbd. $1.50 

1356. ELECTRODYNAMICS, L. Page, N. I. Adams, Jr. 
Advanc�u text on. thc theorc.tical aSllecls; cOlllplete, com­
prehcnSl vc and lIIvaluable 1I\ lab, clu�sroom, lield. 49 
Ilroblems. 115 IIgs. viii + 505pl>. l'al)Crb(1. $2.50 

1281. SOLID ANALYTICAL GEOMETRY & DETERMI. �ANTS, A. Dresden. 'l'horollgh, wcll-balanccu introduc­
tIOn to a vHal topic for all math mnjors. 380 excrcise 
Pl'olJlellIs integ·ratcd into full tcxt. 37 Jigs. x + 310])1). 

l:)aperbcl. $2.00 

All books 5% x SY2 unless otherwise indicated. r----------------
I 

Dept. 522, Dover Publications. Inc .. 180 Varick St., ­
��Uk� ':' N. Y. 10014. Please send mc the following 

I am enclosing $..... In fulJ payment. Payment in 
full 1U1ist aCCOlIlPttny all orders except thos� frolll 
Iihraries and other puhlic inst itUtiOllS. who may be 
hillcd. Plcase add lOt per book to orders less than 
$5.00 for postuge and handling. Please print 

Name 

Address 

City ..... State .. . ... Zip# .. . 

GUARANTEE: All Dovcr books guaranteed rcturn­
able for full cash I'efund within 10 days if you arc 
dlssatistled for any reason whatever. No Questions 
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New, from OXFORD 

The Mystery 
of Matter 

Prepared by AMERICAN FOUNDATION 
FOR CONTINUING EDUCATION 

Edited by LOUISE B. YOUNG 

These essays o n  the nature of the 
physical universe and the life it sup­
ports are drawn from the principal 
works in the h istory of scientific 
literature, ranging from Lucretius 
to Darwin to Einstein, with most 
emphasis o n  the scientific literature 
of our own time . They are arranged 
u nd e r  t o p i c a l  q u e s t i o n s  s u c h  a s  
"What I s  the Secret o f  Atomic 
Energy?" ; "What Is Life ? " ;  "Will  
Fallout Affect the Course of Evolu­
t ion?";  and "Is Science Destroyer 
or Creator?" Writ ings in literature, 
philosophy, and the social sciences 
bring out the relat ionship between 
these fields of human endeavor and 
science, representing i t  as a creative 
and imaginative quest for u nder­
standing. I 1 7  line drawings. 51  hal/­
tones. $ 10.00 

Puzzles 
and Paradoxes 
B y  T. H.  O'BEIRNE 

This book couples a serious intent 
with a l ight-hearted approach. In 
many of the problems Mr. O'Beirne 
points out, "the mathematics as 
such is  relatively slight  - the real 
need is more for the careful logical 
reasoning which some readers may 
already enjoy when reading detec­
tive novels ."  If  you k now, or wish 
to know, how enjoyable mathemat­
ics can be, you are certain to find 
Mr. O'Beirne's puzzles, and his mas­
t e r l y  t r e a t m e n t  of the s o l u t i o n s ,  
stimulating mental exercise.  6 3  line 
illustrations. $5 .75  

1 3 8 

GENETICS IN  THE ATOMIC  AGE 
Seco/ld Edition 

By CHARLOTTE AUERBACH 

Of the first edition of  this lucid exam­
ination of  mutation and its connect ion 
with radiat ion and fission damage,  New 
Biology said : "It  is hard to  imagine a 
better introduction to genetics ." A bib­
l iography of official reports on radia­
t ion damage has been added to the  
second edi t ion with  further informa­
t i o n  on the concept of double dosing 
the genetical effects of the rate at 
which radiation is del ivered and the 
recent d iscovery that certain abnor­
malities are due to  chromosomal dis­
e ase.  Text illustratio/ls. $2 .50  

At all bookstores 

OXFORD UNIVERSITY PRESS 
New York 

discloses that the olfactory bulb in the 
brain is only one synapse away from the 
primary smell-sending surface, so that 
there is direct contact between the 
brain and the outside world: organic 
chemistry, which establishes the features 
of the molecules we are able to smell: 
experimental psychology, which estab­
lishes a scale of keenness in smelling: 
communication and information theory, 
which enables the experimenter to break 
down the complex structure of odor 
stimuli. Wright makes the point that the 
sense of smell is so fundamental in evo­
lution and in enabling organisms to reg­
ulate their activities on the basis of "in­
formation received" that Descartes's 
Cogito ergo stun should probably yield 
priority to Olfacio ergo cogito (I can 
smell and therefore I can think). Intelli­
gence, he supposes, may well have had 
its beginnings "as apparatus for han­
dling olfactory signals from the chemi­
cals that bathed our first progenitors in 
the primeval ooze." 

N
LAS OF EVOLUTION, by Sir Gavin de 
Beer. Thomas Nelson & Sons, Ltd. 

($15). Based on De Beer's Handbook on 
Evolution, published by the British Mu­
seum, this large-format volume crammed 
with charts, maps and some 500 other 
illustrations offers a comprehensive and 
authoritative survey of the theory of 
evolution and the overwhelming evi­
dence in support of it. It traces the 
history of the theory, including of 
course the observations that led Darwin 
to his famous hypothesis of natural 
selection, presents data confirming the 
theory that are drawn from various 
sciences from morphology to paleontol­
ogy, skillfully explains the concept of 
variation and the genetic mechanism 
and describes the number, nature and 
origin of species and the major steps of 
evolution in plants and animals. It con­
cludes with a chapter on the evolution 
of man, discussing his place in nature, 
the transition from ape to man, the 
spread and the races of man. If the 
book has a fault-and it is a minor one­
it is in attempting to cover too much 
ground. The result is that many pages 
are so crowded with text and illustra­
tions (accompanied by detailed captions 
that repeat parts of the text) that the 
reader's eyes scarcely know where to 
alight. This is nonetheless a fine popu­
larization that affords abundant inshuc­
tion in a difficult su bj ect. 

K
TER TWENTY YEARS : ALTERNATIVES 
TO THE COLD WAR IN EUROPE, by 

Richard J. Barnet and Marcus G. Ras­
kin. Random House, Inc. ($5.95). It is 

a pity that this book was published just 
as the Vietnam crisis was shifting into 
high gear, thus, for the time being at 
least, deflecting attention from a chronic, 
much more important and much less 
artificial source of conflict between the 
U.S. and the U.S.S.R. What to do about 
the division of Germany, for example, is 
a real, not a contrived, issue, having 
nothing to do with such rhetorical mat­
ters as national honor: everyone at least 
knows where Berlin is. Barnet and Ras­
kin trace the evolution of the Atlantic 
alliance, explain how and why we got 
into the cold war and argue strongly not 
only that we have committed ourselves 
to an enormously costly burden but also 
that the burden is in large part self­
imposed and a threat to the realiza­
tion of social and economic betterment. 
They offer suggestions for reform of our 
present foreign policies, which, in their 
opinion, would lead to a stable Euro­
pean settlement-including the gradual 
reunification of Germany and the re­
moval of the great wall between East 
and West. Their proposals are not as 
impressive or as well thought out as 
their analyses of present difficulties, in 
part because they tend to consider the 
conflict in Europe without sufficient at­
tention to circumstances elsewhere in 
the world, particularly in Asia: this does 
not, however, materially detract from 
the value of their book, which is well 
tempered and full of cogent observa­
tions. 

P
SYCHOPATHIA SEXUALIS, by Richard 
von Krafft-Ebing. Stein and Day 

Publishers ($10). First published in the 
early 1890's, this study of abnormal 
behavior is a work of historic conse­
quence but little contemporary scientific 
value. Krafft-Ebing was a highly re­
spected German psychiatrist and neu­
rologist, attracted (as Sigmund Freud 
was) to the study of sexual problems 
and prepared (also like Freud) to risk 
social and professional disapproval for 
describing in print the pathologies he 
had observed and offering his own ideas 
on the subject. His collection of case 
histories brought dark matters into the 
open and forced physicians and others 
to recognize the scope and importance 
of sexual psychopathology. The book 
shocked earlier readers as much as it 
fascinated them. When it appeared in 
English, The British Medical Joumal 
expressed considerable doubt as to the 
propriety of reviewing it and questioned 
whether it should have been translated 
at all-a German version was bad 
enough. "Better," said the Joumal, "if 
it had been written entirely in Latin, 
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The story of the development of 
hormone therapy-which has given 
us the famous birth-control pill, and 
a score of weapons against heart 
disease, arthritis and cancer. 

$5.00, now at your bookstore � 
RANDOM HOUSE � 

The story of how 
a 20th-century astronomer -

and 60 seconds of computer 
time - solved one of the 

great puzzles of the 
ancient world 

STONEHENGE DECODED 
by GERALD S. HAWKINS 

lVith John B. White 

A complete account of the dra­
matic evidence that ancient Eng­
l and's "Druid temple" i s  actually 
a s o p h i s t i c a t e d ,  b r i l l i a n t l y - c o n ­
ceived astronomical  observatory. 
Dr.  Hawkins,  professor of astron­
omy a t  Boston U., is  an associate 
of the Smithsonian Astrophysical 
Observatory, Cambridge, M ass.  Il­
l ustrated with photographs and 
drawings, $ 5 . 9 5  at a l l  booksellers.  

and thus veiled in the decent obscurity 
of a dead language." Today Latin is 
dead but sex survives, which may be 
partial justification for this first com­
plete, unexpurgated translation into 
English (by Franklin S. Klaf) of Krafft­
Ebing's major work. In an age of paper­
backed Freud, Henry Miller and Fanny 
Hill, it is no longer likely to be regarded 
as a spicy item by adolescents, the vul­
gar or the prurient, but it still holds 
some interest for students of the history 
of psychology and it is a respectful trib­
ute to a courageous and pioneering 
physician. 

I3CTURES ON GENERAL RELATIVITY:  
VOLU 1.IE I, by A. Trautman, F. A. 

E. Ph'ani and H. Bondi. Prentice-Hall, 
Inc. ($5) .  The notes contained in this 
volume are based on lectures given at 
Brandeis University in the summer of 
1964. Trautman discussed the founda­
tions and current problems of general 
relativity, Pirani gave an introduction 
to gravitational radiation theory and 
Bondi took up some special solutions to 
the Einstein equations. This is scientific 
material of importance and one is grati­
fied to be able to get it in a comparative­
ly inexpensive paperback edition, but a 
shadow crosses the mind as one notes in 
the foreword that these lectures were in 
part supported by funds from NATO. 
Is it no longer possible for scientists to 
come together to discuss even relativity 
without being endowed by a politico­
military organization? 

I-IIGH STEEL, HARD ROCK, AND DEEP 
WATER : THE EXCITING WORLD OF 

CONSTRUCTION, by Richard W. O'Neill. 
The Macmillan Company ($12.95). A 
popular account of some of the more 
dramatic aspects of large-scale construc­
tion work: digging and drilling, erecting 
skyscrapers and bridges, pouring con­
crete, boring tunnels, raising dams, 
sinking missile silos, laying roads and 
rail lines. Many of the photographs are 
excellent, but the writing is heavy with 
the jargon of the game (a nuisance only 
partially eased by the glossary), and 
the author describes an undertaking 
such as the building of the early-warn­
ing line in Canada in an almost uninter­
rupted state of fervor. If the men who 
did the work had been as excited as he, 
they would all have collapsed the first 
day on the job. 

SOVIET RESEARCH AND DEVELOPMENT: 

ITS ORGANIZATION, PERSONNEL AND 

FUNDS, by Alexander G. Korol. The 
M.LT. Press ($11). A careful reference 
study, supported by abundant statistical 

- - - - - - - - - - - :1 
I U N ITED N AT I O N S P U B L I CATI O N S

I 
PEACEFUL USES (�, I 

OF ATOMIC ENERGY _ : 
I .  P rogress in Atomic Energy 

2. Reactor Physics 

3. Reactor Studies and Pe rformance 

4. Reactor Control 

5 .  N u clear Reactors I .  Gas-cooled 
and Water-cooled Reactors 

6. N u clear Reactors II. Fast 
Reactors and Advanced Concepts 

7. Research and Test ing Reactors 

8. Reactor Engi nee ring and Equ ipment 

9 .  Reactor Materials 

1 0 . N uclear Fuels I .  
Fabrication and Reprocessing 

I I . N uclear Fuels II .  
Types and Economics 

1 2 . N u clear Fuels I I I .  
R a w  Materials 

1 3 .  Nuclear Safety 

1 4 .  Environmental Aspects of Atom i c  
Ene rgy a n d  Waste Management 

I S .  Special  Aspects of N u clear 
Energy and Isotope Applications 

1 6 . List of Papers and Indexes 

Complete set Clothbound $ 1 92 . 5 0  

Vol . 1 - 1 5  $ 1 2 . 5 0  each, Vol . 1 6  $5 .00 

I 
I 
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P R O C E E D I N G S  OF T H E  
U N ITED NATIONS C O N F E R E N C E  
O N  T R A D E  A N D  DEVelOPMENT 
Geneva, 23 March- 1 6  June 1 964 

F i n a l  Act a n d  Report  
Pol icy Statements 
C o m modity T r a d e  
T r a d e  i n  M a n u factures  
F i n a n c i n g  and I n visi b l es-

I n stitut io n a l  A r r a n g ements.  
T r a d e  Expans ion a n d  

R e g i o n a l  G r o u p i n g s, P a r t  I 
T r a d e  E x pa n s ion a n d  

R e g i o n a l  G r o u p i n g s ,  P a r t  2 
Misce l l a n e o u s  Doc u m e n ts 

a n d  list  of Partici pants 

C l ot h ,  $6.00 
C l oth,  $8 .00 
C l o t h ,  $8 .00 
C l ot h ,  $4.00 
C l oth,  $8 .00 
C l oth,  $8 .00 
C l oth, $7 .00 
C l oth,  $4 .00 

C o m plete set, 8 V o l u mes, Cloth,  $53 .00 
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Books on 

and 

cientists 
from 

Harvard 
NEWTONIAN STUDIES 
Alexandre Koyr;' Seven lucid and 
penetrating essays by one of the 
f o r e m o s t  N e w to n i a n  s c h o l a r s, 
late Di rector of Studies !!.t Ecole 
P r a t i q u e  des H a u t e s  E t u d e s, 
Paris ,  and member of the Insti­
tute for Advanced Studies at 
Princeton. Dr. Koyr�'s work ex­
plores in detail important rami­
fications of Newton's scientific 
thought, his rej ection of the Car­
tesian relativistic definition of 
motion, views on the equilibrium 
of fluids and bodies i n  fluids ( i n  
a previously unknown Newton 
manuscript ) , and how he con­
cluded that the motion of planets 
confirms the presence of God. 

$7 .95  
BIOGEOGRAPHY OF 
THE SOUTHERN END 
O F  THE WORLD 
P.  J.  Darlington, Jr. H o w  can 
lands, separated by wide ocean 
gaps, share so many forms of 
life ? Dr. Darlington,  Alexander 
Agassiz Professor of Zoology at 
H arvard, suggests a satisfactory 
theoretical explanation for this 
long-puzzling phenomenon in his 
important history of life and land 
i n  the southern continents during 
the last 270 million years. 

Illus. $5 .95  

ANIMAL SPECIES 
AND EVOLUTION 
Ernst Mayr. "Certainly the most 
i mportant study of evolution that 
has appeared for many years -
perhaps even since . . .  THE ORIGIN 
OF SPECIES."-Julian H uxley, Na­
ture. ( Belknap ) $ 1 1 .95 

THE M ECHANISTIC 
CONCEPTION OF LIFE 
Jacques Loeb. Edited by Donald 
Fleming. An extraordinary book 
that has played a unique role in 
the history of biology. ( John Har­
vard Library ) $4.25 

At all  bookstores 

UNIVERSITY PRESS 
Cambridge, Massachusetts 02138 

data, of research and development ac­
tivities in the U .S.S.R. Korol describes 
the recent history of Soviet research, the 
various research organizations, the dis­
tribution of scientific workers by func­
tion, training, age, specialization, sex 
and nationality, and tabulates the 
amounts expended in different depart­
ments. Much of this information is hard 
to obtain, there are many gaps in the 
raw data, and it is often difficult to 
apply our own research and develop­
ment concepts and categories to Soviet 
activities in this sphere; for exainple, 
there is no single Russian term equiva­
lent to "research and development," nor 
are some of "the ostensibly identical 
telms . . .  conceptually equivalent." In 
the face of these and other obstacles, 
Korol has assembled a valuable com­
pendium. 

THE LETTERS OF FREDERIC WILLIA�[ 

MAITLAND, edited by C. H. S. Fifoot. 
Harvard University Press ($12.50) . 

Some 500 letters written between the 
middle 1880's and 1906 by the distin­
guished legal scholar and medieval his­
torian whose publications included a 
history of English law (with Sir Fred­
erick Pollock) and the famous Domes­
day Book and Beyond. The letters range 
widely in subject matter, from purely 
personal and social concerns to profes­
sional interests. They are written in a 
style always easy and relaxed, they show 
how enormously productive Maitland 
was and how thoroughly he enjoyed, in 
spite of recurrent ill health, pursuing his 
exacting researches. They give us a 
clear picture of what must have been 
an honest and attractive man. 

SOME LESSONS IN MATHEMATICS, ed-
ited by T. J. Fletcher. Cambridge 

University Press ($2.95) . This handbook 
on the teaching of mathematics, pre­
pared by members of the British Asso­
ciation of Teachers of Mathematics, 
offers a good deal of useful information 
on the newer methods of teaching both 
the classical and the more modern top­
ics, including binary systems, group 
theory, the use of machines, sets and 
relations, linear programming, numeri­
cal methods, topology, vectors and ma­
trices. There are helpful suggestions on 
classroom methods and on the psychol­
ogy of teaching, sensible diagrams and 
examples. Paperback. 

THEORETICAL AND MATHEMATICAL 

BIOLOGY, edited by Talbot H. Wa­
terman and Harold J. Morowitz . Blais­
dell Publishing Company ($12.50) . The 
chapters of this book are based on dis-

cussions and lectures on theoretical and 
mathematical biology given at Yale Uni­
versity in 1962. Among the contributors 
are N. Rashevsky ("Models and Mathe­
matical Principles in Biology"), J. D. 
Bernal ("Molecular Structure, Biochemi­
cal Function, and Evolution"), H. 
Quastler ("General Principles of Systems 
Analysis") and Richard Levins ("Genetic 
Consequences of Natural Selection") . 

THE CONQUEST OF TUBERCULOSIS, by 
Selman A. Waksman. University of 

California Press ($5) . A microbiologist 
who was awarded a Nobel prize for his 
work on streptomycin, a key drug in 
combating tuberculosis, recounts the 
history of tuberculosis, of earlier at­
tempts to treat it and of the major 
breakthrough by the use of antibiotics 
that has brought the disease under con­
trol. \Vaksman also gives personal remi­
niscences of his encounters with victims 
of the disease who were saved by the 
new drug. Illustrations. 

'U KRAINE, A CONCISE ENCYCLOPEDIA : 

VOLUME I, edited by Volodymyr 
Kubijovyc. University of Toronto Press 
($37 .50) . The first volume of the English 
translation of a three-volume work pub­
lished in Ukrainian in 1949 by the 

Shevchenko Scientific Society. It con­
tains an enormous amount of material 
on this ancient land and its people: long, 
scrupulously detailed, illustrated articles 
on such subjects as history, geography, 
soils, climate, the Black Sea, flora and 
fauna, physical anthropology, popula­
tion structure and distribution, ethnic 
composition, folk culture, oral literature, 
art and handicraft, language. Many 
photographs, maps and other illustra­
tions. 

THE CONCISE OXFORD DICTIONARY OF 

MUSIC, by Percy A. Scholes, second 
edition edited by John Owen Ward. 
Oxford University Press, Inc. ($7) .  A 
thoroughly revised edition, with numer­
ous new entries, of a standard reference 
book filled with information about all 
aspects of music and designed for the 
use of the ordinary listener. Like all 
other Oxford "concise" publications, an 
attractively made volume. 

Notes 

INFINITY:  AN ESSAY IN METAPHYSICS, 

by Jose A. Benardete. Oxford University 
Press, Inc. ($7 .20) . A philosophical essay 
on various aspects of the concept of in­
finity, which is described as a "return 
to rationalistic metaphysics" in the sense 
of attacking the views of the finitists and 

© 1965 SCIENTIFIC AMERICAN, INC



attempting to solve paradoxes of the 
foundations of mathematics by restoring 
the "actual infinite" to its untarnished 
glory. 

CONTROLS FROM WITHIN, by Fritz 
Redl and David Wineman. The Free 
Press ($1.95). A soft-cover reprint of a 
civilized book on techniques for the 
treatment of the aggressive child. 

PSYCHOSOMATIC RESEARCH: A COL­
LECTION OF PAPERS, by J. J. Groen in 
collaboration with others. Pergamon 
Press ($12). This gathering of papers on 
psychosomatic medicine reports on work 
done by the author and his collaborators 
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Halliday. Schocken Books Inc. ($10). A 
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LOGIC, by W. E. Johnson. Dover Pub­
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republication in three soft-cover vol­
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THE INTERNATIONAL COUNCIL OF THE 

AERONAUTICAL SCIENCES, edited by 
Theodor von Karman. Spartan Books, 
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FAST COmPAny 

J 
j 

Lockheed engineers and scientists have 
designed a fixed-wing supersonic transport 
which will cross the Atlantic or Pacific in less 
than half the time now possible with present 
subsonic jets. 

Lockheed engineers and scientists have 
designed and developed a rigid rotor com­
pound helicopter which recently flew 272 
miles-per-hour. 

Lockheed engineers and scientists have de­
signed and developed a hydro-ski assault 
craft to rush combat troops to the beaches 
60 mph faster than is possible today. 

EnGinEERS/SCIEnTISTS 
interested in joining a company 

which is pushing back the front­

iers of speed in many modes of 

flight and transportation are in­

vited to investigate immediate 

openings in fields such as: Aero­

dynamics, Thermodynamics, Pro­

pulsion, Flight Dynamics, Flight 

Test, Avionics, Structures, Heli­

copter Engineering. For addi­

tional information concerning 

specific career opportunities at 

Lockheed, please write: Mr. E. W. 

Des Lauriers, Manager, Profes­

sional Placement Staff, Dept. 

2911: 2411 North Hollywood 
Way, Burbank, California 91503. 

An equal opportunity employer. 

LOCKHEED-CALIFORNIA CO. 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
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The exciting 
course of 
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of this 

the questioners 
physicists and the quantum theory 

by BARBARA LOVETT CLINE 

The "Questioners" are men who challenged 
established scientific ideas and shaped the 
relativity and quantum theories which 
reign in physics today. The heated con­
troversy between Albert Einstein and Niels 
Bohr over the quantum theory is thought­
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and theoretical problems in biology, medicine, 
and the social sciences. Written for the "life 
scientist" without extensive mathematical 
knowledge, this is the first book on this subject 
of rapidly growing importance. $12.50 

A GUIDE TO 
FORTRAN IV 
Seymour V. Pollack. Users of medium and 
large computers are rapidly converting to 
IBM's new FORTRAN IV, a new, more power­
ful version of the world's most popular pro­
gramming language. This thorough introduc­
tion explains the special features of the new 
"language" and reference is made to its applic­
ability to a wide variety of machines and sys­
tems. Careful treatment of fundamentals 
makes this book appropriate for novice as well 
as veteran programmers. $5.00 

At your bookstore, or 

COLUMBIA 
UNIVERSITY PRESS 
2960 Broadway, New York, N. Y. 10027 
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NOW! LEARN TO USE THE AMAZING TOOL OF TOMORROW! 

Measure, .. Check ... Solve ... Study ... Create 

with Experimenters' 
/ 

MOIRE PATTERN KITS 
BASIS FOR 'OP ART' SWEEPING THE NATION 

Get the jump on competition. Here's a break-through in 
a new technology. Completely simplified. 1.000's ot uses 
for researchers, product designers, developers. Fantastic 
visual effects. Basis for "OP ART", Already used 
commercially in packaging, textile, graphic arts in­
dustries. Problem solving ranges from simple arithmetic 
to calculus of vectors. Inexpensively measures one part 
In billion. Measure dlfTractlon pattern movement 
produced by lasers; difTuslon of molecules in solution or 
heat waves. Study liquid tlow. stress lines. distortIon 
of metals. Obtain elastic moduli. Basically a Moire 
pattern is the graphic solution or an e(luation. Patterns 
appear when two or more repetitive figures of about the 
same spaCing overlap at a small angle. Using elements 
which include eQui-spaced linear, logarithmic . and 
circular rulings, Dr. Gerald Oster, Brooklyn Poly. l nst .. 
bas developed a complete new basic scientific tooi. 
]nexpenslve kit contains 8 basic patterns on both clear 
acetate in lantern slide size measuring 37.i" x 4" ('020" 
thick) and white l\rornekote 3%" x 472" (.012'" thick); 
two pieces 3U" x 4'" lSO-dot screen on film: 20-mesh 
woven fiberglass screen 8" x 1072"'; copy of Dr. Oster's 
book. "The Science of Moire PatternS"-f!ll authorita­
tive introduction to the fnscinatlng world of Moire. 
Stock No. 70,719-5 Deluxe Kit "A". . .$8.50 Ppd. 
Stock No. 60,4 64-5 Same as above without 
book . . . ............ $6.50 Ppd. 

See the Stars, Moon, 
Planets Close Up! 

3" ASTRONOMICAL 
REFLECTING TELESCOPE 
80 10 180 Power-Famous MI. 

Palomar Type! An Unusual Bu y! 
See the Rings of Saturn. the 
fascinating planet �lars, huge 
craters on the :\Ioon. Phases of 
Venus. Equatorial mount with 
lock on both axes. Aluminized 
and overcoatecl 3� diameter 

high-speed f/IO mirror. Telescope comes equipped with a 
60X eyepiece and a mounted Barlow Lens. Optical Finder 
Telescope included. Hardwood portable tril)od. FREE with 
Scope: Valuable STAR CHART plus 27:!-IJaf.{e "HAND­
BOOK OF 1-IEAVEN t)" plus "HOW TO USE YOUR 
TELESCOPE" BOOK. 
Stock No. 85,050-5 • . • • •  . . . . . . . . • • • • • • • • .  S29.95 Postpaid 

4!4· Astronomical Reflector Telelcope! 
255 Power. New Vibration .Free Metal l>ede�tlll Mount. 
Stock No. 85,105-5 • • • • . . • • . • • • . • • •  S79.50 F.O.B. Barrington, N. J. 

SUPERB 6' REFLECTOR TELESCOPE! 
Inc. electric clock. drIve. Betting circles. equatorial mount, pedestal ba�e. 
4 eyepieces for up to 67tlX. 
Stock No. 85,086-5,.. • •  _ 5199.50 F.O.B. Barrington, N. J. 

WOODEN SOLID PUZZLES 
12 Different puzzles that will 

stimulate your ability to think 
and reason. Here is a fascinat­
Ing assortment of wood puzzles 
that will provide hours or plea­
sure. Twelve diITerent puzzles, 
animals and geometric forms 
to take apart and reassemble. 
give a chance for all the family, 

young and old, to test skill, patience and. best of all, to 
stimulate ability to think and reason white having lots 
of fun. Order yours now. 
Stock No. 7 0,205-S. . . . . . . .53.00 Postpaid 

SOLVE PROB LE MS! TELL FORTUNES! PLAY GAMES I 
NEW WORKING MODEL 

DIGITAL COMPUTER 
ACTUAL MINIATURE VERSION 

OF GIANT ELECTRONIC 
BRAINS 

Fa�cinllting new see-through model computcr 
actually I!olves problcm�. leaches computer 
fundIHI!entals, Adds, sllbtract�. m\lltiplie�. shirts. complemcnts. cflrries. 
�emOrJzes. c.ounts. compares, Aequ!'Ilces. AttraClivel.v colored, rigid jll"s. 
tl� [larh caslly a�8embled. 12":< 3H·:< 4U". Incl. step-by-step assembly 
dl,!-grams, 32·page instruction book co\'erillg operation. computer langua�e 
(bmary system). programming. problems 'Ind 15 e:<perimcnts. 
Stock No. 70,683-5 ..... . ......... ... ...... ............ $5.98 Ppd. 

Make Your Own Powerful Astronomical Telescope 

Stock No. 
70,003-5 
70,004-5 
70,005-5 
70.006_5 
70,007_5 

Diam. 
.,.. 
" 
." 

10' 
12H � 

G RI ND YO U R  OWN 
AS T R O N O MIC AL MIR­
ROR. Kits contain tine an­
nealed pyrex mirror blank, 
tool, abrasives, diagonal 
mirror and eyepiece lenses. 
You can build Instruments 
to hundreds of dollars. 

Mirror Thlcknns Price 
5 7.50 

11.95 
19.50 

". 
l' 
I". 
I". 
2,.. ��:�� } 

Ppd. 
Ppd. 
Ppd. 

f.o.b. 
Barrington 

MAIL COUPON FOR FREE CATALOG! 
I Completely New 1966 Edition 

I 148 PageS-Nearly 4000 Bargains 
EDMUND SCIENTIFIC CO. 

I Barrington New Jersey 

I 
Please rush Free GIant Catalog S 
Name I Address 

I City ", .......... Zone ...... State. 

NOW A V AILABLE IN FULL COLOR 
\Vait 'till'OIl �ee the fantastic rainbo .... of color-nil 8 patterns in Delulle 
Kit ".-\.' in full tran�p!lrent colors. red, yellow nnd blue pins black (total 
40). Complete in�tr\lctIOIIS. 
Stock No. 60,530-5 (kit A) . . .. 512.50 Ppd. 

NEW DE LUXE EXPERIMENTERS' MOIRE KIT "B" 

���rs ��ft1�7fi!�·�f:�1�11 ;�1���������ti���?c\���:�{; �Efii�:(}���i�!�i�; 
Dr. Oster. 
Stock No. 70,7S0-S . . .. S6.00 Ppd. 

NEW MOIRE KIT "B" IN COLOR 
S new patterns nuove in red, yellow and blue plus black (total 40); with 
instructions by Dr. Oster. 
Stock No. 60,531-5 . . . ..... $12.50 Ppd. 

NEW JUMBO 20' X 25" MOIRE PATTERNS 
E:<cellent for displays and sig!l�. Write ror details alld price�. 

MOl RE PATTERN ACCESSORY KIT. For addi­
tional experim�nts. Contains metallic balloon, calcite, 
two kinds or dtffruction gratings. one-way mirror foil. 
polarizing materials, Ronchi rulings, assortment of 
lenses. 
Stock No. 60.487-5. .. S8.00 Ppd. 

WAR SURPLUS! AMERICAN-
MADE 7XSO BINOCULARS 

Big savings! Brand new! Crystal­
clear viewing-7 power. Every opti­
cal element is coated. An excellent 
night glass-the !-Ize recommended 
for satellite viewing, Individual eye 
focus. Exit pupil 7 mm. Approx. 
Held at 1.000 yds. Is 376 ft. Carry­
ing Case included. American 7x50's 
normally cost 5274.50. Our war 

surplus price saves you real money. 
Stock No. 1544-5 .................. only 574.80 Ppd. 

7 x 35 AMERICAN MADE BINOCULARS 

Stock No. 964-5. .... . .. 5 5 5.00 Ppd. 
6 x 30 Binoculars-similar to above and a terrifiC' bargain. 
Stoc� No. 963-S. . ........... 54 0.UU Ppd. fj SCIENCE TREASURE CHESTS 

Science Tr�asure Chest-E:<tm-powcrful f!lng­
nets, polariZIng Ii/ters. compa!lS, one-way n'lrror 
film, pri.�m. diffractio.n gratinlC and lot� of flther

.

itema 
for hundred$ of thrillmg e:<perimellh. plus a Ten-Lens 
Kit for makinl:" telescopes. micrOSCOlleS. etc. Full in-

,_ structions illcluded. 
Stock No. 70,342_5 ............... S5.50 Postpaid 
Science Treasure Chest De LulIe-Everytll Jl1g in 
Chest above plus exciting additional items for more 

ndvanced e:<periments includifllC cry<!t"l-growinR kit, electric motor. 
molecular models set. first-surfllce mirrou. and lots more. 
Stock No. 70,343-5 , ................. ,510.50 Postpaid 

.. 514.95 Postpaid 

Only $5 
CHEST 

Here are Edmund's 9 top selling science 
to)'s and curiosities in one fascinating. low_ 
cost package. Perfect gilt item. Amuse and 
delight young and old for hours on end. 
Educational. tool Teach basic science prin­
ciples in a wonderful new fun way. Incl.: 
Solar Radiometer-spins at 3.000 rpms: Al­
bert the Uohhing Uird-runs continuously on 
thermal energy; Amazing Sealed i\lercurY 
Puzzle; Five 2-sided Ceramic ;\Iagneu; Big 
3H" Burnin&: Glass in Zip_Lip Pol)' Bag; 
l\ilLgnetic Doggie and Spinning Ball-ball spi�s 
as dog approaches; Diffraction Grat:ng Itam­
bow Viewer: PII\:-UP Ring (with Edmund 

TAK); Popular booklet, ··Astronomy and You". All in die-cut storage 
bOll with complete instructions. 
Stock No. 70,787-5 ., .... 55.00 Ppd. 

EXPLORE THE FASCINATING WORLD OF 

MAGNETISM 

NEW 23 MAGNET VARIETY KIT 

11 SHAPESI 

MANY COMPOSITIONS I 
Ever ripen tomatoes by magnetism-]l�lint 
pictures using magnet II� a brush and Iron 
filings as paint? Sur]lri!;mg new ideas and 
use� for the bewildering forces of magnetism 
are continually discovered. Here. in one 
low-collt kit. you can learn alld eXPeriment 
with varied materials that obsoleted Mag­

netite-tile natural m:J.l/."netic ore. Territi c 
Dssortment includes ferrites. ceramics. fle:<ible rubber, alnico in every shape 
imaginable-up to 20 Ibs, pull. Sizes r:J.nge from �. x 7/16" 11 7/16· to 
3·x 3" x 1/32-. Iacl.: three 2-sided ceramic. flexible strip, alnico bar. ceramic 
alnico disc w/ecnter hole. 2 ig alnico cyl .. sm. alnico cy\., fle:<. sheet, 2 
baby alnico bars. 3-channel-type I)ole piece� for sm. ceramic magnets. bar 
magnet keeper. 2 disc magnet keepers. compi. info and illst. 
Stock No. 70,780-5 .. 55.00 Ppd. 

OItDIA Ir srOCK NUMUIt SIND CHICK OR MONn OROU . SArIS1Acr,ON GUAlANrtlf)' 

EDMUND SCIENTIFIC CO., BARR I NGTON, NEW JERSEY 
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TIC SENSORy-MOTOR COORDINATIONS. 

Richard Held and Joseph Bossom in 
The Joumal of Comparative and 
Physiological Psychology, Vol. 54, 
No. 1, pages 33-37; February, 1961. 

PLASTICITY IN HUMAN SEKSORIMOTOR 

CONTROL. Richard Held and Sanford 
J. Freedman in Science, Vol. 142, 
No. 3591, pages 455-462; October 
25, 1963. 

GAMES, LOGIC AND COMPUTERS 

DOMINOES AND THE AEA CASE OF THE 

DECISION PROBLEM. Hao Wang in 
PTOceedings of the Symposium on 
Mathematical Theory of Automata: 
MRI Symposia Series, Vol. XII. Poly­
technic Press of the Polytechnic In­
stitute of Brooklyn, 1963. 

PRINCIPLES OF MATHEMATICAL LOGIC. 

D. Hilbert and W. Ackermann. Chel­
sea Publishing Company, 1950. 

THE UNDECIDABLE: BASIC PAPERS ON 

UNDECIDABLE PROPOSITIONS, UNSOLV­

ABLE PROBLEMS AND COMPUTABLE 

FUNCTIONS. Raven Press, 1965. 

THE ICE FISH 

BLOOD AND P_\RENCHYl\IAL CELLS IN 

THE SPLEEN OF THE ICEFISH CHAE­

NOCEPHALUS ACERATUS (LONNBERG). 

Finn Walvig in Nytt Magasin for 
Zoologi, Vol. 6, pages 111-120; 1958. 

A CONTRIBUTION TO THE SYSTEMATICS 

AND BIOLOGY OF CHAENICHTHYID 

FISHES FROM SOUTH GEORGIA. Steinar 
Olsen in Nytt Magasin for Zoologi, 
Vol. 3, pages 79-93; 1955. 

FISHES OF THE STANFORD ANTARCTIC 

BIOLOGICAL RESEARCH PROGRAM, 

1958-1959. Hugh H. DeWitt and 
James C. Tyler in Stanford Ichthyo­
logical Bulletin, Vol. 7, No. 4, pages 
162-199; 1960. 

THE INTEGUMENT OF THE ICEFISH 

CHAENOCEPHALUS ACERATUS (LONN­

BERG). Finn Walvig in Nytt Magasin 
for Zoologi, Vol. 9, pages 31-36; 
1960. 

VERTEBRATES WITHOUT BLOOD PIG­

MENT: A STUDY OF THE FISH FAMILY 

CHAENICHTHYIDAE. Johan T. Ruud in 
XVth Intemational Congress of Zool­
ogy, London, 16-23 July 1958: PTO­
ceedings, Section 6, pages 526-528; 
1959. 

THE AMATEUR SCIENTIST 

MANUAL OF CLINICAL MYCOLOGY. Nor­
man F. Conant, Donald Stover Mar­
tin, David Tillerson Smith, Roger 
Denio Baker and Jasper Lamar Calla­
way. W. B. Saunders Company, 1944. 
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Creative Elixir- a product of Western's ingenuity and imagination 

Since 1888 Western has been selling creative 
"cures" for the problems of transmitting 
mechanical power and motion. Today there 
are satisfied customers all over the world, 
and Western's engineering capabilities are 
almost unlimited. Western's basic product: 
ideas and the machinery to make them work. 

In nearly every major industry-from steel, 
marine, petroleum and sugar to aircraft, pulp 
and paper and cement-Western has made 
substantial contributions. 

Whatever your challenge, one of Western's 
eight divisions is fully qualified and equipped 
-creatively and mechanically -to help you. If 
you are concerned with the transmission of 
mechanical power and motion, call on Western. 
There is an office near you. Or detail your 
interest on your company letterhead. 

Write: WESTERN GEAR CORPORATION, Box 
182, Lynwood, California, 90262. Telephone: 
Area Code 213, NEvada 6·0911. Or cable: 
WESTGEAR, Lynwood, California. 

Everett, Washington; Belmont, Lynwood, Pasadena, Los Angeles, Cnlifornin; Houston, Texas· Offices in principal cities 

I\'la-j (?);1 i1 
GEAR CORPORATION 

- -
Electro Products Industrial Products Southwestern 

- -
Systems Management Precision Products 

Graphic Arts Heavy Machinery Sky Climber 

COPYRIGHT 1965 WESTERN GEAR CORPORATION 
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"Curiosity is one of the permanent and certain 

characteristics of a vigorous mind." 

Samuel Johnson 

Ever since man first began to use his powers 

of reasoning,
· 

his curiosity has fathered 

progress by fostering discontent. 

Research today is stimulated by such curiosity. 

Its motivations are dissatisfaction with the 

prese nt and a desire to know about the future. 

Its functions are to change the one and 

bring the other closer. 

In our own chemical research, curiosity is a 

spur that nags our pursuit of new materials 

and improved processes for today's needs. 

Tomorrow's, too. 

We encourage it. 

Allied Chemical Corporation 

61 Broadway, New York, N.Y. 10006 

N!ied 
, (!lemical 

Divisions: 

Barrett .. Fibers • General Chemical 

International .. National Aniline 

Nitrogen .. Plastics .. Semet-Solvay 

Solvay Process" Union Texas Petroleum 

Allied Chemical Canada, Ltd. 
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